
ch-,l-lh- f}rh; o"kZ
Ikzk.kh'kkL=] f}rh; iz'ui=

tUrq dkf;Zdh ,oa
tSo-jlk;fudh

(Animal Physiology and
Bio-Chemistry)

e/;çns'k Hkkst ¼eqä½ fo'ofo|ky; & Hkksiky
MADHYA PRADESH BHOJ (OPEN) UNIVERSITY-BHOPAL



Reviewer Committee
1. Dr. Mukesh Napit

Asst. Professor,
Govt. Dr. Shyama Prasad Mukarjee
Science & Commerce College, Bhopal.

3. Dr. Mukesh Dixit
Professor,
Govt. Dr. Shyama Prasad Mukarjee
Science & Commerce College, Bhopal.

2. Dr. K.K. Mishra
Asst. Professor,
Govt. Dr. Shyama Prasad Mukarjee
Science & Commerce College, Bhopal.

Advisory Committee

1. Dr. Jayant Sonwalkar
Hon’ble Vice Chancellor,
Madhya Pradesh Bhoj (Open) University,
Bhopal.

4. Dr. Mukesh Dixit
Professor,
Govt. Dr. Shyama Prasad Mukarjee
Science & Commerce College, Bhopal.

2. Dr. L.S. Solanki
Registrar,
Madhya Pradesh Bhoj (Open) University,
Bhopal.

5. Dr. K.K. Mishra
Asst. Professor,
Govt. Dr. Shyama Prasad Mukarjee
Science & Commerce College, Bhopal.

3. Dr. Shailendra Kaushik
Asst. Director,
Madhya Pradesh Bhoj (Open) University,
Bhopal.

6. Dr. Mukesh Napit
Asst. Professor,
Govt. Dr. Shyama Prasad Mukarjee
Science & Commerce College, Bhopal.

COURSE WRITER

Dr. Vibha Dave, Assistant Professor, Dept. of Zoology, PMB Gujarati Science College, Indore (MP).

Copyright © Reserved, Madhya Pradesh Bhoj (Open) University, Bhopal.

All rights reserved. No part of this publication which is material protected by this copyright notice may
be reproduced or transmitted or utilized or stored in any form or by any means now known or
hereinafter invented, electronic, digital or mechanical, including photocopying, scanning, recording or
by any information storage or retrieval system, without prior written permission from the Registrar,
Madhya Pradesh Bhoj (Open) University, Bhopal.

Information contained in this book has been published by VIKAS® Publishing House Pvt. Ltd.
(Developed by Himalaya Publishing House Pvt. Ltd.) and has been obtained by its Authors from
sources believed to be reliable and are correct to the best of their knowledge. However, the Madhya
Pradesh Bhoj (Open) University, Bhopal, Publisher and its Authors shall in no event be liable for any
errors, omissions or damages arising out of use of this information and specifically disclaim any
implied warranties or merchantability or fitness for any particular use.

Published by Registrar, MP Bhoj (Open) University, Bhopal in 2020

Vikas® is the registered trademark of Vikas® Publishing House Pvt. Ltd.

VIKAS® PUBLISHING HOUSE PVT. LTD.
E-28, Sector-8, Noida - 201301 (UP)
Phone: 0120-4078900  Fax: 0120-4078999
Regd. Office: A-27, 2nd Floor, Mohan Co-operative Industrial Estate, New Delhi 1100 44
 Website: www.vikaspublishing.com  Email: helpline@vikaspublishing.com



SYLLABI-BOOK MAPPING TABLE
tUrq dkf;Zdh ,oa tSo-jlk;fudh

Syllabi Mapping in Book

bdkbZ& 1% iks"k.k ,oa p;kip;

1. Lru/kkfj;ksa esa ikpu dh dkf;Zdh

2. izksVhu dk p;kip; % vehuksa vEy dk fo,feuhdj.k]
fMdkcksZfDlyhdj.k] VªkUl,ehus'ku ,oa vkfuZFkhu pØA

3. dkcksZgkbMªsV dk p;kip; & Xykbdkstsusfll]
Xykbdkstsuksykbfll] XykbZdksykbfllA lkbfVªd
vEy&pØ] Xywdksfu;kstsusfllA

4. fyfiM (olk) p;kip; & olh; vEy dk chVk
vkDlhdj.kA

bdkbZ 1% iks"k.k ,oa p;kip;

¼i`"B 3&79½

bdkbZ& 2% 'olu] mRltZu ,oa izfrj{kk iz.kkyh

1. Lru/kkfj;ksa esa 'olu rU= ,oa 'olu dkf;Zdh
(xSlksa dk ifjogu] DyksjkbM f'k¶V)

2. mRltZu dkf;Zdh & Lru/kkfj;ksa esa ;wfj;k o ew= dk
fuekZ.kA

3. lgt o mikftZr bE;wfuVh] bE;wu rU= & layXu
dksf'kdk,¡] bE;wu vuqfØ;k & lsY;wyj ,oa áweksjy
bE;wfuVhA

bdkbZ 2% 'olu] mRltZu ,oa çfrj{kk ç.kkyh

¼i`"B 80&147½

bdkbZ& 3% ,Utkbeksa ds fu;ked rU= ,oa foVkfeUl dh
Hkwfedk

1. rki & fu;eu

2. ,UTkkbEl dh ifjHkk"kk ,oa uke Ik)fr] ,Utkbeksa dk
oxhZdj.k

3. ,Utkbe vfHkfØ;k dh dk;Zfof/k

4. dks&,UtkbEl

5. foVkfeu

bdkbZ 3% ,UtkbEkksa ds fu;ked rU= ,oa
foVkfeUl dh Hkwfedk

¼i`"B 148&204½

bdkbZ& 4% rfU=dk-is’kh; leUo;u

1. rfU=dk ds izdkj ,oa fXy;y dksf'kdk,¡

2. rfU=dk vkosx laogu dh fØ;kfof/k

3. isf'k;ksa dh lajpuk vkSj muds izdkj

4. is'kh; ladqpu ds fl)kUr ,oa mldh tSo&jlk;fudh

bdkbZ 4% rfU=dk-is'kh; leUo;u

¼i`"B 205&259½

bdkbZ& 5% vUr%L=koh iz.kkyhs

1. ih;w"k xzfUFk dh lajpuk ,oa dk;Z

2. Fkk;jkWbM xzfUFk dh lajpuk ,oa dk;Z

3. ,Mªhuy xzfUFk dh lajpuk ,oa dk;Z

4. iSjkFkk;jkWbM] Fkk;el ,oa ySUxjgsUl }hfidkvksa dh
lajpuk ,oa dk;Z

5. uj ,oa eknk iztuu gkeksZu dh dkf;Zdh

bdkbZ 5% vUr%L=koh iz.kkyh

¼i`"B 260&325½





fo"k;&lwph

Ikfjp; 1

bdkbZ 1% iks"k.k ,oa p;kip; 3&79

1-0 ifjp;
1-1 mÌs';
1-2 Lru/kkfj;¨a esa ikpu dh dkf;Zdh

1-2-1 Ikkpu ds Ádkj
1-2-2 ikpu dkf;Zdh
1-2-3 Ykkj xzfUFk;k¡
1-2-4 eq[k xqgk esa ikpu
1-2-5 xzkluYkh

1-3 eq[k ls vkek'k; rd Ò¨tu dk iFk
1-3-1 vkek'k;h ikpu
1-3-2 tBjh; jl dk L=ko.k
1-3-3 gkbMª¨Dyksfjd vEYk
1-3-4 tBjh; jl ds L=ko dk fu;U«k.k

1-4 vkek'k; ls vk¡r¨a esa Ò¨tu dk laogu
1-4-1 vk¡r esa ikpu
1-4-2 ;Ñr
1-4-3 fiÙk jl

1-5 fiÙk L=ko.k
1-5-1 fiÙk ds dk;Z
1-5-2 vXU;k'k; jl
1-5-3 Nqæ vk¡r
1-5-4 cM+h vk¡r esa ikpu
1-5-5 lhde

1-6 {kf.kd nf̀"V esa Ò¨tu dk ikpu
1-7 Ikps gq, Ò¨tu dk vo'k¨"k.k rFkk Lokaxhdj.k

1-7-1 vo'k¨"k.k
1-7-2 fofÒUu i¨"kd inkFk¨± dk vo'k¨"k.k
1-7-3 Lokaxhdj.k
1-7-4 eYkR;kx

1-8 Á¨Vhu p;kip;@esVkckWfYkTe
1-8-1 esVkckWfYkTe
1-8-2 Á¨Vhu p;kip;
1-8-3 VªkUl,feus'ku dk egRo
1-8-4 vehu¨ vEYk dk Á¨Vhu-jfgr vU; inkFk¨± esa ifjorZu
1-8-5 dkc¨ZgkbMªsV~l dk p;kip;

1-9 ,sukckWfYkTe
1-9-1 Xykbd¨tsusfll
1-9-2 Xykbd¨ftu¨Ykkbfll
1-9-3 XYkwd¨fu;¨tsusfll

1-10 XYkwd¨l dk vip;
1-10-1 Xykbd¨fYkfll ;k vok;oh; vkWDlhdj.k
1-10-2 ØSc pØ ;k lkbfVªd vEYk pØ



1-11 dkc¨ZgkbMªsV p;kip; dk fu;eu ,oa fu;U«k.k
1-11-1 vXU;k'k;
1-11-2 ih;w"k xzfUFk
1-11-3 ,MªhuYk xzfUFk

1-12 olk ¼fYkihM½ p;kip;
1-12-1 olk dh lajpuk
1-12-2 olk dh Jsf.k;k¡
1-12-3 fYkfiM~l ds dk;Z
1-12-4 olk ds xq.k
1-12-5 olk dk tSfod egRo
1-12-6 olk dk p;kip;
1-12-7 olk p;kip; dk fu;U«k.k

1-13 viuh izxfr tk¡fp, iz'uksa ds mŸkj
1-14 lkjka'k
1-15 eq[; 'kCnkoyh
1-16 Lo-ewY;kadu iz'u ,oa vH;kl
1-17 lgk;d ikB~; lkexzh

bdkbZ 2% 'olu] mRltZu ,oa çfrj{kk ç.kkyh 80&147

2-0 ifjp;
2-1 mÌs';
2-2 'oklksPN~okl dh fof/k
2-3 vkWDlhtu dk ifjogu] 'olu dh fof/k v©j dkf;Zdh

2-3-1 vkWDlhtu dk vknku&Ánku
2-3-2 vkWDlhtu dk Ård¨a esa ifjogu
2-3-3 dkcZu MkbvkWDlkbM dk ifjogu

2-4 d¨f'kdh; 'olu
2-4-1 QkWLQ¨fjyhdj.k
2-4-2 'kdZjk dk fonYku

2-5 ikb:fod vEYk dk vkWDlhdj.k
2-6 ØSCl pØ ;k Vªkbdkc¨ZfDlfYkd pØ
2-7 bY¨DVªku laogu rU«k
2-8 DYk¨jkbM f'k¶V
2-9 mRltZu

2-9-1 mRltZu dh dkf;Zdh
2-9-2 mRltZu ,oa eYk R;kx

2-10 mRltÊ inkFkZ ,oa budh jklk;fud ÁÑfr
2-11 ukbVª¨tu;qä inkFkZ
2-12 mRltÊ inkFk¨± ds vk/kkj ij Ákf.k; ä dk oxÊdj.k
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ifjp;

Lo-vf/kxe
ikB~; lkexzh 1

fVIi.kh

ifjp;

Zoology (izk.kh-foKku)] ¼Ikzk.kh-'kkL=½] tho-foKku dh og 'kk[kk gS ftlds
vUrxZr] Ikzkf.k;ksa vkSj Ikzk.kh-thou vkSj Ikzk.kh-txr dh foLr̀Rk tkudkjh dk
v/;;u djrs gSSaA bls tUrq-foKku Hkh dgrs gaSA

Ikzkf.k;ksa dk v/;;u cgqr Ikzkphu dky ls gksrk vk jgk gSA bldk Ikzek.k
os Ikzkphu xqQk,¡ gS ftudh iRFkj dh nhokjksa ij i'kqvksa dh vkÑfr;k¡ vkt Hkh
ikbZ tkrh gaSA

;wukuh nk'kZfud vjLrw us bZlk ds 300 o"kZ iwoZ tUrqvkas ij ,d iqLrd
fy[kh FkhA

Ikzk.kh dh ifjHkk"kk dbZ izdkj ls dh xbZ gSA dqN 'kks/kdrkZ us Ikzkf.k;ksa sa
dks ,d xzqi esa j[kk gS ftlesa os] dkcksZgkbMªsV] IkzksVhu vkSj olk dk lt̀u rks
ugha djrs] ij thou;kiu ds fy;s bu ij fuHkZj djrs gSaA bu inkFkksZa dks tUrq
ckg; L=ksr ls gh IkzkIr djrs gSA vkSj dqN ,sls tUrq Hkh gaS] tks LVkpZ dk lt̀u
Lo;a djrs gaSA

B.Sc. – II Year fd II Paper, Zoology fd bl fdrkc essa] ,fuey
fQft;ksykth vkSj ck;ks-dsfeLVªh (Animal Physiology and Bio-Chemistry) ds
ckjs esa foLr̀r tkudkjh ljy 'kCnksa vkSj MkbZxzke vkSj pkVZ] dsfedy-fj,D'ku
ls le>k;h x;h gSA

bl II-Paper dks ik¡p-bdkbZ esa ck¡V j[kk gSA ftlesa] U;wfVª'ku vkSj
esVkcksfyTe] jsfLijs'ku-,DlØh'ku vkSj bE;wu flLVe] ,Utkbe vkSj foVkfeUl
dh mi;ksfxrk] uoZ vkSj ek¡lisf'k;ksa dk dks-vkfMZus'ku vkSj ,.MksØkbZu-flLVe ds
ckjs esa foLrr̀ tkudkjh gSA

bl iqLrd esa izR;sd VkWfid iw.kZ gksus ds i'pkr] y?kq mŸkjh; iz'u] nh?kZ
mŸkjh; iz'u vkSj oLrqfu"B iz'u fn;s x;s gaSA budh en~n ls Nk=kas dks iqLrd
i<+us] VkWfid le>us esa vPNs ls en~n feysxhA

MkW- foÒk nos





iks"k.k ,oa p;kip;

Lo-vf/kxe
ikB~; lkexzh 3

fVIi.kh

bdkbZ 1 iks"k.k ,oa p;kip; (Nutrition and
Metabolism)

Lakjpuk (Structure)
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1-4-1 vk¡r esa ikpu
1-4-2 ;Ñr
1-4-3 fiÙk jl

1-5 fiÙk L=ko.k
1-5-1 fiÙk ds dk;Z
1-5-2 vXU;k'k; jl
1-5-3 Nqæ vk¡r
1-5-4 cM+h vk¡r esa ikpu
1-5-5 lhde

1-6 {kf.kd nf̀"V esa Ò¨tu dk ikpu
1-7 Ikps gq, Ò¨tu dk vo'k¨"k.k rFkk Lokaxhdj.k
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1-8-5 dkc¨ZgkbMªsV~l dk p;kip;

1-9 ,sukckWfYkTe
1-9-1 Xykbd¨tsusfll
1-9-2 Xykbd¨ftu¨Ykkbfll
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1-11 dkc¨ZgkbMªsV p;kip; dk fu;eu ,oa fu;U«k.k
1-11-1 vXU;k'k;
1-11-2 ih;w"k xzfUFk
1-11-3 ,MªhuYk xzfUFk

1-12 olk ¼fYkihM½ p;kip;
1-12-1 olk dh lajpuk
1-12-2 olk dh Jsf.k;k¡
1-12-3 fYkfiM~l ds dk;Z
1-12-4 olk ds xq.k
1-12-5 olk dk tSfod egRo
1-12-6 olk dk p;kip;
1-12-7 olk p;kip; dk fu;U«k.k

1-13 viuh izxfr tk¡fp, iz'uksa ds mŸkj
1-14 lkjka'k
1-15 eq[; 'kCnkoyh
1-16 Lo-ewY;kadu iz'u ,oa vH;kl
1-17 lgk;d ikB~; lkexzh

1-0 ifjp; (Introduction)

Hkkstu xzg.k djus ds i'pkr bldk fofHkUu (Enzymes) fd en~n ls ikpu
gksuk vko';d gS] bl fof/k dks le>uk vR;Ur vko';d gSA ;s ikpu fd
dkf;Zdh ds vUrxZr le>k tk ldrk gSA

1-1 mÌs'; (Objectives)

izkf.k;ksa esa dkSu-lk Hkkstu xzg.k gks jgk gSa] mlds mi;ksx dks le>uk] vkSj
le;-le; ij mi;qä (Healthy food) Òkstu ysuk gh bldks i<+us dk mÌs';
gSA

lÒh Ádkj ds Ák.kh fofÒUu Ádkj ds dk;Z djus ds fYk, xfrt ÅtkZ
(Kinetic energy) dk mi;¨x djrs gaSA og ÅtkZ tho¨a esa of̀) (Growth) ,oa
ejEer (Repair) ds fy, Hkkstu dh vko';drk gksrh gSA ;g tfVy dkcZfud
yo.kksa (Complex organic salts) dks B¨l ;k ?kqfYkr :Ik esa xzg.k djrs gSa rFkk
blds fYk, i©/k ä ij fuÒZj djrs gSaA vUr% Ák.kh tfVYk dkcZfud Yko.k ä d¨
xfrt ÅtkZ (Kinetic energy) esa ifjofrZr djrs gSa&

 Ò¨tu d¨ xzg.k djuk (Food ingestion)A

 Ò¨tu dk ikpu (Digestion), ftlls fd og vklkuh ls vo'k¨f"kr
(Absorbed) fd;k tk ldsA

 'kjhj dh d¨f'kdkv ä }kjk Ò¨tu d¨ xzg.k djukA

 Ò¨tu dk p;kip; (Metabolism) fØ;k esa mi;¨x djukA

 O;FkZ Ò¨T; inkFk ±̈ d¨ 'kjhj ls R;kxuk (Egestion)A
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Ò¨T; ;k [kk| jklk;fud nf̀"V ls dqYk 6 Jsf.k; ä (Categories) esa vkrs
gSa& dkc Z̈gkbMªsV (Carbohydrates), Á¨Vhu (Protein), olk (Fats), [kfut
Yko.k (Mineral salts), foVkfeUl (Vitamins) ,oa ikuh (Water)A

1- dkc¨ZgkbMªsV (Carbohydrates)– ;g i¨"kd inkFkZ Ákf.k; ä ds Ò¨tu
esa ÅtkZ (Energy) Ánku djus okY¨ ewYkÒwr inkFkZ gSaA ;g jklk;fud ;©fxd gSa
ftlesa dkcZu (C), gkbMª¨tu (Hydrogen) (H) ,oa vkWDlhtu (O2) vkrs gSaA
dkc¨ZgkbMªsV~l d¨ rhu ox ±̈ esa foÒkftr fd;k tk ldrk gS&

(i) e¨u¨lsdsjkbM~l (Monosaccharides),

(ii) MkblsdsjkbM~l (Disaccharides),

(iii) ikWYkhlsdsjkbM~l (Polysaccharides)A

Xywd¨l (Glucose), ÝDV¨l (Fructose) vkfn e¨u¨lsdsjkbM~l gSaA lqØ¨l
(Sucrose) ,oa ekYV¨l (Maltose) MkblsdsjkbM~l (Disaccharides) gSaA LVkpZ
(Starch) ,oa lsY;wYk¨l (Cellulose) ikYkhlsdsjkbM~l gSaA

2- Á¨Vhu (Proteins)& Á¨Vhu lÒh d¨f'kdkv¨a dk lcls vf/kd Òkx
cukrs gSa ,oa thou ds fYk, vfr vko';d gSA ;g tfVYk (Complex) dkcZfud
v.kq gSA ;g vehu¨ vEYk (Amino acids) uked ljYk ,dd¨a ls fufeZr g¨rs
gSaA ;g vehu¨ vYe ukbVª¨tu (N), dkcZu (C), gkbMª¨tu (H) ,oa vkWDlhtu
(O) ds ;©fxd gSA Á¨VhUl eq[; :Ik ls fuEu Ádkj ds g¨rs gSa&

(a) ljYk Á¨VhUl (Simple proteins)& buds foÒktu ls dsoYk vehu¨
vEYk gh curs gSaA ;g ljYk Á¨VhUl&,YcwfeUl (Albumins), XykscqfYkUl
(Globulins), fgLV¨Ul (Histones), LDY¨j¨Á¨Vhu (Scleroprotein) ,oa
Á¨V,ehUl (Protamines) g¨rs gSaA

(b) la;qfXer Á¨VhUl (Conjugated proteins)& ;g ljYk Á¨VhUl ds
lkFk vU; inkFk ±̈ ds feYkus ls curs gSaA tSls& Ø¨e¨Á¨Vhu
(Chromoprotein), Xykbd¨Á¨VhUl (Glycoproteins), QkWLQ¨Á¨Vhu
(Phosphoprotein), U;wfDYk;¨Á¨Vhu (Nucleoprotein)A

(c) vehu¨ vEYk (Amino acids)& isIVkbM ckW.M (Peptide bonds) }kjk
la;¨ftr jgrs gSaA bl la;¨tu d¨ MkbisIVkbM (Dipeptide) dgrs gSaA
vusd vehu¨ vEYk¨a ls cuh J̀a[kYkk d¨ ikWYkhisIVkbM (Polypeptide)
dgrs gSaA ikWYkhisIVkbM~l tYk vi?kVu (Hydrolysis) ds }kjk
MkbisIVkbM esa ,oa MkbisIVkbM] vehu¨ vEYk esa fo?kfVr g¨ tkrs gSaA
vehu¨ vEYk vf/kd egRoiw.kZ g¨rs gSaA

3- olk (Lipids)& dkc Z̈gkbMªsV~l (Carbohydrates) ds leku olk Òh
dkcZu (C), gkbMª¨tu (H) ,oa vkWDlhtu (O) rRo ä dh cuh g¨rh gSaA olk
(Lipid) ÅtkZ (Energy) dk vf/kd L«kksr gSa&

(a) QkWLQ¨fYkfiMl (Phospholipids)& ;g ÁfrLFkk;h olk,¡ (Fats) gSaA
blesa olk vEYk ä] fXYkljkWYk ds vfrfjä QkWLQ¨fjd vEYk (Phosphoric
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acids), ,d ukbVª¨tu ;©fxd (Nitrogen compound) ,oa vU; ?kVd
(Components) g¨rs gSaA

(b) Xykbd¨fYkfiM (Glycolipid)& blesa olk vEYk] dkc Z̈gkbVªsV] tfVYk
vehu¨ ,Yd¨gkYk (Amino-alcohol) ?kVd g¨rs gSaA

(c) fLVjkWYk (Sterol)& ;s mPp v.kqÒkj (Molecular weight) okY¨
pØh; ,Yd¨gkYk gSaA

mnkgj.k& d¨Y¨LVªkYk (Cholesterol), Ykkbi¨Á¨VhUl (Lipoproteins)A

(d) olk,¡&

 ÅtkZ dk eq[; L«kksr (Source) gSaA lcls vf/kd ÅtkZ buesa ik;h
tkrh gSaA

 ;g dqN foVkfeUl (Vitamins) ,oa gke Z̈Ul d¨ Òh cukrs gSaA

 d¨f'kdk fÒfÙk (Cell wall) ,oa vU; lajpukv ä ds fuekZ.k esa
lgk;rk djrh gSaA

4- [kfut Yko.k (Mineral salts)& [kfut Yko.k Ák.kh dh 'kkjhfjd
fØ;kv ä ds fYk, vfr vko';d rRo gSaA l¨fM;e (Sodium), dSfY'k;e
(Calcium), eSXuhf'k;e (Magnesium), i¨Vsf'k;e (Potassium) ,oa Yk¨gs (Iron)
ds dkcksZusV (Carbonate) lYQsV (Sulphate), QkWLQsV (Phosphate), DyksjkbM
(Chloride) ,oa vk;¨MkbM (Iodide) ;g Ò¨tu ds vdkcZfud ?kVd
(Inorganic components) g¨rs gSaA ;s Á¨VhUl d¨ ?kqYku'khYk voLFkk esa j[krs gSaA

5- foVkfeUl (Vitamins)& Ákf.k; ä d¨ 'kq) Ò¨tu] dkc¨ZgkbMªsV
(Carbohydrate), Á¨Vhu (Protein), olk (Fat) rFkk tYk fn;k x;k r¨ ;g ns[kk
x;k fd mu tUrqv ä dh of̀) lkekU; ugÈ g¨ ikrh gSaA 'kjhj d¨ fØ;k'khYk
(Active) cukus ds fYk, dqN vko';d inkFk ±̈ dh vko';drk g¨rh gSA bu
inkFk ±̈ dk Ò¨tu esa lw{e ek«kk easa g¨uk vko';d gSA bu inkFk ±̈ d¨ foVkfeu
dgk x;kA

gkWifdUl (Hopkins) ,oa oSKkfud Ykwfuu (Lunin, 1880) us vko';d
Ò¨T; dkjd (Accessory food factor) bu inkFk ±̈ dk uke j[kkA

6- ikuh (Water)& Ák.kh 'kjhj ds fYk, ;g vf/kd vko';d ?kVd
(Component) gSA 'kjhj ds fofÒUu Òkx¨a d¨ gj Ádkj ds vko';d inkFk ±̈ ds
laogu dk dk;Z djrk gSaA ikuh dk v.kq H2O – H+ o OH– esa fo?kfVr g¨ tkrk
gSA

i¨"kd rRo d¨ tfVYk :Ik esa okrkoj.k ls xzg.k dj 'kjhj d¨f'kdkv¨a esa
dke vkus ;¨X; cukus dh laiw.kZ fØ;k d¨ i¨"k.k (Nutrition) dgrs gSaA i¨"k.k
ds fYk, 'kjhj esa eq[k xqgk ls ysdj xqnk rd QSYkh vkgkj ukYk (Alimentary
canal) rFkk mlls lEcfU/kr xzfUFk;k¡ (Glands) g¨rh gSaA ;s n¨u¨a feYkdj ikpu
rU«k dk fuekZ.k djrh gaSA



iks"k.k ,oa p;kip;

Lo-vf/kxe
ikB~; lkexzh 7

fVIi.kh

Ák.kh ds 'kjhj ds vUnj ftl Òkx esa ikpu (Digestion) g¨rk gS] mld¨
vkgkj ukYk (Alimentary canal) dgrs gaSA vkgkj ukYk ls lEcfU/kr ftu
vax ä }kjk ikpu fØ;k ds fYk, fo'¨"k Ádkj ds jl L=kfor fd, tkrs gSa] mud¨
ikpu xzfUFk;k¡ (Digestive glands) dgrs gaSA

Ò¨tu 'kjhj dk b±/ku (Fuel) g¨rk gSA [kk| inkFk ±̈ ds miÒ¨x
(Consumption) ls Ákf.k; ä d¨ ÅtkZ (Energy) ÁkIr g¨rh gSA ftl Ò¨tu d¨
ge xzg.k djrs gaS] og vi?kfVr g¨dj vo'k¨f"kr g¨ tkrk gSA xzg.k fd, gq,
Ò¨tu dk vkWDlhdj.k g¨rk gS] ftlls ÅtkZ fudYkrh gSA of̀) ,oa ejEer ds
fYk, ÅtkZ (Energy) mRiknu tho¨a ds i¨"kd inkFkZ (Nutrients) dgYkkrs gSaA
dkc¨ZgkbMªsVl] Á¨VhUl ,oa olk eq[; i¨"kd inkFkZ g¨rs gSaA Ò¨tu esa
dkc¨ZgkbMªsVl Á¨Vhu] olk dh vko';drk i©/¨ vFkok tUrq mRikfnr dkcZfud
inkFk ±̈ (Organic substances) ls iwjh g¨rh gSA

1-2 Lru/kkfj;¨a esa ikpu dh dkf;Zdh (Physiology of
Digestion in Mammals)

Ikkpu (Digestion) ,d ;kfU«kd (Mechanical) ,oa jklk;fud (Chemical)
fØ;k g¨rh gS ftlds }kjk tfVYk Ò¨T; inkFk ±̈ d¨ ,d ljYk ,oa ?kqYku'khYk :Ik
esa ifjofrZr fd;k tkrk gS] ftlls ;g ifjofrZr inkFkZ vk¡r¨a ds }kjk vo'k¨f"kr
g¨dj jä }kjk 'kjhj dh d¨f'kdkv¨a esa igq¡pk;k tk lds v©j vusd p;kip;
fØ;kv ä ds mi;¨x esa vk ldsA ikpu fØ;k esa tYk vi?kVu
(Hydrolysis) }kjk ,UtkbEl Ò¨tu d¨ dkc¨ZgkbMªsVl dh ljYk 'kdZjkv ä
(Sugars) esa] Á¨VhUl d¨ vehu¨ vEYk ä (Amino Acids) esa ,oa olk d¨ olk
vEYk¨a ,oa fXYkljkWYk (Fats and Glycerol) esa ifjofrZr dj nsrs gSaA

Ikkpu fØ;k og fØ;k gS ftlds vUrxZr Ò¨tu thoh;&tYk vi?kVu
(Hydrolysis) }kjk jklk;fud ;©fxd¨a esa VwVdj bruk lw{e g¨ tkrk gS fd ;s
d¨f'kdkv¨a ds }kjk vo'k¨f"kr ,oa mi;¨x esa fYk;k tk ldrk gSA

1-2-1 Ikkpu ds Ádkj (Kinds of Digestion)

Ikkpu (Digestion) d¨ n¨ Ádkj esa foÒkftr fd;k tkrk gS] vFkkZr~& (i) vUr%
d¨f'kdh; ikpu (Intracellular Digestion) ,oa (ii) ckád¨f'kdh; ikpu
(Extracellular Digestion)A bu n¨ ikpu fof/k; ä ds chp esa vUr%orÊ
(Transitional) Ádkj dh ikpu fof/k Òh ik;h tkrh gS ftld¨ lEidZ ikpu
(Contact Digestion) fof/k dgrs gSa&

(i) vUr%d¨f'kdh; ikpu (Intracellular Digestion)& Ò¨T; inkFkZ dk
ikpu d¨f'kdk ds vUnj gh fd;k tkrk gSA bl ifpr Ò¨tu (Digested
food) dk d¨f'kdkæO; (Cytoplasm) ds vUnj ifjxzg.k vk'k; ä
(Vacuoles) }kjk forj.k fd;k tkrk gSA blfy, bl fof/k dks vUr%
d¨f'kdh; ikpu dgrs gSaA
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mnkgj.k& Á¨V¨t¨vUl (Protozoans), LiUt (Sponges) rFkk
lhY¨.VªsV~l (Coelenterates) esa Òh ;g ikpu fof/k ik;h tkrh gSA

(ii) ckád¨f'kdh; ikpu (Extracelullar digestion)& ;g ikpu fof/k
cgqd¨f'kdh; tho ä esa ik;h tkrh gSA bl Ádkj dh ikpu fof/k esa Ò¨tu
inkFk ±̈ dk ikpu d¨f'kdk ds ckgj g¨rk gS rFkk ifpr inkFk ±̈ (Digested
substances) dk vo'¨k"k.k ,oa forj.k fofÒUu d¨f'kdkv ä d¨ fd;k
tkrk gSA bl ikpu fof/k esa fo'¨"k inkFk ±̈ ds ikpu ds fYk, dqN fo'¨"k
Ádkj ds ,UtkbEl (Enzymes) dk L=ko.k fo'¨"k xzfUFk; ä ds }kjk fd;k
tkrk gSA cgqd¨f'kdh; Ákf.k; ä esa ckád¨f'kdh; ikpu (Extracellular
digestion) d¨ fØ;k'khYk ;k izÒkoh cukus ds fYk, Ákf.k;¨a ds 'kjhj ds
vUnj vkgkjukYk (Alimentary canal) ik;h tkrh gSA vkgkjukYk n¨
fNæ¨a }kjk 'kjhj ls ckgj [kqYkrh gSA ,d fNæ ds }kjk Ò¨tu dk
vUrxzZg.k (Ingestion) rFkk nwljs fNæ }kjk vifpr Ò¨tu dk cfg"dj.k
(Egestion) dj fn;k tkrk gSA

1-2-2 ikpu dkf;Zdh (Physiology of Digestion)

Lruh Ákf.k; ä eas ikpu rU«k (Digestion tract) dh dkf;Zdh lÒh ikpu ÁfØ;kv ä
dh Ák:ih (Typical) g¨rh gSA ikpu fØ;k ckád¨f'kdh; (Extracellular) ;k
vkgkj ufYkdk esa g¨rh gSA vkgkj ufYkdk dk vxz Òkx ikpu ls lEcfU/kr g¨rk
gS v©j i'p Òkx esa 'k¨"k.k (Absorption) g¨rk gSA Ò¨tu ds fofÒUu vo;o
vkgkj ukYk ds fofÒUu Òkx¨a esa vusd Ádkj ds ,UtkbEl }kjk ikfpr g¨rs gaSA

d'¨:dh Ákf.k;¨a rFkk Lruh Ákf.k;¨a esa ikpu dh ÁfØ;kv ä d¨
fuEufYkf[kr Òkx¨a esa foÒkftr fd;k tkrk gS&

1- eq[kxqfgdk ikpu (Buccal digestion)

2- vkek'k;h ikpu (Gastric digestion)

3- vkU«kh; ikpu (Intestinal digestion)

4- ikpu dk fu;U«k.k (Regulation of digestion)

5- vo'k¨"k.k (Absorption)

6- eYk¨RlxZ (Defaecation)

7- Lokaxhdj.k (Assimilation)

eq[kxqfgdk ikpu (Buccal Digestion)

eq[k (Mouth) Ò¨tu d¨ ikpu ds gsrq rS;kj djrk gSA Ò¨tu dk ikpu eq[k
xqfgdk esa ÁkjEÒ g¨rk gSA tc Ò¨tu eq[k xqfgdk esa Áos'k djrk gS rc Ò¨tu
d¨ ihlus (Mastication) dk dk;Z nk¡r ä dh lgk;rk ls ÁkjEÒ g¨rk gSA nk¡r
Ò¨tu d¨ eghu ,oa N¨Vs d.k¨a esa r¨Mrk gSA ihlus dh fof/k ds le; eq[k
xqfgdk esa mifLFkr Ykkj xzfUFk; ä (Salivary glands) ls L=kfor Ykkj
(Saliva) }kjk Ò¨tu <hYkk] ue o Yklnkj cuk;k tkrk gSA
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Ykkj xzfUFk;k¡ (Salivary glands)& d'¨:d Ákf.k;¨a dh eq[kxqfgdk
(Buccal cavity) esa pkj t¨Mh xzfUFk;k¡ ik;h tkrh gSa&

(i) bUÝk-vkWfcZVYk (Infra-orbital)& ;g xzfUFk euq"; esa ugha ik;h tkrh
gSA

(ii) iSj¨fVM (Parotid)& ;g lÒh Ádkj dh Ykkj xzfUFk;¨a esa lcls cM+h
xzfUFk g¨rh gS] ;g dku ds uhps ,oa lkeus dh v¨j fLFkr g¨rh gSA bl
xzfUFk dk L=ko LVsUlsUl ufYkdk (Stensen’s duct) ds }kjk Åijh tcMs+
ds nwljs pcZd nk¡r (Molar teeth) ds lkeus dh v¨j eq[kxqfgdk esa
L=kfor g¨rk gSA iSj¨fVM xzfUFk;k¡ iw.kr% lhjl (Serous) g¨rh gSa v©j ;s
tkbe¨tsu (Zymogen) df.kdkv ä d¨ L=kfor djrh gSaA

(iii) lceSUMhcqYkj/lceSDlhYkjh (Sub-mandibular/Sub-maxillary)& ;g
n¨u¨a tcMksa + ds d¨.kh; (Angular) LFkku ij ik;h tkrh gaSA bu xzfUFk;¨a
esa 'Y¨"eh (Mucus) ,oa lhjl (Serous) n¨u ä Ádkj dh d¨f'kdk,¡ ik;h
tkrh gSaA bu xzfUFk; ä dk L=ko OgkVZUl ufYkdk (Wharton’s Duct)
ds }kjk eq[kxqfgdk ds Q'kZ esa L=kfor g¨rk gSA

(iv) lcfYkaxqvYk (Sub-lingual)& ;g xzfUFk eq[kxqfgdk ds Q'kZ esa thÒ ds
uhps fLFkr g¨rh gSA bl xzfUFk dh ufYkdk,¡ thÒ ds uhps [kqYkrh gaS v©j
Ykkj d¨ L=kfor djrh gSaA

1-2-3 Ykkj xzfUFk;k¡ (Salivary Glands)

lkekU;r;k Ák:ih la;qä uYkkdkj (Compound tubular) ;k jslhekst
(Racemose) xzfUFk;k¡ g¨rh gSaA xzfUFk;¨a esa Yk¨C;wYl (Lobules) g¨rs gSa t¨
dwfidkv¨a (Alveoli) ,oa b.VjYk¨C;wYkj lsIVe (Interlobular septum) ds }kjk
cus g¨rs gSaA ÁR;sd dwfidkv ä esa vk/kkj f>Yyh (Basement membrane) g¨rh gS
ftlesa xzfUFkYk d¨f'kdk,¡ O;ofLFkr g¨rh gaSA bu d¨f'kdkv¨a ,oa vk/kkj f>Yyh
ds chp esa dqN fc[kjh gqbZ piVh d¨f'kdk,¡ YkEcs lk;V¨IykkfTed Áo/kZ ;qä
g¨rh gSaA

xzfUFkYk d¨f'kdk,¡ n¨ Ádkj dh g¨rh gSa&

(i) lhjl (Serous) ,oa

(ii) E;wdl (Mucous)

blh Ádkj xzfUFk;k¡ Òh n¨ Ádkj dh g¨rh gSA iSj¨fVM xzfUFk (Parotid
gland) esa iw.kZr% lhjl d¨f'kdk,¡ (Serous cells) ik;h tkrh gSa rFkk
lcfYkaxqvYk (Sublingual) E;wdl Ádkj dh xzfUFk g¨rh gSA tcfd
lceSDlhYkjh ;k lceSfUMcqYkj xzfUFk (Submaxillary or submandibular) fefJr
(Mixed) xzfUFk g¨rh gS] Y¨fdu euq"; esa ;g lhjl Ádkj dh g¨rh gSA lhjl
d¨f'kdkv¨a ds dsUæd (Nucleus) x¨Ykkdkj e/; dh v¨j g¨rs gS rFkk E;wdl
d¨f'kdkv¨a ds dsUæd (Nucleus) N¨Vs] xgjs jax ds g¨rs gSaA lhjl xzfUFk;¨a dk
L=kfor inkFkZ irYkk] tYkh; (Watery) rFkk ,UtkbEl esa Òjk g¨rk gS tSls
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LVkpZ vi?kfVr ,UtkbEl & ,ekbY¨t (Amylase) ftld¨ Vk;fYku (Ptyalin)
Òh dgrs gSaA E;wdl xzfUFk;¨a dk L=kfor inkFkZ xk<+k] ';ku (Viscid) vf/kd
E;wdl 'Y¨"e ;qä g¨rk gSA

lÒh xzfUFk;¨a ls L=kfor fefJr Ykkj (Mixed saliva) jaxghu ,oa
vikjn'kZd g¨rk gSA euq"; es 1 ls 1-5 fYkVj Ykkj (Saliva) 24 ?kUVs esa L=kfor
g¨rk gSA lceSDlhYkjh xzfUFk ls dqYk Ykkj dk 70% iSj¨fVM (Parotid) ds }kjk
25% rFkk lcfYkaxqvYk ds }kjk 5% Ykkj L=kfor g¨rh gSA jkf«k d¨ l¨rs le;
de ek«kk esa Áfr ?kUVs Ykkj L=kfor g¨rh gSA xfr'khYk voLFkk esa fujarj Ykkj
L=kfor g¨rh jgrh gSA

Ykkj (Saliva)& Ykkj mi;qZä lÒh xzfUFk; ä ls L=kfor ,d fefJr L=ko
g¨rk gSA euq"; ,oa vU; Ákf.k;¨a dh Ykkj jaxghu] ';ku (Viscous) /kaq/kYkh]
vikjn'kZd æo ds :Ik eas g¨rh gSA ;g gYdh lh vEYkh; (Acidic) pH 6-8 g¨rh
gSA v©lr pH 5-8 ls pH 7-6 rd jgrk gSA bldk fof'k"V xq:Ro (Specific
gravity) 1-002 ls 1-008 rd g¨rk gSA 100 ml Ykkj esa YkxÒx 50 ml dkcZu
MkbvkWDlkbM ?kqYkh jgrh gSA Ykkj eas 98-5 ls 99% ikuh rFkk 1 ls 1-5% rd
nwljs vif'k"V ?kVd (Residue) ik, tkrs gSaA blds vUrxZr&

(i) d¨f'kdh; vo;o (Cellular components)& Ykkj d¨f'kdh; vo;o¨a
ds vUrxZr eq[kh; E;wd¨lk dh 'Y¨"e d¨f'kdk,¡ Y;wd¨lkbV~l ;k lQsn jä
df.kdk,¡ (Leuckocytes/W.B.C) ,oa vusd thok.kq (Bacteria) vkfn g¨rs gSaA
dÒh-dÒh ;hLV d¨f'kdk,¡] dqN Á¨V¨t¨vUl (Protozoans) & vehck lsY¨ozhDl
(Amoeba salivericus) ik;s tkrs gSaA

Submaxillary
gland

Sublingual
gland

Parotid
gland

Duct of parotid
gland

Duct of sublingual
gland

Duct of
Submaxillary

gland

fp= Ø- 1-1% Location of Three Pairs of Salivary Gland

(ii) vdkcZfud vo;o (Inorganic components)& Ykkj esa fofÒUu
vdkcZfud vo;o& l¨fM;e (Sodium), i¨Vsf'k;e (Potassium) dSfY'k;e
(Calcium) ,oa eSXuhf'k;e (Magnesium) ds DyksjkbM~l] lYQsVl (Sulphates),
dkc¨ZusV~l (Carbonates) ik, tkrs gSaA bu vo;o¨a ds lkFk de ek«kk esa
ve¨fu;k Òh ik;h tkrh gSA euq"; ,oa vU; Ákf.k; ä dh Ykkj esa i¨Vsf'k;e
lYQ¨lk;usV (Potassium Sulphocynate) 0-01% Òh ik, tkrs gSaA
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(iii) dkcZfud vo;o (Organic components)& blds vUrxZr eq[;
vo;o E;wflu (Mucin) g¨rk gS] t¨ Ykkj d¨ ';kurk (Viscosity) de djus dk
xq.k Ánku djrk gS] rFkk ,UtkbEl (Enzymes) g¨rs gSa t¨ Ò¨tu dk ikpu
djrs gaSA Ykkj esa Vk;fYku (Ptyalin) ;k ,ekbY¨t (Amylase) ,Utkbe
eq[; :Ik ls g¨rk gSA blds vfrfjä Ykkbl¨tkbe (Lysozyme), ,YM¨Y¨t
(Aldolase), d¨Y¨LVsjst (Cholesterase), ekYVst (Maltase), Ykkbist
(Lipase), ;wfj;st (Urease) ,oa Á¨fV;st (Protease) vkfn ,Utkbe Òh ik,
tkrs gSaA Vk;fYku (Ptyalin) ,oa Ykkbl¨tkbe (Lysozyme) ,UtkbEl dkf;Zdh
egRo ds ,UtkbEl g¨rs gSaA

Ykkbl¨tkbe ,Utkbe ,d ikYkhlsdsjkbMsl (Polysaccharidase) ,Utkbe
g¨rk gS t¨ ekbØ¨d¨dl Ykkbl¨MsfDVdl (Micrococcus lysodeikticus) dh
d¨f'kdk fÒfÙk esa ik, tkus okY¨ tfVYk ikWYkhlsdsjkM~l (Polysaccharides) d¨
vi?kfVr djrk gS rFkk ;g thok.kq d¨ ekjrk ,oa ?k¨Ykrk gSA bldh fØ;k
E;wflu dh mifLFkfr ds dkj.k de g¨ tkrh gSA

XkzfUFk;¨a dk L=ko (Secretion) vusd Ykkj okfgfu; ä ds }kjk laokfgr g¨rk
gSA Ykkj ds laxBd d¨ okfgfu;k¡ :ikUrfjr dj nsrh gSaA dqN okfgfu; ä
(Ducts) esa ik;h tkus okYkh jsf[kr (Straited) okfguh d¨f'kdk,¡ dSfY'k;e
(Calcium) ,oa vk;¨MkbM (Iodide) d¨ Ykkj esa L=kfor (Secrete) djrh gS
v©j mlesa ls l¨fM;e ,oa ikuh d¨ 'k¨f"kr djrh gSaA rhu Ádkj dh okfgfu;k¡
(Ducts) g¨rh gSa& mRltZuh; (Excretory), jsf[kr (Striated) ,oa baVjdsY¨VsM
(Intercalated) okfgfu;k¡ ftuesa pkj Ádkj dh d¨f'kdk,¡ ik;h tkrh gSA
baVjdsY¨VsM okfgfu;k¡ (Intercalated ducts) ?kukdkj bihFkhfYk;e (Cuboidal
epithelium) ds }kjk vkLrfjr g¨rh gSA baVjkYk¨C;wYkj okfgfu;k¡
(Intralobular ducts) LrEÒkdkj bihFkhfYk;e (Columnar epithelium)
ds }kjk vkLrfjr g¨rh gS rFkk d¨f'kdkv¨a dk vk/kkjh; 1/3 Òkx jsf[kr g¨rk
gSA baVjYk¨C;wYkj okfgfu;k¡ ;k mRlftZr okfgfu;k¡ (Interlobular or Excretory
ducts) n¨ Lrjh; bihFkhfYk;e ls vkLrfjr g¨rh gS] vfUre Òkx esa okfguh dk
Lrj LVªsfVQkbM LDosel bihFkhfYk;e (Stratified squamous epithelium)
ds }kjk vkLrfjr g¨rk gSA

bu rhu ä t¨M+h xzfUFk;¨a ds vfrfjä N¨Vh lgk;d cDdYk@eq[kh;
(Buccal) xzfUFk;k¡ ik;h tkrh gSa t¨ E;wdl esEczsu esa forfjr jgrh gSA E;wdl
Ádkj dh d¨f'kdk,¡ ik;h tkrh gSaA ;g ns[kk x;k gS fd Ykkj xzfUFk;¨a dh
v©frdh; lajpuk (Histological structure) Fkk;jkbM ,oa fYkax vUr%L=koh
gkWeksZUl ds L=ko.k ds }kjk izÒkfor g¨rh gSA

Ykkj ds dk;Z (Functions of Saliva)

1- Ykkj B¨l o lq[¨ inkFk ±̈ d¨ ue o YklYklk cukdj fuxYkus (Swallow)
esa lgk;rk djrh gSA ;g eq[kh; E;wd¨lk d¨ lw[kus ls cpkrh gSA
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2 ;g Vk;fYku ;k Ykkj ,ekbY¨t (Salivary amylase) d¨ L=kfor dj
e.M (Starch) ds ikpu esa lgk;rk djrh gSA

3- ;g eq[k ,oa nk¡r¨a d¨ lkQ ,oa LoPN j[kus esa lgk;rk djrh gSA

4- ;g 'kdZjk ,oa Yko.k¨a d¨ ?k¨Ykus esa lgk;rk djrh gSA

5- Ykkj Lokn xzfUFk;¨a }kjk Ò¨tu dk Lokn xzg.k djus esa Òh lgk;rk
djrh gSA

6- Òkjh /kkrqv ä& lhlk (Lead), ikjk (Mercury), vk;¨MkbM~l (Iodides)
vkfn d¨ mRlftZr djus esa lgk;rk djrh gSA ;g inkFkZ Ykkj ds lkFk
fuxYkus ds le; 'kksf"kr g¨ tkrs gSaA

7- Ykkj ds dqN Yko.k E;wflu ds lkFk feYkdj c¶Qj (Buffer) d¨ Òh
cukrs gSaA

8- ;g thÒ ,oa v¨"B ä (Lips) dh xfr djus esa lgk;rk djrh gSA

Ykkj xzfUFk;¨a dk mÙ¨tu (Stimulation of Salivary Glands)

Ykkj dk L=ko.k Ò¨tu ds vUrxzZg.k ij vk/kkfjr jgrk gSA lkekU; voLFkk esa
Ykkj xzfUFk;¨a dk mÙ¨tu rkfU«kdh; vkosx¨a (Nervous reflex) ij fuÒZj djrk
gSA Ykkj dk L=ko.k eq[; :Ik ls ijkuqdaih rfU«kdk rUrqv ä (Parasympathetic
nerve fibres) ds fu;U«k.k esa jgrk gSA blds vfrfjä Ykkj dk L=ko&

(i) vPNs Lokfn"V Ò¨tu d¨ ns[kus ls] eu¨oSKkfud Áof̀Ùk (Psychological
reflex) ds }kjk]

(ii) Ò¨T; inkFk ±̈ ds lw¡?kus] p[kus ;k jlk;uxzkgh (Chemo-receptors) ds
mn~nhiu }kjk]

(iii) Ò¨tu ds pckus ;k dsoYk tcM+̈ a (Jaws) d¨ xfr Ánku djus ij
nkcxzkgh (Pressure receptors) ds }kjk fu;fU«kr g¨rk gSA

Food in
mouth

Salivary
gland

Centre controlling
salivationNerves to

salivation centre
Nerves to

salivary glands

fp= Ø- 1-2% Excitation of Salivary Glands by
Various Agencies (in Man)
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1-2-4 eq[k xqgk esa ikpu (Digestion in Buccal Cavity)

eq[kxqgk esa mifLFkr Ykkj xzfUFk; ä ls L=kfor Ykkj }kjk Ò¨tu <hYkk] ue o
Yklnkj curk gSA Ykkj (Saliva) eas n¨ Ádkj ds L=ko g¨rs gSa&

(a) 'Y¨"e (Mucous) Ò¨tu d¨ ue ,oa fpduk djrk gSA

(b) lhjlh L=ko (Serous secretion) blesa mifLFkr Vk;fYku uked ,Utkbe
e.M dk ikpu djrk gSA

Ò¨tu ds eq[kxqgk esa igq¡prs gh ÁfrorÊ fØ;k (Reflex action) g¨rh gSA
lkFk gh ;g e¨Ykj rFkk Áhe¨Ykj nk¡r¨ ls Ò¨tu d¨ ihldj ckjhd djrk gS t¨
Ykkj ds lkFk feYkdj YkqXnh (Bolus) dk :Ik Y¨ Y¨rk gSA Ykkj esa mifLFkr 'Y¨"e
(Mucous) Ò¨tu d¨ jlnkj cukrk gS rFkk Vk;Ykhu (Ptyalin) uked ,Utkbe
Ò¨tu dh e.M (Starch) dk vkaf'kd ikpu dj bls ekYV¨t (Maltose) esa
cnYk nsrk gSA bl Ádkj Ák.kh esa Ò¨tu dk ikpu eq[kxqgk ls gh vkjEÒ g¨
tkrk gSA

(C6H10O5)2n + nH2O nC12H22O11

e.M tYk Vk;fYku ekYV¨t

,Utkbe

eq[k xqfgdk (Buccal cavity) esa Ò¨tu cgqr de le; ds fYk, :drk gS]
ftlls LVkpZ dk ikpu vf/kd le; rd ugÈ g¨ ikrk gSA Ò¨tu ds fuxYkus ds
Ik'pkr~ Òh Ò¨tu dk pH dqN le; ds fYk, ,ekbY¨t (Amylase) ,Utkbe dh
fØ;k ds fYk, vuqdwYk jgrk gS] v©j LVkpZ ds v.kq (Molecules) MsfDLVªu
(Dextrin) ,oa ekYV¨t (Maltose) esa vi?kfVr g¨ tkrk gSA pH ds de g¨us
ij vi?kVu dh fØ;k (Hydrolysis) :d tkrh gS] v©j ,ekbY¨t ,Utkbe
fØ;k Òh :d tkrh gS ;k lekIr g¨ tkrh gS D; äfd vkek'k; dk vEYkh; tBj
jl (Gastric juice) Ò¨tu ds lkFk feYk tkrk gSA

1-2-5 xzkluyh (Oesophagus)

YkqXnhnkj (Bolus) Ò¨tu vc fuxYk}kj (Gullet) }kjk xzkluYkh ls g¨rk gqvk
vkek'k; esa igq¡prk gSA xzkluYkh esa ikpd xzfUFk;¨a ds vÒko esa fdlh Ádkj
dk ikpu ugÈ g¨rk gSA xzkluYkh dh 'Y¨"e xzfUFk;k¡ (Mucus glands) dsoYk
'Y¨"e dk L=ko.k djrh gS t¨ Ò¨tu d¨ xzkluYkh ds uhps f[kldus esa en~n
ds lkFk-lkFk Ò¨tu dh jxM+ ls xzkluYkh dh nhokj¨a dh j{kk djrk gSA
Ò¨tu ds vkus ij xzkluYkh dh nhokj esa mifLFkr vuqYkEc Òatuk,¡
(Longitudinal folds) vko';drkuqlkj blds vk;kru d¨ ?kVk-c<+k ldrh
gSaA eq[k ls Ò¨tu xzfldk ds ek/;e ls vkek'k; esa igq ¡prk gSA ;g vuSfPNd
ÁfrorZ fØ;k (Involuntary reflex action) }kjk Y¨ tk;k tkrk gSA xzfldk dh
isf'k;¨a ds ladqpu ls Øekdqapu rjax (Peristaltic wave) mRiUu g¨rh gS
ftlls Ò¨tu vkxs dh v¨j c<+rk gSA bldh fÒfÙk dh 'Y¨"e xzfUFk;k¡ Ò¨tu
d¨ fQlYkus esa lgk;rk djrh gSaA
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fp= Ø- 1-3% Peristalsis

1-3 eq[k ls vkek’k; rd Ò¨tu dk iFk (Passage of
Food from the Mouth to the Stomach)

eq[k xqfgdk (Buccal cavity) esa Ò¨tu ds ikpu ds Ik'pkr~ fuxYkus dh fof/k
(Swallowing process) ds }kjk Ò¨tu eq[k xqfgdk ls xzfldk (Oesophagus)
ls g¨rk gqvk vkek'k; esa igq¡prk gSA Ò¨tu d¨ fuxYkus (Swallowing/
deglutition) dh fof/k fuEufYkf[kr pj.k¨a esa iw.kZ g¨rh gS&

(i) eq[k xqfgdk ls Ò¨tu dh xzluh rd xfrA

(ii) xzluh (Pharynx) ls xzfldk bl¨Qsxl (Oesophagus) rd xfrA

(iii) xzfldk (Oesophagus) ls Ò¨tu dh vkek'k; rd xfrA

(i) eq[kxqfgdk ls Ò¨tu dh xzluh rd xfr (Movement of food
from Buccal cavity to the pharynx)& ;g fof/k ,sfPNd fu;U«k.k
(Voluntary control) ds vUrxZr g¨rh gSA thÒ eq[k dh Nr dh v¨j
mBrh gS v©j thÒ dh xfr ds }kjk Ò¨tu c¨Ykl (Bolus) t¨ thÒ v©j
rkYko (Palate) ds chp esa g¨rk gS] xzluh (Pharynx) dh v¨j thÒ dh
rjafxr xfr ds }kjk /kdsYk fn;k tkrk gS] thÒ eq[k dh Nr ls Vdjk
dj :d tkrh gS ftlls Ò¨tu okil ugha vk ldsA blh le; d¨eYk
rkYko (Soft palate) mij dh v©j mBdj xzluh dh Ik'p fÒfÙk dh v¨j
c<+dj ukfldk xqfgdk ,oa xzluh (Nasal cavity and pharynx) ds }kj
d¨ can dj nsrk gSA bl le; 'olu fØ;k :d tkrh gSA

(ii) xzluh ls xzfldk rd Ò¨tu dh xfr (Movement of food from
the pharynx to the oesophagus)& D; äfd xzluh (Pharynx) n¨u¨a
bl¨Qsxl ,oa VªSfd;k (Trachea) ls lEcfU/kr g¨rh gS] bl voLFkk esa t¨
Ò¨tu dh xfr g¨rh gS og bl Ádkj g¨rh gSa fd c¨Ykl (Bolus) Ò¨tu
bl¨Qsxl xzfldk esa Áos'k djsA tSls gh Ò¨tu thÒ ls xqtjrk gS]
Y¨fjaDl (Larynx) Åij dh v¨j mBrk gS] bfiXYk̈ fVl (Epiglottis) tks ,d
mikfLFk dk oYku g¨rk gS] ukfldk xqfgdk (Nasal cavity) ,oa xzfldk
(Oesophagus) ds }kj d¨ <¡d Y¨rk gSA blls Ò¨tu c¨Ykl (Bolus)
Vªsfd;k (Trachea) ds Åij ls g¨rk gqvk] fcuk mlds vUnj x,]
xzfldk@bl¨Qsxl esa Áos'k djrk gSA ;g lc fØ;k ,sfPNd
(Voluntary) g¨rh gS] Y¨fdu blds Ik'pkr~ fuxYkuk (Swallowing)
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Lor% (Automatic) ;k ÁfrorÊ fØ;k (Reflex action) ds }kjk g¨rk gSA
Ò¨tu Øekdqapu (Peristalsis) fof/k ds }kjk bl¨Qsxl esa uhps dh v¨j
tkrk gSA Y¨fjaDl ls lEcfU/kr fØd¨QsfjfUt;l is'kh Y¨fjaDl d¨ can dj
nsrh gS ftlls fd fu%'olu (Inspiration) ds le; ok;q xzfldk esa Áos'k
u dj tk;sA

(iii) xzfldk ls vkek’k; rd Ò¨tu dh xfr (Movement of food from
the oesophagus to the stomach)& xzfldk (Oesophagus) ,d
ukYkkdkj (Tubular) lajpuk g¨rh gS t¨ eq[k&xzluh (Bucco-
pharyngeal) {¨«k d¨ vkek'k; ls lEcfU/kr djrh gSA xzfldk ls c¨Ykl
¼rjYk ;k B¨l :Ik esa½ Ò¨tu lh/¨ :Ik ls ek;Yk¨gk;M is'kh
(Mylohyoid muscles) ds ladqpu ls vkek'k; esa igq¡prk gSA ;fn
Ò¨tu dk vkdkj cM+k ,oa B¨l g¨rk gS] rc ;g Øekdqapu xfr
(Peristaltic movement) }kjk xzfldk ls vkek'k; esa igq¡p tkrk gSA

Xkzfldk (Oesophagus) dh fÒfÙk esa orqZYk (Circular) ,oa vuqnS/;Z is'kh
rUrq (Longitudinal muscle fibres) g¨rh gSA is'kh xfr ds }kjk Ò¨tu xzluh
ls vkek'k; esa igq¡prk gSA xzfldk esa n¨ Ádkj dh Øekdqpau xfr ik;h tkrh
gS&

 ÁkjfEÒd Øekdqapu (Primary peristalsis)& ÁkjfEÒd Øekdqapu
esa ,d ladqpuh; oYk;@fjax (Contractile ring) vkgkjukYk eas mRiUu
g¨rh gS v©j vkxs dh v¨j xfr djrh gSA

 f}rh;d Øekdqapu (Secondary peristalsis)& blesa xzfldk
(Oesophagus) ftlesa Ò¨tu g¨rk gS ladqpu n'kkZrk gS v©j vkxs dk
Òkx QSYkko d¨ n'kkZrk gSA

vuqnS/;Z isf'k;¨a (Longitudinal muscles) ds }kjk xzfldk d¨ N¨Vk dj
fn;k tkrk gS v©j O;kl esa c<+krh gSA orqZYk isf'k; ä (Circular muscles) ds
ladqpu ds }kjk xzfldk ds O;kl d¨ de dj nsrh gSA n¨u¨a Ádkj dh isf'k;¨a
ds }kjk ,dkUrj :Ik esa ladqpu }kjk xfr dh ,d Ykgj mRiUu dh tkrh gS
ftld¨ Øekdqapu dgrs gaS] ftlds }kjk Ò¨tu 6 lsds.M esa xzfldk ls vkek'k;
esa igq¡prk gSA

1-3-1 vkek’k;h ikpu (Gastric Digestion)

Ò¨tu ds fuxYkus ds Ik'pkr~ Ò¨tu xzfldk (Oesophagus) ls g¨rk gqvk vkek'k;
esa igq¡prk gS ftlls fd Ò¨tu esa ;kfU«kdh (Mechanical) fo?kVu
(Disintegration) ,oa jklk;fud ifjorZu g¨ ldsa] eq[; :Ik ls Á¨Vhu vo;o ä
esaA vkek'k; dk QUMl (Fundus) Òkx lcls cM+k g¨rk gS t¨ bl¨Qsxl ls
lEcfU/kr g¨rk gSA M~;wMsue (Duodenum) ls lEcfU/kr vkek'k; ds Òkx d¨
ikbYk¨fjd (Pyloric) Òkx dgrs gSaA ;g ,d ladqfpr ladjk Òkx g¨rk gSA
QUMl ,oa ikbYk¨fjd Òkx ä ds chp ds Òkx d¨ dkfMZ;d (Cardiac) Òkx dgrs
gSaA vkek'k; esa eq[; :Ik ls vuSfPNd isf'k;k¡ g¨rh gSA vkek'k; dh xfr ;k
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fØ;k'khYkrk Lor% rfU«kdk rU«k (Automatic nervous system) ds }kjk
fu;fU«kr g¨rh gS ftlesa ijkuqdaih (Parasympathetic) mÙ¨tu of̀) djrk gS
rFkk vuqdaih fØ;k (Sympathetic activity) bld¨ j¨d nsrh gSA

vkek'k; esa Ò¨tu dkQh nsj :drk gSA bldk dkfMZ;d fLaQDVj okYo
(Cardiac sphincter valve) Ò¨tu dh mxkYkh d¨ j¨drk gS vFkkZr~ ;g Ò¨tu
d¨ xzkluYkh ls vkek'k; esa r¨ vkus nsrk gS] ijUrq okil xzkluYkh esa tkus ls
j¨drk gSA

tSls gh Ò¨tu vkek'k; dh fnokj¨a d¨ Nwrk gS] blds ikbYk¨fjd Òkx dh
nhokj ä esa mifLFkr xzfUFk;k¡ xSfLVªu (Gastrin) uked gke¨Zu dk L=ko.k djrh
gSaA ;g gkWe Z̈u tBj xzfUFk; ä (Gastric glands) d¨ tBj jl (Gastric juice) ds
L=ko.k ds fYk, mÙ¨ftr djrk gSA blds vfrfjä tBj xzfUFk;¨a dk 'Y¨"e
Ò¨tu d¨ v©j vf/kd <hYkk o YkqXnhnkj (Bolus) cukrk gSA ,sls Ò¨tu d¨
dkbe (Chyme) dgrs gSaA tBj jl esa gkbMª¨DYk¨fjd vEYk (HCl) ,oa Á¨Vhu
ikpd ,Utkbe g¨rs gaSA vkek'k; esa tBj jl dk L=ko.k djus okYkh Áeq[k
Qf.Md xzfUFk;k¡ (Fundic glands) g¨rh gaSA bu xzfUFk;¨a esa n¨ Ádkj dh
d¨f'kdk,¡ g¨rh gSaA dsUæh; d¨f'kdk,¡& buesa isfIlu ,oa jsfuu ,UtkbEl L=kfor
g¨rs gSaA vkfDlf.Vd d¨f'kdk,¡& buesa HCl L=kfor g¨rk gSA

tBjh; ;k vkek'kf;d xfr (Gastric movements) rhu Ádkj dh g¨rh
gS&

(a) {kq/kk@Òw[k ladqpu (Hunger contraction)& tc vkek'k; [kkYkh
g¨rk gS] ;g ladqpu fujarj djrk jgrk gSA [kkYkh isV dk fup¨M+uk
(Squeezing) vkek'k; dh fÒfÙk dh rfU«kdkv ä (Nerves) d¨ mÙ¨ftr
djrk gS] ftlds dkj.k Òw[k dh ihM+k ;k {kq/kk osnuk (Hunger Pangs)
g¨rh gSA

(b) Òj.k@ÒjkbZ (Filing)& vkek'k; dh fÒfÙk dh isf'k;¨a ds fujarj
f'kfFkYku (Relaxation) ds dkj.k vkek'k; ds vkdkj esa of̀) g¨rh gSA
bldk eq[; dkj.k fujarj vf/kd Ò¨tu vke'k; esa vkrk jgrk gSA

(c) fjärk@[kkYkh djuk (Emptying)& vkek'k; Ò¨tu d¨ rc rd
vius vUnj j[krk gS tc rd tBjh; ikpu (Gastric digestion) iw.kZ
ugÈ g¨ tkrk gSA tSls gh Ò¨tu vkek'k; esa igq¡prk gS] oSls gh dqN Òkx
vkek'k; ls M~;wMsue (Duodenum) esa igq¡prk gS] ftlds ifj.kkeLo:Ik
vkU«kh; ikpu (Intestinal digestion) ,oa 'k¨"k.k (Absorption) ÁkjaÒ
g¨rk gSA vkek'k; esa Ò¨tu ds igq¡pus ds Ik'pkr~ Øekdqapu rjaxs
(Peristaltic waves) ÁkjaEÒ g¨ tkrh gaS v©j Ò¨tu] tBjh; jl
(Gastric juice) ds lkFk feYkrk gS rFkk Ò¨tu ds cM+s vkdkj ds Òkx¨a
dk N¨Vs :Ik esa ;kfU«kdh fo?kVu g¨rk gSA Øekdqapu rjaxsa Ò¨tu d¨
ikbYk¨jhd voj¨f/kdk/fLQUdVj (Sphincter) dh v¨j Y¨ tkrh gSA Ò¨tu
dh vEYkh;rk (Acidity) ds dkj.k ikbYk¨fjd fLQUdVj (Pyloric
sphincter) [kqYkrk gS v©j Ò¨tu MÓwMsue esa tkrk gSA Ò¨tu dh
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ek«kk ,oa Ádkj ds vuqlkj ,d ls pkj ?k.Vs ds vUnj vkek'k; [kkYkh g¨
tkrk gSaA dkc Z̈gkbMªsV ls laiUu Ò¨tu Á¨Vhu dh vis{kk rhozrk ls
vkek'k; d¨ N¨M+rk gS rFkk Á¨Vhu laiUu Ò¨tu olk dh vis{kk rhozrk
ls vkek'k; d¨ N¨M+rk gSA

1-3-2 tBjh; jl dk L=ko.k (Secretion of Gastric Juice)

vkek'k; (Stomach) dk vkdkj fÒUu g¨rk gSA ,d v©lr euq"; ds vkek'k;
dh {kerk (Capacity) 2-5 fYkVj g¨rh gSA ,d v©lr euq"; ds vkek'k; esa
YkxÒx 3]50]00]000 tBj xzfUFk;k¡ (Gastric glands) g¨rh gSa t¨ Áfrfnu 2 ls 3
fYkVj tBj jl d¨ L=kfor djrh gSaA tBj jl fujarj vkek'k; esa L=kfor g¨rk
jgrk gS] D;¨afd vkek'k; esa dqN u dqN rjYk e©twn jgrk gSA Ò¨tu igq¡pus ds
iwoZ gh 50 ml tBj jl vkek'k; esa g¨rk gS ftld¨ vo'¨"k/jsflMqve
(Residuum) dgrs gSaA

vkek'k; esa fLFkfr ds vuqlkj tBj xzfUFk;k¡ (Gastric glands) rhu Ádkj
dh g¨rh gSa&

(i) dkfMZ;d xzfUFk;k¡ (Cardiac glands)& ;g vkek'k; ds dkfMZ;d Òkx
esa ik;h tkrh gSaA ;g ,dYk (Single) ;k uYkkdkj jsfle¨t (Racemose)
xzfUFk;k¡ g¨rh gSa t¨ LrEÒkdkj df.kdh; (Columnar granular)
d¨f'kdkv¨a ds }kjk vkLrfjr g¨rh gSaA bu xzfUFk;¨a ds }kjk 'Y¨"e/E;wdl
L=kfor fd;k tkrk gS t¨ vkek'k; esa vkus okY¨ Ò¨tu d¨ ue ,oa
YklYklk cukrh gSA

(ii) QfUMd xzfUFk;k¡ (Fundic glands)& ;g xzfUFk;k¡ vkek'k; ds QfUMd
Òkx esa ik;h tkrh gSa v©j la;qä uYkkdkj (Compound tubular) xzfUFk;k¡
g¨rh gSa v©j LrEÒkdkj bihFkhfYk;e (Columnar epithelium) ds }kjk
vkLrfjr g¨rh gSaA d¨f'kdk,¡ cgqÒqth; (Polyhedral) ,oa l?ku
df.kdh;/xzsuwYkj g¨rh gSa] bud¨ dsUæh; ;k Áeq[k (Central or Chief)
d¨f'kdk,¡ dgrs gSaA blds vfrfjä x¨Ykkdkj d¨f'kdkv¨a dk ,d lewg
v©j ik;k tkrk gS t¨ vk/kkjh; esEczsu ,oa dsUæh; d¨f'kdkv¨a ds Lrj ds
chp esa g¨rk gS] bud¨ ifj/kh; ;k vkfDlfUVd (Parietal or Oxyntic)
d¨f'kdk,¡ dgrs gSaA ;g HCl d¨ L=kfor djrh gS ftlls fd tBjh;
ikpu (Gastric digestion) ds fYk, mi;qä ek/;e Ánku fd;k tk ldsA

(iii) ikbYk¨fjd xzfUFk;k¡ (Pyloric glands)& ;g vkek'k; ds ikbYk¨fjd
Òkx esa ik;h tkrh gSaA ;g la;qä uYkkdkj ,sYowYkj (Compound tubul-
oalveolar) xzfUFk;k¡ g¨rh gSaA ;g xzfUFk;k¡ LrEÒkdkj (Columnar)
d¨f'kdkv¨a ,oa ufYkdkv ä ds }kjk vkLrfjr g¨rh gSaA ;g xzfUFk;k¡ {kkjh;
“;ku jl (Alkaline viscid juice) L=kfor djrh gSa ftuesa ,UtkbEl dh
ek«kk de g¨rh gSA
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tBjh; jl dk laxBu ,oa Yk{k.k (Composition and
Character of Gastric Juice)

euq"; ,oa vU; Ákf.k; ä esa tBj jl (Gastric juice) irYkk] ikjn'kZd
(Transparent) ,oa gYds jax dk æo g¨rk gSA ;g vEYkh; (Acidic) g¨rk gSA
bldk vkisf{kd ?kuRo (Specific gravity) 1-002 ls 1-009 g¨rh gSA blesa
99-45% ikuh rFkk 0-55% l¨fM;e (Sodium), QkWLQsV~l (Phosphates),
E;wflu (Mucin) ,oa ,UtkbEl&isfIlu (Pepsin), jsfUuu (Rennin) ,oa xSfLVªd
Ykkbist (Gastric lipase) ik, tkrs gSaA bl jl dh vEYkh;rk (Acidity) HCl
dh mifLFkfr ds dkj.k g¨rh gSA

1-3-3 gkbMª¨Dyksfjd vEYk (Hydrochloric Acid)

(a) Ò¨tu ds ek/;e d¨ vEYkh; (Acidic) cukrk gS rkfd tBj jl esa
mifLFkr ,Utkbe fØ;k'khYk g¨dj Ò¨tu dh ikpu-fØ;k esa Òkx Y¨
ldasA

(b) Ò¨tu d¨ xYkk dj <hYkk curk gSA

(c) Ò¨tu ds lkFk vk, gkfudkjd cSDVhfj;k rFkk Á¨V¨t¨vk d¨ u"V djrk
gSA

(d) Ò¨tu d¨ lM+us ls j¨drk gSA

(e) Ò¨tu esa mifLFkr dSfY'k;e ;qä dB¨j d.k ä d¨ ?kqYku'khYk djrk gSA

tBj jl esa Á¨isfIlu (Propepsin) rFkk Á¨jsfUuu (Prorennin) uked
fuf"Ø; Á¨Vhu ikpd ,Utkbe g¨rs gSa t¨ vEYkh; ek/;e esa lfØ; g¨dj
fØ;k'khYk isfIlu (Pepsin) rFkk jsfUuu (Rennin) esa cnYk tkrs gSa&

1- isfIlu (Pepsin)& ;g ,d Á¨Vhu ikfpr ,Utkbe g¨rk gSA vkek'k;
ds Qf.M;d Òkx ls ,d vfØ;k'khYk ,Utkbe isfIlu¨tsu (Pepsinogen)
ds :Ik esa ifjofrZr g¨rk gSA ;g tSls gh HCl ds lEidZ esa vkrk gS fØ;k'khYk
isfIlu (Pepsin) esa ifjofrZr g¨ tkrk gSA bldk pH 1-6 ls 2-4 rd g¨rk gSA
isfIlu Ò¨tu ds Á¨Vhu d¨ Á¨fV,lsl (Proteases) ,oa isIV¨Ul (Peptones) esa
ifjofrZr dj nsrk gSA ;g Á¨Vhu d¨ N¨Vh J̀a[kYkkv¨a esa r¨M+ nsrk gS Y¨fdu
LorU«k vehu¨ vEYk¨a (Amino acids) d¨ eqä ugÈ djrk gS&

(i) isfIlu¨tsu (Pepsinogen) isfIlu (Pepsin)

vfØ;k'khYk ,Utkbe fØ;k'khYk ,Utkbe

(ii) Á¨VhUl + isfIlu Á¨fVv¨lsl + isIV¨Ul

(Protein + Pepsin) (Proteoses + Peptones)

HCl

pH 2.6
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isfIlu (Pepsin) Á¨Vhu d¨ mlds eq[; ,dd vehu¨ vEYk rd d¨
vi?kfVr djus esa l{ke ugÈ g¨rk gSA bldh fØ;k'khYkrk 2-6 ls 2-4 pH ij
vf/kd g¨rh gS v©j pH 4 ij lekIr g¨ tkrh gSA

fp= Ø- 1-4% Different Stages of Digestion of Food in the
Alimentary Canal of a Mammal

2- jsfUuu (Rennin)& jsfUuu ,Utkbe cNM+̈ a (Calf) ,oa vU; f'k'kq
Ákf.k;¨a ds vkek'k; esa vR;f/kd ek«kk esa ik;k tkrk gSA o;Ld euq"; ,oa vU;
Ák.kh;¨a ds vkek'k; esa vfØ;k'khYk Á¨jsfUuu (Prorennin) ds :i esa ik;k
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tkrk gSA tc dSfY'k;e dh mifLFkfr esa jsfUuu fØ;k djrk gS rc nw/k
ds ?kqYku'khYk Á¨VhUl d¨ LdfUnr (Coagulate) djrk gS rFkk bld¨
dSfY'k;e iSjkdsflusV (Calcium paracaseinate) esa ifjofrZr djrk gSA vUr
esa isfIlu bl ij fØ;k dj Á¨Vhu dk ikpu iw.kZ djrk gSA lEiw.kZ fØ;k
fuEufYkf[kr Ádkj ls g¨rh gS&

(i) Á¨jsfUuu (Prorennin) jsfUuu (Rennin)

(ii) jsfUuu (Rennin) + dSlhu (Casein) iSjkdSlhu (Paracasein)

(iii) iSjkdSlhu + dSfY'k;e dSfY'k;e iSjkdSlhusV ¼ngh½

(Paracasein + Calcium) (Calcium paracaseinate) (Curd)

(iv) dSfY'k;e iSjkdSlhusV iSfIlu Á¨fV,lsl (Proteases)

(Calcium paracaseinate + Pepsin) isIV¨Ul (Peptones)

ikfYkisIVkbM~l (Polypeptides)

vkek'k; esa Ò¨tu ,d v/kZ-B¨l YkqXnh ds :Ik es ik;k tkrk gS ftld¨
dkbe (Chyme) dgrs gSaA ;g ikbYk¨fjd vkek'k; ls xzg.kh esa tkrk gSA

blds vfrfjä tBj jl (Gastric juice) esa tBj Ykkbist (Gastric
lipase) uked ,Utkbe Òh g¨rk gS t¨ olk dk vkaf'kd ikpu djrk gS ;k
Ykkbist beYlhÑr (Emulsified) olkv¨a d¨ olk vEYk ä ,oa fXYkljkWYk esa
ifjofrZr djrk gSA bl Ádkj Ò¨tu dk vf/kdka'k Òkx ?kqYku'khYk voLFkk es vk
tkrk gSA vkek'k; esa Ò¨tu YkxÒx pkj ?k.Vs jgrk gSA blh le; ikbYk¨fjd
vkek'k; esa eaFku ,oa Øekdqapu xfr;k¡ (Churning and Peristaltic movement)
ÁkjaÒ g¨ tkrh gSA vc ;g dkbe Ò¨tu /khjs-/khjs ikbYk¨fjd fLQaDVj (Pyloric
sphincter) ls g¨rk gqvk xzg.kh esa igq¡prk gSA

1-3-4 tBjh; jl ds L=ko dk fu;U«k.k (Control of Gastric
Secretion)

vkek'k; esa L=ko.k (Secretion) n¨u¨a rfU«kdh; (Neural) ,oa gke¨ZuYk
(Hormonal) fof/k ds }kjk g¨rk gSA rfU«kdh; fu;U«k.k fof/k osxl rfU«kdk
ds }kjk g¨rk gS t¨ xzfUFkYk d¨f'kdkv ä esa viuh 'kk[kkv ä ds }kjk mÙ¨tuk
mRiUu djrh gSA gke Z̈uYk fof/k esa fofÒUu vUr%L=koh ,.M¨Økbu xzfUFk; ä
ds }kjk L=kfor gke Z̈Ul] xzfUFkYk d¨f'kdkv¨a d¨ ,Utkbe@tBj jl L=kfor
djus ds fy, mÙ¨ftr djrs gSaA

HCl
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ikpu fof/k esa vkek'k; dk egRo (Significance of Stomach During the
Process of Digestion)

vkek'k; dk ikpu fof/k esa egRo fuEu Ádkj gS&

(a) vkek'k; Ò¨tu dk laxzg.k djrk gS] D; äfd vifpr Ò¨tu vf/kd le;
rd vkek'k; esa jg ldrk gSA

(b) vkek'k; ls vkaf'kd :Ik esa ikfpr (Digested) Ò¨tu] vk¡r¨ esa Òstk
tkrk gSA

(c) vkek'k; dh fÒfÙk esa isf'k;¨a dk foU;kl g¨rk gS t¨ cMs+ vkdkj ds
Ò¨tu d¨ N¨Vs :i esa ifjofrZr djrh gSa] v/kZ-æo (Semi-fluid) :Ik esa
ifjofrZr djrh gS] ftld¨ dkbe (Chyme) dgrs gSa] rFkk Ò¨tu d¨
ihlrh gSA

(d) vkek'k; dh tBj xzfUFk;¨a ds }kjk L=kfor tBj jl (Gastric juice)
ds ,UtkbEl Ò¨tu ds fofÒUu rRo ä d¨ jklk;fud fØ;k ds }kjk
bl :Ik esa ifjofrZr djrs gaS] ftlls fd og vklkuh ls 'k¨f"kr
(Absorb) g¨ ldsaA

1-4 vkek'k; ls vk¡r¨a esa Ò¨tu dk laogu
(Conduction of Food from Stomach to Intestine)

vkek'k; esa tc Ò¨tu ;kfU«kdh (Mechanical) ,oa jklk;fud (Chemical)
fØ;k ds }kjk ,d v/kZ-nzo (Semi-fluid) ds :Ik es ifjofrZr g¨rk gS] bld¨
dkbe (Chyme) dgrs gSaA Øekdqapu fof/k ds }kjk tSls gh dkbe ikbYk¨fjd
fLQaDVj (Pyloric sphincter) ij igq¡prk gS] ikbYk¨fjd dikV [kqYk tkrs gSa v©j
vkek'k; ls dkbe /khjs-/khjs vk¡r ä esa tkrk gSA ikbYk¨fjd fLQaDVj Ò¨tu d¨
vk¡r esa tkus ds fYk, fu;fU«kr djrk gSA /khjs-/khjs ikfpr Ò¨tu dkbe ds :Ik
esa vk¡r ds ÁFke Òkx M~;wMsue (Duodenum) esa igq¡prk gSA

1-4-1 vk¡r esa ikpu (Digestion in Intestine)

vk¡r es ikpu n¨ Òkx¨a esa g¨rk gS& (1) xzg.kh (Duodenum) esa ikpu]
(2) {kqækU«k (Small intestine) esa ikpuA

xzg.kh (Duodenum)

dkbe tSls gh xzg.kh (Duodenum) esa igq ¡prk gS] bldh nhokjsa Ò¨tu ds Á¨Vhu]
olk ,oa HCl ls mÙ¨ftr g¨dj 'Y¨"e rFkk dqNsd gke¨ZUl dk L=ko.k ÁkjEÒ
dj nsrh gSaA gke Z̈Ul] tstque (Jejunum) rFkk N¨Vh vk¡r ds vU; Òkx¨a dh
d¨f'kdkv¨a ls L=kfor g¨rs gSaA ;s jä esa eqä g¨dj fofÒUu vax ä esa igq¡prs gSa&

(i) ,.Vhj¨xSLVª¨u (Enterogastrone)& ;g vkek'k; dh nhokj esa igq¡pdj
tBj ds L=ko.k d¨ j¨drk gSA
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(ii) lhØsfVu (Secretin)& ;g gkeksZu vXU;k'k; (Pancreas) d¨ vXU;k'k;h
jl (Pancreatic juice) ds L=ko.k ds fYk, mÙ¨ftr djrk gSA

(iii) ,.Vhj¨Økbfuu (Enterocrinin)& ;g vkU«k (Intestine) dh nhokj esa
igq¡pdj vkU«kh; xzfUFk;¨a (Intestinal glands) d¨ vkU«kh; jl
(Intestinal juice) ds L=ko.k ds fYk, mÙ¨ftr djrk gSA

(iv) dkWYkhflLV¨dkbfuu (Cholecystokinin)& ;g fiÙkk'k; (Gall
bladder) dh nhokj¨a d¨ ladqpu ds fYk, mÙ¨ftr djrk gS rkfd blls
fiÙk jl (Bile juice) fudYk ldsA

(v) ,.Vhj¨dkbust (Enterokinase)& vk¡r dh fÒfÙk esa fLFkr vkU«kh;
xzfUFk; ä d¨ mÙ¨ftr dj vkU«kh; jl (Intestinal juice) ds L=ko.k d¨
fu;fU«kr djrk gSA

blds vfrfjä fiÙk ufYkdk (Bile duct) }kjk ;Ñr ds fiÙk jl (Bile
juice) ,oa vXuk'k; ls vXU;k'k;h jl (Pancreatic juice) vkdj xzg.kh esa
dkbe (Chyme) ls fØ;k djrs gSaA

1-4-2 ;Ñr (Liver)

;g lcls cM+h B¨l] pkdY¨Vh jax dh d¨eYk f}fi.Mdh; (Bilobed) xzfUFkYk
lajpuk gSA vk/kqfud [k¨t¨a ds vuqlkj ;Ñr d¨f'kdk,¡ (Hepatic cells)
Yk¨C;wYl (Lobules) esa bdgjh iafä esa Ykxh jgrh gSaA [k¨t ä ds vuqlkj ;Ñr
d¨f'kdkv¨a ds chp-chp es fLFkr lkbuwlkWbM~l (Sinusoids) dh eghu
njkjsa ,.M¨FkhfYk;e (Endothelium) dh cuh g¨rh gSaA ;Ñr d¨f'kdkv ä ds chp
ikfYkdkv ä esa ladh.kZ Y;wesu@xqfgdk (Lumen) esa vkUrj-fi.Mdh; ;Ñr
okfgdk,¡ (Inter-lobulated ductules) fudYkdj vusd eghu vkUrj-
fi.Mdh; ;Ñr d¨f'kdkv¨a (Hepatic capillaries) ds :Ik esa ÁR;sd fi.M esa
Áos'k djrh gS rFkk ÁR;sd ;Ñr d¨f'kdk ds pkj¨a v¨j QUnk (Loop) lk cukrh
gSA lÒh vkUrj-fi.Mdh;] ;Ñr okfgfu;k¡ feydj ,d cM+h ;Ñr okfguh
(Hepatic duct) cukrh gaSA bl Ádkj nk;as o ck;sa fi.M ä dh ;Ñr okfgfu;k¡
feYkdj lg-;Ñr okfguh (Common hepatic duct) cukrh gaSA fiÙkk'k; (Gall
bladder) ls fudYkus okYkh fiÙkokfguh (Bile duct) ls lkFk feYkdj lg-fiÙk
okfguh (Common bile duct) cukrh gSA fiÙk okfguh; ä esa ;Ñr d¨f'kdk,¡ viuk
fiÙk (Bile) L=kfor djrh gSaA fiÙk okfgfu; ä ls fiÙk (Bile) jl lg-fiÙk
okfguh esa tkrk gSA
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1-4-3 fiÙk jl (Bile Juice)

Stomach

Gastrin

Enterogastrone
Duoorinn

Ilium
Pancreozymin

Nerve impulse

Food

Gall-bladder
Liver

Secretin

Pancreas

Cholecystokinin

fp= Ø- 1-5% Gastro-intestinal Hormones

;g gjs jax dk {kkjh; (Alkaline) æo g¨rk gS ftldk pH 7-6 ls 7-7
g¨rk gSA fiÙk jl (Bile juice) esa YkxÒx 92% tYk] 6-0% fiÙk Yko.k (Bile
salt), 0-3% fiÙk o.kZd (Bile pigments) ,oa fiÙk vEYk (Bile acids), 0-6% ls
0-9% d¨Y¨LVªkYk (Cholesterol) ,oa 0-3% fYklkbfFku (Lecithin) rFkk mnklhu
olk,¡ (Neutral fats) 0-8% g¨rh gSA fiÙk Yko.k ä (Bile salts) esa l¨fM;e
(Sodium) ,oa i¨Vsf'k;e DyksjkbM (Potassium chloride) ,oa ckbdkc¨ZusV
(Bicarbonate) uked vdkcZfud rFkk l¨fM;e ,oa i¨Vsf'k;e Xykbd¨d¨Y¨V
(Glycocholate) ,oa VkWj¨d¨Y¨V (Taurocholate) dkcZfud Yko.k g¨rs gSaA ;s
Yko.k (Salts) Ykkbist dh olk ij fØ;k g¨us ds iwoZ mldk tYk ds lkFk
beYlu (Emulsion) cuk Y¨rs gaSA bl fof/k d¨ beYlhdj.k (Emulsification)
dgrs gaSA fiÙk Yko.k ä dh mifLFkfr esa vk¡r dh fÒfÙk iw.kZ:Ik ls olk vEYk
(Fatty acids) o fXYkljkWYk (Glycerol) dk vo'k¨"k.k dj ikrh gSaA ;s Yko.k olk
esa ?kqYku'khYk foVkfeUl A, D, E o K ds vo'k¨"k.k esa lgk;rk djrs gSaA

fiÙk o.kZd (Bile pigments) ckbYkh:fcu (Bilirubin) ,oa ckbfYkofMZu
(Biliverdin) g¨rs gSaA ;s o.kZd ghe¨XYk¨fcu (Haemoglobin) ds fo?kVu ls
curs gaSA ;g dsoYk mRltÊ inkFkZ gaS t¨a vifpr Ò¨tu ds lkFk 'kjhj ls ckgj
fudkYk fn;s tkrs gSaA eYk dk jaxhu g¨us dk dkj.k fiÙk o.kZd g¨rs gSa&

(a) d¨Y¨LVªkYk (Cholesterol)& ckbYk/fiÙk esa t¨ d¨Y¨LVªkYk ik;k tkrk gS
og 'kjhj ls mRlftZr dj fn;k gSA vf/kd ek«kk esa d¨Y¨LVªkYk Ò¨tu ls
ÁkIr g¨rk gSA fiÙkk'k; (Gall-bladder) esa bldh vf/kd lkUærk ds
dkj.k iFkjh (Stone) fiÙkk'k; esa curh gS ftlds dkj.k ;Ñr esa foÑfr
mRiUu g¨rh gSA
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(b) fYklkbfFku (Lecithin)& ,d Ák:ih Ádkj dk inkFkZ g¨rk gS t¨ fiÙk
jl esa ik;k tkrk gSA bldk d¨bZ egRoiw.kZ dk;Z ugha g¨rk gSA

(c) {kkjh; QkWLQsVst (Alkaline phosphatase)& dsoYk fiÙk ,Utkbe
(Bile enzyme) ;Ñr d¨f'kdkv¨a ls ÁkIr g¨rk gS] Y¨fdu ikpu fof/k esa
blds ckjs esa Kkr ugha gaSA tc fiÙk dk laogu vk¡r¨a esa tkus ls :d
tkrk gS rc voj¨/kh ihfYk;k (Obstructive jaundice) j¨x g¨rk gS
rFkk ;g QkWLQsVst jä esa vf/kd lkUærk esa ik;k tkrk gS rc ,d
Ádkj dk ihfYk;k j¨x mRiUu djrk gSA

mi;qZä inkFk¨Za ds vfrfjä fiÙkjl esa de ek«kk esa E;wflu (Mucin),
U;wfDYk;¨Á¨VhUl (Nucleoproteins), VªkbfXYkljkbM~l (Triglycerides) ,oa eqä
vEYk (Free acid) ik;s tkrs gSaA

1-5 fiÙk L=ko.k (Bile Secretion)

jä esa ik;s tkus okYkk d¨YkflLV¨dkbfuu (Cholecystokinin) fiÙkk'k; (Gall-
bladder) d¨ ladqfpr djrk gSA

osxl rfU«kdk mÙ¨ftr g¨us ij fiÙk jl d¨ L=kfor djrh gSA

fiÙk jl lgfiÙk ufYkdk (Common bile duct) }kjk xzg.kh (Duodenum)
ds nwjLFk Òkx esa igq¡p dj Ò¨tu ls feYkrk gSA

1-5-1 fiÙk ds dk;Z (Functions of Bile)

1- fiÙk jl ,UtkbEl ds vÒko essa Ò¨tu dh ikpu-fØ;k esa Lo;a Òkx ugÈ
Y¨rk gS] fQj Òh blds fcuk ikpu-fØ;k v/kwjh jgrh gSA

2- fiÙk Ò¨tu d¨ {kkjh; (Alkaline) cukrk gS rkfd vXU;k'k;h
(Pancreatic) rFkk vkU«kh; jl (Intestinal juice) fØ;k'khYk g¨dj
ikpu-fØ;k esa Òkx Y¨ ldsaA

3- fiÙk (Bile) Ò¨tu ds lkFk vk;s cSDVhfj;k d¨ u"V djrk gSA

4- fiÙk ds dkcZfud Yko.k (Organic salts) olkv ä (Fats) ds /kjkrYk ruko
d¨ de dj bUgsa lw{e fcUnqv¨a esa r¨M+rs gSaA

5- fiÙk Yko.k (Bile salts) olk ds vo'k¨"k.k esa Òh en~n djrs gSaA

6- fiÙk vk¡r dh Øekdaqpu xfr esa of̀) djrk gSA bl dkj.k Ò¨tu esa
ikpd jl feYk tkrk gSA

7- vXU;k'k; jl esa ik;s tkus okY¨ LVh,sfIlu (Steapsin) ,Utkbe d¨
fØ;k'khYk djrk gSA

8- fiÙk o.kZd¨a] mRltÊ inkFk ±̈] fo"©Y¨ inkFk ±̈ ,oa /kkrqv ä ds mRltZu esa
lgk;rk djrk gSA
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tSls gh Ò¨tu fuxYkus (Swallow) dh fd;k }kjk xzkfldk (Oesophagus)
ls vkek'k; esa igq¡prk gS] Ò¨tu iqu% ;kfU«kdk ,oa jlk;fud ifjorZu¨a ls
xqtjrk gSA vkek'k; ,d e¨Vh fÒfÙk okYkk is'kh; F©Ykk g¨rk gS] t¨ tBjh;
'Y¨"ek (Gastric mucosa) ls vkLrfjr g¨rk gSA vkek'k; dkfMZ;d ,oa
ikbYk¨fjd vkek'k; esa foÒkftr g¨rk gSA lEiw.kZ tBjh; E;wd¨lk esa tBjh;
xzfUFk;k¡ ik;h tkrh gaSA ;g tBjh; xzfUFk;k¡ tBjh; jl (Gastric juice) d¨
L=kfor djrh gaSA tBjh; jl vEYkh; g¨rk gS& pH 0-9 ls 1-5 rd g¨rk gSA
blesa 99-4% ikuh rFkk 0-4% ls 0-5% HCl ,oa ,UtkbEl g¨rs gSaA tBjh;
xzfUFk; ä esa rhu Ádkj dh d¨f'kdk,¡ ik;h tkrh gaS&

 E;wdl d¨f'kdk,¡ (Mucus cells) t¨ 'Y¨"e (Mucus) d¨ L=kfor djrh
gaSA

 eq[; d¨f'kdk,¡ (Chief cells) t¨ ,UtkbEl d¨ L=kfor djrh gSaA

 ifj/kh; ;k vkWfDlfUVd d¨f'kdk,¡ (Parietal or Oxyntic cells) ;s
HCl ;k gkbMª¨Dyksfjd vEYk d¨ L=kfor djrh gSaA tBjh; jl
ds ,UtkbEl isfIlu (Pepsin), jsfUuu (Rennin) ,oa tBjh; Ykkbist
(Gastric lipase) g¨rs gaSA

1-5-2 vXU;k'k; jl (Pancreatic Juice)

vXU;k'k; (Pancreas) dh ,Dl¨Økbu cfg%L=koh (Exocrine) d¨f'kdkv¨a
ds }kjk L=kfor g¨rk gSA ,Dl¨Økbu Òkx ls vXU;k'kf;d jl dk L=ko.k g¨rk
gS t¨ vXU;k'kf;d okfguh ds }kjk xzg.kh (Duodenum) esa igq¡prk gSA
vXU;k'kf;d jl tYk ds leku irYkk] jaxghu] l¨fM;e ckbdkcsZusV dh
mifLFkfr ds dkj.k vR;f/kd {kkjh; (Alkaline) g¨rk gS ftldk pH 7-5 ls 8-4
g¨rk gSA bles 98% ikuh g¨rk gS rFkk 'sk"k 2% esa Yko.k (Salts) ,oa
ikpd ,UtkbEl g¨rs gaSA ;g ,d iw.kZ ikpd jl gS] D;¨fd blesa rhu¨a Ádkj
ds i¨"kd inkFk ±̈ & Á¨VhUl] dkc¨ZgkbMªsV~l ,oa olk d¨ ipkus okY¨ ,UtkbEl
g¨rs gSaA

;g vXU;k'k; }kjk L=kfor g¨rk gS t¨ vXU;k'k; ufYkdk (Pancreatic
duct) }kjk xzg.kh (Duodenum) ds nwjLFk Òkx esa igq¡pdj Ò¨tu dh ikpu-
fØ;k esa Òkx Y¨rk gSA blesa fuEufYkf[kr ,UtkbEl ik;s tkrs gSa&

(i) ,sekbY¨t ;k ,ekbYk¨fIlu (Amylase or Amylopsin)& ;g LVkpZ
(Starch) rFkk Xykbd¨tu d¨ ekYV¨t (Maltose) esa cnYkrk gSA

(C6H12O5)2n + nH2O (C12H22O11)

Starch Maltose

(ii) fVªfIlu (Trypsin)& ;g fuf"Ø; fVªIlhu¨tu (Trypsinogen) voLFkk
esa L=kfor g¨rk gS t¨ {kkjh; (Alkaline) voLFkk esa lfØ; fVªfIlu esa
cnYkdj Ò¨tu dh Á¨Vhu dk iw.kZ ikpu djrk gSA ;g Á¨Vhu isIV¨u

Amylase

Enzyme
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(Peptone) vkfn d¨ ikWYkhisIVkbM~l (Polypeptides) rFkk vehu¨ vEYk
(Amino acids) esa cnYkrk gSaA

(iii) Ykkbist ;k LVsfIlu (Lipase or Steapsin)& ;g olk ikpd ,Utkbe
gSA ;g olk dk iw.kZ ikpu djrk gSA ;g olk d¨ olh; vEYk¨a (Fatty
acids) rFkk fXYkljkWYk esa r¨M+rk gSA

bl Ádkj Ò¨tu ds vf/kdka'k i¨"kd rRo¨a dk xzg.kh ds i'p Òkx esa
ikpu g¨ tkrk gSA vc Ò¨tu Nqæ vk¡r (Small intestine or Ileum) esa igq¡prk
gSA

1-5-3 Nqæ vk¡r (Ileum)

tSls gh Ò¨tu N¨Vh vk¡r esa igq¡prk gS] bldh nhokj¨a esa mifLFkr vkU«kh;
xzfUFk;k¡ (Intestinal glands) rFkk fYkcjdqgu dh njkjsa (Crypts of Leiberkuhns)
uked ikpd xzfUFk;k¡ LoPN] ihY¨ jax ds {kkjh; vkU«kh; jl (Intestinal juice)
dk L=ko.k djrh gSaA blesa fuEufYkf[kr ikpd ,Utkbe Ikk;s tkrs gSa&

 bjsfIlu (Erepsin)& Á¨Vhu ikpd ,Dl¨isIVhMst ,Utkbe¨a dk lkewfgd
uke gSA ;g Á¨Vhu dk iw.kZ ikpu djrs gSaA blesa mifLFkr
vehu¨isIVhMst (Aminopeptidase) rFkk dkc Z̈DlhisIVhMst
(Carboxypeptidase) ikWYkh rFkk VªkbisIVkbM~l d¨ lh/¨ vehu¨ vkEYk ä esa
r¨M+rs gSaA MkbZisIVhMst (Dipeptidase) MkbZisIVkbM~l d¨ vehu¨ vEYk
(Amino acids) esa cnYkrk gSA

 dkc¨ZgkbMªsV ikpd ,Utkbe (Carbohydrate digesting
enzymes)& ;s ekYVst (Maltase), lqØst (Sucrase) rFkk Y©DVst
(Lactase) uked dkc¨ZgkbMªsV ikpd ,UtkbEl gSa t¨ Øe'k% Ò¨tu ds
ekYV¨t d¨ Xywd¨t esa] lqØst d¨ ÝDV¨t esa ,oa Xywd¨t vkfn d¨
e¨u¨lSdsjkbM~l (Monosaccharides) esa cnYkrs gSaA

 Ykkbist (Lipase)& ;g '¨"k olkv ä dk ikpu djrk gSA vc
Ò¨tu ?kqYku'khYk voLFkk es bfYk;¨&lhdYk okYo (Ileo-Caecal
Valve) }kjk cM+h vkU«k esa igq¡pus ls iwoZ lhde (Caecum) esa igq¡prk gSA

vk¡r¨a esa ik;s tkus okY¨ ,UtkbEl v©j mudh fØ;k (Intestinal
Enzymes and their Actions)

(i) fVªfIlu¨tu fVªfIlu ¼lfØ;½

(ii) dkbe¨fVªfIlu¨tsu dkbe¨fVªfIlu ¼lfØ;½

(iii) fVªfIlu + Á¨VhUl isIV¨Ul + ikWYkhisIVkbM~l

(iv) dkbe¨fVªfIlu + Á¨VhUl + isIV¨Ul ikWYkhisIVkbM~l + Á¨fV,lsl

(v) dkWc¨ZDlhisIVkbMsl + ikWYkhisIVkbM~l vehu¨ vEYk

,.Vhj¨dkbust

,.Vhdkbust
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(vi) vehu¨isIVkbMslsl + ikWYkhisIVbM~l vehu¨ vEYk

(vii) bfjfIlu + isIVkbM~l vehu¨ vEYk

RNA Nucleotide

DNA Nucleotide

(viii) ,ekbY¨fIlu + dkc Z̈gkbMªsV Xywd¨l + ÝqDV¨l

(ix) Ykkbisl + olk olk vEYk + fXYkljkWYk

vkU«kh; jl ,d lkQ ,oa ihY¨ jax dk ikpd jl gS t¨ {kkjh; g¨rk gS&
pH 7-6A blds ,UtkbEl fuEufYkf[kr Ádkj ls ikpu djrs gSa&

(x) ekYV¨l Xywd¨l + Xywd¨l

(xi) lqØ¨l Xywd¨l + ÝqDV¨l

(xii) Y¨DV¨l Xywd¨l + xsY¨DV¨l

(xiii) lsY;wYk¨t 'kdZjk + fXYkljkWYk

vkU«kh; jl (Intestinal juice) esa rhu ,UtkbEl v©j ik;s tkrs gSa&

(a) QkWLQsVsl (Phosphatase)& ;g ,Utkbe U;qfDYk;¨VkbM (Nucleotide)
d¨ U;qfDYk;¨lkbM (Nucleoside) ,oa QkWLQ¨fjd vEYk (Phosphoric
acid) esa fo?kfVr djrs gaSA ;k ;g ,Utkbe U;wfDYk;¨VkbM ls QWkLQ¨fjd
vEYk d¨ vYkx djrs gSA

(b) U;qfDYk;¨flMslsl (Nucleosidase)& ;g ,Utkbe U;qfDYk;¨lkbM~l d¨
ukbVª¨thul cslsl (Nitrogenous bases) ,oa isUV¨t 'kdZjk (Pentose
sugar) esa fo?kfVr djrk gSA

(c) U;wfDYk,lsl (Nucleases)& ;g ,Utkbe U;qfDYkd vEYk (Nucleic acid)
d¨ U;qfDYk;¨VkbM~l (Nucleotides) ;k e¨u¨U;qfDYk;¨VkbM~l
(Mononucleotides) esa vi?kfVr djrk gSA

vk¡r esa ikpu dh fØ;k YkxÒx iw.kZ g¨rh gSA

vk¡r¨a esa thok.kqv ä dh Òwfedk (Role of Bacteria in Intestine) ;k
lgthoh ikpu (Symbiotic Digestion)

vkgkj ukYk esa thok.kq (Bacteria) ,oa Á¨V¨t¨vk (Protozoa) Ák.kh ik;s tkrs
gaSA ;g n¨u¨a Ádkj ds Ák.kh lgthoh (Symbionts) ds :Ik esa dk;Z djrs
gSaA ;g thok.kq Ò¨tu ds fofÒUu inkFk ±̈ ds ikpu ds lkFk-lkFk fo"©Y¨
inkFk ±̈ ,oa xSl¨a d¨ cukrs gSaA fo"©Y¨ inkFkZ eYk ds cuus esa o`f+) djrs gSaA ;g
lc fØ;k vkgkj ukYk dh cM+h vk¡r eas g¨rk gaSA

ekYVsl

lsY;wY¨t

lqØsl

Y¨DVsl

Ribonuclease

Deoxyribonuclease
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vifpr (Undigested) dkc¨ZgkbMªsV dk thok.oh; ikpu (Bacterial
digestion) ,d lk;Vst~ (Cytase) ,Utkbe ds }kjk g¨rk gSA cM+h vk¡r esa d¨bZ
xzfUFk ugh g¨rh gS] bldh bihFkhfYk;e ds x¨CY¨V (Goblet) d¨f'kdkv¨a ds }kjk
dsoYk E;wdl L=kfor g¨rk gS t¨ vifpr Ò¨tu d¨ ue ,oa YklYklk cukdj
ckgj fudYkus esa vklkuh Ánku djrk gSA

uotkr f'k'kq dh vk¡r thok.kqv ä dh nf̀"V ls mnklhu (Sterile) ;k
thok.kq 'kq~U; g¨rh gSA bl f'k'kq dh vk¡r ds }kjk t¨ Òh inkFkZ mRlftZr fd;k
tkrk gS og v/kZ rjYk (Semi fluid) ,oa gjs jax dk iqUt g¨rk gS ftls
esd¨fu;e (Meconium) dgrs gSaA thok.kq'kwU;rk (Sterility) dqN fnu ä rd gh
jgrh gS] blds i'pkr~ vUr% xzg.k fd;s gq, Ò¨tu ds lkFk thok.kq igq¡p tkrs
gaSA N¨Vh vk¡r esa LVªsIV¨d¨dkbZ (Streptococci), LVsQk;Yk¨d¨dkbZ
(Staphylococci), Y¨DV¨csflYkh (Lactobacilli) vkfn vR;f/kd ek«kk esa ik;s
tkrs gSaA d¨Yku (Colon) esa Òh leku tkok.kq ik;s tkrs gSA

Lruh Ákf.k;¨a esa lsY;wYk¨t (Cellulose) dk ikpu ;k r¨ iwoZ tBjh;
(Pregastric) ;k i'p tBjh; (Postgastric) g¨rk gSA iwoZ tBjh; ikpu tqxkYkh
djus okY¨ Ák.kh;¨/:feusUV~l (Ruminants) esa g¨rk gSA blds vfrfjä Å¡V
(Camel) ,oa vU; esØ¨i¨M eklqZfi;Yl (Macropod marsupials) esa Òh iwoZ
tBjh; ikpu g¨rk gSA Ik'p tBjh; lw{ethoh; ikpu (Microbial digestion)
[kjx¨'k (Rabbit), dqN j¨MsUV~l (Rodents) ,oa ?k¨M+̈ a (Horses) esa ik;k tkrk
gSA

tqxkYkh djus okY¨ Ákf.k;¨a ;k :feusUV~l (Ruminants) esa okLrfod
vkek'k; ds iwoZ ,d F©Y¨ leku d{k ;k Òkx ik;k tkrk gS ftld¨ :esu
(Rumen) dgrs gaSA bl¨Qsxl (Oesophagus) esa ls Ò¨tu :esu esa vkrk gS]
tgk¡ ij Ò¨tu dk mR{k¨Ò.k/QesZUVs'ku (Fermentation) g¨rk gS v©j vi?kfVr
Ò¨tu vo'k¨f"kr g¨dj mi;¨x eas Ykk;s tkrs gaSA '¨"k cpk gqvk Ò¨tu iqu% eq[k
xqfgdk esa tkdj pck;k trk gS] pckus ds Ik'pkr~ ;g iqu% #esu (Rumen) ds
vUnj vkrk gS v©j fujUrj QeZsUVs'ku g¨rk jgrk gSA :esu ls Ò¨tu /khjs-/khjs
vkek'k; o vU; Òkx ä esa igq¡prk gS tgk¡ ,UtkbEl ds }kjk ikfpr g¨rk
gSA :esu esa thok.kqv ä ,oa lw{ek.kqv¨a dh la[;k vR;f/kd g¨rh gSA ;g lsY;wYk¨t+
ds ikpu esa lgk;d g¨rs gSaA lgthoh thok.kq :feusUV~l esa ve¨fu;k dk
mi;¨x dj Á¨Vhu ds fuekZ.k esa lgk;rk djrs gSaA

[kjx¨'k (Rabbit) ,oa mldh vU; tkfr;k¡ ,oa j¨MsUV~l (Rodents) esa
lhde (Caecum) ,oa oeÊQkeZ ,sisfUMDl (Vermiform appendix) ik;k tkrk
gSA ;gk¡ lsY;wYk¨l dk ikpu iw.kZ ugha g¨rk gS] blesa ikpu ,oa fd.ou
(Fermentation) viw.kZ g¨rk gSA [kjx¨'k esa n¨ Ádkj ds eYk (Faeces) dk
fuekZ.k g¨rk gS&
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(i) xk<+k] N¨Vs vkdkj dh x¨fYk;¨a ds :Ik esa g¨rk gSA

(ii) cMk v©j gYdk] bld¨ [kjx¨'k iqu% [kk tkrk gS D; äfd bleas viw.kZ
ikfpr inkFkZ g¨rs gSaA iqu% vUr%xzg.k (Ingestion) ds dkj.k lsY;wYk¨t+
dk ikpu iw.kZ g¨ tkrk gaSA

?k¨Ms+ (Horses) esa lhde ,oa vU/kukYk vkgkj ukYk~ ds vfUre Òkx esa ik;k
tkrk gSA bl Òkx esa lw{ek.kq iw.kZ :Ik ls ugÈ iprs gS v©j Ò¨tu dk QesZUVs'ku
viw.kZ g¨rk gSA bl Ák.kh ds eYk esa vifpr vo'¨"k ik;s tkrs gSaA

euq"; dh vk¡r¨ esa ik;s tkus okY¨ thok.kq foVkfeu K dk la'Y¨"k.k djrs
gSaA blds vfrjä ;g thok.kq foVkfeu A, D ,oa foVkfeu B ;¨fxd/lfEeJ.k
dk Òh la'Y¨"k.k djrs gSaA

1-5-4 cM+h vk¡r esa ikpu (Digestion in Large Intestine)

cM+h vk¡r esa ikpu dh fØ;k ugÈ g¨rh gS] D; äfd vk¡r dh fÒfÙk esa d¨bZ Òh
ikpu xzfUFk (Digestive gland) ugÈ ik;h tkrh gS] dsoYk cM+h vk¡r dh E;wdl
esEczsu ls {kkjh; (Alkaline) L=ko fudYkrk gSA bl {kkjh; L=ko esa ckbdkcksZusV
(Bicarbonate) ;k i¨Vsf'k;e ds ;©fxd g¨rs gSaA cM+h vk¡r dh xqfgdk esa thok.kq
(Bacteria) Ikk;s tkrs gSa] buds }kjk vifpr (Undigested) dkc Z̈gkbMªsV d¨
lk;Vst (Cytase) ,Utkbe ds }kjk ikfpr fd;k tkrk gSA cps gq, vifpr
Ò¨tu inkFkZ mRltÊ ;k O;FkZ inkFk Z̈ ds lkFk eYk (Faeces) ds lkFk eYk}kj ls
ckgj fudkYk fn;s tkrs gSaA

cM+h vk¡r esa tYk dk vo'k¨"k.k vR;f/kd ek«kk esa g¨rk gSA cM+h vk¡r dh
bihFkhfYk;e esa ik;h tkus okYkh x¨CY¨V d¨f'kdkv¨a (Goblet cells) ds }kjk
L=kfor 'Y¨"e (Mucus) Ò¨tu d¨ ue] YklYklk djrk gS ftlls fd og
vklkuh ls eYk}kj ls ckgj fudkYkk tk ldsA

1-5-5 lhde (Caecum)

dqN Ák.kh “kkdkgkjh Ò¨tu xzg.k djrs gSa] vUr% buds Ò¨tu esa lsY;wYk¨t dh
ek«kk vf/kd g¨rh gSA blds cSDVhfj;k (Bacteria) rFkk Á¨V¨t¨vk (Protozoa)
Ò¨tu ds lsY;wYk¨t (Cellulose) d¨ ipkdj 'kdZjk es cnYk nsrs gSaA lsY;wYk¨t
dk ikpu dsoYk lhde esa gh g¨rk gSA bldk vo'k¨"k.k Òh lhde es gh g¨rk
gSA
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1-6 {kf.kd n`f"V esa Ò¨tu dk ikpu (Digestion of
Food at a Glance)

IkzksVhu (tfVy)

tBj jl ds IkzksfVvksfyfVd ,UtkbEl

IkzksfVvkslsl ,oa isIVksUl

isfUØ;kfVd jl ds fVªfIlu
,oa dkbeksfVªfIlu

ikWyhisIVkbM~l

vkU=h; jl ds ,fjfIlu/isIVkbMst+

eksuksisIVkbM~l

vehuks vEy
;k

[kfut yo.k

Tky] foVkfeUl
,oa

olk

olk vEy
,oa fXyljkWy

isfUØ;kfVd jl esa ykbist+

{vk¡rksa esa 'kks"k.k ds fy, rS;kj}

[eksukslSdsjkbM~l]

ekYVsl] lqØsl ,oa ysDVsl (vkU=h; jl)

MkblSdsjkbM~l

isfUØ;kfVd jl dk ,ekbysl ,Utkbe
Ykkj dk Vk;fyu ,oa

dkcksZgkbMsªV~l (ikWyh lSdsjkbM~l)

1-7 Ikps gq, Ò¨tu dk vo'k¨"k.k rFkk Lokaxhdj.k
(Absorption and Assimilation of Digested Food)

Ò¨tu ds ips gq, lÒh i¨"kd rRo ?kqYku'khYk voLFkk esa g¨rs gaS] vUr% ;s
d¨f'kdk esEczsu ds vkj-ikj vk-tk ldrs gS tgk¡ ls :f/kj dsf'kdk,¡ (Blood
capillaries) bUgsa xzg.k dj iwjs 'kjhj dh d¨f'kdkv¨a esa vko';drkuqlkj forfjr
djrh gSA Ò¨tu dk vo'k¨"k.k N¨Vh vkU«k esa gh g¨rk gSA {kqækUr (Ileum) esa
Ò¨tu ikpu ds Ik'pkr~ ljYk v.kqv ä ds :Ik esa ik;k tkrk gSA dkc¨ZgkbMªsV~l
ifjofrZr g¨dj e¨u¨lSdsjkbM~l esa rFkk Á¨VhUl fo[kf.kMr g¨dj vehu¨
vEYk¨a ,oa olk] olk vEYk¨a ,oa fXYkljkWYk esa cnYk tkrs gSaA

1-7-1 vo'k¨"k.k (Absorption)

vkek'k; esa i¨"kd inkFk ±̈ dk vo'k¨"k.k u ds cjkcj g¨rk gSA vf/kdka'k i¨"kd
rRo¨a dk vo'k¨"k.k N¨Vh vkU«k esa g¨rk gSA N¨Vh vkU«k dh 'ysf"edk (Mucous
membrane) dh LrEÒh ,ihFkhfYk;e (Columnar epithelium) d¨f'kdk,¡ pw"kd
¼x¨CY¨V-Goblet) g¨rh gSaA vkU«k dk Òhrjh Lrj likV u g¨dj maxYkhuqek Áo/k ±̈
o jlkadqj¨a (Villi) ds :Ik esa mÒjk jgrk gS ftlls Ò¨tu dk vo'k¨"k.k rYk
YkxÒx 8 xquk c<+ tkrk gSA
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vo'k¨"k.k ds }kjk 'k¨f"kr inkFkZ lh/¨ jä esa ugÈ feYkrs gSaA fuf"Ø;
vfÒxeu (Passive transport) ,oa ATP dh ÅtkZ ds O;; ls lfØ; vfÒxeu
(Active transport) g¨us ds dkj.k vo'k¨"k.k dh fØ;k fof/k esa O2 dh [kir esa
of̀) g¨rh gSA

Fatty acids
& glycerol

Lacteal

Intestinal
epithelium

Blood
vessel

Hepatic
portal vein

Artery

Salts

Water

Glucose

Amino
acids

fp= Ø- 1-6% Diagram Showing Physiology of Villus

1-7-2 fofÒUu i¨"kd inkFk¨± dk vo'k¨"k.k (Absorption of
Different Nutrients)

'k¨"k.k dh ewYkÒwr fof/k folj.k (Diffusion) g¨rh gS] ftlds vUrxZr lfØ;
vfÒxeu (Active Transport) ,oa fuf"Ø; vfÒxeu (Passive transport) vkrs
gSaA ÝqDV¨l (Fructose), Xywd¨l (Glucose) ,oa xSY¨DV¨t (Galactose) vkfn
vkdkj esa ,oa jklk;fud laxBu (Chemical Composition) esa leku g¨rs gSa]
fQj Òh ;g fofÒUu nj ls 'kksf"kr g¨rs gSaA ,UMjlu ,oa ;wflax (Anderson and
Ussing, 1963) rFkk gksYVj (Holter, 1961) ds vuqlkj vkgkj uky esa okgd
v.kq (Carrier Molecules) ik;s tkrs gSaA ;g v.kq] vfÒxeuh; inkFk ±̈
(Transported material) ds ,d lfEeJ.k (Complex) d¨ f>Yyh ;k esEczsu
ds ,d v¨j cukrs gSa v©j bld¨ nwljh v¨j N¨M+ nsrs gSa] tgk¡ ;g fo?kfVr
(Dissociate) g¨dj eqä g¨ tkrs gaSA

N¨Vh vkU«k esa Ò¨tu dk ikpu iw.kZ g¨us ds Ik'pkr~ Ò¨tu inkFkZ bl :Ik
esa ifjofrZr g¨ tkrs gSa fd vkU«k dh v/kZikjxE; (Semipermeable) esEczsu ls
folfjr g¨dj jä Áokg ,oa fYkEQ esa igq¡p tkrs gSa&

1- dkc¨ZgkbMªsV dk vo'k¨"k.k (Absorption of Carbohydrates)&
dkc¨ZgkbMªsV~l dk vo'k¨"k.k e¨u¨lSdsjkbM~l (Monosaccharides) ds :Ik esa lh/¨
jä Áokg esa g¨rk gSA ;g ns[kk x;k gS fd vkU«k dh fÒfÙk ikWYkhlSdsjkbM~l
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(Polysaccharides) ds fYk, vikjxE; (Impermeable) g¨rh gSA Y¨fdu orZeku
esa oSKkfud¨a us ;g ik;k fd vf/kd ek«kk esa MkblSdsjkM+~l vkU«k dh bihFkhfYk;e
ds }kjk 'k¨f"kr g¨rs gSa tcfd og vf/kd ek«kk esa fYk, tk;saA lkekU; :Ik ls
dqN MkblSdsjkbM~l vkU«k bihFkhfYk;e dh d¨f'kdkv¨a esa igq¡prs gSa tgk¡ ;g
MkblSdsjkbM~l ekYVsl (Maltase) ,oa Y©DVsl (Lactase) ,Utkbe ds }kjk
fo?kfVr g¨rs gaSA vifpr ,oa v'k¨f"kr MkblSdsjkbM~l vkU«k¨a esa ik;s tkus okY¨
tho¨a ds fYk, Ò¨tu dk dk;Z djrs gSaA

fofÒUu Ádkj ds e¨u¨lSdsjkbM~l (Monosaccharides) fofÒUUk nj ä esa
vo'k¨f"kr g¨rs gSaA fuEufYkf[kr Øe esa fofÒUUk 'kdZjkv ä (Sugars) dk vo'k¨"k.k
ik;k tkrk gSa& xSY¨DV¨l] XYkwd¨l] ÝqDV¨l] esUu¨l (Mannose) tkbYk¨l
(Xylose) vkfn isUV¨lsl (Pentoses) jkbc¨l ,oa MhvkWDlhjkbc¨l ds v.kq N¨Vs
g¨rs gSa] bl dkj.k gSDl¨lsl (Hexoses) dh vis{kk vf/kd rhozrk ls 'k¨f"kr
g¨rh gSaA

dqN e¨ukslSdsjkbM~l (Monosaccharides) fuf"Ø; vfÒxeu (Passive
transport) ds }kjk 'k¨f"kr g¨rs gSaA bl fof/k ds vUrxZr vkU«k ä esa
e¨u¨lSdsjkbM+~l dh lkUærk jä d¨f'kdkv ä (Blood capillaries) dh vis{kk
vf/kd g¨rh gS] bl dkj.k v.kq (Molecules) fuf"Ø; :Ik ls vk¡r¨a dh xqfgdk
(Lumen) ls jä esa g¨rs gSaA bl fof/k esa ÅtkZ (Energy) dh vko';drk ugha
g¨rh gSA e¨u¨lSdsjkbM~l lfØ; vfÒxeu (Active transport) ds }kjk Òh 'k¨f"kr
g¨rs gSaA vo'k¨"k.k Na+ dh mifLFkfr Ikj fuÒZj g¨rk gSA vfÒxeu ds le;
'kdZjk (Sugar) xfr'khYk okgd (Mobile carrier) ls feYkdj 'kdZjk okgd
feJ.k (Sugar carrier complex) d¨ cukrh gSA okgd d¨ ÅtkZ dh vko';drk
g¨rh gSA Na+, ATP ls ÅtkZ Ánk; d¨ ÁÒkfor djrk gSA 'kdZjk ds 'k¨"k.k dh
nj Fkk;jkWfDlu (Thyroxine), vxz ih;w"k xzfUFk ls L=kfor gke¨ZUl] foVkfeu B
rFkk E;wdl esEczsu dh voLFkk ij fuÒZj g¨rh gSA

2- Á¨Vhu dk vo'k¨"k.k (Absorption of Proteins)& Á¨VhUl
(Proteins) Á¨fV;slsl (Proteases) dh fØ;k ds }kjk vehu¨ vEYk (Amino
acids) esa fo?kfVr g¨rs gSaA vehu¨ vEYk fofÒUu v.kqÒkj (Molecular weight)
ds vk/kkj ij fofÒUu nj ds }kjk 'k¨f"kr g¨rs gaSA Xykblhu (Glycine) vf/kd
rhozrk ls 'k¨f"kr g¨rk gS] blds Ik'pkr~ ,Y¨fuu (Alanine), flLVhu (Cystine),
XywVsfed vEYk (Glutamic acid) vkfnA  -vehu¨ vEYk lfØ; vfÒxeu fof/k
ds }kjk 'k¨f"kr g¨rs gSA fxClu (Gibson) ,oa ohtesu (Weisman) us 1951 esa
Áekf.kr fd;k fd vehu¨ vEYk dk 'k¨"k.k ,d p;fur jklk;fud fof/k
(Selective chemical process) g¨rh gS D; äfd -vehu¨ vEYk vius vkfIVdYk
vkbl¨ej (Optical isomer) dh vis{kk vf/kd rhozrk ls vo'k¨f"kr g¨rs gSaA -
vehu¨ vEYk fuf"Ø; vfÒxeu ds }kjk 'k¨f"kr g¨rs gSaA dÒh-dÒh MkbisIVkbM~l
(Dipeptides) dh de/dqN ek«kk 'k¨f"kr g¨rh gS] Y¨fdu cgqr de
fiu¨lk;V¨fll (Pinocytosis) fof/k ds }kjk lEiw.kZ Á¨Vhu d.k 'k¨f"kr g¨ ldrs
gSaA Á¨fV;¨lsl (Proteoses) ,oa isIV¨Ul (Peptones) ?kqYku'khYk g¨rs gq, Òh
vk¡r ä dh E;wdl d¨f'kdkv¨a ds }kjk 'k¨f"kr ugÈ g¨rs gSaA
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3- Oklk dk vo'k¨"k.k (Absorption of fat)& ikpu fof/k ds vUrxZr
olk (Fat) fXYkljkWYk (Glycerol), MkbfXYkljkbM~l (Diglycerides),
e¨u¨fXYkljkbM~l (Monoglycerides) ,oa LorU«k olk vEYk (Fat acids) ds
feJ.k esa fo?kfVr g¨rk gSA olk dk vo'k¨"k.k lfØ; vfÒxeu (Active
transport) fof/k ds }kjk g¨rk gSA fXYkljkWYk (Glycerol), vklkuh ls tYk
esa ?kqYk tkrk gS rFkk vklkuh ls vo'k¨f"kr g¨ tkrk gSA

Oklk vEYk dk vo'k¨"k.k gkbMª¨fQfYkd/tYkjkxh (Hydrophilic) g¨rk gS]
tcfd mPp v.kq Òkj ds olk vEYk dk 'k¨"k.k gkbMª¨Q¨fcd/tYkfojkxh
(Hydrophobic) g¨rk gSA fuEu/de v.kqÒkj ds olk vEYk fcuk dfBukbZ ds
vo'k¨f"kr g¨ tkrs gSaA mPp v.kqÒkj ds olk vEYk dk vo'kks"k.k rc rd ugÈ
g¨rk gS tc rd ?kqfYkr :Ik ;k ?kqYku'khYk voLFkk esa ugÈ g äA vFkkZr~ olk
vEYk-fiÙk Yko.kh; feJ.k/fiÙk Yko.k (Bile salt) dh fØ;k ds }kjk olk vEYk ds
lkFk tYk ?kqYkuh; feJ.k ds cuus dh fØ;k d¨ gk;Mª¨Vª¨fQd fØ;k/tYkkuqofrZd
fØ;k (Hydrotrophic action) dgrs gSaA

4- tYk dk vo'k¨"k.k (Absorption of water)& ikuh dk vo'k¨"k.k
vkek'k; ls ÁkjEÒ g¨rk gS] Ykfdu ;g 'kh?kz ,oa rhoz :Ik ls vkU«k¨a esa pYkk
tkrk gS] bl dkj.k ikuh dk 'k¨"k.k eq[; :Ik ls vkU«k¨a esa g¨rk gSA euq"; esa
15 ls 20 fYkVj ikuh 24 ?kUVs esa vk¡r¨a ds }kjk 'k¨f"kr g¨rk gSA ikuh dh vk¡r ä
esa xfr d¨ tBjh;-vkU«kh; laogu (Gastrointestinal Circulation) dgrs gaSA
vkWLe¨fll (Osmosis) ;k ijklj.k fof/k ikuh ds vo'k¨"k.k dh eq[; fof/k g¨rh
gS D; äfd Ò¨tu dk ijklj.kh nkc (Osmotic pressure) dkbe (Chyme) ds
nkc ls vf/kd g¨rk gSA

5- foVkfeUl dk vo'k¨"k.k (Absorption of Vitamins)& tYk
esa ?kqYku'khYk foVkfeUl dk vo'k¨"k.k] folj.k (Diffusion) dh lkekU; fof/k
ds }kjk g¨rk gSA olk ?kqYku'khYk foVkfeUl dk vo'k¨"k.k fiÙkjl dh mifLFkfr
esa ,eYlhQkbM olk (Emulsified fat) ds lkFk g¨rk gSA foVkfeu B12 ds
vo'k¨"k.k ds fYk, dqN vkUrfjd dkjd ä }kjk fd;k tkrk gSA

6- [kfut Yko.k¨a dk 'kks"k.k (Absorption of mineral salts)& vkU«k¨a
dh bihFkhfYk;e ds }kjk dqN vdkcZfud Yko.k¨a dk 'k¨"k.k fd;k tkrk gSA
vkU«k¨a ds fofÒUu {¨«k ä ds }kjk ckbdkc Z̈usV (Bicarbonates) dk 'k¨"k.k g¨rk gSA
l¨fM;e] i¨Vsf'k;e ,oa DYk¨jkbM+ vk;Ul dk vo'k¨"k.k rhozrk ls g¨rk gS tcfd
eSXuhf'k;e ,oa lYQsV vk;Ul dk vo'k¨"k.k dfBukbZ ls g¨rk gSA cM+h vkU«k dh
E;wd¨lk l¨fM;e ds vo'k¨"k.k dk eq[; vax g¨rk gSA DYk¨jkbM] l¨fM;e
vk;Ul ds lkFk vo'k¨f"kr g¨rk gSA Yk©g (Iron) dk vo'k¨"k.k M~ÓwMsue esa g¨rk
gS rFkk dSfY'k;e dk vo'k¨"k.k l¨fM;e vk;Ul dh vis{kk /kheh xfr ls g¨rk gSA

7- U;wfDYkd vEYk dk vo'k¨"k.k (Absorption of Nucleic acid)&
U;wfDYkd vEYk (Nucleic acid) dk folj.kh; :Ik U;wfDYk;¨lkbM (Nucleoside)
g¨rk gSA loZÁFke U;wfDYkd vEYk dk vkU«k ds vUnj vkj-,u-,- ,oa Mh-,u-,- ds
U;wfDYk;¨lkbM (Nucleoside) esa Øe'k% jkbc¨U;wfDY¨,t (Ribonuclease) ,oa
Mh-vkWDlh fjc¨U;wfDYk,t (Deoxyribonuclease) dh mifLFkfr esa g¨rk gSA



iks"k.k ,oa p;kip;

34

fVIi.kh

Lo-vf/kxe
ikB~; lkexzh

blds vfrfjä dqN Ò¨T; inkFk ±̈ dk vo'k¨"k.k u dsoYk N¨Vh vkU«k esa
g¨rk gS cfYd vkgkj ukYk ds vU; Òkx ä esa Òh g¨rk gSA vkgkj ukYk ds fofÒUu
Òkx¨a dh E;wdl esEczu ds }kjk vusd v©"kf/k;¨a dk vo'k¨"k.k g¨ ldrk gSA

1-7-3 Lokaxhdj.k (Assimilation)

vo'k¨f"kr Ò¨tu dk 'kjhj esa mi;¨x fd;k tkuk Lokaxhdj.k dgYkkrk gSA

vkU«k dh 'Y¨f"ed d¨f'kdkv¨a }kjk vo'k¨f"kr i¨"kd rRo :f/kj esa igq¡prs
gSaA ;s inkFkZ tSls& Xywd¨t] olh; vEYk] fXYkljkWYk] vehu¨ vEYk]
QkWLQ¨fYkfiM~l] ;wfj;k] tYk] Yko.k rFkk foVkfeUl vkfn :f/kj IykTek esa jgrs
gSaA :f/kj bu lÒh inkFk ±̈ d¨ vko';drkuqlkj iwjs 'kjhj dh d¨f'kdkv¨a esa
forfjr djrk gS ftlesa ;wfj;k d¨ oD̀d d¨f'kdk,¡ xzg.k dj ew«k dk fuekZ.k
djrh gSaA 'kjhj dh vU; d¨f'kdk,¡ bu i¨"kd rRo¨a d¨ mikip; (Metabolism)
dh vko';drkuqlkj xzg.k djrh gSa tgk¡ ;s lk;V¨IykTe/ d¨f'kdkæO;
(Cytoplasm) dk gh va'k cudj mlesa foYkhu g¨ tkrs gSaA blh d¨ inkFk ±̈ dk
Lokaxhdj.k dgrs gSaA

Small Intestine

Proteins

Amino Acids

Fats

Fatty Acids &
Glycerol

Carbohydrate

Galactose
Glucose &
Fructose

Hepatic Cell
Adipose Tissue

Fats Stored

Galactose

Galactose 1-P

Glucose 1-P Glucose 6-P Fructose

Glycogen
(Storage)

Glucose

Ketoglutaric Acid

Krebs
Cycle

Citric Acid

Deamination

NH3

General Circulation

CO2

Urea

Tissues

Amino
Acid

Fats

Proteins
Glucose

Amino
Acid

Glycerol
Fatty Acids

Pyruvic Acid

Oxaloacetic Acid

Acetyl CoA

Glucose Fructose

fp= Ø- 1-7% Diagrammatic Representation of
Transformation of Food in Liver
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XYkwd¨l (Glucose) vkfn dkc¨ZgkbMªsV inkFk ±̈ dk mi;¨x dSVkckWfYkTe
(Catabolism) ds vUrxZr tkj.k }kjk Åtk-mRiknu esa g¨rk gSA dqN fXYkljkWYk
rFkk olkv¨a dk mi;¨x Òh blh dke ds fYk, g¨rk gSA

1-7-4 eYkR;kx (Defaecation)

d¨Yku (Colon) esa ,Utkbe ä ds vÒko ds dkj.k fdlh Ádkj dk ikpu ugÈ
g¨rk gSA bldh d¨f'kdk,¡ dsoYk {kkjh; E;wflu (Mucin) dk L=ko.k djrh gaSA
d¨Yku (Colon) esa mifLFkr lgthoh cSDVhfj;k rFkk Á¨V¨t¨vk dkbe (Chyme)
Ò¨tu dk fd.ou ¼QesZUVs'ku-Fermentation½ rFkk lM+ko (Putrefaction) djus
Ykxrs gSaA

d¨Yku (Colon) dh 'Y¨f"edk dh d¨f'kdk,¡ Ò¨tu ls vf/kdka'k tYk rFkk
Yko.k¨a dk 'k¨"k.k dj jä esa igq¡pkrh gSaA bl Ádkj vifpr Ò¨tu v/kZB¨l/eYk
(Faeces) dk :i Y¨ Y¨rk gSA 'k'kd esa ;g N¨Vh-N¨Vh xksfYk;¨a ds :Ik esa g¨rk
gSaA

d¨Yku ls eYk tSls gh eYkk'k; (Rectum) esa igq¡prk gS] xqnk ukYk (Anal
canal) dh isf'k;k¡ f'kfFkYk g¨dj xqnk}kj (Anus) d¨ [k¨Yk nsrh gSa v©j eYk
ckgj fudYk tkrk gSA

eYkÒ¨x ¼d¨Á¨QSxh-Coprophagy½& 'k'kd vius jkf«k ds v/kkZB¨l eYk
d¨ iqu% [kk Y¨rk gSA vUr% 'k'kd ,d ckj ds Ò¨tu d¨ n¨ ckj esa ipkrk gSA
ÁFke ckj esa Ò¨tu esa mifLFkr lsY;wYk¨t (Cellulose) dk ikpu iw.kZ ugÈ g¨rk
gS] vUr% eYk d¨ iqu% [kkdj v/kZifpr inkFk ±̈ d¨ ipkdj iw.kZ YkkÒ ÁkIr djrk
gSA 'k'kd dh bl vknr d¨ eYkÒ¨x (Coprophagy) dgrs gSaA

viuh izxfr tk¡fp, (Check Your Progress)

1- Ykkj ifjofrZr djrh gSS&

¼d½ Xyk;d¨tsu d¨ XYkwd¨l esa

¼[k½ LVkpZ d¨ ekYV¨t esa

¼x½ olk d¨ olk vEYk esa

¼?k½ Á¨VhUl d¨ vehu¨ vEYk esa

2- fiÙk dk eq[; dk;Z gSS&

¼d½ ,Utkbe dh fØ;k }kjk olk dk ikpu

¼[k½ ikpu ds fYk, olk dk ,eYlhÑr djuk

¼x½ O;FkZ inkFk ±̈ d¨ ckgj fudkYkuk

¼?k½ Á¨Vhu ds ikpu dk fu;eu
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3- vkek'k; dk vEYkh; ek/;e fdlds dkj.k gS\

¼d½ xSfLVªd bihFkhfYk;e ds }kjk E;wdl ds L=kou ls

¼[k½ fiÙk ds L=kou ls

¼x½ iSfUØ;kfVd jl ds L=kou ls

¼?k½ xSfLVªd xzfUFk; ä ds }kjk HCl ds L=kou ls

4- euq"; esa lsY;wYk¨t dk ikpu g¨rk gS&

¼d½ vkek'k; esa ¼[k½ d¨Yku esa

¼x½ ,sisfUMDl esa ¼?k½ fdlh esa ugÈ

5- og ,Utkbe t¨ u r¨ vEYkh; v©j u gh {kkjh; ek/;e esa dk;Z djrk
gS&

¼d½ bjsfIlu ¼[k½ isfIlu

¼x½ Vk;fYku ¼?k½ LVsfIlu

1-8 Á¨Vhu p;kip;@esVkckWfYkTe (Protein Metabolism)

1-8-1 esVkckWfYkTe (Metabolism)

(Metabolism = Gk. = Metabole – Change – ifjorZu)

^^d¨f'kdkv¨a ds vkf.od ?kVd ä (Molecular constituents) esa
jklk;fud :ikUrj.k (Chemical transformation), ÁfrLFkkiu (Replacement) ,oa
uohuhdj.k (Renewal) fujUrj g¨rs jgrs gSaA vkf.od ?kVd dh bl xfrd
voLFkk (Dynamic state) d¨ p;kip; (Metabolism) dgrs gSaA^^

vFkok

^^ltho ds 'kjhj ds Ò¨T; inkFkZ ds jklk;fud :ikUrj.k esa g¨us okYkh
leLr Ò©frd ,oa jklk;fud ÁfØ;kv ä d¨ p;kip; ;k esVkckWfYkTe
(Metabolism) dgrs gSA^^

Ák.kh d¨ fofÒUu fØ;kv¨a ds fYk, Òh ÅtkZ (Energy) dh vko';drk
g¨rh gSA ÅtkZ dh ÁkfIr tho/kkjh d¨ Ò¨tu ls rFkk vkWDlhtu okrkoj.k ls
ÁkIr g¨rh gSA Ò¨tu 'kjhj esa ikpu ds i'pkr~ vo'k¨f"kr g¨rk gS rFkk ckn esa
Ò©frd (Physical) ,oa jklk;fud ÁfØ;kv ä ds }kjk Ò¨tu dk
jklk;fud :ikUrj.k (Chemical transformation) g¨rk gSA 'kjhj esa inkFk ±̈ ds
bl :ikUrj.k ds fYk, fujUrj g¨us okYkh leLr Ò©frd ,oa jklk;fud fØ;kv ä
d¨ la;qä :Ik ls p;kip; (Metabolism) dgrs gSaA
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Inorganic product + Energy
(CO2, H2O)

Catabolism

Anabolism

Products
of

digestion

DigestionIngested
macro-

molecules

Structural macro-molecules
of the organisms

fp= Ø- 1-8% Uses of Food

1-8-2 Á¨Vhu p;kip; (Protein Metabolism)

^Á¨Vhu^ (Protein) 'kCn xzhd Òk"kk ls fYk;k x;k gSA (Gr. Protos-occupy first
place) bldk vFkZ ÁkjfEÒd vko';d inkFkZ g¨rk gSA Á¨Vhu d¨f'kdkv ä
ds ?kVd¨a dk lajpukRed <k¡pk cukrh gSA ;g ltho Ák.kh ds 'kjhj dk 14%
rFkk èr ,oa 'kq"d 'kjhj dk 75% Òkx cukrk gSA Á¨Vhu vehu¨ vkEYk ä
(Amino acids) dh J̀a[kYkkv¨a ls cus vf/kd vkf.od Òkj okY¨ ikWYkhej
(Polymer) gSaA Á¨VhUl esa vehu¨ vEYk Øe'k% vehu¨ (–NH2) ,oa dkc¨ZfDlYk
xzqi (–COOH) }kjk ,d-nwljs ls la;¨ftr jgrs gSaA Ák.kh 'kjhj dh o)̀h
(Growth), VwV-QwV dh ejEer (Repair) ,oa uohuhdj.k (Renewal) Òh
eq[;r% Á¨VhUl }kjk g¨rk gSA

Á¨Vhu p;kip; ,d tfVYk ÁfØ;k gSA Á¨VhUl vehu¨a vEYk ä ls fufeZr
g¨rs gaSA 'kjhj esa tc XYkwd¨l/'kdZjk dk Òj.k can g¨ tkrk gS] rc laxzfgr
ukbVª¨tu /khjs-/khjs mRlftZr g¨us Ykxrh gSA u, vehu¨ vEYk¨a dk fuekZ.k
dkc¨ZgkbMªsV~l (Carbohydrates) ;k olk (Fat) p;kip; (Metabolism) ls
ÁkIr ;©fxd¨a ds LFkkukUrj.k ds }kjk g¨rk gSA vehu ä vEYk ä ds vkWDlhdj.k ls
CO2, NH3 ,oa H2O curs gSaA ve¨fu;k ;Ñr esa tkdj ;wfj;k esa ifjofrZr g¨
tkrh gS v©j ew«k ds :Ik esa ckgj fudYk tkrh gSA

Á¨Vhu ;qä Ò¨tu Y¨us ds mijkUr Òh jä esa vehu ä vEYk¨a dh ek«kk esa
fo'¨"k ifjorZu ugÈ g¨rk gSA vehu¨ vEYk¨a dk ek«kk fLFkj j[kus ds fYk, oD̀d
(Kidney) fo'¨"k dk;Z djrs gSaA Á¨VhUl dk mi;¨x vkarfjd {kfr dh iwfrZ ds
fYk, Òh g¨ ldrk gSA

Á¨VhUl ikpu ds Ik'pkr~ vehu¨ vEYk¨a esa ifjorZu g¨ tkrs gS t¨fd
Á¨Vhu dk jpukRed (Structural) bdkbZ g¨rs gSaA Ákf.k; ä esa vehu¨ vEYk N¨Vh
vk¡r esa jä ds }kjk vo'k¨f"kr dj fYk;s tkrs gSaA jä bud¨ ;Ñr esa igq¡pk
nsrk gSA
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vUrtkZr vehu¨ vEYk dks/,.M¨thul vehu¨ vEYk/,flM~l (Endogenous
amino acids) dgrs gSaA cfgtkZr vehu¨ vEYk ,sDl¨thul vehu¨ ,sflM~l
(Exogenous amino acid) dgYkkrs gSaA ;Ñr dh d¨f'kdkv¨a esa vehu¨ vEYk dk
Ò.Mkj.k (Pool) djrs gSaA

Exogenous sources
food proteins

Endogenous sources
tissue proteins

Synthesis and
degradation

liver cell

Synthesis of man
essential amino acids

Transamination and
deamination

Essential non-protein
nitrogenous tissue

constituents

Urea

-Ketoacids

Liver

Oxidation

Glucose ketone bodies

Acety-CoA.citric acid cycle

CO2 + H2O + ATP

Ammonia

Excess amino
acids

Renal
excretion

Digestion and
absorption Amino acid pool

fp= Ø- 1-9% Metabolism of Proteins

Mh,feus'ku (Deamination) ;k fo,ehuhdj.k& vehu¨ vEYk ä ds
ukbVª¨tuh lewg dk ve¨fu;k ds :Ik esa viu;u (Removal) buds vi?kVu
dh ÁFke voLFkk gSA vehu¨ vEYk¨a ds vehu¨ lewg (–NH2) ds viu;u dh
fØ;k d¨ ftuds }kjk ;g dhV¨ vEYk (Keto acid) esa ifjofrZr g¨ tkrk gS]
fo,ehuhdj.k (Deamination) dgrs gSaA ;k vehu¨ vEYk ds vYQk-dhV¨ vEYk esa
ifjorZu ds le; vkWDlhdj.k ds }kjk vehu¨ lewg ds gVus dh ÁfØ;k d¨
fo,ehuhdj.k (Deamination) dgrs gSaA

fo,ehuhdj.k (Deamination) fofo/k Ádkj ds ,Utkbe¨a dh fØ;k }kjk
g¨rk gS t¨fd vkWDlhdj.k (Oxidative) ;k tYkvi?kVuh (Hydrolytic) g¨rs gSa&

(a) vkWDlhdj.k fo,ehuhdj.k (Oxidative Deamination)& bl Ádkj
dh ÁfØ;k ¶Y¨fou (Flavin) ,Utkbe¨a ds ,d lewg }kjk mRÁsfjr g¨rk
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gS ftud¨ vehu¨ vEYk vkWDlhMstst (Amino acid Oxidases) dgk tkrk
gSA ;g fØ;k fuEufYkf[kr Ádkj ls g¨rh gS&

(i) mPp Js.kh ds Ákf.k; ä esa ve¨fu;k (Ammonia), ;wfj;k
(Urea) ,oa ;wfjd vEYk (Uric acid) esa ifjofrZr dj fn;k tkrk
gSA ;g fØ;k n¨ ÁkoLFkkv¨a esa g¨rh gSA ÁFke voLFkk esa
fMgkbMª¨ftust (Dehydrogenase) uked ,sUtkbe dh mifLFkfr esa
vehu¨ vEYk] behu¨ vEYk (Imino acid) esa ifjofrZr dj fn;k
tkrk gS rFkk ikuh dk ,d v.kq ckgj fudYkrk gS&

dehydrogenase

NH2

R—CH + H2O
–2H

R—C
NHO

COOH

+ NH3

COOH
¼vehu¨ vEYk½ ¼behu¨ vEYk½

(ii) nwljs pj.k esa behu¨ vEYk] tYk ds lkFk fØ;k djds dhV¨ vEYk
(Keto acid) cukrk gS ,oa ve¨fu;k eqä dj nh tkrh gS&

NHO

R—CH + H2O R—C
O

COOH

+ NH3

COOH
¼behu¨ vEYk½ ¼dhVks vEYk½

ve¨fu;k LoÒko ls vR;Ur tgjhYkh g¨rh gSA ;g ;Ñr esa ;wfj;k
(Urea) ,oa ;wfjd vEYk (Uric acid) esa ifjofrZr dj mRlftZr dj
nh tkrh gSA

vkWDlhdj.k fo,ehuhdj.k (Oxidative Deamination) fØ;k ds
vUrxZr vehu¨ vEYk ds -vehu¨ lewg d¨ viu;u dj lEcfU/kr
dhV¨ vEYk esa ifjofrZr djrs gSaA blds fYk, ,Utkbe vehu¨ vEYk
vkWDlhMst (Amino acid Oxidase) g¨rk gSA vehu¨ vEYk
vkWDlhMst fØ;k esa vehu¨ vEYk loZÁFke vkWDlhMst ds ¶Y¨o¨Á¨Vhu
(Flavoprotein) ds }kjk MhgkbMª¨ftusV (Dehydrogenate) g¨rk gS
v©j vehu¨ vEYk d¨ cukrk gSA blesa ikuh d¨ feYkkdj lEcfU/kr
-dhV¨ vEYk d¨ -vehu¨ ukbVª¨tu ds i'pkr~ ve¨fu;k esa
ifjofrZr dj nsrk gSA
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(b) tYk vi?kVuh fo,ehuhdj.k (Hydrolytic Deamination)& Ákf.k;¨a
ds 'kjhj esa fo,ehuhdj.k dh fØ;k ds fYk, vusd tYk vi?kVuh
(Hydrolytic) ,Utkbe ik, tkrs gSa t¨ fd fof'k"V vehu¨ vEYk ä
fo'¨"kdj xa/kd ;qä ,likfVZd ,oa XywVSfed vEYk¨a dk fo,ehuhdj.k
djrs gSaA XYkwVSfed vEYk ä ds vukWDlhdkjd fo,ehuhdj.k esa XYkwVSfed
fMgkbMª¨thust ,Utkbe }kjk XYkwVSfed vEYk v©j tYk ds la;¨tu ls H2

ds n¨ ijek.kq iF̀kd~ fd, tkrs gSaA NAD lg,Utkbe ds :Ik esa dk;Z
djrk gS ,oa ,d dhV¨ vEYk dh mRifÙk g¨rh gS&

COOH

H—C—NH2

HCH + NAD4 + H2O
In liver

Glutamic dehydrogenase

HCH

(Glutamic acid)
COOH

CH2 + NADH+ + H + NH3

COOH

C = O

CH2

COOH
(-Keto-glutaric acid)

d'¨:d Ák.k;¨a esa ;g ÁfØ;k ;Ñr (Liver) esa g¨rh gSA dkc Z̈gkbMªsV
p;kip; esa -dhV¨-XywVSfjd vEYk e/;orÊ ;©fxd (Intermediate compound)
esa lss ,d gSA bl Ádkj mRiUu g¨us okYkh ve¨fu;k] jä ds fYk, fo"©Ykh g¨rh gS]
bl dkj.k bls 'kjhj ls gVkuk vko';d gSA vUr% ve¨fu;k vifjofrZr :Ik esa
gh fu"dkflr g¨ tkrh gSA

,sfeuhifj.keu ;k VªkUl,feus'ku (Transamination)& vehu¨ vEYk
ds vehu¨ lewg (Amino group) fujarj Áokg dh voLFkk esa Áo`Ùk jgrs gSa]
ftlesa ,d dkcZu xBu ls nwljs esa foLFkkiu dh ÁfØ;k,¡ e/;LFk fØ;kv¨a
(Intermediate reaction) ds }kjk lEiUu g¨rh gSaA bl Ádkj ds foLFkkiu
d¨ ,sfeuhifj.keu/VªkUl,feus'ku (Transamination) dgrs gSa ;k blds
vUrxZr ,d vehu¨ lewg ls dhV¨ vEYk (Keto acid) ds dhV¨ lewg (Keto
group) esa LFkkukUrfjr g¨rk gS v©j ,d vehu¨ vEYk rFkk dhV¨ ,flM (Keto
acid) curk gSA fØ;k fjoflZfcYk g¨rh gS v©j VªkUl,feuslsl
(Transaminases) ,Utkbe ds }kjk mRÁsfjr g¨rh gSA bu ,UtkbEl d¨
vehu¨VªkUlQsjslsl (Aminotransferases) dgrs gSaA VªkUl,feuslsl ,UtkbEl
lÒh Ård ä esa ik, tkrs gSaA VªkUl,feuslsl d¨ lg-,Utkbe fifjMkWDlYk
QkWLQsV (Pyridoxal phosphate) dh vko';drk g¨rh gSA ;g lg-,Utkbe
vehu¨ lewg ds fYk;s okgd dk dk;Z djrk gSA

,Y¨fuu (Alanine), ,sLikfVZd vEYk (Aspartic acid) ,oa XYkwVsfed vEYk
(Glutamic acid) lÒh VªkUl,ehus'ku esa dk;Z djrs gSaA Y¨fdu Ykk;flu
(Lysine) ,oa F;¨jhu (Theorine) ugÈ djrs gaSA
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VªkUl,feus'ku ÁfØ;k lkEkkU; :Ik ls ;Ñr (Liver) ,oa jä IykTek
(Blood Plasma) esa g¨rh gSA ;g ÁfØ;k vkaf'kd :Ik ls ;k dqN va'k¨a esa
efLr"d (Brain), ân; (Heart), oD̀d/fdMuh (Kidney) ,oa is'kh (Muscles) esa
Òh g¨rh gSA VªkUl,feus'ku ÁfØ;k es Xykbflu (Glycine), Y;wflu (Leucine),
Vk;j¨flu (Tyrosine), ,Yksfuu (Alanine), Á¨fYku (Proline), vktÊukbu
(Arginine), fgLVhMhu (Histidine), ,sLikfVZd vEYk (Aspartic acid) ,oa
XYkwVsfed vEYk (Glutamic acid) lfØ; :i ls dk;Z djrs gaSA XYkwVsfed vEYk
(Glutamic acid), ikb:fod vEYk (Pyruvic acid) ds lkFk feYkdj vYQk-fdV¨-
XywVsfjd vEYk (Alpha-Keto-Glutaric acid) ,oa ,Yksfuu (Alanine) d¨ cukrk
gS&

(i)
COOH

H—C—NH2

(Glutamic acid)
COOH

CH2

CH2

Transaminase

Pyridoxal phosphate

Glutamic-Alanine

CH2

COOH

C = O

CH2

COOH
(Keto-glutaric

acid)

+

CH3

CH – NH2

COOH

(Alanine)

CH3

CO

COOH

+

(Pyruvic acid)

(ii)
COOH

CH2

(Glutamic acid)
COOH

CH 2

CH.NH2

+

CH2

C = O

COOH

(Oxalo-acetic
acid)

COOH

Aspartic Transaminase

Pyridoxal phosphate

Glutamine

CH2

COOH

CH2

C = O

COOH
(-Ketoglutaric

acid)

+

CH2

CH.NH2

COOH

(Aspartic
acid)

COOH
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1-8-3 VªkUl,feus'ku dk egRo (Importance of
Transamination)

1- bl fof/k ds }kjk Ákf.k;¨a ds 'kjhj esa bl Ádkj dk ,d L«kksr miYkC/k g¨rk
gS ftlds }kjk 'kjhj dh d¨f'kdkv¨a d¨ vehu¨ ukbVª¨tu (Amino-nitrogen)
dk iqu% forj.k fd;k tkrk gSA

mnkgj.k& ,d Ák.kh vius Ò¨tu ds }kjk fofÒUu Ádkj ds vehu¨ vEYk ä
(Amino-acids) d¨ ÁkIr djrk gS t¨fd Ák.kh dh p;kip;/esVkckWfYkTe
fØ;kv ä ds fYk, vko';d g¨rs gSaA tSls dh Ò¨tu ls ÁkIr vehu¨ vEYk
esa ,Y¨fuu vehu¨ vEYk (Alanine Amino acid) dh vf/kdrk g¨rh gSaA blds
foijhr ,sLikfVZd vEYk (Aspartic acid) dh deh ik;h tkrh gSA 'kjhj
esa ,sLikfVZd vehu¨ vEYk¨a dk fuekZ.k vxzfYkf[kr Ádkj ls g¨rk gS&

(i) ,Y¨fuu + -dhV¨XywVsfjd vEYk ikb:fod vEYk + XYkwVsfed
vEYkA

(ii) XYkwVsfed vEYk + vkWDlsYk¨,flfVd ,sflM -dhV¨XywVsfjd
vEYk + ,sLikfVZd
vEYkA

2- ;g fof/k 'kjhj dh lÒh d¨f'kdkv ä es ik;h tkrh gSA eq[; :Ik ls ;g
fØ;k ;Ñr (Liver) es ik;h tkrh gSA bl fof/k ds }kjk vehu¨ vEYk
dkcZu ;©fxd esa ifjofrZr g¨dj ukbfVªd vEYk (Nitric acid) pØ esa Áos'k djds
ÅtkZ mRiknu djrs gSaA dqN VªkUl,feus'ku fØ;k,¡ dhV¨ ,sflM (Keto acid) dk
fuekZ.k djrh gS] t¨fd lkbfVªd vEYk (Citric acid) ds ;©fxd (Compound)
g¨rs gSaA

mnkgj.k&

vehu¨ vEYk (Amino acids) dhV¨ vEYk (Keto acids)

1- XYkwVsfed vEYk (Glutamic acid) -dhV¨XywVsfjd vEYk
(-Keto gluteric acid)

2- ,Y¨fuu (Alanine) ik;:fod vEYk (Pyruvic acid)

3- ,sLikfVZd vEYk (Aspartic acid) vkWDlsYk¨,slsfVd vEYk (Oxaloacetic
acid)

3- Á¨Vhu (Protein) ,oa olk (Fats) dk ,d-nwljs eas vUrjifjorZu/
bUVjdUolZUl (Interconversions) VªkUl,feus'ku fof/k ds }kjk gh g¨rk gSA

ve¨fu;k dh fu;fr (Fate of Ammonia)– vkfuZfFku pØ (Ornithine
cycle) & ;wfj;k ds fuekZ.k ds fYk, ØSCl ,oa gsUlfYkV (Kreb’s-Henseleit) ds
vuqlkj mÙkjnk;h vk/kkj ÁfrfØ;k,¡ fuEufYkf[kr Ádkj ls gS&
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fp«k Ø- 1-10 ds vuqlkj ve¨fu;k] CO2 o ATP ds lkFk feYkdj
dkc¨ZfuYk QkWLQsV (Carbonyl phosphate) cukrh gS t¨ fd vkfuZfFku ls fØ;k
djds vkfuZfFku pØ esa Áos'k dj vUr esa ;wfj;k d¨ fufeZr djrh gSA

fp= Ø- 1-10% Ornithine Cycle

vk/kqfud le; ds oSKkfud¨a ds vuqla/kku ä ds vuqlkj loZÁFke CO2,
ck;¨fVu (Biotin) ATP ,oa N- ,sflVkbYk XYkwVsfed vEYk (N- Acetyl glutamic
acid) dh mifLFkfr esa lfØ; voLFkk esa vk tkrh gSA vc dkcZu MkbvkWDlkbM
viuh lfØ; (Active) voLFkk esa XywVkfeu (Glutamine) ls izkIr veksfu;k ls
vfÒfØ;k dj dkckZek;y QkWLQsV (Carbamyl Phosphate) ,oa ATP jklk;fud
ÁfØ;kv ä d¨ iw.kZ djkus esa lgk;rk djrs gSaA ;g fØ;k dkckZek;Yk QkWLQsV
flaF¨Vst (Carbamyl phosphate synthetase) uked ,Utkbe dh mifLFkfr esa
iw.kZ g¨rh gSA

dkckZek;Yk QkWLQsV] vkfuZfFku VªkUldkcZ-vekbY¨t dh mifLFkfr esa
vkfufFkZu ls feYkdj flVªqyhu (Citrulline) d¨ fufeZr djrs gSaA flVªqyhu] ATP,
Mg++ vk;u ä ,oa vkthZu¨lfDlusV (Arginosuccinate) cukrk gSA
vkthZu¨lfDlusV] vc vkthZu¨lfDlusl (Arginosuccinase) ,Utkbe ds lkFk
¶;wesfjd vEYk (Fumeric acid) ,oa vkftZuhu esa fo[kf.Mr g¨ tkrk gSA ;fn ;Ñr
esa bldk mi;¨x Á¨Vhu ds fuekZ.k esa ugÈ g¨rk gS rc ;g vkftZust
(Arginase) ,Utkbe }kjk ;wfj;k (Urea) ,oa vkfuZFkhu esa fo[kf.Mr g¨ tkrk gSA
¶;wesfjd vEYk ØSc pØ esa vkDlsYk¨ ,flfVd vEYk (Oxalo-acetic acid) es
ifjofrZr g¨ tkrk gSA VªkUl,ehust (Transaminase) ,Utkbe vc
vkWDlsYk¨ ,flfVd vEYk dk ,sfeuhifj.keu (Transamination) dj ,sLikfVZd
vEYk esa ifjofrZr g¨rk gSA
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XYkwVsfed vEYk vip;u (Reduction) ,oa VªkUl,feus'ku }kjk Òh vkfuZfFku
esa ifjofrZr g¨ tkrk gSA

fMdkc¨ZfDlYkhdj.k (Decarboxyation)& bl ÁfØ;k esa –COOH lewg
vehu¨ vEYk ls CO2 ds :Ik esa fueqZä g¨ tkrk gSA ;g euq"; ds Á¨Vhu
p;kip; esa egRoiw.kZ ugha gSA

d¨f'kdkv¨a esa fofÒUu fMdkc¨ZfDlY¨t (Decarboxylase) ,Utkbe g¨rs gaS
t¨ fd vehu¨ vEYk (Amino acid) ds dkc¨ZfDlYk lewg d¨ ÁÒkfor djds
dkcZuMkb-vkWDlkbM rFkk ,d ,ehu (Amine) d¨ cukrs gSaA bu fØ;kv ä }kjk
vusd dkf;Zdh; :Ik ls egRoiw.kZ inkFkZ curs gaSA

H

R—C—COOH

NH3+

Amino acid

Decarboxylase

Pyridoxal phosphate Coenzyme

H

R—C—H + CO2

NH2

Amine

mnkgj.k& fgfLVMhu ls fgLVsehu] Vkbj¨lhu ls Vk;jSehu] XYkwVsfed
vEYk ls Y-vehu¨ C;wVkbfjd vEYk] Vk;jSehu ls ,sMªhusYkhu] lSjhu ls bF©ukYk
vehu] fVªIV¨Qsu ls fVªIVkehu] vkthZuhu ls ,x¨ZVkfeu ¼dsoYk tho.kqv¨a esa½]
5-gkbMªkWDlh fVªIV¨Qsu ls 5-gk;MªkDlh fVªIVkehu ¼lsj¨V¨fuu½ vkfnA

Sytemic blood NH Amino
acids

Proth-
ombin

Fibrin-
ogen

Plasma
proteins

Urea

Proteins
LiverAmino

acids

Deamination

Ketone bodies
Glycogen
Urea

Proteins

Amino
acids

Deamination

NH1

Gut

Urine
urea
NH1

Kidney
Urea NH2

Tissues tissue
proteins

Deamination

fp= Ø- 1-11% Schematic Representation of Metabolism
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1-8-4 vehu¨ vEYk dk Á¨Vhu-jfgr vU; inkFk¨± esa ifjorZu
(Change of Amino Acid in Protein-less other
Substances)

vehu¨ vEYk }kjk Á¨Vhu ,oa U;wfDYk;¨Á¨Vhu (Nucleoprotein) fuekZ.k ds
vfrfjä vusd dkf;Zdh egRo ds ;©fxd fufeZr g¨rs gaSA dqN egRoiw.kZ inkFk ±̈
dk o.kZu fuEufYkf[kr gS&

1- fØ,Vhu (Creatine), fØ,Vhu QkWLQsV (Creatine phosphate) ,oa
fØ,fVuhu (Creatinine)& ;g Á¨Vhu p;kip; ds mRikn (Products)
gSaA fØ,Vhu (Creatine) vehu¨ vEYk Xykbflu] vkthZuhu rFkk
eSfFk;¨uhu ls la'Yksf"kr g¨rh gSA isf'k;¨a (Muscle) esa QkWLQ¨fjd vEYk
(Phosphoric acid) ds lkFk ;g fØ,Vhu QkWLQsV (Creatine Phosphate)
cukrh gSaA ftlesa vR;f/kd ÅtkZ ckW.M g¨rs gSA fØ,Vhu QkWLQsV is'kh
ladqpu ds le; ATP ds iqufuZekZ.k esa ADP ij LFkkukUrfjr g¨dj
ÅtkZ (Energy) laxzg dk dk;Z djrk gSA fØ,fVuhu (Creatinine)
fØ,Vhu ls curk gS] ew«k esa ik;k tkrk gS rFkk ukbVª¨tu ds p;kip;
dk lkekU; vfUre mRikn gSA

2- ,ihusfÝu ,oa ukj,ihusfÝu (Epinephrine and
Norepinephrine)& ;g n¨ gke Z̈Ul ,sMªhuYk esMwYkk (Adrenal
medulla) }kjk la'Yksf"kr g¨rs gSa rFkk laosnh rfU«kdk fØ;k esa egRoiw.kZ
Òkx Y¨rs gSaA buds fuEkkZ.k esa fQukbYk Y©osYkhu] Vk;j¨lhu ,oa eSfFk;¨uhu]
vehu¨ vEYk vko';d g¨rs gaSA

3- i¨jQk;fjUl (Porphyrins)& ;g Xyhlhu ,oa ,sflVsV }kjk la'Y¨f"kr
g¨rs gSaA thou ds fYk, egRoiw.kZ vusd inkFk ±̈ esa i¨jQk;fjUl ik, tkrs
gSaA lk;V¨Ø¨e ,Utkbe rFkk ghe¨XyksfcUl esa i¨jQk;fjUl IX egRoiw.kZ
g¨rk gSA

4- lYQj ;qä vehu¨ vEYk (Sulphur containing Amino acids)&
xU/kd ;qä vehu¨ vEYk tSls& flLVhu (Cystine), fefFk;¨uhu
(Methionine) ,oa vehu¨ vEYk flLVhu (Cystine) xU/kd ?kVd g¨rk gSA
xU/kd Xykbd¨Á¨VhUl (Glycoproteins), E;wflu (Mucine),
lYQ¨fYkfiM~l (Sulpholipids), rfU«kdk Ård (Nervous tissue) ;k
vdkcZfud lYQsV~l (Inorganic sulphates) ds :Ik esa ik;k tkrk
gSA ;g Ård (Tissue) ckYk¨a] lÈx] ia[k] E;wflu ,oa la;¨th Ård¨a]
dkfuZ;k ,oa daMjkv ä (Hairs, Horns, Feathers, Mucin and Connective
tissue, Cornea and Tendons) ds Xykbd¨Á¨VhUl eas g¨rk gSA xU/kd ;qä
vehu¨ vEYk dk Fk¨M+k lk Òkx bUlwfYku (Insulin) ds fuekZ.k esa mi;¨x
g¨rk gSA xU/kd ;qä vehu¨ vEYk¨a dk vf/kdka'k Òkx ;Ñr (Liver)
esa ;wfj;k ds fuekZ.k esa mi;¨x g¨rk gSa ,oa vkWDlhÑr H2SO4 ew«k esa
lYQsV~l (Sulphates) ds :Ik esa mRlftZr g¨ tkrk gSA
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viuh izxfr tk¡fp, (Check Your Progress)

6- og fof/k ftleas jä esa ik;h tkus okYkh Á¨Vhu dh vR;f/kd
ek«kk ;Ñr ds vUnj ve¨fu;k ,oa dkc Z̈gkbMªsV esa fo?kfVr g¨ tkrk
gS&

¼d½ Mh,feus'ku ¼[k½ ,e¨fufQds'ku

¼x½ vYVªkfQYVªs'ku ¼?k½ d¨bZ ugÈ

7- 'kjhj eas Á¨Vhu dh vko';drk ds fYk, gS&

¼d½ of̀) ¼[k½ ejEer

¼x½ ¼d½ o ¼[k½ n¨u ä ¼?k½ d¨bZ ugÈ

8- d©u-lk vehu¨ vEYk vko';d g¨rk gS\

¼d½ Xykbflu ¼[k½ ,Y¨fuu

¼x½ fVªIV¨Qsu ¼?k½ Vk;j¨flu

9- Ekkuo 'kjhj eas ik, tkus okY¨ vehu¨ vEYk dh la[;k gS&

¼d½ 10 ¼[k½ 12

¼x½ 20 ¼?k½ 26

1-8-5 dkc¨ZgkbMªsV~l dk p;kip; (Metabolism of
Carbohydrates)

ÁR;sd Ák.kh fdlh-u-fdlh :Ik esa Ò¨tu xzg.k djrk gSA ikpu ds QyLo:Ik
fofÒfUu Ò¨T; inkFkZ vius vfURke mRikn ä (End products) esa VwV tkrs gSaA
vafRke mRikn ?kqYku'khYk g¨rs gSaA bud¨ p;kip; ;k eSVkc¨YkkbV~l
(Metabolites) dgrs gSaA vf/kdka'k Ákf.k;¨a esa ikpu ds mijkUr dkc Z̈gkbMªsVl
(Carbohydrates) vius vfURke mRikn XYkwd¨l (Glucose) esa ifjofrZr g¨ tkrs
gSaA 'kjhj es jä v©j Ård æO; (Tissue fluid) }kjk ;g vfURke mRikn ,oa
vkWDlhtu d¨f'kdkv¨a esa igq¡prs gSa tgk¡ mfpr okrkoj.k feYkus ds dkj.k ;g
p;kip;h ;k esVkc¨Ykhd fØ;kv¨a esa Òkx Y¨rs gSaA bld¨ d¨f'kdh; p;kip;
(Cellular Metabolism) dgrs gSaA

dkc¨ZgkbMªsVl ÅtkZ ds eq[; L«kksr g¨rs gSa D;¨fd ;g fnu-Áfrfnu dh
ÅtkZ (Energy) d¨ Ánk; djrs gSaA lk/kkj.k Ò¨tu/vkgkj (Diet) esa dqN
dSYk¨jh dh vk/¨ ls vf/kd dSYk¨jh] dkc Z̈gkbMªsV ls ÁkIr g¨rh gSA ÅtkZ ds L«kksr
ds :Ik es ;g vkWDlhÑr (Oxidised) g¨rs gSa v©j Xyk;d¨tsu (Glycogen)
es :ikUrfjr/ifjofrZr g¨ tkrs gaS ;k fQj dqN vehu¨ vEYk dh dkcZu J̀a[kYkkv ä
(Carbon chains) d¨ Ánk; djrs gSa ;k olk esa ifjofrZr djrs gSaA euq"; d¨
dkc¨ZgkbMªsV dh 450-500 xzke ek«kk dh vko';drk g¨rh gSA
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Depot Fat

Insulin

Fat Glucose

Urine

Ketone BodiesSystematic
Blood

Lymphatic

Gut

Fat
From
Food

Liver

Carbohydrate
Fat Glycerol

Fatty Acids
Oxidation by
Cirtic Acid

Cycle
To CO2 + H2O

Acetyl
Coenzyme

Ketogenic
Amino
Acids

Ketone Bodies

Oxidation in
Tissues by
Citric Acid

Cycle

fp= Ø- 1-12: Representation of Carbohydrate
Metabolism (Diagrammatic)

euq"; ;k Ákf.k;¨a dh vkgkj ufYkdk/ikpd ufYkdk esa Ò¨tu esa ik;s tkus
okY¨ tfVYk dkc Z̈gkbMªsVl ;k lSdsjkbM~l (Saccharides), Ykkj (Saliva),
vXU;k'k;h jl (Pancreatic juice), vkU«kh; jl (Intestinal juice) ds ,UtkbEl
ls fØ;k djrs gSaA ;g e¨u¨lSdsjkbM~l (Monosaccharides) es vi?kfVr
(Hydrolysed) g¨ tkrs gaSA

;g e¨u¨lsdsjkbM~l ikuh esa ?kqYku'khYk g¨rs gSa v©j vk¡r dh E;wd¨lk
ds }kjk jä esa 'k¨f"kr g¨ tkrs gSaA euq"; ds Áfrfnu ds dkc¨ZgkbMªsV vkgkj esa
LVkpZ] XYkwd¨l] lqØ¨l ,oa Y©DV¨t g¨rs gSaA bu dkc Z̈gkbMªsV ds iw.kZ vi?kVu
ds }kjk e¨u¨lSdsjkbM+~l (Monosaccharides), XYkqd¨t (Glucose), xSY¨DV¨t
(Galactose), ÝDV¨t (fructose) curs gSa t¨fd lh/¨ fuokfgdk laogu (Portal
circulation) ds }kjk ;Ñr esa Y¨ tk;s tkrs gaSA ;Ñr esa ;g lk/kkj.k 'kdZjk]
XYkwd¨l rFkk jäÁokg ,oa 'kjhj ds ÁkjfEÒd e¨u¨lSdsjkbM~l
(Monosaccharides) esa ifjofrZr g¨rs gSaA

euq"; ds jä esa XYkwd¨l dh ek«kk 70-100 mg Áfr 100 ml jä ds ik;h
tkrh gSA ;fn XYkwd¨l dh ek«kk lkekU; ek«kk ls vf/kd g¨rh gS] rc ;Ñr
XYkwd¨l dh vf/kd ek«kk d¨ jä ls Y¨dj Xyk;d¨tu esa ifjofrZr djrk gSA
XYkwd¨l ls Xyk;d¨tu ds ifjorZu es dkc Z̈gkbMªsV ,sukckWfYkTe (Carbohydrate
anabolism) dh lÒh voLFkk,¡ g¨rh gSaA ;fn jä esa XYkwd¨l dh ek«kk lkekU;
ek«kk ls de g¨ tkrh gS rc ;Ñr Xyk;d¨tsu dk ,d Òkx fo?kfVr g¨dj jä
esa XYkwd¨l ds :Ik esa eqä g¨rk gSA
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vf/kdka'k Ákf.k; ä ds Ò¨tu dk eq[; Òkx dkc¨ZgkbMªsV (Carbohydrate)
g¨rk gSA ;g 'kdZjk (Sugar), eaM ;k LVkpZ (Starch) ds tfVYk ,oa cMs v.kqv¨a
ds :Ik eas g¨rk gSA ikpu ds le; tfVYk dkc Z̈gkbMsªVl] ljYk 6 dkcZu v.kq
'kdZjk (6-Carbon molecule sugar) esa foÒkftr g¨ tkrk gSA bud¨
e¨u¨lSdsjkbM~l (Monosaccharides) dgrs gaSA XYkwd¨l (Glucose) ÝqDV¨l
(Fructose) ,oa xSY¨DV¨t (Galactose) e¨u¨lSdsjkbM~l gSaA ;g jä }kjk ;Ñr
esa igq¡prs gSa tgk¡ xSY¨DV¨t rFkk ÝqDV¨l d¨ XYkwd¨l esa ifjofrZr dj fn;k
tkrk gSA dkc Z̈gkbMªsVl p;kip; (Metabolism) esa eq[; Òwfedk XYkwd¨l dh gh
g¨rh gSA XYkwd¨l gh jä esa laogu ds le; mifLFkr jgrk gSA jä esa
lkekU;r% 0-1% XYkwd¨l dh ek«kk g¨rh gSA ;Ñr (Liver) ds }kjk jä esa
XYkwd¨l dh ek«kk d¨ fu;fU«kr fd;k tkrk gSA XYkwd¨l esa ÅtkZ dk Ò.Mkj
jgrk gS rFkk ;g d¨f'kdh; p;kip; (Cellular Metabolism) esa Áeq[k Òkx
Y¨rk gSA XYkwd¨l ds tkj.k (Combustion) ;k ngu rFkk vkWDlhdj.k
(Oxidation) ls Å"ek (Heat) ,oa jklk;fud ÅtkZ fufeZr g¨rh gS ftld¨ ,-Vh-
ih- ,Mhu¨lhu&VªkbZ&QkWLQsV (ATP-Adenosine-Triphosphate) ds :Ik esa
lafpr fd;k tkrk gSA XYkwd¨l vfÒ:fpr ÅtkZ ba/ku (Preferred energy fuel)
Òh gS] D; äfd ;g ÅtkZ ,oa dk;Z'kfä dk lcls vPNk L«kksr gSA ;Ñr eas
XYkwd¨l d¨ Xyk;d¨tu (Glycogen) esa ifjofrZr dj fn;k tkrk gS] budh
vf/kd ek«kk d¨f'kdkv ä ds mi;¨x ds fYk, lafpr jgrh gSA XYkk;d¨tu dh
dqN ek«kk isf'k; ä (Muscles) esa Òh lafpr jgrh gSA ljYk 'kdZjk,¡ (Simple
sugars) olkv¨a (Fats) esa :ikUrjhr dj nh tkrh gaS ,oa ,fMi¨t Ård
(Adipose tissue) ds :Ik esa laxzfgr dh tkrh gSA

d¨f'kdkv¨a esa dkc Z̈gkbMªsV p;kip; (Carbohydrate metabolism) dk
v/;;u fuEufYkf[kr of.kZr ÁfØ;kv¨a ds }kjk fd;k tkrk gSA

1-9 ,sukckWfYkTe (Anabolism)

1-9-1 Xykbd¨tsusfll (Glycogenesis)

XYkwd¨l (Glucose) ls Xykbd¨tu (Glycogen) ds cuus dh ÁfØ;k
Xykbd¨tsusfll dgYkkrh gSA

XYkwd¨l dk Xykbd¨tu esa ifjorZu mip;h (Anabolic) fØ;k g¨rh gSA
'kjhj esa Xykbd¨tu dk lap; eq[; :Ik ls ;Ñr d¨f'kdkv¨ esa ,oa dqN is'kh
d¨f'kdkv¨a esa g¨rk gSA

Xykbd¨tsusfll fuEufYkf[kr pj.k ä esa iwjh g¨rh&

(i) dksf'kdkv ä esa igq¡pdj XYkwd¨l dk QkWLQsVhdj.k (Phosphorylation)
g¨rk gSA gsDl¨dkbust (Hexokinase) uked ,Utkbe ,oa ,fMu¨lhu
VªkbQkWLQsV (ATP-Adenosine triphosphate) dh mifLFkfr esa XYkwd¨l
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igY¨ QkWLQ¨fjd vEYk (Phosphoric acid/H3PO4) ls fØ;k djds
XYkwd¨l-6-QkWLQsV (Glucose-6-QkWLQsV) cukrk gSA

(ii) d¨f'kdkæO; esa mifLFkr ,Utkbe QkWLQ¨-XYkwd¨E;wVst (Phospho-
glucomutase) XYkwd¨l-6-QkWLQsV d¨ XYkwd¨l-1-QkWLQsV (Glucose-1-
Phosphate) esa cnYkrk gSA

(iii) XYkwd¨l-1-QkWLQsV vc ;wfjfMu VªkbQkWLQsV (UTP) ls vfÒfØ;k'khYk
g¨dj ;wfjfMu-Mkb-QkWLQsV XYkwd¨l (Uridine-di-phosphate glucose)
ladqYk cukrk gS rFkk vdkcZfud QkWLQsV eqä g¨ tkrs gSaA ;g
vfÒfØ;k ,Utkbe ik;j¨ QkWLQ¨jkbY¨t (Pyro Phosphorylase) ds }kjk
iw.kZ g¨rh gSA

(iv) ;wfjfMu-Mkb-QkWLQsV-XYkwd¨l ds lfØ; XYkwd¨l dk ÁFke dkcZu]
Xykbd¨tu ds vUrLFk (Terminal) XYkwd¨l vof'k"V (Residue) d¨
p©F¨ dkcZu ds lkFk ,d XYkkbd¨lkbfMd ca/k (Glycosidic bond) cukrk
gSA

;g fØ;k Xykbd¨tsu flUF¨Vst (Glycogen synthetase) ,Utkbe }kjk
mRÁsjhr g¨rh gS ,oa blesa ;wfjfMu MkbQkWLQsV (Uridine diphosphate)
LorU«k g¨rk gSA

(v) vc ,d vU; ,Utkbe ;wfjfMu MkbQkWLQsV XYkwd¨l d¨ Xykbd¨tu esa
ifjofrZr dj nsrk gSA

Glucose ¼XYkwd¨l½ + H3PO4Phosphoric acid ¼QkWLQ¨fjd vEYk½

ATP Mg++ gsDl¨dkbust (Hexokinase)

Glucose-6-Phosphate ¼XYkwd¨l-6-QkWLQsV½

QkWLQ¨XYkwd¨E;wVst (Phosphoglucomutase)

Glucose-1-phosphate ¼XYkwd¨l-1-QkWLQsV½

QkWLQ¨jkbY¨t (Phosphorylase)

Xtkbd¨tsu + QkWLQ¨fjd vEYk

(Glycogen) (Phosphoric acid)

1-9-2 Xykbd¨ftu¨Ykkbfll (Glycogenolysis)

Xykbd¨tu ls XYkwd¨l ds cuus dh fØ;k Xykbd¨ftu¨Ykkbfll
(Glycogenolysis) dgYkkrh gSA ;g fØ;k ;Ñr (Liver) esa g¨rh gSA

Xykbd¨ftu¨Ykkbfll fuEufYkf[kr pj.k¨a esa iw.kZ g¨rh gS&

(i) d¨f'kdk dk ,d ,Utkbe QkWLQ¨jkbY¨t (Phosphorylase) Xykbd¨tu
d¨ XYkwd¨l-1-QkWLQsV (Glucose-1-Phosphate) esa cnYk nsrk gSA
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(ii) nwljk ,Utkbe-QkWLQ¨XYkwd¨E;wVst (Phosphoglucomutase) XYkwd¨l-1-
QkWLQsV d¨] XYkwd¨l-6-QkWLQsV (Glucose-6-phosphate) esa ifjofrZr
djrk gSA

(iii) XYkwd¨l-6-QkWLQsV] ;Ñr d¨f'kdkv¨a ,oa vkU«k 'Y¨"ek (Intestinal
mucosa) dh d¨f'kdkv ä esa XYkwd¨l (Glucose) esa ifjofrZr dj fn;k
tkrk gS] tcfd is'kh d¨f'kdkv¨a es ;g XYkwd¨l-6-QkWLQsV] 'olu pØ
(Respiration cycle) es ig¡qpdj ÅtkZ mRiUu djrk gSA

jä esa XYkwd¨l dh lkekU; ek«kk 80-110 mg Áfr 100 ml jä cuh jgrh
gSA

vXU;k'k;h gke¨Zu (Pancreatic hormone) XywdkxkWu (Glucagon) ,oa ,sMªhuYk
gkWe Z̈u ,ihusfÝu (Epinephrine) ls Xykbd¨ftu¨Ykkbfll dh nj esa of̀) g¨rh
gSA

Glycogen ¼Xykbd¨tu½

QkWLQ¨jkbY¨t (Phosphorylase)

Glucose-1-Phosphate XYkwd¨l-1-QkWLQsV

Phosphoglucomutase ¼QkWLQ¨XYkwd¨E;wVst½

Glucose-6-Phosphate ¼XYkwd¨l-6-QkWLQsV½

Liver phosphatase ¼;Ñr QkWLQsVst½

Glucose + Pi (Inorganic phosphate)

XYkwd¨l vdkcZfud QkWLQsV

1-9-3 XYkwd¨fu;¨tsusfll (Gluconeogenesis)

Oklkv ä (Fats), Á¨VhUl (Proteins), olk vEYk ä (Fatty acids) ls ^ubZ XYkwd¨l^
(New glucose) cuk, tkus dh ÁfØ;k d¨ XYkwd¨fu;¨tsusfll
(Gluconeogenesis) dgrs gSaA

;g fØ;k Òh ;Ñr d¨f'kdkv¨aa esa vusd tfVYk ,Utkbe¨a dh ÁfØ;k
ds }kjk g¨rh gSA
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fp= Ø- 1-13: (A) Process of Glycogenolysis in Liver Cell

(B) Process of Gluconeogenesis in Liver Cell

XYkwd¨fu; s̈tsusfll (Gluconeogenesis) ls lEcfU/kr Áeq[k p;kipf;d
iFk (Metabolic pathways), esa fuEufYkf[kr fØ;k,¡ Òkx Y¨rh gSa&

(i) Ikkb:fod vEYk (Pyruvic acid)– ds }kjk vkWDlsYk¨,flfVd vEYk ds
ekxZ esa QkWLQ¨buYk ikb:fod vEYk dk mRiknu & lcls igY¨ ATP ds v.kq ds
O;; ij ikb:fod vEYk dk vkWDlsYk¨,flfVd vEYk esa dkc Z̈fDlYkhdj.k
(Carboxylation) g¨rk gSA

Pyruvic acid + CO2 + ATP + H2O Oxaloacetic acid + ADP +
Pi +2H+

vkWDlsYk¨,flfVd vEYk t¨fd ikb:fod dkc¨ZDlhY¨t (Carboxylase) }kjk
mRÁsfjr vfÒfØ;k dk mRikn (Product) g¨rk gS ftldk ekbV¨dkf.Mª;k ds
Òhrj NADH- laYkXu ,d ,Utkbe eSfYkd MhgkbMª¨ftust (Malic
dehydrogenase) }kjk eSfYkd vEYk esa vip;u g¨rk gSA blds i'pkr~ eSfYkd
vEYk ekbV¨dkWf.Mª;k dh fÒfÙk esa g¨dj thoæO; esa folfjr g¨ tkrk gS&

(a) Oxaloacetic acid + NADH + H+ Malic acid +
NAD+

Acetyl-CoA

Mg++

Malic dehydrogenase

(In Mitochondria)
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(b) Malic acid Malic acid diffused into
(cytoplasm)

(c) Malic acid + NAD+ Oxaloacetic acid + NADH
+ H+

d¨f'kdkæO; esa ,Utkbe QkWLQ¨bukWYk ikb:fod dkc¨ZDlhdkbust
(Phosphoenol Pyruvic carboxykinase) }kjk vkWDlsYk¨,flfVd vEYk dk
ledkYkhu (Simultaneous) fodkc¨ZfDlYkhdj.k ,oa QkWLQ¨fjYkhdj.k
(Decarboxylation and Phosphorylation) g¨ tkrk gSA

Oxaloacetic acid + GTP Phosphoenol Pyruvic acid + CO2

+ GDP

(ii) ÝqDV¨l 1-6-MkbQkWLQsV ls ÝqDV¨l-6-QkWLQsV dh mRifÙk&
ÝqDV¨l 1, 6-MkbQkWLQsV dk tYkvi?kVu (Hydrolysis) ,d fof'k"V ,Utkbe
ÝqDV¨l 1, 6-MkbQkWLQsVst }kjk mRÁsfjr g¨rk gSA XYkwd¨fuv¨tsusfll fØ;k ds
le; ikb:fod vEYk rFkk Vªkbv¨t QkWLQsV ä ds XYkwd¨l esa ifjorZu ds
fYk, ;g ,d egRoiw.kZ ,Utkbe gSA

Fructose 1, 6-Diphosphate + H2O Fructose-6-Phosphate
+ Pi

(iii) XYkwd¨l-6-QkWLQsV ds tYk vi?kVu }kjk XYkwd¨l dk fuekZ.k&
XYkwd¨l-6-QkWLQsV dk XYkwd¨l esa ifjorZu ,d fof'k"V QkWLQsVst ,Utkb~e]
XYkwd¨l-6-QkLQsVst }kjk mRÁsfjr g¨rk gSA ;g vk¡r ä (Intestine), ;Ñr (Liver)
rFkk oD̀d ä (Kidney) esa ik;k tkrk gSA bu Ård ä esa vko';drkuqlkj XYkwd¨l
jä esa igq¡pk;k tkrk gSA

Membrane of Mitochondria

(From Mitochondria)

Cytoplasm

Malic dehydrogense

Mg++
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Hexokinase or
Glucokinase

Phosphohexose
Isomerese

Phosphopructo-
kinase

Aldolase

Pyruvic Acidkinase

Enclase

Anaerobic

In Yeast
and

Bacteria

Ethyl
Alcohol

To Electron
Transport
System

To
Kreb’s
Cycle

In
Muscle

Contraction

Lactic
Acid

Acetyl
Coenzyme-A

Aerobic

2-Pyruvic Acid
Anaerobic

2Md.

2Md.

2Md.

2Md.

2Md.

2Md.

2 ATP
2 ADP

H2O

2-Phosphoenol Pyruvic Acid

2-Phosphoglyceric Acid

3-Phosphoglyceric Acid

3-Diphosphoglyceric Acid

3-Phosphoglyceraldehyde

Fructose-1, 6-Phosphate

Fructose-6-Phosphate

Glucose-6-Phosphate

2 ATP

2 ADP

2 NAP

ATP

ATP

ADP

ADP

Phosphory-
lation

H3PO4

Phosphoglyceraldehyde
Dehydrogenase

Phosphoglycericacid
Kinase

Phosphoglyceromutase

Dephosphory-
lation 2 NADH + 2H

fp= Ø- 1-14% Glycolysis

1-10 XYkwd¨l dk vip; (Catabolism of Glucose)

Ákf.k;¨a ds 'kjhj esa XYkwd¨l 'kjhj dh d¨f'kdkv¨a esa ÅtkZ mRiknu dk dk;Z
djrk gSA Ákf.k;¨a ds 'kjhj dh d¨f'kdk,¡ vkWDlhtu d¨ jä ls Y¨dj] ÅtkZ
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mRiknd inkFk ±̈ dk tkj.k (Combustion or Oxidation) djrh gSaA tkj.k dh
bl ÁfØ;k d¨ vip; (Catabolism) dgrs gSaA XYkwd¨l dk vip;
(Catabolism) fuEufYkf[kr rhu pj.k¨a esa g¨rk gSa&

1- Xykbd¨fyfll (Glycolysis)

2- ikb:fod vEYk dk ,flVkbYk lg,Utkbe&, (Acetyl CoA) esa
vkWDlhMsfVo fMdkc Z̈fDlY¨'ku

3- ØSc pØ (Kreb’s cycle)

1-10-1 Xykbd¨fYkfll ;k vok;oh; vkWDlhdj.k (Glycolysis or
Anaerobic Oxidation)

Xykbd¨fYkfll (Glykos = sweet ehBk] Lysis = breaking VwVuk) bl fØ;k esa
XYkwd¨l dk ikb:fod vEYk esa fo?kVu g¨rk gSA ftlds QyLo:Ik XYkwd¨l
ds ,d v.kq ls n¨ v.kq ikb:fod vEYk (Pyruvic acid) esa vi?kfVr g¨rs gSa rFkk
ATP ds 2 v.kqv¨a dh ÁkfIr g¨rh gSA Xykbd¨fYkfll fØ;k esa vkWDlhtu dh
vko';drk ugha iM+rh gSA ;g fØ;k d¨f'kdk ds d¨f'kdkæO; esa g¨rh gSA

bl fØ;k dh [k¨t teZuh ds rhu oSKkfud¨a Embden, Meyerhoff and
Parnas us dh Fkh] bl dkj.k bl fØ;k d¨ Embden-Meyerhoff-Parnas
pathway or EMP pathway dgrs gSaA

Xykbd¨fYkfll dh fØ;k fuEufYkf[kr rhu pj.k ä esa g¨rh gS&

1- QkWLQsVhdj.k (Phosphorylation) dh fØ;k ds }kjk 'kdZjk ds lkFk
QkWLQsV dk tqM+ukA

2- 'kdZjk dk fonYku (Splitting) g¨dj n¨ 3-dkcZu;qä v.kqv¨a dk fuekZ.kA

3- Ikkb:fod vEYk ds n¨ v.kqv ä dk fuekZ.kA

'kdZjk dk QkWLQsVhdj.k (Phosphorylation of Sugar)

(a) loZÁFke XYkwd¨l v.kq ATP ls ,d QkWLQsV lewg Y¨dj gSDl¨dkbust
(Hexokinase) ,utkbe dh mifLFkfr esa XYkwd¨l-6-QkWLQsV esa ifjofrZr
g¨ tkrk gSA

Glucose + ATP Glucose 6-Phosphate + ADP
(1 mol.) (1 mol.)

(b) leko;hdj.k (Isomerization)& XYkwd¨l-6-QkWLQsV vius leko;oh
ÝqDV¨l-6-QkWLQsV esa ifjofrZr g¨ tkrk gSA

Glucose 6-phosphate Fructose-6-phosphate
(1 mol.) (1 mol.)

Hexokinase
Mg++

Phosphohexoisomerase
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(c) f}rh; QkWLQsVhdj.k (Second phosphorylation)& bl Ádkj cus
gq, ÝqDV¨l-6-QkWLQsV dk ATP }kjk iqu% QkWLQsVhdj.k g¨rk gS v©j
ÝqDV¨l 1, 6-MkbQkWLQsV curk gSA ;g fØ;k QkWLQ¨ÝqDV¨dkbust
(Phosphofructokinase) ,Utkbe dh mifLFkfr esa g¨rh gSA

Fructose 6-phosphate + ATP Fructose 1, 6
diphosphate

(1 mol.) (1 mol.)

(d) QkWLQ¨fXYkljkbM dk fuekZ.k (Production of Phosphoglyceride)&
ÝqDV¨l 1-6-MkbQkWLQsV ,YM¨Y¨t ,Utkbe dh lgk;rk ls
3-QkWLQ¨fXYkljsfYMgkbM ,oa MkbgkbMªkWDlh ,slhV¨u QkWLQsV ds ,d-,d
v.kqv¨a esa vi?kfVr g¨ tkrk gSA ;g n¨u¨a 3-dkcZu okY¨ ;©fxd gSa v©j
vkbl¨esjst ,Utkbe (Isomerase enzyme) dh mifLFkfr esa ,d-nwljs
esa :ikUrfjr g¨rs jgrs gSaA okLro esa 3-QkWLQ¨fXYkljsfYMgkbM fØ;k esa
tSls-tSls mi;¨x g¨rk jgrk gS MkbgkbMªkDlh,lhV¨u QkWLQsV]
3-QkWLQ¨fXYkljsfYMgkbM esa :ikUrfjr g¨rk jgrk gSA vUr% dsoYk
3-QkWLQ¨fXYkljsfYMgkbM ds gh n¨ v.kq curs gSaA

blds i'pkr~ 3-QkWLQ¨fXYkljsfYMgkbM QkWLQ¨fjd vEYk ls fØ;k djds
1] 3-MkbQkWLQ¨fXYkljsfYMgkbM curk gSA

Fructose 1,6-diphosphate 3 Phosphoglyceraldehyde
(1 mol.) (2 mols.) Phosphotriose

Isomerase

Dihydroxyacetone phosphate

(2 mols.)

(e) QkWLQ¨jbY¨'ku rFkk 1-3 MkbQkWLQ¨fXYkljsfYMgkbM dk fuekZ.k
(Phosphorylation and production of 1-3 diphosphoglyceral-
dehyde)& 3, QkWLQ¨fXYkljsfYMgkbM] QkWLQ¨fjd vEYk (H3PO4) ds lkFk
feYkdj fMgkbMª¨ftusl (Dehydrogenase) ,Utkbe dh mifLFkfr esa 1-3
MkbQkWLQksfXYkljsfYMgkbM d¨ fufeZr djrk gSA

3-Phosphoglyceraldehyde + H3PO4 1, 3 Diphosphoglyceraldehyde

(2 mols.) (2 mols.) (2 mols.)

(f) fogkbMª¨tuhdj.k rFkk 1] 3-MkbQkWLQ¨fXYklfjd vEYk dk fuekZ.k
(Dehydrogenation and production of 1, 3-diphosphoglyceric
acid)– 1-3-MkbQkWLQ¨fXYkljsfYMgkbM] MkbQkWLQ¨fXYkljsfYMgkbM Mhg¨b-
Mª¨ftust ,Utkbe dh mifLFkfr esa 2H ijek.kqv¨a d¨ R;kx nsrk gSA ;g
ijek.kq NAD (fud¨fVukekbM ,fMuhu MkbU;wfDYk;¨VkbM½ lg-,Utkbe
(Co-enzyme) ds }kjk xzg.k dj fYk;s tkrs gSa v©j 1, 4-
MkbQkWLQ¨fXYklfjd vEYk (1, 4-Diphosphoglyceric acid) curk gSA

Phospho fructokinase

Dehydrogenase

Aldolase
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1-3 MkbQkWLQ¨fXYklfjd vEYk ls ,d mPp ÅtkZ okYkk QkWLQsV lewg
fudYkdj ADP ls la;qä g¨dj ATP curk gSA ,d v.kq XYkwd¨l ls n¨
v.kq 1, 3-MkbQkWLQ¨fXYklfjd vEYk curs gSa v©j n¨ v.kq ATP Òh curs
gSaA QkWLQsV ds fudYk tkus ds Ik'pkr~ 1, 3-MkbQkWLQ¨fXYklfjd vEYk]
3-QkWLQ¨fXYklfjd vEYk esa :ikUrfjr g¨ tkrk gSA

1, 3-Diphosphoglyceraldhyde + 2NAD
(2 mols.) Dehydrogenase

2NADH2 + 1, 3-Diphosphoglyceric acid
(2 mols.)

1, 3-Diphosphoglyceric acid + 2ADP
(2 mols.)

2ATP + 3 phosphoglyceric acid
(2 mols.)

(g) Lkeko;ohdj.k }kjk 2-QkWLQ¨fXYklfjd vEYk dk fuekZ.k
(Production of 2-Phosphoglyceric acids by Isomerisation)&
3-QkWLQ¨fXYklfjd vEYk] QkWLQ¨fXYklj¨E;wVst ,Utkbe dh mifLFkfr esa
2-QkWLQ¨fXYklfjd vEYk ls iqufoZU;flr g¨ tkrk gSA

3-Phosphoglyceric acid 2-Phosphoglyceric acid
(2 mols.) (2 mols.)

(h) MhgkbMªs'ku }kjk QkWLQ¨bukWYk ikb:fod vEYk dk fuekZ.k
(Production of Phosphoenol pyruvic acid by dehydration)&
2-QkWLQ¨fXYkjfld vEYk] bu¨Y¨t ,Utkbe dh mifLFkfr esa ,d v.kq tYk
R;kxdj 2-QkWLQ¨bukWYk ikb:fod vEYk cukrk gSA

2 Phosphglyceric acid Phosphoenol-pyruvic acid + 2H2O
(2 mols.) (2 mols.)

(i) Ikkb:fod vEYk dk fuekZ.k rFkk nwljh ckj ATP mRiknu
(Production of Pyruvic acid and II ATP generation)& vfUre
pj.k esa 2-QkWLQ¨bukWYk ikb:fod vEYk vius QkWLQsV lewg d¨ R;kxdj
Lo;a ikb:fod vEYk d¨ cuk nsrk gSA QkWLQsV lewg ADP ls feYkdj
ATP cuk nsrk gS] D;¨afd ,d XYkwd¨l v.kq ls ikb:fod vEYk ds n¨
v.kq curs gaSS] bl dkj.k ;gk¡ 2 ATP d¨ Òh cukrk gSA

Phospho-Enol-Pyruvic acid + 2ADP Pyruvic acid + 2ATP
(2 mols.) Mg++ (2 mols.)

Diphosphoglceraldehyde

Phosphotransferase

Phosphoglyceromutase

Enolase

Pyruvic kinase
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1-10-2 ØSc pØ ;k lkbfVªd vEYk pØ (Kreb Cycle or Citric
Acid Cycle)

bl fØ;k dk o.kZu] lj gkUl ØSc (Sir Hans Kreb, 1973) us fd;k Fkk] vUr%
buds uke ij bl fØ;k d¨ ^ØSc pØ^ (Kreb cycle) dgrs gaSA bl fØ;k
eas ,sflfVYk lg-,Utkbe (Acetyl co-enzyme) dk CO2 ,oa tYk esa fuEuhdj.k
g¨rk gSA ;g fØ;k fofo/k ,UtkbEl dh mifLFkfr eas dbZ ÁfrfØ;kv¨a dh ,d
tfVYk J̀a[kYkk gSA ,flVkbYk lg-,Utkbe A (Acetyl CoA) dk ,d pØ esa iw.kZ
vkWDlhdj.k g¨rk gSA bl pØ esa lkbfVªd vEYk (Citric acid) ,oa rhu
dkWc Z̈fDlfYkd ewYkd okY¨ vEYk curs gS ,oa vi?kfVr g¨rs gaSA blh dkj.k bl
fØ;k d¨ lkbfVªd vEYk pØ ;k VªkbdkWc Z̈fDlfYkd vEYk pØ Òh dgrs gSaA

-KETOGLUTARIC ACID
DEHYDROGENASE

ELECTRON
TRANSPORT

SYSTEM

-KETOGLUTARIC ACID (6C)

(6C)
DECARBOXYLASE

CO2

H2O

OXALOSUCCINIC ACID

NADH+H

ISOCITRATE
DEHYDROGENASE

ISOCITRIC ACID (6C)

ACONITASE

NAD

H2O

(6C)

(6C)

CIS-ACONITIC ACID

H2O ACONITASE

CITRIC ACID

CITRATE SYNTHETASE

H2O(2C)

-OXIDATION

FATS

ACETO ACETYL CoA

GLUCOSEPROTEINS

DEAMINATION

AMINO ACIDS PYRUVIC ACIDS

PYRUVIC
DEHYDROGENASE NAD

NADH + H

ACETYL CoA

OXALOACETIC ACID (4C)

2H
NAD

NADH + H

(4C)

MALIC
DEHYDROGENASE

MALIC ACID

FUMARASE

(4C)

H2O

FUMARIC ACID

SUCCINATE
DEHYDROGENASE

FADH2

2H
FAD

(4C)SUCCINIC ACID

CoA GTD

GTD

ATP

ADPSUCCINATE THIOKINASE
H2O

2H

CH3 CO COOH + 21/2O2

2H

NAD

CoA

NADH + H

(4C)
SUCCINYL CoA

CO2

3CO2 + 2H2O + 5(2H)

2H

fp= Ø- 1-15% Kreb’s Cycle
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ØSc pØ esa fØ;k,¡ fuEufYkf[kr Øe esa g¨rh gSa&

(a) lkbfVªd vEYk dk fuekZ.k (Formation of citric acid)& ,slhfVYk
lg-,Utkbe A (Acetyl co-enzyme A) t¨fd ,d n¨ dkcZu
okYkk ;©fxd gS] ekbV¨dkWf.Mª;k esa Áos'k djrk gS vkSj pkj dkcZu ;qä
vkWDlsYk¨,sflfVd vEYk (Oxaloacetic acid) cukrk gS t¨fd ikuh ls
feYkdj 6-dkcZfud ;©fxd lkbfVªd vEYk (Citric acid) esa ifjofrZr g¨
tkrk gS] blh ds lkFk lg-,Utkbe LorU«k g¨ tkrk gS rFkk
iqu% ,flfVYk lg-,Utkbe ‘A’ ds la'Y¨"k.k ds dke vkrk gSA

Oxaloacetic acid + Acetyl CoA + H2O Citric acid + CO – A

(b) futZYkhdj.k }kjk fll,d¨fufVd vEYk dk fuekZ.k (Formation of
Cis-aconitic acid by dehydration)& lkbfVªd vEYk dk futZYkhdj.k
(Hydrolysis) ,d¨fuVst (Aconitase) ,Utkbe dh mifLFkfr esa g¨rk gSA
bl fØ;k ls tYk dk ,d v.kq fudYk tkrk gS v©j fll&,d¨fufVd
vEYk (Cis-aconitic-acid) cu tkrk gSA

Citric acid Cis-aconitic acid + H2O

(c) tYk;¨tu }kjk vkbl¨lkbfVªd vEYk dk cuuk (Formation of
isocitric acid by hydration)& ,d¨fuVst ,Utkbe dh mifLFkfr esa
fll-,d¨fufVd vEYk] tYk;¨tu (Hydration) dh fof/k ls
vkbl¨lkbfVªd vEYk (Isocitric acid) esa ifjofrZr g¨ tkrk gSA

Cis-aconitic acid + H2O Iso-citric acid

(d) fogkbMª¨ftuhdj.k }kjk vkWDlsYk¨lDlhfud vEYk dk fuekZ.k
(Formation of Oxalosuccinic acid by dehydrogenation)&
MhgkbMª¨ftust ,Utkbe (Dehydrogenase enzyme) dh mifLFkfr esa
vkbl¨lkbfVªd vEYk (Isocitric acid), gkbMª¨tu ds n¨ v.kqv ä d¨ [k¨dj
vkWDlsYk¨&lDlhfud vEYk (Oxalo-Succinic acid) d¨ cukrk gSA
gkbMª¨tu v.kqv¨a d¨ NAD Y¨dj NADH2 esa ifjofrZr g¨ tkrk gSA

Isocitric acid + NAD Oxalosuccinic acid + NADH + H+

Aconitase

Aconitase

Isocitrate

(dehydrogenase)
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(e) fodkcZuhdj.k&I }kjk  -dhV¨XywVsfjd vEYk dk fuekZ.k (Forma-
tion of  -ketoglutaric acid by decarboxylation-I)& vkWDlsYk̈ l-
Dlhfud fMdkc Z̈fDlŸl (Oxalosuccinic dicarboxylase) ,Utkbe dh
mifLFkfr esa vkWDlsYk¨lDlhfud vEYk dk vkWDlhMsfVo fMdkc Z̈dlhY¨'ku
g¨us ls vYQk dhV¨XywVsfjd vEYk ( -ketoglutaric acid) cu tkrk gS
rFkk CO2 ckgj fudYkrh gSA

Oxalosuccinic acid -ketoglutaric acid + CO2

(f) fogkbMª¨tuhdj.k ,oa fodkcZuhdj.k }kjk lDlhfuYk d¨,Utkbe
A dk fuekZ.k (Formation of Succinyl CoA by dehydrogenation
and decarboxylation)& -dhV¨XywVsfjd vEYk] tYk ,oa lg-,Utkbe
ds lkFk feYkdj lDlhfuYk CoA (Succinyl CoA) esa ifjofrZr g¨ tkrk
gS rFkk CO2 dk ,d v.kq LorU«k g¨rk gS rFkk gkbMª¨tu ds n¨ v.kq
NAD d¨ NADH2 esa ifjofrZr djrs gSaA

-Ketoglutaric acid + CoA + NAD Succinyl CoA +

CO2 + NADH2

(g) lDlhfud vEYk rFkk ATP dk fuekZ.k (Formation of Succinic
acid and ATP)& lDlhfud lg-,Utkbe CoA ,Utkbe d¨ [k¨dj
lDlhfud vEYk (Succinic acid) esa ifjofrZr g¨ tkrk gS rFkk bl fØ;k
ds le; ,d QkWLQsV v.kq ADP d¨ ATP esa ifjofrZr djrk gSA bl
fØ;k d¨ fØ;k/kkj dk QkWLQsVhdj.k (Substrate phosphorylation) dgk
tkrk gSA

Succinyl CoA + GDP + H3PO4 + H2O Succinic acid + GTP + CoA

GTP + ADP GDP + ATP

bl Ádkj ls mRiUu vEYk 4 dkcZu ;©fxd g¨rk gSA

(h) fogkbMª¨tuhdj.k }kjk ¶;wesfjd vEYk dk fuekZ.k (Production of
fumaric acid by dehydrogenation)& gkbMª¨tu ds n¨ v.kqv ä d¨
[k¨dj lDlhfud vEYk ¶;wesfjd vEYk (Fumaric acid) esa ifjofrZr g¨
tkrk gS rFkk FAD, H+ v.kqv¨a ds lkFk feYkdj FADH2 esa ifjofrZr g¨
tkrk gSA

Succinic acid + FAD Fumaric acid + FADH2

(i) tYk;¨tu }kjk eSfYkd vEYk dk cuuk (Formation of Malic acid
by hydration)– ¶;wesjst (Fumerase) ,Utkbe ,oa tYk dh mifLFkfr
esa ¶;wesfjd vEYk (Fumaric acid), eSfYkd vEYk (Malic acid) esa ifjofrZr
g¨ tkrk gSA

Fumaric acid + H2O Malic acid

Decarboxylase

Succinate thiokinase

Succinic dehydrogenase

Fumerase

+ -ketoglutaric
Decarboxylase
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(j) fogkbMª¨tuhdj.k }kjk vkDlsYk¨,flfVd vEYk dk iqutZuu
(Regeneration of Oxaloacetic acid by dehydrogenation)& vfUre
pj.k esa eSfYkd vEYk fMgkbMª¨ftust ,Utkbe dh lgk;rk ls gkbMª¨tu
ds n¨ v.kqv¨a d¨ [k¨dj iqu% vkDlsYk¨&,flfVd vEYk (Oxalo-acetic
acid) es ifjofrZr g¨ tkrk gSA ;g iqu% ,flfVYk lg-,Utkbe ‘A’ ds
lkFk feYkdj lkbfVªd vEYk pØ esa Òkx Y¨rk gSA LorU«k 2H v.kq NAD
d¨ NADH2 esa ifjofrZr djrk gSA

Malic acid + NAD Oxaloacetic acid + NADH2

XYkwd¨l ds ,d v.kq d¨ fuEuhdj.k ds fYk, ^ØSc pØ^ d¨ fuEufYkf[kr
lehdj.k }kjk Ánf”kZr djrs gSa&

2Acetyl CoA + 6H2O + 6NAD + 2FAD + 2ADP
 6CO2 + 2CoA + 6(NADH + H+) + 2FADH2 + 2ATP
Glycolysis: (4ATP  2ATP) 2 ATP

4H  H2O (From Glycolysis) 6 ATP
Cytochrome system

4H  2H2O (from Pyruvic acid) 6 ATP
4H  2H2O (from Isocitric acid) 6 ATP

4H  2H2O (from -Keto glutaric acid) 6 ATP
4H  2H2O (from Succinic acid) 6 ATP

4H  2H2O (from Malic acid) 6 ATP
Total 38 ATP

1-11 dkc¨ZgkbMªsV p;kip; dk fu;eu ,oa fu;U«k.k
(Control and Regulation of Carbohydrate
Metabolism)

Ekkuo 'kjhj esa jä esa 'kdZjk dh lkekU; ek«kk 80-110 fe- xzk- Áfr 100 fe- Ykh-
jä (80-110 mg per 100 ml of blood) dh g¨rh gSA Ò¨tu ds vo'k¨"k.k ds
i'pkr~ jä esa XYkwd¨l/'kdZjk dh ek«kk 'kh?kz gh c<+rh gSA ekuo 'kjhj esa ik;h
tkus okYkh rhu vUr%L=koh xzfUFk;k¡ (Endocrine glands) dkc Z̈gkbMªsV ds p;kip;
fu;eu esa eq[; Òwfedk fuÒkrh gSa&

1- vXU;k'k; (Pancreas) dk vUr%L=koh Òkx (Endocrine part) t¨fd
gke Z̈Ul L=kfor djrk gSA

2- ih;w"k xzfUFk (Pituitary gland)

3- ,MªhuYk xzfUFk (Adrenal gland)

Malic

dehydrogenase
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1-11-1 vXU;k'k; (Pancreas)

bl xzfUFk dh vUr%d¨f'kdk,¡ Y©axjgSUl ds }hi lewg (Islet of Langerhans) gSaA
budh  d¨f'kdk,¡ bUlqfYku (Insulin) gke Z̈u d¨ L=kfor djrh gSaA ;g gke Z̈u
XYkwd¨l d¨ d¨f'kdk Ård¨a esa LFkkukUrfjr djrk gSA blls jä dh XYkwd¨l
dh ek«kk lkekU; ek«kk ls de g¨ tkrh gSA jä esa XYkwd¨l 'kdZjk dh ek«kk de
g¨ tkus ij gkbi¨Xykblsfe;k (Hypoglycemia) folaxfr g¨ tkrh gSA bl
le; 'kjhj esa Xykbd¨tsusfll (Glycogenesis) dh nj c<+ tkrh gSA

tc jä esa bUlqfYku dk de L=ko.k g¨rk gS rc 'kjhj dh d¨f'kdk,¡
XYkwd¨l d¨ jä ls xzg.k ugha dj ikrh gSa v©j lkFk gh ;Ñr ,oa isf'k;ksa eas
Xykbd¨tsusfll (Glycogenesis) dh nj ?kV tkrh gS vFkkZr~ XYkwd¨l ls
Xykbd¨tu de curk gSA blds dkj.k jä esa XYkwd¨l dh ek«kk lkekU; ek«kk
ls vf/kd g¨ tkrh gS] bl fLFkfr d¨ gkbijXYkkblsfe;k (Hyperglycemia)
dgrs gSaA bUlqfYku gkWe¨Zu dk eq[; dk;Z XYkwd¨l ls Xykbd¨tu ds cuus dh
nj esa of̀) djuk ,oa Ård ä esa XYkwd¨l ds mi;¨x esa lØh; jguk gSA

Y©axjgSUl ds f}Ik lewg dh  d¨f'kdkv¨a ds }kjk XywdkxkWu (Glucagon)
gkWe Z̈u L=kfor fd;k tkrk gSA ;g gke¨Zu 'kjhj dh d¨f'kdkv ä esa bUlqfYku
gkWe Z̈u ds foijhr dk;Z djrk gSA ;g gkWe Z̈u ;Ñr d¨f'kdkv¨a esa
Xykbd¨tsu¨fYkfll (Glycogenolysis) fØ;k dh nj esa of̀) dj laxzghr
Xykbd¨tu d¨ XYkwd¨l esa ifjofrZr djrk gS ftlls vko';drk g¨us ij 'kjhj
d¨f'kdkv¨a d¨ 'kdZjk/XYkwd¨l dh ek«kk feYk ldsA

1-11-2 ih;w"k xzfUFk (Pituitary Gland)

ih;w"k xzfUFk dh vxz ikfYk ds }kjk dqN gke Z̈Ul L=kfor fd;s tkrs gSa t¨fd
dkc¨ZgkbMªsV p;kip; ds fu;U«k.k esa lgk;rk djrs gSaA ;g gke¨ZUl gSa&

(i) o`f) gke¨Zu (Growth hormone – GH)& bl gkWe¨Zu ds }kjk
XYkwd¨fu;¨tsusfll (Gluconeogenesis) dh nj esa of̀) g¨rh gSA bl
gkWe Z̈u ds L=ko.k ls laxzghr olk fo[kf.Mr g¨dj XYkwd¨l dk fuekZ.k
djrh gSA bl dkj.k olk dh ek«kk esa deh g¨rh gS rFkk XYkwd¨l dh
ek«kk esa of̀) g¨rh gSA

(ii) Fkk;jkWbM mRÁsjd gkWe Z̈u (Thyroid Stimulating Hormone –
TSH)& bl gkWe Z̈u ds }kjk Fkk;jkWbM+ xzfUFk dh d¨f'kdk,¡ mRÁsfjr g¨rh
gSa ftlls Fkk;jkWfDlu gkWe¨Zu (Thyroxin hormone) L=kfor g¨rk gS] ;g
gkWe Z̈u Ák.kh 'kjhj esa XYkwd¨l ds vip; (Catabolism) dh nj esa of̀)
dj XYkwd¨l d¨ d¨f'kdh; 'olu esa lfØ; djrk gS] bl dkj.k jä esa
XYkwd¨l dh ek«kk esa deh g¨ tkrh gSA

(iii) ,sfMªu¨dkfVZd¨Vªkfid gke¨Zu (Adrenocorticotropic Hormone –
ACTH)& ;g gkWe¨Zu ,MªhuYk xzfUFk ds dkWVsZDl ds Òkx d¨ mRÁsjhr dj
XYkwd¨dkfVZdkW;M~l gkWe Z̈Ul (Glucocorticoid hormones) d¨ mÙ¨ftr
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'kjhj d¨f'kdkv ä esa tkdj Á¨VhUl ds vi?kVu (Hydrolysis) ls vehu¨
vEYk (Amino acid) ds mRiknu dh of̀) djrk gSA vehu¨ vEYk jä
ds }kjk ;Ñr d¨f'kdkv¨a esa igq¡prh gS tgk¡ XYkwd¨fu;¨tsusfll
(Gluconeogenesis) fof/k ds }kjk vehu¨ vEYk d¨ XYkwd¨l esa ifjofrZr
fd;k tkrk gSA bl Ádkj jä esa XYkwd¨l dh ek«kk esa of̀) g¨rh gSA

1-11-3 ,MªhuYk xzfUFk (Adrenal Gland)

bl xzfUFk ds }kjk L=kfor gkWe Z̈Ul esa ls dsoYk n¨ gkWe Z̈Ul dkc Z̈gkbMªsV p;kip;
fu;U«k.k esa lgk;rk djrs gS a&

(i) XYkwd¨dkfVZdk;M gke¨ZUl (Gluco-corticoid hormones)& ;g
gkWe Z̈u Ropk] vkgkjukYk fYkEQkW;M Ård ä ,oa vfLFk;¨a dh d¨f'kdkv¨a esa
XYkwd¨l dh [kir ,oa Á¨Vhu la'Y¨"k.k ij j¨d Ykxkdj Á¨VhUl ,oa
olkv ä dk fo[k.Mu XYkwd¨l] vehu¨ vEYk ,oa olk vEYk esa dj nsrk gSA
blds dkj.k jä esa XYkwd¨l dh ek«kk esa of̀) g¨rh gSA ;Ñr esa
dkfVZl¨Yk gkWe Z̈u XYkwd¨l d¨ Xykbd¨tu esa ifjofrZr djrk gS&
Xykbd¨tsusfll (Glycogenesis) ,oa vko';drk g¨us ij Á¨VhUl ,oa
olkv ä ls XYkwd¨l d¨ cukrk gS & XYkwd¨fu;¨tsusfll (Gluconeogenesis)A

(ii) bfiusfÝu (Epinephrine)& bl gkWe¨Zu ds }kjk ;Ñr d¨f'kdkv ä esa
QkWLQ¨jkbY¨l (Phosphorylase) ,Utkbe d¨ mRÁsfjr dj
Xykbd¨tsu¨Ykkbfll (Glycogenolysis) fØ;kv¨a dh of̀) dj laxzghr
Xykbd¨tu ds tYk vi?kVu (Hydrolysis) fØ;kv¨a dh of̀) dj jä esa
XYkwd¨l dh ek«kk esa of̀) djrk gSA

viuh izxfr tk¡fp, (Check Your Progress)

11- vkWDlhdj.k ds le; QkWLQ¨fjY¨'ku _________ esa g¨rk gSA

¼d½ ekbV¨dkWf.Mª;k ¼[k½ xkYthdk;

¼x½ Ykkbl¨l¨e ¼?k½ jkbc¨l¨u

12- p;kip; esa XYkwd¨l ds mi;¨x esa izFke pj.k gS&

¼d½ ik;:fod vEYk ¼[k½ Xyk;d¨tsu

¼x½ ATP ¼?k½ XYkwd¨l-6-QkWLQsV

13- Xyk;d¨fYkfll fof/k esa vfUre ifjorZu gS&

¼d½ LVkpZ XYkwd¨l esa

¼[k½ XYkwd¨l ls ÝqDV¨l

¼x½ XYkwd¨l ls ik;:fod vEYk

¼?k½ Á¨Vhu ls Xyk;flu
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1-12 olk ¼fYkihM½ p;kip; (Lipid Metabolism)

olk (Lipids) ltho ä essa mRiUu ÁkÑfrd ;©fxd g¨rs gSa t¨fd dkcZfud
foYkk;d ä (Solvents) esa foY¨; g¨rs gSa rFkk buds tYk vi?kVu (Hydrolysis) esa
olh; vEYk (Fatty acids) ÁkIr g¨rs gSa t¨fd tho/kkfj;¨a }kjk Á;¨x esa Ykk;s
tkrs gSaA vf/kdka'k olk ds eq[; ?kVd olh; vEYk (Fatty acids) g¨rs gSaA olk
dkcZu (Carbon-C), gkbMª¨tu (Hydrogen-H) ,oa vkWDlhtu (Oxygen-O) ds
cus dkcZfud ;©fxd gSaA ftuesa vkWDlhtu dh Áfr'kr ek«kk dkcZu ls de g¨rh
gSA dqN olk esa uk;Vª¨tu] QkWLQ¨jl ,oa lYQj Òh ik;s tkrs gaSA olk ds
vUrxZr e¨e (Wax) [kk| rsYk (Oil) eD[ku (Butter) ?kh] ÁkÑfrd jcj
(Natural Rubber) ,oa dkWY¨LVªkWYk (Cholesterol) vkfn 'kkfeYk gSaA Ákf.k; ä ds
'kjhj esa olk Ård ä esa vfrfjä Ò¨T; inkFkZ ds :Ik esa & ,sfMi¨l Ård
(Adipose tissue) ;Ñr] vfLFk eTtk (Bone marrow) vkfn esa lafpr jgrk gSA

1-12-1 olk dh lajpuk (Structure of Lipid)

jklk;fud lajpuk& olk ds v.kq ds fuekZ.k esa fXYkljhu C3H5(OH)3 ds ,d
v.kq ,oa olk vEYk (Fatty acid) ds rhu v.kqv ä dk la;¨x v©j rhu H2O ds
v.kqv ä ds fudYkus ij g¨rk gSA ljYk olh; vEYk ä ,oa fXYkljkWYk ds bZLVlZ gSA

CH3(CH2)nCOO H + HO

(Fat molecule)

—CH 2 CH3(CH2)nCOO CH2

CH3(CH2)nCOO H + HO —CH CH3(CH2)nCOOCH + 3H2O

CH3(CH2)nCOO H + HO —CH 2 CH3(CH2)nCOOCH2

(Glycerol)(3 molecules of
fatty acid)

olh; vEYk n¨ Ádkj ds g¨rs gSa& vlarÌr olh; vEYk (Unsaturated
fatty acid) ,oa larÌr olh; vEYk (Saturated fatty acid)A

rSYkh; o ok"Ik'khYk olk esa N¨Vh J̀a[kYkk,¡ o vlarÌr (Unsaturated)
olh; vEYk g¨rs gS] tcfd dB¨j olk,¡ cM+h J̀a[kYkkv ä o larÌr olh; vEYk¨a
(Saturated fatty acids) dh cuh g¨rh gS&

1- lar`Ir olk vEYk (Saturated fatty acid)& blesa gkbMª¨dkcZu
J̀a[kYkk ds dkcZu ds chp n¨ c¡/k ugÈ g¨rs gSaA tSls&

(i) ikfefVd ,flM (Palmitic acid) CH3(CH2)14 COOH (16C)

(ii) fLV,fjd vEYk (Stearic acid) CH3(CH2)16 COOH (18C)

2- vlar`Ir olk vEYk (Unsaturated fatty acids)& bl Ádkj ds
olk vEYk¨a esa dkcZu J̀a[kYkk vlar`Ir g¨rh gS] bleas ,d ;k ,d ls vf/kd
f}xq.kd (Double bond) g¨rs gSaA 18 dkcZu vlar`Ir olk vEYk & v¨fYkd
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vEYk (Oleic acid), fYku¨fYkd vEYk (Linoleic acid) esa Øe'k% 1, 2 o 3
f}xq.kd g¨rs gSaA

Lkkj.kh Ø- 1-2% eq[; olh; vEYk ,oa muds lw«k
(Main Fatty Acids and their Formulaes)

Ø- olk vEYk vkf.od lw«k LakjpukRed lw«k

1- Yk¨fjd vEYk (Lauric Acid) C11H23 COOH CH3(CH2)10COOH

2- EkkbfjfLVd vEYk (Myristic
Acid)

C13H27 COOH CH3(CH2)12COOH

3- ikWfefVd vEYk (Palmitic
Acid)

C15H31 COOH CH3(CH2)14COOH

4- fLV,fjd vEYk (Stearic Acid) C17H35 COOH CH3(CH2)16COOH

5- vkWfYkd vEYk (Oleic Acid) C17H33 COOH CH3(CH2)7CH=CH
(CH2)7COOH

6- Ykkbu¨fYkd vEYk (Linoleic
Acid)

C17H31 COOH CH3(CH2)4CH=CHCH2

CH=CH(CH2)7COOH

7- Ykkbu s̈Y¨fud vEYk (Linolenic
Acid)

C17H29 COOH CH3CH2(CH=CHCH2)3
(CH2)6COOH

ÁÑfr esa larÌr olk vEYk ä dh rwYkuk esa vlarÌr olk vEYk Ápqjrk ls
feYkrs gSaA

1-12-2 olk dh Jsf.k;k¡ (Categories of Fats)

dqN fYkfiM lkekU; rki 20ºC ij æo :Ik esa jgrs gSa] bud¨ rsYk (Oil) dgrs
gSaA dqN fYkfiM lkekU; rki ij B¨l voLFkk esa jgrs gSa] bud¨ olk (Fat)
dgrs gSA vlarÌr olkv¨a esa tc fufdYk (Ni) mRÁsjd dh mifLFkfr esa
gkbMª¨tu xSl (Hydrogen) Áokfgr dh tkrh gS] rc ;g larÌr olkv ä
(Saturated fats) esa ifjofrZr g¨ tkrs gSaA bud¨ ouLifr ?kh dgrs gSa rFkk ;g
fØ;k gkbMª¨ftus'ku (Hydrogenation) dgYkkrh gSA

tho jlk;uK (Biochemist) CYk¨j (Bloor) us lÒh Ádkj ds fYkfiM~l d¨
fuEufYkf[kr :Ik ls foÒkftr fd;k gS&
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fyihM
(Lipid)

1- ljy fyihM
(Simple lipids)

2- la;qä fyihM
(Compound lipid)

3- O;qRiUu fyihM
(Derived lipid)

4- voxhZdr̀
(Unclassified)

olh; vEyksa
ds ,LVj

olh; vEyksa ds ,LVj]
ftuesa dksbZ vU; lewg

Hkh tqM+k gSA

gkbMªksdkcZu fjax
ds ;qXeu ,oa mu ij
tqM+h yEch H2 dkcZu

Jà[kyk ls cusA

VksdksQsjksy
(Tocopherol)

olk,¡
(Fats)

ekse
(Wax) LVsjkW;bM~l

(Steroids)
LVsjky (Sterol)

dkWysLVªkWYk (Cholesterol)

QkWLQksfyfiM
(Phospholipid)

XykbdksfyfiM
(Glycolipid)

ØkseksfyfiM
(Chromolipid)

vehuksfyfiM
(Aminolipid)

1-12-3 fYkfiM~l ds dk;Z (Function of Lipids)

1- lafpr Ò¨tu ds :Ik esa (As food reserve)& v?kqYku'khYk g¨us ds
dkj.k olk Ákf.k; ä ,oa i©/k ä dh d¨f'kdkv ä ,oa Ård ä (Cells and
Tissues) esa vfrfjä Ò¨tu ds :Ik esa lafpr fd;k tkrk gSA

2- j{kd vkoj.k ds :Ik esa (As Protective layer)& ;g ikni¨a dh
ckgjh lrg ij ,d e¨e ds Lrj ds :Ik esa ,df«kr g¨dj j{kd] vkoj.k
dk dk;Z djrk gSA

3- Ò¨tu ds :Ik esa (As food)& fYkfiM lÒh Ákf.k; ä dk ,d Áeq[k Ò¨T;
inkFkZ gS ftld¨ ;g ?kh] eD[ku] eNYkh] nw/k] ekal] iuhj vkfn ds :Ik
esa Y¨rk gSA

4- foYkk;d ds :Ik eas (As a Solvent)& fYkfiM] foVkfeu A, D, E ,oa
K ds fYk, foYkk;d (Solvent) dk dk;Z djrk gSA bl dkj.k fYkfiM bu
foVkfeUl ds vo'k¨"k.k esa lgk;rk djrk gSA

5- Å"ekj¨/kh ds :Ik esa (As Heat Insulator)& Ákf.k; ä dh Ropk ds
uhps ,df«kr g¨dj 'kjhj dh Å"ek dk laj{k.k djrk gS] Å"ek d¨
fudYkus ugha nsrk gSA

6- olk vfÒxeu (Fat Transport)& ;g vusd vEYk¨a (Acids) ds
vo'k¨"k.k ,oa vfÒxeu esa lgk;rk djrk gSA

7- gke¨Zu la'Y¨"k.k (Hormone Synthesis)& Ákf.k;¨a ds 'kjhj dh
fofÒUu d¨f'kdkv¨a ;k vax¨a esa fYkax gkWe¨Zu (Sex
hormone) ,sMªhu¨dkfVZd¨bM~l (Adrenocorticoids) vkfn dk la'Yks"k.k
djus esa Áeq[k Òwfedk fuÒkrk gSA
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8- vadqj.k (Germination)& ;g i©/k¨a ds cht¨a (Seeds) ds vadqj.k ds
fYk, vko';d gSA

9- lajpukRed bdkbZ ds :Ik esa (As a structural units)
QkWLQ¨fYkfiM~l d¨f'kdkv ä dh f>Yyh Á.kkfYk; ä & d¨f'kdk f>Yyh
(Cell membrane), dsUædh; f>Yyh (Nuclear membrane) ,oa vUr%
ÁæO; tkfYkdk (Endoplasmic reticulum) dh lajpuk esa lgk;rk djrs
gSaA fYkfiM d¨f'kdkæO; (Cytoplasm) dk Òh ,d vo;o gSA

10- fYkfiM 'olu (Respiration) dh fØ;k esa Òh mi;¨x fd;k tkrk gS]
bldk dSYk¨jh eku vR;f/kd g¨rk gSA bl dkj.k ;g Ákf.k; ä esa ÅtkZ
dk lap; djrk gSA

11- fYkfiM rfU«kdk rU«k (Nervous system) ds /kwlj ,oa 'osr inkFkZ
(Grey and White matter) dh lajpuk esa Áeq[k Òwfedk fuÒkrk gSA

1-12-4 olk ds xq.k (Properties of Fats)

(A) Ò©frd xq.k (Physical Properties)

1- ?kqYku'khYkrk (Solubility)& olk ,oa rsYk ikuh esa v?kqYku'khYk g¨rs gSa
Y¨fdu ;g DYk¨j¨QkeZ (Chloroform), cSathu (Benzene), bZFkj (Ether)
vkfn foYkk;d ä (Solvent) esa ?kqYku'khYk g¨rs gSaA

2- Lokn ,oa xU/k (Taste and Odour)& olk,¡ Loknghu ,oa xU/kghu
g¨rh gaSA

3- xYkukad (Melting point)& ;g vusd olkv ä esa iF̀kd~-iF̀kd~ g¨rk gSA
olk,¡ lkekU; rki ij B¨l ,oa rsYk rjYk (Fluid) g¨rs gSaA

4- vkisf{kd ?kuRo (Specific gravity)& olkv¨a dk vkisf{kd ?kuRo
YkxÒx 0.86 g¨rk gSA ;g ikuh ls gYds g¨rs gSaA

5- pkYkdrk (Conductivity)& olk,¡ Å"ek (Heat) ds fYk, dqpkYkd
(Bad conductor) g¨rh gSA leLr fu;rrkih Ákf.k;¨a esa Å"ekj¨/kd
(Heat Insulator) dk dk;Z djrh gSa] tSls OgsYk esaA

6- fØLVYkhdj.k (Crystallization)& olk,¡ vklkuh ls jos ds :Ik es
ifjofrZr g¨ tkrh gSaA bZFkj (Ether) esa olkv¨a d¨ ?k¨Ykus ds Ik'pkr~
cjkcj ek«kk esa ,Yd¨gkWYk (Alcohol) d¨ feYkkus ls ,oa bZFkj ds ok"ihÑr
g¨us ds Ik'pkr olk,¡ jos (Crystal) ds :Ik esa jg tkrh gSaA

(B) jklk;fud xq.k (Chemical Properties)

1- gkbMª¨tuhdj.k (Hydrogenation)& vlarÌr olkv ä (Unsaturated
fats) esa ls gkbMª¨tu (Hydrogen) d¨ ikfjr djus ij ;g larÌr g¨
tkrh gSA fuDdYk (Ni) dh mifLFkfr esa ;g fØ;k rhoz xfr ls g¨rh gSA
rsYk] ?kh ds :Ik esa ifjofrZr g¨ tkrk gSA
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C17H33

C17H33

C17H33
C17H35

C17H35

C17H35C

C

C O

O

O

O

O

O

O

CH

CH2

CH2

Triolein (Oil)

CH2

CH2

CH2

O

O

O

O

O

C

C

C

N

Tristearin (Fat)

3H2

fp= Ø- 1-16% Hydrogenation

2- tYk vi?kVu (Hydrolysis)& vfr rIr ok"Ik (Vapour) ,oa {kkj
(Alkali) }kjk olk,¡ (Fats) fXYkljkWYk (Glycerol) ,oa olk vEYk¨a (Fatty
acids) esa tYk vi?kfVr g¨ tkrh gSaA bleas tYk dh vko';drk g¨rh gSA

C

C

C O

O

O CH2

CH

CH2

O

R

R

R CH2

OC

Triglyceride Diglyceride

CHHOH
Water

Lipase
R

R C

O

O CH2

O

HO

O

RC

CH
Fatty acid

++

O

O
O

CH2

CH

CH2

HO

HO

+ RC

CH

MonoglycerideGlycerol

CR

HOH
Lipase

HOH
Lipase

HO CH2

CH

CH2

+ HO

CH
HO

O

RC

Fatty acid

O

O

fp= Ø- 1-17% Hydrolysis

3- lkcquhdj.k (Saponification)& olh; vEYk ä (Fatty acids)
dh ,Yd¨gkWfYkd i¨Vsf'k;e gkbMªkWDlkbM (KOH) ds lkFk xeZ djus dh
fØ;k d¨ lkcquhdj.k dgrs gS a ftlds dkj.k lkcqu dk fuekZ.k
g¨rk gSA
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C

C

C O

O

O

O

O

O

CH2C17H33

C17H33

C17H33 CH2

CH
Sodium
Hydroxide

+ 3NaOH
40°-120°

CH2OH

CHOH

CH2OH
Glycerol

Sodium
Oleate (Soap)

+ 3C17H33OONA

fp= Ø- 1-18% Saponification

1-12-5 olk dk tSfod egRo (Biological Significance of Fats)

1- Ò¨tu laxzg.k ds eq[; ;©fxd (Chief food storage
compounds)& ds :Ik esa tSls Vªk;,flYkfXYkljkWYk (Triacylglycerol)
ds :Ik esa lafpr jgrk gSA

2- ;kfU«kd lqj{kk (Mechanical protection)& Ropk ds uhps ik;s tkus
okYkk Ò.Mkj ;kfU«kd vk?kkr¨a ls 'kjhj dh lqj{kk djrs gSaA

3- ,Utkbe lfØ;.k (Enzyme Activation)& vusd ,Utkbe¨a ds
vf/kdre lfØ;.k ds fYk, fYkfiM v.kq vko';d g¨rs gSA tSls&
ekbØ¨l¨e esa ik;k tkus okYkk ,Utkbe XYkwd¨l-6-QkWLQsVst ,oa
ekbV¨dkf.Mª;k (Mitochondria) dk ,Utkbe β-gkbMªkDlhC;wfVfjd Mh
gkbMª¨ftust gSA

4- 'oluh ÅtkZ ds le`) L«kksr (Rich Source of respiratory
energy)& Vªkb,lhYkfXYkljkWYk (Triacylglycerols) 'kjhj esa laxzghr dh
tkus okYkh ÅtkZ ds eq[; :Ik gSa t¨fd Á¨VhUl ,oa dkc Z̈gkbMªsV~l dh
vis{kk Js"B gSaA

1-12-6 olk dk p;kip; (Metabolism of Fat)

Ákf.k;¨a ds 'kjhj esa ikpu ,oa vo'k¨"k.k ds Ik'pkr~ olk,¡ (Fats) olk vEYk
(Fatty acids), fXYkljkWYk (Glycerol), QkWLQ¨fjd vEYk (Phosphoric acid) ,oa
d¨Y¨LVªkWYk (Cholesterol) esa foÒkftr g¨rh gSaA mnklhu olk,¡] ;Ñr esa
QkWLQ¨fYkfiM (Phospholipid) esa ifjofrZr g¨ tkrh gSaA vkU«k (Intestine)
d¨f'kdkv¨a esa budk vo'k¨"k.k g¨us ds i'pkr~ olk vEYk (Fatty acid) ,oa
fXYkljkWYk (Glycerol) feYkdj iqu% olk (Fat) d¨ cukrs gaSA

olkv ä (Fat) eas D; ädh vkWDlhtu dh de ek«kk ikbZ tkrh gS bl dkj.k
budk vkWDlhdj.k (Oxidation) ;k tkj.k (Combustion) vf/kd g¨rk gSA
dkc¨ZgkbMªsV dh vis{kk olk,¡ n¨xquh ls Òh vf/kd ek«kk esa ÅtkZ (Energy) d¨
LorU«k djrh gSaA ,d xzke dkc Z̈gkbMªsV ds vip; ls 4.1 dSYk¨jh ÅtkZ ÁkIr
g¨rh gSa tcfd ,d xzke olk ls 9.0 dSYk¨jh ÅtkZ feYkrh gSA
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Fats in food
in intestine

Hydrolysis

Fatty acids and glycerol

Absorption
Fats or chylomicrons in

lymph and blood

Fats in liver
Anabolism Catabolism

TissueAdipose

Fats in storage

Glucose

Glycolysis

Pyruvic acid

Glycerol in
tissue cells

Tissue cells

CO2 H2O

ATP (Energy)

Liver cells

Ketones

Condensation

Acetyl Co-A

Fats in liver
Hydrolysis

Glycerol fatty acids

 Oxydation

Kreb’s
cycle

fp= Ø- 1-19% Fat Metabolism

olk p;kip; (Fat metabolism) dk o.kZu vxzfYkf[kr pj.k ä esa fd;k
x;k gS&

1- olk mip;/,sukc¨fYkTe (Fat Anabolism)

olk dh dqN ek«kk vo'k¨f"kr g¨dj ;Ñr ls jä esa igq¡prh gS tgk¡ ls
bud¨ 'kjhj dh d¨f'kdkv ä eas Y¨ tk;k tkrk gSA dqN ek«kk QkWLQ¨fYkfiM~l
(Phospholipids) vkfn tfVYk inkFk ±̈ ds la'Yks"k.k (Synthesis) esa dke vkrh gS
rFkk blls thoæO; (Cytoplasm) ds fuekZ.k esa lgk;rk feYkrh gSA

vko';drk ls vf/kd cph 'kdZjk dk ;Ñr esa olk esa ifjorZu dj fYk;k
tkrk gSA olk dh dqN ek«kk vehu¨ vEYk¨a dh vfrfjä ek«kk ls Òh la'Y¨f"kr
g¨rh gSA bu vehu¨ vEYk¨a d¨ ,slhVkbYk lg-,Utkbe-, (Acetyl-CoA) esa
ifjofrZr fd;k tkrk gS] ftlls olh; vEYk¨a dk fuekZ.k g¨rk gSA olh; vEYk¨a
ls ;Ñr d¨f'kdk,¡ olk dk fuekZ.k dj Y¨rh gSaA
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Depot Fat

Insulin

Fat Glucose

Urine

Ketone BodiesSystematic
Blood

Lymphatic

Gut

Fat
From
Food

Liver

Carbohydrate
Fat Glycerol

Fatty Acids
Oxidation by
Citric Acid

Cycle
To CO2 + H2O

Acetyl
Coenzyme

Ketogenic
Amino
Acids

Ketone Bodies

Oxidation in
Tissues by
Citric Acid

Cycle

fp= Ø- 1-20% Fat Metabolism,
a Diagrammatic Representation

olkv ä (Fats) dh '¨"k ek«kk t¨fd d¨f'kdkæO; (Cytoplasm) fuekZ.k ls
cph jgrh gS] mnklhu olk (Neutral fat) ds :Ik esa 'kjhj ds fo'¨"k Ård ä
(Tissues) esa laxzg dj Ykh tkrh gSA bu fo'¨"k Ård¨a d¨ ,sfMi¨t Ård
(Adipose tissue) dgrs gaSA

olk vEYk dk fuekZ.k (Synthesis of Fatty Acid)& olkv¨a dk fuekZ.k
Á¨VhUl ,oa dkc Z̈gkbMªsV~l n¨u¨a ls lEÒo gSA olh; vEYk ä dk tSo
la'Y¨"k.k ,flVkbYk CoA ls ÁkjEÒ g¨rk gSA bl ÁfØ;k esa ,flVkbYk CoA dk
eSYk¨fuYk-CoA esa dkc Z̈fDlfYkdj.k (Carboxylation) g¨ tkrk gSA blesa CO2,
Mn++ ,oa ,flfVYk CoA, dkc Z̈fDlY¨t dh mifLFkfr esa eSYk¨fuYk lg-,Utkbe
A (Malonyl CoA) cukrs gSaA vc ,flfVYk ,oa eSYk¨fuYk lewg ,lkbYk okgd
Á¨Vhu (Acyl carrier protein – ACPSH) ij olk ,lkbYk VªkUl ,lkbY¨t
(Fatty acyltransacylase) dh lgk;rk ls LFkkukUrfjr dj fn;s tkrs gSa v©j 6
ASH eqä g¨ tkrs gSaA bl Ádkj cus ,lkbYk ACP ,oa eSYk¨fuYk ACP,
lYQkgkbfMªYk (–SH) ,Utkbe }kjk ,flV¨ ,flVkbYk ACP (Aceto acetyl ACP)
esa ifjofrZr g¨ tkrs gSa v©j CO2 ,oa ACPSH dk v.kq curk gSaA
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Glycerol

Glycerokinase
ATP

ADP
NAD

NADH+ +H

2 Acyl CoA

2 CoA–SH

H2O

Pi

Glycerophosphate
acyl transferase

Phosphatidate
phosphohydrolase

Diglyceride acyl
transferase

Acyl CoA

CoA–SH

Dihydroxy
acetone

phosphate

L–Glycerol 3–Phosphate

L–3–Phosphatidic acid

D–1, 2–Diglyceride

Triglyceride Monoglyceride

fp= Ø- 1-21% Synthesis of Fatty Acids

CH3 CH3O O

OHH CH3H

HS CH2 CH2 CH2 CH2 CH2 CH2 Ser ACPOO PCCCNC

O

Phospho Pantetheine Prosthetic group of ACP

,flV¨ ,flVkbYk ACP dk vkus okYkh ÁkoLFkk esa fMgkbMª¨ftust }kjk
NADPH dh mifLFkfr esa  -gkbMªkWDlh C;wVk;fjYk ACP uked ,Utkbe dh
mifLFkfr esaa  ,oa  LFkku ä ij vlarÌr (Unsaturated) dj fn;k tkrk gSA -
vlarÌr C;wVk;fjYk ACP, fMgkMª¨ftust }kjk NADPH + H+ dh mifLFkfr esa
C;wVkbfjYk ACP esa ifjofrZr dj fn;k tkrk gSA fMlkbDY¨t (Decyclase) ,Utkbe
dh mifLFkfr esa olk vEYk dk fuekZ.k g¨rk gSA

2- olk vip;/dSVkc¨fYkTe (Fat Catabolism)

olk vEYk dk vkWDlhdj.k (Oxidation of fatty acid)&
vkWDlhdj.k }kjk fXYkljkWYk loZÁFke fXYklfjd ,sfYMgkbM (Glyceric aldehyde)
esa ifjofrZr g¨rk gSA ;g QkWLQ¨jkbY¨'ku (Phosphorylation) ds Ik'pkr~
3-QkWLQ¨fXYklfjd ,sfYMgkbM (Phosphoglyceric aldehyde) mRiUu djrk gS t¨
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XYkwd¨l ds p;kip; ds ifjiFk ls Áos'k dj ikb:fod vEYk (Pyruvic acid)
cukrk gSA vUr esa CO2 ,oa H2O esa vkWDlhÑr g¨rk gSA

olk vEYk ä dk  -vkWDlhdj.k ( -oxidation of Fatty acids)& lu~
1904 esa oSKkfud ÝkUt uwi (Franz Knoop) us foLr̀r :i ls o.kZu fd;k fd
olh; vEYk ä dk fuEuhdj.k (Degradation) mlds dkc¨ZfDlYk (–COOH) fljs
ls n¨ dkcZu bdkb; ä ds vuqØfed viu;u (Sequential removal) }kjk g¨rk
gSA ;g fuEuhdj.k  dkcZu ij vkWDlhdj.k }kjk g¨rk gSA ÁfØ;kv ä ds bl Øe
d¨  -vkWDlhdj.k iFk dgrs gSaA bld¨ le>kus ds fYk, MsfoM xzhu (David
Green) ,oa lsosj¨ v¨d¨vk (Severo Ochoa) us egRoiw.kZ ;¨xnku fd;kA

Fatty Acid

ATP

Activated fatty acid

Unsaturated fatty acid

Hydroxy-fatty acid

Keto-fatty acid

Split off 2 carbonunit

Acetic acidResidue

(Remaining portion
of fatty acid)

(2 carbons)

2H

2H

H2O

fp= Ø- 1-22% Oxidation of Fatty Acids

lu~ 1949 esa bZ- dSusMh (E. Kenedy) ,oa vYcVZ Y¨gfuUtj (Albert
Lehninger) us n'kkZ;k fd olh; vEYk ekbV¨dkWf.Mª;k esa vkWDlhÑr g¨rs gSaA bl
ÁfØ;k d¨ mRÁsfjr djus okY¨ ,UtkbEl d¨ lkewfgd :Ik ls olh; vEYk
vkWDlhMstst (Fatty acid oxidases) dgrs gSaA

olk vEYk ds vkWDlhdj.k d¨ ik¡p ÁkoLFkkv¨a esa fuEufYkf[kr Ádkj ls
n'kkZ;k tkrk gS&
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ACYL
DEHYDROGENASE

fp= Ø- 1-23% Metabolism of Fatty Acids

(a) Oklk vEYk dk lfØ;dj.k (Activation of fatty acid)& olh;
vEYk¨a dk lfØ;dj.k] ekbV¨dkWf.Mª;k ds vk/kkjd (Matrix) esa Áos'k djus ls
iwoZ g¨rk gSA bl fØ;k esa os –CoA ds lkFk laYkXu g¨rs gSaA ATP }kjk olh;
vEYk ds dkc Z̈fDlYk lewg (–COOH) ,oa CoA ds lYQkfMªYl (–SH) lewg ds
chp ,d Fkk;¨,LVj ca/k (Thioester bond) dk fuekZ.k g¨rk gSA ;g ÁkjfEÒd
lfØ;.k ÁfØ;k ekbV¨dkWf.Mª;k dh ckgjh f>Yyh ij g¨rh gS tgk¡ ij bldk
mRÁsj.k Fkk;¨dkbust (Thiokinase) ,Utkbe&,flYk CoA flUF¨Vst ds }kjk
fd;k tkrk gSA

O

O

C(CH2)n
(CH2)nR + ATP + HS —CoA R C S

O

CoA + AMP + PPi
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fp= Ø- 1-24% -Oxidation of Fatty Acids

(b) vlar`fIrdj.k (Desaturation)& ,flYk CoA (Acyl CoA) ds
fuekZ.k ds Ik'pkr~ mlds  ,oa  dkcZu ijek.kqv¨a ls gkbMª¨tu ds n¨ ijek.kqv¨aa
dk viu;u (Removal) g¨rk gSA ;g fuEuhdj.k ,flYk-CoA MhgkbMª¨ftust
(Acyl-CoA dehydrogenase) ,Utkbe ds }kjk g¨rk gSA blds dkj.k bZukWbYk -
CoA dh mRifÙk g¨rh gSA MhgkbMª¨ftust dk lg-,Utkbe (Co-enzyme) FAD
g¨rk gS t¨fd gkbMª¨tu d¨ xzg.k djrk gSA 2 gkbMª¨tu ijek.kq ckgj fudYkrs
gSaA FAD ls FADH2 curk gSA

(c) tYk;¨tu/gkbMsª'ku (Hydration)& bl pj.k ;k ÁkoLFkk esa
bZukbYk-CoA ds C-2 rFkk C-3 ds chp ;qfXerca/k (Double bond) dk bZukWbYk
CoA gkbMªsVst }kjk tYk;¨tu (Hydration) g¨rk gS ftlds dkj.k ,d
e/;orÊ ;©fxd (Intermediate compound)  gkbMªkWDlh ,flYk CoA curk gSA
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(d) vkWDlhdj.k (Oxidation)& bl ÁkoLFkk esa f}rh; vkWDlhdj.k
g¨rk gS ftles -gkbMªkWDlh,flYk CoA ds C-3 ij fLFkr gkbMªkWfDlYk lewg d¨
dhV¨ lewg esa ifjofrZr fd;k tkrk gSA ;g vkWDlhdj.k 3-gkbMªkWDlh,flYk
-CoA fMgkbMª¨ftust }kjk mRÁsfjr g¨rk gSA blds dkj.k dhV¨,flYk CoA
curk gSA bl ÁfØ;k esa NAD lg-,Utkbe ds leku dk;Z djrs gq, gkbMª¨tu
dk ifjogu djrk gSA NAD ls NADH2 curk gSA

(e) Fkk;¨&vi?kVu/Fkk;¨YkkbfVd fo[k.Mu (Thiolysis or Thiolytic
cleavage)& vfUre pj.k esa dhV¨,lkbYk CoA dk ,d v.kq nwljs dhV¨,lkbYk
CoA ds v.kq ds Fkk;¨Yk (Thiol) lewg ds fonYku (Cleavage) ls ,flVkbYk
CoA rFkk e©fYkd (Original) ,flYk CoA ftldk  vkWDlhdj.k g¨rk gS] dh
vis{kk n¨ dkcZu ijek.kqv¨a ls Yk?kqÑr (Shortened by two carbon atoms) ,flYk
CoA feYkrs gSaA bl Ádkj dk Fkk;¨vi?kVuh fonYku Fkk;¨Y¨t ,Utkbe ds }kjk
mRÁsfjr g¨rk gSA

bl fonYku fØ;k esa mRiUu g¨us okYkk ,flYk CoA, vkWDlhdj.k iFk esa
iqu% Áos'k djrk gSA bl Ádkj ,d YkEch J̀a[kYkk okYkk olh; vEYk iw.kZ:Ik ls
CH3CO-CoA esa fuEuhÑr (Degrade) g¨ tkrk gSA ,flVkbYk -CoA ds
lkbfVªd vEYk pØ ls CO2 ,oa H2O esa vkWDlhÑr g¨us ij olh; vEYk dk iw.kZ
vkWDlhdj.k g¨ tkrk gSA

CH3

(CH2)14

CH2

CH2

COOH
Stearic acid Palmitic acidKetonic acid

COOH

CH2

CH3

(CH2)14

C = O

CH3

(CH2)14

COOH

COOH

CH3

+
H2O

O2 gkbMªs'ku

(β-vkWDlhsdj.k)

Acetic acid

(f) dhV¨fll (Ketosis)& ;g fØ;k lkekU;r;k ;Ñr dh d¨f'kdkv ä
esa g¨rh gSA dqN fo'¨"k ifjfLFkfr; ä esa Òq[kk (Starvation) jgus ij ;k miokl
j[kus ij Ò¨tu esa olk dh vf/kd ek«kk Y¨us ij ;k bUlqfYku gkWe¨Zu dh deh
g¨us ij olk,¡ dhV¨u (Ketone) esa ifjofrZr g¨ tkrh gSA bl ÁfØ;k d¨
dhV¨fll (Ketosis) dgrs gSaA jä esa dhV¨u fi.M¨a dk lkUæ.k ;k lkekU; ek«kk
1 mg/100 ml ls vf/kd ugha g¨rk gSA euq"; esa ew«k ds lkFk mRltZu 1 mg ls
de 24 ?k.Vs dh nj g¨ tkrh gSA jä ;k ew«k esa dhV¨u dh lkekU; ek«kk ls
vf/kd ek«kk g¨uk dhV¨usfe;k/dhV¨ujärk (Ketonemia) dgykrk gSaA

dhV¨fll esa fo'¨"k ,Utkbe¨a }kjk dkbYk¨ekbØ¨Ul (Chylomicrons) ;Ñr
d¨f'kdkv¨a esa olk vEYk ä ,oa fXYkljkWYk esa foÒkftr g¨rh gSA chVk vkWDlhdj.k
(Beta Oxidation) ds dkj.k olk vEYk ,flVkbYk lg-,Utkbe (Acetyl CoA) esa
cnYkrs gSa] t¨ fd dUMsUls'ku (Condensation) }kjk ,flV¨ ,slhfVd vEYk
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uked dhV¨u dk; (Ketone body) esa cnYkrk gSA ,sflV¨,sflfVd vEYk n¨ vU;
dhV¨u¨a -gkbMªkWDlhC;wfVªd vEYk (-hydroxybutyric acid) ,oa ,flV̈u (Acetone)
eas foÒkftr g¨rk gSA

O

CH3 C SCoA CH3 C CH2 C SCoA CH3 C CH2 COOH

Acetoacetic acid

O

O

CH3 C CH2 – CO2

Acetone
CH3 — CH — CH2 — COOH

Acetoacetyl CoA

O

OH

β-Hydroxy Butyric acid

Acetyl CoA

1-12-7 olk p;kip; dk fu;U«k.k (Control of Fat
Metabolism)

Á¨Vhu ,oa dkc¨ZgkbMªsV ds p;kip; ds leku euq"; ds 'kjhj esa olk p;kip;
fofÒUu Ádkj ds gkWe¨Zu t¨fd vUr%L=koh xzfUFk; ä ds }kjk L=kfor g¨rs gSa]
ds }kjk fu;fU«kr g¨rk gSA

mnkgj.k& ih;w"k xzfUFk dk of̀) gkWe¨Zu (Growth hormone) ,Mªhu¨dkfVZdks
Vªkfid gke¨Zu (ACTH) vXU;k'k; (Pancreas) ds }kjk bUlqfYku gke Z̈u olk
laxzg d¨ mRÁsfjr djrk gSA ,MªhuYk xzfUFk ds bfiusfÝu gke¨Zu ,oa dkfVZl¨Yk
gke Z̈u ÅtkZ mRiknu d¨ fu;fU«kr djrk gSA

viuh izxfr tk¡fp, (Check Your Progress)

14- ;Ñr esa ykbikstsusfll fof/k gksrh gSa] bldks dgrs gSa&

¼d½ vfrfjä XYkwd¨l ls olk dk fuekZ.k

¼[k½ Xykbd¨tsu esa olk dk fuekZ.k

¼x½ Oklk ls Xykbd¨tsu dk fuekZ.k

¼?k½ olk ls Xykbd¨t dk fuekZ.k

15- fuEu esa ls d©u olk ds vkWDlhMsfVo p;kip; esa egRoiw.kZ gS\

¼d½ ,flfVYk Co-A ¼[k½ XYkwd¨l

¼x½ Ikk;:fod vEYk ¼?k½ CO2

16- jä esa vfLFk olk,¡ fdl :Ik esa vfÒxeu djrh gaS\

¼d½ d¨Y¨LVªkWYk ¼[k½ dkbYk¨ekbØ¨El

¼x½ fXYkljkWYk ¼?k½ olk vEYk
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1-13 viuh izxfr tk¡fp, iz’uksa ds mŸkj (Answers to
Check Your Progress)

1- ¼[k½ 7- ¼[k½ 13- ¼x½

2- ¼[k½ 8- ¼?k½ 14- ¼d½

3- ¼?k½ 9- ¼d½ 15- ¼d½

4- ¼?k½ 10- ¼d½ 16- ¼[k½

5- ¼x½ 11- ¼d½

6- ¼d½ 12- ¼?k½

1-14 lkjka'k (Summary)

Ikzk.kh dks fofHkUu fØ;kvksa ds fy, ÅtkZ dh vko';drk gksrh gS tks mls izksVhu]
QSV vkSj dkcksZgkbMªsV ds p;kip; ls izkIr gksrh gSA ;s dksf'kdkvksa ds
vkf.od ?kVdksa esa jklk;fud :ikUrj.k ls izkIr fd tkrh gSA

1-15 eq[; 'kCnkoyh (Key Terminology)

 mip; (Anabolism) ,sukcksfyTe

 vip; (Catabolism) dsVkcksfyTe

 dhVksujärk (Ketonemia) fdVksuhfe;k

 Hkq[kk (Starvation)

1-16 Lo-ewY;kadu iz'u ,oa vH;kl (Self Assessment
Questions and Exercises)

y?kq mŸkjh; iz'u (Short Answer Type Questions)

1- vk¡r¨a esa thok.kqv ä dh Òwfedk dk o.kZu dhft,A

2- Lruh Ákf.k; ä ds vfrfjä vU; d'¨:d Ákf.k; ä esa ikpu dkf;Zdh dk
o.kZu dhft,A

3- vk¡r¨ esa ik;s tkus okY¨ ,Utkbe v©j mldh fØ;k dk o.kZu dhft,A

4- dkc¨ZgkbMªsV~l esVkckfYkTe dk o.kZu dhft;sA

5- d¨f'kdk es dkc Z̈gkbMªsVl ds mikip; ds lEcU/k esa vki D;k tkurs gS
fYkf[k,A
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6- dkc¨ZgkbMªsVl dh lajpuk rFkk mikip; dk o.kZu dhft,A

7- Xykbd¨fYkfll dk o.kZu dft,A bl fØ;k esa fdrus ATP curs gSA

8- fuEufYkf[kr ij laf{kIr fVIi.kh fYkf[k,&

(i) Xykbd¨Ykkbfll

(ii) Xykbd¨fu;¨ftu¨fyfll

(iii) bY¨DVªku vfÒxeu

(iv) Xykbd¨Ykkbfll dk vfUre mRikn D;k gS\

9- Xykbd¨tsusfll ,oa Xykbd¨ftu¨fYkfll esa vUrj Li"V dhft;sA

10- fuEufYkf[kr ij laf{kIr fVIi.kh fYkf[k;s&

(i) fYkfiMl mikip;

(ii) chVk vkWDlhMslu

11- fYki¨tsusfll (Lipogenesis) ls vki D;k le>rs gSa\

nh?kZ mŸkjh; iz'u (Long Answer Type Questions)

1- Ò¨tu dh dkf;Zdh dk foLrr̀ o.kZu Lruh Ák.kh esa dhft, ftldk
v/;;u vkius fd;k g¨A

2- Ò¨tu ds ikpu esa fofÒUu ,UtkbEl dh fØ;k&fof/k dk o.kZu dhft,A

3- ;Ñr ds dk; ±̈ dk o.kZu dhft,A

4- Á¨Vhu esVkckfYkTe dk o.kZu dhft,A

5- Á¨Vhu mikip; dk o.kZu dhft,A

6- Á¨Vhu ds mikip; d¨ dsoYk fp«k }kjk Ánf'kZr fdft,A

7- olk ds mikip; esa g¨us okYkh fofÒUu ÁfØ;kv ä dk o.kZu dhft;sA

8-  vkWDlhdj.k dk o.kZu dhft,A ;g dgk¡ g¨rk gS\

1-17 lgk;d ikBî lkexzh (Suggested Readings)

Books of MP Hindi Granth Academy

1. Parker & Haswall : Text Book of Vertebrate Zoology

2. Kotpal, RL : Vertebrate

3. Jordan, EL and Verma, PS : Chordate Zoology

4. Rastogl, VB : Organic Evolution

5. Singh and Chaturvedi : Organic Evolution

6. Ernst W. Mayr : Evolution and the Diversity of life
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7. Colbert : Evolution

8. Verma, PS and Agrawal, VK : Cell Biology, Genetics,
Molecular Biology, Evolution

9. Verma PS : Animal Physiology

10. Nigam, HL : Animal Physiology

11. Wood, DW : Principle of Animal Physiology

12. Berry, AK : Animal Physiology and
Biochemistry

13. Prosser, CL : Animal Physiology and
Biochemistry

14. Goyal and Shastri : Animal Physiology

15. Shrivastava, HS : Biochemistry

16. Lehninger : Biochemistry
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bdkbZ 2 'olu] mRltZu ,oa çfrj{kk ç.kkyh
(Respiration, Excretion and
Immune System)

Lakjpuk (Structure)

2-0 ifjp;
2-1 mÌs';
2-2 'oklksPN~okl dh fof/k
2-3 vkWDlhtu dk ifjogu] 'olu dh fof/k v©j dkf;Zdh

2-3-1 vkWDlhtu dk vknku&Ánku
2-3-2 vkWDlhtu dk Ård¨a esa ifjogu
2-3-3 dkcZu MkbvkWDlkbM dk ifjogu

2-4 d¨f'kdh; 'olu
2-4-1 QkWLQ¨fjyhdj.k
2-4-2 'kdZjk dk fonYku

2-5 ikb:fod vEYk dk vkWDlhdj.k
2-6 ØSCl pØ ;k Vªkbdkc¨ZfDlfYkd pØ
2-7 bY¨DVªku laogu rU«k
2-8 DYk¨jkbM f'k¶V
2-9 mRltZu

2-9-1 mRltZu dh dkf;Zdh
2-9-2 mRltZu ,oa eYk R;kx

2-10 mRltÊ inkFkZ ,oa budh jklk;fud ÁÑfr
2-11 ukbVª¨tu;qä inkFkZ
2-12 mRltÊ inkFk¨± ds vk/kkj ij Ákf.k; ä dk oxÊdj.k

2-12-1 òDd dh dkf;Zdh ,oa ew«k dk fuekZ.k
2-12-2 ew«k fuekZ.k dh fof/k

2-13 çfrj{kk ç.kkyh
2-13-1 lgt ,oa mikftZr bE;wfuVh

2-14 bE;wu rU«k% laYkXu d¨f'kdk,¡
2-14-1 T-fYkEQ¨lkbV
2-14-2 B-fYkEQ¨lkbV

2-15 eSØ¨Qkt
2-15-1 Ykfldk rU«k

2-16 bE;wu vuqfØ;k
2-17 viuh izxfr tk¡fp, iz'uksa ds mŸkj
2-18 lkjka'k
2-19 eq[; 'kCnkoyh
2-20 Lo-ewY;kadu iz'u ,oa vH;kl
2-21 lgk;d ikB~; lkexzh
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2-0 ifjp; (Introduction)

i;kZoj.k ls O2 ysuk gh 'olu ugha gksrk cfYd mldk fof/kor QsQM+ksa rd
ig¡qpuk vkSj CO2 dk 'kjhj ls ckgj fudkyuk ;g 'olu dh fØ;k vkSj
dkf;Zdh esa vkrk gSA

2-1 mÌs'; (Objectives)

'olu fd fØ;k-fof/k vkSj 'olu dh dkf;Zdh dks le>uk] blesa fofHkUu izdkj
ds enzymes dSls mi;ksx esa vkrs gSa] QsQMs+ dSls dk;Z djrs gSa ;s ljy Hkk"kk esa
le>kuk] ;g mÌs'; gSA

xSl¨a dk ifjogu (Transport of Gases)

QsQM+̈ a esa xSl¨a dk fofue; (Gas Exchange in the Lungs)& v'kq) jä
(Deoxygenated blood) Qq¶Qqlh; (Pulmonary) /keuh ds }kjk QsQM+̈ a esa Ykk;k
tkrk gS ;k vkrk gSA QsQM+̈ a eas ;g v'kq) jä dsf'kdkv¨a (Capillaries) ds
tkYk esa forfjr g¨rk gSA ;g jä dsf'kdk,¡ ÁR;sd ok;qd¨"k (Air Sac) d¨ ?¨js
jgrh gSaA n¨u ä] ok;qd¨"k ä ,oa jä dsf'kdkv ä dh irYkh ,oa ue fÒfÙk;k¡ 'oluh;
xSl¨a dk rhozrk ls xSlh; fofue; djrh gSa vFkkZr~ vkWDlhtu ok;q ls jä esa
tkrh gS] tcfd jä esa ls dkcZu MkbvkWDlkbM ok;q esa tkrh gSA Qq¶Qqlh; f'kjk
(Pulmonary Vein) vkWDlhÑr jä (Oxygenated blood) d¨ ân; esa Y¨ tkrh
gS] tgk¡ ls og “olu ds dk;Z ds fYk, Ård¨a (Tissues) ,oa d¨f'kdkv¨a (Cells)
esa tkrh gSA

2-2 'oklksPN~okl dh fof/k (Mechanism of Breathing)

'oklksPN~okl (Breathing)

(i) bUlfijs'ku ;k fu'olu (Inspiration)& bl voLFkk ds vUrxZr ok;q
okrkoj.k ls 'olu&iFk (Respiratory passage) }kjk QsQM+ksa es izos'k
djrh gSA

(ii) ,Dlfijs'ku ;k mPN~olu (Expiration)& blesa bUlfijs'ku ds
i'pkr~ ok;q mlh 'olu&iFk }kjk QsQM+ksa ls ckgj fudydj iqu%
okrkoj.k esa ykSV tkrh gSA

'oklksPN~okl dh fØ;kfof/k (Mechanism of Breathing)
yhil rFkk vU; Lrfu;ksa esa ;g fØ;k nkss izdkj ls gksrh gS&

1- dkWLVy 'oklksPN~okl (Costal Breathing)& ;g ilfy;ksa ,oa
muds chp fLFkr dkWLVy isf'k;ksaa (Costal muscles) }kjk gksrh gSA yhil dh
Fkksjsfld ;k o{kh; xqgk ,d cDls dh rjg gksrh gS ftl ds i"̀Bry ij
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FkksjSfld&ofVZczy dkWye (Thoracic vertebral column) v/kjry ij LVuZe rFkk
ik'oZryksa ij ilhy;k¡ ik;h tkrh gSA ilhy;k¡ Åij dh vksj FkksjSfld
d'ks#dkvksa ls rFkk uhps dh vksj deku dh rjg >qdh gksrh gSA izR;sd nks
ilfy;ksa ds chp esa nks izdkj dh ,sfPNd dkWLVy isf'k;k¡ ik;h tkrh gSA

Thoracic
Cavity

A

B

Sternum

External
Inter-costal
Muscles

Diaphragm

Internal
Inter-costal
Muscles

Ribs Vertebrae

fp= Ø- 2-1% Mechanism of Breathing in Mammals

(A) Normal Position (B) During Inspiration

(i) bUlfijsVjh cká b.VjdkWLVy isf’k;k¡ (Inspiratory external
intercostal muscles)& ;s isf'k;k¡ izR;sd ilyh ds Åijh fljs ls fudydj
vius ihNs okyh ilyh ds fupys fljs ij yxh gksrh gSA

(ii) ,DlfijsVjh vkUrfjd b.VjdkWLVy isf'k;k¡ (Expiratory
internal intercostal muscles)& ;s isf'k;k¡ izR;sd ilyh ds fupys Hkkx ls
fudydj viuh ihNs okyh ilyh ds Åijh Hkkx ls yxh gksrh gSA bu isf'k;ksa esa
ladqpu (Contraction) lnSo buds mn~xe (Origin) dh vksj gksrk gSA

(a) dkWLVy bUlfijs'ku (Costal Inspiration)& tc
cká&b.VjdkWLVy isf'k;ksa (External intercostal muscles) esa ladqpu gksrk gS]
rks ilfy;k¡ vkxs dks f[kldus ds lkFk dqN ckgj ik'oZ ry dh vksj Hkh
f[kldrh gS ftlls LVuZe uhps dks >qdrk gSA bu fØ;kvksa ds QyLo:Ik
FkksjSfld ;k o{kh; xqgk dk vk;ru (Volume) ik'oZ fn'kk esa rFkk uhps dh vksj
c<+ tkrk gSA o{kh; xqgk dk vk;ru c<+us ds lkFk Iywjy xqgkvksa dk vk;ru
Hkh c<+us yxrk gS ftlls bu xqgkvksa ds vUnj can QsQM+s Hkh vk;ru esa c<+dj
Qqy tkrs gSaA QsQM+ksa ds Qwy tkus ls mueas ok;q dk ncko 'kjhj ds ckgj dh
ok;q ds ncko dh vis{kk de gks tkrk gSA 'kjhj ls ckgj rFkk QsQM+ksa ds Hkhrj
ok;q dk ncko ,d&lk j[kus ds fy, ok;q ckgjh uklkfNnzksa ls usty pSEclZ
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rFkk 'olu ekxZ ls gksrh gqbZ VªSfØ;k }kjk QsQM+ksa esa rsth ls f[kaprh pyh tkrh
gSA bldks dkWLVy bUlfijs'ku dgrs gaSA

(b) dkWLVy ,Dlfijs’ku (Costal Expiration)& lk¡l ysus dh lkekU;
n'kkvksa esa yhil esa bUlfijs'ku rks mijksDr fof/k ls pyrk jgrk gS]
ijUrq ,Dlfijs'ku ;k mPN~olu fcuk fdlh is'kh ds ladqpu ds gh gksrk jgrk
gSA dsoy cká&b.VjdkWLVy isf'k;ksa (External inter-costal muscles) ds
QSyus ;k f'kfFkyu (Relaxation) ls ilfy;k¡ rFkk LVuZe viuh lkekU; n'kkvksa
esa ykSVdj ,Dlfijs'ku (Expiration) djkrs gSA bldks fuf"Ø; ,Dlfijs'ku
(Passive expiration) dgrs gaSA

fuf"Ø; ,Dlfijs'ku ds foijhr tc yhil ifjJe djrk rFkk nkSM+rk
gqvk yEch lk¡l Hkjrk gS rks ml le; bUlfijs'ku dh xfr c<+ tkrh gS
vkSj ,Dlfijs'ku lfØ; (Active) :Ik ls gksrk gSA bl fØ;k ds vUrxZr
vkUrfjd b.VjdkWLVy isf'k;ksa (Internal intercostal muscles) ds fldqM+us ds
dkj.k ilfy;k¡ vkSj LVuZe viuh igyh tSlh n'kk esa iqu% okil vk tkrs gSaA
bl n'kk esa o{kh; xqgk dk vk;ru ?kVdj mruk jg tkrk gS ftruk fd
bUlfijs'ku ls igys FkkA o{kh; xqgk dk vk;ru ?kV tkus ds dkj.k QsQM+ksa esa
igys dh vk;h gqbZ gok ij ncko iM+rk gS ftlls QsQM+s fipd dj vf/kdka'k
ok;q dks VªSfd;k esa Qsadrs gSa tgk¡ ls ;g 'olu ekxZ rFkk usty pSEclZ ls gksrh
gqbZ ckgj iqu% okrkoj.k esa fudy tkrh gSA

2- ,CMksfeuy ;k mnjh; 'oklksPN~okl (Abdominal breathing)&
bl izdkj dk 'oklksPN~okl eq[;r% Mk;Ýke (Diaphragm) }kjk lEiUu gksrk
gSA lkekU; n'kk esa Mk;Ýke o{kh; xqgk vkSj mnj&xqgk ds chp esa rFkk o{kh;
xqgk dh vksj xqEct (Dome) dh rjg mBk jgrk gSA Lo;a Mk;Ýke dh isf'k;k¡
Mk;Ýke ds chp ls fudydj LVuZe rFkk ilfy;ksa ls yxh jgrh gS&

(a) mnjh; bUlfijs'ku (Abdominal inspiration)& bUlfijs'ku ds
le; Mk;Ýke dh isf'k;ksa esa f'kfFkyu ladqpu gksrk gS ftlds dkj.k ;g xqEct
dh rjg u jgdj] ihNs dh vksj gVrk gqvk piVk gks tkrk gSA Mk;Ýke ds
piVs gks tkus ls o{kh; xqgk rFkk Iywjy xqgk dk vk;ru c<+rk gS ftlds dkj.k
QsQM+ksa dk vk;ru Hkh c<+ tkrk gSa ftlls ok;q okrkoj.k ls QsQM+ksa esa izos'k dj
tkrh gSA

(b) mnjh; ,Dlfijs'ku (Abdominal Expiration)& blds vUrxZr
Mk;Ýke dh fldqM+h gqbZ isf'k;ksa esa f'kfFkyu (Relaxation) gksrk gS ftlls
Mk;Ýke piVk u jgdj fQj o{kh; xqgk dh vksj mBdj xqEct&lk cuk ysrk
gSA Mk;Ýke dks xqEct dk :Ik nsus esa mnjh;&isf'k;k¡ (Abdominal muscles)
Hkh lgk;d gksrh gSaA mnj isf'k;ksa ds ladqpu ls mnj&xqgk ds vkUrfjd vax
Mk;Ýke dks /kDdk nsdj lkeus rFkk o{kh; xqgk dh vksj nckrs gSA bl izdkj
Mk;Ýke ds o{kh; xqgk dh vksj xqEct ds :Ik esa gksus ls o{kh; xqgk dk
vk;ru ?kVrk gS ftlds dkj.k QsQM+ksa ij ncko iM+rk gS rFkk QsQM+ksa ds
fldqM+us ls muds vUnj Hkjh ok;q dk fu"dklu gks tkrk gSA
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QsQM+ksa dh dSisflVh ;k lkeF;Z (Capacity of Lungs)
(i) VkbMy okWY;we ;k ek=k (Tidal volume)& lkekU; 'olu esa izR;sd

lk¡l ds lkFk ok;q dh ftruh ek=k (Volume) QsQM+ksa esa Hkjrh gS vkSj
fudyrh gS mls ok;q dk VkbMy okWY;we dgrs gSA ,d lkekU; ;qok
iq#"k esa ;g yxHkx 500 fe- yh- gksrh gSA

(ii) bUlfijsVjh ;k fu'olu fjtoZ okWY;we (Inspiratory reserve
volume)& lkekU; ,Dlfijs'ku (Expiration) ds Ik'pkr~ dHkh&dHkh
xgjh ,oa cyÑr bUlfijs'ku (Inspiration) gksrk gS] ftlesa lkekU;
VkbMy ok;q dh ek=k ls vf/kd ok;q QsQMk+sa esa izos'k djrh gSA ok;q dh
bl vf/kd ek=k dks bUlfijsVjh fjtoZ okWY;we dgrs gSa tks yxHkx 3000
fe- yh- gksrh gSA

(iii) ,DlfijsVjh ;k mPN~olu fjtoZ okWaY;we (Expiratory reserve
volume)& VkbMy ok;q ds fu"dklu ds i'pkr~ ok;q dh vf/kd ek=k
dk cyiwoZd fu"dklu ,DlfijsVjh fjtoZ okWY;we dgykrk gSA ;g
yxHkx 1100 fe- yh- gksrk gSA

(iv) jslhMqvy ;k vo'ks"k okWY;we (Residual volume)& ,Dlfijs'ku
(Expiration) eas vf/kd ls vf/kd ok;q dh ek=k ds fu"dklu ds i'pkr~
Hkh dqN ok;q QsQM+kssa esa 'ks"k jg tkrh gSA bls jslhMqvy okWY;we dgrs gSa
tks yxHkx 1200 fe- yh- gksrh gSA

(v) bUlfijsVjh dSisflVh ;k fu'olu lkeF;Z (Inspiratory
capacity)& QsQM+ksa dks ge u rks gok ls iwjk Hkj ldrs gSa vkSj u gh
iwjk [kkyh dj ldrs gSaA viuh ps"Vk ,oa vH;kl ls ge VkbMy ok;q dh
ek=k dks feykdj vf/kdre 3500 fe- yh- ok;q ,d ckj dh lk¡l esa
vius QsQM+ksa esa [khap ldrs gSaA ;g gekjh bUlfijsVjh dSisflVh dgykrh
gSaA okLro esa blesa ok;q ds VkbMy rFkk bUlfijsVjh fjtoZ okWY;wEl
lfEefyr gSaA

(vi) QaD'kuy jslhMqvy dSisflVh ;k dk;kZRed vo'ks"k lkeF;Z
(Functional residual capacity)& blds vUrxZr ok;q ds ,DlfijsVjh
fjtoZ rFkk jslhMqvy okWY;wEl vkrs gSaA vUr% ;g ok;q dh og ek=k gS
tks QsQM+ksa esa lkekU; fu"dklu ds i'pkr~ jg tkrh gSA ;g yxHkx
2300 fe- yh- gksrh gSA

(vii) okbVy dSisflVh ;k ltho lkeF;Z (Vital capacity)& bUlfijsVjh
dSisflVh ;k fu'olu lkeF;Z ls QsQM+ksa dks ok;q ls Hkjdj ge ,d lk¡l
esa VkbMy ok;q dh ek=k dks feykdj vf/kdre 4600 fe- yh- ok;q ckgj
fudky ldrs gSaA ;g QsQM+ksa dh okbVy dSisflVh dgykrh gSA

izk;% uj Lrfu;ksa dh ,Dlfijs'ku fØ;k esa Mk;Ýke vf/kd lfØ; #i ls
Hkkx ysrk gSA ijUrq eknk Lrfu;ksa dh bl fØ;k esa ilfy;k¡ gh dsoy
Hkkx ysrh gSaA D;ksafd] ,Dlfijs'ku esa mnj xqgk ds vkUrfjd&vax
lkeus ;k Åij mBdj Mk;Ýke dks xqEct ds vkdkj esa cuk;s j[kus esa
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lgk;d gksrs gSaA eknk Lrfu;ksa esa ckj&ckj vkUrfjd&vaxksa ds f[kldrs
jgus ls xHkkZ'k; esa iyrs gq, f'k'kq dks pksV vk tkus dh vf/kd lEHkkouk
gksrh gSA blfy, eknk esa lk¡l ysus ;k fudkyus esa ilfy;k¡ gh vf/kd
lfØ; dk;Z djrh gaSA

(viii) QsQM+ksa dh dqy lkeF;Z (Total lung capacity)& ;g gekjs QsQM+ksa esa
vf/kd ls vf/kd ok;q dh ek=k gksrh gS ftls iwjh ps"Vk ds lkFk lk¡l
ysus ij QsQM+ksa esa Hkjrs gSaA ;g 5800 fe- yh- gksrh gS (bUlfijsVjh
dSisflVh = 3500 + QaD'kuy jslhMqvy dSisflVh = 2300 = 5800 fe- yh-)A

2-3 vkWDlhtu dk ifjogu] 'olu dh fof/k v©j
dkf;Zdh (Transport of Oxygen, Mechanism and
Physiology of Respiration)

vkWDlhtu dk vknku&Ánku (Exchange of Oxygen)& QsQM+̈ a esa xSl¨a dk
fofue;] QsQM+̈ a esa laokfgr v'kq) jä dh dkcZu Mk;vkWDlkbM ,oa
Qq¶Qqlh; ,sfYo;¨fYk (Pulmonary alveoli) dh vkWDlhtu ds ncko esa fÒUurk
ij vk/kkjhr g¨rk gSA QsQM+ ä ds ok;qd¨"k¨a esa ik;h tkus okYkh vkWDlhtu dk
ncko (100 mm Hg) QsQM+̈ a dh dsf'kdkv¨a dh vkWDlhtu (40 mm Hg) dh
vis{kk vf/kd g¨rk gSA tcfd QsQM+̈ a dh dsf'kdkv¨a (Capillaries) dh dkcZu
MkbvkWDlkbM dk ncko (46 mm Hg) ok;qd¨"k¨a dh dkcZu Mk;vkWDlkbM (40
mm Hg) dh vis{kk vf/kd g¨xkA bl Ádkj vkWDlhtu ok;q ls jä esa pYkh
tkrh gS] v©j dkcZu MkbvkWDlkbM jä ls ok;q esa pYkh tkrh gS v©j 'kjhj ls
ckgj fudkYk nh tkrh gSA bl fØ;k d¨ xSl ä dk ifjogu (Transport of
Gases) dgrs gSa t¨ vxz pj.k ä esa iw.kZ g¨rh gS&

From arteriole
40 mm Hg O2
46 mm Hg CO2

Air in lung
Alveolus

To Venule
104 mm Hg O2

40 mm Hg CO2

Capillary

104mm
Hg O2
40 mm
HgCO2

fp= Ø- 2-2% Physiology of Respiration: Gaseous
Exchange between Alveolar Sac and Blood
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'okl fØ;k esa xzg.k dh xbZ ok;q QsQM+̈ a ds ok;q d¨"Bd ä (Alveoli) esa
Òj tkrh gSA euq"; ds n¨u¨a QsQM+̈ a es YkxÒx 30 dj¨M+ d¨"Bd g¨rs gaSA ok;q
d¨"Bd¨a ¼,sfYo;¨Ykj d¨"k Alveolar sac) dh fÒfÙk;k¡ eghu g¨rh gSA bu ij jä
dsf'kdkv ä (Blood capillaries) dk ?kuk tkYk fcNk jgrk gSA ok;q d¨"Bd¨a dh
fÒfÙk vkWDlhtu ,oa dkcZu Mk;vkWDlkbM ds fYk, vR;f/kd ikjxE;
(Permeable) g¨rh gSA ;g jä dsf'kdkv¨a dh fÒfÙk ls lVh jgrh gS v©j
n¨u¨a feYkdj ,d 'olu f>Yyh (Respiratory membrane) cukrh gSA ok;q
d¨"Bd¨a esa vkWDlhtu dk ncko vf/kd g¨us ds dkj.k lkekU; n'kk esa YkxÒx
250 ml O2- vkWDlhtu Áfr feuV folfjr (Diffused) g¨dj jä esa igq ¡prh
gSA blh Ádkj dkcZu MkbvkWDlkbM YkxÒx 200 ml Áfr feuV fudYkdj
okrkoj.k dh ok;q esa pYkh tkrh gSA blh Ádkj Ård¨a esa jä dsf'kdkv¨a ds
e/; xSlh; fofue; Ård æo (Tissue fluid) ds }kjk g¨rk gSA dsf'kdkv¨a esa
lfØ; p;kip; (Active metabolism) ds dkj.k O2 dh lnSo deh ,oa CO2

dh vf/kdrk jgrh gSA vUr% vkWDlhtu jä ls Ård æO; esa g¨rh gqbZ ges'kk
dsf'kdkv¨a esa rFkk CO2 ges'kk dsf'kdkv¨a (Capillaries) ls jä esa Álkfjr
g¨rh gSA

2-3-1 vkWDlhtu dk vknku&Ánku (Exchange of O2)

Ák.kh 'kjhj ds 'olu vax¨a }kjk xzg.k dh xbZ vkWDlhtu d¨ Ård¨a
(Tissues) ,oa d¨f'kdkv ä (Cells) rd igq¡pkus dh fØ;k d¨ vkWDlhtu dk
vknku&Ánku dgrs gaSA ;g fØ;k fuEufYkf[kr pj.k¨a esa iwjh g¨rh gS&

(a) vkWDlhghe¨XYk¨fcu dk fuekZ.k (Formation of
Oxyhaemoglobin)& ,d lkekU; LoLFk euq"; esa jä Áfrfnu YkxÒx 350
fYkVj vkWDlhtu 'kjhj dh d¨f'kdkv¨a rd igq¡pkrk gSA Lruh Ákf.k;kas] euq"; esa
100 ml jä esa 15-20 ml vkWDlhtu laogu djus dh {kerk ik;h tkrh gS]
Y¨fdu mlesa ls dqYk 3% Òkx gh jä IykTek (Plasma) laogu djrk gSA
bldk dkj.k gS fd lkekU; nkc ij vkWDlhtu IykTek esa vR;f/kd de
24 ml/100 ml ?kqYku'khYk gSA '¨"k cph vkWDlhtu jä esa ik;s tkus okY¨ YkkYk
jäk.kq (RBC) esa ik;h tkus okYkh ghe¨XYk¨fcu (Haemoglobin) ds lkFk
vLFkk;h ;©fxd d¨ cukrh gS] ;k vkWDlhghe¨XYk¨fcu (Oxy-haemoglobin) d¨
cukrh gSA

jä es vkWDlhtu dk ifjogu djus ds fYk, YkkYk jäk.kqv¨a (RBC) eas
fo'¨"k jaxk inkFkZ fge¨XYk¨fcu (Haemoglobin) g¨rk gSA ghe¨XYk¨fcu Yk©g
(Iron) ;qä la;qä izksVhu (Conjugated protein) gSA bldks 'olu jaxk inkFkZ
(Respiratory pigment) dgrs gSaA bldh ykSg ;qDr jaxk ghe (Haem) esa
vkWDlhtu ds ogu djus dh {kerk g¨rh gSA ;g 'olu jaxk inkFkZ] vkWDlhtu
d¨ QsQMs+ ls Ård rd igq¡pkus dk dk;Z djrs gaSA bldk Yk©g (Iron) ;qä jaxk
Òkx n¨ ;©fxd ä (Compound) ls feYkdj cuk g¨rk gSA ÁFke Òkx ghsesfVu ;k
ghe (Haematin or Haem) dk cuk g¨rk gS ;g vk;ju i¨jQk;fju (Iron
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Porphyrin) gS ftlesa Fe++ Qsjl (Ferrous) voLFkk esa vkWDlhÑr g¨ tkrk
gSA ;gh dkj.k gS fd ghe¨XYk¨fcu dk nwljk Òkx XYk¨fcu Á¨Vhu (Globin
protein) dk g¨rk gS t¨ blds v.kq (Molecule) dk 95% Òkx g¨rk gSA

ghe¨XYk¨fcu (Haemolobin) v.kq ds pkj¨a vk;ju ijek.kq vkWDlhtu
ds ,d&,d v.kq ls ÁfrorÊ (Reversible) ca/ku cukrs gS] ftlesa os Qsjl
(Ferous = Fe++) n'kk esa jgrs gSaA bl fØ;k d¨ ghe¨XYk¨fcu dk
vkWDlhtuhdj.k dgrs gSaA bl fØ;k esa Qsjl vk;ju (Fe++) vkWDlhtu ds lkFk
Qsfjd (Ferric = Fe+++) voLFkk esa vkWDlhÑr (Oxidised) g¨ tkrk gSA ;gh
dkj.k gS fd ghe¨XYk¨fcu vkWDlhtu d¨ xzg.k dj vkWDlhghe¨XYk¨fcu
(Oxyhaemoglobin) uked vfLFkj ;©fxd cukrk gSA vkWDlhtu (Oxygen)
vkWDlhghe¨XYk¨fcu ds :Ik esa jä ds }kjk laokfgr g¨rk gSA

Hb 4O2 Hb(O2)4

ghe¨XYk¨fcu vkWDlhtu vkWDlhghe¨XYk¨fcu

+

+

ghe¨XYk¨fcu (Haemoglobin) cSaxuh (Purple) jax dk g¨rk gS] tc fd
vkWDlhghe¨XYk¨fcu (Oxyhaemoglobin) pedhY¨ YkkYk jax dk g¨rk gSA ,d xzke
ghe¨XYk¨fcu YkxÒx 1.34 ml O2 d¨ ck¡/krk gSA Ård¨a (Tissues) esa vkWDlhtu
dh lkUærk jä dh vis{kk de g¨rh gS] vUr% Ård¨a esa vkWDlhghe¨XYk¨fcu
fo?kfVr (Dissociate) g¨dj vkWDlhtu eqä dj nsrk gS] t¨ Ård ä }kjk “olu
ds mi;¨x esa vkrh gSA

2-3-2 vkWDlhtu dk Ård ä esa ifjogu (Transport of
Oxygen in the Tissues)

vkjke voLFkk esa Årdh; æO; (Tissue fluid) esa vkWDlhtu dk ncko de g¨rk
gS] 40 mm HgA /kefu;¨a dk jä 100 mm Hg vkWDlhtu nkc ds lkFk rFkk
98% vkWDlhtu ls larÌr ghe¨XYk¨fcu] Årdh; dsf'kdkv ä (Tissue
Capillaries) esa Áos'k djrk gSA IykTek (Plasma) ls vkWDlhtu n¨ æo¨a ds
ncko ds vUrj ls Årdh; æo esa folfjr g¨rh gSA tSls gh vkWDlhtu foljhr
g¨rh gS] ?k¨Yk esa vkWDlhtu dh ek«kk de g¨rh gS v©j /kefu; ä ds jä esa
vkWDlhtu dk nkc de gksrk gSA bl dkj.k ghe¨XYk¨fcu esa vkWDlhtu dh
lkUærk de g¨rh gS] ftlls ÁFke vkWDlhtu IykTek esa tkrh gS] blesa ls
vkWDlhtu Årdh; æo esa igq¡prh gSA ;g vfÒfØ;k vf/kd rhozrk ls g¨rh gSA
bl Ádkj jä Ård eas vkWDlhtu nkc Årdh; æo ds lkFk lekurk cukrk gS
vFkkZr~ 40 mm HgA blds ifj.kkeLo:Ik ghe¨XYk¨fcu dh vkWDlhtu ds lkFk
lkUærk/larÌrrk 75% jg tkrh gSA

(b) vkWDlhghe¨XYk¨fcu dk fo?kVu (Dissociation of Haemoglobin)&
jä ds }kjk vkWDlhghe¨XYk¨fcu d¨ Ård ä (Tissue) ,oa d¨f'kdkv¨a (Cells) rd
laokfgr fd;k tkrk gSA Ård ä dh d¨f'kdkv ä esa XYkwd¨l (Glucose) ,oa vU;
i¨"kd inkFk ±̈ ds p;kip; (Metabolism) ds dkj.k CO2 dk fuekZ.k g¨rk gSA
vkWDlhtu dk mi;¨x fujUrj g¨rk jgrk gSA bl dkj.k CO2 dh lkUærk jä
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esa vf/kd g¨ tkrh gSA tc jä ds lkFk vkWDlhghe¨XYk¨fcu ,sls Òkx esa igq¡prh
gS rc ;g vkWDlhtu ,oa ghe¨XYk¨fcu esa fo?kfVr g¨ tkrh gSA

Hb(O2)4 Hb 4O2

Oxyhaemoglobin Haemoglobin Oxygen

+

+

vkWDlhghe¨XYk¨fcu (Oxyhaemoglobin) dh cuUks dh ek«kk jä esa
vkWDlhtu ds vkaf'kd ncko ij fuÒZj djrh gSA ;fn vkWDlhtu dk ncko
vf/kd g¨rk gS rc vkWDlhghe¨XYk¨fcu dh ek«kk vf/kd curh gSA
vkWDlhghe¨XYk¨fcu dk fo?kVu (Dissociation) fuEufYkf[kr dkjd¨a ij fuÒZj
djrk gS&

(i) rkiØe (Temperature)

(ii) gkbMª¨tu-vk;u lkUærk (Hydrogen-ion Concentration)

(iii) bY¨DVª¨YkkbV (Electrolytes)

2-3-3 dkcZu MkbvkWDlkbM dk ifjogu (Transport of Carbon
Dioxide)

d¨f'kdkv¨a esa Ò¨T; inkFk ±̈ ds vkWDlhdj.k ds dkj.k CO2 mRiUu g¨rh gSA ;g
Ård æO; (Tissue fluid) ,oa Ård æO; ls dsf'kdkv ä (Capillaries) ds jä
esa igq¡p tkrh gSA CO2 dk nkc Ård æO; esa vf/kd g¨rk gS] bl dkj.k O2 ds
cnY¨ CO2 jä esa feYkrh gSA YkxÒx 200 ml CO2 Áfr feuV jä }kjk 'kjhj
dh dsf'kdkv¨a ls QsQM+̈ a esa igq¡pkbZ tkrh gSA CO2 jä ds IykTek ,oa YkkYk
jäk.kqv¨a esa Øe'k% 1/3 ,oa 2/3 ds vuqikr esa jgrh gSA /kefu; ä ds jä esa 48%
vk;ru esa CO2 Áfr 100 ml ncko ij rFkk f'kjkv ä ds jä esa CO2 dk vk;ru
52% Áfr 100 ml ncko ij g¨rh gSA dkcZu MkbvkWDlkbM dk ncko 40 mm
Hg ,oa 46 mm Hg Øe'k% /kefu;¨a ,oa f'kjkv¨a ds jä esa g¨rk gSA jä dh
df.kdk,¡ (Blood Corpuscles) ,oa IykTek (Plasma) n¨u ä jä dk ifjogu
djrs gSA

dkcZu MkbvkWDlkbM dk ifjogu jä }kjk fuEufYkf[kr Ádkj ls fd;k
tkrk gS&

(a) dkc¨Zfud vEYk ds :Ik esa (In the form of Carbonic Acid)–
CO2 jä esa Áos'k djus ds i'pkr~ 5-10% Òkx tYk esa ?kqYkdj dkc¨Zfud vEYk
d¨ cukrk gS&

CO2 + H2O H2CO3 H+ + HCO3–

dkc¨Zfud vEYk dk fuekZ.k dkc¨Zfud ,ugkbMªst (Carbonic
anhydrase) ,Utkbe dh mifLFkfr esa vf/kd rhoz xfr ls g¨rk gSA dkc Z̈fud
vEYk (Carbonic acid) cuus dss rqjUr i'pkr~ ghe¨XYk¨fcu dk i¨Vsf'k;e
(Potassium) dkc Z̈fud vEYk ls fØ;k dj i¨Vsf'k;e ckbdkc¨ZusV (Potassium
bicarbonate) cukrs gSa&
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H2CO3

Carbonic
Acid

+
+

KHb

Potassium
Haemoglobin

KHCO3

Potassium
Bicarbonate

+
+

HHb

Haemoglobin
Acid

(i)

(ii) i¨Vsf'k;e ckbdkc¨ZusV vk;uhÑr g¨ tkrk gS&

KHCO3 K+ + HCO3–

HCO3– jä ds IykTek esa folfjr g¨ tkrk gSA

IykTek esa folfjr g¨us ds i'pkr~ jä IykTek ds NaCI ds lkFk fØ;k
dj lksfM;e ckbdkc¨ZusV (Sodium bicarbonate) cukrk gSA Cl– vk;u
eqä g¨dj YkkYk jäk.kqv¨a (RBC) esa Áos'k djrs gSaA RBC eas K+ vk;u ds
lkFk feydj i¨Vsf'k;e DYk¨jkbM d¨ cukrh gS&

NaCI + HCO3–

K+ + Cl–

NaHCO3 + Cl–

KCI

ckbZdkc¨ZusV ds :Ik esa 80-85% CO2 dh ek«kk jä ds }kjk laokfgr
g¨rh gSA

Tissue
CO2

CO2 + H2O

H2CO3

HCO3–

+
Na

H
+
A–

HA
O2

NaHCO3

Plasma

NaHCO3

HCO3 + Na+

HCO3–

H2O + CO2

Erythrocyte

Carbonc
anhydrase

H2CO3

H+ + HCO3–

H+ + Hb HHb CO2

Hb+ + O2HbO

HHbCO2

Carbamino
Reaction

Chloride

Shift
– –

fp= Ø- 2-3% Exchange of O2 and CO2 in Blood and Tissue

(b) dkcZuvehu¨ ;©fxd ;k dkc¨ZfDlYk ghe¨XYk¨fcu ds :Ik esa (In
the form of carbamino compound or carboxy haemoglobin)– CO2

vehu¨ vEYk ä ds lkFk feYkdj vehu¨ ;©fxd d¨ cukrh gSA vkWDlhdj.k ds }kjk
vehu¨ vEYk n¨ lewg cukrs gSa& (i) vehu¨ lewg (–NH2), (ii) dkc¨ZfDlYk lewg
(–COOH)
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(i) vehu¨ lewg ds lkFk CO2 feYkdj dkcZu & vehu¨ lewg d¨ cukrh gSA

NH2 + CO2 NHCOOH

(ii) dkcZu MkbvkWDlkbM dh dqN ek«kk jä esa ghe¨XYk¨fcu ds lkFk feYkdj
dkc¨ZDlh ghe¨XYk¨fcu (Carboxy haemoglobin) cukrh gSA

HbNH2 + CO2 HbNHCOOH

;g dqYk CO2 dh ek«kk dh 10% ek«kk ds :Ik esa jä ds lkFk laokfgr
g¨dj QsQM+̈ a esa igq¡prh gSA

QsQM+̈ a esa CO2 igq¡pdj fuEukaafdr Ádkj ls fo?kfVr g¨dj QsQM+̈ a esa
CO2 jgrh gSA QsQM+̈ a ls O2 jä esa igq¡prh gS rFkk jä ls CO2 QsQM+̈ a
esa igq¡prh gS&

 H2CO3 H2O + CO2

 2NaHCO3

 2HbNHCOOH

IykTek esa ?kqYkh voLFkk eas dkcZu Mk;vkWDlkbM O2 dh vis{kkÑr
vf/kd ?kqYku'khYk gS fQj Òh bldh 7.5% ek«kk gh fuEufYkf[kr Ádkj ls
laokfgr g¨rh gS&

Carbonic anhydrase

Oxyhaemoglobin dh vEyrk Na2CO3 + H2O + CO2

Reduction HbNH2

(Amino
Haemoglobinate)(vip;u)

+ CO2
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ErythrocytePlasma

CO2

(From Tissue
Metabolism)

NaCl

Na+ + Cl–

Na+ + HCO3–

NaHCO3

CA

CO2 + H2O

H2CO3 + K.Hb

H2CO3

KHCO3 + H.Hb

H.Hb

Cl– + KHCO3

HCl3– + KCI

H.Hb

HCO3–

KCI

(A)

(B)

(C)

fp= Ø- 2-4% Chloride Shift

(c) ckbdkc¨ZusV vk;u¨a ds :i esa (In the form of Bicarbonate
ion)& dkcZu MkbvkWDlkbM dh 70% ls vf/kd ek«kk IykTek ds l¨fM;e
(Sodium) ,oa YkkYk jäk.kqv ä ds i¨Vsf'k;e ls feYkdj l¨fM;e ckbdkc Z̈usV
(Sodium bicarbonate) ,oa i¨Vsf'k;e ckbdkc Z̈usV (Potassium bicarbonate)
cukrh gSA okLro esa CO2, RBC ds tYk ls fuYkdj dkc Z̈usV ,ugkbMªst
(Carbonic anhydrase) ,Utkbe dh mifLFkfr esa dkcsZfud vEYk cukrh gSA ;g
dkc¨Zfud vEYk] ckbdkc Z̈usV ,oa gkbMª¨tu vk;u ä esa fo[kf.Mr g¨ tkrk gS&

YkkYk jäk.kq esa (In RBC)

CO2 + H2O H2CO3 H+ + HCO3-

CO2 + H2O + Na2CO3 2NaHCO3

(Sodium bicarbonate)

;g ÁfrfØ;k IykTek esa de] ijUrq RBC esa dkc¨Zfud ,ugkbMªst
(Carbonic anhydrase) uked ,Utkbe dh mifLFkfr esa 5,000 xquk vf/kd g¨rh
gSA ;g vf/kd folj.k'khYk g¨us ds dkj.k dkc Z̈fud vEYk (Carbonic acid)
gkbMª¨tu ,oa ckbdkc¨ZusV vk;u¨a (H+ ,oa HCO3–) esa fo?kfVr g¨ tkrk gSA

Carbonic anhydrase

(Enzyme) (Carbonic acid) (Bicarbonate)
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ckbdkc Z̈usV vk;u vf/kd folj.k'khYk g¨us ds dkj.k vf/kdka'k vk;u YkkYk
jäk.kqv¨a (RBC) ls folfjr g¨dj IykTek esa pY¨ tkrs gaSA jä dk lkekU;
pH ,oa fo|qr&rVLFkrk (Electrostatic neutrality) cuk;s j[kus ds fYk, IykTek
ls mrus gh DYk¨jkbM (Chloride) vk;u] YkkYk jäk.kqv ä (RBC) esa pY¨ tkrs gSaA
blh ÁfØ;k dks gSectZj fof/k (Hamburger phenomenon) ;k DYk¨jkbM f'k¶V
(Chloride shift) dgrs gSaA 'olu lrg ij ÁfØ;k,¡ foijhr fn'kk eas g¨rh gaSA
blls CO2 eqä g¨dj ckgjh ok;q esa pYkh tkrh gSA bl Ádkj CO2 dh vf/kdka'k
ek«kk dk l¨fM;e ,oa i¨Vsf'k;e vk;u¨a ds :Ik esa g¨rk gSA

jä esa O2 ,oa CO2 dh vkuqikfrd ek«kk dk xSlh; fofue; (Gaseous
exchange) ij vf/kd ÁÒko iMrk gSA cksgj ÁÒko (Bohr effect) ds vuqlkj
QsQM+̈ a esa laokfgr jä esa ls CO2 ds ckgj fudYk tkus ls buesa gkbMª¨tu vk;u
(H+) de g¨ tkrs gaS ftlls bldk pH c<+ tkrk gSA blds dkj.k vf/kd ek«kk
esa O2, ghe¨XYk¨fcu ls c¡/k tkrh gSA Ård¨a (Tissues) esa ;gh ÁÒko foijhr fn'kk
esa dk;Z djrk gSA gSYMsu ÁÒko (Haldane effect) ds vuqlkj ghe¨XYk¨fcu O2 ls
feYkdj ,d ÁÒko'kkYkh vEYk (Acid) cu tkrk gS ftlls CO2 ds lkFk feYkus
dh {kerk de g¨ tkrh gSA bldh vEYkrk esa of̀) ds lkFk “kjhj dh vEYkrk esa
òf) g¨rh gSA bl dkj.k QsQM+̈ a esa vkWDlhghe¨XYk¨fcu ds curs gh CO2 jä ls
ok;q esa pYkh tkrh gSA Ård¨a esa vkWDlhghe¨XYk¨fcu ls O2 ds iF̀kd~ g¨us ij
blds foijhr n'kk,¡ foLFkkfir g¨rh gaSA

Reduction due to higher

Concentration of CO2
HbNH2 + CO2

HbNHCOOH

(Carbamino compound)

PlasmaH.Hb + KCl
K.Hb + O2 KHbO2

+
Cl–

+
H+ + HCO3–

H2CO3

H2O + CO2 HCO3–
+
NaCl

Cl– + NaHCO3

CO2

Alveoli
of lung

O2

fp= Ø- 2-5% Release of Carbon Dioxide
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2-4 d¨f'kdh; 'olu (Cellular Respiration)

d¨f'kdh; 'olu ,d cgqr gh tfVYk fØ;k gS v©j vusd pj.k¨a esa iw.kZ g¨rh gSA
ÁR;sd pj.k dh fØ;k ds fYk, fof'k"V ,UtkbEl d¨f'kdk ds vUnj gh ik;s tkrs
gSaA lÒh fØ;kv ä dk v/;;u ge fuEukafdr ÁØe ä ds }kjk djrs gSa&

1- Xykbd¨fYkfll (Glycolysis)

2- Ikkb:fod vEYk dk vkWDlhdj.k (Oxidation of Pyruvic acid)&

(i) vok;oh; vkWDlhdj.k (Anaerobic oxidation)

(ii) ok;oh; vkWDlhdj.k (Aerobic oxidation)

3- ØSc pØ (Kreb’s cycle)

4- bY¨DVªku ifjogu iFk (Electron transport pathway)

1- Xykbd¨fYkfll (Glycolysis) ;k EMP Pathway (Embden
Meyerhof and Paranas Pathway)– Xykbd¨fYkfll (Glycolysis-Glykos =
Sweet, Lysis = Breaking) bl fØ;k esa XYkwd¨l (Glucose) ds ,d v.kq dk
ikb:fod vEYk (Pyruvic acid) ds n¨ v.kqv ä esa Øfed fuEuhdj.k g¨rk gS rFkk
bl iw.kZ J̀a[kYkk esa ATP ds n¨ v.kqv¨a dk 'kq) YkkÒ g¨rk gSA blds vfrfjä
bu fØ;kv ä esa gkbMª¨tu ds pkj ijek.kq Òh eqä g¨rs gSa ftud¨ NAD+ ds n¨
v.kq xzg.k dj NADH es ifjofrZr dj nsrs gSaA Xykbd¨fYkfll dh bl fØ;k esa
O2 dh vko';drk ugÈ iM+rh gSA n¨u¨a Ádkj ds 'olu¨a es ;g fØ;k ,d
leku g¨rh gSA lÒh ltho ä esa pkgs og i©/¨ (Plants) g¨ ;k Ák.kh (Animals)
g ä] cMs+ vkdkj ds g ä ;k lw{e vkdkj ds g¨a] Xykbd¨fYkfll dh fØ;k ,d
leku g¨rh gSA bl fØ;k dh [k¨t teZuh ds rhu oSKkfud¨a ,sEcMsu (Embden),
es;jgkQ (Meyerhof) ,oa ijukl (Paranas) us dh Fkh] bl dkj.k bl fØ;k d¨
bZ-,e-ih- ekxZ (EMP-6-pathways) dgrs gSaA Xykbd¨fYkfll fuEufYkf[kr pj.k ä
es iw.kZ g¨rh gSA

2-4-1 QkWLQ¨fjyhdj.k (Phosphorylation)

(i) ÁFke QkWLQ¨fjyhdj.k (First phosphorylation)& loZÁFke
XYkwd¨l v.kq ATP ls ,d QkWLQsV lewg d¨ Y¨dj gsDl¨dkbusl
(Hexokinase) ,Utkbe dh mifLFkfr esa XYkwd¨l-6-QkWLQsV (Glucose-6-
Phosphate) esa rFkk ATP v.kq ADP esa ifjofrZr g¨ tkrk gS&

1. Glucose + C6H12O6 + ATP Glucose 6-Phosphate

(1 mol.) (1 mol.) + ADP

Hexokinase

Mg++
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(ii) Lkeko;ohdj.k (Isomerization)& bl fØ;k esa XYkwd¨l-6-QkWLQsV]
QkWLQ¨gsDl¨l vkbl¨esjst (Phosphohexose isomerase) ,Utkbe dh mifLFkfr
esa vius leko;oh (Isomer) ÝqDV¨l-6-QkWLQsV esa ifjofrZr g¨rk gS&

2. Glucose 6-phosphate Fructose -6-phosphate

(1 mol.) (1 mol.)

(iii) f}rh; QkWLQ¨fjyhdj.k (Second Phosphorylation)& bl fØ;k
esa iqu% ,d v.kq ATP dk QkWLQsV lewg] QkWLQ¨gsDl¨dkbust dh mifLFkfr esa
ÝqDV¨l-6-QkWLQsV ls feYkdj ÝqDV¨l 1, 6 MkbQkWLQsV cukrk gS&

3. Fructose6-phosphate+ ATP Fructose 1, 6 diphosphate

(1 mol.) (1 mol.)

bl QkWLQ¨fjyhdj.k esa ATP ds n¨ v.kqv ä dk mi;¨x g¨rk gSA

2-4-2 'kdZjk dk fonYku (Splitting of Sugar)

bl fØ;k esa 2] 3-dkcZu okY¨ v.kqv ä dk fuekZ.k g¨rk gS&

(i) QkWLQ¨fXYkljsfYMgkbM dk fuekZ.k (Formation of
Phosphoglyceraldehyde)& bl fØ;k esa ÝDV¨l 1-6
MkbQkWLQsV ,sYM¨Y¨t ,Utkbe dh lgk;rk ls 3-QkWLQ¨fXYkljsfYMgkbM ,oa
Mkb&gkbMªkWDlh ,slhV¨u QkWLQsV ds ,d-,d v.kqv ä esa vi?kfVr g¨ tkrk
gSA ;g n¨u¨a 3-dkcZu okY¨ ;©fxd gSa rFkk vkbl¨esjst dh mifLFkfr esa ,d-
nwljs esa :ikUrfjr g¨rs jgrs gaSA

3-QkWLQ¨fXYkljsfYMgkbM dk vkus okYkh fØ;k esa tSls&tSls Á;¨x g¨rk
jgrk gS] MkbgkbMªWkDlh ,slhV¨u QkWLQsV-3 QkWLQfXYkljsfYMgkbM esa ifjofrZr
g¨rk jgrk gSA bl fØ;k esa 3-QkWLQ¨fXYkljsfYMgkbM ds n¨ v.kq gh curs gSa&

4- Fructose 1, 6-diphosphate 3 Phosphoglyceraldehyde

(1 mol.) (2 mols.)

Phosphotriose

isomerase

Dihydroxyacetone phosphate

(2 mol.)

(ii) 1, 3 Mkb-QkWLQ¨fXYkljsfYMgkbM dk fuekZ.k (Formation of 1] 3
diphosphoglyceraldehyde)& mi;qZä fØ;k ds Ik'pkr~ 3-QkWLQf̈XYkljsfYMgkbM]
QkWLQ¨fjd vEYk ls fØ;k djds 1, 3 Mkb-QkWLQ¨fXYkljsfYMgkbM cukrk gSA

3 Phosphoglyceraldehyde + 2H3PO4 1, 3 diphosphoglyceraldehyde

Phospho hexose isomerase

Phosphohexokinase

Aldolase
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(c) Ikkb:fod vEYk dk fuekZ.k (Formation of Pyruvic acid)

bl fØ;k esa 3-QkWLQ¨fXYkljsfYMgkbM ls ikb:fod vEYk dk fuekZ.k
fuEufYkf[kr fØ;kv ä ds }kjk g¨rk gS&

(i) QkWLQ¨jkbY¨'ku ,oa 1-3 MkbQkWLQ¨fXYkljsfYMgkbM dk fuekZ.k
(Phosphorylation and production of 1-3 diphosphoglyceraldehyde)&
bl fØ;k esa 1, 3 Mkb-QkWLQ¨fXYkljsfYMgkbM] MhgkbMª¨ftust ,Utkbe dh
mifLFkfr esa 2H ijek.kqv ä dks fudkYk nsrk gSaA ;g ijek.kq NAD
¼fud¨fVukekbM ,Mhuhu Mkb-U;wfDYk;¨VkbM½ lg,Utkbe ds }kjk xzg.k dj
fYk;s tkrs gSa v©j 1, 3 Mkb-QkWLQ¨fXYklfjd vEYk fufeZr g¨rk gS&

1, 3 Diphosphoglyceraldehyde + 2NAD+

(2 mols.)
1, 3-diphosphoglyceric acid + 2NADH2

(2 mols.)

NADH2 ;k r¨ lh/¨ vukWDlh 'olu ds dke esa vkrk gS ;k vkWDlhtu
mifLFkr g¨us ij bY¨DVªku vfÒxeu }kjk 3 ATP dk fuekZ.k djrk gSA bl
Ádkj NADH2 ds n¨ v.kqv ä ls 6 ATP dk vfrfjä YkkÒ g¨rk gSA

(ii) QkWLQ¨fXYklfjd vEYk dk fuekZ.k ,oa ÁFke ATP dk mRiknu
(Production of 3 phosphoglyceric acid and first ATP generation) -
1-3& Mkb-QkWLQ¨fXYklfjd vEYk ls ,d mPp ÅtkZ okYkk QkWLQsV lewg
fudYkdj ADP ls feYkdj ATP d¨ cuk nsrk gSA ,d v.kq XYkwd¨l ls n¨ v.kq
1, 3 Mkb-QkWLQ¨fXYklfjd vEYk curs gSA bl dkj.k n¨ v.kq ATP Òh curs gSaA
QkWLQsV v.kq ds fudYk tkus ds Ik'pkr~ 1, 3 Mkb-QkWLQ¨fXYklfjd vEYk]
3 QkLQ¨fXYklfjd vEYk esa :ikUrfjr g¨ tkrk gS&

1, 3 Diphosphoglyceric acid + 2ADP
3 Phosphoglyceric acid + 2ATP

(2 mols.)

(iii) leko;ohdj.k }kjk 2-QkWLQ¨fXYklfjd vEYk dk fuekZ.k
(Production of 2 Phosphoglceric acids by Isomerization)& vc
3-QkWLQ¨fXYklfjd vEYk] QkWLQ¨fXYklj¨E;wVst ,Utkbe dh mifLFkfr esa
2-QkWLQ¨fXYklfjd vEYk d¨ cukrk gS&

3-Phosphoglyceric acid 2-Phosphoglyceric acid
(2 mols.) (2 mols.)

Diphosphoglyceraldehyde

dehydrogenase

Phosphotransferase

Phosphoglyceromutase
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(iv) MhgkbMªs'ku/futZYkhdj.k }kjk QkWLQ¨bukYk ikb:fod vEYk dk
fuekZ.k (Production of Phosphoenol Pyruvic acid by dehydration)&
bl fØ;k esa 2 QkWLQ¨fXYklfjd vEYk bu¨Y¨t ,Utkbe dh mifLFkfr esa ,d
v.kq tYk R;kxdj 2 QkWLQ¨bukYk ikb:fod vEYk curs gSaA

2-Phosphoglyceric acid 2-Phosphoenol-Pyruvic acid + 2H2O
(2 mols.) (2 mols.)

(v) Ikkb:fod vEYk dk fuekZ.k ,oa nwljh ckj ATP mRiknu
(Production of Pyruvic acid and second ATP generation)& vfUre pj.k
ls 2-QkWLQ¨bukYk ikb:fod vEYk vius QkWLQsV lewg d¨ R;kxdj Lo;a
ikb:fod vEYk cukrk gS v©j QkWLQsV lewg ADP ls feYkdj ATP cuk nsrk gS]
D;¨afd ,d XYkwd¨l v.kq esa ikb:fod vEYk ds n¨ v.kq curs gSa] bl dkj.k ;gk¡
2 v.kq ATP Òh fufeZr g¨rk gS&

2-Phosphoenol pyruvic acid + 2ADP Pyruvic acid + 2ATP
(2 mols.)

2-5 ikb:fod vEYk dk vkWDlhdj.k (Oxidation of
Pyruvic Acid)

ikb:fod vEYk dk vkWDlhdj.k ;k vi?kVu tho¨a esa n¨ Ádkj ls g¨rk gSA
ÁFke vkWDlhdj.k t¨ O2 dh vuqifLFkfr esa g¨rk gS] bld¨
vukWDlh&vkWDlhdj.k ;k vukWDlh 'olu (Anaerobic respiration) dgrs gSaA
nwljk vkWDlhtu dh mifLFkfr esa g¨rk gS] bl dkj.k bld¨
vkWDlh&vkWDlhdj.k ;k vkWDlh 'olu (Aerobic respiration) dgrs gSaA dqN
tho¨a esa n¨u ä izdkj dk vkWDlhdj.k g¨rk gSA dqN tho ä esaa ,d gh Ádkj dk
vkWDlhdj.k g¨rk gSA ikb:fod vEYk ds vkWDlhdj.k dh n¨u ä fof/k;k¡
fuEufYkf[kr Ádkj ls g¨rh gSaA

Enolase

Enzyme

Pyruvic kinase

Mg++
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Glucose

Hexokinase or
Glucokinase

Phosphohexose
Isomerase

Phosphofructo-
kinase

Aldolase

H3PO4

Phosphoglyceric Acid
Kinase

Phosphoglyceromutase

Enolase

Pyruvic Acidkinase

Anaerobic

Ethyl
AlcoholAerobic

Acetyle
Coenzyme-A

2-Pyruvic Acid

Aerobic
Lactic
Acid

Anaerobic
2 Mol.

2 Mol.

2 Mol.

2 Mol.

2 Mol.

2 Mol.

ATP

ADP
Phosphorylation

ADP
ATP

2 NAD

2 NADH + 2H

2 ATP
2 ADP

Glucose-6-Phosphate

Fructose-6-Phosphate

Fructose-1, 6-Phosphate

3-Phosphoglyceraldehyde

3-Diphosphoglyceric Acid

3-Phosphoglyceric Acid

2-Phosphogl glyceric Acid

2-Phosphoenol Pyruvic Acid

H2O

2 ATP
2 ADP

Dephosphory-
lation

H3PO4

Phosphoglyceraldehyde
Dehydrogenase

In Muscle
Contraction

To Kreb’s
Cycle

To Electron
Transport
System

In Yeast &
Bacteria

fp= Ø- 2-6% Physiology of Respiration :
Glycolysis or EMP Pathway

(i) vukWDlh vkWDlhdj.k (Anaerobic oxidation)– ikb:fod vEYk
(Pyruvic acid) ds bl vkWDlhdj.k esa vkWDlhtu vuqifLFkr g¨rh gS]
vkWDlhtu dh vuqifLFkfr esa Òh 'olu fØ;k g¨rh gSA bld¨ vukWDlh
'olu (Anaerobic respiration) dgrs gSaA dqN d¨f'kdk,¡ O2 dh
mifLFkfr esa Òh vukWDlh 'olu djrh gSaA

mnkgj.k& Ákf.k;¨a esa Y©fDVd vEYk dk fuekZ.k (Formation of
Lactic acid in animals)& bl fØ;k ds vUrxZr Ákf.k;¨a esa ikb:fod
vEYk d¨] Y©fDVd vEYk (Lactic acid) esa ifjofrZr dj fn;k tkrk gSA
dqN le; Ik'pkr~ YkSfDVd vEYk iqu% ikb:fod vEYk esa ifjofrZr g¨
tkrk gSA ;g ikb:fod vEYk ØSc pØ (Kreb’s cycle) ds }kjk
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vkWDlhÑr g¨rk gSA Ákf.k;¨a esa ,d lkFk n¨u¨a Ádkj dk vkWDlhdj.k
g¨rk gSA euq"; ds 'kjhj esa ;g fØ;k isf'k;¨a ds vUnj g¨rh gSA Y©fDVd
vEYk ds cuus ,oa ,df«kr g¨us ds dkj.k isf'k;k¡ Fkdku eglwl djrh
gSaA dqN nsj vkjke djus ds Ik'pkr~ Y©fDVd vEYk iqu% ikb:fod vEYk
esa ifjofrZr g¨ tkrk gS&

GlycolysisC6H12O6 CH3COCOOH
Pyruvic acid

CH3CHOHCOOH
Lactic acid

I¨f'k;¨a esa vukWDlh vkWDlhdj.k fØ;k fuEu Ádkj ls g¨rh gS&

COOH

OH C H

CH3

COO

C = O

CH3

Lactic acid Pyruvic acid

FMNH2

NAD NADH + H+

(ii) vkWDlh&vkWDlhdj.k (Aerobic Oxidation)& bl Ádkj ds
vkWDlhdj.k esa vkWDlhtu dh vko';drk g¨rh gSA ;g fØ;k
fuEufYkf[kr n¨ ÁØe¨a esa iw.kZ g¨rh gSA

vkWDlhdkjh fodkc¨ZflYkhdj.k ;k ,flVkbYk d¨,Utkbe A dk
fuekZ.k (Oxidative decarboxylation or Formation of Acetyl Co-
enzyme A)& ekbV¨dkf.Mª;k esa igq¡pus ij ikb:osV fM&gkbMª¨thusl
(Pyruvate dehydrogenase) ,Utkbe dh mifLFkfr esa ikb:fod vEYk ds
ÁR;sd v.kq ds dkc¨ZfDlYk lewg (Carboxyl group) d¨ iF̀kd~ dj CO2

rFkk H+ vk;u¨a esa r¨M+ fn;k tkrk gSA '¨"k cpk 2-dkcZuh; ,flfVYk vax
(CH3C–O) lg-,Utkbe A (Co-enzyme A) ls feYkdj ,sflfVYk lg-
,Utkbe ^,^ esa cnYk tkrk gSA bl fØ;k d¨ ikb:fod vEYk dk
vkWDlhdkjh fodkc Z̈fDlYkhdj.k (Oxidative Decarboxylation) dgrs gSaA
bl fØ;k esa gkbMª¨tu ds n¨ ijek.kq eqä g¨rs gSa rFkk NAD dk ,d
v.kq mls xzg.k dj NAD + H+ esa cnYk tkrk gSA bl fØ;k d¨
fuEufYkf[kr lehdj.k }kjk Ánf'kZr dj ldrs gSaA

CH3COCOOH + NAD+

+ HS.CoA
CH3COS.CoA + NADH
+ H+ + CO2

Pyruvic dehydrogenase

Mg++ TPP
Pyruvic acid Acetyl Co-enzyme A
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bl fØ;k ls cuk ,flfVYk lg&,Utkbe A ekbV¨dkf.Mª;k esa Áos'k
djrk gS v©j bldk vxYkk vkWDlhdj.k ekbV¨dkf.Mª;k esa gh ØSc pØ
ds }kjk iw.kZ g¨rk gSA

Glucose Transition

CO2 A
C

D

E

F

2ATP

2PYR 2AA

12H2 1/2O2

H2O
H2CytochromesFADH2NADH2

34 ATP

Respiratory
chain

2 Pyruvic
acid

Kreb’s cycleGlycolysis

2ATP

CO2

B

fp= Ø- 2-7% Physiology of Respiration: Different
Types of Cellular Respiration

2-6 ØSCl pØ ;k Vªkbdkc¨ZfDlfYkd pØ (Kreb’s
Cycle or Tricarboxylic Cycle)

bl fØ;k dk loZÁFke o.kZu lj gkUl ØSc (Sir Hans Kreb, 1937) us fd;k
FkkA bl dkj.k buds uke ij bl fØ;k d¨ ØSc pØ dgrs gaSA bl fØ;k
esa ,sflfVYk lg-,Utkbe A (Acetyl Co-enzyme A) dk CO2 ,oa H2O esa
fuEuhdj.k g¨rk gSA ;g fØ;k fofo/k ,Utkbe dh mifLFkfr esa dbZ ÁfrfØ;kv¨a
dh ,d tfVYk J̀a[kYkk gSA

bl lEiw.kZ fØ;k eas n¨ ckj CO2 LorU«k g¨rh gS rFkk ADP ds n¨ v.kq
ATP esa ifjofrZr g¨ tkrs gSa rFkk 4 ckj gkbMª¨tu ds n¨&n¨ v.kq eqä g¨rs gSaA
bl J̀a[kYkk esa ,sflfVYk lg-,Utkbe A dk vkWDlhdj.k (Oxidation) g¨rk gSA
bl J̀a[kYkk esa eqä gkbMª¨tu ds ijek.kqv ä d¨ rhu ckj] gkbMª¨tuxzkgh inkFkZ
NAD+ xzg.k djrk gS ,oa p©Fkh ckj FAD uked gkbMª¨tu xzkgh inkFkZ xzg.k
djrk gSA pw¡fd bl fØ;k esa lkbfVªd vEYk (Citric acid) ,oa vU; rhu
dkc¨ZfDlfYkd (COOH) okY¨ ewYkd dkcZfud vEYk curs gSa ,oa vi?kfVr g¨rs gSa]
bl dkj.k bl fØ;k d¨ lkbfVªd vEYk pØ (Citric acid cycle) ;k
Vªkbdkc¨ZfDlfYkd vEYk pØ (Tricarboxylic acid cycle-TCA) Òh dgrs gaSA



'olu] mRltZu ,oa
çfrj{kk ç.kkyh

100

fVIi.kh

Lo-vf/kxe
ikB~; lkexzh

ØSc pØ esa fuEufYkf[kr fØ;k,¡ Øe ls g¨rh gS&

(i) lkbfVªd vEYk dk fuekZ.k (Production of citric acid)& ,flfVYk
lg-,Utkbe A (Acetyl Co-enzyme A) ekbV¨dkWf.Mª;k esa Áos'k djrk
gS v©j pkj dkcZu ;qä vkWDlsYk¨,sflfVd vEYk (Oxaloacetic acid) ,oa
ikuh ls feYkdj 6 dkcZu ;©fxd lkbfVªd vEYk (Citric acid) esa
ifjofrZr g¨ tkrk gSA blh ds lkFk lg&,Utkbe LorU«k g¨ tkrk gS
rFkk iqu% ,flfVYk lg&,Utkbe A la'Yks"k.k ds dke vkrk gSA

Oxaloacetic acid + Acetyl CoA + H2O Citric acid
Citrate Synthetase

vkus okYkh fØ;kv¨a esa lkbfVªd vEYk (6-C) dk Úâkl g¨rk tkrk gS o
vEYk vk WDlsYk ¨,flfVd ,flM fQj ls curk gS v©j CO2 eqä
g¨rh gSA

(ii) futZYkhdj.k }kjk fll-,d¨fufVd vEYk dk fuekZ.k (Formation
of Cis-aconitic acid by dehydration)& lkbfVªd ,flM ls ikuh
dk ,d v.kq fudYk tkrk gS v©j fll-,sd¨fufVd vEYk dk fuekZ.k g¨rk
gSA

Cis-aconitic acid + H2OCitric acid
Aconitase

Enzyme

(iii) tYk;¨tu }kjk vkbl¨lkbfVªd vEYk dk fuekZ.k (Formation of
Isocitric acid by hydration)& fll-,d¨fufVd vEYk] tYk dk ,d
v.kq xzg.k djds vkbl¨lkbfVªd vEYk d¨ cukrk gSA bl fØ;k esa
Òh ,d¨ukbVst ,Utkbe mRÁsjd dk dk;Z djrk gSA
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2H

fp= Ø- 2-8: Physiology of Respiration: Kreb’s Cycle

Cis-aconitic acid + H2O Iso-citric acid
Aconitase

Enzyme

(iv) fogkbMª¨tuhdj.k }kjk vkWDlsYk¨lDlhfud ,flM dk fuekZ.k
(Formation of Oxalosuccinic acid by dehydrogenation)& vc
vkbl¨lkbfVªd vEYk esa 2 gkbMª¨tu ijek.kq eqä g¨dj NADP ;k NAD
esa feYkdj NADP.2H ;k NAD.2H v©j vkDlsYk¨lDlhfud vEYk d¨
cuk nsrs gSaA lEiw.kZ fØ;k esa vkbl¨lkbfVªd fMgkbMª¨ftust ,Utkbe
mRÁsjd dk dk;Z djrk gSA

Iso-citric acid + NAD Oxalosuccinic acid + NADH2
Iso-citrate

dehydrogenase



'olu] mRltZu ,oa
çfrj{kk ç.kkyh

102

fVIi.kh

Lo-vf/kxe
ikB~; lkexzh

(v) fodkcZuhdj.k&I }kjk& -dhV¨XywVsfjd vEYk dk fuekZ.k
(Formation of -Ketoglutaric acid by decarboylation-I)&
fMdkc¨ZfDlY¨t ,Utkbe dh mifLFkfr esa vkWDlsYk¨lDlhfud ,flM ls
CO2 dk fu;¨tu g¨rk gS vkSj 5C ijek.kq okYkk -dhV¨XywVsfjd vEYk
curk gSA

Oxalosuccinic acid -Ketoglutaric acid + CO2
Decarboxylase

Enzyme(6C) (5C)

(vi) fogkbMª¨tuhdj.k rFkk fodkcZuhdj.k }kjk lDlhfuYk d¨-,Utkbe
A dk fuekZ.k (Formation of Succinyl Co-A by dehydrogenation
and decarboxylation)& -dhV¨XywVsfjd vkWDlhMst ,Utkbe dh
mifLFkfr esa -dhV¨XywVsfjd vEYk dk vkWDlhdh; fodkc¨ZfDlYkhdj.k
g¨rk gS] bl dkj.k lDlhfuYk CoA dk fuekZ.k v©j ,d CO2 eqä g¨rh
gSA bl fØ;k esa n¨ gkbMª¨tu ijek.kq eqä g¨dj NADH2 dk fuekZ.k Òh
g¨rk gSA

-ketoglutaric acid + CoA
+ NAD

Succinyl CoA + CO2

+ NADH2

-ketoglutaric

Dehydrogenase
(5C) (4C)

(vii) lDlhfud ,flM ,oa ATP dk fuekZ.k (Formation of Succinic
acid and ATP)& vc lDlhfuYk-CoA, xqvkuhu MkbQkWLQsV (GDP)
(Guanine di-phosphate) ,oa vdkcZfud QkWLQsV ,oa lDlhfud
Fkk;¨dkbust ,Utkbe dh mifLFkfr esa lDlhfud ,flM+ curk gSA bl
fØ;k es eqä gqbZ ÅtkZ GDP esa lafpr g¨dj xqvkuhu Vªkb QkWLQsV
(GTP) cukrh gSA GTP, ADP ls iqu% fØ;k dj ATP dk ,d v.kq
cukrh gSA

Succinyl CoA + GDP
+ H3PO4 + H2O

Succinate thiokinase

Enzyme
(4C) (4C)

Succinic acid + GTP
+ CoA

GTP + ADP GDP + ATP

lDlhfud ,flM 4 dkcZu ;©fxd g¨rk gSA

(viii) fogkbMª¨tuhdj.k }kjk ¶;wesfjd vEYk dk fuekZ.k (Formation of
fumaric acid by dehydrogenation)& lDlhfud fMgkbMª̈ ftust ,Utkbe
dh mifLFkfr esa lDlhfuYk vEYk 2 gkbMª¨tu ijek.kqv ä d¨ fudkYkdj
¶;wesfjd vEYk d¨ cukrk gSA ;g gkbMª¨tu ijek.kq FAD
¼¶Y¨fou&Mkb&U;wfDYk;¨VkbM½ ds }kjk xzg.k dj FAD.2H cukrk gSA
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Succinic acid + FAD Fumaric acid + FAD.2H

Succinic
dehydrogenase

(ix) ¶;wesfjd vEYk] ¶;wesjst ,Utkbe dh mifLFkfr esa ikuh ds ,d v.kq ls
feYkdj ,d v.kq eSfYkd ,flM d¨ cuk nsrk gSA

Fumaric acid + H2O Malic acid
Fumerase

Enzyme

(x) fogkbMª¨tuhdj.k }kjk vkDlsYk¨,flfVd ,flM dk iqufuZek.k
(Regeneration of Oxaloacetic acid by dehydrogenation)& ØSc
pØ ds vfUre pj.k esa p©F¨ vkWDlhdj.k esa eSfyd fMgkbMª¨ftust ,oa
NAD dh mifLFkfr esa eSfYkd ,flM vkWDlsYk¨,sflfVd ,flM d¨ iqu%
cukrk gS] blds vfrfjä ,d NAD.2H Òh curk gSA
vkWDlsYk¨,flfVd ,flM iqu% lkbfVªd vEYk pØ esa Áos'k djrk gSA

XYkwd¨l ds v.kq ds fuEuhdj.k ds fYk, ØSc pØ d¨ fuEufYkf[kr
lehdj.k }kjk Ánf'kZr dj ldrs gSa&

2 Acetyl CoA + 6H2O +
6NAD + 2FAD + 2ADP

6CO2 + 2CoA + 6(NADH + H+)
+ 2FADH2 + 2ATP

2-7 bY¨DVªku laogu rU«k (Electron Transport
System)

'olu fØ;k ds vUrxZr Xykbd¨Ykkbfll (Glycolysis) ,oa ØSc pØ (Kreb
cycle) dh ÁfØ;kv¨a esa ÅtkZ LorU«k g¨dj ATP esa laxzghr jgrh gSA bl fØ;k
esa b±/ku inkFk äZ ls gkbMª¨tu ijek.kqv ä dks iF̀kd~ djds buesa ls vf/kdka'k d¨
fofÒUu gkbMª¨tu xzkfg; ä NAD ;k NADP ;k FAD esa LFkkukUrfjr fd;k tkrk
gSA bl Ádkj cus NADH.H+ ,oa FADH2 ds gkbMª¨tu ijek.kqv ä ds bY¨DVªkWu
(Electron) esa vf/kd LorU«k ÅtkZ g¨rh gSA b±/ku inkFk ±̈ dh ÅtkZ blh :Ik esa
g¨rh gSA ekbV¨dkf.Mª;k esa gh jklk;fud ÁfrfØ;kv ä dh ,d vU; Ádkj dh
J̀aa[kYkkv¨a }kjk gkbMª¨tu ijek.kqv ä ls bl ÅtkZ d¨ eqä djds ATP esa laxzghr
fd;k tkrk gSA NADH.H+ ,oa FADH2 ds v.kq vius gkbMª¨tu ijek.kqv ä d¨
bUgÈ J̀a[kYkkv¨a d¨ nsdj okil NAD+ ,oa FAD esa vkWDlhÑr (Oxidise) g¨
tkrs gSa ftlls fd ;g Xykbd¨fYkfll ,oa ØSc pØ esa fQj ls Òkx Y¨ ldsaA
bu J̀a[kYkkv¨a esa igY¨ gkbMª¨tu ijek.kqv¨a dk buds vk;u¨a [bY¨DVªkWu ,oa
Á¨VkUl (Electrons and Protons)] esa fo[k.Mu g¨rk gSA dsoYk bY¨DVªkWUl d¨
dqN bY¨DVªkWuxzkgh Á¨VhUl Øe ls ,d ls xzg.k djds nwljs dks nsrs gaSA vUr%
bu J̀a[kYkkv ä d¨ bY¨DVªkWu ifjogu rU«k dgrs gSaA bu J̀a[kYkkv ä esa bY¨DVªkWUl
dh cgqr lh LorU«k ÅtkZ eqä g¨ tkrh gS ftlls fd ;g bY¨DVªkWu J̀aa[kYkkv ä
ds vUr es vkf.od vkWDlhtu (1/2 O2) ls ÁfrfØ;k djus ;¨X; g¨ tkrh gaSA
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bl Ádkj ;g Jà[kYkk,¡ vUr esa tYk dk la'Yks"k.k dj nsrh gSaA bud¨ 'olu
J̀a[kYkk,¡ (Respiratory chains) Òh dgrs gSaA

bY¨DVªkWu ifjogu rU«k ds eq[; xzkgh lkbV¨Ø¨e (Cytochrome) g¨rs gSaA
budk eq[; Òkx lg-,Utkbe (Apoenzyme) Á¨Vhu g¨rk gS ,oa Á¨LF¨fVd lewg
(Prosthetic group) ghe vk;u (Haem ion) g¨rk gSA jsMkWDl Redox fØ;kv¨a eas
blds vkWDlhÑr (Fe+++) ,oa vifpr (Fe++) #i¨a esa ,dkUrj.k g¨rk gSA vUr esa
lkbV¨Ø¨e vkWDlhMst (Cytochrome oxidase = Cyt-∂ ,oa Cyt-∂1) vkf.od
vkWDlhtu (1/2 O2) d¨ ikuh esa âflr djus esa lgk;rk djrk gSA

bY¨DVªkWu ifjogu rU«k ds ,Utkbe ekbV¨dkWf.Mª;k dh vkUrfjd f>Yyh esa
ik;s tkrs gSA ekbV¨dkWf.Mª;k dh vkUrfjd f>Yyh ds Áfr ekbØ¨ehVj (µm) esa
650 'olu Jà[kYkk,¡ (Respiratory chains) g¨rh gSA ekbV¨dkWf.Mª;k ds vk/kkj
Òkx (Matrix) es ØSc pØ ls lEcfU/kr Òh ,Utkbe ik;s tkrs gSaA bY¨DVªkWu
ifjogu rU«k esa fuEufYkf[kr pj.k g¨rs gSa&

(i) gkbMª¨tu ijek.kq vk;fur g¨dj Á¨VkWu ,oa bY¨DVªkWu esa VwV tkrs gSaA

2H 2H+ + 2e–

(ii) gkbMª¨tu vk;u ¼Á¨VkWu½ dk vip;u djrs gSaA

(iii) NAD.2H ekbV¨dkf.Mª;k ds F1 d.k¨a esa tkdj 'olu J̀a[kYkk esa Áos'k
djrk gSA

(iv) NAD.2H ds gkbMª¨tu ijek.kq ¶Y¨o¨Á¨VkWu (NAD) dk FAD.2H esa
vip;u djrs gSa v©j NAD.2H ls iqu% NAD mRiUu g¨rk gSA bl
fØ;k esa ,d QkWLQsV v.kq eqä g¨rk gS ftlls ATP ds ,d v.kq dk
fuekZ.k g¨rk gSA

(v) FAD.2H ds gkbMª¨tu v.kq lg-,Utkbe Q(Co-enzyme-Q) }kjk Y¨
fYk;s tkrs gaSA

(vi) CoQ ls gkbMª¨tu vk;u d¨f'kdkæO; esa pY¨ tkrs gSa rFkk bY¨DVªkWu
lkbV¨Ø¨e }kjk xzg.k dj fYk;s tkrs gaSA

lkbV¨Ø¨e Yk©g;qä Á¨Vhu ;©fxd gSa ftldk Yk©g v.kq bY¨DVªkWu d¨
xzg.k djds QSfjd (Fe+++) ls QSjl (Fe++) esa âkflr g¨ tkrk gS rFkk
bY¨DVªkWu d¨ vkxs LFkkukUrfjr djds iqu% QSfjd voLFkk esa vk tkrk gSA

(vii) lkbV¨Ø¨e b ls c1c2 ,oa a ls a3 es igq¡pus ds le; ATP ds ,d-,d
v.kq dk fuekZ.k g¨rk gSA

(viii) lkbV¨Ø¨e vkWDlhMst (a3) ls bY¨DVªkWu vkWDlhtu ds ,d ijek.kq ls
feYkdj mls ÅtkZ Ánk; djrs gSa ;k ÅtkZfor djrs gSaA

(ix) ÅtkZfor O2 dk ijek.kq H2 ds ,d ijek.kq ¼Á¨VkWu½ ls feYkdj H2O
ds ,d v.kq dk fuekZ.k djrk gSA

2NAD + 2H+ 2NAD.2H



'olu] mRltZu ,oaa
çfrj{kk ç.kkyh

Lo-vf/kxe
ikB~; lkexzh 105

fVIi.kh

(x) ,d lkbV¨Ø¨e ls nwljs lkbV¨Ø¨e esa ikfjr g¨rs le; fofÒUu pj.k ä esa
bldk vkWDlhdj.k g¨rk gSA ÁR;sd in ij -P¼QkWLQsV½ ds :Ik esa ÅtkZ
dh ,d fuf'pr ek«kk mRiUu g¨rh gSA ;g mPp ÅtkZ /kkjd -P lewg
ADP ls feYkdj ATP dk fuekZ.k djrs gSaA bl Ádkj XYkwd¨l ds ,d
v.kq ds fuEuhdj.k ls 38 v.kq ATP ds curs gSaA ATP ds ÁR;sd v.kq ds
fljs mPp ÅtkZ QkWLQsV ca/k esa 7,300 dSYk¨jh ck.M ÅtkZ g¨rh gSaA

In kreb’s cycle substrate
Dehydrogenase

Substrate
(Oxidised)

NAD
2H

(Oxidised)

NADH
(Reduced)

ADP
(Oxidative)

Phosphorylation
ATP

NAD(Reduced) NADH(Oxidized)

FADH
2H–

FAD

(Oxidized) (Reduced)

Cytochrome-b
2H–

Cytochrome-b

(Oxidized)(Reduced)

Cytochrome-c
2H–

Cytochrome-c

(Oxidized) (Reduced)

Cytochrome-a
2H–

Cytochrome-a

ADP ATP

(Reduced) Oxidized)

Cytochrome-a3
2H–

Cytochrome-a3

(Proton)

O2

2H–

H2O
1
2 2H+ From cytoplasm

fp= Ø- 2-9: Chain of Electron Transport

'oluh; f>Yyh ds }kjk xSlh; folj.k dh nj d¨ ÁÒkfor djus
okY¨ dkjd (Factors that affect the rate of gas diffusion through the
Respiratory membrane)

Okg dkjd t¨ f>Yyh ds }kjk xSl fdruh rhozrk ls fudYkrh gS] d¨
ÁÒkfor ;k fu/kkZfjr djrs gSa og fuEufYkf[kr g¨rs gSa&

(i) f>Yyh dh e¨VbZ (The thickness of membrane)& f>Yyh ls xSl
ds folj.k dh nj] f>Yyh dh e¨VkbZ ds O;qRØe vuqikr (Inversely
proportional) esa g¨rh gSaA d¨bZ Òh dkjd t¨ f>Yyh dh e¨VkbZ esa of̀)
djrs gaS ;k lkekU; ls n¨xquh ;k frxquh of̀) g¨rh gS rc lkekU; xSlh;
fofue; d¨ Áeq[k :Ik ls ÁÒkfor djrk gSA tSlsfd Qq¶Qqlh;
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folaxrh;k¡& QsQM+sa esa Qkbcz¨fll (Fibrosis of Lungs), f>Yyh esa
lwtu] ;g f>Yyh dh e¨VkbZ eas of̀) djrh gSA

(ii) f>Yyh ds n¨u¨a v¨j ncko esa fÒUurk (Pressure difference
between the two sides of the membrane)& f>Yyh ds n¨u¨a v¨j
ncko esa fÒUurk ,sfYo;¨fYk (Alveoli) dh xSl dk vkaf'kd ncko ,oa jä
esa xSl ds ncko dk vUrj g¨rk gSA tc ,sfYo;¨fYk (Alveoli) esa xSl dk
vkaf'kd ncko jä esa xSl ds ncko ls vf/kd g¨rk gS] tSlk vkWDlhtu
dk] rc ,sfYo;¨fYk ls jä ds vUnj folj.k g¨rk gSA Y¨fdu tc jä esa
xSl dk ncko ,sfYo;¨fYk ds vkaf'kd ncko ls vf/kd g¨rh gS] tSlkfd
dkcZu MkbvkWDlkbM dk] rc folj.k jä ls ,sfYo;¨fYk (Alveoli) esa
g¨rk gSA

(iii) f>Yyh dk lrgh {¨«kQYk (Surface area of the membrane)&
fofÒUu n'kkv ä ds dkj.k 'oluh; f>Yyh (Respiratory membrane) dk
lrgh {¨«kQYk vf/kd de g¨ tkrk gS] tSls lEiw.kZ QsQM+̈ a d¨ 'kjhj ls
ckgj fudkYkus ij lkekU; ls vk/kk lrgh {¨«kQYk de g¨ tkrk gSA
blds vfrfjä ,sEQk;lsek (Emphysema) folaxfr esa vusd ,sfYo;¨Ykj
fÒfÙk ds lekfIr ;k u"V g¨us ds dkj.k vusd ,sfYo;¨fYk (Alveoli)
ladqfpr g¨dj feYk tkrh gSA bl dkj.k 'oluh; f>Yyh dk lrgh
{ks«kQYk vR;f/kd :Ik ls de g¨ tkrk gSA tc dqYk lrgh {¨«kQYk
lkekU; 1/3 ls 1/4 rd de g¨ tkrk gS] rc 'olu] lrg ls xSlh;
fofue; vf/kdka'k va'k¨a rd voj¨f/kr (Impeded) g¨ tkrk gSA ;g
fLFkfr lkekU; voLFkk esa Òh ns[kh tkrh gSA

(iv) folj.kh; DoFkkad (Diffusion Co-effcient)& fdlh Òh 'oluh;
f>Yyh ds }kjk ÁR;sd xSl dk LFkkukUrj.k] f>Yyh esa xSl
dh ?kqYku'khYkrk rFkk mlds vkf.od Hkkj ds oxZewYk (Square root of
molecular weight) ds O;qRØe vuqikr (Inversely proportion) ij fuÒZj
g¨rk gSA 'olu f>Yyh eas folj.k dh nj ikuh ds leku g¨rh gSA ,d
fuf'pr ncko dh fÒUurk es fdlh Òh f>Yyh ls CO2, vkWDlhtu ls 20
xquk rhozrk ls folfjr g¨rh gS] v©j vkWDlhtu] ukbVª¨tu dh vis{kk
n¨xquh rhozrk ls folfjr g¨rh gSA

Qq¶Qqlh; vk;ru ,oa Qq¶Qqlh; {kerk (Lung Volumes and
Lung Capacities)

QsQM+̈ a esa ok;q d¨ fofÒUu fcUnqv ä ij pkj fofÒUu vk;ru ä ,oa pkj fofÒUu
{kerkv ä (Capacities) esa foÒkftr fd;k tkrk gSA ;g fuEu Ádkj gS&

1- 'olu ÒkxQYk (Respiratory Quotient)& 'olu fØ;k ds le;
Á;qä vkWDlhtu (Oxygen) dh ek«kk ,oa fu"dkf"kr dh xbZ dkcZu MkbvkWDlkbM
dh ek«kk d¨ Ák;% fdlh fo'¨"k Ák.kh esa dkc¨ZgkbMªsV (Carbohydrate), olk
(Fat), Á¨Vhu (Protein) ds vkWDlhdj.k dh lhek ds ekid (Measurement)
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ds :Ik esa Á;¨x fd;k tkrk gSA vUr% ,d fuf'pr le; esa dkcZu MkbvkWDlkbM
dk mRiknu ,oa vkWDlhtu ds mi;¨x ds vuqikr d¨ 'olu ÒkxQYk/ 'olu
DoFkkad (Respiratory Quotient = RQ) dgrs gSaA

Inspiratory
capacity

(3500 ml)

Inspiratory
reserve
volume

(3000 ml)

Expiratory

Tidal volume
(500 ml)

Residual volume
(1200 ml)

Functional
residual capacity

(2300 ml)

V
ita

lc
ap

ac
ity

(4
60

0
m

l)

reserve volume
(1100 ml)

fp= Ø- 2-10: Vital Capacity of an Adult at different Volume

;g 'olu ÒkxQYk rhu ä Ò¨T; inkFk Z̈a esa ls ÁR;sd ds fYk, fÒUu g¨rk
gSA

RQ =
dkcZu MkbvkWDlkbM dk mRikfnr vk;ru

vkWDlhtu dk mi;qä vk;ru

bl vuqikr }kjk i¨"kd¨a ds p;kip; ds ckjs esa tkudkjh ÁkIr dh tkrh
gS&

(i) ,d gSDl¨l 'kdZjk (Hexose sugar) ds vkWDlhdj.k esa mRiUu dkcZu
MkbvkWDlkbM dh ek«kk Á;qä vkWDlhtu dh ek«kk ds leku/cjkcj g¨rh gSA

mRiUu CO2 dk vk;ru
=RQ

iz;qä O2 dk vk;ru
6CO2

= 6O2
= 6

6
= 1.0 gSA

Oklk dk vkWDlhdj.k fuEukafdr Ádkj ls g¨rk gS&

C57H104O6 + 80O2 57CO2 + 52H2O

=RQ 57
80

CO2

O2
= = 0.71
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Á¨Vhu iw.kZ:Ik ls Ård¨a esa vkWDlhÑr ugha g¨rk] Y¨fdu bldk RQ
vÁR;{k fof/k;¨a }kjk fu/kkZfjr fd;k tkrk gS t¨ 0.9 ,oa 0.92 ds e/; gS&

 fefJr Ò¨tu & lokZgkjh (Omnivorous) = 0.85

 mPp dkc¨ZgkbMªsV Ò¨tu ;k 'kkdkgkjh (Herbivorous) = 0.9 ls vf/kd

 dkc¨ZgkbMªsV $ olk $ Á¨Vhu fefJr Ò¨tu = 0.825

2- 'olu dk fu;U«k.k (Control of Respiration)& 'olu fØ;k dk
fu;U«k.k lkekU;r;k rfU«kdh; (Nervous) ,oa jklk;fud (Chemical)
g¨rk gS&

rfU«kdh; fu;U«k.k (Nervous Control)& 'okl Y¨us dh fØ;k ,d
tfVYk ÁfØ;k g¨rh gSA o{k (Thorax), mnj (Abdomen) ,oa 'kjhj ds vU; Òkx¨a
dh isf'k;k¡ t¨ 'olu esa dk;Z djrh gSa] dk leUo; ;k la;¨tu vusd tfVYk
Jsf.k; ä dh ÁfrofrZr fØ;kv ä ij fuÒZj jgrh gS t¨ rfU«kdk rU«k ds }kjk cuk,
j[kk tkrk gSA bl fu;U«k.k dk dsUæ efLr"d ds esM~;wYkk vk¡CYkkaxsVk (Medulla
oblongata) esa fLFkr g¨rk gSA ;g dsUæ 'olu fØ;k d¨ fu;fU«kr djrk gSA
bl dsUæ ds CO2 dh lkUærk vf/kd g¨rh gS] rc dkcZu Mk;vkWDlkbM Lo;a
vius vki dks ckgj fudkYkus ds fYk, 'olu fØ;k d¨ rhoz dj nsrh gSA

Active
acetic

acid (2C)

NADH2 2C ATP

ATP

ATP

H2OOxygen

2H+

Kreb’s
cycle

fp= Ø- 2-11: Various Steps of Energy Transport

tc jä esa CO2 dh lkUærk de g¨rh gS rc 'olu fØ;k dk dsUæ gYdk
mRÁsfjr g¨rk gS v©j 'okl fØ;k /kheh xfr ls g¨rh gSA ;g rc ik;k tkrk gS
tc euq"; vkjkekoLFkk esa g¨rk gS ;k fQj l¨;k gqvk g¨rk gSA

2-8 DYk¨jkbM f'k¶V (Chloride Shift)

DYk¨jkbM vk;Ul ds f'k¶V ds }kjk fo|qrh; mnklhurk ;k bY¨DVª¨U;wVªSfYkVh
(Electroneutrality) cuh jgrh gSA bld¨ DYk¨jkbM f'k¶V (Chloride Shift) ;k
gSEcxZlZ fof/k (Hamburger’s Phenomenon) dgrs gSaA vFkok IykTek ls YkkYk
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jä df.kdkv¨a esa rFkk jä df.kdkv¨a esa ls iqu% IykTek esa ,dkUrj :Ik esa Cl–

ds ifjsorZu d¨ DYk¨jkbM f'k¶V (Chloride Shift) dgrs gSaA

fofÒUu p;kipf;d inkFk ±̈ ds vkWDlhdj.k ds dkj.k t¨ CO2 d¨f'kdkv¨a
esa curh gS og LorU«k :Ik ls IykTek esa folfjr g¨rh gS v©j bldk vf/kdka'k
Hkkx IykTek ls YkkYk jä df.kdkv¨a (RBC) esa folfjr g¨rk gSA YkkYk jä
df.kdkv¨a esa ,d ,Utkbe dkc Z̈fud ,ugkbMªst (Carbonic anhydrase)
larÌr :Ik ls ik;k tkrk gS] t¨ lfØ; :Ik ls ,oa mRØe.kh; :Ik ls CO2 d¨
dkc¨Zfud vEYk esa ifjofrZr djrh gSA YkkYk jä d¨f'kdkv ä esa dkc Z̈fud vEYk
(Carbonic acid) dk fo?kVu g¨rk gS v©j H+ ,oa HCO2– vk;Ul d¨ cukrk gSA
bu ckbdkc¨ZusV~l esa ls dqN vk;Ul K+ vk;Ul ls la;¨ftr g¨ tkrs gSa] ;g
K+ vk;Ul mlesa ik, tkrs gSa v©j i¨Vsf'k;e ckbdkc¨ZusV d¨ cukrs gSaA '¨"k
ckbdkc¨ZusV vk;Ul YkkYk jä df.kdkv ä ls lkUærk ds dkj.k IykTek esa
folfjr g¨rs gaS v©j IykTek esa ik, tkus okY¨ Na+ vk;Ul ls la;¨ftr g¨dj
l¨fM;e ckbdkc¨ZusV d¨ cukrs gSaA n¨u ä l¨fM;e ,oa i¨Vsf'k;e ckbd¨c¨ZusV~l
bY¨DVª¨osY¨UV ;©fxd (Electrovalent compounds) g¨rs gSa] t¨ vklkuh ls pH
ds vEYkh; :Ik esa g¨us ij folfjr g¨rs gaSA blds ifj.kkeLo:Ik HCO2– vk;Ul
dk IykTek esa Áos'k ds dkj.k IykTek dh fo|qrh; mnklhurk ;k fo|qrh;
fuf"Ø;rk (Electro neutrality) vfu;fU«kr g¨ tkrh gSA bldh iwfrZ leku ek«kk
es Cl– vk;Ul ds IykTek ls YkkYk jä df.kdkv ä esa f'k¶V ds }kjk g¨rh gSA
DYk¨jkbM vk;Ul ds f'k¶V ftlls fo|qrh; fuf"Ø;rk d¨ cuk, j[kk tkrk gS
DYk¨jkbM f'k¶V ;k gSEcxZlZ fof/k (Chloride shift or Hamburger’s
phenomenon) dgYkkrh gSA bl fof/k d¨ gSEcxZj (Hamburger) us
1927 esa [k¨tk FkkA bl fof/k esa ifjorZu d¨ fuEu Ádkj ls le>k;k tk
ldrk gS&

(a) HCO2– vk;Ul dh lkUærk vfu;fer vuqikr esa YkkYk jä df.kdkv ä esa
of̀) djrh gS rFkk VkWfud (Tonic) lUrqYku IykTek ,oa dkiZYl/
df.kdkv¨a ds chp eas vfu;fer ;k fcxM+ tkrk gSA

(b) YkkYk jä df.kdkv¨a dh f>Yyh ds fof'k"V Yk{k.k ds vuqlkj HCO2–

vk;Ul YkkYk jä df.kdkv¨a ds ckgj vk tkrs gSa v©j DYk¨jkbM (Cl–)
vk;Ul YkkYk jä df.kdkv ä ds vUnj folfjr g¨rs gS] ;g folj.k rc
rd g¨rk gS tc rd lUrqYku LFkkfir u g¨ tk;sA

vxz lehdj.k ds }kjk IykTek ,oa jä df.kdkv¨a ds chp ,fu;¨Ul
(Anions) ,oa dsfV;¨Ul (Cations) dk lUrqYku cuk jgrk gSA
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Lung air
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fp= Ø- 2-12: (A)When blood that is low in oxygen reaches the
lungs, oxygen enters the blood until its tension equals

that of the Aveolar Air. (B) Similarly the blood gives off CO2 in the
lung, until its tension equals that in the lung. Arterial blood, therefore,

has very constant content of oxygen as well as CO2.

HCO2–¼d¨f'kdk½
=

HCO2–¼IykTek½

Cl–¼d¨f'kdk½

Cl–¼IykTek½
=

H+¼IykTek½

H+¼d¨f'kdk½

Tkc Òh ;g vuqikr fcxM+rk gS vk;fud ifjorZu vkil esa rc rd g¨rk
gS tc rd lUrqYku u g¨ tk;sA blh fl)kUr ij DYk¨jkbM f'k¶V g¨rh gSA

viuh izxfr tk¡fp, (Check Your Progress)

1- DYk¨jkbM f'k¶V ds ifjogu ds fYk, vko';d g¨rh gSS&

¼d½ CO2 ,oa O2 ¼[k½ N2

¼x½ CO2 ¼?k½ O2

2- gSEcxZlZ fof/k d¨ dgrs gSa&

¼d½ HCO3 f'k¶V ¼[k½ DYk¨jkbM f'k¶V

¼x½ H2 f'k¶V ¼?k½ d¨bZ ugÈ

3- Áfrfnu dh 'olu fØ;k d¨ fu;fU«kr djrk gS&

¼d½ lsjscsYke ¼[k½ lsjscze

¼x½ Mk,sulsQsYkku ¼?k½ esM~ÓwYkk vk¡CYkkaxsVk
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4- Lruh Ákf.k;¨a esa vf/kdka'k CO2 dk ifjogu jä esa NaHCO3 ,oa
KHCO3 ds :Ik esa g¨rk gSA ;g _______ ds chp eas gSA

¼d½ 80-85% ¼[k½ 90-95%

¼x½ 10-30% ¼?k½ 50-70%

5- 'olu DoFkkad 1 ls vf/kd gksrk gS ;fn 'oluh; inkFkZ gksrk gS&

¼d½ dkc¨Zfud vEYk ¼[k½ LVkpZ

¼x½ olk ¼?k½ Á¨Vhu

2-9 mRltZu (Excretion)

2-9-1 mRltZu dh dkf;Zdh (Physiology of Excretion)

lÒh thfor Ákf.k; ä ds 'kjhj esa fujUrj vusd jklk;fud fØ;k,¡ g¨rh gS] bu
fØ;kv ä d¨ lkewfgd :Ik ls p;kip; (Metabolism) dgrs gSaA bu p;kip;
fØ;kv ä ds }kjk vusd vuqi;qä] gkfudkjd inkFkZ ,oa vU; mitkr inkFkZ
curs jgrs gSaA dqN inkFk ±̈ ,oa mitkr inkFk ±̈ d¨ Ákf.k; ä ds }kjk mi;¨x dj
fYk;k tkrk gS] dqN vif'k"V inkFkZ (Waste products) ,oa vuqi;qä inkFkZ '¨"k
cprs gSaA ;g vif'kf"V ,oa vuqi;¨xh inkFkZ ;fn dqN le; rd 'kjhj
esa ,df«kr jgs r¨ fo"kkä (Toxic) g¨ ldrs gSa ;k fo"kkä inkFk ±̈ (Toxic
substances) d¨ mRiUu djsaxs t¨ tho 'kjhj ds fYk, ?kkrd g¨ ldrs gSa rFkk
Ák.kh/tho dh èR;q g¨ tkrh gSA vUr% bu inkFk ±̈ d¨ 'kjhj esa vf/kd le;
rd ,df«kr ugha g¨us fn;k tkrk gS] cfYd bud¨ 'kjhj ls ckgj fudkYk fn;k
tkrk gSA bu O;FkZ ,oa vif'k"V inkFk ±̈ d¨ ckgj fudkYkus dh fØ;k fof/k dks
mRltZu (Excretion) dgrs gSaA ;g ,d egRoiw.kZ tSo fØ;k gSA

mRltZu og tSo fØ;k gS ftlds }kjk 'kjhj ls p;kipf;d vif'k"V
inkFk ±̈ (Metabolic wastes) dk iF̀kôj.k (Separation) dj 'kjhj ls ckgj
fudkYk fn;k tkrk gSA

(The separation and elimination of the metabolic waste products
from the body is known as excretion.)

ftu vax ä ds }kjk bu vif'k"V inkFk ±̈ d¨ iF̀kd~ dj ckgj fudkYkk tkrk
gS] mud¨ mRltÊ vax (Excretory organs) dgrs gSaA ftu p;kipf;d vif'k"V
inkFk ±̈ d¨ iF̀kd~ dj 'kjhj ls ckgj mRlftZr fd;k tkrk gS mud¨ mRltÊ
inkFkZ (Excretory products) dgrs gSaA

;g mRltÊ inkFkZ lkekU; :Ik ls ,d tYkh; foYk;u (Aqueous
solution) ds :Ik esa 'kjhj ls ckgj fudkY¨ tkrs gaSA 'kjhj esa dkc¨ZgkbMªsVl
(Carbohydrates) rFkk olkv¨a (Fat) ds vip; ls tYk ,oa CO2 vif'k"V inkFk ±̈
ds :Ik esa curs gSa ftudk 'kjhj ls ckgj fudkYkuk vklku g¨rk gS] Y¨fdu
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Á¨Vhu vip;u (Protein catabolism) ds dkj.k tfVYk ukbVª¨tuh vif'k"V
inkFkZ (Nitrogenous waste products) curs gSa ftud¨ 'kjhj ls ckgj
fudkYkuk ,d tfVYk ÁfØ;k gSA ikuh ,oa CO2 tgk¡ eYkew«k] ilhuk ,oa
mPN~okl (Expiration) }kjk 'kjhj ls ckgj pY¨ tkrs gSa ogha ukbVª¨tuh inkFk Z̈a
d¨ ckgj fudkYkuk tfVYk jklk;fud ÁfØ;kv¨a }kjk 'kjhj ds fof'k"V mRltÊ
vax ä ds }kjk g¨rk gSA dqN Ákf.k; ä esa fof'k"V mRltÊ vax ugha ik;s tkrs
gSa] ;g Ák.kh vius 'kjhj ds lrg ls lkekU; folj.k (Diffusion) }kjk mRltÊ
inkFkZ 'kjhj ls ckgj fudkYkrs gaSA

2-9-2 mRltZu ,oa eYk R;kx (Excretion and Defacation)

eYk R;kx ,d vU; ÁfØ;k gS ftlesa ikpu (Digestion) ,oa vo'k¨"k.k
(Absorption) ds Ik'pkr~ cps vip; (Undigested) ,oa vo'k¨f"kr
(Unabsorbed) Ò¨T; inkFk ±̈ d¨ fo"Bk (Faeces) ds :Ik esa vkgkjukYk ds vfUre
Hkkx xwnk (Anus) ;k voLdj (Cloaca) ds }kjk 'kjhj ds ckgj fudkYk fn;k
tkrk gSaA eYk R;kx 'kjhj dh d¨f'kdkv¨a ds p;kip; (Metabolism) ls lh/kk
lEcfU/kr ugha gSA ;g 'kjhj dh d¨f'kdkv¨a dh vU; fØ;kv¨a ls Òh lh/kk
lEcfU/kr ugha gSA eYk R;kx ds fYk, 'kjhj esa fof'k"V vax Òh ugÈ ik;s tkrs gSA
eYk vf/kdrj v/kZ B¨l :Ik esa R;kxk tkrk gSA vUr% mRltZu (Excretion) ,oa
eYk R;kx (Defaecation) ,d-nwljs ls fÒUu ÁfØ;k,¡ gSaA mRltZu fØ;k fof'k"V
vax ä ds }kjk g¨rh gS rFkk budk d¨f'kdkv ä ds p;kip; ls lh/kk lEcU/k gSA
mRltZu ds }kjk vif'k"V inkFk ±̈ d¨ æo] B¨l ,oa xSl ds :Ik esa 'kjhj ds
ckgj fudkYkk tkrk gSA

2-10 mRltÊ inkFkZ ,oa budh jklk;fud ÁÑfr
(Excretory Products and their Chemical
Nature)

Ákf.k;¨a esa t¨ p;ip;h vif'k"V (Metabolic wastes) 'kjhj ls ckgj fudkY¨
tkrs gSa og fofÒUu Ádkj ds g¨rs gaSA ;g inkFkZ Ákf.k;¨a ls Ákf.k; ä esa fÒUu g¨rs
gSa rFkk ,d gh Ák.kh esa le; le; ij fÒUu mRltÊ inkFkZ g¨rs gaSA vif'k"V
inkFk ±̈ dh ÁÑfr esa fofÒUurk Ákf.k; ä dh p;kip;h fØ;kv ä ls t¨ muds 'kjhj
esa g¨rh gS muls lEcfU/kr g¨rh gSA

Pk;kip;h vif'k"V t¨ Ákf.k;¨a ds }kjk mRlftZr fd;s tkrs gSa og
fuEufYkf[kr lewg esa foÒkftr fd;s tkrs gS&

1- 'oluh; O;FkZ inkFkZ (Respiratory waste products)&
dkc¨ZgkbMªsVl (Carbohydrates) ds vkWDlhdj p;kip; (Oxidative
metabolism) ds }kjk dkcZu-Mkb-vkWDlkbM (CO2) ,oa tYk (H2O)
mRltÊ inkFk ±̈ ds :Ik esa mRiUu g¨rs gSaA fuEu Js.kh ds Ákf.k;¨a esa CO2

lh/¨ okrkoj.k eas 'kjhj dh lrg ds }kjk folfjr (Diffused) g¨rh gSA
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mPp Js.kh Ákf.k;¨a esa CO2 QsQM+¨a ds }kjk ckgj fudkYkh tkrh gSA
tYk dh vR;f/kd ek«kk ew«k ;k ilhus ds :Ik esa 'kjhj ds ckgj
fudkYkh tkrh gSA

2- ukbVª¨tu;qä O;FkZ inkFkZ (Nitrogen containing waste
products)& Ák.kh; ä ds 'kjhj esa Á¨VhUl ds fo?kVu ds }kjk vehu¨
vEYk curs gS] ftudk vf/kdka'k Òkx mRlftZr dj fn;k tkrk gSA
vehu¨ vEYk¨a ls muds ukbVª¨tuh lewg dk ve¨fu;k (Ammonia)
ds :Ik esa fu"dklu muds fo?kVu dh ÁFke voLFkk gSA vR;f/kd vehu¨
vEYk ä ls fo,sehuhdj.k (Deamination) ds }kjk vusd ukbVª¨tu;qä
O;FkZ inkFkZ curs gSaA fo,ehuhdj.k fofÒUu ,UtkbEl dh fØ;kv¨a ds }kjk
g¨rk gS ;k r¨ vkWDlhdj (Oxidative) ;k tYk vi?kVuh (Hydrolytic)
ds }kjk g¨rk gSA

2-11 ukbVª¨tu;qä inkFkZ (Nitrogenous Products)

Ákf.k;¨a esa Á¨Vhu vip; ,oa fo,ehuhdj.k ds }kjk fuEufYkf[kr ukbVª¨tu;qä
mRikn (Products) curs gSa&

1- ve¨fu;k (Ammonia)& ;g ,d Áeq[k ukbVª¨tu ;qä ;©fxd gS t¨
'kjhj ds fYk, vR;f/kd fo"kkä (Toxic) g¨rk gSA ;g ikuh esa ?kqYku'khYk
g¨rh gSA ve¨fu;k] vehu¨ vEYk ä ds fo,ehuhdj.k (Deamination) fØ;k
ds }kjk curh gSA vusd Ákf.k;¨a ds jä esa budh lkUærk cgqr de
g¨rh gS] D; äfd ;g fo"kkä g¨rh gSA bl dkj.k blds curs gh rqjUr
mRlftZr fd;k tkuk pkfg, ;k de fo"kkä inkFkZ esa ifjofrZr g¨ tkuk
pkfg,A bldh dqN ek«kk ew«k esa ve¨fu;k Yko.k¨a ds :Ik esa g¨rh gSA
ve¨fu;k tYkh; Ákf.k; ä (Aquatic animals) esa mRlftZr g¨rk gSA

mnkgj.k& Á¨V¨t¨vk] i¨jhQsjk] lhY¨UVªsVk] ,sfufYkMk] e¨YkLdk] ØLVsf'k;k]
leqæh bYkkLe¨czSUd eNfYk;k¡ rFkk mÒ;pjh Ákf.k;¨a ds VsMi¨Yk YkkokZ
vkfnA

2- ;wfj;k (Urea)& ;g lkekU; mRltÊ inkFkZ gSA ;g de fo"kkä g¨rk
gSA bldk la'Y¨"k.k (Synthesis) ve¨fu;k ls g¨rk gSA ;wfj;k ukbVª¨tuh
mRltÊ inkFk ±̈ esa lcls vf/kd ek«kk esa ik;k tkrk gSA tYk esa ;g
vf/kd ?kqYku'khYk g¨rk gSA dkc Z̈fud vEYk esa n¨ NH2 lewg¨a ds tqM+
tkus ls ;wfj;k NH2 curk gSA blds jaxghu] xU/kghu ,oa Lokn esa dM+os
jos xeZ djus ij ckb;wjsV (Biurate) esa ifjofrZr g¨ tkrs gSaA ;wfj;k d¨
'kjhj esa vf/kd le; rd j[kk tk ldrk gSaA
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;wfj;k dk fuekZ.k/vkfuZFkhu&flVªqfYku pØ (Formation of Urea/
Ornithine-Citrulline Cycle)

Ok̀Dd/fdMuh (Kidney) ds vfrfjä ;Ñr (Liver) Òh mRltZu esa vf/kd
egRoiw.kZ dk;Z djrk gSA ;Ñr 'kjhj dk Áeq[k vax g¨rk gS] blesa Áeq[k
jklk;fud fØ;k,¡ g¨rh jgrh gaSA ikfpr fd, gq, Ò¨tu ls ÁkIr vko';d ls
vf/kd vehu¨ vEYk¨a d¨ ;Ñr d¨f'kdk,¡ ;wfj;k esa ifjofrZr dj nsrh gSaA

;wfj;k dk fuekZ.k vxzfYkf[kr pj.k ä esa g¨rk gS&

1- vkWDlhMsfVo fM,sehus’ku }kjk ve¨fu;k dh mRifÙk (Production
of ammonia by oxidative deamination)& ;Ñr esa vehu¨ vEYk dh
vf/kdka'k ek«kk ljapukRed/fuekZ.kkRed ,oa fØ;kRed fØ;kv¨a ds }kjk mi;¨x
dh tkrh gSA '¨"k vehu¨ vEYk O2 dh mifLFkfr esa fM,sehus'ku
(Deamination) }kjk NH3 ve¨fu;k dk fuekZ.k djrs gSaA ;Ñr d¨f'kdkv ä dh
ekbV¨dkf.Mª;k esa ,Y¨fuu (Alanine) ds n¨ v.kq O2 ls fØ;k dj ikb:fod vEYk
(Pyruvic acid) ,oa ve¨fu;k cukrs gaSA

2CH3CH2NH2COOH + O2 2CH3COCOOH + 2NH3

Alanine amino acid Pyruvic acid Ammonia
amino acid

Ikkb:fod vEYk dk vkWDlhdj.k g¨rk gS] bl dkj.k CO2 curh gSA

2. ØSCl & gSalsYkkbV pØ }kjk ;wfj;k la'Y¨"k.k (Synthesis of Urea
by Kreb’s-Henseleit cycle)& ;Ñr esa ve¨fu;k ls ;wfj;k cuus dh fØ;k
tfVYk g¨rh gS] bld¨ vkfuZFkhu pØ (Ornithine cycle) dgrs gSA

;g fuEufYkf[kr n¨ pj.k ä es iwjh g¨rh gS&

(i) dkckZekbYk QkWLQsV dk fuekZ.k (Formation of Carbamyl
phosphate)& ve¨fu;k dk ,d v.kq] ATP ls fYk;s x;s ,d QkWLQsV
v.kq ,oa dkcZu&Mkb&vkWDlkbM ds ,d v.kq ds lkFk la;¨x dj
dkckZekbYk QkWLQsV (Carbamyl phosphate) d¨ fufeZr djrk gSA ;g
lEiw.kZ fØ;k ,Utkbe dkckZekbYk QkWLQsV flUF¨Vst (Carbamyl
phosphate synthetase) dh mifLFkfr esa g¨rh gSA bl fØ;k ds vUrxZr
2ATP ds v.kq mi;¨x esa vkrs gSaA
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Aspartic acid

ATP

AMP
PPI

H2O

Arginine
Fumaric acid

Arginosuccinic acid

Urea

Ornithine
cycleOrnithine

CO2

NH3

2ATP 2ADP

Citrulline
Carbamyl
phosphate

fp= Ø- 2-13: Ornithine Cycle

(ii) flVªqfYku dk la'Y¨"k.k (Synthesis of Citrulline)& vkfuZFkhu

(Ornithine) ls dkckZekbYk lewg (Carbamyl group) dkckZekbYk QkWLQsV ls
iF̀kd~ g¨dj fØ;k djrk gS rFkk flVªqfYku (Citrulline) d¨ fufeZr djrk

gSA ;g lEiw.kZ fØ;k  -vkfuZFkhu-VªkUl-dkckZekbY¨t ( -Ornithine-trans-
carbamylase) ,Utkbe dh mifLFkfr esa g¨rh gSA

H2N O

CCH2

CH2

CH2

COOH

CH2

CH NH2

COOH
Ornithine

O

O

+ H2N C O P O–

Carbamyl
Phosphate

NH2NH

CH2 + Pi

CH2

C NH2H

Citrulline

O

CO2 + NH4+ + 2ATP + H2O H2N – C – O – P – O–+ 2ADP + Pi

O

O O

Carbamyl Phosphate
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(iii) vftZu¨&lDlhfud vEYk dk fuekZ.k (Formation of argino-
succinic acid)& flVªqfYku (Citrulline) ATP dh mifLFkfr esa ,LikfVZd

vEYk (Aspartic acid) ls feYkdj vkftZfuu¨&lDlhfud vEYk (Arginino –
Succinic acid) cukrs gSa rFkk ATP, ADP esa fo?kfVr g¨rk gSA

(iv) vkftZu¨&lDlhfud vEYk dk vkftZuhu ,oa ¶;wesfjd vEYk esa
fo?kVu (Segmentation of Argino Succinic acid into Arginine
and Fumaric acid)& ,Utkbe vkftZfuu¨&lDlhust (Arginino-
succcinase) dh mifLFkfr esa vkftZfuu¨&lDlhfud vEYk] vkftZuhu ,oa
¶;wesjsV ¶;wesfjd vEYk (Fumarate/fumaric acid) es fo?kfVr g¨ tkrk gSA

Fumaric acid

HHOOC

H

C

C

COOH

COOH

H – C – NH2

CH2

CH2

CH2

HN

HN–C–NH2

HN COOH

CH2 CH2

CH2

H–N–C–N–C–H

H

COOH

CH2

H C NH2

COOH

Argino-Succinic acid Arginine

(v) ;wfj;k ,oa vkfuZFkhu dk fuekZ.k (Formation of Urea and
Ornithinine)& vkftZusl ,Utkbe dh mifLFkfr esa vkftZuhu fo?kfVr
g¨dj ;wfj;k (Urea) ,oa vkfuZFkhu (Ornithine) d¨ cukrk gSA vkfuZFkhu
pØ (Ornithine cycle) ds vUrxZr ;wfj;k fuekZ.k dh lÒh ÁfØ;k,¡
fuEufYkf[kr Ádkj ls g¨rh gS&

CO2 + 2NH4 + 3ATP +
Aspartic acid + 2H2O

Urea + 2ADP + 2Pi + AMP +
PPi + Fumaric acid

LkEiw.kZ pØ esa ;wfj;k ds ,d v.kq ds fuekZ.k ds fYk;s ve¨fu;k ds n¨ v.kq]
CO2 dk ,d v.kq rFkk ATP ds rhu v.kq ,oa ik¡p ,UtkbEl dh vko';drk
g¨rh gSA

3. vehu¨ vEYk (Amino acids)& Á¨Vhu ds ikpu ds dkj.k
fo?kVu }kjk vehu¨ vEYk curs gSaA ;g jä }kjk ;Ñr esa igq¡prs gSa tgk¡ buls
fM,ehus'ku }kjk ve¨fu;k dk fuekZ.k g¨rk gSA dqN Ákf.k;¨a }kjk vehu¨ vEYk¨a
d¨ mRltÊ inkFkZ ds :Ik esa ckgj fudkYkk tkrk gSA
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4. ;wfjd vEYk (Uric acid)& lw[¨ okrkoj.k esa ik;s tkus okY¨ Ákf.k; ä
esa ve¨fu;k ls ;wfjd vEYk curk gS] og tYk esa v?kqYku'khYk gSA ;wfjd vEYk
fo"©Ykk ugÈ g¨rk gSA {kkjh; ek/;e esa ;wfjd vEYk ds vkWDlhdj.k ls ,sY¨UVkbu
(Allantoin) dk fuekZ.k g¨rk gSA ;g 'kjhj esa laxzghr fd;k tk ldrk gSA ;g
mu Ákf.k;¨a esa t¨ ikuh d¨ FkYk ij thou O;rhr djus ds fYk, laaxzghr djrs
gS muesa Áeq[k ukbVª¨tu ;qä mRikn gSA ;gh ,d ,slk ukbVª¨tu ;qä mRikn gS
t¨ B¨l :Ik esa mRlftZr fd;k tkrk gSA ukbVª¨tu mRltZu fcuk ikuh dh
gkfu ds }kjk Ákf.k; ä ds }kjk fd;k tkrk gSA ve¨fu;k ls ;wfjd vEYk cukus dh
fØ;k Kkr ugÈ gSA

2-12 mRltÊ inkFk¨± ds vk/kkj ij Ákf.k;¨a dk oxÊdj.k
(Classification of Animals According to
Excretory Products)

Ákf.k;¨a esa eq[; ukbVª¨tu ;qä vif'k"V inkFk¨± (Waste products) ds mRiknu
ds vk/kkj ij lÒh Ákf.k;¨a d¨ fuEufYkf[kr pkj ox ±̈ esa foÒkftr fd;k tkrk
gSa&

1- ve¨u¨VsfYkd Ák.kh (Ammonotelic animals)– ;g og Ák.kh gaS t¨
vius }kjk ve¨fu;k (Ammonia) d¨ mRlftZr djrs gSaA ve¨fu;k dk
mRltZu ve¨u¨VsfYkd mRltZu (Ammonotelic excretion) dgYkkrk gSA
ve¨fu;k rc gh mRlftZr g¨rk gS tc ikuh Ik;kZIr ek«kk es miYkC/k g¨rk
gSA ikuh vR;f/kd ek«kk esa 'kjhj ls ckgj fujUrj fudkYkk tkrk jgrk gS]
ftlesa ve¨fu;k Òh ?kqYkdj 'kjhj ls ckgj fudYk tkrh gSA

mnkgj.k& Á¨V¨t¨vk] iksjhQsjk] lhY¨UVªsVk] vYko.kh; d'¨:d ,oa
vd'¨:d Ák.kh&,susfYkMk] e¨YkLdk] ØLVsf'k;k ,oa leqæh bYkkLe¨czSUd
eNfYk;k¡ ,oa mÒ;pjh VsMi¨y YkkokZ vkfnA

H2N C NH

NH

CH2 H2O

CH2

CH2

NH2CH

COOH
Arginine

C

O

NH2H2N

Urea

NH2

CH2

CH2

CH2

CH NH2

COOH

Ornithine
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2- ;wfj;¨VsfYkd Ák.kh (Ureotelic animals)– ;g og Ák.kh g¨rs gSa t¨
ukbVª¨tu ;qä vif'k"V inkFk ±̈ (Nitrogenous waste products) ds #i
esa ;wfj;k (Urea) d¨ mRlftZr djrs gSaA bu Ákf.k;¨a d¨ ;wfj;¨VsfYkd
Ák.kh (Ureotelic animals) dgrs gSaA ;g inkFkZ fo"©Ykk ,oa ikuh
esa ?kqYku'khYk g¨rk gSA

mnkgj.k& VhfYkv¨LV eNfYk;k¡ (Teleost fishes), mÒ;pj
(Amphibians) ,oa Lruh (Mammalia) oxZ ds Ák.khA ;g ljYk inkFkZ
ds :Ik esa mRlftZr fd;k tkrk gSA

Enzyme
2NH2 + CO2 CO(NH2)2 + H2O

(Urea)

3- ;wfjd¨VsfYkd Ák.kh (Uricotelic animals)& og Ák.kh g¨rs gS t¨
mRltÊ vif'k"V inkFkZ (Excretory waste products) ds :i esa ;wfjd
vEYk (Uric acid) d¨ 'kjhj ls ckgj fudkYkrs gaSA ;wfjd vEYk 2, 7,
8-VªkbvkWDlh I;wjhu (2, 7, 8-Trioxy purine) g¨rk gSA ikuh esa
v?kqYku'khYk] de fo"©Ykk inkFkZ g¨rk gSA Ák.kh ;wfjd¨VsfYkd dgYkkrs
gSaA ;g vif'k"V ukbVª¨tu ;qä inkFkZ v/kZrjYk] B¨l ,oa Y¨bZ (Paste)
ds :Ik esa mRlftZr fd;k tkrk gSA

mnkgj.k& dhV (Insects), ?k¨a?¨ (Snails) ;k dqN xSLVª¨i¨M e¨YkLd]
ljhl`Ik (Reptiles), i{kh (Birds)A

4- vehu¨VsfYkd Ák.kh (Aminotelic animals)& vehu¨ vEYk ds mRltZu
d¨ vehu¨VsfYkd (Aminotelic) mRltZu dgrs gSaA ;g mRltZu
bdkbu¨MesZVk (Echinodermata) ,oa e¨YkLdk ds dqN Ákf.k;¨a esa ik;k
tkrk gSA

2-12-1 o`Dd dh dkf;Zdh ,oa ew«k dk fuekZ.k (Physiology of
Kidney and Urine Formation)

Lruh Ák.kh ;wfj;¨VsfYkd Ák.kh (Ureotelic animals) g¨rs gaSA bu Ákf.k;¨a
esa ;wfj;k dk fuekZ.k ;Ñr esa g¨rk gS rFkk fdMuh/oD̀d ds }kjk ;wfj;k d¨ jä
ls iF̀kd~ djds 'kjhj ls ckgj ew«k (Urine) ds :Ik esa fudkYkus dk dk;Z djrs
gSaA jä ls ;wfj;k d¨ iF̀kd djuk ,oa mRltÊ inkFkZ ew«k esa ifjofrZr djuk
oD̀d dh mRltÊ bdkbZ ;k oD̀d ufYkdkvksa (Uriniferous tubules) ds }kjk
fd;k tkrk gSA vfÒokgh /kefudkvksa ds }kjk ;wfj;k d¨ jä ds lkFk
dsf'kdkxqPN (Glomerulus) eas Ykk;k tkrk gSA dsf'kdkxqPN/XYk¨es:Ykl ls c¨eSu
lEiqV esa Nkuk tkrk gS] blds lkFk vU; YkkÒÁn inkFkZ Òh Nu tkrs gaSA Nuk
gqvk inkFkZ dq.MfYkr ufYkdk esa igq¡prk gSA dq.MfYkr ufYkdk esa iqu%
vo'k¨"k.k ,oa L«kko.k dk dk;Z g¨rk gSA blds Ik'pkr~ t¨ nzo dq.MfYkr ufydk
esa gksrk gS og æo nwjLFk ufYkdk ls xqtjrk gSA vfrfjä ikuh dh ek«kk gV
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tkrh gSA ukbVª¨tfud mRltÊ xk<+k ?k¨Yk ,oa dqN Yko.k laxzg ufYkdk esa ew«k
ds :Ik esa ,df«kr fd;k tkrk gSA

2-12-2 ew«k fuekZ.k dh fof/k (Mechanism of Urine
Formation)

ew«k dk fuekZ.k oD̀d dh mRltÊr bdkbZ usÝku (Nephron) ;k oD̀d ufYkdk
(Uriniferous tubule) ds }kjk gksrk gSA jä dsf'kdkxqPN (Glomerulus) esa
vfÒokgh /kefudk (Afferent arteriole) ds }kjk Áos'k djrk gSA blh le; ew«k
fuekZ.k (Urine formation) dh fØ;k ÁkjEÒ g¨rh gSA ew«k ds fuekZ.k esa
fuEufYkf[kr rhu ÁØe Òkx Y¨rs gSa&

1- vfrlw{e fuLiUnu (Ultrafiltration)

2- p;fur iqu% vo'k¨"k.k (Selective Reabsorption)

3- L«kko.k (Secretion)

Afferent
arteriole

Efferent
arteriole

Proximal
convoluted

tubule

Distal
convoluted

tubule

Neck

Renal artery

Bowman’s
capsule

Glomerulus

Renal vein

Capilary
network
Ascending

arm
Descending

arm

Henles
loop

Duct of
bellini

Pyramd

Opening into pelvis

C
ol
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ct
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g
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fp= Ø- 2-14: Structure of Uriniferous Tubule

1- vfrlw{e fuLiUnu (Ultra-Filtration or Glomerular Filtration)–

fQYVªs'ku ;k fuL;anu ew=&fuekZ.k dk izFke LVSi gS] ftlds vUrxZr
#f/kj&IykTek dk ukWu-dksykWbMy Hkkx (Non-colloidal part of blood plasma)
tSls& ;wfj;k] ty vusd izdkj ds yo.k rFkk Xywdkst vkfn] XykseS:yl rFkk
cksesUl dSIlwy dh lSeh&ijeh,fcy nhokjks a ds }kjk Nkuk tkrk gSA bl izfØ;k
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ds ckjs esa lcls igys fjpMZl rFkk mlds lg;ksfx;ksa (Richards and his
associates) us lu~ 1924 esa crk;k FkkA buds vuqlkj #f/kj&IykTek dk
ukWu&dksykWbMy Hkkx XykseS:yl dh dSfiyjht (Capillaries of glomerulus)
dh nhokjksa }kjk cksesUl dSIlwy dh xqgksa esa Nudj usÝksu dh ckWMh esa vk tkrk
gSA bl izfØ;k dks mUgksaus XykseS:yj fQYVªs'ku dk uke fn;kA

izR;sd usÝksu ds XykseS:yl esa #f/kj ,sQsjs.V vkfVZfj;ksYl }kjk jhuy
/keuh ls vkrk gSA vUr% tc ;wfj;k] ty rFkk vusd izdkj ds yo.k vkSj
izksVhUl ;qä #f/kj ,sQsjsUV vkfVZfj;ksYl }kjk XykseS:Ykl esa gksdj bQsjs.V
vkfVZfj;ksYl dh vksj cgrk gS rks ml le; #f/kj esa vR;f/kd ty&ncko
(Osmotic pressure) gksus ds dkj.k #f/kj&IykTek dk ukWu&dksykWbMy Hkkx
(IykTek&izksfVUl dks NksM+dj) XykseS:yl eFkk cksesUl dSIlwy dh fHkfŸk ls
Nudj usÝksu esa vk tkrk gSA bldks ge bQSfDVo fQYVªs'ku izS'kj ds }kjk fuEu
izdkj ls le> ldrs gSaA

bQSfDVo fQYVªs'ku izS'kj (Effective Filtration Pressure = EFP)&
usÝksu ;k ;wfjfuQSjl V~;wC;wy dh lajpuk esa o.kZu fd;k tk pqdk gS fd]
XykseS:yl vkfVZfj;y dSfiyjht (Arterial capillaries) dk ,d xqPNk gksrk gS
tks cksesUl dSIlwy dh xqgk esa fLFkr jgrk gSA izR;sd XykseS:yl
esa :f/kj ,sQsjs.V vkfVZfjvksy (Afferent arteriole) ls izos'k djrk gS vkSj
bQsjs.V vkfVZfjvksy (Efferent arteriole) ds }kjk ckgj fudyrk jgrk gS]
vFkkZr~ XykseS:yl esa :f/kj ,sQsjs.V vkfVZfjvksy ls bQsjs.V vkfVZfjvksy dh vksj
cgrk gSA ,sQsjs.V vkfVZfjvksy dh vis{kk bQsjs.V vkfVZfjvksy dk O;kl de gksrk
gSA vRk% ,sQsjs.V vkfVZfjvksy esa #f/kj rsth ls izokfgr gksdj XykseS:yl esa
izos'k djrk gSA fdUrq bQsjs.V vkfVZfjvksy dk O;kl de gksus ds dkj.k ftruk
#f/kj XykseS:yl esa ,d fuf'pr le; esa izos'k djrk gS] mruk gh mrus le;
esa fudy ugha ikrk gSA vUr% XykseS:yl dh :f/kj dSfiyjht esa #f/kj&nkc
(Blood-pressure) c<+ tkrk gS ftls XykseS:yj gkbMªksLVsfVd izS'kj
(Glomerular Hydrostatic Pressure = GHP) dgrs gSaA ,sQsjs.V vkfVZfj;ksy
esa ;g nkc (GHP) yxHkx 75 mm Hg gksrk gS bl nkc dks nks fojks/kh nkc
(Opposite pressure) ds fo:) dk;Z djuk iM+rk gS& (i) #f/kj dk dksykbMh
vkWLekfVd nkc (Blood Colloidal Osmotic Pressure = BCOP), ;g yxHkx
30 mm Hg gksrk gS tks okLro esa IykTek izksVhUl dk nkc gksrk gS rFkk
(ii) dSIlqyj gkbMªksLVsfVd nkc (Capsular Hydrostatic Pressure = CHP), ;g
cksesUl dSIlwy dh nhokj dk nkc gksrk gSA ;g nkc dSIlwy esa ekStwn nzo ds
dkj.k gksrk gS tks yxHkx 20 mm Hg gksrk gS] blesa 10 mm Hg jhuy
b.VjLVhf'k;y nkc (Renal interstitial pressure) rFkk 10 mm Hg jhuy
b.VªkV~;wC;wyj nkc dgrs gSa]A vUr% dqy fojks/kh nkc&

BCOP = 30 mm Hg + CHP = 20 mm Hg = 50 mm Hg

bl izdkj ge ns[krs gSa fd] XykseS:yl ds vUnj :f/kj dk gkbMªksLVsfVd
nkc (GHP) tks 75 mm Hg gkssrk gS] dqy fojks/kh nkc] tks 50 mm Hg gksrk gS]
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ls 75 & 50 = 25 mm Hg vf/kd gksrk gS] ftls bQSfDVo fQYVªs'ku izS'kj ;k
nkc (Effective Filtration Pressure = EFP)

fp= Ø- 2-15: Diagrammatic Representation of Ultra-filtration
in Bowman’s Capsule of Uriniferous Tubule

GHP = 75 mm Hg
(Glomerular
Hydrostatic
Pressure, due to
narrower
efferent arteriole)

Is the main
driving force
for fluid out of
glomeruli

BCOP = –30 mm Hg
(Blood Colloidal
Osmotic Pressure,
due to plasma-
protein)

CHP = –20 mm Hg
(Capsular,
Hydrostatic Pressure,
due to fluid
preoccupying the
Bowman’s capsule)

Total exert
force in
opposite
direction:

30 + 20
= 50 mm Hg

Total Effective
Filtration Pressure =
EFP : Net GHP
= 75 mm Hg – Net
opposing force
= 50 mm Hg
= 25 mm Hg



'olu] mRltZu ,oa
çfrj{kk ç.kkyh

122

fVIi.kh

Lo-vf/kxe
ikB~; lkexzh

2- p;fur iqu% vo'k¨"k.k (Selective reabsorption)&

ijkfuLiUn (Ultrafiltrate) æO; /khjs&/khjs lehiLFk dq.MfYkr ufYkdk
(Convoluted tubule), gsuY¨ dk Ykwi (Henle’s loop) ,oa nwjLFk dq.MfYkr
ufYkdk (Distal convoluted tubule) esa ls g¨rk gqvk laxzghr ufYkdk
(Collecting tubule) esa igq¡prk gSA dsoYk 0.8% Òkx gh ew«k ds :Ik esa ckgj
fudYkrk gSA “¨’k Òkx iqu% 'k¨f"kr g¨ tkrk gSA

ijkfuLiUn iwjk T;¨a dk R;¨a ew«k (Urine) ds :Ik esa ckgj ugha fudYkrk
gSA dsf'kdkxqPN ijfuLiUn (Glomerular filtrate) esa ;wfj;k ds vfrfjä tYk
rFkk vusd YkkÒdkjh inkFkZ vf/kd ek«kk eas g¨rs gSaA buds vfrfjä ;wfj;k] tYk]
vuko';d Yko.k ,oa p;kip; ds vU; vif'k"V g¨rs gaSA dq.MfYkr ufYkdk esa ls
tkrs le; ijkfuLiUn ds laxBu esa vusd ifjorZu g¨rs gSaA ;fn YkkÒdkjh
inkFkZ ijkfuLiUn ds lkFk 'kjhj ls ckgj T;¨a ds R;¨a fudkYk nsa rc 'kjhj esa
tYk] Yko.k ,oa vk;u¨a ,oa YkkÒdkjh inkFk ±̈ dh deh ls lw[kk ;k futZYkhdj.k
(Dehydration) uked j¨x g¨ tk,xkA vUr% d¨f'kdkv¨a esa mifLFkr YkkÒnk;d
inkFk ±̈ dk p;ukRed iqu% vo”k¨’k.k (Selective reabsorption) g¨rk gSA

oD̀d ufYkdkv¨a ds fofÒUu Òkx¨a ,oa laxzghr ufYkdkv¨a ls fudkYks x,
rjYk dk ijh{k.k djds oSKkfud¨a us n'kkZ;k fd fdl Òkx esa fdu inkFk ±̈ dk
iqu% vo'k¨"k.k g¨rk gS] blds dkj.k fofÒUu Òkx ä esa ijkfuLiUn dh D;k n'kk g¨
tkrh gS&

(i) c¨eSu lEiqV ds ijkfuLiUn esa ;wfj;k] XYkwd¨l] Yko.k ä] vehu¨ vEYk ä vkfn
dh ek«kk mruh gh g¨rh gS ftruh fd jä esa] dsoYk IykTek Á¨VhUl
vuqifLFkr g¨rs gaSA vUr% ijkLiUn Á¨Vhu jfgr IykTek ls leijklj.kh
(Iso-osmotic/Istonic) g¨rk gSA

(ii) lehiLFk dq.MfYkr ufYkdk dh fÒfÙk dh d¨f'kdk,¡ ?kukdkj g¨rh gSaA
bldh vkUrfjd lrg vusd eghu fu;U«k.k djrk gSA ;g ikuh ds
iquvZo'k¨"k.k dh of̀) djrk gSA ih;w"k xzfUFk ls ;fn ADH dh lkekU;
ek«kk L«kkfor g¨rh gS rc tYk dk iquvZo'k¨"k.k lkekU; :Ik ls g¨xk
v©j ew«k dh lkekU; ek«kk 'kjhj ls mRlftZr g¨xhA

ADH ds vYi-L«kko.k (Hyposecretion) ds le; tYk dk iquvZo'k¨"k.k
de g¨xk rFkk ew«k es tYk dh vf/kd ek«kk mRlftZr g¨xhA bl fLFkfr
d¨ Mkb;wjsfll (Diuresis) ;k MkbfcVht bUlhfiMl (Diabetes insipidus)
dgrs gSaA

ADH ds vfr-L«kko.k (Hypersecretion) ls tYk dk iquvZo'k¨"k.k vf/kd
ek«kk es g¨xk] ew«k esa tYk dh de ek«kk mRlftZr g¨xhA

;nh euq"; de ikuh ihrk gS rc ADH vf/kd ek«kk esa L«kkfor g¨xk]
de ew«k ek«kk mRlftZr g¨xhA
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vUr% ADH oD̀d/fdMuh d¨ ikuh laxzg djus ds fYk, mRÁsfjr djrk gSA
ADH Ropk ij fØ;k dj okrkoj.k ls ikuh d¨ xzg.k djus dh fØ;k esa
of̀) djrk gSA

(iii) ,sYMksLVhj¨u ;k feujsYk¨dkfVZdk;M (Aldosteron or
Mineralocorticoids)& ;g gke Z̈u ,MªhuYk xzfUFk ds cYdqV Òkx
(Cortex) ls L«kkfor g¨rk gSA ;g gke¨Zu l¨fM;e ,oa i¨Vsf'k;e ds
mRltZu d¨ ÁÒkfor djrk gSA

;g gke Z̈u mRltÊ ufYkdk ds }kjk l¨fM;e (Sodium) ,oa DYk¨jkbM
(Chloride) ds iquvZo'k¨"k.k esa of̀) djrk gS rFkk i¨Vsf'k;e
(Potassium) ds mRltZu esa of̀) djrk gSA bl gke¨Zu dh vuqifLFkfr esa
ew«k ds lkFk vf/kd ek«kk esa l¨fM;e ,oa DYk¨jkbM ckgj fudYkrs gaS]
vf/kd ek«kk esa tYk dh gkfu g¨rh gSA blds dkj.k cká d¨f'kdh; æo
(Extracellular fluid) dk vk;ru ,oa jä dk vk;ru lkekU; ls de
g¨xkA bl voLFkk d¨ ^,sfMlu j¨x^ (Addison’s disease) dgrs
gSaA ;fn ;g gkfu 4-5 fnu rd fujUrj jgh r¨ euq"; ;k Ák.kh dh èR;q
g¨ ldrh gSA

(iv) iSjkFkke¨Zu gke Z̈u (Parathormone Hormone)– ;g ;wfjfuQsjl
VÓwC~;wYl (Uriniferous tubules) esa dSfY'k;e ds vo'k¨"k.k esa of̀) djrk
gSA blls ew«k eas dSfY'k;e dh de ek«kk mRlftZr g¨xhA ;g oD̀d
ufYkdkv ä ds QkWLQsV iquvZo'k¨"k.k d¨ de djrk gS ftlls ew«k mRltZu
esa of̀) g¨rh gSA cká d¨f'kdh; æo esa QkWLQsV dh lkUærk ÁÒkfor
g¨rh gSA

(v) Fkk;jkWfDlu (Thyroxin)& ;g Fkk;jkWbM ls L«kkfor g¨rk gSA ;g
mRltÊ ufYkdkv¨a esa tYk ds vo'k¨"k.k d¨ de djrk gS] bl dkj.k ew«k
esa tYk dh vR;f/kd ek«kk mRlftZr g¨rh gSA

'kjhj esa tYk lUrqYku (Water equilibrium), Yko.k lUrqYku (Salt
balance) ,oa vEYk-{kkj lUrqYku (Acid-base balance) d¨ cuk;s j[kdj 'kjhj
dh LFkk;h voLFkk cuk, j[kus dh ÁfØ;k d¨ leLFkkiu (Homeostasis)
dgrs gSaA

;k

'kjhj ds p;kip;h lUrqYku (Metabolic balance) d¨ cuk, j[kus dh
ÁfØ;k d¨ leLFkkiu dgrs gaSA

3- L«kko.k (Secretion)

Xkr o"kksZa esa ew=&fuekZ.k ds lEcU/k esa ,d u;s er dk izfriknu gqvk gSA
bldks dkWudjS.V fFk;ksjh ;k dkWm.Vj djS.V flLVe vkWQ ;wfju dkWUlS.Vªs'ku
dgrs gaSA bl er ds vUrxZr oSKkfudksa us ijh{k.k djds irk yxk;k gS fd]
usÝksu ds fdl Hkkx esa fdu inkFkksZ a dk iqu% vo'kks"k.k gksrk gS vkSj blds
QyLo:Ik izR;sd Hkkx esa fQYVªsV dh D;k n'kk gks tkrh gSSA dkWudjS.V ;k ew=
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lkUnzk&laxkeh izfØ;k eq[; :Ik ls gsuys ywi (Loop of Henle) esa ik;h tkrh gS
tks izR;sd usÝksu esa izkWfDley rFkk fMLVy dkWUoksY;wVsM V~;wC;wYl ds e/;
esM~;wyjh Hkkx esa fLFkr jgrk gSA bl er ds vuqlkj usÝksu dh gssuys ywi ,oa
dysfDaVx V~;wC;wy ,d gs;jfiu cs.M (Hairpin bend) dh Hkk¡fr jpuk cukrs gS]
ftuesa foijhr fn'kk esa /kkjk (Current) izokfgr gksrh gSA blfy, bls dkWm.Vj
djS.V fl)kUr Hkh dgrs gSaA bUgha foijhr /kkjk izokg ds e/;] ty ,oa dqN
lkWY;wV~l (Solutes) ;k foys; dk fofue; gksrk gSA iz;ksxksa ds vk/kkj ij ;g
fl) fd;k x;k gS fd fQYVªsV izkWfDley dkWUoksY;wVsM V~;wC;wy esa vkblksVkWfud
(Isotonic) gksrk gS ysfdu tc ;g /khjs&/khjs gsuys ywi dh vksj c<+rk gS rks ;g
gkbijVkWfud (Hypertonic) gksrk tkrk gSA gsuys ywi dh ,slSf.Mx V~;wC;wy
esa ;g gkbiksVkWfud (Hypotonic) gksus yxrk gS] fdUrq tSls gh ;g dySfDVax
V~;wC;wYl esa igq¡prk gS rks ;g iqu% gkbijVkWfud gks tkrk gSA

dkWudjS.V fFk;ksjh dh vk/kkjh; izfØ;k ftlds }kjk Lru/kkfj;ksa esa
gkjijVkWfud ew= (Hypertonic urine) dk fuekZ.k gksrk gS] dks ge fuEu izdkj
ls le> Lkdrs gS&

(i) cksesUl dSIlwy ds fQYVªsV esa ;wfj;k] Xywdkst] yo.kksa] vehuks ,flM~l
vkfn dh ek=k mruh gh gksrh gS ftruh fd #f/kj esa] cl blesa IykTek
izksVhUl dk vHkko gksrk gSA vUr% dSIlwyj ;k XykseS#yj fQYVªsV
izksVhUl&jfgr IykTek ls vkblksVkWfud gksrk gSA ;g fQYVªsV
vkblksVkWfud voLFkk esa gh izkWfDley dkWUoksY;wVsM V~;wC;wy esa izos'k
djrk gSA

(ii) izkWfDley dkWUoksY;wVsM V~;wC;wy dh nhokj dh ?kukdkj dksf'kdkvksa dk
LorU= ry vusd ekbØksfoykbZ (Microvilli) ds dkj.k cz'k dh rjg dk
(Brush border) gksrk gSA izkWfDley V~;wC;wy dh ;s dksf'kdk,¡ Xykses:yj
fQYVªsV ds yxHkx 65% ls 80% Hkkx dk iqu% vo'kks"k.k djds Ård
nzo (Tissue fluid) ds ek/;e ls bls okil iSfjV~;wC;wyj dSfiyjh&tky
dh dSfiyjht ds :f/kj esa igq¡pk nsrh gSA bl izfØ;k esa yxHkx lkjk
Xywdkst] vU; mi;ksxh dkcZfud inkFkZ ,oa ykHknk;d vdkcZfud inkFkksZa
tSls& Na+] Cl–] K+] Ca++] HCO3–] PO4–3] lYQsV vkfn ds vk;uksa dk
vf/kdrj ,sfDVo VªkUliksVZ }kjk fQYVªsV ls :f/kj esa iqu% vo'kks"k.k gks
tkrk gSA bl izdkj lEiw.kZ izkWfDley dkWUoksY;wVsM V~;wC;wy esa fQYVªsV
#f/kj&IykTek ls vkblksVkWfud gh jgrk gSA

(iii) vc fQYVªsV gsuys ywi esa igq¡prk gSA ywi esa rhu Hkkx gksrs gSa& eksVk
fMlSf.Max [k.M] gsuys dk iryk [k.M rFkk eksVk ,slSf.Max [k.MA
fMlsf.Max [k.M dh nhokj piVh ,oa cgqr de lfØ; dksf'kdkvksa dh
cuh gksrh gSA ;g nhokj ty ds fy, vf/kd] ysfdu lksfM;e rFkk vU;
foys;ksa (Solutes) ds fy, cgqr de ijeh,fcy (Permeable) gksrh gSaA
nwljs] ywi dk ;g Hkkx fdMuh ds esM~;wyk esa fLFkr gksrk gS] tgk¡ xgjkbZ
ds lkFk&lkFk fdMuh ds esM~;wyjh vUrjkyh Ård nzo (Medullary
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interstitial tissue fluid) lksfM;e vk;uksa dh cgqrk;r ds dkj.k
vR;f/kd gkbijVkWfud gksrk gSA vUr% T;ksa&T;ksa fQYVªsV gsuys ywi ds
fMlSf.Max [k.M esa uhps dh vksj cgrk gS] blesa ls ty dh dkQh ek=k
ckgj esM~;wyjh vUrjkyh Ård nzo esas fudyrh ;k vo'kksf"kr gksrh jgrh
gS] tcfd esM~;wyjh vUrjkyh Ård nzo ls lksfM;e (,oa DyksjkbM)
vk;Ul fMlSf.Max [k.M esa cgrs gq, fQYVªsV esa bl [k.M dh
dksf'kdkvksa }kjk ,sfDVoyh iEi gksrs jgrs gS( ftlls fQYVªsV #f/kj
IykTek ls gkbijVkWfud gksrk tkrk gSA

(iv) vc fQYVªsV gsuys ywi ds eksVs ,slSf.Max [k.M esa izos'k djrk gSA bl
[k.M dh nhokj dh ijeh,fcfyVh fHkUu gksrh gSA ;g ty ds fy,
yxHkx beijeh,fcy (Impermeable) ysfdu Na+ ,oa Cl– vk;Ul ds
fy, iwjh rjg rFkk ;wfj;k ds fy, vkaaf'kd :Ik ls ijeh,fcy gksrh gSA
nwljs T;ksa&T;ksa ,slSf.Max [k.M fdMuh ds ckgjh] dkWVsZDl Hkkx dh vksj
c<+rk gS] blds ckgj ds ;k dkWfVZdy vUrjkyh Ård nzo (Cortical
interstitial tissue fluid) esa lksfM;e vk;uksa dh lkUnzrk de gksrh tkrh
gSA vUr% ,slSf.Max Hkkx esa cgrs gq, fQYVªsV esa ls Na+ (rFkk Cl–) ds
vk;Ul lkekU; izlj.k (Diffusion) }kjk ckgj fudydj dkWVsZDl ds
vUrjkyh Ård nzo esa igq¡p tkrs gSa vkSj fQYVªsV ek=k esa mruk gh
jgdj Hkh] ckgjh dkWfVZdy vUrjkyh Ård nzo vkSj #f/kj IykTek ls
gkbiksVkWfud (Hypotonic) vFkok vkblksVkWfud (Isotonic) gksrk pyk
tkrk gSA ;gk¡ ,d ckr Li"V :Ik ls le> esa vk tkuh pkfg, fd] tks
lksfM;e vk;Ul gsuys ywi ds ,slSf.Max [k.M ls dkWfVZdy vUrjkyh
Ård nzo esa folfjr ;k LFkkukUrfjr gq, Fks] os gh fdMuh ds Hkhrjh
Hkkx ;k esM~;wyjh vUrjkyh Ård nzo esa folfjr gks tkrs gSa] tgk¡ ls os
gsuys ywi ds fMlSf.Max [k.M esa cgrs gq, fQYVªsV esa [k.M dh
dksf'kdkvksa }kjk iqu% ,sfDVoyh iEi gksrs jgrs gSa] ftlls bl Hkkx esa
fQYVªsV gkbijVkWfud gksrk jgrk gSA bl izdkj gsuys ywi ds
fMlSf.Max ,oaa ,slSf.Max [k.Mksa ds e/; lksfM;e vk;Ul dh lkbfdy (;k
vknku&iznku) pyrh jgrh gSA

(v) vc fQYVªsV ,slSf.Max [k.M ls cgrk gqvk usÝksu ds fMLVy dkWUoksY;wVsM
V~;wC;wy esa izos'k djrk gSA usÝksu dk ;g Hkkx Mk;Y;wfVax [k.M
(Diluting segment) dgykrk gSA bldh nhokj eksVh RkFkk ty ,oa ;wfj;k
ds fy, beijeh,fcy gkssrh gSA bl nhokj ds vf/kdka'k Hkkx dh dks'kk,¡
fQYVªsV esa Cl– vk;Ul dks ,sfDVo VªkUliksVZ }kjk vUrjkyh Ård nzo esa
fudkyrh gSA blls Na+ vk;u fQj vius vki ckgj fudyrs tkrs gSA
vUr% fQYVªsV ek=k esa mruk gh jgdj ckgjh vUrjkyh Ård nzo ,oa
#f/kj IykTek esa cgqr gkbiksVkWfud (Hypotonic) gks tkrk gSA
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fp= Ø- 2-16% Diagram showing the Concurrent Mechanism
of Urine Concentration in Mammal

(vi) fMLVy dkWUoksY;wVsM V~;wC;wy ls gkbiksVkWfud fQYVªsV dySfDVax V~;wC;wy
esa izos'k djrk gS tgk¡ lkUnz.k ;k gkbijVkWfud ew= dk fuekZ.k gksrk gSA
dySfDVax V~;wC;wy dk izFke Hkkx ty ds fy, vR;Ur ijeh,fcy gksrk
gSA bldk nwjLFk Hkkx] tks fdMuh ds esM~;wyj xgjkbZ esa fLFkr gksrk gS]
ty ,oa ;wfj;k nksuksa ds fy, ijeh,fcy gksrk gSA dySfDVax V~;wC;wy ds
bu Hkkxksa dh ty ds izfr ijeh,fcfyVh nks dSfedYl ds fu;U=.k esa
jgrh gSA buesa izFke oslksizSflu ;k ,s.VhMkb;wjSfVd gkWjeksu (Vasopressin
or Antidiuretic Hormone = ADH) gS] ftldk L«kko.k fiV~;wVjh xzfUFk
ds Ik'p yksc ;k U;wjksgkbiksQkbfll esa gksrk gS rFkk nwljk gk;ywjksfuMst
(Hyaluronidase) ,Utkbe gS tks dySfDaVx V~;wC;wy dh dksf'kdkvksa esa
ik;k tkrk gSA vUr% T;ksa&T;ksa gkbiksVkWfud fQYVªsV dySfDaVx V~;wC;wy esa
eM~;wyk esa xgjkbZ dh vksj c<+rk gS] blesa ls ty dh lkjh vko';d
ek=k dk ,oa dqN ;wfj;k dk iqu% vo'kks"k.k esM~;wyjh vUrjkyh Ård
nzo ds }kjk #f/kj esa gks tkrk gS rFkk 'ks"k gkbijVkWfud fQYVªsV dk cpk
Hkkx ew= ds :Ik esa jg tkrk gSA

bl izdkj usÝksUl esa gsuys ywi dh mifLFkfr ds dkj.k fdMuh dh
esM~;wyjh vUrjkyh Ård nzo esa Lru/kkjh gkbijVkWfud ek/;e cuk;s j[kus rFkk
gkbijVkWfud ew= dk fuekZ.k djds 'kjhj nzo esa ty dh mfpr vko';d ek=k
dks cuk;s j[kus esa l{ke gksrs gSaA
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'kjhj esa mRltÊ vax ä dk dk;Z 'kjhj ls mRltÊ inkFk ±̈ ds mRltZu ds
lkFk gh leLFkkiu Òh g¨rk gSA leLFkkiu eq[; :Ik ls fuEufYkf[kr Ádkj ls
g¨rk gS&

1- 'kjhj esa tYk lUrqYku (Water regulation in the body)&
oD̀d jä ls tYk dh vfrfjä ek«kk d¨ iF̀kd~ djds mld¨ ew«k ds :Ik esa
'kjhj ls ckgj fudkYkrs gSaA Ákf.k;¨a ds pkj ä v¨j ds ek/;e dh lkUærk ds
vk/kkj ij tYkh; Ákf.k; ä esa tYk ;k Yko.k folj.k }kjk 'kjhj esa Áos'k djrs
gSa ;k fQj ckgj dh v¨j folfjr g¨rs gSaA FkYkh; Ákf.k;¨a esa miYkC/k tYk dh
ek«kk d¨ laf{kIr djuk iM+rk gSA Ákf.k;¨a ds 'kjhj esa tYk dh ek«kk dk fu;eu
fofÒUu gke Z̈Ul ds }kjk fd;k tkrk gSA blds vfrfjä 'kjhj dh d¨f'kdk,¡
Ò¨tu inkFk ±̈ ds vkWDlhdj.k ds }kjk dqN p;kip;h tYk (Metabolic water)
dk fuekZ.k Lo;a Òh djrh gSaA ÁR;sd Ák.kh esa p;kip;h tYk dh ek«kk dk
fuekZ.k mldh p;kip; dh nj ds Åij fuÒZj djrk gS] t¨ lkekU; :Ik ls
200-300 fe- Ykh- Áfrfnu dh nj ls g¨rh gS&

(a) tYk dh gkfu (Loss of water)& euq"; ;k Ák.kh ds 'kjhj esa tYk dh
gkfu fuEufYkf[kr Ádkj ls g¨rh gS&

(i) oD̀d¨a /fdMuh ls ew«k (Urine) ds :Ik esaA

(ii) QsQM+̈ a (Lungs) ls mPN~oflr ok;q (Expelled air) esa tYk ok"Ik ds
#i esaA

(iii) Ropk ls laosnh ,oa vlaosnh ifjLosnu (Perspiration) ds }kjkA

(iv) vk¡r ls eYk ds :Ik esaA

Ekuq"; ds 'kjhj ds rkiØe ds lkekU; :Ik ls vuqj{k.k ds fYk, Losn/
ilhus dk L«kko.k vko';d g¨rk gSA mPN~oflr (Expired) ok;q ,oa eYk
(Faeces) ds lkFk ckgj fudYkus okY¨ tYk dh ek«kk leku ,oa fLFkj
g¨rh gSA oD̀d/fdMuh tYk d¨ xzg.k djus ,oa ckgj fudYkus ds e/;
lUrqYku cuk;s j[krk gSA ;g tYk dh ek«kk ih;w"k xzfUFk ls L«kkfor
ADH gkWe Z̈u ds }kjk fu;fU«kr dh tkrh gSA

(b) tYk dk fu;U«k.k (Regulation of water)& euq"; ds efLr"d esa
vxz gkbi¨F©Y¨fed {¨«k (Hypothalamic area) esa ijklj.k xzkgh
(Osmo receptor) laosnh Òkx g¨rk gSA ADH ijklj.k xzkgh dh
lgk;rk ls nwjLFk dq.MfYkr ufYkdkv¨a (Distal convoluted tubules) ,oa
laxzghr ufydkvksa (Collecting tubules) esa ty ds vo'kks"k.k dh ek=k
dks fu;fU=r ,oa fu;fer djrk gSA ijklj.kxzkgh Òkx jä ds
v¨Le¨fVd nkc (Osmotic pressure) esa g¨us okY¨ ifjorZu¨a ij fuÒZj
djrk gSA
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2- jä esa ik;s tkus okY¨ Yko.k¨a dk lUrqYku& Yko.k¨a dh vko';drk
ls vf/kd ek«kk] oD̀d fdMuh }kjk iF̀kd~ dj nh tkrh gS ,oa bud¨ 'kjhj ls
ckgj fudkYk fn;k tkrk gSA bl Ádkj jä esa Yko.k ä dh fuf'pr ek«kk cuh
jgrh gSA

3- vEYk&{kkj lUrqYku (Acid – Base balance)& 'kjhj dh p;kip;
fØ;k esa dqN vEYk¨a dk fuekZ.k g¨rk gSA buls gkbMª¨tu vk;u ä d¨ iF̀kd~ djds
vEYk rFkk {kkj dk lUrqYku fuf'pr :Ik ls cuk;s j[kk tkrk gSA blh gsrq
ve¨fu;k dk vo'k¨"k.k Òh g¨rk gSA

dqN cká inkFkZ&fo"k (Poison) ,oa v©"kf/k; ä ds mRikn¨a d¨ vko';d u
g¨us ij 'kjhj ls ckgj mRlftZr dj fn;k tkrk gS v©j bl Ádkj vkUrfjd
okrkoj.k dk lUrqYku fuf'pr j[kk tkrk gSA

4- p;kip; fØ;k ds dkj.k ;fn vEYk ,oa {kkj vf/kd ek«kk esa fufeZr
g¨rs gSa r¨ oD̀d bud¨ p;ukRed mRltZu (Selective excretion) ds }kjk jä
dk pH cuk;s j[krs gSaA

5- fdMuh jä ds fofÒUu inkFk ±̈ dk p;ukRed mRltZu dj 'kjhj ds
jklk;fud lUrqYku d¨ cukus esa lgk;d g¨rk gSA

viuh izxfr tk¡fp, (Check Your Progress)

6- ew«kYkrk ,d n'kk g¨rh gS t¨ fd _______ ls fo'¨f"kr g¨rh gSA

¼d½ ew«k vk;ru esa of̀)

¼[k½ XYkwd¨l dk vf/kd mRltZu

¼x½ ew«k ds vk;ru esa deh

¼?k½ bY¨DVª¨YkkbV lUrqYku esa deh

7- ;wfj;k dk _______ esa la'Y¨"k.k g¨rk gSA

¼d½ Ok̀Dd ¼[k½ ;Ñr

¼x½ vkgkj uky ¼?k½ ew«kk'k;

8- XYk¨es:Ykj ,sQjsUV vkfVZfj;¨Yk esa æo LF©frd nkc gS&

¼d½ +80 mm Hg ¼[k½ +75 mm Hg

¼x½ +70 mm Hg ¼?k½ +65 mm Hg
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2-13 çfrj{kk ç.kkyh (Immune System)

2-13-1 lgt ,oa mikftZr bE;wfuVh (Innate and Acquired
Immunity)

Lkkj.kh Ø- 2-1% Lkgt ,oa mikftZr bE;wfuVh
(Innate and Acquired Immunity)

Ikzfrj{kk
(Immunity)

Ádkj
(Types)

dkj.k
(Reason)

Lkgt (Innate) TkUefl) (Inborn) &
vkuqoaf'kd laxBu ij
fuÒZj rFkk iwoZ&vuqÒo
ls LorU«k

Áfrj{kk Ò{kd d¨f'kdkv ä ,oa
Ykkbl¨tkbe tSls j{kkRed
inkFk¨± }kjk miYkC/kA
mnkgj.k& dqÙks&fcYYkh esa g¨us
okY¨ ?kkrd fMLVsEij j¨x ls
ekuo Áfrjf{kr g¨rk gSA

mikftZr (Acquired) ÁkÑfrd (Natural) fdlh cká&mRikn ds ÁÒkou ds
Ik'pkr~ ,.VhckWMht dk miktZuA

ÁkÑfrd (Natural) lfØ; (Active) nh?kZdkYkhu ,oa fof'k"V Áfrj{kkA
mnkgj.k& i¨fYk;¨ (Polio-
myelitis) dk laØe.kA

fu'ps"V (Passive) okbjl ds ÁÒkou ds Ik'pkr~
b.VjQsjku (Interferons) dk
fuekZ.kA vLFkk;h ,oa lkekU;
(Non-specific)A
mnkgj.k& i¨fYk;¨ dh Áfrj{kk
dk tud ls larfr esa IY¨lsUVYk
LFkkukUrj (Placental transfer)A
vLFkk;h ,oa fof'k"V Áfrj{kkA

Ñf«ke (Artificial) lfØ; (Active) Áfrj{k.k (Immunization) ds
Ik'pkr~ miktZuA
mnkgj.k& i¨fYk;¨ ds Vhds
(Vaccine) ds Ik'pkr~A
fn?kZdkYkhu ,oa fof'k"V Áfrj{kkA

fu'ps"V (Passive) j{kkRed ,.VhckWMht ds xzg.k
djus ds Ik'pkr~ miktZuA
mnkgj.k& i¨fYk;¨ okbjl ds
Áfr foj¨/kh iwoZ&fufeZrA
,.VhckWMht ds LFkkukUrj.k ds
Ik'pkr~ vLFkk;h ,oa fof'k"V
Áfrj{kkA
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lgt bE;wfuVh (Innate Immunity)

;g nks izdkj dh gksrh gS& 1- fof'k"V ,oa 2- vfof'k"VA

1- fof'k"V lgt bE;wfuVh (Specific innate immunity)& fdlh
fo'¨"k j¨xk.kq vFkok j¨xdkjd ds fYk, Áfrj¨/k {kerk fof'k"V lgt bE;wfuVh
dgYkkrh gSA

2- vfof'k"V lgt bE;wfuVh (Non-specific innate immunity)&
vusd laØked dkjd¨a o j¨xk.kqv ä ds fYk, Áfrj¨/k {kerk vfof'k"V lgt
bE;wfuVh (Non-specific innate immunity) dgYkkrh gSA ;g tkfr] Átkfr rFkk
O;fä ds vuqlkj rhu Ádkj dh g¨rh gS&

(a) tkrh; bE;wfuVh (Specific immunity),

(b) Átkrh; bE;wfuVh (Racial immunity),

(c) O;fäxr bE;wfuVh (Individual immunity)A

(a) Tkkrh; bE;wfuVh (Specific immunity)& bldk vFkZ gS fd
fdlh Òh fof'k"V j¨xdkjd vFkok j¨xk.kq ds fYk, Áfrj¨/k
{kerk ,d gh tkfr ds leLr lnL; ä eas ik;h tkrh gSA tSls lwvj
esa gStk QSYkkus okY¨ j¨xk.kq }kjk euq";ksa esa gSts dk laØe.k ugÈ
g¨rk v©j i©/k ä ds j¨xk.kq euq"; ä esa laØe.k mRiUu ugha dj
ldrsA tkrh; bE;wfuVh (Specific immunity) fdlh tkfr ds
leLr lnL;¨a es tUetkr g¨rh gS rFkk fofÒUu tkfr;¨a ds Ård ä
esa ,ukVkWfedYk (Anatomical) rFkk fQft;¨YkkWftdYk (Physiological)
vUrj g¨us ds dkj.k g¨ ldrh gSA tSls] pwt¨a ds 'kjhj dk rki
45˚ g¨us ds dkj.k ,F©zDl cSflYkh (Anthrax bacilli) cSDVhfj;k
(Bacteria) muds 'kjhj esa Òyh-Òk¡fr of̀) ugÈ dj ldrs] vUr%
pwt¨a esa ;g j¨x ugha g¨rk gSA

(b) Átkrh; bE;wfuVh (Racial immunity)& bldk vFkZ gS fd ,d
gh tkfr dh fofÒUu Átkfr;¨a esa fof'k"V laØe.k ds Áfr
lsfUlfVfoVh (Sensitivity) esa vUrj g¨ ldrk gSA tSls]
vYthfj;u ÒsM+̈ a esa ,UF©zDl thok.kq (Anthrax bacteria) ds fYk,
mPp Áfrj¨/k esa {kerk g¨rh gS tcdh vU; ÒsM+̈ a esa de g¨rh gSA

(c) O;fäxr bE;wfuVh (Individual immunity)& blesa j¨x fo'¨"k
ds fYk, Áfrj¨/k {kerk fdlh ,d gh O;fä rd lhfer g¨rh gS]
mlh Átkfr ds vU; O;fä;ä a esa ;g {kerk ugha g¨rh gSA O;fäxr
bE;wfuVh (Individual immunity) fofÒUu dkjd ä tSl i¨"k.k] v.kq
rFkk gke¨Zu¨a (Hormones) }kjk ÁÒkfor g¨rh gSA o;Ld dh vis{kk
cPp ä rFkk o)̀¨a esa bE;wfuVh (Immunity) vf/kd g¨rh gSA dqi¨"k.k
rFkk bUlqfYku (Insulin), Fkk;jkWfDlu (Thyroxine) o
dkWfVZd¨&LVhjkWbM (Cortico-steroid) gkWe Z̈uksa dh deh dk bE;wfuVh
ij ÁfrdwYk ÁÒko iM+rk gSA
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mikftZr bE;wfuVh (Acquired Immunity)

fdlh tho }kjk vius thoudkYk esa j¨x fo'¨"k ds fYk, Áfrj¨/k {kerk ckgjh
L«kksr ls ÁkIr djuk mikftZr bE;wfuVh (Acquired immunity) dgYkkrh gSA
bldk ÁÒko ,d fuf'pr vof/k ds Ik'pkr~ lekIr g¨ tkrk gSA mikftZr
bE;wfuVh (Acquired immunity) n¨ Ádkj dh g¨rh gS&

(i) lfØ; mikftZr bE;wfuVh (Active acquired immunity),

(ii) fuf’Ø; mikftZr bE;wfuVh (Passive acquired immunity)A

(i) lfØ; mikftZr bE;wfuVh (Active acquired immunity)&
fof'k"V ,.Vhtsu (Antigen) d¨ 'kjhj esa bUtsDV (Inject) djus ij 'kjhj dk
bE;wu rU«k (Immune system) lfØ; g¨dj ,.VhckWMh (Antibody) v©j
Áfrj{kkRed :Ik ls lfØ; d¨f'kdkv¨a dk mRiknu djus Ykxrk gS] t¨ j¨x
fo'¨"k ds fYk, Áfrj¨/k&{kerk mRiUu djrh gSA lfØ; mikftZr bE;wfuVh
(Active acquired immunity) dk ÁÒko YkEcs le; rd cuk jgrk gSA ;g n¨
Ádkj dh g¨rh gS&

(a) ÁkÑfrd mikftZr lfØ; bE;wfuVh (Naturally acquired active
immunity)

(b) Ñf«ke mikftZr lfØ; bE;wfuVh (Artificially acquired active
immunity)

(a) ÁkÑfrd mikftZr lfØ; bE;wfuVh (Naturally acquired active
immunity)& ;g chekjh ds ckn mRiUu g¨rh gSA tSls pspd ls ihfM+r
O;fDr ds fYkEQkbM Ård (Iymphoid tissue) esa mifLFkr Lèfr
d¨f'kdk,¡ j¨xh ds LoLFk g¨ tkus ds Ik'pkr~ Òh dbZ o"k ±̈ rd lfØ;
jgrh gSaA nqckjk pspd ds ,.Vhtsu (Antigen) ds 'kjhj esa Áos'k djrs
gh ;s rqjUr ,.VhckWMh (Antibody) dk fuekZ.k dj j¨x ls j{kk djrh gSA
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Toxoid or
vaccine

(b) Artificially acquired
active immunity

(a) Naturally acquired
active Immunity

Placental barrier

Maternal
circulation

Igg
Fetal

circulation

(c) Naturally acquired
passive immunity

Inject antigen
into horse

(d) Artificially acquired
passive immunity

Remove blood
and prepare

serum

fp= Ø- 2-17% The Four Types of Immunity: (a) Naturally acquired
active Immunity arises from an exposure to antigens often

accompanying a disease, (b) Artificially acquired active immunity
results from an innoculation of toxiod or vaccine, (c) Naturally

acquired passive immunity stems from the passage of lgG across the
placenta from the maternal to the fetal circulation, (d) Artificial

acquired passive immunity is induced by an injection of antibodies
taken from the circulation of an animal or another individual.

(b) Ñf«ke mikftZr lfØ; bE;wfuVh (Artificially acquired active
immunity)& ckgjh L«kksr ls ,.Vhtsu (Antigen) ;k bE;wu dkjd
(Immune factors) tSls] okbjYk oSDlhu (Viral vaccine) d¨ 'kjhj esa
bUtsDV (Inject) djus ij mRiUu gqbZ bE;wfuVh (Immunity) Ñf«ke
mikftZr lfØ; bE;wfuVh (Artificially acquired active immunity) g¨rh
gSA okbjYk oSDlhu (Viral vaccine) esa fof'k"V j¨x ds fuf"Ø;] ejs gq,
vFkok {kh.khÑr (Attenuated) okbjl (Virus) g¨rs gSaA

(ii) fuf"Ø; mikftZr bE;wfuVh (Passive acquired immunity)–
,.VhckWMh (Antibody) d¨ ckgjh L=ksr ls 'kjhj esa Áfo’V djk dj fof'k’V j¨x
ds fYk, mRiUu dh x;h bE;wfuVh (Immunity) fuf"Ø; mikftZr bE;wfuVh
(Passive acquired immunity) dgYkkrh gSA ,.VhckWMh (Antibody) xzg.k djus
okY¨ dk bE;wu rU«k (Immune system) lfØ; ugha g¨rkA bl Ádkj dh
bE;wfuVh (Immunity) vLFkk;h g¨rh gSA budk ÁÒko ,.VhckWMh (Antibody) ds
fuf"Ø; g¨us rd dsoYk dqN fnu ;k dqN lIrkg gh jgrk gSA
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lfØ; bE;wfuVh (Active immunity) dh vis{kk fuf"Ø; bE;wfuVh
(Passive immunity) de ÁÒkoh g¨rh gSA fuf"Ø; bE;wfuVh (Passive
immunity) dk ,d gh YkkÒ gS fd rqjUr lfØ; g¨dj j¨x ls 'kh?kz gh eqä
djrh gSA vUr% bldk mi;¨x rqjUr bE;wfuVh (Immunity) mRiUu djus ds fYk,
fd;k tkrk gSA

fuf"Ø; mikftZr bE;wfuVh (Passive acquired immunity) Òh n¨
Ádkj dh g¨rh gS&

(a) ÁkÑfrd mikftZr fuf"Ø; bE;wfuVh (Naturally acquired passive
immunity)A

(b) Ñf«ke mikftZr fuf"Ø; bE;wfuVh (Artificially acquired passive
immunity)A

Source of toxicity

(b) Toxoid molecule

Antibody – Eliciting
portion

(a) Toxin
molecule

(c) Antitoxin
molecule

Chemical or
physical

treatment
Antibody – Eliciting

portion intact
Toxicity lost

fp= Ø- 2-18% A Comparison of Toxin,
Toxoid and Antitoxin Molecules

(a) VkWfDlu v.kq esa nks {ks= gksrs gSa& ,d VkWfDlflVh dk {ks= rFkk
nwljk ,.VhckWMh mRiknu c<+kus dk {ks=A (b) tc dSfedy ;k fQthdy

VªhVesaUV fd;k tkrk gS rks VkWfDlflVh {ks= [kRe gks tkrk gS
ysfdu ,.VhckWMh mRiknd {ks= cpk jgrk gSA bl v.kq dks VkWDlkbM
v.kq (Toxoid molecule) dgrs gSaA (c) VkWfDlu rFkk VkWDlkbM nksuksa

v.kq 'kjhj dks ,.VhckWMh ds mRiknu ds fy, izsfjr djrs gSaA
ftls ,.VhVkWfDlu dgrs gaSA ;g ,.VhVkWfDlu v.kq vkWfDlu ds izfr

bE;wfuVh mRiUu djrs gSaA
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(a) ÁkÑfrd mikftZr fuf"Ø; bE;wfuVh (Naturally acquired passive
immunity)& ;g fcuk fdlh vfÒÁk; ds ,.VhckWMh (Antibody) ds
ckgjh L=¨r ls 'kjhj esa Áfo"V g¨us ds QyLo:Ik mRiUu g¨rh gSA bld¨
tUetkr (Congenital) bE;wfuVh (Immunity) Òh dgrs gSa] D;¨adh
dqN ,.VhckWMh (Antibody) ekrk dk :f/kj ifjlapj.k (Blood
circulation) ls IY©lsUVk (Placenta) esa g¨dj Òzq.k ds :f/kj ifjlapj.k
(Blood circulation) esa ig¡qp tkrh gSA lkekU;r;k ;g ekr` ,.VhckWMh
(Mother antibody), f'k'kq ds tUe ds Ik'pkr~ mleas 6 eghus rd lfØ;
jgrh gSA Y¨fdu pspd dh ekr` ,.VhckWMh (Mother antibody) tUe ds
ckn 12 ls 15 eghus rd lfØ; jgrh gSA dqN egRoiw.kZ ekr` ,.VhckWMh
(Mother antibody) f'k'kq d¨ ?kkrd j¨x¨a tSls dkYkh [kkalh]
LVSQkbYk¨d¨d¨l (Staphylococcus) laØe.k] lkal ds j¨x vkfn ds Áfr]
tUe ds ckn dqN eghu¨a rd Áfrj¨/k {kerk Ánku djrh gSA

d¨Yk¨LVªe (Colostrum) }kjk Òh ekr` ,.VhckWMh (Mother antibody)
uotkr f'k'kq esa igq¡pdj tBjkU«k rFkk lkal dh uYkh ds j¨x ä ds fYk,
Áfrj¨/k {kerk Ánku djrh gSaA

(b) Ñf«ke mikftZr fuf"Ø; bE;wfuVh (Artificially acquired passive
immunity)& ;g fdlh fo'¨"k vfÒÁk; ls fof'k"V ,.VhckWMh
(Antibody) d¨ 'kjhj esa Áfo"V djkus ds QyLo:Ik mRiUu g¨rh gSA
dqN ?kkrd j¨x¨a tSls fgiSVkbfVl (Hepatitis), Ykklk cq[kkj (Lassa
fever), fM¶Fkhfj;k (Diphtheria) rFkk VsVul (Tetanus) dh fpfdRlk
ds fYk, j¨xh d¨ igY¨ ls rS;kj ,.VhckMh (Antibody) nh tkrh
gSA ;g b~E;wfuVh (Immunity) vLFkk;h g¨rh gS] dsoYk dqN lIrkg rd
gh jgrh gSA

2-14 bE;wu rU«k% laYkXu d¨f'kdk,¡ (Immune System:
Involved Cells)

fdlh ,.Vhtsu (Antigen) ds fo:) ÁfrfØ;k esa 'kjhj dh fofÒUu d¨f'kdkv¨a]
dkjd rFkk vfÒfØ;kv¨a dh J̀a[kYkk d¨ feYkkdj ,d bE;wu rU«k dk;Z djrk gSA
bl bE;wu rU«k (Immune system) dh mRifÙk n¨ efgus ds Òzw.k esa gh g¨ tkrh
gaSA ml le; Áhe¨fMZ;Yk d¨f'kdk,¡ (Primordial cells) ftUgsa LVse d¨f'kdk,¡
(Stem cells) Òh dgrs gSa] c¨u eSj¨ (Bone marrow) esa mRiUu g¨rh gSA ;s
d¨f'kdk,¡ ,d tfVYk ÁfØ;k ds ckn fuEu n¨ Ádkj dh d¨f'kdkv ä esa ifjofrZr
g¨ tkrh gSa&

1- ,fjFkzksi¨,fVd d¨f'kdk,¡ (Erythropoietic cells)& ;s YkkYk :f/kj
d¨f'kdk,¡ (Red blood cells) cukrh gSaA



'olu] mRltZu ,oaa
çfrj{kk ç.kkyh

Lo-vf/kxe
ikB~; lkexzh 135

fVIi.kh

2- fYkEQ¨i¨,fVd d¨f'kdk,¡ (Lymphopoietic cells)& ;s fYkEQ¨lkbV~l
(Lymphocyte) dk fuekZ.k djrh gaSA ;gk¡ ge bUgha d¨f'kdkv¨a dk o.kZu
djsaxsA

'kjhj dk bE;wu rU«k (Immune system) fYkEQ¨lkbV (Lymphocytes)
dh lgk;rk ls dk;Z djrk gSA fYkEQ¨lkbV (Lymphocyte) :f/kj rFkk Ykfldk
rU«k esa ?kwerh jgrh gSA fYkEQ¨lkbV (Lymphocyte) n¨ Ádkj dh g¨rh gSa&

1- T-fYkEQ¨lkbV (T-lymphocyte, T-cells),

2- B-fYkEQ¨lkbV (B-lymphocyte, B-cells)

2-14-1 T-fYkEQ¨lkbV (T-lymphocyte)

Òzw.k voLFkk esa T-fYkEQ¨lkbV¨a (T-lymphocytes) dk fuekZ.k c¨u eSj¨ (Bone
marrow) esa g¨rk gSA vifjiDo T-fYkEQ¨lkbV (T-lymphocyte) ckssu eSj¨
(Bone marrow) ls ckgj vkdj :f/kj ifjogu }kjk Fkk;el xzfUFk (Thymus
gland) esa igq¡pdj ogha ifjiDo g¨rh gSA ifjiDo g¨us ds Ik'pkr~ Fkk;el
ls :f/kj ifjogu }kjk nwljs fYkEQkWbM vax ä (Lymphoid organs); tSls fYkEQ
u¨M (Lymph node), LIYkhu (Spleen), VkWfUlYk (Tonsils) vkfn esa igq¡p tkrs gaS]
tgk¡ ij ;g lfØ; g¨dj ,.VhckWMht dk fuekZ.k djrs gaSA T-fYkEQ¨lkbV
(T- lymphocyte) ;gk¡ ls :f/kj rU«k esa rFkk iqu% fYkEQkWbM rU«k (Lymphoid
system) eas vk-tk ldrs gSA :f/kj esa ifjlapj.k djus okYkh fYkEQ¨lkbV ä
(Lymphocytes) dk 65-80% T-fYkEQ¨lkbV (T-lymphocyte) g¨rh gaSA vkdkj
ds vuqlkj fYkEQ¨lkbV n¨ Ádkj ds g¨rs gSa&

(a) ekbØ¨fYkEQ¨lkbV (Microlymphocyte),

(b) eSØ¨fYkEQ¨lkbV (Macrolymphocyte)

(a) ekbØ¨fYkEQ¨lkbV (Microlymphocyte)& budk O;kl YkxÒx 7-5
¼YkkYk :f/kj df.kdkv ä] red blood corpuscles, ls Fk¨Mk-lk cM+k½ g¨rk
gSA dsUæd vis{kkÑr cM+k o nk¡rsnkj (Indented) g¨rk gS v©j d¨f'kdk
dk vf/kdka'k Òkx ?¨js jgrk gSA d¨f'kdkæO; dsUæd ds pkj ä rjQ irYkh
lhek js[kk ds :Ik esa] cgqr gh de] df.kdk&foghu rFkk csl¨fQfYkd
(Basophilic) g¨rk gSA cPp¨a esa fYkEQ¨lkbV ä ds YkxÒx 50%
ekbØ¨fYkEQ¨lkbV (Microlymphocyte) g¨rs gaSA cM ä+ esa budh la[;k
Ykxkrkj de g¨rs-g¨rs 2-10 o"kZ vk;q esa dsoYk 35% jg tkrh gSA budk
thou dkYk 2 lIrkg ls dbZ o"kZ g¨rk gSA
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fp= Ø- 2-19% Origin of the Immune System

cksu eSjks esa LVse dks'kk,¡ (Stem cells) ,fjFkzksiks,fVd rFkk
fyEQksiks,fVd dks'kkvksa esa ifjoÆrr gks tkrh gSA ,fjFkzksiks,fVd

dks'kk,¡ ,fjFkzkslkbV rFkk fyLQkssiks,fVd dks'kk,¡ fyLQkslkbV dk fuekZ.k
djrh gSA fyEQksiks,fVd dks'kk,¡ nks rjhdksa ls fyEQkslkbV cukrh gSaA

dqN fyEQksiks,fVd dks'kk,¡ fpd (Hkzw.k voLFkk esa) ds clkZ vkWQ
QSfczfl;l (Bursa of fabricius) Hkh vkneh ds fyoj (Liver) ;k vfLFk
eTtk (Bone marrow) dh en~n ls B-fyEQkslkbV cukrh gSA nwljh
rjQ dqN fyEQksiks,fVd dks'kk,¡ Fkk;el dh en~n ls T-fyEQkslkbV

cukrh gSA ;s nksuksa izdkj dh fyEQkslkbV fyEQkW,M
Ård (Lymphoid tissue) esa bdÎk gksrh gSA

(b) eSØ¨fYkEQ¨lkbV (Macrolymphocyte)& budk O;kl 12 g¨rk gSA
dsUæd x¨Ykkdkj] v.Mkdkj ;k fdMuh ds vkdkj (Kidney shaped) g¨rk
gSA d¨f'kdkæO; df.kdk&foghu g¨rk gSA o;Ld esa dsoYk 4-8% rFkk
cPp ä esa cgqr vf/kd la[;k esa g¨rs gSaA

dk;Z ds vk/kkj ij T-fYkEQ¨lkbV¨a (T-Lymphocytes) d¨ rhu lewg ä esa
ck¡Vk tkrk gS&

(i) fdYkj ;k lkbV¨VkWfDld T-fYkEQ¨lkbV (Killer or cytotoxic
T-lymphocytes)

(ii) lgk;d T-fYkEQ¨lkbV (Helper T-lymphocytes)

(iii) lÁslj T-fYkEQ¨lkbV (Suppressor T-lymphocytes)
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(i) fdYkj ;k lkbV¨VkWfDld fYkEQ¨lkbV (Killer or cytotoxic
T-lymphocyte)& ;s lh/¨ ,.Vhtsu (Antigen) ij vkØe.k djrs
gSa ;k i¨"kd (Host) dh laØfer d¨f'kdkv¨a d¨ gh u"V dj nsrs
gaSA T-fYkEQ¨lkbV¨a (T-lymphocytes) dh lrg ij fof'k"V
Á¨Vhu g¨rh gS t¨ T-d¨f'kdk jslsIVj (T-cell receptor)
dgYkkrh gSA ;g lajpukRed :i ls ,.VhckWMht (Antibodies)
ds leku g¨rh gS rFkk ,.Vhtsu (Antigen) igpkuus esa l{ke
g¨rh gSA ;s ckgjh d¨f'kdkv¨a dh igpku djds mUgsa ekj nsrh gS]
vUr% bUgas ekjd ;k fdYkj d¨f'kdk,¡ (Killer T-cells or Killer
T-lymphocytes) dgrs gaSA

(ii) lgk;d T-fYkEQ¨lkbV (Helper T-lymphocyte)& ;g ,.Vhtsu
ls ca/k dj ,.VhckWMht (Antibodies) dk mRiknu djus okYkh vU;
d¨f'kdkv¨a tSls B-d¨f'kdk,¡ (B-cells) o T-d¨f'kdk,¡ (T-cells) ds
bE;wu fjLikWUl (Immune response) ls lEcfU/kr dk;¨Za es mudh
lgk;rk djrs gSaA ;g B-d¨f'kdkv ä rFkk lkbV¨VkWfDld
d¨f'kdkv¨a (Cytotoxic cells) ds ifjiDou (Maturation) esa Òh
lgk;rk djrs gSaA

(iii) lÁslj T-fYkEQ¨lkbV (Suppressor T-lymphocytes)&
vko';drk iM+us ij ;s B-d¨f'kdkv¨a (B-cells) rFkk T-d¨f'kdkv¨a
(T-cells) ds lkekU; dk;Z esa vojks/k cudj bE;wu fjLikWUl
(Immune response) jksdrs gSaA tSls AIDS ds jksfx;ksa ds bE;wu
raU= (Immune system) esa lgk;d T-fYkEQ¨lkbV (Helper T-
lymphocytes) cgqr de rFkk lÁslj T-fYkEQ¨lkbV (Suppressor
T-lymphocytes) cgqr vf/kd g¨us ds dkj.k bE;wu rU«k d¨ lÁsl
(Suppress) dj nsrs gSaA

lÁslj rFkk lgk;d T-fYkEQ¨lkbV ä d¨ B-d¨f'kdkv¨a ds dk;Z dk
fu;U«k.k djus ds dkj.k fu;U«kd d¨f'kdk,¡ (Regulator cells) Òh
dgrs gSaA

2-14-2 B-fYkEQ¨lkbV (B-Lymphocyte)

T-fYkEQ¨lkbV¨a (T-lymphocytes)& ds leku B-fYkEQ¨lkbV ä (B-
lymphocytes) dk Òh Òzq.k voLFkk esa c¨u eSj¨ (Bone marrow) esa gh fuekZ.k
g¨rk gSA ijUrq T-fYkEQ¨lkbV ä (T-lymphocytes) ds foijhr] budk ifjiDou
c¨u eSj¨ (Bone marrow) eas g¨rk gSA lcls igY¨ bu fYkEQ¨lkbV ä
(Lymphocytes) dk v/;;u if{k;¨a esa fd;k x;k Fkk tgk¡ budk ifjiDou
xSLVª¨bUVsLVkbuy VªSDV (Gastrointestinal tract) dh clkZ vkWQ QSczhfl;l
(Bursa of fabricius) uked xzfUFk esa g¨rk gSA blfYk, bu d¨f'kdkv ä d¨ B-
d¨f'kdk,¡ ;k B-fYkEQ¨lkbV (B-cells/B-lymphocytes) dgrs gSa (B = Bursa)A
Lrfu; ä esa bu xzfUFk; ä dk vÒko g¨rk gS] ijUrq ;gk¡ budk ifjiDou c¨u eSj¨
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(Bone marrow) esa g¨rk gS] vUr% budk uke B-fYkEQ¨lkbV ;k B-d¨f'kdk,¡
(B-lymphocytes or B-cells) ;gk¡ Òh lgh gS (B = Bone)A

ifjiDou g¨us ds Ik'pkr~ ;s d¨f'kdk,¡ c¨u eSj¨ (Bone marrow) ls
fudYkdj fYkEQkWbM vax¨a (Lymphoid organs) esa igq¡p tkrh gSaA x¨Ykkdkj
B-d¨f'kdk,¡ T-fYkEQ¨lkbV ä (T-lymphocytes) dh vis{kk cM+h g¨rh gSaA buds
d¨f'kdk æO; esa v.Mkdkj dsUæd ds vfrfjDr ,.M¨IykfTed jsfVdqYke
(Endoplasmic reticulum) rFkk vU; d¨f'kdkax Òh ik;s tkrs gSaA budk
thoudkYk dsoYk 5-7 fnu g¨rk gSA B-d¨f'kdkv¨a d¨ budh lrg ij ik;s tkus
okY¨ jklk;fud inkFkZ ds dkj.k T-fYkEQ¨lkbV¨a (T-lymphocytes) ls vYkx
igpkuk tk ldrk gSA

B-fYkEQ¨lkbV (B-lymphocyte) ,f.VckWMht (Antibodies) dk la'Y¨"k.k
djrh gaSS] t¨ vokafNr ,UVhtsu (Antigens) dk ,XywfVus'ku (Agglutination)
djrh gSaA buds lkFk gh ;s fof'k"V IykTek (Plasma) d¨f'kdkv¨a esa Òh foÒsfnr
gksrh gSa t¨ t:jr iM+us ij Òkjh ek«kk esa ,.VhckWMht (Antibodies) dk fuekZ.k
djrh gaSA bu IykTek d¨f'kdkv¨a (Plasma cells) d¨ ese¨jh d¨f'kdk,¡
(Memory cells) Òh dgrs gaSA

B- rFkk T- fYkEQ¨lkbV (lymphocyte) vkdkj rFkk :Ik esa ,d leku
g¨rh gSaA ijUrq blds lrg ij ik;s tkus okY¨ Á¨Vhu fÒUu g¨rs gaSA bu Á¨Vhu ä
d¨ lrg igpku fpUg (Surface markers) dgrs gSaA B-d¨f'kdkv ä ij
lrg ,.VhckWMh (Surface antibody) rFkk B-220 tSls Á¨Vhu g¨rs gSaA B-220
Á¨Vhu T-d¨f'kdkv¨a ij ugha ik;k tkrk gSA blh Ádkj T-d¨f'kdkv¨a dh lrg
ij ,.VhckWMh (Antibody) tSlh T-d¨f'kdk jslsIVj (T-cell receptors) rFkk
Thy-1 Á¨Vhu ik;s tkrs gaSA T-d¨f'kdkv¨a (T-cells) dh lrg ij vU; Ádkj ds
Á¨Vhu Òh ik;s tkrs gSa t¨ fofÒUu Ádkj dh T-d¨f'kdkv¨a eas Òh vUrj dj nsrs
gSa( tSls& CD4 Á¨Vhu lgk;d T-d¨f'kdkv ä (Helper T-cells) rFkk CD8 Á¨Vhu
fdYkj T-d¨f'kdkv ä (Killer T-cells) ij ik;s tkrs gSaA

CD4

Helper T-cell

Surface antibody

Protein B-220

T-cells

CD8

ATHY-1
Killer T-cell

T-cell receptor

B-cells

fp= Ø- 2-20% Surface Markers on Lymphocytes
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2-15 eSØ¨Qkt (Macrophages)

fYkEQ¨lkbV¨a ls vYkx rjg dh ;g d¨f'kdk bE;wu ÁfrfØ;k (Immune
response) ds fYk, cgqr egRoiw.kZ g¨rh gSA ;s d¨f'kdk,¡ lÒh Ádkj ds Ård¨a
esa ik;h tkrh gS rFkk :f/kj esa Òh Òze.k djrh gSaA :f/kj esa bUgs e¨u¨lkbV
(Monocytes) dgrs gaSA fdlh ckgjh d.k ;k inkFkZ dk Ò{k.k djus okYkh ;s
igYkh d¨f'kdk,¡ g¨rh gSaA ;s fcuk fdlh ÒsnÒko ds bu inkFk ±̈ dk Ò{k.k djrh
gSA ;s 'kjhj dh voakfNr d¨f'kdkv ä dk Òh Ò{k.k djrh gSaA bu d¨f'kdkv ä esa
Ò{k.k gkbMªksykbfVd ,Utkbeksa (Hydrolytic enzymes) rFkk vkWfDlMsfVo
(Oxidative attack) dh en~n ls iwjk gksrk gSA u"V fd;s x;s Á¨Vhu ä ds isIVkbM
(Peptide) ckn esa bu d¨f'kdkv¨a esa lrg ij vk tkrs gSa tgk¡ budh igpku
T-d¨f'kdk,¡ djrh gSaA Lo;a ds 'kjhj dh d¨f'kdkv ä ds isIVkbM d¨ N¨M+dj
vU; ckgjh Á¨Vhu ä ds isIVkbM (Peptides) lgk;d T-d¨f'kdkv¨a (Helper T-
cells) ds ÁhdlZj ä (Precursors) d¨ mÙ¨ftr dj nsrs gSa ftlls ;s iw.kZ fodflr
lgk;d T-d¨f'kdkv¨a (Helper T-cells) esa ifjofrZr g¨ tkrh gS v©j bE;wu
ÁfrfØ;k dh 'kq:vkr g¨rh gSA

bl Ádkj ge ns[krs gSa fd fofÒUu Ádkj dh d¨f'kdk,¡ t¨ fYkEQ
rFkk :f/kj esa ik;h tkrh gSa] 'kjhj dh lkekU; rFkk fof'k"V Ádkj dh bE;wu
ÁfrfØ;k esa lgk;rk djrh gSA

2-15-1 Ykfldk rU«k (Lymphoid System)

Ykfldk rU«k dk fuekZ.k 'kjhj ds fofÒUu fYkEQkWbM Ård¨a (Lymphoid tissues)
d¨ feYkkdj g¨rk gSA bl rU«k ds n¨ Òkx gSa&

(a) IkzkFkfed vax (Primary organs)

(b) f}rh;d vax ;k isjhQsjYk fYkEQkWbM Ård (Secondary organs or
peripheral lymphoid tissues)

(a) IkzkFkfed vax (Primary organs)& c¨u eSj¨ (Bone marrow), tgk¡
B-d¨f'kdkv¨a dk tUe g¨rk gS rFkk Fkk;el (Thymus), tgk¡
T-fYkEQ¨lkbV ä dk ifjiDou g¨rk gS] d¨ ÁkFkfed vax (Primary
organs) dgrs gSaA ;gka ij fYkEQ¨lkbV~l (Lymphocytes) dh lrg ij
jslsIVj ä (Receptors) dh LFkkiuk g¨rh gSA

(b) f}rh;d vax ;k isjhQsjYk fYkEQkWbM Ård (Secondary organs
or peripheral lymphoid tissues)& fYkEQ u¨M (Lymph nodes) tSls
VkWfUlYk (Tonsil), ,fMu¨bM (Adenoids) rFkk fYkEQSfVd oslsYk
(Lymphatic vessels) vkfn f}rh;d vax dgYkkrs gaSA ifjiDou ds ckn
fYkEQ¨lkbV (Lymphocytes) bu vax ä esa Òze.k djrs jgrs gSaA
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fYkEQ (Lymph, a fluid) :f/kj ls g¨dj Ård ä ds vUnj rFkk pkj¨a rjQ
igq¡prk gSA bu LFkku ä ls g¨dj fYkEQ] irYkh nhokj okYkh] fYkEQsfVd oslsYk
(Lymphatic vessels) esa igq¡prk gS] ;gk¡ ls ;g /khjs-/khjs cM+h dsUæh; oslsYk
(Large central vessels) esa bdÎk g¨rk gSA vUr esa fYkEQ iqu% :f/kj osu
(Vein) esa igq¡prk gS rFkk :f/kj esa feYk tkrk gSA bl Ádkj isjhQsjYk fYkEQkWbM
Ård (Peripheral lymphoid tissue) :f/kj rFkk fYkEQ ls fufeZr g¨rk gSA

ekuo ds :f/kj esa 20-30% d¨f'kdk,¡ fYkEQ¨lkbV g¨rh gaS] tcfd fYkEQ
esa d¨f'kdk,¡ 99% rd g¨rh gSaA tc rd ;s d¨f'kdk,¡ fdlh
ckgjh ,f.Vtsu }kjk mRÁsfjr ugha g¨rh gaS rc rd ;s fnu esa ,d ;k n¨ ckj
Ykxkrkj :f/kj ls fYkEQ rFkk fYkEQ ls :f/kj esa pDdj Ykxkrh jgrh gaSA
fYkEQ¨lkbV (Lymphocyte) ,.M¨FkhfYk;Yk d¨'kkv ä (Endothelial cells) ds chp
ls g¨dj :f/kj rU«k esa Áos'k djrh gSa ;k ckgj fudYkrh gaSA fYkEQ u¨M] fYkEQ
d¨ fQYVj djrs gaS] ;gk¡ ij fYkEQ¨lkbV Fk¨M+h nsj ds fYk, jgrh gaSA t¨
Òh ,.Vhtsu 'kjhj esa Áos'k djrk gS] :f/kj ;k fYkEQ esa viuk LFkku cukrk gS
tgk¡ ;s fYkEQ u¨M ;k LIYkhu (Spleen) esa fQYVj dj fYk;s tkrs gSaA fYkEQ u¨M
esa eSØ¨Qkt (Macrophages) bUgsa fuxYk ysrs gSaA
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fp= Ø- 2-21% The Human Lymphoid System

ÁkFkfed vax ¼Fkk;el rFkk c¨u eSj¨½ f}rh;d vax v©j fYkEQ
oSlsYk ;gk¡ fn[kk;s x;s gaSA lEiw.kZ rU«k ifjlapj.k djrh fYkEQ¨lkbV¨a]
d¨'kkv¨a d¨ Ykkus okYkh oslsYk ¼CyM oslsYk rFkk fYkEQSfVd oslsYk n¨u¨a½
rFkk fYkEQkWbM vax¨ d¨ feYkkdj curk gSA ;gk¡ dsoYk ,d gÏh fn[kk;h

x;h gS] ijUrq YkxÒx ÁR;sd cM+h gÏh esa eSj¨ g¨rk gSA

2-16 bE;wu vuqfØ;k (Immune Response)

d'¨:fd;ksa esa vusd Ádkj ds gkfudkjd ,.VhtsUl (Antigens) ls lEiw.kZ cpko
ds fYk, n¨ bE;wu fof/k;k¡ gSa&

1- áwe¨jYk bE;wfuVh ;k ,.VhckWMh esfM,VsM bE;wfuVh (Humoral
Immunity or Antibody Mediated Immunity)& eSØ¨Qst
(Macrophages) }kjk Ásf"kr ,.Vhtsfud fu/kkZjd (Antigenic determinants)
lgk;d T-fYkEQ¨lkbV¨a (Helper T-lymphocytes) d¨ mÌhIr djrs gaSA
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B-fYkEQkslkbV (B-lymphocyte) :f/kj ifjogu (Blood circulation) esa Áfo"V
u g¨dj fYkEQkWbM Ård (Lymphoid tissue) esa gh xq.ku rFkk :ikUrj.k }kjk
vius ls 2 ;k 3 xquk cM+h IykTek d¨f'kdkv¨a (Plasma cells) dk fuekZ.k djrs
gSaA IykTek d¨f'kdk,¡ ,.VhckWMh (Antibody) dk la'Y¨"k.k dj gtkj¨a ,.VhckWMh
Áfr lsd.M dh nj ls :f/kj ifjogu esa eqä dj nsrh gSaA ,.VhckWMh-,.Vhtsu
fØ;k (Antibody-antigen reaction) :f/kj esa g s̈us ds dkj.k gh bld¨ áwe¨jYk
bE;wfuVh (Humoral immunity) dgrs gSaA

IykTek d¨f'kdk,¡ (Plasma cells) 2 ;k 3 fnu ,.Vhtsfud
(Antigenic) mÌhiu lekIr g¨us rd ,.VhckWMht (Antibodies) mRiUu djrh
jgrh gSaA blds Ik'pkr IykTek d¨f'kdk,¡ u"V g¨dj Lèfr-B-d¨f'kdkv¨a
(Memory B-cells) }kjk ÁfrLFkkfir g¨ tkrh gSaA Lèfr B-d¨f'kdk,¡ (Memory
B-cells) fYkEQkWbM Ård (Lymphoid tissue) esa vusd o"kks± rd jgrh gS
v©j ,.Vhtsu (Antigen) ds iqu% ÁdV g¨us ij lfØ; g¨ j¨x ls lqj{kk Ánku
djrh gSaA

2- lsY;wYkj esfM,VsM bE;wfuVh (Cellular mediated immunity)– T-
fYkEQ¨lkbV (T-lymphocyte) dsoYk mu ,.Vhtu ä (Antigens) ds Áfr vuqfØ;k
djrs gSa t¨ d¨f'kdk dh lrg ij mifLFkr g¨rs gSaA ;g vuqfØ;k Òh dsoYk ,d
fu/kkZjd (Determinant) Á¨Vhu] eq[; fgLV¨dkWEiSfVfcfYkVh dkWEIYkSDl (Major
histocompatibility complex or MHC) dh mifLFkfr esa gh gksrh gSA ;g
dkWEIYkSDl (Complex) T-fYkEQ¨lkbV¨a (T-lymphocytes) d¨ dsoYk i¨"kd dh
okbjl bUQsDVsM (Virus infected) d¨f'kdkv ä d¨ igpkuus esa lgk;rk djrk gS]
ijUrq mlh g¨LV (Host) dh vlaØfer d¨f'kdkv¨a rFkk nwljs tho dh laØfer
d¨f'kdkv¨a d¨ ugha igpkurkA

T-d¨f'kdkv¨a (T-cells) dk ;g fof'k"V xq.k mudh lrg ij ik;h tkus
okYkh fof'k"V Á¨Vhu] T-d¨f'kdk xzkgh (T-cell receptor) dh mifLFkfr ds dkj.k
gSA bl Ádkj T-fYkEQ¨lkbV (T-lymphocyte) ,.VhckWMht (Antibodies) dh
e/;LFkrk ds fcuk gh] viuh gh lrg ij mifLFkr ,.VhckWMh ln'̀k lajpuk
okYkh T-d¨f'kdk xzkgh Á¨Vhu dh lgk;rk ls gh lsY;wYkj bE;wu vuqfØ;k
(Cellular immune response) mRiUu djrs gaS rFkk buds }kjk mRiUu bE;wfuVh
(Immunity) lsY;wYkj-esfM,VsM bE;wfuVh (Cellular-mediated immunity)
dgYkkrh gSA
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fp= Ø- 2-22% The cell-mediated immune response, the
response of T-cells to antigen, showing lymphokines

and cytotoxic cell formation

dqN okbjl (Virus) v©j cSDVhfj;k (Bacteria) rFkk vusd dod (Fungi)
v©j Á¨V¨t¨vk (Protozoa) }kjk mÙ¨ftr T-fYkEQ¨lkbV (T-lymphocyte) :f/kj
ifjlapj.k (Blood circulation) }kjk ,.Vhtsu (Antigen) LFkYk rd igq¡pdj]
fYkEQ¨CykLV (Lymphoblast) ds :Ik esa 4 Ádkj dh fYkEQ¨dkbUl
(Lymphokines) uked izksVhu dk L=ko.k djrs gSa tks eSØksQst
(Macrophage) }kjk ,.Vhtsu (Antigen) dks Hk{k.k djus dh n{krk c<+krh
gSaA ,.Vhtsu (Antigen) ds u"V gksus ds lkFk gh fYkEQ¨dkbUl (Lymphokines)
Hkh vn'̀; gks tkrh gSa] ijUrq le#Ik T-fYkEQ¨lkbVksa dk ,d lewg ckn rd cuk
jgrk gSA ;g Lef̀r T-fYkEQ¨lkbV (Memory T-lymphocyte) dgykrs gSaA iqu%
blh ,.Vhtsu (Antigen) }kjk izHkkfor gksus dh n'kk esa T-fYkEQ¨lkbV
(T-lymphocyte) rsth ls dk;Z dj ,.Vhtsu dks u"V dj nsrs gSaA

lsY;qyj bE;wfuVh (Cellular immunity) cSDVhfj;k] dod rFkk dksf'kdkvksa
esa ekStwn okbjlksa ds izfr izfrjks/k {kerk iznku djrh gS rFkk vfr-laosnu'khyrk
(Hypersensitivity) dks jksdrh gSA

bl izdkj ekuo 'kjhj esa lsY;wyj bE;wfuVh] áweksjy bE;wfuVh (Cellular
immunity, humoral immunity) rFkk L=kfor fYkEQ¨dkbu izksVhuksa
(Lymphokine proteins) dh bE;wfuVh gksrh gSA
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2-17 viuh izxfr tk¡fp, iz'uksa ds mŸkj (Answers to
Check Your Progress)

1- ¼x½

2- ¼[k½

3- ¼?k½

4- ¼d½

5- ¼d½

6- ¼d½

7- ¼[k½

8- ¼[k½

2-18 lkjka'k (Summary)

'olu fd fØ;k-fof/k] 'olu dh dkf;Zdh dks le>uk] QsaQMs+ dSls dk;Z djrs
gSa ;s ljy Hkk"kk esa enzymes dh en~n ls le>uk] fQj blh ikB esa mRltZu
dh dkf;Zdh dks le>uk] mRltZu Hkh ,d izdkj dh tSo fØ;k gS] ftlds }kjk
'kjhj ls p;kipf;d vif'k"V inkFkksZ a dk iF̀kDdj.k dj 'kjhj ls dSls fudkys
tkrs gaS mldk v/;;u fdlh ,.Vhtsu ds fo#/n izfrfØ;k esa 'kjhj dh fofHkUu
d¨f'kdk;sa dkjd rFkk vfHkfØ;kvksa dks feydj ,d bE;wu rU«k dk;Z djrk gSA
mldk ljy v/;;u djrs gSaA

2-19 eq[; 'kCnkoyh (Key Terminology)

 Oxygenated blood (vkWDlhÑr jä)
 Air Sac (ok;qdks’k)
 Lungs (QsQMs+)
 Capillaries, Oxyhaemoglobin, Haemoglobin (mRltZu)
 Defaecation (fMQsds”ku)
 Glomerulus (Xykses#yl) Toxic substance, Nitrogenous waste

products, CO2, O2

 Ammonia (veksfu;k)
 Urea (;wfj;k)
 Toxin (VksDlhu)
 Antitoxin (,sUVhVksDlhu)
 Toxid (VksDlhM d.k)
 T-Lymphocyte, B-Lymphocyte Cells
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1- jDr esa ik;s tkus okys yo.kksa dk lUrqyu& yo.kksa dh vko”;drk
ls vf/kd ek=k] oD̀d@fdMuh }kjk IkF̀kd~ dj nh tkrh gS ,oa budksa
“kjhj ls ckgj fudky fn;k tkrk gSA bl izdkj jDr esa yo.kksa dh
fuf”pr ek=k cuh jgrh gSA

2- vEy&{kkj lUrqyu (Acid-Base balance)& “kjhj dh p;kipk; fØ;k
esa dqN vEyksa dk fuekZ.k gksrk gSA buls gkbMªkstu vk;uksa dks IkF̀kd~
djds vEy RkFkk {kkj dk lUrqyu fuf”pr :Ik ls cuk;s j[kk tkrk gSA
blh gsrq veksfu;k dk vo”kks’k.k Hkh gksrk gSA

dqN cká inkFkZ&fo’k (Poison) ,oa vkS’kf/k;ksa ds mRiknksa dks vko”;d u
gksus ij “kjhj ls ckgj mRlftZr dj fn;k tkrk gS vkSj bl izdkj
vkUrfjd okrkoj.k dk lUrqyu fuf”pr j[kk tkrk gSA

3- Pk;kipk; fØ;k ds dkj.k ;fn vEy ,oa {kkj vf/kd ek=k ess fufeZr gksrs
gaSS rks oD̀d budksa p;ukRed mRltZu (Selective excretion) ds }kjk
jDr dk pH cuk;s j[krs gSaA

4- fdMuh jDr ds fofHkUu inkFkksZa dk p;ukRed mRltZu dj “kjhj ds
jklk;fud lUrqyu dks cukus esa lgk;d gksrk gSA

2-20 Lo-ewY;kadu iz'u ,oa vH;kl (Self Assessment
Questions and Exercises)

y?kq mŸkjh; iz'u (Short Answer Type Questions)

1- fuEufyf[kr dk o.kZu dhft,

(i) ØSc pØ

(ii) vkWDlhtu dk ifjogu

(iii) Xykbdksfyfll

(iv) DyksjkbM f'k¶V

2- 'olu dh dkf;Zdh ds fu;U«k.k fof/k dk o.kZu dhft,A

3- laf{kIr esa o.kZu dhft,

(i) XkSlksa dk ifjogu

(ii) vkWDlhtu dk Årdksa esa ifjogu

(iii) gheksXyksfcu dh xSlksa ds ifjogu esa Hkwfedk

4- vYVªkfQYVªs”ku fØ;k&fof/k la{ksi esa fyf[k,A

5- Lru/kkfj;ksa esa ew= fuekZ.k fof/k dk o.kZu dhft,A

6- ew= fuekZ.k fof/k dk laf{kIr o.kZUk dhft,A
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nh?kZ mŸkjh; iz'u (Long Answer Type Questions)

1- DyksjkbM f'k¶V D;k gSA blds egRo dk o.kZu dhft,A

2- dksf'kdh; 'olu esa Xykbdksfyfll dk o.kZu dhft,A

3- ØSc pØ dk o.kZu dhft,A

4- 'olu dh dkf;Zdh dk o.kZu dhft,A

5- Lrfu;ksa esa ew= lkUnzrk&laxkeh fl)kUr }kjk lkUnz.k ew= fuekZ.k dks
le>kb,A

6- Lru/kkjh tUrq esa mRltZu dkf;Zdh ,oa fØ;k&fof/k dk o.kZu dhft,A

7- Lru/kkjh ds “kjhj esa dkSu&dkSu ls ukbVªksftul vof”k’V inkFkZ gksrs gSa\
“kjhj esa ;wfj;k dk fuekZ.k rFkk mRltZu dk o.kZu dhft,A

8- mRltZu dh dkf;Zdh dk o.kZu dhft,A

9- fofHkUu izdkj ds lkekU; (Non-specific) izfrjks/k dh izfØ;kvksa dk
o.kZu dhft,A

10- T-dksf'kdk D;k gS\ izfrj{kk esa budh Hkwfedk dk o.kZu dhft,A

11- ,.VhckWMh D;k gS\ ,.VhckWMh (Antibodies) fdrus izdkj dh gksrh gSa\
buds dk;ksZa dk o.kZu dhft,A

2-21 lgk;d ikBî lkexzh (Suggested Readings)
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1. Parker & Haswall : Text Book of Vertebrate Zoology

2. Kotpal, RL : Vertebrate

3. Jordan, EL and Verma, PS : Chordate Zoology

4. Rastogl, VB : Organic Evolution

5. Singh and Chaturvedi : Organic Evolution

6. Ernst W. Mayr : Evolution and the Diversity of life

7. Colbert : Evolution

8. Verma, PS and Agrawal, VK : Cell Biology, Genetics,
Molecular Biology, Evolution

9. Verma PS : Animal Physiology
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10. Nigam, HL : Animal Physiology

11. Wood, DW : Principle of Animal Physiology

12. Berry, AK : Animal Physiology and

Biochemistry

13. Prosser, CL : Animal Physiology and
Biochemistry

14. Goyal and Shastri : Animal Physiology

15. Shrivastava, HS : Biochemistry

16. Lehninger : Biochemistry
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bdkbZ 3 ,UtkbEkksa ds fu;ked rU= ,oa
foVkfeUl dh Hkwfedk (Regulatory
Mechanisms of Enzymes and the
Role of Vitamins)

Lakjpuk (Structure)
3-0 ifjp;
3-1 mÌs';
3-2 rki fu;eu

3-2-1 'kjhj ds rkiØe dh òf) dh gk;iksFkSYksfed fof/k
3-2-2 'kjhj ds rkiØe dh deh gkbiksFkSysfed fof/k }kjk
3-2-3 'kjhj dk lkekU; rkiØe

3-3 izkf.k;ksa esa rki fu;eu
3-3-1 Å"ek@rki dk mRiknu
3-3-2 Å"ek dh gkfu

3-4 'kjhj ,oa okrkoj.k ds e/; Å"ek fofue;
3-4-1 fofdj.k
3-4-2 mRltZdrk
3-4-3 pkyu
3-4-4 laogu
3-4-5 ty dk ok"iu

3-5 rki-fu;eu fu;U=.k dh fof/k
3-5-1 rfU=dh; fu;U=.k
3-5-2 gkWeksZuy fu;U=.k
3-5-3 uotkr f'k'kq esa rkiØe dk fu;eu

3-6 ,UtkbEl dh IkfjHkk"kk] uke i)fr ,oa oxhZdj.k
3-6-1 ,Utkbe dh ifjHkk"kk
3-6-2 ,UtkbEl dh fo'ks"krk,¡
3-6-3 ,UtkbEl dh uke i)fr
3-6-4 vU; ,UtkbEl
3-6-5 ,UtkbEl dk oxhZdj.k

3-7 ,Utkbe vfHkfØ;k dh dk;Zfof/k
3-7-1 fepsfyl ,oa es.Vsu lehdj.k
3-7-2 ,Utkbe-fØ;k/kkj ladqy

3-8 ,Utkbe dh lfØ;rk dks fu;fU=r djus okys dkjd
3-9 ,Utkbe dh fof'k"Vrk

3-10 ,Utkbe dh mi;ksfxrk
3-10-1 vkS|ksfxd mi;ksx
3-10-2 vkS"kf/k;ksa esa iz;ksx

3-11 dks-,UtkbEl ;k dks-QSDVj
3-12 foVkfeu

3-12-1 foVkfeu dk oxhZdj.k
3-12-2 foVkfeu dh ifjHkk"kk
3-12-3 foVkfeu dk L=ksr
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3-13 viuh izxfr tk¡fp, iz'uksa ds mŸkj
3-14 lkjka'k
3-15 eq[; 'kCnkoyh
3-16 Lo-ewY;kadu iz'u ,oa vH;kl
3-17 lgk;d ikB~; lkexzh

3-0 ifjp; (Introduction)

Rkki fu;eu esa ge] lkekU; rkieku] vlerkih izkf.k;ksa esa rkieku fu;U=.k]
lerkih izkf.k;ksa esa rki fu;U=.k] m"ek-rki dk mRiknu] m"ek fd gkfu vkfn
ij rU=fd; vkSj gkWeksZuy fu;U=.k dks foLrkj ls i<+rs gSaA

3-1 mÌs'; (Objectives)

Rkieku fu;U=.k] mldk fofHkUu izk.kh viuh 'kkjhfjd {kerk ds vuqdwy dSls
jg ikrs gS] vyx-vyx ikfjfLFkfrd ifjfLFkfr;ksa esa bldks tkuuk gh bldk
mÌs'; gSA

bl iF̀oh ij Å"ek eq[; :Ik ls lw;Z ls izkIr gksrh gSA Å"ek dk dqN
Hkkx rkih; Å"ek ds :Ik esa fofdj.k (Radiation), laogu (Conduction),
fØ;kvksa ds }kjk tho e.Myksa ds fofHkUu ?kVdksa ls xqtjrk gqvk ok;qe.My eas
foyhu gks tkrk gSA

czksd (Brock, 1967) us n'kkZ;k fd dqN 'kSoky (Algae) xeZ >juksa
(Springs) esa yxHkx 70ºC ij jg ldrs gSaA lu~ 1969, esa cksV ,oa czksd (Bott
and Brock) us n'kkZ;k fd dqN rkijkxh (Thermophilic) thok.kq (Bacteria)
ikuh ds DoFkukad (Boiling) fcUnq ij thou O;rhr djrs gSaA ;s rF; iF̀oh ij
izkf.k;ksa ds forj.k dks lhfer djrk gS] D;ksafd iF̀oh ij@okrkoj.k esa rkiØe
dh vf/kd fofHkUurk ik;h tkrh gSA

izR;sd izk.kh esa rkieku lgu@ogu djus dh {kerk ,d fuf'pr lhek
esa ik;h tkrh gSA ;s rki lgu djus dh {kerk fHkUu&fHkUu tkfr;ksa ds
izkf.k;ksa esa fHkUu&fHkUu gksrh gSA lgu djus dh {kerk ds vk/kkj ij izk.kh nks
izdkj ds gksrs gSa&

(a) ferrkih@fLVuksFkeZy (Stenothermal)& og izk.kh gksrs gS tks fd
rkieku ds vis{kkÑr de&foLrkj dks lgu dj ldrs gaSA

mnkgj.k& eNfy;k¡ (Fishes), dksjy (Coral), ?kksa?kk (Snail) vkfnA

(b) vlherkih@;wjkbZFkeZy (Eurythermal)& og izk.kh tks rkieku ds
vf/kd foLrkj dks lgu djus dh {kerk j[krs gaSA

mnkgj.k& VksM (Toad), liZ (Snakes), fNidyh (Lizards), i{kh
(Birds) ,oa euq"; (Man) vkfnA
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lalkj ds lHkh izkf.k;ksa dks rkiØe ifjorZuksa ls lgu'khyrk ds vk/kkj
ij@nSfgd rki ds vk/kkj ij rhu lewgksa esa foHkkftr fd;k tkrk gS&

1- vlerkih (Poikilothermic)& ;s og izk.kh gksrs gSa ftuds 'kjhj dk
rki okrkoj.k (Environment) ds rkiØe ds lkFk ifjofrZr@?kVrk-
c<+rk tkrk gSA bu izkf.k;ksa dks 'khr jDr (Cold blooded) okys izk.kh
dgrs gaSA

mnkgj.k& lHkh vd'ks:d izk.kh (Invertebrate animals) ,oa vf/kdka'k
tyh; d'ks:d (Aquatic vertebrates) izk.kh blds vUrxZr vkrs gSaA
lkekU;r;k 'khr jDr okys izkf.k;ksa ds 'kjhj dk rkiØe xeZ jDr
(Warm blooded) okys izkf.k;ksa dh vis{kk de gksrk gSA ysfdu /kwi esa
cSBs dhV (Insect) dk] ,oa e:LFky esa fNidyh ds 'kjhj dk rkiØe
Lruh izk.kh dh vis{kk vf/kd gksrk gSaA 'khr jDr okys izk.kh rki/Å"ek
okrkoj.k ls izkIr dj vius 'kjhj ds rkiØe dkss 'kjhj esa mRikfnr
Å"ek ds foijhr LorU= :Ik esa fu;fU=r djrs gaSA bu izk.kh dks cká
Å"eh; izk.kh (Ectothermic animals) Hkh dgrs gSaA blds foijhr vUr%
Å"eh; izk.kh (Endothermic animals) vius 'kjhj esa Ik;kZIr Å"ek dks
p;kip; fØ;kvksa ds le; mRikfnr djrs gSa vkSj 'kjhj ds rkiØe dks
fLFkj cuk, j[krs gSaA i{kh ,oa Lruh izk.kh vUr%Å"eh; izk.kh gksrs gaSA

vlerkih izkf.k;ksa (Poikilothermic animals) dh nks Jsf.k;k¡ gksrh gSa&

(a) tyh; (Aquatic) vlerkih izk.kh]

(b) Fkyh; (Terrestrial) vlerkih izk.khA

2- lerkih (Homeothermic) izk.kh& ;g izk.kh fLFkj ,oa mPp 'kkjhfjd
rkiØe dks cuk, j[kus dh {kerk j[krs gaSA ;s rkiØe okrkoj.k ds
rkiØe ij fuHkZj ugha djrk gS] ysfdu bu izkf.k;ksa esa Å"ek fofue;
(Heat exchange) cká Å"eh; voLFkkvksa }kjk izHkkfor gksrh gSA tc
izk.kh ds 'kkjhfjd rkiØe ls okrkoj.kh; rkiØe (Environmental
temperature) de gks tkrk gS rc fofdj.k (Radiation) }kjk izk.kh ds
'kjhj ls rki dh gkfu gksrh gSA bl voLFkk esa lerkih izkf.k;ksa dh
p;kipf;d (Metabolic) nj esa of̀) gks tkrh gSA izk.kh ds 'kjhj esa
rkiØe dk fu;U=.k djus ds fy, rki fu;U=d dsUnz (Heat regulatory
centre) efLr"d esa gksrk gS] ;g dsUnz rkiØe ds ifjorZuksa ds izfr
vf/kd laosnh gksrk gSA mPp rki ij ;k tc okrkoj.k esa rki dh of̀)
gksrh gS rc izk.kh dk 'kjhj rki xzg.k djus yxrk gS] bl izdkj rkiØe
dh gkfu ok"ihdj.k (Evaporation) ds :Ik esa dh tkrh gSA

mnkgj.k& i{kh (Birds) ,oa Lruh izk.kh (Mammals) euq"; lfgrA

bu izkf.k;ksa ds 'kjhj esa ,d vR;f/kd fodflr rkiØe fu;U=.k fof/k
(Temperature regulating mechanism) ik;h tkrh gS] bl dkj.k
lerkiu (Homeothermy) ,d vR;f/kd izeq[k y{k.k mPp Jsf.k;ksa ds
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thou esa gksrk gS vkSj mŸkjthfork (Survival) dk ,d eq[; eku gksrk
gSA dqN Lruh izk.kh tSls& MkehZl (Dormice) ,oa gSt gkWx (Hedge hog)
'khr fuf"Ø;rk (Hibernation) dks n'kkZrs gSa vkSj 'khr fuf"Ø;rk ds
le; 'kjhj dk rkiØe de gks tkrk gS] ysfdu 'kjhj dks dksbZ gkfu ugha
gksrh gSA blh izdkj /kzqoh; Hkkyw (Polar bear), m".k dfVca/kh; cUnj
(Tropical monkey) ,oa okyjl (Walrus) ds 'kjhj dk rkiØe leku
jgrk gS& 38ºC] pkgs og fdlh Hkh fofHkUu rkiØe okys okrkoj.k esa
jgrs gksaA

3- fo"kerkih;@gSVsjksFkehZ (Heterothermy)& dqN izk.kh dqN le; rd
'kjhj ds rkiØe dks vUr%Å"eh; (Endothermic) fof/k ds }kjk fu;U=.k
djrs gSa vkSj nwljs le; esa muds 'kjhj dk rkiØe okrkoj.k ds rkiØe
ds vuqlkj fHkUu gksrk gSA bu izkf.k;ksa dks fo"kerkih; (Heterotherms)
dgrs gaSA eksuksVªhEl (Monotremes), dqN eklqZfi;Yl (Marsupials),
vkesZfMyksl (Armadilos), LyksFk (Sloth) vkfn bl Js.kh ds dqN
mnkgj.k gaSA ;s izk.kh vius 'kjhj ds rkiØe dks] tc vf/kd fØ;k'khy
gksrs gS rc fu;fU=r djrs gaS] ysfdu de fu;fU=r djrs gaS] tc ;s
vkjke voLFkk esa gksrs gSaA vUr% ;s lhfer rkiØe dks fu;U=.k djrs gaSA

3-2 rki fu;eu (Temperature Regulation)

'kjhj esa gksus okyh fofHkUu jklk;fud fØ;k,¡ rki }kjk izokfgr gksrh gSaA fuEu
rki ij p;kip; bruk de gksrk gS fd izk.kh dh tSfod fØ;k,¡ lqpk: :Ik ls
ugha gks ikrh gSaA mPp rki (High temperature) ij p;kip; bruh rhozrk ls
gksrk gS fd blesa ÅtkZ dks caf/kr ugha fd;k tk ldrk gSA okW.V gkWQ (Van’t
Hoff) oSKkfud us n'kkZ;k fd rki lgu djus dh {kerk esa 10ºC dh of̀) ls
tSfod fØ;kvksa dh nj nqxquh ;k frxquh gks tkrh gS rFkk dqN izkf.k;ksa esa
rkiØe dh of̀) vuqdwyre rkiØe ls vf/kd gks tkrh gS rc tSfod fØ;kvksa
dh nj esa deh vk tkrh gSA vUr% rki fu;U=.k dh vko';drk dsoy xeZ jDr
okys izkf.k;ksa esa mRiUu gksrh gSA

rfU=dh; dsUnz efLr"d ds gkbiksFkSyssel (Hypothalamus) esa fLFkr gksrs
gSa tksfd 'kjhj ds rki dk fu;U=.k djrs gaSA gkbiksFkSysel esa nks eq[; dsUnz
gksrs gSa&

(i) ijkuqdEih (Parasympathetic) dsUnz ,oa

(ii) vuqdEih (Sympathetic) dsUnzA

tc ijkuqdEih dsUnz mRizsfjr gksrk gS rc 'kjhj ds rki dks de dj nsrk
gSA tc vuqdEih dsUnz mRizsfjr gksrk gS rc 'kjhj ds rki esa of̀) djrk gSA
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3-2-1 'kjhj ds rkiØe dh o`f) dh gk;iksFkSYksfed fof/k
(Hypothalamic Mechanism for Increasing the Body
Temperature)

Tkc 'kjhj dk jDr lkekU; ls B.Mk gksrk gS] gk;iksFkYksfed {ks=
(Hypothalamic region) esa tkrk gS] rc vuqdEih dsUnz (Sympathetic centre)
vR;f/kd mRizsfjr gksrs gaSA dsUnz dk mRizsj.k Lor% gh vusd fofHkUu fof/k;ksa dks
mRizsfjr dj nsrk gS ftlls 'kjhj ds rki esa of̀) gksrh gSA bl fØ;k ds gsrq
fuEu fof/k;k¡ gksrh gS&

(a) okfgdk ladqpu (Vasoconstriction)& vuqdEih dsUnz ds mRizsj.k ds
dkj.k izsj.kkvksa (Impulses) dks okfgdk ladqpuh; rfU=dkvksa
(Vasoconstrictor nerve) ds }kjk 'kjhj ds fofHkUu Hkkxks a dks Hkstrk gS
¼vuqdEih rU= dh rfU=dkvksa dk gkbiksFkSysel ls mn~xe gksrk gS½
ftlds dkj.k Ropk dh jDr okfgfu;ksa dk ladqpu gksrk gSA bl dkj.k
vkUrfjd vaxkas ls Ropk dks xeZ jDr izokg de gks tkrk gSA bl dkj.k
mu vaxksa ls tks 'kjhj dh lrg dks Å"ek@rki dk LFkkukUrj.k de
gksrk tkrk gSA blh le; ilhus dk L=ko.k Hkh de gks tkrk gSA blds
vfrfjDr rki dh deh dks Ropk ds uhps mi-Roph; olk (Sub-
cutaneous fat) Hkh jksdrk gSA

(b) p;kip; esa o`f) (Increased metabolism)& vuqdEih dsUnzksa
(Sympathetic centres) ds mRizsj.k ls ,d jklk;fud inkFkZ& bihusfÝu
(Epinephrine) 'kjhj ds lEiw.kZ Årdksa ls L=kfor gksrk gSA ;g
jklk;fud inkFkZ 'kjhj dh p;kip; fØ;k esa of̀) djrk gSA bl dkj.k
vf/kd Å"ek@rki mRikfnr gksrh gSA

Parasympathetic
centers

Hypothalamus

Sympathetic
centersPons

Medulla

Cerebellum

Red nucleus

fp= Ø- 3-1% Temperature Regulating Nervous
Centres of the Brain
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(c) dEiu@daidaih (Shivering)& vuqdEih dsUnzksa dh mRizsj.kk ds dkj.k
lrdZrk dh fLFkfr (Alertness) ds va'kksa esa of̀) gksrh gS] ifj.kkeLo:Ik
vf/kd ls vf/kd mRizsj.kk,¡ cYcks jsfVdqyj (Bulbo-reticular) ds
fuekZ.k ,oa Ik'p efLr"d esa yky dsUnzdkas (Red nucleus) dks cukus esa
laokfgr gksrh gSA blds ifj.kkeLo:Ik isf'k;ksa dk ladqpu gksrk gSA bl
dkj.k vf/kd Å"ek mRikfnr gksrh gSA ;s tc vR;f/kd cM+h gks tkrh gS]
yky dsUnzd 'kjhj esa daidaih (Shivering) dks izkjEHk djrk gSA daidaih
Å"ek dks vf/kd mRikfnr djrh gSA

(d) vR;f/kd Fkk;jkbM gkWeksZu dk mRiknu (Increased thyroid
hormone production)& vusd lIrkgksa rd tc 'kjhj B.M ds lEidZ
esa jgrk gS vFkkZr~ tkM+ksa esa vuqdEi mRizsj.k gksrk gSA ,slk fo'okl fd;k
tkrk gS fd vuqdEih mRizsj.k ds dkj.k ih;w"k xzfUFk (Pituitary gland)
ds }kjk vf/kd Fkk;jksVªksfid gkWeksZu (Thyrotropic hormone) L=kfor
fd;k tkrk gSA bl gkWeksZu ds L=ko.k ds dkj.k Fkk;jkbM xzfUFk mRizsfjr
gksrh gS vkSj vf/kd Fkk;jkbM gkWeksZu dks L=kfor djrh gSA ,d lIrkg
rd Fkk;jkbM gkWeksZu dk L=ko.k@mRiknu Å"ek mRiknu dh nj esa
of̀) djrk gSA

3-2-2 'kjhj ds rkiØe dh deh gkbiksFkSysel fof/k }kjk
(Hypothalamic Mechanism for Decreasing the Body
Temperature)

Tkc efLr"d esa fLFkr gkbiksFkSysel dk rkiØe vR;f/kd c<+rk gS rc ijkuqdEih
dsUnz (Parasympathetic centres) mRizsfjr gksrk gSA blds ifj.kkeLo:Ik
vuqdEih dsUnzksa dh lHkh fØ;k,¡ :d tkrh gSa@can gks tkrh gSaA okfgdk ladqpu
(Vasoconstriction) dh vis{kk okfgdk izlkj ;k okfgdk f'kfFkyu
(Vasodilation) gksrk gS] ftlds ifj.kkeLo:Ik Ropk esa vf/kd jDr iznk; gksrk
gSA blds dkj.k Ropk xeZ gks tkrh gS ftlds dkj.k Å"ek rhozrk ls de gksrh
gSA blh izdkj p;kip; nj esa deh gks tkrh gSA is'kh; LQwfrZ (Muscular tone)
de gks tkrh gS vkSj Fkk;jkbM xzfUFk dk L=ko.k de gks tkrk gSA lHkh foijhr
vuqdEih izHkko Å"ek@rki dh of̀) djrs gSa vkSj Å"ek mRiknu dks de dj
nsrs gaS ftlls 'kjhj dk rkiØe de gks tkrk gSA

ijkuqdEih (Parasympathetic) mRizsj.kkvksa ds dkj.k ilhuk fudyuk
(Sweating) ,oa gk¡Quk (Panting) izkjEHk gksrk gS] ftlls 'kjhj dk rkiØe de
gks tkrk gS&

(a) ilhuk fudyuk (Sweating)& ijkuqdEih dsUnz okfgdk izlkj.kh;
rfU=dk (Vasodilator nerve) ds }kjk Ropk dks vR;f/kd jDr iznk; ds
dkj.k ilhus (Sweat) dk L=ko.k izkjEHk djrk gSA ;fn Ropk ds jDr
izokg esa of̀) gksrh gS rc Å"ek (Heat) dh vf/kd gkfu laogu



,UtkbEkksa ds fu;ked---

154

fVIi.kh

Lo-vf/kxe
ikB~; lkexzh

(Conduction), fofdj.k (Radiation), ok"ihdj.k (Vaporisation) ds
dkj.k gksrh gSA

(b) gk¡Quk (Panting)& ;g ,d nwljh fof/k gS ftlds }kjk 'kjhj dk
rkiØe fu;fU=r gksrk gSA

3-2-3 'kjhj dk lkekU; rkiØe (Normal Body Temperature)

Okkrkoj.k esa vf/kd mrkj-p<+ko (Fluctuation) ds ifj.kkeLo:Ik xeZ jDr okys
izk.kh-euq"; vkfn 'kjhj dk mPp ,oa fLFkj rkiØe dks cuk, j[krs gSaA euq"; esa
furkUr (Deep) ;k vkUrjre (Core) rkiØe vFkkZr~ ân; dk] QsQM+s]
efLr"d ;k vkUrjkax (Viscera) de lhek ds vUrxZr 37ºC (98.6ºF) jgrk gSA

3-3 izkf.k;ksa esa rki fu;eu (Thermal Regulation in
Animals)

'kjhj esa jklk;fud fØ;kvksa dh nj rkiØe ls izHkkfor gksrh gSA de rkiØe
ij 'kjhj dh vusd tSfod fØ;k,¡ /kheh gks tkrh gaS] ;gk¡ rd fd izk.kh dk;Z
ugha dj ldrk gSA vf/kd rkiØe ij p;kip; (Metabolism) fØ;k bruh
rhoz gksrh gS fd ÅtkZ@Å"ek dh ek=k iznk; djuk lEHko ugha gksrk gSA vUr%
izkf.k;ksa esa vf/kd rkiØe dk ik;k tkuk ,d leL;k cuh jgrh gS&

(a) vlerkih izkf.k;ksa esa rkiØe fu;U=.k (Temperature
Regulation in Poikilotherm)– lerkih izkf.k;ksa esa xehZ ;k lnhZ

(Heat and Cold) dh ijkdk"Bkvksa ls funku ikus ds fy, dksbZ Hkh fof/k
ugh ik;h tkrh gSA ;s izk.kh rki dh ijkdk"Bk ls cpus ds fy, mu
LFkkuksa dks xfr djrs gSa tgk¡ rkiØe vuqdwyre (Congenial) gksrk
gS@;k bl izdkj dh vySafxd dk;ksa (Asexual bodies) dks cukrs gaS
tksfd rkiØe dh izfrdwy voLFkkvksa esa lqIr (Dormant) voLFkk esa
jgrh gSA

dqN vlerkih izkf.k;ksa esa rki fu;eu dh dqN fof/k;k¡ ik;h tkrh gSaA

mnkgj.k& vusd leqnzh fNidfy;ksa (Marine lizards) esa 'kjhj ds
rkiØe esa ifjorZuksa ds fy, e/;LFk (Mediate) jgrs gSaA rhozrk ls vius
'kjhj dh Å"ek ;k rki dks jksdus ds fy, Ropk dh lrg ij jDr dks
ys tkus okyh jDr okfgfu;ksa dks ladqfpr dj ty ds ok"ihdj.k ,oa
'khryu izHkko dks de djrh gS vkSj ân; LiUnu dh xfr@nj dks de
djus ds }kjk djrh gSaA ik;Fku (Python) 'kjhj ds rkiØe dh of̀) ds
fy, p;kip; dh nj esa of̀) djrk gSA

mnkgj.k& vd'ks:d izk.kh] eNfy;k¡] ,sfEQfc;Ul ,oa jsIVkbYlA
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(b) lerkih izkf.k;ksa esa rki fu;U=.k (Temperature Regulation in
Homeotherms)– lerkih izk.kh 'kjhj ds rkiØe dks fLFkj cuk, j[krs
gSa vkSj de-ls-de fuEu rkiØe &40ºC rd Hkh rFkk +40ºC rd ds
mPp rki ij lfØ; jg ldrs gSaA vkdZfVd yksefM;k¡ (Arctic foxes)
mŸkjh /kzqo ;k vkdZfVd {ks= ds rkiØe ;k vR;f/kd B.M esa Hkh lfØ;
jgrh gSaA ,.Vhyksi (Antelope) ,oa dqN Fkyh; fxygfj;k¡ (Ground
Squirrels) e:LFkyksa esa 40ºC ;k blls vf/kd rkiØe ij Hkh thfor
jgus esa leFkZ gksrh gSaA

mnkgj.k& i{kh ,oa Lru/kkjh izk.khA

Ikzk.kh 'kjhj dh Å"ek@rki fLFkj cuk, j[kus ds fy, fuEufyf[kr
fof/k;k¡ ik;h tkrh gSaA

3-3-1 Å"ek@rki dk mRiknu (Heat Production)

Ikzk.kh ds 'kjhj esa pkj izeq[k dkjd Å"ek dk mRiknu djus esa lgk;d gksrs gSaA
rki ds mRiknu djus dh fof/k dks rkituu (Thermogenesis) dgrs gS a&

(a) ,DlxksZfud fØ;k,¡ (Exergonic reactions)& vkWDlhÑr (Oxidative)
fØ;k,¡ fo'ks"k izdkj dh fofHkUu p;kip;h fof/k;ksa ds }kjk rki ÅtkZ
(Heat energy) dks eqDr djrh jgrh gSa rFkk bl izdkj dh Å"ek fdlh
Hkh izk.kh ds lEiw.kZ thou dky esa 'kjhj ds rki iwy dks cuk, j[krh gaSA
lerkih izk.kh fofHkUu n'kkvksa&B.M (Cold) ;k fuEu rki (Low
temperature) dh fLFkfr esa vf/kd rki dk mRiknu djds 'kjhj ds rki
dks fLFkj cuk, j[krs gaSA 'kjhj esa Å"ek p;kip; fØ;kvksa ds }kjk
mRikfnr gksrh gSA lhy (Seal) ,oa okyjl (Walrus) Lruh izk.kh 'kjhj
ds }kjk bruh vf/kd Å"ek mRikfnr djrs gaS fd /kzqoh; B.M ;k de
rkiØe esa Hkh vius dks cuk, j[krs gaS ;k thou O;rhr djrs gSaA

'kjhj esa p;kip; fØ;kvksa ds }kjk Å"ek dk mRiknu gksrk gSA vf/kd
Å"ek dk mRiknu vf/kd is'kh; lfØ;rk ds dkj.k gksrk gSA vuSfPNd
isf'k;ksa ds ladqpu ds dkj.k rkiØe de gksrk gS] bldks daidaih
(Shivering) dgrs gSaA isf'k;ksa ds NksVs-NksVs lewg vrqY;dkfyd
(Asynchronously) :Ik esa ladqpu djrs gSa] 'kjhj ds Hkkx dksbZ xfr
ugha djrs gaSA bu is'kh; izHkkoksa (Responses) dks daidaih rkituu
(Shivering thermogenesis) dgrs gaSA

(b) HkksT; inkFkksZa dk vUrxzZg.k (Ingestion of Food stuffs)& izkf.k;ksa esa
HkksT; inkFkkasZ dk vUrxzZg.k vk/kkj Å"ek (Basal heat) dk vf/kd
mRiknu gksrk gS] tks fd HkksT; inkFkksZ a ds izdkj ,oa ek=k ij fuHkZj
djrh gS] tks fd izkf.k;ksa ds }kjk xzg.k fd;s tkrs gSaA bl izHkko dks
Hkkstu dh fo'ks"k xfr'khy (Dynamic) fØ;k dgrs gaSA

xeZ HkksT; inkFkksZ a ;k rjy inkFkksZa dks vUrxzZg.k djus ij cgqr de
ek=k ;k 'kwU; ek=k esa rki dk mRiknu gksrk gaSA
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(c) is'kh; ladqpu (Muscular contraction)& izkf.k;ksa ds 'kjhj esa Å"ek
(Heat) dk izeq[k L=ksr is'kh; dk;Z gksrk gSA vR;f/kd rhoz 'kkjhfjd
dk;ksZa ;k dljr ds le; tks Å"ek mRikfnr gksrh gS og 'kjhj ds vUnj
bl izdkj laxzghr jgrh gS fd eyk'k; (Rectal) dk rkiØe 40ºC ds
Åij of̀) dj tkrk gSA B.Ms okrkoj.k esa 'kjhj dh dadkyh; isf'k;ksa
(Skeletal muscles) dk Øfed vuSfPNd ladqpu ,d dkf;Zdh fof/k
gksrh gS tks Å"ek mRiknu djrk gS] daidaih dgykrh gSA

(d) ;Ñr ds }kjk vR;f/kd ek=k esa rki dk mRiknu fd;k tkrk gSA ;Ñr
vkSj ân; ds }kjk tks rki mRikfnr dh tkrh gS og fLFkj gksrh gSA

(e) dqN vkUrfjd L=ko.k (Internal secretion) dh rFkk ,UtkbEl ,oa
gkeksZUl dk L=ko.k tSls fd Fkk;jksfDlu (Thyroxine) ,oa ,fiusfÝu
(Epinephrine) Hkh rki ds mRiknu esa lgk;rk djrs gaSA

(f) ikpu fØ;k ,oa Øekdqapu fØ;k (Peristaltic action) eq[; :Ik ls vk¡rksa
esa rFkk fofHkUu ikpd xzfUFk;ksa dh vfHkfØ;k ds }kjk Hkh rki dk mRiknu
gksrk gSA

vk/kkjh; p;kipf;d nj (BMR) ,oa p;kipf;d vfHkfØ;k dh of̀) ds
dkj.k tks rki ds mRiknu esa of̀) gksrh gS] mldks jklk;fud rkituu
(Chemical thermogenesis) dgrs gSa] tc fd is'kh; lfØ;rk dh of̀) ds
dkj.k tks rki ds mRiknu esa of̀) gksrh gS mldks HkkSfrd rkituu (Physical
thermogenesis) dgrs gSaA

3-3-2 Å"ek dh gkfu (Heat Loss)
Å"ek dh gkfu dh fof/k dks rkiy;u@rki{k; (Thermolysis) dgrs gaSA 'kjhj
ds eq[; vax ftuds }kjk rki dh gkfu gksrh gS] og gSa&

(i) Ropk (Skin)

(ii) QssQMa+s (Lungs) ,oa

(iii) mRltZu ds }kjkA

izkf.k;ksa ds 'kjhj ls Å"ek dh gkfu fofdj.k (Radiation), laogu
(Conduction), pkyu (Conduction) ,oa ok"ihdj.k (Vaporization) ds }kjk
gksrh gSA tyh; (Aquatic) okrkoj.k esa pkyu (Conduction) ds }kjk gh Å"ek
dh gkfu gksrh gSA Fkyh; okrkoj.k esa fofdj.k ,oa laogu ds }kjk Å"ek dh
gkfu gksrh gSA 'kjhj ds ifjorZu tksfd 'kjhj ,oa ckgjh okrkoj.k ds chp rki
ds fofue; dk fu;eu djrs gaS mldks HkkSfrd rki fu;eu (Physical heat
regulation) dgrs gSaA

Ikzkf.k;ksa dh Ropk (Skin) ls jDr ds laogu ds le; Å"ek dh vfrfjDr
ek=k dh gkfu dks Ropk esa ls jDr ds laogu ij fu;U=.k j[kdj fd;k tkrk
gSA /kefudk,¡ (Arterioles) [kqyrh ,oa can gksdj /kefu;ksa esa jDr laogu dks
fu;fU=r djrh gSaA /kefudkvksa ds O;kl esa ifjorZu okfgdk xfr (Vasomotion)
dgykrh gSA B.Ms ekSle esa /kefudk,¡ ladqfpr gksrh gSa& okfgdk ladqpu



,UtkbEkksa ds fu;ked---

Lo-vf/kxe
ikB~; lkexzh 157

fVIi.kh

(Vasoconstriction) rFkk xzh"e ekSle esa /kefudkvksa dk O;kl c<+rk gS tks
okfgdk izlkj.k (Vasodilation) dgykrk gSA okfgdk xfr /kefudkvksa dh isf'k;ksa
dh orqZy ifêdkvksa (Circular bands) ds }kjk gksrh gS] ;s rfU=dkvksa ds fu;U=.k
esa jgrh gaSA

Å"ek ds laxzg.k djus dh nwljh fof/k izfr/kkjk Å"ek fofue; (Counter
current heat exchanger) dgykrh gSA tc Å"ek laxzg.k vko';d gksrk gS ml
le; ifj/kh; laogu (Peripheral circulation) lhfer gksrk gSA bl le; jä
ifj/kh; f'kjkvksa (Veins) ls yEch f'kjkvksa esa izos'k djrk gS vkSj vklikl dh
/kefudkvksa (Arterioles) ls fofdj.k (Radiation) ,oa pkyu (Conduction) }kjk
rki dks ysdj xeZ gks tkrk gSA vUr% 'kjhj ds fljksa dk B.Mk jä ân; esa
okil ig¡qpus ds iwoZ 'kjhj ds rki ds vuqlkj gks tkrk gS&

(a) vUr%L=koh dkjd (Endocrine factors)& vUr%L=koh xzfUFk;ksa ls
L=kfor gkWeksZUl Hkh izkf.k;ksa ds 'kjhj esa Å"ek mRiknu dk eq[; dk;Z
djrs gaSA gkWeksZUl] tSls& ,ihusfÝu (Epinephrine) ,oa ukj-,ihusfÝu
(Nor-epinephrine) {kf.kd LFkk;h (Evanascent) Å"ek mRiknu esa of̀)
djrs gaS tcfd Fkk;jkWfDlu (Thyroxin) 'kjhj dh Å"ek esa of̀) djrs gS
tksfd /khjs-/khjs dbZ fnuksa ;k lIrkg esa gksrh gSA vUr% gk;ijFkk;jkbfMTe
(Hyperthyroidism) esa 'kjhj dk rkiØe /khjs-/khjs lkekU; Js.kh esa 0-5ºC
of̀) djrk gSA

(b) Å"ek-jks/ku (Insulation)& lerkih izkf.k;ksa esa Å"ek gkfu dks jksdus
ds fy, jkse ;k ia[k (Feathers) 'kjhj ij ik;s tkrs gSaA jkse ;k ia[k
B.Ms ekSle esa lh/ks [kM+s gksdj 'kjhj ds pkjksa vksj ok;q dk ,d LrEHk
cukrs gaS vkSj Ropk ls B.Mh ok;q dks nwj j[krs gSaA jkseksa ,oa ia[kksa ds
lh/ks [kMs+ gksus dks ikbyksbjsD'ku (Piloerection) dgrs gSaA

(c) Hkwjh olk@czkmu olk (Brown fat)& izkf.k;ksa esa Hkwjh olk vR;f/kd
fodflr ,oa vusd u;s tUes f'k'kqvkaas esa vf/kd fØ;k'khy gksrh gSA Hkwjh
olk dks loZizFke 'khrfuf"Ø; ekjeksV~l (Marmots)– ^eksfjl ,fYiul*
(Mauris alpinus) esa o.kZu fd;k x;k FkkA bldks 'khrfuf"Ø; xzfUFk
(Hibernating gland) dgrs Fks vkSj ,slk le>k tkrk Fkk fd ;s 'khr
fuf"Ø;rk esa vf/kd dk;Z djrh gaSA blesa ek;ksXyksfcu (Myoglobin)]
lk;VksØkse (Cytochrome) ,oa ¶ysfou ;kSfxdksa (Flavin compounds)
dh vf/kdrk ik;h tkrh gSA Hkwjh olk esa tks Å"ek mRikfnr gksrh gS]
efLRk"d dks ,oa 'kh"kZ Hkkx dks jä ds }kjk laokfgr gksrh gSA ;s Lruh
izkf.k;ksa ds 'kjhj esa feyus okyk ,d fo'ks"k izdkj dk Å"eksRiknd Ård
(Thermogenic tissue) gksrk gSA
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3-4 'kjhj ,oa okrkoj.k ds e/; Å"ek fofue; (Heat
Exchange between the Body and Environment)

;fn 'kjhj dk rkiØe fLFkj jgrk gS] rc 'kjhj ds }kjk Å"ek izkIr djuk Å"ek
{k; (Heat loss) ds cjkcj gksrk gSA Å"ek ykHk] {k; ls vf/kd gksrk gS] vf/kd
Å"ek 'kjhj esa laxzghr jgrh gS tksfd 'kjhj ds rkiØe esa of̀) djrh gS
(Hyperthermic) lUrqyu dks fuEu lehdj.k (Equation) ds }kjk n'kkZrs gSa&

M ± ER ± EC ± EG – EE ± S = 0

Tkcfd

 M = p;kip;h Å"ek mRiknu

 ER = fofdj.k

 EC = pkyu (Conduction)

 EG = laogu

 EE = ok"iu (Evaporation)

 S = Å"ek (Heat) laxzg.k

 (+) = ykHk

 (–) = gkfu

3-4-1 fofdj.k (Radiation)

lHkh oLrq,¡ ftuesa iw.kZ 'kwU; (Absolute zero) ls rkiØe vf/kd gksrk gS
(–273 K) fofdj.k }kjk Å"ek {k; djrh gSA fofdj.k fo|qr-pqEcdh; rjaxksa
ds :Ik esa mRiUu gksrk gS vkSj bldks dksbZ ek/;e laogu ds fy, vko';d ugha
gksrk gSA vUr% fofdj.k xeZ ls B.Mh oLrqvksa dh vksj xeu djrk gSA D;ksafd
euq"; ds 'kjhj dh lrg xeZ gksrh gS] ;g Hkh fofdj.k xeZ Å"ek dks fudkyrh
gSA bl izdkj 'kjhj ls dqN Å"ek {k; fofdj.k }kjk okrkoj.k dh B.Mh oLrqvksa
esa gksrk gSA

3-4-2 mRltZdrk (Emissivity)

fdlh Hkh oLrq dh lrg dk rkiØe ,oa oLrq dh lrg dk izdkj ;k xq.k
fofdj.k ds }kjk Å"ek vfHkokg (Energy flux) dks Kkr djus ds fy, izeq[k gksrs
gSaA fdlh Hkh lrg dh mRltZdrk mlds fofdj.k dks dgrs gaSA ,d lrg tks
iw.kZ Å"ek dks 'kksf"kr djrh gS ysfdu dksbZ Hkh fofdj.k Å"ek dks ijkofrZr ugha
djrh gS] dh vf/kd ls vf/kd mRltZdrk 0.1 gksrh gSA tc lrg lEiw.kZ Å"ek
dk fofdj.k djrh gS rc ml lrg dh mRltZdrk 0 ¼'kwU;½ gksrh gSA
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3-4-3 pkyu (Conduction)

tc Å"ek nks oLrqvksa ds chp ftudh lrg ,d-nwljs ds lEidZ esa gksrh gS cgrh
gS] pkyu dgykrk gSA Å"ek xeZ ls B.Mh oLrqvksa dh vksj laokfgr gksrh gSA
blesa ÅtkZ v.kqvksa dh lrg ls fcuk v.kqvksa ds LFkkukUrj.k ds LFkkukUrfjr
gksrh gSA fdlh ^xeZ* ;k ^B.Mh* oLrq dks Nwus dh laosnuk Å"ek laogu]
pkyu }kjk fn'kk dks n'kkZrh gSA pkyu Ropk ds rkiØe dks cuk, j[kus esa
lgk;rk djrk gSA uaxs iSj fdlh B.Mh lrg ij [kMs+ gksus ij ryqoksa (Soles)
ds }kjk de Å"ek {k; gksrh gSA blds foijhr cQZ leku B.Mh >hy esa
rSjuk ;k ugkuk 'kjhj ls vf/kd Å"ek {k; pkyu ds }kjk gh ugha cfYd laogu
/kkjkvksa ds }kjk Hkh gksrh gS tks 'kjhj ds lEidZ esa gksrh gSA

3-4-4 laogu (Convection)

laogu ds }kjk Å"ek dk LFkkukUrj.k oLrqvksa ds ?ksjus okys ek/;e ds dkj.k
gksrk gSA laoguh; Å"ek fofue;] pkyu dh vis{kk v.kqvksa ds lkFk-lkFk ÅtkZ
ds fofue; ds }kjk gksrk gSA ;fn Ropk dk rkiØe okrkoj.k dh vis{kk xeZ
gksrk gS rc Å"ek 'kjhj ls ckgjh okrkoj.k esa LFkkukUrfjr gksrh gSA xeZ ok;q
'kjhj ds ikl mBrh gS vkSj vf/kd ?kuh] B.Mh ok;q uhps ls cnyrh gSA bl
izdkj bl fof/k dk dqy izHkko 'kjhj ls fujUrj B.Mh ok;q dk izokg tgk¡ ok;q
xeZ gksrh gS dks gksrk gSA bl izdkj fujUrj 'kjhj ls dqN Å"ek {k; gksrh gSA

6000ºC Sun

27ºC

Soil

20ºC

Conduction
25ºC

50ºC

40ºC

Rocks

Sky temperature
13ºC

fp= Ø- 3-2% Showing Thermal Radiation
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3-4-5 ty dk ok"iu (Vaporization of Water)

fdlh lrg ls tc ikuh dk ok"iu gksrk gS lrg B.Mh gks tkrh gS] D;ksafd
ÅtkZ dk mi;ksx nzo dk LFkkukUrj.k ok"Ik ;k xSl voLFkk esa gksrk gSA izR;sd
xzke ikuh ds ok"iu ls yxHkx 0.5 watt Å"ek dk {k; gksrk gSA ok"iu ds
vf/kd ekxZ Ropk lrg ,oa 'olu iFk gksrs gaSA rki fu;eu ds fy, euq"; esa
ok"iu dk :Ik ilhuk (Sweating) gksrk gSaA vkjkekoLFkk esa euq"; 30g ty dh
gkfu Ropk ,oa 'olu lrg ds }kjk izfr ?k.Vs ok"iu ls djrk gSA ilhus ds
mRltZu ls Å"ek dh gkfu esa of̀) gksrh gSA

3-5 rki-fu;eu fu;U=.k dh fof/k (Regulatory
Mechanism of Thermo-regulation)

'kjhj dk rki fu;eu nks fof/k;ksa ls gksrk gS&

(a) rfU=dh; (Nervous)

(b) gkWeksZuy (Hormonal)A

3-5-1 rfU=dh; fu;U=.k (Nervous)

Ikzkf.k;kas ds 'kjhj esa efLr"d esa ik;k tkus okyk gk;iksFkSysel (Hypothalamus)
rki dk fu;U=.k djrk gSA gk;iksFkSysel esa nks rfU=dh; dsUnz gksrs gSa tksfd
izkf.k;ksa ds 'kjhj ds rki dk fu;U=.k djrs gSa&

(i) vuqdEih (Sympathetic) dsUnz rFkk (ii) ijkuqdEih dsaUnz (Parasym-
pathetic centre)

tc ijkuqdEih dsUnz mRizsfjr gksrk gS rc 'kjhj dk rki de gks tkrk gSA
tc vuqdEih dsUnz mRizsfjr gksrk gS rc izkf.k;ksa ds 'kjhj esa rki dh of̀) gksrh
gSA 'kjhj dh Ropk esa rkixzkgh (Thermo-receptors) ik;s tkrs gaSA okrkoj.k ds
rki esa gksus okys ifjorZu ls Ropk mRizsfjr@mŸksftr gksdj vkosxkas (Impulses)
dks efLr"d dh vksj laokfgr djrh gSA gk;iksFkSysel ds nksuksa dsUnz Å"ek ,oa
B.M ls laj{k.k dk dk;Z djrs gSaA

rfU=dk rU= nksukas rki mRiknu (Heat production) ,oa rki gkfu (Heat
loss) dks fu;fU=r djrk gS&

(a) izefLr"d dh Hkwfedk (Role of cerebrum)& izefLr"d (Cerebrum)
dks 'kjhj ls ckgj fudky fn;s tkus ij cgqr de ifjorZu gksrk gSA
fu;eu {kerk vf/kd lhfer gksrh gSA izk.kh ckgjh xehZ vkSj B.M ds izfr
lkekU; :Ik ls O;ogkj djrk gS] ysfdu 'kjhj dk rkiØe de gks tkrk
gS ;fn B.Ms dejs esa vf/kd le; rd j[kk tk;sA

(b) gk;iksFkSysel dh Hkwfedk (Role of hypothalamus)& rki dks
fu;eu djus okyk dsUnz gk;iksFkSysel esa ik;k tkrk gSA gk;iksFkSysel
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ds vxz ;k 'kh"kZ (Cephalic) Hkkx mRizsfjr gksus ds dkj.k okfgdk izlkj.k
(Vasodilation), ilhuk vkfn gksrk gS tks rki dh gkfu esa lgk;rk djrs
gaSA gk;iksFkSysel ds vxz Hkkx ds jksxh gksus ds dkj.k bu fØ;kvksa dks
lekIr dj nsrk gS vkSj mPp rkiØe dks lgu djus dh {kerk de gks
tkrh gSA rki dks de djus ds fy, gk;iksFkSysel dk i'p Hkkx
fu;fU=r djrk gSA gk;iksFkSysel ds i'p Hkkx ds jksxh gksus ij 'kjhj
dk rkiØe vfu;fer gks tkrk gSA ;g n'kkZrk gS fd gk;iksFkSysel dk
vxz Hkkx izfrof̀) dsUnz (Antirise centre) dk dk;Z djrk gS tksfd rki
dh gkfu dks fu;fU=r djrk gS vkSj vf/kd xeZ voLFkk dks jksdrk gSA
gk;iksFkSysel dk i'p Hkkx rki dk mRiknu djrk gS] B.Md ls 'kjhj
dks jksdrk gSA 'kjhj dEiUu (Shivering) dk dsUnz Hkh i'p Hkkx esa fLFkr
gksrk gSA gk;iksFkSysel viuk izHkko Lok;Ÿk rfU=dk rU= (Autonomic
Nervous System) dks fu;fU=r djus rFkk ufydkfoghu xzfUFk;ksa
(Ductless glands) dks fu;fU=r djus esa Mkyrk gSA

(c) Lok;Ÿk rfU=dk rU= dh Hkwfedk (Role of autonomic nervous
system)& ijkuqdEih rU= (Parasympathetic System) ds }kjk dqN gh
rkih; izsj.kkvksa dh e/;LFkrk djrk gSA tSls fd ykj dk L=ko.k] xzluh
dh xzfUFk;ksa dk L=ko.k vkfnA vf/kdka'k rkih; izsj.kkvksa dks vuqdEih
rU= (Sympathetic System) ds }kjk lapkfyr fd;k tkrk gS] tSls fd&
ckyksa dk [kM+k gksuk] ifj/kh; okfgdkvksa dk ladqpu] Roph; okfgdk
ladqpu (Cutaneous vasodilation) vkfnA ;g rF; LFkkfir fd;k x;k
gS fd ,Mªhuy esMwyk (Adrenal medulla) vuqdEih rU«k dk vUrjax Hkkx
gksrk gSA

(d) Rkki fu;eu esa lq"kqEuk dh Hkwfedk (Role of Spinal cord in heat
regulation)& lq"kqEuk (Spinal cord) rki fu;eu dsUnz tksfd
gk;iksFkSysel eas fLFkr gksrk gS vkSj ifj/kh; rkih; xzkgrk (Peripheral
thermo receptors), ,oa isf'k;ksa (Muscles) ds chp ,d la;ksth iFk gksrk
gSA lq"kqEuk dk xzhok Hkkx vuqdEih cfgokZg dks lapkfjr djrk gS tks fd
ifj/kh; laogu dk fu;eu djrk gSA bl izdkj rki dk fu;eu fd;k
tkrk gSA lq"kqEuk FkSysfed iFk (Spinothalamic tract) daidaih
(Shivering) ,oa ilhuk vkus dh fØ;k dks fu;fU=r djrk gSA

(e) dsUnzh; ,oa ifj/kh; dkjd esa ijLij fØ;k (Interaction of
central and peripheral factor)– lkekU; mRizsj.kk (Stimulus) tks
rfU=dh; izHkko dh xfr'khyrk dks nks izdkj ls izkIr gksrh gS&

(i) ckgjh rkiØe esa fofHkUurk Ropk dh rkih; xzkgrk dks izHkkfor
djrk gS vkSj izfrorhZ (Reflexly) :Ik ls rki fu;eu dsUnz
¼gk;iksFkSysel½ dk fu;eu djrk gSA gk;iksFkSysel esa rki laosnh
dksf'kdk,¡ ik;h tkrh gS tksfd mPp rkiØe ls izHkkfor gksrk gSA



,UtkbEkksa ds fu;ked---

162

fVIi.kh

Lo-vf/kxe
ikB~; lkexzh

(ii) jDr dk rkiØe rki fu;eu dsUnz dks izR;{k :Ik ls ?ksjs jgrk gS]
mldh fØ;kvksa dk lek;kstu djrk gSA tSls fd dSjksfVM /keuh
dk xeZ jDr mu ifjorZuksa dks djrk gS tksfd rki gkfu dh of̀)
djrk gS] tSls fd ilhuk vkuk] Roph; okfgdk izlkj.k
(Vasodilation), 'olu dh of̀) vkfn] dSjksfVM /keuh dk B.Mk
jDr foijhr fØ;k ifjorZu djrk gSA Roph; rkih; xzkgrk
(Thermal receptors) 'kh?kz gh ckgjh okrkoj.kh; rkiØe ifjorZu
ds vuqlkj rkih; ifjorZu dks fu;fU=r djrs gSaA

3-5-2 gkWeksZuy fu;U=.k (Hormonal Control)

'kjhj esa ik;h tkus okyh vUr%L=koh xzfUFk&,Mªhuy xzfUFk Hkh rki ds fu;U=.k esa
lgk;d gksrh gSA ,Mªhuy xzfUFk (Adrenal gland) dk esMwyjh (Medullary) Hkkx
bfiusfÝu (Epinephrine) gkWeksZu L=kfor djrh gSA bfiusfÝu jDr ds ek/;e ls
'kjhj ds izR;sd Hkkx esa igq¡pdj Å"ek (Heat) ds mRiknu dh fofHkUu fØ;kvksa
dks rhoz djrk gSA blh ds lkFk bfiusfÝu gkWeksZu ikbyksbjsD'ku
(Piloerection) ;k ckyksa dks lh/kk [kM+k djus ,oa okfgdk ladqpu (Vaso
constriction) djus okyh isf'k;ksa ij fØ;k dj Å"ek cuk, j[krk gS&

1- ,Mªhuy dkVsZDl (Adrenal cortex)– dk dkfVZdkbM L=ko.k
(Corticoid secretion) okrkoj.k ds rkiØe esa of̀) ;k deh ds }kjk
mRizsfjr gksrk gSA 'kjhj ds de rkiØe ds dkj.k ,Mhlu jksx (Addison
disease) gks tkrk gSA

2- Fkk;jkWbM (Thyroid)& bl xzfUFk ds }kjk L=kfor Fkk;jkWfDlu
(Thyroxine) gkeksZu vk/kkjh; p;kipf;d nj (BMR) dks mRizsfjr djrk
gSA B.M (Cold) esa Fkk;jkbM L=ko.k dks rFkk rki L=ko.k dks de
mRizsfjr djrk gSA 'kjhj ds de rkiØe dks Fkk;jkbM gkeksZu ds
vR;f/kd L=ko.k ds }kjk fu;fU=r@fu;eu fd;k tkrk gSA fØfVfuTe
(Critinism) ,oa feDlhMsek (Myxaedema) jksx esa 'kjhj dk rkiØe
vfu;fer gksrk gSA

3- vxz ih;w"k xzfUFk (Anterior pituitary gland)& bl Hkkx ls L=kfor
Fkk;jksVkfid gkeksZu (Thyrotropic hormone) Fkk;jkWfDlu dks L=kfor
djrk gS vkSj 'kjhj ds rkiØe dk fu;eu fd;k tkrk gSA B.M ,oa xehZ
ds dkj.k ;k 'kjhj ds de ;k vf/kd rkiØe ij ,fMªuksdkWfVZdksVªkfid
gkeksZu (Adrenocorticotropic hormone) L=kfor gksrk gSA
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3-5-3 uotkr f'k'kq esa rkiØe dk fu;eu (Temperature
Regulation in Newly Born Infant)

uotkr f'k'kq ds 'kjhj dk rkiØe vfLFkj gksrk gSA ;g rki dh {kfr@gkfu dks
Losn xzfUFk;ksa (Sweat glands) ,oa Roph; laogu (Cutaneous circulation) ds
fu;U=.k ds }kjk fu;eu gksrk gSA f'k'kq esa de daidaih (Shivering) gksrh gSA
ysfdu 2-3 xquk p;kipf;d nj eas of̀) djrk gSA ;g nks izdkj ls gksrk gS&

(i) czkmu olk dk mi;ksx dj]

(ii) vkWDlhtu dh [kir esa of̀) djA

lHkh uotkr f'k'kq esa Hkwjh olk ik;h tkrh gS] ftlls vR;f/kd jDr ,oa
vuqdEih rU= fodflr gksrk gSA B.M ds le; Hkwjh olk jDr laogu esa of̀)
gksrh gSA blh ds lkFk Hkwjh olk ds tkj.k (Combustion) dks izkjEHk dj rki
dks cuk, j[kk tkrk gSA

3-6 ,UtkbEl dh IkfjHkk"kk] uke i)fr ,oa oxhZdj.k
(Definition, Nomenclature and Classification of
Enzymes)

,UtkbEl (Enzymes) IkzksVhu ds cus vf/kd v.kqHkkj okys tfVy dkcZfud
(Complex organic) inkFkZ gaSA ;s tho-'kjhj esa gksus okyh tSo&jlk;fud
izfØ;kvksa esa mRizsjd (Catalyst) dh Hkk¡fr dk;Z djrs gaS] D;ksafd ;g ,UtkbEl
izkf.k;ksa ds 'kjhj dh dksf'kdkvksa esa fofHkUu tSo&jlk;fud fØ;kvksa
(Biochemical reactions) ;k p;kip; fØ;kvksa dks lkekU; rkiØe ij iw.kZ
djus dh {kerk j[krs gaSA lHkh ,Utkbe izksVhu mRizsjd (Catalysts) gksrs
gSaA ;fn bUtkbe izksVhu mRizsjd ds :Ik esa ugha gksrs rks vf/kdrj
tSo&jlk;fud vfHkfØ;k,¡ (Biochemical reactions) vf/kd /kheh xfr ls gksrhA
ukWu-izksVhu mRizsjd (Non-protein catalyst) –H+, OH– /kkrq vk;u ds foijhr
IkzR;sd ,Utkbe vf/kdrj ,d vfHkfØ;k dks gh mRizsfjr djrs gaSA bl
izdkj ,Utkbe vfHkfØ;k fof'k"V mRizsjd (Reaction specific catalysts) ds :Ik
esa tkus tkrs gaSA izfrfØ;kvksa esa Hkkx ysrs le; buesa Lo;a esa dksbZ ifjorZu ugha
gksrk] ysfdu tSo&jlk;fud fØ;kvksa dks mŸksftr djrs gSa vkSj fØ;kvksa ds
lekIr gksus ij] fØ;kvksa ds vfUre mRikn dks izHkkfor fd, fcuk Lo;a dks mlh
izdkj ls cuk, j[krs gSaA ;g thfor dksf'kdkvksa ds }kjk gh mRiUu fd, tkrs
gSaA budks ^,Utkbe* uke dqgus (Kuhne, 1878) us fn;kA budk la'ys"k.k Lo;a
dksf'kdkvksa ds izksVksIykTe esa gksrk gSA ,Utkbe 'kCn dh mRifŸk xzhd Hkk"kk ds
^,Utkbe* (Enzyme, Gr.en = in + zyme = Yeast) ls gqbZ ftldk vFkZ gksrk gS&
‘In yeast’
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3-6-1 ,Utkbe dh ifjHkk"kk (Definition of Enzyme)

,Utkbe dks fuEufyf[kr izdkj ls ifjHkkf"kr fd;k tkrk gS&

(i) thfor dksf'kdkvksa }kjk tks mRizsjd inkFkZ L=kfor fd, tkrs gSa
budks ,Utkbe dgrs gaSA

(ii) ikoykWo (Pavlov), :lh oSKkfud us ,Utkbe dks thou dh dq¡th ,oa
mRizsjd dgkA

orZeku esa ,Utkbe dks fuEufyf[kr izdkj ls ifjHkkf"kr djrs gSa&

**,UtkbEl ltho dksf'kdkvksa ds }kjk mRiUu mRizsjd gksrs gaS tksfd vius
vkiesa dksbZ ifjorZu yk, fcuk fofHkUu izdkj ds dksf'kdh; tSo&jlk;fud
fØ;kvksa dks mŸksftr djrs gaS vkSj viuh lfØ;rk gsrq dksf'kdk ij fuHkZj ugha
djrs gSaA**

;k

,Utkbe ,d izksVhu gS] tks fd jklk;fud fØ;k dh xfr ifjofrZr djrk
gS] fdUrq vUr-mRikn (End-product) dh izÑfr ij izHkko ugha gksrk gS
vFkkZr~ ;g ,d mRizsjd ds :Ik esa dk;Z djrk gSA

vFkok

,Utkbe ,d izksVhu mRizsjd gksrk gS] tks fd dksf'kdk esa jklk;fud fØ;k
ds lapkyu ds fy, mŸkjnk;h gksrs gaSA ;g jklk;fud fØ;kvksa dh xfr esa of̀)
djrs gSa rFkk jklk;fud fØ;k ds le; HkkSfrd :Ik ls ifjofrZr gks tkrs gaS]
fØ;k dh lekfIr ij viuh HkkSfrd voLFkk esa vk tkrs gSaA

3-6-2 ,UtkbEl dh fo'ks"krk,¡ (Characteristics of Enzymes)

1. vf/kdka'k ,UtkbEl tgj ;k ued ds ?kksyksa esa ?kqyu'khy gksrs gSaA

2. ;s tfVy izdkj ds xksykdkj izksVhUl gaSA

3. ;s izk;% jaxhu] dqN yky] ihys] uhys] gjs o Hkwjs gksrs gSaA dqN ,UtkbEl
Bksl o josnkj :Ik esa ik, tkrs gSA

4. ;s ,YdsykW;M izfrdkjdksa (Alkaloid reagents) ds lkFk vo'ks"k cukrs
gaSA tSls& veksfu;e lYQsV] eSXuhf'k;e lYQsV ds }kjk vo'kksf"kr gks
tkrs gSaA

5. ,UtkbEl dh lw{e ek=k izfrdkjdksa esa feydj mUgas lfØ; cukrh gS
vFkkZr~ izfrfØ;k ds fy, izsfjr djrh gSA ,sls inkFkkasZ dks ,Utkbe dk
lcLVsªV (Substrate) dgrs gaSA

6. izR;sd ,Utkbe izfrfØ;k esa ,d fo'ks"k ek/;e ls iwjh rjg lfØ; gksrs
gSaA vUr% dqN ,UtkbEl vEyh; rFkk dqN {kkjh; ek/;e esa fØ;k'khy
gksrs gSaA izR;sd ,UtkbEk dk ,d vuqdwyre pH gksrk gSA
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7. ,UtkbEl izk;% 25-40ºC ds e/; iw.kZ :Ik ls lfØ; gksrs gaSA blls
de ;k vf/kd rki ij budh lfØ;rk ?kV tkrh gSA 0ºC ij ;s fuf"Ø;
gksdj ifjjf{kr gks tkrs gSaA budk xyukad (Melting point) fuf'pr
ugha gksrk gSA

8. ,d izdkj dk ,Utkbe fdlh ,d izdkj dh izfØ;k dk mRizsjd gksrk gS]
tSls& ;wfj,t (Urease), ftldk dk;Z {ks= lhfer gksrk gSA
dqN ,UtkbEk ijvkWDlhMst (Peroxidase) gksrs gSa tks dbZ leku lcLVsªVksa
dks lfØ; cukrs gaSA dqN ykbist (Lipase) tSls ,UtkbEl fofo/k inkFkkasZ
dk mRizsj.k djrs gaS ftlesa ,d leku ck.M (Bond) gksrk gSA

9. ,UtkbEl izfrfØ;k esa u rks Lo;a ifjorhZr gksrs gaS vkSj u gh izfrfØ;k
ds vafre Qy (End product) dks cnyrs gaSA

10. blesa mRizsj.k dh {kerk cgqr vf/kd gksrh gS] tSls& Ik'kqvksa dh ;Ñr
dksf'kdk esa ik;k tkus okyk dSVssyst (Catalase) uked ,Utkbe dk ,d
v.kq 0ºC ij ,d fefuV esa H2O2 ds 50 yk[k v.kqvksa dks fo?kfVr dj
ldrk gSA bl dkj.k budks tSo mRizsjd (Biocatalysts) dgrs gaSA

11. ,UtkbEl }kjk fu;fU=r izfrfØ;k,¡ izfrorhZ (Reversible) gksrh gaSA ;g
izfrfØ;k dh dsoy nj c<+krk gS] ijUrq mldh izof̀Ÿk (Nature) esa dksbZ
ifjorZu ugha djrk gS] blhfy, dksf'kdkvksa esa mip;h rFkk vip;h
fØ;k,¡ lkFk-lkFk pyrh gSaA

12. fdlh vfHkfØ;k ds mRizsj.k ds fy, ,Utkbe dh cgqr FkksM+h ek=k gh
Ik;kZIr gksrh gSA ,Utkbe dk ,d v.kq izfr feuV fØ;kdkjd (Substrate)
ds 50,000 v.kqvksa ij fØ;k dj ldrk gSA

13. dqN ,UtkbEl esa izksVhu dk v.kq ,iks,Utkbe (Apoenzyme) ds
lkFk ,d vU; inkFkZ ls tqM+k jgrk gSA bl inkFkZ dks dks&QSDVj (Co-
factor) dgrs gaSA ;s dks&QSDVj fuEufyf[kr izdkj ds gksrs gSa&

(i) izksLFksfVd xqV (Co-enzyme)& ;g ,iks,Utkbe ds lkFk dsoy
mRiszj.k ds le; vLFkk;h :Ik ls tqM+rk gSA

(ii) eSXuhf'k;e (Mg++), Dyksjhu (Cl–), yksgk (Fe–), ftad (Zn) rRoksa
ds vk;u lg&,Utkbe ;qä gsyks,Utkbe (Heloenzyme)
dgykrs gaSA buds lg,Utkbe v.kq esa izk;% dksbZ u dksbZ foVkfeu
dk v.kq gksrk gSA

14. ;g dksyk;My izÑfr (Colloidal nature) ds gksrs gSaA

3-6-3 ,UtkbEl dh Ukke i)fr (Nomenclature of Enzymes)

izfd.odh ;k ,UtkbeksykWth (Enzymology) ds Kku dh of̀) ds lkFk-lkFk]
vusd rU= ;k fof/k;k¡ fodflr gqbaZ ftlds }kjk bUtkbEl dk ukedj.k ,oa
oxhZdj.k fd;k x;kA dqN ,UtkbEl dk uke mudk dksbZ egRo ugha gksus ij
Hkh fd;k x;k] tSls fd& Mk;LVsl (Diastase)] befYlu (Emulsin)] isfIlu
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(Pepsin)] fVªfIlu (Trypsin) ,oa jsfUuu (Rennin) vkfnA ,UtkbEl dk
ukedj.k dbZ Ik)fr;ksa ds }kjk fd;k tkrk gS&

1- fd.oHkkst ij ,Utkbe dh fØ;k ds }kjk (Substrate acted upon
by the enzyme)& og inkFkZ ftl ij ,Utkbe fØ;k djrk gS
fd.oHkkst@lcLVsªV (Substrate) dgykrk gSA fdlh Hkh ,UtkbEk dk uke
mlds }kjk izHkkfor gksus okys fof'k"V inkFkZ fd.oHkkst (Substrate) ds uke ds
vUr esa -ase dks tksM+dj fd;k tkrk gSA MwDyksDl (Duclaux, 1838) us tks
fo'ks"k inkFkZ@fd.oHkkst (Substrate) mRiszfjr (Catalyze) fd;k tkrk gS mlds
uke ds vUr esa -ase dks yxkdj ,Utkbe dks uke fn;kA tSls fd& ;wfj;k dks
vi?kVu (Hydrolysis) djus okys ,Utkbe ;wfj;st (Urease) ,oa QkWLQsV
(Phosphate) dks fo?kVu djus okyk ,Utkbe QkWLQsVst (Phosphatase)A
og ,Utkbe tksfd dkcksZgkMªsV~l ij fØ;k djrs gS dkcksZgkbMªslsl
(Carbohydrases), ,oa izksVhu ij fØ;k djus okys ,Utkbe dks izksVhuslsl
(Proteinases), fyfiM ij fØ;k djus okys ,Utkbe dks ykbislsl (Lipases)
dgrs gaSA blh izdkj U;wfDyd vEy (Nucleic acid) ij fØ;k djus
okys ,Utkbe dks U;wfDy;slsl (Nucleases) dgrs gaSA ,UtkbEl ds dqN uke
dqN fof'k"V (Specific) gksrs gaS] tSls fd& ekYVst (Maltase) ekYVksl ij fØ;k
djrk gSA lqØsl (Sucrase) lqØksl (Sucrose) ij fØ;k djrk gSA fylkbfFkust
(Lecithinase) fylkbfFku ij fØ;k ,oa Vk;jksflust (Tyrosinase) Vk;jksflu
ij fØ;k djrk gSA

2- jklk;fud vfHkfØ;kvksa ds izdkj dks mRizsfjr djus
okys ,UtkbEl (Types of chemical reaction catalyzed by
enzyme)& ,Utkbe dk ukedj.k ,d gh izdkj dh jklk;fud vfHkfØ;kvksa dks
mRizsfjr djus okys lewgksa ds :Ik esa fd;k tkrk gSA vfHkfØ;k ds uke ds vUr
esa -ase dks yxkdj ukedj.k fd;k tkrk gSA tSlsfd& gkbMªksyslst
(Hydrolases) tksfd vi?kVu (Hydrolysis) dks mRizsfjr djrs gSa]
vkblksesjslst (Isomerases) tksfd vkblksejkbts'ku (Isomerization) dks]
vkWDlhMslst (Oxidases) tksfd vkWDlhdj.k (Oxidation) dks]
MhgkbMªksftuslsl (Dehydrogenases) MhgkbMªksftus'ku (Dehydrogenation)
dks] VªkUl,ehuslsl (Transaminases) VªkUl,ehus'ku (Transamination) dks]
QkWLQksfjyslst (Phosphorylases) QkWLQksfjys'ku (Phosphorylation) dks rFkk
VªkUl,YMksyslsl (Transaldolases) VªkUl,YMksys'ku (Transaldolation) vkfn
dks mRizsfjr djrs gS aA

3. fd.oHkkst tks fØ;k djrk gS ,oa vfHkfØ;k dk izdkj tks
mRiszfjr gksrh gS (Substrate acted upon and the type of reaction
catalysed)& dqN ,UtkbEl dk uke nksuksa fd.oHkkst (Substrate) tks mi;ksx
gksrk gS ,oa vfHkfØ;k dk izdkj tks mRizsfjr gksrh gS ds ckjs esa crkrk gSA
tSlsfd& ,UtkbEk lfDlfud MhgkbMªksthusl (Succinic dehydrogenase) tks
lfDlfud vEy (Succinic acid) fd.oHkkst dh MhgkbMªksftus'ku
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(Dehydrogenation) dks mRizsfjr djrk gSA blh izdkj L-XywVsfed-Mh-
gkMªksftusl (L-glutamic dehydrogenase) ,Utkbe L-XywVsfed vEy
(L-glutamic acid) dh MhgkbMªksftus'ku vfHkfØ;k dks mRizsfjr djrk gSA

4. inkFkZ tks la'ysf"kr gksrk gS (Substance that is synthesized)&
dqN ,UtkbEl dk uke ml inkFkZ ds uke ds vUr esa -ase dks yxkdj ukedj.k
fd;k tkrk gS tks fd la'ysf"kr fd;k tkrk gSA tSls fd& jksgMksust
(Rhodonase) tks fd gkbMªkslk;fud vEy (Hydrocyanic acid) ,oa lksfM;e
Fkk;kslYQsV (Sodium thiosulphate) ds lkFk mRØe.k ds }kjk jgksMksusV
(Rhodonate) dks cukrk gSA

5. dqN fd.oHkkst@lcLVªsV (Substrate)– ds ihNs ykbfVd (Lytic)
dk mi;ksx fd;k tkrk gS] tSls fd& izksfVvksykbfVd (Proteolytic) ,oa
ykbiksykbfVd (Lipolytic) vkfnA

6. dqN ,UtkbEl tSls fd& Vk;fyu (Ptyalin), isfIlu (Pepsin),
jsfUuu (Rennin) vkfn vius iqjkus uke ls gh tkuk tkrk gSA

7. ,Utkbe dk jklk;fud laxBu (Chemical composition of the
enzyme)& ,Utkbe ds jklk;fud laxBu ds vuqlkj ,UtkbEl fuEu izdkj ls
rhu Jsf.k;ksa (Categories) esa oxhZÑr fd, tkrs gaS&

(a) ,Utkbe v.kq ftuesa dsoy izksVhu ik;k tkrk gSA

mnkgj.k& isfIlu (Pepsin), fVªfIlu (Trypsin), ;wfj,st (Urease), isiSu
(Papain), ,ekbyst (Amylase), vkfnA

(b) ,Utkbe v.kq ftlesa ,d izksVhu ,oa dsfV;ksu (Cation) ik;k tkrk gSA

mnkgj.k& dkcksZfud ,ugkbMªsl (Carbonic anhydrase), ftlesa (Zn2+),
dsfV;ksu ds :Ik esa] vkWftZusl (Arginase) (Mn2+), Vk;jksflust (Cu2+)
Tyrosinase vkfnA

(c) ,Utkbe v.kq ftlesa ,d izksVhu ,oa ukWu-izksVhu (Non-protein)
dkcZu ;kSfxd] ftls izksLFksfVd lewg (Prosthetic group) dgrs gaS] ik;k
tkrk gSA Vkscj (Tauber, 1950) us bl Js.kh ds ,UtkbEl dks izksLFksfVd
lewg ds vuqlkj miHkkxksa esa foHkkftr fd;k gS&

(i) vk;ju-iksjQk;fju ,Utkbe (Iron prophyrin enzyme)&
dSVsyst (Catalase)] lk;VksØkse c ijvkWDlhMst I ,oaa II
(Cytochrome c peroxidase I & II)

(ii) IysoksizksVhu ,Utkbe (Flavoprotein enzyme)& Xyk;flu
vkWDlhMst (Glycine oxidase), ik;:osV vkWDlhMst (Pyruvate
oxidase), fgLVkfeu (Histamine)A

(iii) MkbQkWLQksFkk;feu ,Utkbe (Diphosphothiamine enzyme)&  -
dkcksZDlhyst (-Carboxylase), ik;:osV E;wVst (Pyruvate mutase)A
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(iv) ,UtkbEl ftudks vU; nwljs lg&,UtkbEl dh vko';drk
gksrh gS (Enzymes requiring other coenzymes)& QkWLQksfjyst
(Phosphorylase), vehuks ,flM MhdkcksZDlhyst (Amino acid
decarboxylase)A

8- inkFkksZa dk vi?kVu rFkk lewgksa dk vUrxZLr gksuk (Substance
Hydrolysed and the Group Involved)& blds vUrxZr fuEufyf[kr izdkj
ds ,UtkbEl dks lfEefyr fd;k x;k gS&

(a) dkcksZgkbMsV dks vi?kVu djus okys ,UtkbEl (Carbohydrate
Hydrolyzing Enzymes)–

(i) XykbdkslkbMsl (Glycosidase)& lsY;wysl (Cellulase)] ,ekbysl
(Amylase)] lqØsl (Sucrase), ysDVsl (Lactase), ,oa ekYVsl
(Maltase), vkfnA

(ii) -XywdksfjukbMst (-Glucorinidase)

(b) izksVhu dks vi?kVu djus okys ,UtkbEl (Protein hydrolyzing
enzymes)&

(i) isIVkbM ca/k (Peptide bonds)–

 ,UMksisIVkbMslst (Endopeptidases)& izkf.k;ksa esa ik, tkus
okys&isfIlu (Pepsin)] fVªfIlu] (Trypsin), jsfUuu (Rennin)A

 Ikkniksa esa ik, tkus okys& isiSu (Papain)] czkseksfyu
(Bromolin)] fQflu (Ficin)A

 ,DlksisIVkbMslst (Exopeptidases)& MkbisIVkbMst (Dipeptidase)]
VªkbisIVkbMst (Tripeptidase)A

(ii) ukWu-isIVkbM~l (Non-Peptides) (-N ca/ku½ (Linkages)& ,ekbMslst
(Amidases) = ;wfj;st (Urease), vthZust (Arginase) vkfnA

(c) fyfiM dks vi?kVu djus okys ,UtkbEl (Lipid-hydrolyzing
Enzymes)&

(i) ykbislst (Lipases)

(ii) ,sLVhjslst (Esterases)

(iii) fylkbfFkuslst (Lecithinases)
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(d) vU; bZLVj dks vi?kfVr djus okys ,UtkbEl (Other ester
hydrolyzing enzymes)&

(i) QkWLQsVslst (Phosphatases)

(ii) dksfyubZLVhjslst (Cholinesterases)

(iii) lYQkVslst (Sulfatases)

(iv) feFkkbyslst (Methylases)

(v) DyksjksQk;yslst (Cholorophyllases)

(e) vkWDlhÑr&vip;u djus okys ,UtkbEl (Oxidation-reduction
enzymes)&

(i) gkbMªslst (Hydrases)

(ii) eqVslst (Mutases)

(iii) vkWDlhMslst (Oxidases)

(iv) MhgkbMªksftuslst (Dehydrogenases)

(v) ijvkWDlhMslst (Peroxidases)

3-6-4 vU; ,UtkbEl (Other Enzymes)

dsVsyst (Catalase)] dkcksZfud ,ugkbMªsl (Carbonic anhydrase)] dkcksZDlhyst
(Carboxylase) vkfnA

fdlh Hkh ,Utkbe dh jklk;fud fØ;k ,d fof'k"V xq.k gksrk gS tks
fd ,d ,Utkbe dh nwljs ,Utkbe ls fHkUurk n'kkZrk gSA 1961 esa vUrjkZ"Vªh;
tSo&jlk;fudh dh ;wfu;u (International Union of Biochemistry– I.U.B.)
us lHkh izdkj dh jklk;fud fØ;kvksa dks fopkj esa ysdj oxhZdj.k vk/kkj
cuk;kA

I.U.B. ds oxhZdj.k ds vuqlkj 6 izeq[k oxZ ,oa mnkgj.k fuEu izdkj ls
gS&

mnkgj.k&

1- vkWDlhMksfjMDVslst (Oxidoreductases)& bl oxZ ds vUnj
og ,UtkbEl vkrs gaS tks fd nks fd.oHkkst (Substrate) S ,oa S ٰ ds chp
vkWDlhdj.k-vip;u (Oxidation-reduction) vfHkfØ;k djrs gSaA

S vip;fur + S ٰ vkWDlhÑr S vkWDlhÑr + S ٰ vip;fur

(Reduced (Oxidised) (Oxidised) (Reduced)
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mnkgj.k&

(i) lk;VksØkse c vkWDlhMksfjMDVst (Cytochrome c oxidoreductase)

(ii) ,YdksgkWy MhgkbMªksftust (Alcohol dehydrogenase)

(iii) ,fly-CoA MhgkbMªksftust (Acyl-CoA dehydrogenase)

(iv) dSVsyst (Catalase)

2- VªkUlQsjslst (Transferases)& og ,Utkbe tks ,d lewg G
¼gkbMªkstu ds vfrfjDr½ dks ,d ;qXe fd.oHkkst (Pair of substrate) ds chp
S ,oa S ٰ LFkkukUrfjr ds fy, mRizsfjr djrk gSA

S – G + S ٰ S + S ٰ—G

mnkgj.k&

(i) ,fly VªkUlQsjslst (Acyl transferases)

(ii) QkWLQksfjyst (Phosphorylase)

(iii) gSDlksdkbust (Hexokinase)

(iv) Xyk;dksfly VªkUlQsjslst (Glycosyl transferases)

3- gk;Mªksyslst (Hydrolases)& ;g ,UtkbEl vius fd.oHkkst
(Substrate) dk ty vi?kVu (Hydrolysis) ml ca/k ds lkFk tksM+dj djrs gaS
ftldks ,UtkbEl vi?kfVr djrk gSA

mnkgj.k&

(i) fXyljkWy bZLVj gk;Mªksysl (Glycerol Ester Hydrolase)

(ii) -D-xSysDVkslkbM xSysDVksgkbMªksyst (-D-galactoside galactohydrolase)

(iii) vkftZust (Arginase)-L-vkthZukbu ;wfj;ks gkbMªksyst (L-Arginine
ureohydrolase)

4- ykblst = MsLeksyslst (Lyases = Desmolases)& ;g og ,UtkbEl
gksrs gSa tksfd fd.oHkkst (Substrate) ls lewg dks fudkyus ds ty vi?kVu fof/k
ds vykok nwljh fof/k ds }kjk mRizsfjr djrk gSA

mnkgj.k&

(i) dkcZu-dkcZu yk;lst (Carbon-Carbon lyases)

(ii) dkcZu-vkWDlhtu yk;lst (Carbon-Oxygen lyases)

5- vkblksesjslst (Isomerases)&

mnkgj.k&

(i) jslhesslst (Racemases)

(ii) bfiesjslst (Epimerases)

(iii) Xywdksl QkWLQsV vkblksesjslst (Glucose phosphate isomerases)
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6- ykbxslst (Ligases) ;k flUFksVslst (Synthetases)–

mnkgj.k&

(i) XywVsekbu flUFksVst (Glutamine synthetases)

(ii) ,flfVy-CoA flUFksVst (Acetyl CoA synthetase)

I.U.B. dh i)fr tfVy gksrs gq, Hkh ifj'kq} (Precise), o.kZuh;
(Descriptive), ,oa lwpukiw.kZ (Informative) gksrh gSA

mi;qä i)fr dh dqN fo'ks"krk,¡ fuEufyf[kr gaS&

(a) vfHkfØ;k rFkk ,UtkbEl tksfd vfHkfØ;k dks mRiszfjr djrs gSa 6 izeq[k
oxksZ a (Major classes) esa foHkkftr fd, x, gSa rFkk izR;sd oxZ 4 ls 13
mioxksZa esa foHkkftr fd;k x;k gSA

(b) izR;sd ,Utkbe ds nks Hkkx gksrs gSa&

 izFke Hkkx dk uke fd.oHkkst (Substrate) ij gksrk gS rFkk

 nwljs Hkkx ds uke ds vUr esa –ase gksrk gS tks ;g n'kkZrk gS fd
dkSu&lh vfHkfØ;k mRizsfjr gksrh gSA

(c) ;fn vfHkfØ;k (Reaction) dh izdf̀r ds ckjs esa vfrfjDr lwpuk izkIr
djuk gksrh gS] ;g lwpuk y?kq dks"Vd (Parenthesis) esa nh tkrh gSA
tSls fd& ,Utkbe eSysV MhgkbMªksftust (Malate dehydrogenase)
fuEufyf[kr vfHkfØ;k dks mRizsfjr djrk gS&

L- eSysV + NAD+ ik;:osV + CO2 + NADH + H+

[L- malate + NAD+ Pyruvate + CO2 + NADH + H+]

,Utkbe dks vc ;g uke fn;k tkrk gS L-(malate)& eSysV&NAD
vkWDlhMksfjMDVst (Oxidoreductase) ¼fMdkcksZDlhysfVax = Decarboxy-
lating½

(d) izR;sd ,Utkbe dks ,d fuEukuqlkj dwV (Code) la[;k nh xbZ gS
ftldks ,Utkbe deh'ku (Enzyme Commission = E.C.) dgrs gaSA
izR;sd ,Utkbe dh E.C. la[;k pkj LFkkuksa ij Js.kh;qä la[;k gksrh gS&

 izFke la[;k izeq[k oxZ (Major class) dks n'kkZrh gS] ftlds
vUrxZr ,Utkbe vkrs gaS] nks e/;;h (Median) la[;k mioxZ (Sub-class)
rFkk v/kks mioxZ (Sub-subclass) dks ,Utkbe ds vUnj n'kkZrh gS
rFkk vfUre LFkku dh la[;k ;k pkSFkh la[;k v/kks&mi&oxZ
esa ,Utkbe dh Js.kh la[;k (Serial number) ;k Øe la[;k dks
n'kkZrh gSA
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mnkgj.k& 2.7.1.1 = oxZ-2 VªkUlQsjsl (Transferase) mioxZ -7 =
QkWLQsV dk LFkkukUrj.k] v/kks-mi-oxZ-1 ,d ,YdksgkWy tks QkWLQsV
ds xzkgrk dk dk;Z djrk gS] vfUre la[;k 1 ,Utkbe ds uke dks
n'kkZrk gS gSDlksdkbust (Hexokinase) ;k ATP : D gSDlkst-6-
QkWLQksVªkUlQsjst (D-hexose-6-phosphotransferase) & ;g ,Utkbe
ATP ls QkWLQsV ds VªkUlQjsl dks Xywdksl 6 dkcZu ij
gkbMªkWfDly lewg ij mRizsfjr djrk gSA

(e) tc fdlh Hkh ,Utkbe dks dksbZ Hkh fof'k"V Js.kh ugh nh tkrh gS rc
og vfUre vad 99 ls n'kkZ;k tkrk gS] ftlls fd u, [k.M (Division)
ds fy, LFkku fjä jgsA

mi;qZä fo'ks"krkvksa okyk oxhZdj.k vf/kd foLrr̀ (Exhaustive) gS] mldk
o.kZu iw.kZ :Ik ls ugh fd;k x;k gS] vUr% dqN mnkgj.k fn, x, gS&

mnkgj.k&

1- XywVsfed MhgkbMªksftust (Glutamic dehydrogenase)– 1.4.1.3.L-
XywVkesV (Glutamate) : NAD(P) vkWDlhMksfjMDVst (Oxidoreductase)

2- dssVsyst (Catalase)– 1.11.1.6.H2O2:H2O2 vkWDlhMksfjMDVst
(Oxidoreductase)

3- ,YdksgkWy fMgkbMªksftusl (Alcohol dehydrogenase)–
1.1.1.1. ,YdksgkWy : NAD vkWDlhMksfjMDVst (Oxidoreductase)

4- QkWLQksjhyst (Phosphorylase)& 2.4.1.1.  -1, 4-Xywdsu % vkFkksZQkWLQsV
Xywdksfly VªkUlQsjst

5- gSDlksdkbust (Hexokinase)– 2.7.1.1.ATP : D gSDlksl-6-QkWLQksVªkUlQsjst

6- L;wMksdksfyu ,LVsjst (Pseudocholine esterase) 3.1.1.8. ,flfVy-
dksfyu ,sfly gkbMªksyst

7- I;wesjst (Fumarase)– 4.2.1.2.L-eSysV gkbMªksfy,st

8- Vªk;kslQkWLQsV vkblksesjst (Triosephosphate isomerase)– 5.3.1.1-
D fXyljsfYMgkbM - 3 % QkWLQsV dhVksy vkblksesjst

9- lDlhuhd Fkk;ksdkbust (Succinic thiokinase)& 6.2.1.4.
lfDlust % CoA ykbtst

10- ,flfVy CoA dkcksZDlhyst (Acetyl CoA carboxylase)&
6.4.1.2. ,sflfVy CoA % CO2 ykbtst
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3-6-5 ,UtkbEl dk oxhZdj.k (Classification of Enzymes)

mRizsfjr izfrfØ;kvksa ds vuqlkj I.U.B. dh i)fr dks /;ku esa j[kdj oSKkfud
ysgfyaxj (Lehlinger) us lu~ 1970 esa ,UtkbEl dks 6 izeq[k oxksZa (Classes) esa
foHkkftr fd;kA izR;sd oxZ ds ,UtkbEk dk mnkgj.k lfgr o.kZu fuEu izdkj
ls gS&

1- gkbMªksyst (Hydrolase)

;g ikpd ,UtkbEl ty&vi?kVu (Hydrolysis) ds }kjk Hkkstu ds
tfVy v.kqvksa dks ljy v.kqvksa esa ifjofrZr dj nsrs gaSA

Tky vi?kVu
C12H22O11 + H2O C6H12O6 + C6H12O6

'kdZjk Xywdkst Xywdkst

A. izksfVvksfyfVd ,Utkbe (Proteolyic Enzymes)& ;g ty&
vi?kVu ds }kjk izksVhUl dk ikpu djrs gaSA tfVy izksVhUl dks ljy izksVhUl
esa ifjofrZr djrs gSA ;g nks izdkj ds gksrs gaS&

(a) ,DlksisfIVMstst (Exopeptidases)& ;g izksVhUl dks vehuks vEy esa
ifjofrZr djrs gaSA ;g fuEufyf[kr izdkj ds gksrs gSa&

(i) dkcksZfDlisfIVMst (Carboxypeptidase)& ;g isIVkbM~l ij
fØ;k dj vehuks vEy esa ifjofrZr djrs gaSA

(ii) MkbisfIVMst (Dipeptidase)& ;g MkbisIVkbM~l ij fØ;k dj
vehuks vEy esa ifjofrZr djrs gSaA

(iii) vehuksisfIVMst (Aminopeptidase)& ;g isIVkbM~l dks vehuks
vEy esa ifjofrZr djrs gSaA

(b) ,.MksisfIVMstst (Endopeptidases)& ;g izksVhUl ds vkUrfjd
isIVkbM ca/kksa (Bonds) ij fØ;k djrs gSaA fuEufyf[kr izdkj ds gksrs gSa&

(i) isfIlu (Pepsin)& ;g tfVy izksVhUl dks vEyh; ek/;e esa
isIVksUl ,oa izksfV,tst esa cnyrs gaSA

(ii) fVªfIlu (Trypsin)& ;g ljy izksVhUl dks {kkjh; ek/;e esa
ikWyhisIVkbM~l esa cnyrs gaSA

(iii) bfjfIlu (Erypsin)& ;g ikWyhisIVkbM~l dks vehuks vEy esa
cnyrs gaSA

B. dkcksZgkbMªstst (Carbohydrases)& ;g ,UtkbEl ljy XykbdkslkbM~l
vkSj ikWyhlsdsjkbM~l dks XykbdkslkbfMd ca/kuksa dk ty vi?kVu djrs gSaA
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;g ,UtkbEk dkcksZgkbMªsV~l dk ikpu djrs gSa&

(a) Vk;fyu (Ptyalin)& ;g LVkpZ dks ekYVksl esa cnyrk gSA

(b) lqØst (Sucrase)& ;g vk¡r esa lqØksl dks Xywdksl esa cnyrk gSA

(c) ysDVst (Lactase)& ;g vk¡r esa ysDVksl dks Xywdksl esa cnyrk gSA

C. ykbiksfyfVd (Lipolytic)& ;g olk dks olk vEy ,oa fXyljkWy esa
cnyrs gSa&

(a) xSfLVªd ykbist (Gastric lipase)& ;g vkek'k; esa olk dks olk
vEy esa ifjofrZr djrs gSaA

(b) iaSfØ;kfVd ykbist (Pancreatic lipase)& ;g vk¡rksa esa olk dks olk
vEy ,oa fXyljkWy esa cnyrs gaSA

(c) vk¡=h; ykbist (Intestinal lipase)& ;g vk¡rks esa QkWLQsVkbM~l dks
fXyljkWy] olk vEy ,oa QkWLQksfjd vEy esa cnyrs gSaA

2- vkWDlhMksfjMDVst (Oxidoreductase)

;g gkbMªkstu vk;u dks ,d v.kq ls nwljs v.kq esa LFkkukUrj.k djrs
gaSA ;g ,UtkbEl og gksrs gSa tks vkWDlhdj.k&vip;u (Oxidation-reduction)
vfHkfØ;k djrs gSaA ;g ,UtkbEl vius inkFkksZ a dh vkWDlhtu dks feykdj vkSj
gkbMªkstu dks fudkydj vkWDlhÑr (Oxidise) djrk gSA bl vfHkfØ;k ds
foijhr fØ;k ds dkj.k vip;u fØ;k gksrh gSA

mnkgj.k&

(a) Lkk;VksØkse vkWDlhMst (Cytochrome oxidase)

(b) ,YdksgkWy MhgkbMªksftust (Alcohol dehydrogenase)

(c) XywVsfed MhgkbMªksftust (Glutamic dehydrogenase)

(d) dsVsyst (Catalase) rFkk

(e) ijvkWDlhMst (Peroxidase) vkfnA

3- VªkUlQsjst (Transferase)

;g ,UtkbEl ,d lcLVªsV ds v.kq ds lewg dks iF̀kd~ dj nwljs lcLVªsV
ds v.kq esa LFkkukUrfjr djrs gSaA ;g lewg ,Ydkby (Alkyl)] Xykbdksfly
(Glycosil)] ,fly (Acyl)] ,YMhgkbM (Aldehyde)] dhVksy (Ketol)] ,YMksy
(Aldol)] Fk;ksy (Thiol) lYQj QkWLQksjl gks ldrs gaSA

mnkgj.k&

(a) VªkUlvfeustsl (Transaminases) ;k vehuksVªkUlQsjslst (Aminotran-
sferases)

(b) VªkUlQkfeZyslst (Transformylases) ;k QkfeZy VªkUlQsjslst (Formyl
transferases)
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(c) VªkUldhVksyslst (Transketolases) ;k dhVksy VªkUlQsjslst (Ketol
transferases)

(d) VªkUl,YMksyslst (Transaldolases) ;k ,YMksy VªkUlQsjslst (Aldol
transferases)

(e) VªkUl,flyslst (Transacylases) ;k ,fly VªkUlQsjslst (Acyl
transferases)

(f) VªkUlfeFkkbyslst (Transmethylases) ;k feFkkby VªkUlQsjslst (Methyl
transferases)

4- ykb,stst (Lyases) ;k MsLeksyslst (Desmolases)

;s vius lcLVªsV (Substrate) v.kq ls ty-vi?kVu ds fcuk gh fdlh xqV
dks vyx dj ewy v.kq esa ,d nksgjk ckW.M NksM+ nsrs gSaA

mnkgj.k&

(a) ¶;wesjst (Fumarase)

(b) vYMksyst (Aldolase)

(c) MhdkcksZDlhyslst (Decarboxylases)

(d) dkcksZfud ,UgkbMªsl (Carbonic anhydrase)

5- ykbxstst (Ligases)

;s ÅtkZ dh mifLFkrh esa nks ;kSfxdksa dks ijLij tksM+us dh izfrfØ;kvksa ds
mRizsjd gksrs gSaA bl fØ;k esa ATP vFkok vU; dksbZ VªkbQkWLQsV vko';d gksrk
gSA tSls fd&

(a) lfDlfud Fkk;ksdkbust (Succinic thiokinase)

(b) XywVsekbu flUFksVsl (Glutamine synthetase)

(c) ,flfVy -CoA dkcksZDlhyst (Acetyl CoA-Carboxylase)

6- vkblksejstst (Isomerases)

;s fdlh v.kq dh lajpuk esa fofHkUu lewgksa ds foU;kl dks cnydj
bldk ,d vkblksej (Isomer) cukrs gSaA

mnkgj.k&

(a) QkWLQks gsDlks vkblksesjst (Phospho hexo isomerase)

(b) bihesjslst (Epimerases)

(c) ,dksfuVst (Aconitase)

(d) Vªk;ksl QkWLQsV vkblksesjst (Triose phosphate isomerase)

(e) QkWLQksfXyljksewVsl (Phosphoglyceromutase)

(f) QkWLQksgsDlkslewVsl (Phosphohexosemutase)
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orZeku le; rd 2]000 ls vf/kd fofHkUu ,Utkbe Kkr gks pqds gS a]
ftuesa vkWDlhMksfjMDVst (Oxidoreductase), VªkUlQsjslst (Transferases), ,oa
gk;Mªksyslst (Hydrolases) vf/kd izeq[k :Ik ls ik, tkrs gSaA

viuh izxfr tk¡fp, (Check Your Progress)

1- izksVhu dk ikpd gksrk gS&

¼d½ ykbiksfyfVd ,Utkbe

¼[k½ izksfV;ksfyfVd ,Utkbe

¼x½ fiŸkjl

¼?k½ HCl

2- isfIlu dk ,d mnkgj.k gSS&

¼d½ ,Utkbe ¼[k½ foVkfeu

¼x½ gkeksZu ¼?k½ iks"k.k inkFkZ

3- euq"; ds tBj jl esa dkSu ls ,UtkbEl ik, tkrs gaS\

¼d½ ,ekbyslst] isfIlu] jsfUuu

¼[k½ isfIlu dsoy

¼x½ Ykkbislst] isfIlu] jsfUuu

¼?k½ fVªfIlu] isfIlu ,oa jsfUuu

4- jklk;fud :Ik ls lHkh ,UtkbEl gksrs gS&

¼d½ dkcksZgkbMªsV ¼[k½ fyfiM

¼x½ ykbiksizksVhu ¼?k½ izksVhUl

5- ,.Vhjksdkbust gS&

¼d½ ,d ,Utkbe tks fVªfIlukstsu dks fVªfIlu esa ifjofrZr djrk gSA

¼[k½ ,d gkeksZu tks vk¡r dks mRizsfjr djrk gSA

¼x½ ,Utkbe dh ,d fuf"Ø; voLFkkA

¼?k½ gkWeksZu tks HCl ds L=ko.k dks jksdrk gSA

6- ;fn izksVhu dk pH 1.6 gksrk gS rks dkSu&lk ,Utkbe bldk ikpu
djrk gS\

¼d½ fVªfIlu ¼[k½ ,ekbyst

¼x½ isfIlu ¼?k½ bfjfIlu
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7- fuEufyf[kr esa ls dkSu&lk ,Utkbe dsoy euq"; esa gh ik;k tkrk gS\

¼d½ bjsfIlu ¼[k½ jsfUuu

¼x½ Vk;fyu ¼?k½ ¼d½ + ¼x½ nksukas

8- izksfV;ksfyfVd ,Utkbe fdl HkksT; inkFkZ dk ikpu djrs gS\

¼d½ dkcksZgkbMªsV ¼[k½ izksfVu

¼x½ olk ¼?k½ lHkh dk

3-7 ,Utkbe vfHkfØ;k dh dk;Zfof/k (Mechanism of
Enzymes Action)

,Utkbe tks orZeku esa vHkh rd Kkr gSa og lHkh izksVhUl (Proteins) gksrs gaS]
buesa ls dqN ,Utkbe tfVy izÑfr ds izksVhUl ds cus gksrs gSaA ,Utkbe LoHkko
ds izksVhUl gksus ds lkFk&lkFk dkcZfud mRizsjd (Organic Catalyst) gksrs
gaSA ;g ,Utkbe jklk;fud vfHkfØ;k dks izkjEHk ,oa rhoz djrs gSaA ;g
mRÑfed vfHkfØ;kvksa (Reversible reactions) dks mRizsfjr djrs gaSA ,Utkbe
(Enzyme) fdlh Hkh vfHkfØ;k dk mRizsjd gS ;k og fdlh ;kSfxd dh vfHkfØ;k
dks mŸksftr djrk gS] fdUrq vUr esa Lo;a vi?kfVr ugha gksrk gSA ,Utkbe
mRizsj.k (Enzyme Catalysis) fdl fof/k ds }kjk gksrk gS] cgqr de Kkr gSA
vk/kqfud vuqla/kku ls ;g Kkr gksrk gS fd ,Utkbe (Enzyme) vkSj fd.oHkkst
(Substrate) dk vfHkfØ;k (Reaction) vkSj vi?kVu (Reduction) ds iwoZ ,d
vLFkk;h ;kSfxd cukrk gSA ;g lfØ; tfVy v.kq (Activated complex
molecule) iqu% vi?kfVr gks tkrk gS vkSj fd.oHkkst (Substrate) dk jklk;fud
ifjorZu gksrk gS ftlesa uohu ;kSfxd curk gSA ,Utkbe vfHkfØ;k dh fof/k ds
eq[; fcUnq fuEufyf[kr gSa&

1- ,Utkbe vfHkfØ;k ds le; ,Utkbe (Enzyme) ,oa fd.oHkkst@lcLVªsV
(Substrate) ds chp esa jklk;fud (Chemical) ;k HkkSfrd (Physical)
la;kstu gksrk gSA fd.oHkkst@lcLVªsV (Substrate) dk vFkZ gksrk gS izeq[k
jklk;fud ;kSfxd (Chemical Compound) ftlesa jklk;fud vfHkfØ;k
(Chemical reaction) ds le; ifjorZu gksrk gS vkSj ftl ij ,Utkbe
viuk izHkko Mkyrk gSA tc fd.oHkkst (Substrate) v?kqyu'khy
(Insoluble) ;k de ?kqyu'khy@dksykbMy (Colloidal) gksrk gS ,Utkbe
lkekU;r;k ml ij 'kksf"kr gks tkrk gSA

2- ,Utkbe dk lfØ; ewykadqj@ewyrUrq (Radicle) 'kk;n fd.oHkkst@
lcLVªsV (Substrate) ds fo'ksf"kr lewg ij vkØe.k djrk gS tSls fd
izksfV;ksfyfVd ,Utkbe (Proteolytic enzyme) izksVhu v.kqvksa ds isIVkbM
ca/kuksa (Peptide linkages) ij vkØe.k djrk gSA
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3- fofHkUu voLFkkvksa esa jklk;fud vfHkfØ;k dh okLrfod izÑfr ftl
ij ,Utkbe dk;Z djrk gS fHkUu gksrh gSA ;g ty vi?kVuh;
(Hydrolysis)] vkWDlhdj.k (Oxidation) ,oa vip;u (Reduction) vkfn
gks ldrh gSA

4- ,Utkbe dHkh&dHkh vdsys dk;Z ugha djrs gSaA ;g nwljs IknkFkksZa dh
lgk;rk ls dk;Z djrs gSa tSls fd lg&,Utkbe (Co-enzyme)] lfØ;
dkjd (Activators) vkfnA

5- ,Utkbe nksukas la'ysf"kr (Synthetic)] ds lkFk&lkFk fo?kVfur fof/k;ksa
(Breakdown process) dks djrs gSaA leku izdkj dk ,Utkbe fofHkUu
n'kkvksa esa nksukas izdkj ds ifjorZu djrk gSA

6- ek/;e (Medium) dh vuqdwy n'kk,¡ tSls fd vuqdwyre (Optimum)
pH, rkiØe (Temperature) vkfn vko';d gksrh gSaA

Enzyme

Enzyme

Enzyme-Substrate Complex

Product Product Product

Substrate

fp= Ø- 3-3% Demonstration of the
Mechanism of Enzyme Action

,Utkbe dh dk;Zfof/k ds vUrxZr gksus okys ifjorZu fuEufyf[kr izdkj
ds gksrs gSa&

1- ty vi?kVu (Hydrolysis)& ,Utkbe dh bl fØ;k ds vUrxZr
fofHkUu inkFkkasZ ds v.kq] ikuh ds v.kqvksa dks xzg.k djus ds Ik'pkr~ NksVs
v.kqvksa esa fo?kfVr gks tkrs gSaA

mnkgj.k& ty vi?kVu ds dkj.k izksVhUl izksVh,lsl (Proteases),
isIVksUl (Peptones) rFkk vUr esa vehuks vEy esa ifjofrZr gks tkrs gSaA
blh izdkj thfor dksf'kdkvksa esa futZyhdj.k dh mruh gh izfr'kr
lEHkkouk,¡ gSa ftruh fd ty fo'ys"k.k dh lEHkkouk,¡ gksrh gSaA
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mnkgj.k& Xywdksl futZyhdj.k ds dkj.k vehuksa vEy iksyhesjkbt
(Polymerise) gksrk gSA

2- dkcksZfDlyhdj.k (Decarboxylation)& ,Utkbe dh bl dk;Zfof/k ds
vUrxZr lewg COOH iF̀kd~ gksrk gS vkSj CO2 dk fuekZ.k gksrk gSA

CH3COOH CH3CHO CO2+
dkcZu MkbvkWDlkbM,lhVYMhgkbMIkkb:fod vEy +

Ikkb:fod vEy] MhdkcksZDlhyst ,Utkbe ds }kjk ,lhVYMhgkbM esa
ifjofrZr vkSj CO2 esa fo?kfVr gksrk gSA

3- vkWDlhdj.k ,oa vodj.k (Oxidation and reduction)& izk.kh ds
'kjhj esa p;kip; fØ;kvksa ds le; [kk| inkFkksZa ds vkWDlhdj.k
(Oxidation) ds dkj.k ÅtkZ (Energy) mRiUu gksrh gSA

mnkgj.k& Xywdksl ds ikuh ,oa CO2 esa vkWDlhdj.k ds dkj.k ÅtkZ
mRiUu gksrh gSA vkWDlhdj.k dh fØ;k ds vUrxZr ,d inkFkZ dk
vkWDlhtu deh ds dkj.k gkbMªkstu dks xzg.k dj vodj.k
(Reduction) gksrk gSA vkWDlhtu dh deh ds }kjk voÑr inkFkZ O2 dk
nkrk dgykrk gS vkSj vkWDlhÑr inkFkZ xzkgd dgykrk gSA

mnkgj.k&

(i) RCHO RCOOH

(ii) RCH2OH RCHO

izFke mnkgj.k esa ,YMhgkbM vkWDlhtu xzkgh gS vkSj nwljs mnkgj.k
esa ,YdksgkWy gkbMªkstu nkrk gSA

4- ,Utkbe vfHkfØ;k (Enzyme action)– fepsfyl ,oa es.Vsu
(Michaelis and Menten) ds fl)kUr ,Utkbe&fd.oHkkst&ladqy
(Enzyme-Substrate-Complex) ij vk/kkfjr gSA 1913 bZ- esa
fepsfyl ,oa es.Vsu (Michaelis and Menten) us izLrkfor fd;k
fd ,Utkbe dh fØ;k ds le; ,d e/;orhZ (Intermedia-
tory) ,Utkbe&fØ;k/kkj ladqy (Enzyme-Substrate-Complex) curk
gSA ;g lfØ; tfVy v.kq iqu% vi?kfVr gks tkrk gS vkSj lcLVªsV
(Substrate) dk jklk;fud ifjorZu gksus ds dkj.k ,d u;k ;kSfxd
curk gSA
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Enzyme (E) + Substrate

,Utkbe

+

fØ;k/kkj
Enzyme-Substrate Complex (ES)

,Utkbe-fØ;k/kkj ladqy

,Utkbe mRikn

Enzyme (E) Product (P)

3-7-1 fepsfyl ,oa es.Vsu lehdj.k (Michaelis and Menten
Equation)

fepsfyl ,oa es.Vsu (Michaelis and Menten, 1913) us] tc og lqØksl ds ty
vi?kVu (Hydrolysis) dk v/;;u dj jgs Fks tks fd ,Utkbe buoVsZt
(Invertase) ds }kjk mRizsfjr fd;k x;k Fkk] fl)kUr izLrkfor fd;kA bu
oSKkfudksa dk fl)kUr fuEu fcUnqvksa ij vk/kkfjr Fkk&

1- dsoy ,d fd.oHkkst (Substrate) ,oa ,d mRikn@inkFkZ fuosf'kr gksrk
gSA

2- fof/k iw.kZ gksus rd pyrh jgrh gSA

3- rU= esa fd.oHkkst (Substrate) dh lkUnzrk ,Utkbe dh lkUnzrk dh vis{kk
vf/kd gksrh gSA

4- ,d e/;LFk (Intermediate) ,Utkbe-lcLVªsV ladqy (Enzyme-
Substrate Complex) curk gSA

5- lcLVsªV foxyu@fo?kVu (Decomposition) dh nj ,Utkbe&lcLVªsV
ladqy dh lkUnzrk ds vuqikr esa gksrh gSA

fl)kUr ds vuqlkj ,Utkbe (E) ,d f'kfFky ca/kuh; dkEiysDl@ladqy
(ES) dks lcLVªsV (S) ds lkFk cukrk gSA ;g ,Utkbe lcLVªsV&dkEIysDl]
vi?kVu (Hydrolysis) ds Ik'pkr~ vfHkfØ;k inkFkZ (P) dks fo?kfVr djrk gS
rFkk ,Utkbe (E) dks eqä djrk gSA bl vfHkfØ;k dks fuEu izdkj ls n'kkZ;k
tkrk gS&

EtS ES EtP

bl lehdj.k esa mi;qä fd;s x;s v{kjksa dk rkRi;Z fuEu izdkj gS&

 Et = ,Utkbe dh dqy lkUnzrk

 S = lcLVªsV dh dqy lkUnzrk

 ES = ,Utkbe lcLVªsV dkEIysDl@ladqy dh lkUnzrk

 Et – ES = eqDr ,Utkbe dh lkUnzrk
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3-7-2 ,Utkbe-fØ;k/kkj ladqy (Enzyme-Substrate Complex)

,Utkbe-fØ;k/kkj ladqy (Enzyme-Substrate Complex) fQj fo?kfVr gks tkrk
gS vkSj vfHkfØ;k ds mRikn dks nsrk gSA ,Utkbe eqDr gksrk gS vkSj iqu% mi;ksx
gksrk jgrk gSA

vf/kdka'k ,Utkbe mRizsfjr vfHkfØ;k,¡ O;qRØfer (Reversible) gksrh gS]
vFkkZr~ leku ,Utkbe ,d fof'k"V vfHkfØ;k dks vxzlj (Forward) vkSj
lkFk&lkFk foeq[k (Backward) fn'kk esa mRizsfjr dj ldrk gSA vfHkfØ;k dk
larqyu fofHkUu le; ij fd.oHkkst dh lkUnzrk ;k vfHkfØ;k ds inkFkkasZ ij
vk/kkfjr fdlh Hkh fn'kk esa gV ldrh gSA

bl vfHkfØ;k esa lg-,Utkbe (Co-enzyme) ;k izksLFksfVd lewg
(Prosthetic group) dk Hkh LFkku egRoiw.kZ gSA lg-,Utkbe] vi?kVu fØ;k
esa ,Utkbe dh lgk;rk djrs gaSA os fdlh ,d fo?kfVr ;kSfxd (Dissociated
compound) ds lkFk lfØ; tfVy v.kq cukrs gaSA fd.oHkkst
(Substrate) ,oa ,iks,Utkbe (Apoenzyme) lg-,Utkbe dh mifLFkfr esa ,d
lfØ; ;kSfxd cukrs gaSA

,Utkbe Lo;a lfØ; ugha gksrk gS] fuf"Ø; jgrk gSA ,Utkbe dsoy ,d
izdkj dk IysVQkeZ (Platform) ;k lk¡pk (Template) cukrk gS] ftl ij dqN
v.kq ,d-nqljs ds lkFk fØ;k dj ldsaA ,Utkbe lfØ;.k ÅtkZ dks de djrs
gSaA ,Utkbe eqDr lfØ;.k ÅtkZ dks ?kVkdj vfHkfØ;kvksa dh xfr esa of̀) djrs
gSaA fofHkUu ,UtkbEl dh lajpuk] fof'k"Vrk ,oa mRizsj.k dh fØ;kfof/k esa vUrj
gksrk gS] ysfdu muds mRizsjd LFkyksa ds fo"k; esa dqwN ljy fu;e cuk, x;s
gS&

1- mRizsjd LFky ,Utkbe ds dqy vk;ru dk ,d y?kqHkkx gksrk gSA

2- mRizsjd LFky ,d f=-foeh; LFky (3-dimensional entity) gksrk gSA

3- mRizsjd LFky njkj ds :Ik esa gksrs gSaA

4- fØ;k/kkj ,Utkbe ds lkFk vis{kkÑr de 'kfDr;ksa }kjk la;ksftr gksrs gaSA

,Utkbe dh fØ;kfof/k dks le>kus ds fy;s fuEufyf[kr izeq[k
ifjdYiuk,¡ gSa&

1- o"kZ 1880 esa oqVZ~t (Wurtz)– us ik;k fd ?kqyu'khy izksVhust isiSu
(Papain) v?kqyu'khy izksVhu] Qkbfczu (Fibrin) eas feykus ij ckj-ckj /kksus ij
Qkbfczu dHkh Hkh izksfV;ksfyfll (Proteolysis) dks ugha jksdrk gSA oSKkfud
milaâr@lekIr djrk gS (Concluded) fd isiSu (Papain) ls ,d inkFkZ cuk;k
tks Qkbfczu ds lkFk ladqy (Complex) cukrk gSA
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A

Enzyme
lock

Substrate
key

Enzyme

B

Product

Enzyme

Enzyme

SubstrateSubstrate

Product

Product

fp= Ø- 3-4% Mode of Action of Enzyme

o"kZ 1890 esa vks ^lqfYyoku (O’Sullivan) ,oa FkkWEilu (Thompson) us
ik;k fd ,Utkbe bUoVsZt (Invertase) fd.oHkkst (Substrate) lqØksl (Sucrose)
dh mifLFkfr esa] vuqifLFkfr dh vis{kk mPp rkiØe ij vfHkfØ;k dj ldrk
gSA blus n'kkZ;k fd bUoVsZt (Invertase) lqØkst ds lkFk ladqy (Complex)
cukrk gSA

2- rkyk&dq¡th ;k lk¡pk ifjdYiuk,¡ (Lock and key or template
hypothesis)& bl ifjdYiuk dk izfriknu ,fey fQ'kj (Emil Fisher, 1894)
us fd;kA blds erkuqlkj izR;sd ,Utkbe v.kq dh lajpuk fo'ks"k izdkj dh gksrh
gSA blesa dksbZ ,slk gh inkFkZ ¼dqath½ tqM+ ldrk gS ftldk v.kq ,Utkbe v.kq
ds fdlh fo'ks"k Hkkx ¼rkyk½ esa fQV gks tkrk gSA blds vuqlkj ,d fuf'pr
lajpuk okyk mRizsjd LFky dsoy mUgh fØ;k/kkj v.kqvksa dks Lohdkj djsxk
ftldk vkdkj leku gksxk rFkk fHkUu jpuk okys v.kqvksa dks nwj gVk;sxkA bl
fl)kUr ds vuqlkj ,Utkbe v.kq dh lrg ij lfØ; LFky (Active site) gksrs
gSaA fd.oHkkst (Substrate) ds v.kq ,UtkbEl dh lrg ij fLFkr lfØ; LFkyksa esa
fLFkr ;k fpid tkrs gSaA blds ifj.kkeLo:Ik ,d e/;LFk ;kSfxd curk gS
ftldks ,Utkbe-fd.oHkkst ladqy (Enzyme-Substrate Complex) dgrs
gSaA ;g vfHkfØ;k O;qRØfer (Reversible) gksrh gSA

Enzyme + Substrate Enzyme substrate complex
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,slk fo'okl fd;k tkrk gS fd tc fd.oHkkst v.kq lfØ; LFky ls c¡/krk
gS blds Hkkx bl izdkj ls lEcfU/kr jgrs gaS fd jklk;fud ca/ku fo?kfVr gksrk
gS vFkkZr~ ca/ku detksj gksrk gSA ;g fo?kVu fd.oHkkst ds jklk;fud ca/kuksa dh
vfHkfØ;k esa of̀) djrs gSa vkSj vfHkfØ;k dh nj esa of̀) gksrh gSA
e/;LFk ;kSfxd okLrfod lcLVªsV dh vis{kk de fLFkj gksrs gaSA bl
dkj.k ;g ;dk;d VwV tkrs gaS vkSj ,Utkbe iqu% LorU= gksrk gSA

SubstrateEnzyme +

+

Enzyme
Substrate

fp= Ø- 3-5% Formation of an Enzyme Substrate Complex
According to Fischer’s Lock and Key Model

3- ,Utkbe lcLVªsV dkWEIysDl (Enzyme substrate complex)& bl
ifjdYiuk dk izfriknu gsujh (Henry, 1903) us fd;kA blds
erkuqlkj ,Utkbe vius lcLVªsV (Substrate) ds lkFk tqMdj ;kSfxd cuk ysrk
gSA

4- vfHkizsfjr vuq:irk ifjdYiuk (Induced fit model)& bl
ifjdYiuk dk izfriknu dks'yS.M (Koshland 1963-64) us fd;kA blds
erkuqlkj ,Utkbe dh vkf.od lajpuk fuf'pr ugha gksrhA izfrfØ;k ds le;
gh lcLVªsV ds izHkko ls ,Utkbe ds v.kq dh lajpuk esa ,slk ifjorZu gks tkrk
gS fd ;g lcLVªsV ds v.kq ls tqM+ ldsaA

,Utkbe esa lfØ; LFky iwoZ ls gh fu;ksftr gksrk gS tks fd fd.oHkkst
dks la;r djrk gSA ,Utkbe ds xq.kksa dks mfpr izdkj ls n'kkZus ds fy,
dks'yS.M (Koshland) us fQ'kj (Fisher) ds ekWMsy (Model) dks :ikarfjr
fd;kA dks'yS.M (Koshland) us LohÑr fd;k fd ,Utkbe v.kq dHkh Hkh
okLrfod vkdkj@:Ik ,oa lajpuk dks ugha j[k ikrs gaS] ysfdu fd.oHkkst
(Substrate) dk lEidZ dqN T;kfefr (Geometrical) ifjorZuksa dks ,Utkbe v.kq
ds lfØ; LFky ij mRizsfjr djrk gSA ifj.kkeLo:Ik ,Utkbe v.kq iq.kZr%
fd.oHkkst ds lfØ; dsUnz ls ca/k tkrk gSA blh le; vU; vehuks vEy vo'ks"k
v.kq ds vkUrfjd Hkkx esa /k¡l tkrs gaSA dks'yS.M dh ifjdYiuk dks orZeku esa
fyIldksEc (Lipscomb) us izek.khÑr fd;kA
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bl fl)kUr dks le>kus ds fy, fuEufyf[kr mnkgj.k izLrqr fd;k x;k
gS&

mnkgj.k&

fd.oHkkst ca/ku (Substrate binding) esa ty fojkxh (Hydrophobic) ,oa
vkosf'kr (Charged) lewg nksuksa lfEefyr gksrs gaSA flfLVu vo'ks"kh (Cystein
residue) ds QkWLQkslsjhu (Phosphoserine, P) ,oa SH lewg mRizsjd fØ;k esa
fuosf'kr gksrs gSaA nwljs vehuksa vEy vo'ks"k (Residues) u rks fd.oHkkst
(Substrate) ca/ku vkSj u gh mRizsj.k fØ;k (Catalysis) esa fuosf'kr gksrs gSaA ;g
gS ykbflu (Lysine) ,oa ehfFk;ksuhu (Methionine) lcLVªsV ;k fd.oHkkst dh
vuqifLFkfr esa fd.oHkkst@lcLVªsV ca/ku ,oa mRizsjd lewg nksukas ,d-nwljs ls
vf/kd nwjh ij gksrs gaSA ,Utkbe v.kq esa la:i.kh; ifjorZu (Informational
Changes) fd.oHkkst@lcLVªsV mRizsfjr djrk gS ftlls fd lewg dks nksuksa
fd.oHkkst@lcLVªsV ca/ku ,oa mRizsj.k fØ;k (Catalysis) dks Js.khc) dj ldsA
blh ds lkFk nwljs {ks=ksa ds LFkkfud vfHkfoU;kl (Spatial Orientation) esa Hkh
ifjorZu gksrs gaS ftlls fd ykbflu (Lysine) ,oa ehfFk;ksuhu (Methionine)
vc vkSj ikl vk tkrs gaSA

dks'yS.M (Koshland) dks vf/kd izk;ksfxd lgk;rk ekU;rk izkIr gqbZ gSA
vusd ,UtkbEl tSls fd QkWLQksXywdksewVst (Phosphoglucomutase), fØ;sVhu
dkbust (Creatine kinase) ,oa dkcksZDlh&isIVkbMst (Carboxy-peptidase) vkfn
lcLVªsV ca/ku (Substrate binding) ,oa mRizsj.k fØ;k (Catalysis) ds fy,
la:i.kh; ifjorZuksa dks n'kkZ;k x;k gSA

Charged groups

Hydrophobic
groups

Met

Hs-

fp= Ø- 3-6% Changes Brought about by Induced
Fit in an Enzyme Molecule



,UtkbEkksa ds fu;ked---

Lo-vf/kxe
ikB~; lkexzh 185

fVIi.kh

3-8 ,Utkbe dh lfØ;rk dks fu;fU=r djus okys
dkjd (Factors to Control the Activeness of
Enzymes)

,Utkbe dh lfØ;rk dks izHkkfor djus okys HkkSfrd rFkk jklk;fud dkjd
fuEufyf[kr gSa&

1- ih-,p (pH)& ,Utkbe fofHkUu pH okys ?kksyksa esa fHkUu-fHkUu izdkj ls
izfrfØ;k djrs gaSA izR;sd izfrfØ;k dk ,d vuqdwyre eku (Optimum value)
gksrk gS tks blds lefo|qr fcUnq ds fudV gksrk gSA lefo|qr fcUnq ij
izfrfØ;k esa iF̀kd~ gksus okys ifjorZu ,d-nwljs ds lUrqyu esa jgrs gSaA

gkbMªkstu vk;u ds lkUnz.k esa ifjorZu gksus ls bUtkbe dh fØ;k dh
rhozrk ij vf/kd izHkko iMrk gSA ‘H’ vk;u dh lfØ;rk dks ge fuEu fp=
ds }kjk iznf'kZr djrs gSA

mi;qZä fp= esa pH dk vfHkfØ;k osx (Reaction velocity) ds lkFk
vkysf[kr fd;k x;k gSA oØ ds vkys[ku ls Kkr gksrk gS fd vR;Ur de pH
ij ,Utkbe dk vfHkfØ;k osx de gks tkrk gSA ;gh fLFkfr vf/kd vfHkfØ;k
osx ij ik;h tkrh gSA ftl pH ij ,Utkbe dk vfHkfØ;k osx vR;f/kd gksrk
gS mls pH vuqdwyre (pH Optimum) dgrs gaSA vxz rkfydk esa dqN ,Utkbe
dk vuqdwyre eku (Optimum value) dks n'kkZ;k x;k gSA

pHTemperature

fp= Ø- 3-7% Effect of pH on Enzyme

2- rki (Temperature)– ,Utkbe dh fØ;k ds fy, mŸksftr gksus esa
de ÅtkZ dh vko';drk gksrh gS] rki ÅtkZ iznku djrk gSA bl dkj.k de
rkieku ij ,Utkbe vfHkfØ;k'khy gksrk gSA cgqr de rkieku ij ;k vf/kd
rkieku ij ,Utkbe fuf"Ø; gh jgrk gSA blls ;g izekf.kr gksrk gS
fd ,Utkbe v.M ,d izksVhu gS mldk foÑfrdj.k (Denaturation) gks tkrk
gSA vusd ,Utkbe dk foÑrhdj.k 60ºC ij gks tkrk gSA 10ºC ds uhps Hkh ;gh
voLFkk ik;h tkrh gSA rkieku ,oa vfHkfØ;k osx (Reduction velocity) dks
fuEu fp= esa n'kkZ;k x;k gSA
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lHkh ,Utkbe 40ºC ij mfpr izdkj ls fØ;k'khy gksrs gaSA rkieku vf/kd
gksus ij ,Utkbe dk foÑrhdj.k gksuk izkjEHk gksrk gSA

3- fd.oHkkst lkUnzrk (Substrate concentration)& izfrfØ;k dh vU;
ifjfLFkfr;ksa dks fLFkj j[kus ij] ,d fuf'pr lkUnzrk rd igq¡pus rd fd.oHkkst
dh lkUnzrk esa of̀) ,Utkbe mRizsfjr izfrfØ;kvksa dks izHkkfor djrh gSa rFkk
vfUre mRiknksa ds fuekZ.k esa of̀) gksrh gSA ,d fuf'pr fcUnq ij igq¡pus
ij ,Utkbe larÌr gks tkrk gS rFkk fd.oHkkst dh lkUnzrk esa vkSj vf/kd of̀)
dk vfUre mRiknksa ds fuekZ.k dh xfr ij dksbZ izHkko ugh iMrk gSA

1902 esa gSujh (Henry) us lqØksl (Sucrose) ij lqØsl (Sucrase) ,Utkbe
ds izHkko dk vuqla/kku fd;kA mlds vuqlkj fd.oHkkst (Substrate) ds de
lkUnz.k dh voLFkk esa ,Utkbe dh fØ;k'khyrk esa fujUrj of̀) gksrh gS] ysfdu
lkUnz.k (Concentration) ds vf/kd gks tkus ij fØ;k'khyrk de gks tkrh gSA
gSujh ds fu"d"kZ ds vuqlkj ,Utkbe fd.oHkkst lfEeJ.k dk gksuk ,Utkbe
fØ;k'khyrk ds fy, vko';d gSA vusd vuqla/kkuksa ds Ik'pkr~ gSujh ds
vuqla/kku dh iqf"V gks xbZA de ls de fd.oHkkst lkUnz.k dh voLFkk esa nks
fcUnq gksrs gSa tks fd fØ;k'khyrk osx (Reaction velocity) dks izHkkfor djrh
gaS&

(i) ,Utkbe }kjk mRizsfjr uSt fØ;k'khyrk osx (Intrinsic velocity of
reaction)A

(i) ,Utkbe v.kqvksa dh fd.oHkkst v.kqvksa ds lkFk vko`fŸk (Collision
frequency)A

Substrate Molecules

Enzyme Enzyme

fp= Ø- 3-8% Collision Frequency of Enzyme Molecules

tc fd.oHkkst dh ek=k esa of̀) gksrh gS rc la?kê vko`fŸk dk fØ;k'khyrk
osx ds lkFk dksbZ lEcU/k ugh gksrkA bl n'kk esa dsoy uSt vfHkfØ;k osx gh
dk;Z djrk gSA tc fd.oHkkst de gksxk rc ,Utkbe fd.oHkkst esa la?kê vkof̀Ÿk
vf/kd gksxh rFkk ,Utkbe vf/kd fØ;k'khy gksaxsA fp= }kjk ;g fu"d"kZ
fudyrk gS fd ,Utkbe }kjk mRizsfjr fØ;kvksa dk osx fd.oHkkst dh lkUnzrk ds
lkFk ,d fo'ks"k mPpre xfr ls of̀) djrk gSA blds foijhr ;fn fd.oHkkst
dh ek=k iwoZ ls gh ,utkbe ds vuqikr (Ratio) ls vf/kd gS] rc vf/kd
fd.oHkkst ds izHkko ls fØ;k ij dksbZ izHkko ugh iM+rkA
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Substrate Conc.
(B)(A)
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fp= Ø- 3-9% Effect of Substrate Concentration
on Enzyme Activity

4- ,Utkbe dh lkUnzrk (Concentration of Enzymes)& ;fn ,Utkbe
dh lkUnzrk esa of̀) gksrh gS rc ,Utkbe dh vfHkfØ;k esa Hkh of̀) gksrh gSA tc
vR;f/kd ek=k esa lcLVªsV mifLFkr gksrk gS ,Utkbe dh lkUnzrk esa nksxquh of̀)
gksrh gS] lkekU; :Ik ls mRikn ds fuekZ.k dh nj ls nksxquh of̀) gksrh gSA ,d
fuf'pr ,Utkbe dh lkUnzrk ij ,d ,slk fcUnq vkrk gS tc lcLVªsV ds lHkh
v.kq ,utkbe ls ca/k tkrs gaS vkSj ,Utkbe dh of̀) dk izHkko mRikn ds fuekZ.k
ij fcYdqy ugha gksrk gSA

Enzyme Conc.

E
nz

ym
e

A
ct

iv
ity

fp= Ø- 3-10% Effect of Enzyme Concentration
on Enzyme Activity

5- ,fDVosVlZ (Activators)& ;g lkekU; :Ik esa vdkcZfud mRizsjd gaS
tks mRizsjdksa (Catalyst) dh lfØ;rk dks izHkkfor djrs gS aA blds vUrxZr
/kkfRod vk;Ul (Metallic ions) ,oa izks,Utkbe lfØ;dkjd (Proenzyme
activators) vkrs gSaA buesa ls dqN ,Utkbe ds Hkkx gaS vkSj dqN lg-,Utkbe
(co-enzyme) ds leku fØ;k'khy gksrs gaS vkSj dqN ckgj dh fLFkfr esa jgrs gq,
fØ;k'khy gksrs gaSA tSlk fd ATP dh vfHkfØ;k,¡ Mg++ vk;Ul dh lkUnzrk ,oa
FkzksfEcu dh lfØ;rk dSfY'k;e vk;Ul ij fuHkZj djrh gSA
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Enzyme productsEnzymeEnzyme substrate

Substrate complex

Enzyme
Inhibitor
complexEnzyme

Inhibitor

(A)

(B)

fp= Ø- 3-11% (a) Enzyme Action (b) Inhibition

dqN /kkrq;qDr ,oa /kkrq }kjk mŸksftr ,Utkbe

(i) yksgk (Iron) & lkbVksØkse (Cytochrome)

& lkbVksØkse-C-fjMDVsl

(Cytochrome-C-reductase)

& gkbMªksijkWDlhMsl (Hydroperoxidase)

(ii) rk¡ck (Copper) & Vªkbvksflusl (Triosinase)

& ,sLdkfcZd vEy vkWDlhMsl

(Ascorbic acid oxidase)
(iii) eSXuhf'k;e (Magnesium) & QkWLQsVsl (Phosphatase)

& ,-Vh-ih-,Utkbe (A.T.P. Enzyme)

& isIVkbMsl (Peptidase)

(iv) iksVsf'k;e (Potassium) & QkWLQksikb:osV VªkUl QkWLQksjkbysl
(Phosphopyruvate trans phosphorylase)

(v) dSfY'k;e (Calcium) & ,DVksek;ksflu (Actomyosin)

(vi) ftad (Zinc) & dkcksZfud ,ugkbMªsl (Carbonic
anhydrase)

(vii) eSaxuht (Manganese) & isIVkbMsl (Peptidase)

6- fujks/kd (Inhibitors)& ;g ,Utkbe dh fØ;k'khyrk esa vojks/k
mRiUu djrs gSaA blds vUrxZr Cu, Hg, Fe, Cl, As ds vk;u fujks/kd dk dk;Z
djrs gaS rFkk budh ca/kqrk ,Utkbe }kjk izfØ;k djus okys inkFkksZa ls vR;f/kd
gksrh gSA lkFk gh lkFk ;g thonzO; esa ik;s tkus okys izksVhUl dks vo{ksfir dj
nsrs gaSA
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,Utkbe ,oa fujks/kd ,d ,Utkbe-fujks/kd ladqy (Enzyme-Inhibitor
Complex) dks cukrs gaSA ,sls ;kSfxd tks fd ,Utkbe ds lkFk bl izdkj
la;kstu djrs gaS fd lkekU; lcLVªsV@fd.oHkkst ,Utkbe ds la;kstu rFkk
mRizsjd fØ;k dks vojksf/kr djrs gSaA budks ,Utkbe fujks/kd (Enzyme
inhibitors) dgrs gSaA

fujks/kdksa dks izfrLi/kkZRed (Competitive) ,oa ukWu-izfrLi/kkZRed (Non-
competitive)@vizfrLi/kkZRed (Enzyme inhibitors) esa oxhZÑr djrs gSa&

1- izfrLi/kkZRed fujks/kd (Competitive inhibitors)& bl izdkj ds
fujks/k.k esa nksuksa fujks/kd ,oa lcLVªsV v.kq ,Utkbe ds lkFk la;kstu djus ds
fy, izfrLi/kkZ djrs gSaA ;fn fujks/kd vR;f/kd mPp lkUnzrk esa gksrs gSa rc ;g
lcLVªsV v.kqvksa dks gVk nsrs gSaA blds foijhr ;fn lcLVªsV dh lkUnzrk vf/kd
gksrh gS rc fujks/kd gVk fn;s tkrs gaSA bldk eq[; dkj.k gS fd
vojks/kd ,Utkbe ls nwj dj fn;k tkrk gS vkSj ,Utkbe vfHkfØ;k dh nj
lkekU; lcLVªsV ds fy, c<+ tkrh gSA

mnkgj.k& bl izfrLi/kkZRed vojks/k.k dks lfDlusV MhgkbMªksftusl
(Succinate dehydrogenase) ds }kjk n'kkZ;k x;k gS] ;g fuEufyf[kr vfHkfØ;k
dks mi;qä gkbMªkstu xzkfgrk (Acceptor ‘A’) dh mifLFkfr esa mRizsj.k djrk
gS&

COOH

CH2

+A
CH2

COOH

HCCOOH

¶;wesfjd vEy + vipf;r xzkgrk

HCCOOH
+AH2

lfDlfud vEy + xzkgrk

(Succinic acid) (Acceptor) (Fumaric
acid)

(Reduced
acceptor)

vf/kdka'k ;kSfxd tks fd lajpuk dh nf̀"V ls lfDlfud vEy (Succinic
acid) ds leku gksrs gSa vkSj og MhgkbMªksftusVsM (Dehydrogenated) ugha gksrs gaS
rFkk ,Utkbe ds lkFk la;kstu djrs gaS] lkekU; vfHkfØ;k ds mRizsj.k ds lfØ;
LFky dks vojksf/kr dj jksd nsrs gaSA vusd ;kSfxd tks lfDlusV MhgkbMªksftusl
dks vojksf/kr djrs gSa fuEufyf[kr gaS&

 esyksfud vEy (Malonic acid)

 vkWDlsfyd vEy (Oxalic acid)

 fQukbyizksfi;ksfud vEy (Phenylpropionic acid), vkfnA
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COOH

CH2

COOH

COOH

COOH

COOH

CH2

CH2

COOH

CH2

COOH

CH2

CH2

Glutaric acid Phenyl propionic
acid

Malonic acid Oxalic acid

izfrLi/kkZRed vojks/k.k O;qRØfer (Reversible) gksrs gaS] vFkkZr~
tc ,Utkbe ds v.kq ls vojks/kd v.kq dks gVk fn;k tkrk gS rc ,Utkbe dh
vfHkfØ;k O;qRØfer gksrh gSA rc mRizsfjr vfHkfØ;k dh nj vojks/kd lkUnzrk]
lcLVªsV lkUnzrk ,oa ,Utkbe ds lkFk fujks/kd ,oa lcLVªsV dh vkisf{kd
ltkrh;rk ij iw.kZr% vk/kkfjr gksrh gSA

2- ukWu-izfrLi/kkZRed vojks/kd (Non-Competitive inhibitors)&
blds vUrxZr vojks/kd@fujks/kd ¼fo"k½ ,Utkbe ds fofHkUu dk;kZRed lewgksa ds
lkFk fØ;k djrs gSaA ;g ,Utkbe dh lkekU; vfHkfØ;k ds mRizsj.k dks
vojksf/kr dj nsrs gaS] ifj.kkeLo:Ik èR;q gks tkrh gSA lcLVªsV dh lkUnzrk dh
of̀) ds dkj.k ukWu-izfrLi/kkZRed fujks/ku O;qRØfer ugha gksrk gSA

3- vizfrLi/kkZRed fujks/kd (Uncompetitive inhibitors)& blds
vUrxZr ,Utkbe lcLVªsV ,oa fujks/kd v.kq ds chp ,d ladqy (Complex)
curk gS] ,Utkbe-fujks/kd ladqy ugha curkA

4- vU; izdkj ds fujks/kd (Other inhibitors)& bl Js.kh ds vUrxZr
dksbZ Hkh ;kSfxd inkFkZ tks fd ,Utkbe izksVhu ds lkFk vfHkfØ;k'khy gS
og ,Utkbe dh okLrfod fØ;k dks jksdrk gSA

mnkgj.k&

(i) VªkbZvk;Mks,slhVsV (Tri iodoacetate) isiSu ,Utkbe dh fØ;k dk fujks/k
djrk gSA

(ii) vklsZfud (Arsenic) lfDluks vkWDlhMsl dh fØ;k dk fujks/k djrk gSA

(iii) Qsjhlk;ukbM] B ,ekbysl dh fØ;k dk fujks/k djrk gSA

(iv) vk;ksMhu (Iodine) ySfDVd fMgkbMªkstsusl dh fØ;k dk fujks/k djrk gSA

(v) vkjlsusV (Arsenate) QkWLQks VªkUl ,flVkbysl dh fØ;k dk fujks/k
djrk gSA

(vi) IyksjkbM (Fluoride) buksysl ,Utkbe dh fØ;k dks jksdrk gSA
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3-9 ,Utkbe dh fof'k"Vrk (Specificity of Enzymes)

mRizsjd (Catalyst) dh fØ;k esa ,d fo'ks"krk gksrh gS fd izR;sd mRizsjd fdlh
Hkh lewg ds lHkh ;kSfxdksa ij ;k ,d ;kSfxd ij fØ;k djrk gSA blh
izdkj ,Utkbe Hkh fØ;k djrk gSA bl rF; dks fuEu Lkkj.kh ds }kjk n'kkZ;k
x;k gS&

Lkkj.kh Ø- 3-1

,Utkbe
(Enzyme)

fd.oHkkst
(Substrate)

fd.oHkkst ds v.kq
(Molecules of

Substrate)

1- ;qfj;sl
(Urease) ;wfj;k (Urea) CO ,d dkcZfud ;kSfxd

2- isIVkbMsl
(Peptidase)

izksVhu (Protein) ,d lewg ftldks izksVhu
dgrs gSa

3- XywdkslkbMsl
(Glucosidase)

(a) -XywdkslkbM (Glucoside)
(b) -fefFky-D-XywdkslkbM

(-Methyl-D-Glucoside)
(c) ekYVkst (Maltose)

,d lewg ds ;kSfxd

4- MhdkcksZDlhysl
(Decarboxylase)

RCOOH RH + CO2 ,d lewg ftldks
dkcZfud vEy dgrs gaSA

fd.oHkkst (Substrate) ,oa ,Utkbe dh v.kq lajpuk ij fof'k"Vrk fuHkZj
gksrh gSA ,Utkbe dh fof'k"Vrk fuEu rhu izdkj dh gksrh gS&

1- fujis{k fof'k"Vrk (Absolute specificity)& bl izdkj dh fof'k"Vrk
esa ,d ,Utkbe dh fdlh fo'ks"k lewg ;k ca/ku ij vfHkfØ;k gksrh gS]
tSls& isfIlu (Pepsin) ,Utkbe dsoy isIVkbM ca/k CO-NH dk ty
vi?kVu (Hydrolysis) djrk gSA blh izdkj ls gkbMªksftusl
(Hydrogenase) ,Utkbe Hkh fo'ks"k lewg ds ;kSfxd ij fØ;k djrk
gSA ,YdksgkWy ysfDVd MhgkbMªksftusl (Lactic dehydrogenase)
dsoy ,YdksgkWy vEy ,oa gkbMªkWDlh vEy (Hydroxy acid) vip;
djrk gSA

2- izdkf'kd fof'k"Vrk (Optical specificity)& dqN ,Utkbe ,sls gksrs gSa
tks fd f=foe jklk;fud (Stereochemical) fof'k"Vrk dks n'kkZrs
gSaA ,d ,Utkbe ,d gh /kzqo.k ?kw.kZd ;kSfxd vFkkZr~ nf{k.k
/kzqo.k ?kq.kZd ,oa nwljk ,Utkbe oke /kzqo.k ?kw.kZd ij fØ;k'khy gksrk gSA

NH2

NH2
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mnkgj.k&

ekYVsl (Maltase) ,Utkbe L-XywdkslkbM (Glucoside) ls fØ;k djrk
gS] ysfdu ;s D-XywdkslkbM ij fØ;k'khy ugha gksrk gSA blh izdkj
dkcksZDlh isIVkbMsl (Carboxy peptidase) dsoy dkcksZ cSatksDlh (Carbo
benzoxy) Xykbfly L-Qsfuy vykuhu ds L-leko;oh ij fØ;k'khy
gksrk gS] vleko;oh ij fØ;k'khy ugha gksrk gSA

3- vkisf{kd fof'k"Vrk (Relative specificity)& bldk ;g vFkZ gksrk gS
fd ,d gh ,Utkbe dk ,d ls vf/kd fd.oHkkst (Substrate) ij
fØ;k'khy gksukA fVªfIlu (Tripsin) ,Utkbe ,ekbM ca/k = R-CONH2

dk ty vi?kVu djrk gS] ysfdu ;g ,Utkbe bZLVj ca/k R-COOR dk
Hkh ty-vi?kVu djrk gSA

3-10 ,Utkbe dh mi;ksfxrk (Utility of Enzyme)

,Utkbe dh [kkst vusd o"kkasZ ls gksrh pyh vk jgh gSA 'kjhj dh dksf'kdkvksa
esa ,Utkbe dh mifLFkfr dks tkuus ds iwoZ euq"; dks fd.ou (Fermentation)
dk Kku Fkk] bldh Hkh [kkst gks pqdh Fkh fd fd.ou ¼QesZ.Vs'ku½ fØ;k
esa ,Utkbe dk egRoiw.kZ LFkku gSA ,Utkbe dh mi;ksfxrk fuEufyf[kr izdkj
gS&

3-10-1 vkS|ksfxd mi;ksx (Industrial Utility)

1- ngh cukus esa ,Utkbe jsfUuu dk mi;ksx fd;k tkrk gSA

2- iuhj cukus esa jsfUuu dk mi;ksx fd;k tkrk gSA jsfUuu ,Utkbe
dSfY'k;e dslhusV (Calcium caseinate) dks tekus ds Ik'pkr~ iuhj esa
ifjofrZr djrk gSA

3- isfDVust (Pectinase) ,Utkbe] Qyksa ds jl esa fLFkr isfDVd inkFkksZ a ij
fØ;k dj ty-vi?kVu (Hydrolysis) dj jl dh xanxh dks nwj djrk
gSA

4- diM+s dh /kqykbZ esa LVkpZ dk mi;ksx gksrk gSA diM+ksa ds cu tkus ds
Ik'pkr~ jaxus ds fy, LVkpZ dks gVk;k tkrk gSA blds fy, ,ekbyst
(Amylase) ,Utkbe mi;ksx esa yk;k tkrk gSA

5- futZy /kqykbZ (Dry cleaning) esa ,Utkbe dk mi;ksx fd;k tkrk gSA

3-10-2 vkS"kf/k;ksa esa iz;ksx (Use in Medicine)

ikpu 'kfDr esa of̀) djus ds fy, vkS"kf/k;ksa esa Mk;LVsl (Diastase), isfIlu
(Pepsin) dk mi;ksx fd;k tkrk gS tks fd LVkpZ rFkk izksVhu dk ty-vi?kVu
(Hydrolysis) djus esa lgk;d gksrs gSaA
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3-11 dks-,UtkbEl ;k dks-QSDVj (Co-enzymes or
Co-factors)

okLro esa dks-,UtkbEk 'kCn dk iz;ksx dqN ,sls inkFkksZ a tSls& Ca, Co, Cu, Na,
K and Zn ds vk;Ul ds fy, fd;k tkrk gS] ftudh cgqr gh de ek=k dh
mifLFkfr esa dksbZ Hkh ,Utkbe ,sD'ku (Action) ;k fØ;k'khy voLFkk esa vk
tkrk gSA vk/kqfud ,UtkbekWykth (Enzymology) esa bu lk/kkj.k vdkcZfud
inkFkksZa dks dks-,UtkEl u dgdj] esVsyks,UtkbEl (Metalloenzymes) dgk
tkrk gSA cflZu (Bersin) us bUgsa lkekU;r% **dkWEIyheS.V~l (Complements)**
dgkA dqN ,UtkbEl esa ;s eSVy vk;Ul izksVhUl ls n<̀+rk ls tqM+s jgrs gSa]
tcfd dqN ,UtkbEl ls bUgsa vklkuh ls vyx fd;k tk ldrk gSA

vusd ,UtkbEl esa muds izksVhu ds Hkkx ls ,d de v.kqHkkj okyk ukWu-
izksVhusf'k;l vkWxsZfud va'k ;k Hkkx (Non-proteinaceous organic component)
tSls& foVkfeu B] tqM+k jgrk gSA bls dks-,Utkbe dgrs gSaA ;g ,UtkbesfVd
izfrfØ;k ds fy, vko';d gksrk gSA ,Utkbe dk izksVhu okyk Hkkx (tks okLro
esa ,Utkbe gksrk gSa) ,iks,Etkbe (Apoenzyme) dgykrk gSA ,siks,Utkbe rFkk
dks-,Utkbe dks feykdj gksyks,Utkbe (Holoenzyme) dgrs gSaA

dks-,UtkbEl lk/kkj.kr% gkbMªkstu ,Vel~ ;k vU; QaD'kuy ;k dk;Z'khy
lewgksa (Functional groups) ftUgsa lCLVªsV ls vyx fd;k x;k gks ;k lCLVªsV
ds Hkkx gSa] ds fy, xzkgh ;k MksulZ (Acceptor or Donors) dh rjg dk;Z djrs
gSaA pw¡fd ;s dks-QsDVlZa (Co-factors) ftudks ,Utkbe izksfVu ls cgq/kk ;k
ckjEckj Ik̀Fkd fd;k tk ldrk gS] dks Li"V rkSj ij dks-lCLVªsV (Co-substrate)
dgk tk ldrk gSA dks-,Utkbe dks izksLFkssfVd lewg (Prosthetic group) Hkh
dgrs gSaA izR;sd izksfVu ,Utkbe ls ,d fo'ks"k dks-,Utkbe tqM+k jgrk gS] tks
izfrfØ;k dks ,d ukWu-izksVhu izksLFksfVd lewg dh rjg mRizsfjr djrk gSA vdsys]
dks-,Utkbe dksbZ Hkh dsVsfyfVd ;k mRizsfjd dk;Z ugha dj ldrs vkSj u
vdsyk ,Utkbe gh ,sfDVo (Active) gksrk gSA bl izdkj] ;|fi
gkbMªkstu ,Ve ;k QaD'kuy lewg ds LFkkukUrj.k esa okLro esa dks-,Utkbe gh
Hkkx ysrk gS] fdUrq ,Utkbe dk izksVhu va'k dsVsfyfVd ,sfDVfoVh (Catalytic
activity) ds fy, vko';d gksrk gSA ,Utkbe lHkh fj,sDVsUVl (Reactants) ds
lqfuf'pr dk;Z dks r; ;k Kkr djrk gS rFkk mlh ds eqrkfcd fo'ks"k izfrfØ;k
ds fy, dks-,Utkbe ls la;ksx djrk gSA

lHkh dksf'kdkvksa esa dks-,UtkbEl lw{e ek=k esa ik;s tkrs gSa rFkk ,UtkbEl
dh rjg ;s ckj&ckj fØ;k djrs gSaA tks gkbMªkstu ,Ve~l ,d izfrfØ;k esa dks-
,Utkbe ds }kjk xzg.k fd;s tkrs gSa] os nwljh izfrfØ;k esa dks-,Utkbe ds }kjk
vU; v.kq dks LFkkukUrj dj fn;s tkrs gaSA ikS/ks vko';d dks-,UtkbEl dks
la'ysf"kr djus esa l{ke gksrs gSa] tcfd tUrq budk la'ys"k.k djus esa vleFkZ
gksrs gSaA
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izk;% lHkh dks-,UtkbEl foVkfeUl (foVkfeu B) gksrs gSaA eq[; dks-
,UtkbEl dks fuEu lkj.kh esa n'kkZ;k x;k gSA

Table no. 3.2: Classification of Co-enzymes Based on
Functional Characteristic

(A) Co-enzymes for Transfer of H

Sr.
No.

Co-enzyme Function Essential Nutritional
Factor or Vitamin

1. Nicotinamide adenine
di-nucleotide (NAD+)

Hydrogen Carrier Nicotinic acid

2. Nicotinamide adenine
di-nucleotide phosphate
(NADP+)

” Nicotinic acid

3. Flavin mononucleotide
(FMN)

” Riboflavin

4. Flavin adenine
dinucleotide (FAD)

” ”

5. Lipoic acid ” None

6. Co-enzyme
Q(Ubiquinone)- An
important component of
ETS in the mitochondria.

” None

(B) Co-enzymes for Group Transfer of Groups Other than H

Sr.
No.

Co-enzyme Function Nutrient Factor or
Essential Vitamins

1. ATP and its relatives Transphosphorylation None

2. Co-enzyme A (CoA) Acetyl or Other acyl
group transfer; fatty
acid synthesis and
oxidation

Pantothenic acid

3. Thiamin
pyrophosphate
(Carboxylase)

Oxidative
decarboxylation of α–
Keto acids; active
aldehyde carrier

Thiamin

4. Pyridoxal phosphate Reactions involving
amino-acids- e.g.
Decarboxylation,
transamination

Pyridoxine
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5. Tetrahydrofolic acid Reactions involving
one carbon
compounds

Folic acid

6. Biotin CO2 transfer Biotin

7. Cobamide coenzyme Carbon chain
isomerizations and
certain –CH3 group
transfer

Cyanocobalamin
(B12)

8. Lipoic acid Oxidative
decarboxytation; acyl
acceptor

None

3-12 foVkfeu (Vitamin)

foVkfeu Hkkstu lqj{kkRed vo;o gaS] tks 'kjhj dks jksxksa ls lqj{kk iznku djrs
gaSA foVkfeu ,d tfVy dkcZfud ;kSfxd gS] tks 'kjhj dh fofHkUu mikip;h
fØ;kvksa] of̀) ,oa fodkl dks fu;fU=r djrk gSA ;|fi 'kjhj dks budh cgqr
lq{e ek=k esa vko';drk gksrh gS] fQj Hkh budh deh ;k vuqifLFkfr ls dbZ
jksx mRiUUk gks tkrs gSaA tSls– jrkSa/kh] csjhcsjh] isykxzk] vjDrrk] LdohZ]
fjdsV~l] :f/kj dk FkDdk ugha teuk] tuu 'kfDr dk de gksuk bR;kfnA
foVkfeu dh deh ls gksus okys jksxksa dks vYirk jksx ;k viw.kZrk jksx
(Deficiency diseases) dgrs gaSA ikniksa esa foVkfeu dk la'ys"k.k gksrk gSA
tUrq ,oa euq"; foVkfeUl dh vkiwfrZ ikS/kksa ,oa muds mRiknksa ls djrs gaSA Hkkstu
idkus dh nks"kiw.kZ Ik)fr ¼vf/kd le; rd xeZ djrs jguk½ ds dkj.k dqN
foVkfeUl u"V gks tkrs gaS] tks gesa Hkkstu ls izkIr ugha gksrs gSaA

lu~ 1911 esa lh- Qad (C. Funk) us crk;k fd Hkkstu esa lk/kkj.k iks"kd
rRoksa ds vykok Hkh dqN vko';d inkFkZ gksrs gaS] tks tUrq 'kjhj esa lkekU; dk;Z
djrs gSaA mlus bUgs foVkfeu uke iznku fd;kA foVkfeu dk ukedj.k vaxszth
o.kZekyk ds cMs+ v{kjksa ds vuqlkj fn;k x;k gSA tSls& A, B, C, D, E, K
bR;kfnA vHkh rd yxHkx 20 izdkj ds foVkfeu dk irk yxk;k tk
pqdk gSA

foVkfeu dk jklk;fud la?kVu (Chemical Composition of
Vitamin)& jklk;fud nf̀"V ls foVkfeu fHkUu&fHkUu gksrs gSaA buesa ls dqN
foVkfeu vYdk sgy] dqN LVsjk Wy (Sterol) ,oa dqN fDouksu (Quinone)
gksrs g Sa A
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3-12-1 foVkfeu dk oxhZdj.k (Classification of Vitamin)

foVkfeUl dks mudh ?kqyu'khyrk ds vk/kkj ij nks Hkkxksa esa foHkDr fd;k x;k
gS&

1- olk esa ?kqyu'khy foVkfeu (Fat Soluble Vitamins)

mnkgj.k&

 foVkfeu A (Retinol)

 D (Calciferol)

 E (Tocopherol)

 K (Phylloquinone)

2- ty esa ?kqyu'khy foVkfeu (Water Soluble Vitamins)

mnkgj.k&

 foVkfeu B1 (Thiamine)

 B2 (Riboflavin)

 B3 (Pentothenic acid)

 B12 (Cyanocobalamine)

 H (Biotene)

 Qksfyd vEy (Folic acid)

 C (Ascorbic acid)

3-12-2 foVkfeu dh ifjHkk"kk (Definition of Vitamin)

foVkfeu tfVy dkcZfud inkFkksZ a dk ,d lewg gS] tks dksf'kdh; mikip; esa
mRizsjdh; :Ik ls lg-izfd.o (Co-enzyme) dh Hkk¡fr dk;Z djrk gSA

3-12-3 foVkfeu dk L=ksr (Source of Vitamin)

ikS/kkas] dodksa rFkk thok.kqvksa }kjk fofHkUu izdkj ds foVkfeUl dk la'ys"k.k] gjh
iŸksnkj lfCt;k¡] Qy] vukt] nw/k] eD[ku] ek¡l] v.Mk] [kehj] xktj] iihrk]
eVj] lw;Z dk izdk'k bR;kfnA
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Lkkj.kh Ø- 3-3% foVkfeUl ds dk;Z vkSj muds egRoiw.kZ L=ksr
(Functions of Vitamins and their Important Source)

Ø- foVkfeu
dk uke

?kqyu'khyrk
,oa u"V gksuk

dk;Z L=ksr ,oa
o;Ld 'kjhj
dh fu;fer
vko';drk

deh ls gksus
okys jksx
o y{k.k

1 foVkfeu A
(Retinol or
Aexophthol)
C40H56

Oklk
esa ?kqyu'khy ,oa
rhoz izdk'k esa
u"V

'kjhj dh
of̀)] jkf=
nf̀"V ds fy;s]
Ropk dks
LoLFk j[kus
ds fy;s ,oa
'ysf"ed
f>Yyh dh
lfØ;rk ds
fy;s

eVj] VekVj]
iihrk] xktj]
Qy] nw/k]
eD[ku] eNyh
ds ;Ñr dk
rsy] v.Ms dh
tnhZ] gjh
iŸksnkj lfCt;ksa
esa bR;kfnA
(2 mg.)

Okf̀) :duk]
jksx
izfrjks/kd
{kerk esa deh
vkuk] Ropk
dk 'kq"d o
'kYdh gksuk]
jrkSa/kh jksx
gksuk]
datDVkbok o
dkfuZ;k dk
'kq"d gksuk
Qyr% us=
dk 'kq"d
gksukA vU/kkiu
¼tsjks¶FkSfYe;k½

2 foVkfeu B
;g
ukbVªkstu ;qä
foVkfeu
gSA ;g
lgizfd.o
ds :Ik esa dk;Z
djrk gSA ;g
yxHkx 11
foVkfeUl dk
lewg gSA
blfy;s bls
foVkfeu B
leqnk;
(Vitamin B
Complex)
dgrs gaSA

3 foVkfeu B1

(Thiamine)
C12H17ON4S

Tky esa
?kqyu'khy ,oa
[kkuk idkus o
ehBs lksMs esa
u"V

lkekU; of̀)]
dkcksZgkbMªsV
mikip; esa]
ân;]
rfU=dk ,oa
isf'k;ksa dh
lfØ;rk ds
fy,]
lgizfd.o dh
rjg

vukt] nkykas]
Qfy;ksa]
lks;kchu dM+s
fNyds okys
Qy] iŸksnkj
lfCt;k¡]
vadqfjr vukt]
nq/k] v.Mk]
[kehj bR;kfnA
(1.5 mg)

of̀) :duk]
Hkw[k de
yxuk]
otu ?kVuk]
csjs-csjh jksx
gksuk] Fkdku
yxuk]
cngteh] isV
dh [kjkch]
ân; dk
detksj gksukA



,UtkbEkksa ds fu;ked---

198

fVIi.kh

Lo-vf/kxe
ikB~; lkexzh

4 foVkfeu B2

(Riboflavin)
C17H20O6N4

Tky
esa ?kqyu'khy
,oa izdk'k esa
u"V

'kjhj dh
of̀)]
dkcksZgkbMªsV
mikip;
vk¡[kksa dh
lfØ;rk]
lgfodj
ds :Ik esa

;dr̀] ekal]
nw/k] gjh iŸksnkj
lfCt;ksa] v.Mk]
[kehj] xsgw¡]
puk] I;kt
bR;kfnA
(2 mg.)

of̀) dk :d
tkuk] /kqa/kyh
nf̀"V dk
gksuk
¼eksfr;kfcUnq½
thHk ij Nkys
iM+ tkuk]
vle;
cq<+kik vkuk]
vf/kd izdk'k
dks lgu ugha
dj ikuk]
Ropk esa
tyu o
lwtu vk
tkukA

5 foVkfeu B3

(Pentothenic
acid)
C9H17O5N

Tky
eas ?kqyu'khy
,oa u"V gksus
dk Li"V ugha

Lkgizfd.o
dk ?kVd]
mikip;h
fØ;kvksa esa
Hkkx ysuk

;Ñr] oD̀d]
ekal] eVj]
[kehj] VekVj]
ew¡xQYyh] xqM+]
nw/k] v.Ms
bR;kfn esaA
(5-10 mg)

Ckky lQsn
gksuk] cq<+kis
ds y{k.k
tYnh izdV
gksuk] Ropk
'kksFk bR;kfnA

6 foVkfeu B5

(Niacin or
Nicotinamide)
C6H5NO2

Tky
esa ?kqyu'khy
,oa idkus esa
u"VA

Lkgizfd.o dh
Hkk¡fr dk;Z
djuk]
mikip;
fØ;k esa Hkkx
ysus okys
NAD vkSj
NADP dk
Hkkx gksrk gaSA

oD̀d] ;dr̀]
nw/k] [kehj]
v.Ms] vukt ds
fNyds]
e¡wxQyh] eVj]
lse] eNyh]
gjh iŸksnkj
lfCt;k¡]
VekVj] vkyw
bR;kfnA
(20 mg)

isykxzk
(Pellagra)
jksx gksuk]
ftleas
efLRk"d ,oa
ikpu rU=
Bhd izdkj
ls dk;Z ugha
djrs] thHk
dk fpdukiu
Ropk ij
QksM+s&Qqalh
dk gksukA

7 foVkfeu B6

(Pyridoxine)
C8H12O3N

Tky
esa ?kqyu'khy
,oa idkus o
eq[kh; xHkZ
fujks/kd xksfy;ksa
ls u"VA

gheksXyksfcu
la'ys"k.k esa
Hkkx ysuk]
vehuks vEy
o izksVhu ds
mikip; esa
lgizfd.o dk
dk;ZA

vukt] gjh
iŸksnkj]
lfCt;k¡] ;dr̀]
oD̀d] ekal]
eNyh] cszM]
Qyh okys cht]
vukt] nw/k]
[kehj bR;kfnA
(2 mg)

peZ jksx]
otu dh
deh]
vjDrrk
gksuk]
efLr"d dk
Bhd ls dk;Z
ugh djukA

8 foVkfeu B9

;k M
(Folic acid)
C19H19N7O6

Tky
esa ?kqyu'khy

:f/kj
df.kdkvksa ds
fuekZ.k esa]
U;wfDyd
vEy ds
mikip; esa

Ikkyd]
iŸkkxksHkh]
oD̀d] ;dr̀]
e'k:e] xsg¡w]
lks;kchu]
eVj]

euq"; ds eq[k
esa uklwj iM
tkuk]
vjDrrk]
isfp'k
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VekVj] dsyk
bR;kfnA
(0.5 mg)

9 foVkfeu B7 ;k
H (Biotin))
C12H16N2O3S

Tky esa
?kqyu'khy
,oa izfrtSfodh
o lYQk
vkS"kf/k;ksa ds
yEcs le; rd
mi;ksx djus ls
u"VA

fofHkUu
dkcksZDlyh-
dj.k ,oa
fodkcksZfDl-
yhdj.k
fØ;kvksa esa
Hkkx ysuk]
dkcksZgkbMªsV
mikip; esa
Ropk ,oa
ckyksa dh
lqj{kkA

;Ñr] oD̀d]
v.Mihrd]
nw/k]lfCt;k¡]
Qyksa] nkykas]
ekal] fxjhnkj
Qy] bR;kfn
vk¡r esa
mifLFkr
thok.kqvksa }kjk
Hkh la'ysf"kr
gksrk gSA
¼lk/kkj.k [kqjkd
esa Ik;kZIr ek=k½

Ekkuo esa
ydok] 'kjhj
esa nnZ] ckyksa
dk fxjuk]
of̀) esa dehA

10 foVkfeu B12

(Cyanocobai-
amin)
C63H90O14N14

Tky
esa ?kqyu'khy
,oa vf/kd rki
ls u"V

Ykky :f/kj
df.kdkvksa ds
fuekZ.k ,oa
ifjiDou esa]
U;wfDyd
vEy ds
la'ys"k.k esa]
ukbVªkstu
mikip; esa

;dr̀]
v.M;ksd]
eNyh] nw/k]
iuhj bR;kfn esa
(3 mg)

:f/kj dh
deh gksuk]
yky :f/kj
df.kdkvks dk
vkdkj c<+
tkukA

11 foVkfeu C
(Ascorbic
acid)
C6H8O6

Tky
esa ?kqyu'khy
,oa rki o
izdk'k esa u"V

nk¡rkas dk
MsUVhu o
vfLFk;ksa dk
vk/kk=h
cukrk gSA
nk¡rkas dk
fodkl ,oa
etcwrh]
elwM+ksa dh
fujksxrk] ?kko
Hkjuk
bR;kfnA

[kês Qyksa esa
tSls& larjk]
uhacw] VekVj]
vukul] vaxwj]
vk¡oyk bR;kfn
esa (50 mg)

LdohZ jksx
gksuk ftlesa
elwMksa ls
jDr o eokn
vkuk] elwM+ksa
dk Qwyuk]
vfLFk;ksa dk
detksj gksuk]
Ropk dk
QVuk] Ropk
ij yky /kCcs
o pdrs gksuk

12 foVkfeu D
(Calciferol)
C28H43OH

Oklk
esa ?kqyu'khy
,oa eq[kh;
xHkZfujks/kd
xksfy;ksa ls

:f/kj esa Ca
o P dk
larqyu
cukuk] nk¡rkas
o vfLFk;ksa
dh lkekU;
of̀)] Ca o P
ds vo'kks"k.k
dh {kerk esa
of̀) djukA

nw/k] eD[ku]
v.Mk] dkWM ;k
gsfyckj ;Ñr
dk rsy]
Ropk }kjk lw;Z
ds izdk'k esa
foVkfeu D dk
la'ys"k.k
bR;kfnA
(0.01 mg)

cPpksa esa
fjdsV~l ¼lw[k
jksx½ nk¡rks
dk detksj
gksuk] nk¡rksa
dk lM+uk
¼ik;fj;k½
cM+ksa esa
vkWfLV;kses-
ysfl;k jksx
gksukA

13 foVkfeu E
(Tocopherol)
C29H50O2

Oklk
esa ?kwyu'khy
,oa rki esa u"V

Tkuu vaxksa
dh lkekU;
of̀) ds fy;s]

iŸksnkj lfCt;ksa]
fcukSyk ,oa
lks;kchu rsy esa

Tkuu 'kfDr
dk de gksuk
¼cU/;rk½]
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mikip; ,oa
isf'k;ksa dh
of̀) ds fy,
dk;Z djrk
gSA

nw/k] eD[ku]
vadqfjr xsgw¡]
lykn] vYQk]
vYQk dh
ifŸk;ksa esaA
(15 mg)

i{kk?kkr dh
fLFkfr vkukA

14 foVkfeu K
(Phylloquin-
one)
C31H46O2

Oklk
esa ?kwyu'khy
,oa izfr
tSfodh; lYQk
vkS"kf/k;ksa ds
yEcs le; rd
mi;ksx djus ls
u"VA

:f/kj esa
izksFkzksfEcu ds
fuekZ.k eas]
:f/kj dk
FkDdk cukus
esaA lgizfd.o
Q ds :Ik esa
bysDVªkWu
okgd dk
dk;ZA

cFkqvk] ikyd]
QqyxksHkh]
iŸkkxksHkh]
v.M;ksd]
iuhj] VekVj]
vk¡r esa
lgthoh
thok.kqvksa }kjk
la'ys"k.kA
(0.07-0.14 mg)

:f/kj dk
yxkrkj
cguk] ,saBu
vkfnA

3-13 viuh izxfr tk¡fp, iz’uksa ds mŸkj (Answers to
Check Your Progress)

1- ¼[k½

2- ¼d½

3- ¼x½

4- ¼?k½

5- ¼d½

6- ¼x½

7- ¼?k½

8- ¼[k½

3-14 lkjka'k (Summary)

izR;sd izk.kh esa rkieku lgu/ogu djus dh {kerk ,d fuf'pr lhek esa ik;h
tkrh gSA ;s {kerk rkieku lgu djus dh fofHkUu tkfr;ksa esa fHkUu gksrh gSA
bldk bl ikB esa ljy rjhds ls foLrkj ls le>k;k gSaA ,UtkbEl (Enzymes)

izksVhu ds cus] vf/kd v.kqHkkj okys tfVy dkcZfud inkFkZ gaSA budh ifjHkk"kk]
uke ,oa oxhZdj.k dks foLrkj ls crk;k x;k gSA

bl ikB esa foVkfeu Hkkstu dk lqj{kkRed vo;o gSA ;s 'kjhj dh jksxksa ls
lqj{kk iznku djrs gSaA



,UtkbEkksa ds fu;ked---

Lo-vf/kxe
ikB~; lkexzh 201

fVIi.kh

3-15 eq[; 'kCnkoyh (Key Terminology)

 ferrkih (Stenothermal)

 vlherkih (Eurythermal)

 vlerkih (Poikilothermic)

 lerkih (Homeothermic)

 fo"kerkih; (Heterothermy)

 fofdj.k (Radiation)

 mRltZdrk (Emissivity)

 pkyu (Conduction)

 vi?kVu (Hydrolysis)

 vkblksesjslst (Isomerases)

 vkblksejkbts'ku (Isomerization)

 VªkUlkehuslsl (Transaminases)

 Vitamins, A, B, C, D, E, K Retinol, Thiamine

3-16 Lo-ewY;kadu iz'u ,oa vH;kl (Self Assessment
Questions and Exercises)

y?kq mŸkjh; iz'u (Short Answer Type Questions)

1- Lkaf{kIr fVIi.kh fyf[k,&

(i) vlerkih

(ii) fofdj.k

(iii) laogu

(iv) mRltZdrk

2- Rkki mRiknu dk laf{kIr esa o.kZu dhft,A

3- Rkki fu;U=.k dk o.kZu dhft,A

4- Lkaf{kIr fVIi.kh fyf[k,&

(i) fo"kerkih

(ii) vlherkih

(iii) dEiu@daidaih

(iv) lerkih

5- Rkki fu;eu ds dkjdksa dk o.kZu dhft,A
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6- xeZ jDr izkf.k;ksa ds 'kjhj dk vkUrjre rkiØe dk o.kZu dhft,A

7- 'kjhj ,oa okrkoj.k ds e/; Å"ek fofue; dk laf{kIr esa o.kZu dhft,A

8- Lkaf{kIr esa o.kZu dhft,&

(i) Å"ek dh gkfu

(ii) ,DlxksZfud fØ;k,¡

(iii) Å"ek jks/ku

(iv) ty dk ok"iu

(v) gkWeksZuy fu;U=.k ¼rki fu;eu½

(vi) ferrkih

9- Lkerkih ,oa vlerkih esa vUrj mnkgj.k lfgr o.kZu dhft,A

10- fuEufyf[kr ij fVIi.kh fyf[k,&

(i) VªkUlQsjst

(ii) gkbMªksystst

(iii) vkWDlhMs'ku&fjMD'ku ,Utkbe

11- ,Utkbe dh uke i)fr dk laf{kIr esa o.kZu dhft,A

12- ,Utkbe ds oxhZdj.k dk laf{kIr esa o.kZu dhft,A

13- Yskgfyaxj dk ,Utkbe dk oxhZdj.k o.kZu djksA

14- Lkaf{kIr fVIi.kh fy[kks&

(i) jklk;fud vfHkfØ;kvksa ds izdkj dks mRizsfjr djus okys ,UtkbEl

(ii) ,UtkbEl dh jklk;fud laxBu ds vuqlkj Jsf.k;k¡

(iii) izksVhu dks vi?kVu djus okys ,UtkbEl

15- ,UtkbEl dh vfHkfØ;k ds eq[; fcUnqvksa dk o.kZu dhft,A

16- ,utkbEl dh lfØ;rk dks fu;fU=r djus okys dkjd dk uke crkb;sA

17- fuEufyf[kr ij fVIIk.kh fyf[k,&

(i) ,Utkbe vfHkfØ;k ds vUrxZr gksus okys ifjorZu

(ii) vfHkizsfjr vuq:irk ifjdYiuk

(iii) rkyk d¡qth lk¡pk dh ifjdYiuk

18- ,utkbe dh lfØ;rk dks fu;fU=r djus okys dkjdksa dk laf{kIr o.kZu
dhft,A

19- fdUgha nks ij laf{kIr fVIi.kh fyf[k,&

(i) ,utkbe fujks/kd

(ii) ,fDVosVlZ

(iii) fd.oHkkst lkUnzrkA
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nh?kZ mŸkjh; iz'u (Long Answer Type Questions)

1- rki fu;U=.k ls vki D;k le>rs gaS\ izkf.k;ksa esa rki fu;U=.k dk o.kZu
dhft,A

2- lerkih ,oa vlerkih ls vki D;k le>rs gaS\ izkf.k;ksa esa rki
fu;U=.k ,oa rki fu;U=.k dkjdksa dk o.kZu dhft,A

3- izkf.k;ksa esa rki fu;U=.k ij ,d fuca/k fyf[k,A

4- izkf.k;ksa esa rki fu;eu] fu;U=.k ,oa fofHkUu dkjdksa dk o.kZu dhft,A

5- 'kjhj ds lkekU; rkiØe ls vki D;k le>rs gSa izkf.k;ksa ds 'kjhj ,oa
okrkoj.k ds e/; Å"ek fofue; dk o.kZu dhft,A

6- Rkki fu;eu dh ifjHkk"kk nhft,A vlerkih ,oa lerkih izkf.k;ksa esa rki
fu;eu ,oa fu;U=.k dk o.kZu dhft,A

7- ferrkih] vlherkih ls vki D;k le>rs gSa\ izkf.k;ksa esa rki mRiknu ,oa
fu;eu dk o.kZu dhft,A

8- izkf.k;ksa ds 'kjhj esa Å"ek mRiknu ,oa 'kjhj ,oa okrkoj.k ds e/; Å"ek
fofue; dk foLrkj ls o.kZu dhft,A

9- ty dk ok"iu] mRltZdrk ,oa fofdj.k ls vki D;k le>rs gks\ rki
fu;eu ,oa fu;U=.k dks d'ks:d izkf.k;ksa esa o.kZu dhft,A

10- rki fu;eu dks fdl oSKkfud us n'kkZ;k Fkk\ vlerkih ,oa lerkih
izkf.k;ksa esa vUrj n'kkZrs gq,] rki fu;eu ij ,d laf{kIr fuca/k fyf[k,A

11- ,Utkbe D;k gS\ budh fo'ks"krkvksa dk o.kZu dhft,A

12- ,Utkbe ls vki D;k le>rs gSa\ ,Utkbe fdrus izdkj ds gksrs gSa\

13- ,Utkbe dh ifjHkk"kk nhft,A ,Utkbe dh uke i)fr ,oa oxhZdj.k dk
o.kZu djksA

14- ,Utkbe dh uke i)fr ,oa oxhZdj.k ij ,d fuca/k fy[kksA

15- ,Utkbe dh ifjHkk"kk nhft,A ,Utkbe dk vUrjkZ"Vªh;
tSo&jlk;fudh ;qfu;u ds vuqlkj oxhZdj.k dk o.kZu dhft,A

16- ,Utkbe dh uke i)fr ,oa ysgfyaxj dh oxhZdj.k i)fr dk o.kZu
dhft,A

17- ,Utkbe dh ifjHkk"kk nhft,A ,Utkbe dh uke i)fr ,oa oxhZdj.k
ij ,d ys[k fyf[k,A

18- ,Utkbe vfHkfØ;k dh fØ;kfof/k ij ,d fuca/k fyf[k,A

19- ,Utkbe D;k gS\ ,UtkbEl dh fØ;kfof/k dk o.kZu dhft,A

20- ,Utkbe D;k gS\ ,UtkbEl dh fo'ks"krk,¡ ,oa fØ;kfof/k dk mYys[k
dhft,A
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21- ,UtkbEl dh dk;Zfof/k ds vUrxZr gksus okys ifjorZu ,oa fØ;kfof/k dk
o.kZu dhft,A

22- ,UtkbEl vfHkfØ;k dh fØ;kfof/k ,oa fu;fU=r djus okys dkjdksa dk
o.kZu dhft,A

23- ,UtkbEl dh fØ;kfof/k dks le>kb;sA

24- ,UtkbEl dh fØ;kfof/k dks le>kus ds fy, fofHkUu ifjdYiukvksa dk
o.kZu dhft;sA

25- fepsfyl ,oa es.Vsu ds fl)kUr dk o.kZu dhft,A

26- ,Utkbe vfHkfØ;k dh fØ;kfof/k ij ,d ys[k fyf[k,A

3-17 lgk;d ikBî lkexzh (Suggested Readings)

Books of MP Hindi Granth Academy

1. Parker & Haswall : Text Book of Vertebrate Zoology

2. Kotpal, RL : Vertebrate

3. Jordan, EL and Verma, PS : Chordate Zoology

4. Rastogl, VB : Organic Evolution

5. Singh and Chaturvedi : Organic Evolution

6. Ernst W. Mayr : Evolution and the Diversity of
life

7. Colbert : Evolution

8. Verma, PS and Agrawal, VK : Cell Biology, Genetics,
Molecular Biology, Evolution

9. Verma PS : Animal Physiology

10. Nigam, HL : Animal Physiology

11. Wood, DW : Principle of Animal Physiology

12. Berry, AK : Animal Physiology and
Biochemistry

13. Prosser, CL : Animal Physiology and
Biochemistry

14. Goyal and Shastri : Animal Physiology

15. Shrivastava, HS : Biochemistry

16. Lehninger : Biochemistry
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bdkbZ 4 rfU=dk-is'kh; leUo;u
(Neuro-Muscular Co-ordination)

Lakjpuk (Structure)

4-0 ifjp;
4-1 mÌs';
4-2 rfU=dk ds izdkj] U;wjksfXy;k dksf'kdk vkSj mlds dk;Z
4-3 U;wjksfXy;k ds dk;Z

4-3-1 jklk;fud laxBu

4-4 rfU=dk vkosx laogu dh dkf;Zdh
4-4-1 rfU=dk vkosx

4-5 rfU=dk vkosx dh dkf;Zdh
4-5-1 foJke {kerk@foHko
4-5-2 iqu%/kqzo.k
4-5-3 rfU=dk vkosx laogu dh fØ;k-fof/k

4-6 mPNyu izlkj.k
4-6-1 ;qXekuqca/ku
4-6-2 rfU=dk vkosx dh ÁÑfr
4-6-3 izfr{ksi fØ;k@Lor% iszfjr fØ;k
4-6-4 izfr{ksi izfrfØ;kvksa ds izdkj

4-7 isf'k;ksa dh lajpuk vkSj muds izdkj
4-7-1 isf'k;ksa ds izdkj

4-8 is'kh; ladqpu ds fl)kUr ,oa mldh tSo&jlk;fudh
4-8-1 is'kh-ladqpu dh fØ;kfof/k
4-8-2 mÙkstu-ladqpu ;qXeu
4-8-3 is'kh-ladqpu ds fl)kUr
4-8-4 is'kh-ladqpu dk liZ.k fl)kUr
4-8-5 fo|qr vkos'kh; fl)kUr
4-8-6 is'kh; ladqpu dk vkf.od fl)kUr
4-8-7 is'kh-ladqpu ds le; gksus okys jklk;fud ifjorZu
4-8-8 dksjh pØ
4-8-9 ân;h is'kh esa ladqpu
4-8-10 vjsf[kr is'kh esa ladqpu
4-8-11 is'kh Fkdku

4-9 is'kh ladqpu dks izHkkfor djus okys dkjd
4-9-1 is'kh ladqpu dh vkSftZdh

4-10 viuh izxfr tk¡fp, iz'u ds mŸkj
4-11 lkjka'k
4-12 eq[; 'kCnkoyh
4-13 Lo-ewY;kadu iz'u ,oa vH;kl
4-14 lgk;d ikB~; lkexzh
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4-0 ifjp; (Introduction)

blds vUrxZr rfU=dk rU= vkSj is'hk; ladqpu vkrk gSA rfU=d vkSj is'kh]
'kjhj esa dSls dk;Z djrh gS] vkSj 'kjhj dks vyx-vyx ifjfLFkfr esa dSls
lEHkkyrh gSA

4-1 mÌs'; (Objectives)

rfU=dk vkSj is'kh ds dk;Z vkSj budk 'kjhj dks pykus esa lUrqyu fofHkUu]
(Enzymes) vkSj (Chemical reaction) vkSj gkjeksu dh en~n ls dSls gksrk
gS] ;gh mÌs'; ls bldks Ik<+kbZ esa lfEefyr fd;k gSA

4-2 rfU=dk ds izdkj] U;wjksfXy;k dksf'kdk vkSj mlds
dk;Z (Types of Neurons, Neuroglia Cells and
their Function)

rfU=dk dksf'kdkvks ls fudyus okys izo/kksZ a dh la[;k ds vk/kkj ij ;g
dksf'kdk,¡ rhu izdkj dh gksrh gSa&

1- v/kqzoh; (Apolar)& U;wjksUl blesa izo/kksZa dk vHkko gksrk gSA ;g Hkzw.kh
U;wjks,DVksMeZy (Neuroectodermal) dksf'kdkvksa esa ik;s tkrs gSaA

2- ,d/kzqoh; (Unipolar)& bl izdkj dh rfU=dk dksf'kdkvksa esa ,DlkWu
(Axon) uked izo/kZ ,d gh gksrk gSA MsUMªkWu (Dendron) dk vHkko gksrk
gSA bl izdkj dh rfU=dk dksf'kdk,¡ lsjsczksLikbuy xSaxfy;ksu
(Cerebrospinal ganglion) esa feyrh gSaA

3- f}/kzqoh; (Bipolar)& bu rfU=dk dksf'kdkvksa ds nksuksa fljksa ls ,d-,d
izo/kZ fudyk gksrk gSA buesa ls ,d izo/kZ yEck ,DlkWu (Axon) rFkk
NksVs vkdkj dk MsUMªkWbV (Dendrite) dgykrk gSA ;g rfU=dk,¡ vk¡[k
dh jsfVuk (Retina of eyes) ,oa vkBoha diky rfU=dkvksa esa feyrh gSaA

4- L;wMks;wfuiksyj U;wjkWUl (Pseudounipolar neurons)& bl izdkj ds
f}/kzqoh; U;wjkWUl lHkh lq"kqEuk dh xqfPNdkvksa esa ik;s tkrs gSa] lkFk-gh-
lkFk ;g dikyh; rfU=dkvksa (Cranial nerves) dh xqfPNdkvksa esa ik;s
tkrs gSaA izkjaHk esa ;g U;wjkWUl izk#ih f}/kzqoh ,oa rdZq-#ih (Spindle-
shaped) gksrs gSaA fodkl tSls gh vkxs c<+rk gS izo/kZ ,d LFkku ij
vkil esa fey tkrs gSaA dksf'kdkdk; ds ,d vksj T-vkdkj dh lajpuk
cu tkrh gSA bldh ,d 'kk[kk MsUMªkbV rFkk nwljh 'kk[kk ,DlkWu ds
#i esa gksrh gSA
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5- cgq/kqzoh; (Multipolar)& bl izdkj dh rfU=dkvksa esa ,d ,DlkWu
(Axon) rFkk vusd MsUMªkbV~l (Dendrities) rfU=dk dksf'kdkvksa ds fljksa
ls fudyrs gSaA ;g rfU=dk dksf'kdk,¡ efLr"d (Brain) ,oa lq"kqEuk
(Spinal cord) esa ik;h tkrh gSaA bl izdkj ds U;wjkWUl dk vkdkj
MsUMªkbV~l (Dendrities) dh fLFkfr ,oa la[;k ij fuHkZj djrk gSA

mnkgj.k& lsjsczy dkVsZDl (Cerebral Cortex) dh ifdZUts dksf'kdk,¡
(Purkinje cells) rFkk pkyd dkVsZDl (Motor cortex)] fijsfeMy
dksf'kdk (Pyramidal cell) ,oa Vªkbtsfeuy rfU=dk ds lq"kqEuk dsUnzd
(Spinal nucleus) ls NksVs U;wjkWUl lq"kqEuk (Spinal cord) ds v/kjh; Jaxq
(Ventral horn) ls pkyd U;wjkWUl vkfnA

Multipolar

Apolar

Pseudo-unipolarUnipolar Bipolar

fp= Ø- 4-1% Diagram to Show basic Morphological
Features of the Types of Neurones

nwljs oxhZdj.k ds vuqlkj U;wjkWUl (Neurons) nks lewgksa (Groups) esa
oxhZÑr fd;s x;s gSa&

 lewg I& xkYth izdkj-I (Golgi type I)& bl izdkj ds U;wjkWUl
(Neurons) dk ,DlkWu@rfU=dk{k (Axon) vR;f/kd yEck gksrk gS] bldk
dsUnzh; rfU=dk rU= (Central nervous system) ds /kwlj inkFkZ (Grey
Matter) ml ckgjh Hkkx ls foLr̀r iFk gksrk gS tgk¡ dksf'kdkdk; ik;s
tkrs gSa vkSj ;g 'osr inkFkZ (White matter) esa tkrk gSA ;g dksf'kdk,¡
U;wjkWUl dk lewg cukrs gSaA lq"kqEuk ,oa efLr"d dh ifj/kh; rfU=dk,¡
(Peripheral nerves) eq[; rUrq ds iFk dks cukrs gSaA

 lewg II& xkYth izdkj-II U;wjkWUl (Golgi type II-neurons)& ;g
LVhysV izdkj ds rFkk buds U;wjkWUl NksVs gksrs gSaA ;g /kwlj inkFkZ
(Grey matter) dk og Hkkx ugha NksM+rs ftlesa dksf'kdkdk; (Cell
bodies) gksrh gSaA ;g dksf'kdk,¡ us= dh jsfVuk] lsjsczsyj (Cerebreller
and celebral) dkVsZDl esa ik;s tkrs gSa SA ;g U;wjkWUl xksykdkj] v.Mkdkj
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(Oval)] uk'kikrh ds vkdkj dk (Pyriform) cgqHkqth; (Polyhedral)
gksrs gSa ftlesa vuds izo/kZ fudys jgrs gSa tks bldks rkjs (Star) dh
vkÑfr nsrs gSaA

jklk;fud inkFkksZaa dks eqDr djus ds vk/kkj ij U;wjkWUl (Neurons) nks
izdkj ds gksrs gSa&

(i) ,sMªsuftZd U;wjkWu (Adrenergic neuron)& bl izdkj ds U;wjkWUl
gkeksZu LoHkko ds jklk;fud inkFkZ dks eqDr djrs gSaA vf/kdka'k i'p
xqPNdh; vuqdEih rUrq (Post ganglionic sympathetic fibres)
flEisfFku (Sympathin) dks eqDr djrs gSa( ;g ,Mªksusfyu (Adronaline)
gkeksZu ds leku gksrk gS] bl dkj.k budks ,MªsuftZd U;wjkWUl
(Adrenergic neurons) dgrs gaSA

(ii) dkWfyuftZd U;wjkWUl (Cholinergic neurons)& ;g ,d izdkj dk
jklk;fud inkFkZ ,flfVy dksykbu (Acetyl choline) dks mRikfnr
djrh gS] blh dkj.k bldks dkWfyuftZd U;wjkWUl (Cholinergic neurons)
dgrs gSaA bl Js.kh ds vUrxZr i'p xqfPNdh; ijkuqdEih (Post
ganglionic para sympathetic) ,oa vuqdEih (Sympathetic) rUrq tks
Losn xzfUFk;ksa (Sweat glands) ,oa xHkkZ'k; (Uterus) esa ik;s tkrs gSa]
vkrs gSaA

dk;kZRed #i ls U;wjkWUl (Neurons) fufEufyf[kr izdkj ds gksrs gSa&

(a) laosnh U;wjkWUl (Sensory neurons)& laosnh U;wjkWUl esa dsoy ,d rUrq
gksrk gS tks dksf'kdkdk; ds ikl nks 'kk[kkvksa esa foHkkftr gksrk gSA
laosnh U;wjkWUl dsoy xzkgrk vaxksa (Receptor organs) esa ik;s tkrs
gSaA ;g U;wjkWUl dsUnzh; rfU=dk rU= dh vksj vkosx dks laokfgr djrs
gSaA

(b) pkyd U;wjkWUl (Motor neurons)& bl izdkj ds U;wjkWUl efLr"d ,oa
lq"kqEuk ls vkosxksa dks 'kjhj ds vU; Hkkxksa dks laokfgr djrs gSaA

(c) vfHkokgh rfU=dk rUrq (,sQsjsUV uoZ Qkbcj& Afferent nerve
fibres)& bu rUrqvksas }kjk mÌhiu@mRihM+u (Stimuli) laosnh vaxkas
(Sensory organs) ls efLr"d (Brain) ;k lq"kqEuk (Spinal cord) dks ys
tk;s tkrs gSaA bl dkj.k bu rfU=dkvksa dk LoHkko laosnh (Sensory)
gksrk gSA ;g nks izdkj dh gksrh gSa&

(i) nSfgd laosnh (Somatic sensory) ,oa

(ii) foljy laosnh (Visceral sensory)A ;g rfU=dk,¡ 'kjhj dh cká
lrg (External surface) ,oa vUrjkaxks (Internal organs) ls
mÌhiu ds izHkkoksa dks xzg.k djrs gSaA
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(d) viokgh rfU=dk rUrq ¼bQsjsUV uoZ Qkbcj& Efferent nerve
fibres)& ;g rfU=dk rUrq efLr"d (Brain) ;k lq"kqEuk (Spinal cord)
ls izkIr mÌhiu ds izHkkoksa dks vaxks rd laokfgr djrh gSaA bl
dkj.k ;g LoHkko izsjd@pkyd (Motor) gksrs gSaA ;g nks izdkj ds
gksrs gSa&

(i) nSfgd iszjd (Somatic motor)]

(ii) foljy iszjd (Visceral motor)A

b.VsU;ZwjksUl (Interneurons) laosnh@vfHkokgh (Sensory) ,oa viokgh@
pkyd (Motor) U;jksUl ds chp esa ik;s tkrs gSa] tks vusd egRoiw.kZ
dk;Z ,d rFkk vusd ifjorZuh; iFkksa }kjk ladsrkas dks izokg djrs gSa] dqN
ladsrksa dh rhozrk esa o`f) djrs gSa] nwljksa dh 'kfä dks de djrs gSa vkSj
folfjr L=ksrksa ds ladsrksa dks vusd pkyd fØ;kvksa ds fy, lh[kus ds fy,
lek;ksftr djrs gSaA

U;wjksL=koh U;jksUl (Neurosecretory Neurons) og gksrs gSa tks fd
U;wjksgkeksZUl (Neuro-hormones) dks L=kfor djus ds fy, fof'k"Vrk j[krs gSa]
rFkk ;g LorU= #Ik ls ,d bdkbZ ds #Ik esa vkosxksa dks rfU=dk rU= ds vUnj
gh laokfgr ;k lapkfjr djus ds fy, dk;Z djrs gSa] ysfdu rfU=dk{k (Axon)
dk nwjLFk Hkkx jä /kkjk ds ikl jgrk gSA

viuh izxfr tk¡fp, (Check Your Progress)

1- fuEu esa ls dkSu-lh ,d rfU=dk Ård dh bdkbZ gS\

¼d½ ,DlkWu ¼[k½ U;wjkWUl

¼x½ MsUMªkbV~l ¼?k½ ek;yhu 'khFk

2- izR;sd rfU=dk rUrq pkjksa vksj ,oa nwljs cUMy ls ,d irys Lrj ls
f?kjh jgrh gS bldks dgrs gSa _______
¼d½ ,.MksU;wfj;e ¼[k½ bfiU;wfj;e

¼x½ ,sDlksU;wfj;e ¼?k½ isfjU;wfj;e

3- rfU=dk rUrq is'kh rUrq ls _______ ds }kjk fHkUu gksrh gSA

¼d½ lkdksZysek ¼[k½ js[kk,¡

¼x½ MsUMªkbV~l ¼?k½ ek;ksQkbfczYl

4- esMqysVsM rfU=dk rUrq esa jsfUo;j ds uksM gaS_______
¼d½ ,DlkWu ds Qwyus dk {ks=

¼[k½ jsf[kr isf'k;ksa esa cuus okys uksMl

¼x½ vkek'k; dh fHkfÙk esa ik;s tkus okys {ks=

¼?k½ og {ks= tgk¡ ek;fyu 'khFk ,DlkWu dks Nwrh gS
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5- fuEufyf[kr esa ls dkSu lh lajpuk,¡ fo'ks"k #i ls rfU=dk dksf'kdk
dh gSa\

¼d½ dsUnzd ,oa lk;VksIykTe

¼[k½ ,DlkWu ,oa MsUMªkbV~l

¼x½ osD;wYl ,oa rUrq

¼?k½ ;qXekuqca/ku ,oa xqfPNdk

6- fuly xzsU;wYl izeq[k #Ik ls ik;s tkrs gSa_______
¼d½ usÝku ¼[k½ U;wjkWu

¼x½ lk;Vksu ¼?k½ MsUMªkbV~l

7- 'oku dksf'kdk,¡ ,oa jsfUo;j ds uksM _______ esa ik;s tkrs gSaA

¼d½ U;wjkWUl ¼[k½ dkUMªksCykLV

¼x½ ekLV dksf'kdks ¼?k½ vksfLV;ksCykLV

8- iw.kZ rfU=dk la;ksth Ård dh ,d lQsn eksVh Lrj ls vkofjr gksrh
gS tks _______ dgykrh gSA

¼d½ ,.MksU;wfj;e ¼[k½ bfiU;wfj;e

¼x½ U;wjsysek ¼?k½ isfjU;wfj;e

4-3 U;wjksfXy;k ds dk;Z (Function of Neuroglia)

(i) lgkjk (Support) iznku djrs gSaA

(ii) vijks/ku (Insulation) dk dk;Z djrs gSaA

(iii) QSxkslk;Vksfll@thok.kqHk{k.k (Phagocytosis) dk dk;Z djrs gSaA
foÑfr ;k jksxk.kq voLFkk esa ekbØksfXy;k] vehck leku vkSj thok.kqHk{kh
gks tkrs gSaA ;g dsUnzh; rfU=dk rU= dh jä okfgfu;ksa ,oa esfuUtsl
(Meninges) esa ?kwedj thok.kqvksa dk Hk{k.k djrs gSaA lwtu
(Inflammation) ;k jksxh voLFkk esa budh la[;k esa of̀) gks tkrh gSA

(iv) ,sLVªkslk;V~l (Astrocytes) jä okfgfu;ksa dh fHkfÙk ds pkjksa vksj ik;s
tkrs gSa vkSj U;wjksUl (Neurons) ds vk;fud okrkoj.k ds fu;eu dk
dk;Z djrs gSa rFkk jä-efLr"d ds foyxu (Barrier) dk dk;Z djrs gSaA

(v) dsfUnz; rfU=dk rU= (Central nervous system) esa “oku dksf'kdk
(Schwann cells) ds leku vksfyxksMsUMªkslk;V (Oligodendrocyte)
ek;fyu vkoj.k@'khFk (Myelin sheath) dk fuekZ.k djrs gSaA
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4-3-1 jklk;fud laxBu (Chemical Composition)

thfor foJke voLFkk esa rfU=dk Ård gYdk {kkjh; (Alkaline) gksrk gSA
lfØ; voLFkk ;k èR;q ds i'pkr~ ;g vEyh; (Acidic) gksrk gSA

rfU=dk Ård dk izeq[k y{k.k gS& vR;f/kd dksysLVªkWy
(Cholesterol) ,oa QkWLQksfyfiM (Phospholipid) dh mifLFkrhA

rfU=dk Ård dk vkSlru jklk;fud laxBu fuEu izdkj gksrk gS&

 ikuh (Water) 80%

 Bksl (Solid) 20% yxHkxA

 f'k'kqvksa esa ;k cPpksa esa yxHkx 46% Bksl inkFkZ gksrs gSaa ,oa

 37% Bksl inkFkZ o;Ld izkf.k;ksa esa ik;s tkrs gSaSA

Bksl inkFkksZa ds vUrxZr (Under the Solid Materials)

(a) izksVhu (Protein)& lQsn inkFkZ (White matter 10%) ,oa /kwlj inkFkZ
(Grey matter) esa 8%A blds vUrxZr QkWLQksfyfiM~l (Phospholipids)]
fylkbfFku (Lecithin)] fLQUxksek;fyu (Sphingomyelin)( dksyLVªkWy
(Cholestrol) ,oa vkaf'kd #Ik ls U;wVªy olk (Neural fat) vkrs gSaA

(b) dkcksZgkbMªsV (Carbohydrate)& blds vUrxZr lsjsczkslkbM
(Cerebrosides)] bldks xSysDVkslkbM (Galactoside) Hkh dgrs gSaA ;g
ukbVªkstu;qä XywdkslkbM~l (Glucosides) gksrs gSa] tksfd vi?kVu ds
i'pkr~ xSysDVkst (Galactose) dks cukrs gSaA buds rhu izdkj gksrs gSa&

(i) Ýsuksflu (Phrenosin)

(ii) dsjkflu (Kerasin)

(iii) uokZsu (Nervon)

vkaf'kd (Traces) #Ik ls Xywdksl (Glucose) ,oa X;kydkstsu
(Glycogen) Hkh ik;s tkrs gSaA

(c) olk (Fat)& blds vUrxZr&

(i) QkWLQksfyfiM~l (Phospholipid)& fylkbfFku (Lecithin)]
lsQsfyu (Cephalin) ,oa fLQaxksek;fyu (Sphingomyelin)

(ii) dksysLVªkWy

(iii) U;wVªy olk (Nutral fat) vkaf'kd #Ik ls ik;s tkrs gSaA

(d) vdkcZfud yo.k (Inorganic salts)& blds vUrxZr izeq[k #Ik ls
iksVsf'k;e yo.k (Potassium salt) ysdhu Na+, Ca++ vkSj vkaf'kd #i ls
vU; vdkcZfud yo.k ik;s tkrs gSaA
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(e) lkjrRo@lkjoLrq (Extractives)& blds vUrxZr veksfu;k
(Ammonia-NH3)] ysfDVd vEy (Lactic acid), fØ,Vhu QkWLQsV
(Creatine phosphate)] ,fMfuy ik;jkssQkWLQsV (Adenyl pyrophosphate)
vkfnA

Bksl inkFkksZa dh lHkh ek=k 'osr inkFkZ (White matter) esa ik;s tkrs gSa]
dsoy vdkcZfud yo.k (Inorganic salts) leku ek=k esa lQsn ,oa /kwlj inkFkZ
(White and Grey matter) esa ik;s tkrs gSaA

uoksfnr ,d /kzqoh; (Young unipolar) U;wjksCykLV (Neuroblast) esa DNA
dh lkUnzrk] RNA dh lkUnzrk ls vf/kd gksrh gSA dksf'kdk ds fodkl ds lkFk
RNA ds lkFk-lkFk izksVhUl vuqikr eas of̀) djrs gSaA efLr"d (Brain) dk
vkaf'kd izksVhu] rk¡ck (Copper) ds lkFk la;ksftr gksrk gS vkSj mldks
ls#yksIykfTeu (Ceruloplasmin) dgrs gSaA foYlu jksx (Wilson’s disease) esa
efLr"d esa rk¡ck (Copper) vf/kd ek=k ls laxzfgr gksrk gS] ftlls cqf)ekuh
de gksrh tkrh gSA

rfU=dk (Nerves)@U;wjksUl (Neurons) ds dksf'kdk izo/kZ ,dy #Ik ls
izk.kh Ård ds iSjsudkbek (Parenchyma) esa ik;s tkrs gSa vkSj ;g izo/kZ vkil
esa lkewfgd #i ls feydj rfU=dk (Nerve) dks cukrs gSaA vUr% rfU=dk
(Nerves) dksf'kdk izo/kksZ a dh vf/kd la[;k dk lewgu gksrh gS ftls rUrq (Fibre)
dgrs gSaA izR;sd rfU=dk (Nerve) <hys la;ksth Ård (Connective tissue)
ds }kjk vkPNkfnr gksrh gS ftldks bfiU;wfj;e (Epineurium) dgrs gSa ftlds
dkj.k ;g 'kjhj ds vU; Årdksa ls iF̀kd~ gksrh gSA ,dy rfU=dk rUrq (Nerve
fibre) ds cUMy@iwy (Bundle) rfU=dk ds vUnj la;ksth Ård ds etcwr
vkoj.k ls vkPNkfnr gksrs gSa] bldks isfjU;wfj;e (Perineurium) dgrs gSaA
izR;sd cUMy@iwy ds vUnj izR;sd rfU=dk rUrq (Nerve fibre) ik;s tkrs gSaA
izR;sd rfU=dk rUrq la;ksth Ård ds tky ds }kjk vkPNkfnr gksrk gS] bl
vkoj.k dks ,sUMksU;wfj;e (Endoneurium) dgrs gaSA izR;sd rfU=dk esa vR;f/kd
la[;k esa jDr okfgfu;k¡ ik;h tkrh gSaA NksVh /kefu;k¡ (Arteries) ,oa /kefudk,¡
(Arterioles)] bfiU;wfj;e (Epineurium) ,oa isfjU;wfj;e (Perineurium) esa ik;h
tkrh gSa ,oa ,.MksU;wfj;e (Endoneurium) esa jä dsf'kdk,¡ (Blood capillaries)
ik;h tkrh gSaA
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Blood vessel Epineurium
Nodes of rammer

Motor ending

Neurilemma
Myelin Sheath
Axon

Axolemma
Sensory
EndingPerineurium

Single nerve fibre
Perineurial septum

Endoneurium (Supports nerve fibres)
Cylindrical bundle of nerve fibres

Peripheral
nerve

fp= Ø- 4-2% Axon in both Sensory and Motor Fibres

4-4 rfU=dk vkosx laogu dh dkf;Zdh (Nerve
Impulse Conduction)

tUrq-'kjhj esa bl leUo; rFkk lekdyu dks cuk;s j[kus ds fy, nwjlapkj rkjksa
dh Hkk¡fr iw.kZ 'kjhj esa eghu /kkxksa ds leku rfU=dk,¡ (Nerves) QSyh jgrh
gSaA ;s okrkoj.kh; mÌhiuksa (Stimuli) dks laosnh vaxksa ls xzg.k dj
fo|qr&vkosxksa ;k iszj.kkvksa (Electrical impulses) ds #Ik esa rhozrk ds lkFk
budk izlkj.k (Conduction) djds 'kjhj ds fofHkUu vaxksa] Hkkxksa rFkk xzfUFk;ksa
vkfn ds chp leUo; LFkkfir djrh gSaA

izkf.k;ksa ds 'kjhj esa rfU=dk vkosxksa dks ,d LFkku ls nwljs LFkku rd ys
tkus dk dk;Z rfU=dk Ård ds }kjk fd;k tkrk gSA ;g rfU=dk Ård
(Nervous tissue) Hkzw.k dh ,DVksMeZ (Ectoderm) ls fodflr gksrk gS rFkk 'kjhj
ds lEiw.kZ Hkkxksa esa QSyk jgrk gSA rfU=dk Ård (Nervous tissue) rfU=dk
dksf'kdkvksa ;k U;wjkWUl (Neurons)] rfU=dk rUrqvksa (Nerve fibres) ,oa
U;wjksfXy;k (Neuroglia) ls fufeZr gksrk gSA

4-4-1 rfU=dk vkosx (Nerve Impulse)

rfU=dk vkosx (Nerve impulse) fdlh ,d rfU=dk rUrq (Nerve fibre) ij
lapfjr dk;Zdkjh fØ;k (Physiological activity) dh ,d rjax dh Hkk¡fr
gksrk gS] ftlesa jklk;fud (Chemical) ,oa HkkSfrd (Physical) ?kVuk,¡
lfEefyr gksrh gSaA

vFkok

rfU=dk vkosx (Nerve Impulse) ,d jklk;fud ,oa HkkSfrd ifjorZuksa dk
tksM+ gS tks fdlh mÌhiu (Stimuli) ds dkj.k U;wjksUl (Neurons) esa ,d ygj
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ds leku laokfgr gksus okyh dkf;Zdh fØ;k (Physiological activity) ds #i esa
gksrk gSA

rfU=dk rUrqvksa esa vkosx dk laogu ,d fo|qr&jklk;fud iszj.kk
(Electrochemical impulse) ds #i esa gksrk gSA rfU=dk vkosx dk vk/kkj
lc ;k dksbZ ugha fl)kUr (All or none-principle) gSA bldks bl izdkj Hkh
le>k;k tkrk gS fd ,d mÌhiu] ;fn ,d mÙkstuk (Response) mRiUu djus
dh {kerk j[krk gS] rc ;g lkjh mÙkstuk,¡ mRiUu dj ldrk gSA xksFkyhu
(Gothlin) oSKkkfud us cgqr iwoZ esa ;g n'kkZ;k Fkk fd ,d rfU=dk vkosx ,d
HkkSfrd ,oa jklk;fud fØ;kvksa (Physical and Chemical reactions) }kjk
lEiUu gksus okyh izfØ;k gSA QkLVj (Foster) oSKkfud ds vuqlkj rfU=dk
vkosx (Nerve impulse) ds fuEufyf[kr izeq[k y{k.k gksrs gSa&

(i) tc fdlh rfU=dk (Nerve) dks dksbZ cká mÌhiu (External stimuli)
feyrk gS rc rfU=dk mÙksftr gks mBrh gSA rfU=dk mÙksftr gks tkus
ds i'pkr~ rfU=dk esa vkosxksa (Impulses) dh rjax (Wave) mBrh gS tks
rfU=dk esa laokfgr gksus yxrh gSA

(ii) rfU=dk rUrq (Nerve fibre) esa vkosx dsoy ,d gh fn'kk esa laokfgr
gksrk gSA laosnh rfU=dk (Sensory nerve) esa dsoy efLr"d (Brain) dh
vksj rFkk pkyd rfU=dk (Motor nerve) esa izHkkoh vax (Effector
organs) dh vksj laokfgr gksrh gSA

(iii) lkekU; #i ls ,d vkosx lehi dh vU; rfU=dk rUrqvksa eas ugha QSy
ikrk] D;ksafd bu rfU=dk rUrqvksa esa esMwysVsM vkoj.k (Medullated
sheath) p<+k jgrk gSA

(iv) ,d mÌhiu (Stimuli) ds fn;s tkus ds i'pkr~ rfU=dk rUrqvksa esa ,d
vuqÙkstu vof/k ;k fjÝsDVjh ihfj;M (Refractory period) gksrk gSA

(v) fujUrj vkWDlhtu dh lIykbZ feyrs jgus ij rfU=dk vkosx dks dkQh
le; rd ys tk ldrh gSA ;|fi rfU=dkvksa esa vf/kdrj FkdkoV ugha
ik;h tkrh gSA

(vi) 'kjhj ds vUnj rfU=dk rUrq vusd vkosxksa dk laogu dj ldrs gSaA

(vii) rfU=dk vkosx dk laogu ^lc ;k dksbZ ugh fl)kUr* (All or none-
principle) dks ekurs gSaA

rfU=dk dksf'kdkvksa (Nerve cells) dh vkdkj (Size), fLFkrh
(Position) ,oa lajpuk (Structure) esa vR;f/kd fofHkUurk gksus ij Hkh dk;kZRed
(Functionally) #i ls rfU=dk dksf'kdk dks rhu {ks=ksa (Region) esa foHkkftr
djrs gSa&

(a) mRiknuh; {ks= (Generator region)]

(b) laokgdh; {ks= (Conductive region) ,oa

(c) ikjxeuh; {ks= (Transmissional region)A
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mRiknuh; (Generator) {ks= dsoy MsUMªkbV~l (Dendrites)] lksek
(Soma) ,oa dksysVªYl (Collateral) {ks= rd gh lhfer jgrk gSA
laokgfd;@laoguh; {ks= (Conductile region) ,Dlku@rfU=dk{k (Axon)
gksrk gSA ikjxeuh; {ks= (Transmissional region) ds vUrxZr rfU=dk dk
vUrLFk (Ending) ;k vfUre (Terminal) Hkkx gksrk gSA

T

G

C

T

G

T
C

G

fp= Ø- 4-3% Functional regions of nerve cells, G - Generator Portion;
C - Conductile; T - Transmissional region, Above

vertebrate nerve cell; Below typical neuron of invertebrate

4-5 rfU=dk vkosx dh dkf;Zdh (Physiology of Nerve
Impulse)

4-5-1 foJke {kerk@foHko (Resting Potential)

;fn lqIr rfU=dk dksf'kdk (Resting nerve cell) esa ,d bysDVªksM (Electrode)
dks j[kk tk, rFkk nwljk bysDVªksM rfU=dk dksf'kdk dh lrg ij j[kk tk;s] rks
/kkjk izokfgr gksrh gSA nks bysDVªksM~l (Electrodes) ds chp dks foJke
{kerk@foHko (Resting potential) dgrs gSa] vkSj tc ;g vUrj jgrk gS rc
rfU=dk dksf'kdk (Nerve cell) dks /kqzfor (Polarised) dgrs gSaA nks bysDVªksM~l
(Electrodes) ds chp foHko dk vUrj lekIr gks tkrk gSa rc ml voLFkk dks
fo/kqzfor (Depolarisation) dgrs gSaA foJke {kerk@foHko (Resting potential)
dks rfU=dk dksf'kdk ds vUnj ,oa ckgj iksVsf'k;e vk;Ul dh lkUnzrk ds }kjk
fu/kkZfjr fd;k tkrk gS ;k ekik tkrk gSA foJke voLFkk esa iksVsf'k;e vk;Ul
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viuh vR;f/kd lkUnzrk ds dkj.k rfU=dk dksf'kdk ds ckgj dh vksj folfjr
gksrs gSaA blds dkj.k dksf'kdk ds vUnj _.kkRed (Negative) voLFkk fodflr
gksrh gSA vkUrfjd _.kkRed voLFkk bruh vf/kd gksrh gS fd iksVsf'k;e vk;Ul
ds folj.k dks vkxs jksdrh gS bl izdkj lUrqyu fodflr gksrk gSA bldks
foJke foHko@{kerk (Resting potential) dgrs gSaA IykTek esEczsu (Plasma
membrane) dh foJke voLFkk esa foJke foHko (Resting potential) 60-70
mV gksrk gSA rfU=dkvksa dk foJke foHko (Resting potential) mu nh?kZ
rfU=dk{k@,DlkWu (Axon) rFkk dsUnzh; rfU=dk (Central nervous) dk; esa
ekik tkrk gS] tks lw{e bysDVªksM (Micro electrode) dk lek;kstu dj ldsA
ysfdu uksM~l (Nodes) ,oa v/kzqoh; fljksa (Depolarised ends) ij ekius ij
Kkr gksrk gS fd NksVh ekbyhusVsM (Myelinated) ,oa ukWu-ek;yhusVsM (Non-
myelinated) rUrqvksa esa foJke foHko@{kerk leku gksrh gSA

Neurolemma

Resting
stage

Positive

Resting
potential
Cl–

Outside

Inside axon
Diffusion

K+ pumpNa+pump Active
transport

pump
Negative

AnionsAnionsAnions

Anions

Diffusion

Cl–K+

Na+

K+

K+

K+
K+

K+

Na+

K+

K+

Na+

Cl–

K+

K+

Na+

Na+C–

K+

K+
K+

K+
Na+

Na+

K+
Na+

Na+ Na+Na+

Na+

Cl–
Na+ Na+

Cl–

fp= Ø- 4-4% R.M.P. Stage of Neurolemma

rfU=dk rUrq iszj.kk&izlkj.k (Impulse transmission) dh fo|qr izfØ;k
rhu ckrksa ij vk/kkfjr gksrh gS&

(a) ,DlksIykTe ;k ,sDlkWu ds dksf'kdknzO; dk jklk;fud la;kstu
(Chemical composition)A

(b) ,sDlkWu dh dyk (,Dlksfyek&Axolemma) dh ikjxE;rk
(Permeability)A

(c) ,DlkWu ds ckgj rjy okrkoj.k dk jklk;fud la;kstuA

iszj.kk laogu ;k rfU=dk laogu dh izfØ;k dks ge nks izkoLFkkvksa esa ck¡V
ldrs gSa&

1. foJke-{kerk (Resting Potential) rFkk

2. iszj.kk-{kerk (Action Potential)
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1- foJke-{kerk ;k lqIr dyk foHko (Resting Membrane
Potential– RMP)& tUrq 'kjhj esa cká dksf'kdh; okrkoj.k esa jä Ård nzo
vkrs gSaA blesa Ård nzo rfU=dk dksf'kdkvksa ds ckgj Hkh gksrk gSA bl okrkoj.k
esa eq[; #Ik ls lksfM;e (Na+)] DyksjkbM (Cl–) rFkk ckbdkcksZusV vk;uksa
(HCO3–) dh la[;k vf/kd gksrh gSA blds vfrfjä vkWDlhtu] iks"kd inkFkZ
Hkh ik;s tkrs gSa] tks dksf'kdk ds vUnj ig¡qprs jgrs gSaA lkFk gh vif'k"V inkFkZ
ds #i esa cuh dkcZu Mkb-vkWDlkbM Hkh bl okrkoj.k esa ik;h tkrh
gSA ,DlksIykTe Ård nzo ls cgqr fHkUu gksrk gSA blesa izksVhu rFkk vU;
dkcZfud inkFkksZ a ds tfVy v.kqvksa ds vfrfjä (Na+) rFkk (Cl–) vk;uksa ds
ctk; iksVsf'k;e (K+)] eSXuhf'k;e (Mg++) rFkk QkWLQsV (PO4) vk;u cM+h
la[;k esa gksrs gSaA lkFk gh izksVhu ,oa tfVy dkcZfud v.kq Hkh ik;s tkrs gSaA

Ma++

(26)

Na+

(14)
Protein

(74)

PO4
(113)

K+

(157)

HCO–

(10)

HPO4 = (2)
SO4 = 1
Organic acids-(6)
Protein-(2)

Mg++(3)
Ca++(5)
K+(4)

Cl–
(117) Cl–

(117)

Na+

(143)

HCO3–

(27)

ECO

Cell cytoplasm

fp= Ø- 4-5% RMP (Active Transport)

dksf'kdk dyk (Cellular membrane) ds vkl-ikl inkFkksZ a ds fofue;
(Exchange) esa nks izfØ;k,¡ gksrh gSa& folj.k (Diffusion) rFkk ps"Vk vkokxeu
(Active transport)A

folj.k fØ;k eas dksf'kdk dyk ftu inkFkksZ a ds fy, ikjxE; gksrh gS]
muds v.kq ;k vk;u dksf'kdk dyk ds vkj-ikj vf/kd la[;k okys rjy ls de
la[;k okys rjy dh vksj vFkkZr~ dksf'kdknzO; ls Ård nzo esa ;k Ård nzO; ls
dksf'kdknzO; esa vkrs-tkrs gSaA ;gk¡ ij ,d vU; fØ;k lfØ; xeu (Active
transport) Hkh gksrh gS ftlesa folj.k izo.krk ds foijhr ATP dh ÅtkZ O;;
dh tkrh gSA bl fØ;k esa inkFkksaZ dks Ård nzO; esa Hkh igq¡pk;k tk ldrk
gS ,oa ;gk¡ ls fy;k Hkh tk ldrk gSA cká dksf'kdknzO; ,oa Ård nzO; dk
jklk;fud laxBu (Chemical composition) fHkUu gksrk gS] ysfdu blds chp
ijklj.kh lUrqyu (Osmotic balance) cuk;s j[kus ds fy, nksuksa ek/;e
leijklj.kh (Isotonic) gks tkrs gSa] D;ksafd v/kZikjxE; f>Yyh esa gksdj ty
ruq ?kksy ls xk<+s ?kksy dh vksj rc rd tkrk gS tc rd nksuksa leku u gks
tk;saA blh izdkj] ;fn dksf'kdk dyk ds vkj-ikj fo|qr-foHko (Electric
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potential) eas vUrj gks rks _.kkRed (Negative) rFkk /kukRed (Positive
fo|qrkos'kh vk;u-foHko ds vuqlkj dksf'kdk dyk ds vkjikj vkrs-tkrs gSaA blh
dks ps"Vk vkokxeu (Active transport) dgrs gSaA

(B)

(A)

Resting nerve fibre

Active nerve

Depolarized region(C)

(D)

Depolarized region

fp= Ø- 4-6% An Outline Diagram of Resting and
Action Potential in an Axon

lksfM;e-iksVsf'k;e iEi (Sodium-Potassium pump)& dksf'kdk
dyk dksf'kdk nzO; esaa mifLFkr ty] dkcZfud ,oa vdkcZfud v.kqvksa ds fy,
p;ukRed #i ls ikjxE; gksrh gSA foJkekoLFkk esa ;g lksfM;e (Na+) vk;uksa
ds fy, de rFkk iksVsf'k;e (K+) ,oa DyksjkbM (Cl–) vk;uksa ds fy, vf/kd
ikjxE; gksrh gSA

Ård nzO; esa Na+ rFkk Cl– vk;uksa dh la[;k dksf'kdk nzO; ls yxHkx
10-14 xq.kk vf/kd gksrh gSA blds foijhr] dksf'kdk nzO; esa iksVsf'k;e (K+) dh
la[;k Ård nzO; ls 30 xquk vf/kd gksrh gSA vUr% folj.k vuqikr ds vuqlkj
Na+ rFkk K+ vk;uksa dh dksf'kdk dyk ds vkj-ikj tkus dh izof̀Ùk gksrh gSA
ftlls ijklj.kh vlUrqyu iSnk gks ldrk gSA vUr% bls jksdus ds fy,
dksf'kdk,¡ foljy vuqikr ds fo#) ps"Vk vkokxeu }kjk Na+ dks ckgj
fudkyrh gSa rFkk K+ dks Ård ls xzg.k djrh gSaA blh dks dksf'kdkvksa dk
lksfM;e-iksVsf'k;e iEi dgrs gSaA blesa ÅtkZ (Energy) dk mi;ksx gksrk gSA

tUrq&'kjhj esa vf/kdrj foys;ksa (Solvents) ds d.k fo|qrkos'kh
(Electrically charged particles) gksrs gSaA dksf'kdk nzO; ds tfVy dkcZfud
v.kq izk;% _.kkRed fo|qrkos'kh (Negatively charged) gksrs gSaA buds _.k
vkosx dh iwfrZ /kukRed fo|qrkos'kh iksVsf'k;e vk;uksa (K+) }kjk gksrh gSA ;fn
_.k rFkk /kukRed vk;uksa dk vuko`Ùkhdj.k (U;wVsªykbts'ku& Neutralization)
u gks rks dksf'kdk nzO; esa nskuksa fo|qr /kkjk,¡ mRiUu gksdj bldk Ldanu dj
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nsrh gSaA blh izdkj dk lUrqyu Ård nzO; esa gksrk gSA K+ vk;u folj.k
vuqikr ds dkj.k cM+h la[;k esa dksf'kdk nzO; ls Ård nzO; esa vkrs jgrs gSa
rFkk Na+ Ård nzO; ls dksf'kdk nzO; esa tkrs gSa] ysfdu buds fy, dksf'kdk
dyk de ikjxE; gksrh gS] vUr% dksf'kdk nzO; esa tkus okys Na+ vk;u ckgj
fudyus okys K+ vk;u dh {kfriwfrZ ugha dj ikrs gSaA blds dkj.k dksf'kdk
esEcszu dh ckgjh lrg ij /ku vkos'kh K+ dk dqN vHkko gks tkrk gSA ;s
dksf'kdk nzO; ds _.k vkos'kh vk;uksa dks vkdf"kZr djrs gSa ftlls _.k vkos'kh
vk;u dk teko esEczsu dh Hkhrjh lrg ij gks tkrk gSA bl izdkj esEczsu dh
nksuksa ckgjh rFkk Hkhrjh lrgksa ij fo|qr-foHko (Electrical potential) LFkkfir
gks tkrk gSA foJkekoLFkk esa dksf'kdk esEczsu dh blh fo|qrkos'kh /kqzo.k voLFkk
dks foJke esEczsu foHko (Resting Membrane Potential – RMP) dgrs gSaA

3Na+

Out side

ADP

ADP
Plasma membrane

Na+

Na+

Na+

Na+

Na+

Na+

ATP

ADP

Out side

2K+

3Na+

Cell interior

2K+

H3PO4

H2O

E1

K+

E2

K+

E2

H3PO4

H2O

K+

E1

K+

2K+

fp= Ø- 4-7% An Outline Diagram of Sodium-Potassium Pump

2- iszj.kk-{kerk ;k fØ;kRed dyk foHko (Action Membrane
Potential – AMP)& foJke esEczsu foHko rks 'kjhj dh vf/kdka'k dksf'kdkvksa esa
gksrk gS] ijUrq rfU=dk dksf'kdk dk ;g fof'k"V y{k.k gS fd dksbZ Hkh ckgjh
mÌhiu bldh esEczsu dh lksfM;e vk;uksa ds izfr ikjxE;rk dks c<+k nsrk gSA
blh izdkj iszj.kk izlkj.k dk dk;Z rfU=dk dksf'kdk,¡ gh djrh gSaA

;fn ,DlkWu (Axon) dks ge fdlh fcUnq ij nck,¡ ;k fdlh vU; izdkj
ls mÌhIr djsa rks bldh dyk ds izfrjks/k ds dkj.k dksbZ izfrfØ;k ugha gksxhA
tSls gh izfrjks/k lekIr gksxk] mÌhIku dh iszj.kk ,DlkWu dh iw.kZ yEckbZ esa QSy
tk;sxhA jklk;fud Lrj ij ,sDlkWu dh esEcszu fdlh fcUnq ij mÌhIr gksrs gh
dsoy bl fcUnw ij dksf'kdk esEczsu vk;u Na+ vk;u ds fy, vf/kd ikjxE; gks
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tkrh gSA vUr% Na+ vk;u cM+h la[;k esa Hkhrj igq¡pdj foJke {kerk dks
lekIr gh ugha dj nsrs oju~ bl {kerk dks mYVk dj nsrs gSa] vUr% esEczsu ds
ckgj dh rqyuk esa {k.k Hkj ds fy,] Hkhrj 45 feyh oksYV dk /kukRed
fo|qrkos'k (+45 mV) gks tkrk gSA blh ls mÌhiu dh iszj.kk LFkkfir gksdj
rfU=dk dksf'kdk ds esEcszu esa izlkfjr gksus yxrh gSA

ftl fcUnq ij iszj.kk-{kerk LFkkfir gksrh gS] mlds lehih Hkkxksa esa
foJkekoLFkk gksus ds dkj.k esEczsu ds vkj-ikj Hkhrj dh vksj _.kkRed vkosx
gksrk gS] vUr% /kukRed Hkkx ls fo|qr iszj.kk esEczsu ds Hkhrj _.kkRed Hkkxksa dh
vksj cgrh gS rFkk ckgj dh vksj okil ykSVdj fo|qr iFk LFkkfir djrh gSA
u, Hkkx esa igq¡prs gh ;g fo|qr esEczsu dks mÌhIr dj Na+ vk;uksa ds izfr
ikjxE; cuk nsrk gS vkSj ;gk¡ Hkh fiNys fcUnq dh Hkk¡fr iszj.kk&{kerk LFkkfir gks
tkrh gSA blh izdkj] fcUnq ij fcUnq cgrs gq, iszj.kk dh ygj ,sDlkWu ds Nksj
rd Lolapkfjr gks tkrh gSA

K-Na
pump

InteriorExterior

Metabolic
drive of
pump

fp= Ø- 4-8% Sodium Pump (Cation)

4-5-2 iqu%/kzqo.k (Repolarization)

izR;sd fcUnq ij iszj.kk-{kerk dsoy 1 feyh lsd.M ds fy, gh lEcksfU/kr
(Generate) gksrh gS] D;ksafd ckgj dh rqyuk esa Hkhrj +45mV dk /kukRed
fo|qrkos'k gksrs gh bl fcUnq ij esEczsu dh ikjxE;rk cny tkrh gS vFkkZr~ blds
lksfM;e }kj can rFkk iksVsf'k;e }kj [kqy tkrs gSa ftlls vusd K+ vk;u
osxiwoZd ckgj fudydj foJke {kerk dks iqu% LFkkfir djrs gSaA bl le;
2-3 feyh lsd.M rd bl fcUnq ij ubZ iszj.kk-{kerk rc rd LFkkfir ugha gks
tkfr tc rd fd dyk dh ikjxE;rk rFkk lksfM;e-iksVsf'k;e iEi }kjk blds
nksuksa vksj ds nzO;ksa ds jklk;fud la;kstu esa lkekU; larqyu LFkkfir ugha gks
tkrk gSA bl vof/k dks nqtsZ; vuqÙkstu vof/k ¼fjÝsDVjh fijh;M - Refractory
period) dgrs gSaA blls iszj.kk lnSo ,d vksj lkbVkWu ls ,sDlkWu ds Nksj dh
vksj izlkfjr gksrh gSA
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fp= Ø- 4-9% Process of Depolarization and
Repolarization During Nerve Impulse

4-5-3 rfU=dk vkosx laogu dh fØ;k-fof/k (Mechanism of
Nerve Impulse Transmission)

rfU=dk vkosx ds laogu dh fØ;k fuEufyf[kr fof/k;ksa ds }kjk o.kZu dh xbZ
gS&

1- rfU=dk rUrq (Nerve fibre) }kjk

2- mPNyu izlkj.k (Saltatory transmission)

3- ;qXekuqca/ku }kjk (Through Synapse)

1- rfU=dk rUrq (Nerve fibre) ds }kjk& rfU=dk rUrq (Nerve
fibre) ;k ,DlkWu (Axon) ,d flfyUMj (Cylinder) ds leku gksrh gSA blds
vUnj ,sDlksIykTe (Axoplasm) Hkjk jgrk gS rFkk rfU=dk rUrq ds ckgj dh
vksj ,d iryh f>Yyh ds }kjk vkPNkfnr jgrk gSA bl f>Yyh dks ,DlkWu
esEczsu (Axon membrane) dgrs gSaA ,DlkWu esEczsu (Axon membrane) ykbiks
izksVhu (Lipoprotein) dh cuh gksrh gSA bldh eksVkbZ 100 Å gksrh gSA bl
f>Yyh esa dqN lw{e fNnz (Pores) gksrs gSaA bu fNnzksa dk O;kl 7 ls 10 Å rd
gksrk gSA bu fNnzksa esa ls ty vkSj fNnzksa ds O;kl ds vuqlkj vU; inkFkZ vUnj
vkSj ckgj gksrs jgrs gSaA bldk rkRi;Z gksrk gS fd ,DlkWu esEcszu] v/kZikjxE;
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(Semi-permeable) gksrh gSA fofHkUu vk;Ul dh esEczsu ikjxE;rk fHkUu gksrh gS
vkSj rfU=dk rUrq (Nerve fibre) dh dk;Z dh voLFkk ds vuqlkj fujUrj
ifjofrZr gksrh jgrh gSA lkekU; voLFkk esa esEczsu foHko (Membrane
potential) = 80 mV gksrk gSA ,DlkWu esEczsu ds v/kZikjxE; LoHkko ds dkj.k
dqN vk;Ul] ,DlksIykTe (Axoplasm) ls vUrjkyh nzo (Interstitial fluid) esa
rFkk dqN vk;Ul vUrjkyh nzo ls ,DlksIykTe esa laokfgr gksrs gSaA blds dkj.k
vkUrfjd ,DlksIykTe (Axoplasm) esa vk;Ul dh lkUnzrk ckgjh vUrjkyh nzo
(Interstitial fluid) ls fHkUu gksrh gSA rfU=dk dh vkjke@foJke voLFkk esa
rfU=dk tc mÌhIr ugha gksrh gS lksfM;e vk;Ul vUnj ls ckgj dh vksj
lapkfjr gksrs gSa( ifj.kkeLo#i lksfM;e vk;Ul dh lkUnzrk rfU=dk rUrq
ds ,DlksIykTe (Axoplasm) esa ux.;@'kwU; gks tkrh gS] blds foijhr
iksVsf'k;e vk;Ul dh lkUnzrk vf/kd gks tkrh gSA lkekU;r;k lksfM;e vk;U;
dh lkUnzrk vUrjkyh nzo (Interstitial fluid) esa vkUrfjd ,DlksIykTe dh vis{kk
100 xq.kk vf/kd gksrh gSA

tc ,DlkWu (Axon) ,d mi;qä mÌhiu ;kfU=dh (Mechanical)]
jklk;fud (Chemical) ;k fo|qfr; (Electrical) vkosx ls mÙksftr gksrh gS] rc
rfU=dk vkosx dk laogu fuEu izdkj ls gksrk gS&

1- rfU=dk vkosx dk lapkyu f>Yyh esa gksus okys v/kzqfor (Depolarised)
dk rjax ds #i esa vkxs c<+rk gSA foJkekoLFkk es f>Yyh /kqzfor
(Polarised) voLFkk esa jgrh gSA lksfM;e iIe ds dkj.k vUnj ls
vR;f/kd _.kkRed (Negative) gks tkrh gSA

2- tc fdlh LFkku ij rfU=dk rUrq dks mÌhiu iznku djus ij ogk¡ ij
f>Yyh dh /kqzork fcYdqy foifjr gks tkrh gS&

(a) foJkekoLFkk ij foJke foHko (Resting potential) –70
millivolts (mV) gksrk gSA bl voLFkk esa Ca++ vk;Ul ck¡/kus okys
vk;Ul ds #i esa dk;Z djrs gSaA

(b) mÙksftr gks tkus ij dSfY'k;e vk;u iF̀kd~ gks tkrs gSaA lksfM;e
dh ikjxE;rk esa of̀) gksrh gSA fo/kzqoh; rjax (Depolarisation
wave) mRiUu gks tkrh gSA lksfM;e vk;u dksf'kdknzO; ds vUnj
laokfgr gksrs gSa vkSj iksVsf'k;e vk;u ckgj dh vksj laokfgr gksrs
gSaA

bl le; f>Yyh &70 mV ls 'kwU; (Zero) esa ifjofrZr gks tkfr
gSA bl le; f>Yyh v/kqzoh; (Depolarised) gks tkrh gSA

(c) lksfM;e vk;Ul ds vUnj dh vksj laogu ls foHko (Potential) esa
vUrj gksrk gSA vUnj dh vksj /kukRed (Positive) ,oa ckgj dh
vksj _.kkRed (Negative) gksrk gSA
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foHko eku &70 mV ls 'kwU; (Zero) esa ifjofrZr gksrk gS vkSj fQj
$30 mVA tSls gh fØ;k'khy foHko $30 mV rd gksrk gS K++

vk;u vUnj ls f>Yyh ds ckgj tkrs gSaA

(d) ;g fo/kqzoh; rjax foJkekoLFkk okys Hkkx dks mÌhIr (Stimulate)
djrh gqbZ vkxs dh vksj c<+rh tkrh gSA

(e) ftl LFkku ij mÌhiu izkjaHk gksrk gS ogk¡ dqN gh nsj i'pkr~ ¼dqN
feyh lsd.M½ iqu%/kqzo.k (Repolarisation) izkjaHk gks tkrk gSA
fo/kzqo.k rjax ds ihNs-ihNs fn'kk esa QSyrh tkrh gSA bl le;

$30 mV → 'kwU; (Zero) esa → –70 mV

esa ifjofrZr gks tkrk gSA bl izdkj dk laogu vkosx ekbfyu
vkoj.k fofgu rfU=dk esa gksrk gSA vc rfU=dk vkosx dks iqu%
xzgu dju ds fy, rS;kj gksrh gSA

4-6 mPNyu izlkj.k (Saltatory Transmission)

Lrfu;ksa esa rfU=dk dksf'kdkvksa ds pkjksa vksj cuk 'oku dksf'kdkvksa (Schwann
cells) dk [kksy dq.Mfyr gksdj eksVk] olk;ä ek;fyu [kksy (Myelin sheath)
cuk ysrk gSA FkksM+h-FkksM+h nwj ;g [kksy fipdk gqvk gksrk gSA bu fcUnqvksa dks
jSufo;j dh uksM (Ranvier’s Node) dgrs gSa rFkk buds chp ds LFkkukssa dks
bUVjuksM dgrs gSaA uksMksa ij og ek;fyu [kksy ugha gksrk gSA ek;fyu [kksy
fo|qrjks/kh [kksy dk dke djrs gSaA vUr% ,sls rUrqvksa esa iszj.kk dsoy uksMksa ij
mRiUu gksdj yxHkx 10 xq.kk vf/kd rhoz xfr ls izlkfjr gksrh gSA iszj.kk ,d
uksM ls mNy dj nwljs uksM ij tkrh gSA bl izdkj ds izlkj.k dks mPNyu
izlkj.k (Saltatory transmission) dgrs gSaA

Thread

Nerve
Ringers
solution

X Y
Muscle

Ringers
solution

Glass side

fp= Ø- 4-10% Huxley and Stampfli’s experiment to demonstate
the conduction of nerve impulse depending upon action current

flowing outside the myelin sheath X = Proximal, Y = Distal
portion of the nerve to the muscle
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/kkjk tks uksM~l rd lhehr jgrh gS og bUVjuksMy (Internodal) Hkkx
dks LFkkuh; fØ;k ds }kjk v/kqzfor (Depolarise) djrh gSA ek;fyu 'khFk
(Myelin sheath) laogu ds osx esa of̀) djrh gSA bldks gDlys ,oa LsVEi¶yh
(Huxley and Stampfli) us 1949 esa fuEufyf[kr iz;ksx }kjk n'kkZ;k&

Node of ranvier

A B C D E F
Axoplasm Myelin sheath

fp= Ø- 4-11% Saltatory Condution along a Myelinated Fibre

eas<d dh xsLVªksuhfe;l is'kh (Gastroenemius muscles) ds foPNsnu ds
i'pkr~ ,d NksVh esM~;wysVsM rUrq dks nks Xykl LykbM (Glass slide) ij j[kk]
LykbM ij ,d ue rUrq lsrq (Bridge) dk dk;Z djrk gSA nksuksa LykbM~l dks
dqN nwjh ij j[kk vkSj fjaxlZ ?kksy (Ringer’s solution) dh ijr ls <¡d fn;kA
rfU=dk dk fyfiM Hkkx 'kh?kzrk ls lw[k tkrk gSA ysfdu uksM~l ue jgrs gSaA
mÙksftr djus ij is'kh ladqfpr gksrh gS ysfdu ;fn ue /kkxs dks gVk fn;k
tk;s rc laogu #d tkrk gS vkSj is'kh ladqfpr ugha gksrh gSA fof/k
(Mechanism) ds vUrxZr tc rfU=dk X fcUnq ij mÌhIr gksrh gS] vfHkfØ;k
/kkjk Y fcUnq rd QSy tkrh gSA ysfdu laogu rHkh gksxk tc okilh pØ@iFk
(Circuit) okil X fcUnq rd igq¡prk gSA bUVjuksM lw[kk gh gksrk gS vkSj
dqpkyd gks tkrk gS] vUr% okilh /kkjk pØ ue /kkxs ds dkj.k laHko gksrk gS
tks LykbM ij lsrq (Bridge) cukrk gSA iz;ksx fuf'pr #i ls n'kkZrk gS fd
tc bUVjuksM lw[kk ,oa ckgj dh vksj dqpkyd gksrk gS] ysfdu ue /kkxs dh
mifLFkfr ds dkj.k laogu gksrk gSA
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fp= Ø- 4-12% Representation of Local Current Flow Around
an Impulse on Axon in the Myelinated Nerve fibre

(Saltatory Conduction)

4-6-1 ;qXekuqca/ku (Synapsis)

rfU=dk dksf'kdk iF̀kd~-iF̀kd~ gksrh gSa] fQj Hkh ;s fctyh ds rkjksa dh Hkk¡fr tqM+-
tqM+dj ,d vfofPNu lapkj rU= (Continuous transmission system) dh Hkk¡fr
dk;Z djrh gSaA izR;sd U;wjkWu dksf'kdk (Neuron cell) ds ,sDlkWu rUrq ij NksVh-
NksVh 'kk[kk,¡ lehiorhZ U;wjkWUl dh dksf'kdkdk; rFkk MsUMªkbV~l ij QSyh jgrh
gSaA bu 'kk[kkvksa ds Nksj NksVh-NksVh ?kqf.M;ksa ds #i esa QSys jgrs gSaA
bu ?kqf.M;ksa dks fluSfIVd ?kqf.M;k¡ (Synaptic knobs) dgrs gSaA buds rFkk bu
jpukvksa ds chp ftu ij ;s 'kk[kk,¡ QSyh jgrh gSa dksbZ HkkSfrd Li'kZ (Physical
contact) ugha gksrk gS cfYd buds chp rjy inkFkZ Hkjk jgrk gS ftls fluSfIVd
nzo (Synaptic fluid) dgrs gSaA bu lfU/k-LFkkuksa dks ;qXekuqca/ku (Synapsis)
dgrs gSaA fdUgh nks U;wjkWUl (Neurons) ds chp ;qEekuqca/ku dks
vUr%rfU=dh; ;qXekuqca/ku (Interneuronal synapsis) dgrs gSaA ,d U;wjksu
rFkk ,d is'kh ds chp ds ;qXekuqca/ku dks is'kh rfU=dh; ;qXekuqca/ku
(Myoneuronal synapsis) dgrs gSaA blls Li"V gksrk gS fd izsj.kk ,d U;wjkWu
ls nwljs U;wjkWu ij fluSfIVd nzO; (Synaptic fluid) ds }kjk tkrh gSA ;g fØ;k
fo|qrh (Electrical) u gksdj jklk;fud (Chemical) gksrh gSA

;qXekuqca/ku (Synapse) ds }kjk vkosx dk laogu nks fl)kUrksa ds }kjk
Li’V fd;k x;k gSA ;g fl)kUr gS&

(i) jklk;fud fl)kUr (Chemical transmission theory) ,oa

(ii) fo|qrh; laogu fl)kUr (Electrical transmission theory)A
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fp= Ø- 4-13% Transmission of Nerve Impulse through the Synapse

(i) jklk;fud laogu fl)kUr (Chemical transmission theory)&
oSKkfud gsujh Msy (Henry Dale) ds vuqlkj fluSfIVd uksM~l esa fdukjs
dh dyk ds fBd uhps ,slhfVy dksyhu (Acetyl choline) uked inkFkZ
ls Hkjh FkSfy;k¡ gksrh gSaA iszj.kk tSls gh ?kqf.M;ksa esa igq¡prh gS] Ård nzO;
ls Ca++ vk;u ?kqf.M;ksa esa izlkfjr gksdj ,slhfVy dksyhu dks eqDr djrs
gSa tks iszj.kk dks fonj (Cleft) ds ikj ys tkrk gSA fonj esa igq¡pdj ;g
jklk;fud nzo ;qXekuqca/ku i'p f>Yyh dks mÙksftr djrk gSA i'p
f>Yyh fo/kqzfor (Depolarise) gksrh gSA blls Na+ dh ikjxE;rk c<+
tkrh gSA bl dkj.k Na+ Hkhrj dh vksj rFkk K+ vk;u ckgj dh vksj
izos'k djrk gSA blls f>Yyh ds ckgj dh vksj _.kkRedrk (Negativity)
vkSj vUnj dh vksj /kukRedrk (Positivity) c<+ tkrh gSA

(ii) fo|qrh; laogu fl)kUr (Electrical transmission theory)& ,slk
fo'okl fd;k tkrk gS fd Lruh izkf.k;ksa esa ;qXekuqca/ku (Synapse)
ds }kjk laogu IykTek esEczsu (Plasma membrane) ij rFkk U;wjkWUl ds
iwoZ ;qXekuqca/ku (Presynaptic) ,oa i'p ;qXekuqca/ku (Postsynaptic) ds
chp /kkjk izokfgr gksus ij gksrh gSA iwoZ;qXekuqca/ku U;wjkWu (Presynaptic
neuron) og U;wjkWu gksrk gS ftl ij fØ;k foHko (Action potential)
dk L=ksr gksrk gS] vkSj og dksf'kdk tks MsUMªkbV~l (Dendrites) LFky dks
j[krh gS i'p ;qXekuqca/ku U;wjkWu (Postsynaptic neuron) dgykrh gSA
og iwoZ ;qXekuqca/ku (Presynaptic) U;wjkWu dh esEczsu tks i'p ;qXekuqca/ku
U;wjkWu ds ;qXekuqca/ku (Synaptic) {ks=ksa ij fuosf'kr gksrh gS] mldks
iwoZ ;qXekuqca/ku esEczsu (Presynaptic membrane) dgrs gSaA
i'p;qXekuqca/ku U;wjkWu dh esEczsu tks iwoZ;qXekuqca/ku U;wjkWu ds }kjk
izHkkfor gksrh gS vFkkZr~ iwoZ ;qXekuqca/ku U;wjkWu ds uhps izR;{k #i ls ik;h
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tkrh gSA bldks mi;qXekuqca/ku esEczsu (Sub-synaptical membrane)
dgrs gSaA tc dksbZ Hkh fo/kzqoh; /kkjk (Depolarisation wave) ;k rfU=dk
vkosx iw.kZ ;qXekuqca/ku U;wjkWu ij ls ;qXekuqca/ku (Synapse) ij ig¡qprh
gS] ;g i'p;qXekuqca/ku U;wjkWu ds fy, mÌhiu (Stimuli) iznk; djrh gS
vkSj i'p;qXekuqca/ku U;wjkWu dh MsUMªkbV~l (Dendrites) dks fo/kzqoh;
(Depolarise) djrh gSA vc fo/kzqoh; /kkjk (Depolarisation wave) ;k
rfU=dk vkosx (Nerve impulse) nwljs U;wjksu eas laokfgr gks tkrh gSA
vUr% ;g Kkr gksrk gS fd fo|qr vkosx ;qXekuqca/ku esa nks ikl ds
U;wjkWUl izR;{k #i ls ,d-nwljs ls iF̀kd~ gksrs gq, Hkh izHkkoh (Effective)
LFkkuh; (Local) ifjiFk dk lapkyu djrs gSa ftlls fcuk fdlh
jklk;fud inkFkZ dh lgk;rk ls rfU=dk vkosx ,d U;wjkWUk ls nwljs
U;wjkWUk esa iszf"kr gksrk gSA

Vesicles
Synaptic

membrane

Impulse

Axon

Synaptic gap Postsynaptic
neuron

Presynaptic
terminal

Presynaptic
neuron

Impulse

Axon

fp= Ø- 4-14% Synapses

fo|qrh; ;qXekuqca/ku (Electrical synapses) lajpukRed #i ls izk#ih
jklk;fud ;qXekuqca/ku (Chemical synapse) ls fHkUu gksrs gSaA
fo|qrh; ;qXekuqca/ku ij U;wjkWUl dh esEczsu vkil esa cgqr ikl gksrh gS vkSj
dHkh-dHkh iwoZ;qXekuqca/ku ,oa i'p;qXekuqca/ku esEczsu vkil esa feyh gksrh gSA
ifj.kkeLo#i vUr%dksf'kdh; izfrjks/k de gksrk gS vkSj i'p ;qXekuqca/ku U;wjkWUl
ds fo/kzqohdj.k (Depolarisation) ds fy, mi;qä /kkjk laokfgr gksrh gSA

4-6-2 rfU=dk vkosx dh ÁÑfr (Nature of Nerve Impulse)

rfU=dk vkosx nks izdkj dh gksrh gSa& (i) eksuksQsftd (Monophasic)
(ii) ckbQsftd (Biphasic)

(i) eksuksQsftd vk/kkj js[kk ds dsoy ,d gh vksj curs gSa tcdh

(ii) ckbQsftd vk/kkj js[kk ds nksuksaa vksj curs gSaA
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fp= Ø- 4-15% Monophasic Recording of Action Potential

4-6-3 Áfr{ksi fØ;k@Lor% Ásfjr fØ;k (Reflex Action)

míhiuksa (Stimuli) ds izfr tUrqvksa esa nks izdkj dh izfrfØ;k,¡ gksrh gSa a&

(i) ,sfPNd (Voluntary)

(ii) vuSfPNd (Involuntary)A

,sfPNd fØ;k,¡ tUrq dh psruk rFkk bPNk ds vuqlkj lqfu;ksftr rFkk
mÌs';iw.kZ gksrh gSaA ;s izefLr"d (Cerebrum) }kjk fu;fU=r gksrh gaSA

mnkgj.k& “k=q ls cpko] Hkkstu dh ryk'k vkfn ,sfPNd fØ;k,¡ gksrh
gSaA

blds foijhr] ân;-Lianu (Heart beat)] rki-fu;U=.k (Regulation of
temperature) vkUrjkaxkas dh isf'k;ksa dh fØ;k,¡ ftu ij tUrq dh psruk rFkk
bPNk-'kfDr dk fu;U=.k ugha gksrk gS] vkfn vuSfPNd fØ;k,¡ (Involuntary
actions) gSaA ;s efLr"d ds vpsru fu;U=.k esa gksrh gSa] vUr% budk fu;U=.k
dsUnz gkbiksFkSysel (Hypothalamus) esa gksrk gSA ;s fØ;k,¡ nks izdkj dh gksrh
gSa&

 Lok;Ùk (Autonomic)

 izfr{ksi@Lor% iszfjr (Reflex)A

izfr{ksi fØ;kvksa ij efLr"d dk dksbZ fu;U=.k ugha gksrk gSA budk
lapkyu es#jTtq (Spinal cord) }kjk gksrk gSA ;s fØ;k,¡ vuk;kl
gh ;U=or~ rFkk ljy gksrh gSa] tSls& us=ksa ds lkeus fdlh oLrq ds vkrs
gh iydksa dk >iduk] feBkbZ ns[kdj eq¡g esa ykj dk vkuk vkfnA
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Associate neuron
Axon of

sensory neuron
Sensory receptor

in skin

Axon of motor
neuron Muscle

Cell body of
motor neuron

Dendrite of
sensory neuron

Cell body of
sensory neuron

fp= Ø- 4-16% Reflex Actions

izfr{ksi fØ;k@Lor% iszfjr fØ;k,¡ (Reflex actions)& izR;sd Likbuy
rfU=dk ds nks ewy gksrs gSa&

(i) laosnh rUrqvksa ls cuk i`"B ewy (Dorsal root)] rFkk

(ii) pkyd rUrqvksa ls cuk v/kj ewy (Ventral root)A

laosnh vaxkas ls laosnhs rfU=dk,¡] iszj.kk dks ysdj es#jTtq ds i`"B ewy
¼MklZy #V½ ds U;wjksUl esa igq¡pkrh gSaA bu dksf'kdkvksa ds ,sDlkWu (Axon) izsj.kk
dks /kwlj nzO; (Grey matter) esa ys tkrs gSaA ;gk¡ ls izsj.kk ,sDlkWu (Axon) dh
fluSfIVd ?kqf.M;ksa (Synaptic knobs) ls lehiorhZ pkyd rfU=dk dksf'kdkvksa
ds MsUMªkbV~l esa tkrh gSa tks iszj.kk dks viokgd vaxksa esa ys tkrh gSaA ;s fØ;k,¡
cgqr rhozrk ls gksrh gSaA bl izdkj laosnkax ls es#jTtq gksrs gq, viokgd vaxksa
(Effector organs) rd iszj.kk ds igq¡pus dks izfr{ksi fØ;k@Lor% iszfjr fØ;k
rFkk bl iFk dks izfrorhZ pki@Lor% (Reflex arch) dgrs gSaA

4-6-4 izfr{ksi izfrfØ;kvksa ds izdkj (Types of Reflex Action)

;s nks izdkj dh gksrh gSa&

(i) vuqcaf/kr (Unconditioned) izfr{ksi izfrfØ;k rFkk

(ii) caf/kr (Conditioned) izfr{ksi izfrfØ;kA

1- vuqcaf/kr izfr{ksi izfrfØ;k& ;s fØ;k,¡ tUetkr gksrh gSaA bls lkekU;
Lor% iszfjr fØ;k Hkh dgrs gSaA buesa tUrq viuh bPNkuqlkj dksbZ
ifjorZu ugha dj ldrk gSA bl izdkj dh fØ;k,¡ Lrfu;ksa ds vykok
izk;% lHkh tUrqvksa esa gksrh gSa( fdlh fo'ks"k ekSle esa tuu djuk] ?kksalyk
cukuk ;k ns'kkVu (Migration) vkfnA ;s fØ;k,¡ tUrq dh izkÑfrd ewy
izof̀Ùk ds vUrxZr vkrh gSa] vUr% tUrq bUgs fdlh iwoZ-vuqHko ls gh djrk
gSA bl fØ;k dks loZizFke oSKkfud ek'kZy (Marshall) us 1883 esa
n'kkZ;kA

2- caf/kr izfr{ksi izfrfØ;k& ;s fd;k,¡ tUrq esa izkjEHk esa izf'k{k.k
(Training) }kjk gksrh gSa] fQj Lor% gh gksus yxrh gSaA vUr% ;s fØ;k,¡
izkjaHk esa izefLr"d (Cerebrum) ds v/khu gksrh gSa] ijUrq ckjEckj vH;kl
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djus ls Kku-vkpj.k ds vUrxZr vknru Lor% gksus yxrh gSa] tSls–
lkbfdy pykuk] ukpuk] rSjuk] xkuk-ctkuk vkfnA bl izfrfØ;k dks
loZizFke ikoykso (Pavlov) #lh oSKkfud us dqÙks esa ykj ds L=ko.k
ds }kjk n'kkZ;kA

viuh izxfr tk¡fp, (Check Your Progress)

9- rfU=dk rUrq dh f>Yyh dk foJke foHko gSSA

¼d½ 60-70 mV

¼[k½ 50-100 mV

¼x½ –20 ls &30 mV

?k½ &100 ls &120 mV

10- ,d vkosx dk ,sDlkWu ij laogu ________ ls lEcfU/kr gksrk gSSA

¼d½ Cl–lkUnzrk ¼[k½ vkosx dk cy

¼x½ foJke foHko ¼?k½ fØ;k foHko

11- mPNyu izlkj.k ________ esa ik;k tkrk gSA

¼d½ ek;yhusVsM rfU=dk rUrq

¼[k½ ukWu-ek;yhusVsM rUrq

¼x½ nksuksa ek;yhusVsM ,oa ukWu-ek;yhusVsM rUrq

¼?k½ dadkyh; is'kh rUrq

12- vfHkokgh rfU=dk rUrq vkosx dks ________ ys tkrh gSA

¼d½ viokgh vax ls dsUnzh; rfU=dk rU= dks

¼[k½ xzkgrk ls dsUnzh; rfU=dk rU= dks

¼x½ dsUnzh; rfU=dk rU= ls is'kh dks

¼?k½ dsUnzh; rfU=dk rU= ls xzkgrk dks

13- foJke rfU=dk esa ,d fof/k gksrh gS ftls lksfM;e iEi dgrs gSa]
mldk ________ ifj.kke gSA

¼d½ Na+ dks ckgj fudkyk tkrk gS

¼[k½ Na+ dks vUnj fd;k tkrk gS

¼x½ Na+ ,oa K+ dk vknku-iznku

¼?k½ Na+ dksf'kdk esa iEi fd;s tkrs gS
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4-7 isf'k;ksa dh lajpuk vkSj muds izdkj (Types and
Structure of Muscles)

euq"; ds 'kjhj dk 2@3 Hkkx isf'k;ksa ds }kjk cuk gksrk gSA is'kh Ård
(Muscular tissue) eas dksf'kdk nzO; ds nks eq[; y{k.k& ladqpu'khyrk
(Contractibility) ,oa pkydrk (Conductibility) fo'ks"k #Ik ls ik;s tkrs gSaA
blh dkj.k ;g vaxkas dks xfre; ;k fgykus-Mqykus esa eq[; dk;Z djrs gSaA is'kh
Ård dk ladqpu'khy Hkkx is'kh dksf'kdk,¡ (Muscle cells) gksrh gSaA ;g is'kh
dksf'kdk,¡ yEch] l¡djh ,oa daqpu”khy rUrqvksa ds #i esa gksrh gSaA bl dkj.k
budks is'kh-rUrq (Muscles fibres) dgrs gSaA

euq"; esa 639 isf'k;k¡ ik;h tkrh gSa] ftlesa 5 ,dkdh (Unpaired) gksrh gSa]
317 ;qfXer (Paired) gksrh gSa] tks fd fuEu izdkj ls forfjr gksrh gSa&
flj (Head) = 53] xzhok (Neck) = 32] ihB (Back) = 180] Nkrh (Breast) = 54]
isV (Belly) = 15] iSj (Legs) = 124] Òqtk,¡ (Arms) = 98] vkUrjkax
(Viscera) = 83A

4-7-1 isf'k;ksa ds izdkj (Types of Muscles)

(A) oSKkfud izkslj (Prosser) us lu~ 1960 esa isf'k;ksa (Muscles) dks nh?kZ
lewgksa (Major groups) esa foHkkftr fd;k gS&

1- Lo#ikRed isf'k;k¡ (Phasic muscles)& bl izdkj dh isf'k;ksa esa
ladqpu rhoz gksrk gSA isf'k;k¡ lafLFkrh; (Postural) gksrh gSa ;k izpyuh;
isf'k;k¡ (Locomotory muscles) ftudh mRifÙk (Origin) ,oa vUroZs'ku
cká (Exo) ;k vUr%dadky (Endoskeleton) ;k Ropk ij gksrh gSA ;g
ges'kk izfrjks/kh ;qXe (Antagonistic pairs) esa O;ofLFkr gksrh gSA ;qXe
isf'k;ksa esa ls ,d izdkj dh is'kh nwljh is'kh ds fo#/n [khaprh gS]
rFkk ;qXe esa ls ,d izdkj dh is'kh ds ladqpu dk;Z dks nwljs izdkj dh
is'kh ladqpu dks vojksf/kr djrh gSA

2- rkfud isf'k;k¡ (Tonic muscles)& ;g isf'k;k¡ /kheh xfr ls ladqfpr
gksrh gSa vkSj lkekU;rk [kks[kyh (Hollow) lajpukvksa ds pkjksa vksj
O;ofLFkr gksrh gSa tSls fd tBjh;-vkU=h; iFk (Gastro-intestinal
tract) ;k ew=tuu iFk (Urino-genital tract)A is'kh dk ,d Hkkx is'kh
ds nwljs Hkkx ls vUrosZf'kr (Inserted) gksrk gSA ;g isf'k;k¡ ;qXe lewgksa
(Paired group) ds #Ik esa O;ofLFkr gksrh gSa tSls fd orZqy
(Circular) ,oa vuqnS/;Z (Longitudinal) isf'k;k¡A
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(B) d'ks#d izkf.k;ksa esa izeq[k izdkj dh isf'k;k¡ rhu izdkj dh gksrh gSa tks
fd vkSfrdh@lajpuk (Histologically) fLFkfr (Location) esa] dk;Z esa
(Physiologically) fHkUu gksrh gSaA ;g rhu izdkj dh isf'k;k¡ gksrh gSa&

1- jsf[kr isf'k;k¡ (Striated muscles)

2- fpduh isf'k;k¡ (Smooth muscles)

3- ân;h isf'k;k¡ (Cardiac muscles)

1- jsf[kr isf'k;k¡ (Striated Muscles)

bu isf'k;ksa dks dadkyh; isf'k;k¡ (Skeletal muscles) Hkh dgrs gSa] D;ksafd ;s
dadky@vfLFk;ksa (Skeleton/bones) ls tqM+h jgrh gSaA budh fØ;k ij psruk-
'kfä dk fu;U=.k gksrk gS] vUr% budks ,sfPNd isf'k;k¡ (Voluntary muscles)
Hkh dgrs gSaA

(B) (C)(A)

fp= Ø- 4-17% Different Types of Muscle Fibre
(A) Smooth muscle (B) Cardiac muscle (C) Striated muscle

jsf[kr isf'k;k¡ 'kjhj ds dqy Hkkx dk 40-50% Hkkx dks cukrh gSaA bu
isf'k;ksa esa 'kjhj esa ik;s tkus okys ikuh dk vk/kk Hkkx ik;k tkrk gSA ;s isf'k;k¡
ek;ksVksEl (Myotomes) ds }kjk fodflr gksrh gS( bl dkj.k budks ek;ksVksey
isf'k;k¡ (Myotomal muscles) Hkh dgrs gSaA viuh mRifÙk ds LFkku ls ek;ksVksEl
(Myotomes) Ropk (Skin) vkSj gk;ikseh;j (Hypomere) ds chp esa uhps dh
vksj tkrs gSa vkSj viuh nwljh vksj dh isf'k;ksa ds lkFk e/; v/kjh; js[kk (Mid-
ventral line) esa feyrh gSA bl izdkj ;g iw.kZ isf'k;ksa ds vLrj Ropk ds uhps
cukrh gSaA {kSfrt (Horizontal) dadkyh; Hkkx Ropk dks ik'oZ js[kk ij foHkkftr
djrh gS& i`"Bh; bisfDl;y isf'k;k¡ (Dorsal epaxial muscles) ,oa v/kjh;
gk;isfDl;y isf'k;k¡ (Ventral hypaxial muscles)A
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jsf[kr ;k dadkyh; isf'k;k¡ (Striated or skeletal muscles) cgqdsUnzdh;
(Multinucleated), csyukdkj (Cylindrical) gksrh gSaA dadkyh is'kh dks cukus
okyh is'kh rUrq (Muscle fibre) ;k is'kh dksf'kdk,¡ (Muscle cells) 1 feeh ls
30 feeh rc yEch vkSj nksuksa fljksa ij xksy gksrh gSaA izR;sd is'kh dksf'kdk ds
pkjksa rjQ ,d iryh f>Yyh ik;h tkrh gS] ftldks lkdksZysek (Sarcolemma)
dgrs gSaA izR;sd dksf'kdk ds chp esa ,d dsUnzd ik;k tkrk gS tks fd vkxs
pydj foHkkftr gksrk gS vkSj vusd dsUnzdksa esa foHkkftr gks tkrk gSA bu
dsUnzdksa ds pkjksa rjQ dksf'kdk nzO;-lkdksZIykTe (Sarcoplasm) gksrk gSA
lkdksZIykTe esa gtkjksa eghu ,d-nwljs ds lekukUrj is'kh rUrqd ik;s tkrs gSaA

jsf[kr isf'k;k¡ (Striated muscles query) vusd eghu is'kh rUrqvksa ds
lewgc) gksus ij curh gSaA izR;sd is'kh rUrq (Muscle fibre) ,oa rUrq
lewgksa@cUMYl (Bundles) ds pkjksa vksj la;ksth Ård (Connective tissue)
dk ,d vkoj.k ik;k tkrk gSA izR;sd is'kh rUrq ds pkjksa vksj ik;s tkus okyh
la;ksth Årdksa dk vkoj.k eghu tky (Network) ds #i esa gksrk gS]
bldks ,.Mksek;fl;e (Endomysium) dgrs gSaA bl vkoj.k ds }kjk is'kh ds
vUnj ik;s tkus okys Årdksa&jä ,oa fyEQ okfgfu;k¡ (Blood and lymph
vessels) ,oa rfU=dk rUrq (Nerve fibre) dks <¡dk tkrk gSA is'kh rUrqvksa ds
cUMYl (Bundles) vkil esa la;ksth Ård (Connective tissue) ds Lrj ls ca/ks
jgrs gSa] bldks isfjek;fl;e (Perimysium) dgrs gSaA ,d vU; la;ksth Ård
esEczsu bfiek;fl;e (Epimysium) lEiw.kZ is'kh ds pkjksa rjQ ,d vkoj.k
cukrh gSA

Triad

Sarcoplasmic
reticulum

System
tubule Z Disc

H Zone

Z Disc

fp= Ø- 4-18% Structure of Skeletal Muscles
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,sfPNd isf'k;ksa ds Ádkj (Kinds of Voluntary Muscles)

oSKkfud foYMj (Wilder) us ,sfPNd isf'k;ksa dks rhu Jsf.k;ksa (Three categories)
esa foHkkftr fd;k gS&

(a) esVkesfjd@le[k.Mh; isf'k;k¡ (Metameric muscles)& bl Js.kh ds
vUrxZr v{kh; (Axial) ,oa mikaxh; (Appendicular) isf'k;k¡ vkrh gSa]
tks fd 'kjhj ds vf/kdka'k Hkkx esa ik;h tkrh gSaA

(b) cszfUd;ksesfjd@'oluh; le[k.Mh; isf'k;k¡ (Branchiomeric
muscles)& ;g isf'k;k¡ vkfne LIysUpuksØsfu;e (Splanchnocranium)
vkSj mlls O;qRiUu Hkkxksa esa ik;h tkrh gSaA

(c) bUVsxwesUVfj@v/;koj.kh; isf'k;k¡ (Integumentary muscles)& bl
Js.kh ds vUrxZr og isf'k;k¡ vkrh gSa tks fd f}rh;d #Ik ls mi;qZä
nksuksa lewgksa esa ls foHkkftr gksdj dadky dh vis{kk v/;koj.k ls
lEcfU/kr gks tkrh gSaA

2- fpduh isf'k;k¡ (Smooth Muscles)

lery ;k vjsf[kr is'kh dkf;Zdh dk;Z (Physiological function) ds vuqlkj nks
izdkj esa foHkkftr gksrh gSa&

(i) ,sfdd is'kh (Unitary muscles)]

(ii) cgq-bdkbZ;h is'kh (Multiunit muscles)A

(i) ,sfdd is'kh (Unitary muscles)& ;g Lrjksa (Layers) ;k vLrj@irZ
(Sheet) ds #i esa ik;h tkrh gS vkSj bu isf'k;ksa esa ;dk;d ladqpu dh
'kfä ik;h tkrh gSA ;g fØ;k is'kh ds vUnj gh mRiUu gksrh gS] D;ksafd
isl esdlZ (Pace makers) ftlesa ladqpu vfHkfØ;k mRiUu gksrh gS]
is'kh esa ik;h tkrh gSA ,sdkdh isf'k;k¡ f[k¡pko ds ;kfU=dh míhiu
(Mechanical stimulus) ds fy, mÙkjnk;h gksrh gaSA ysfdu budh
vfHkfØ;k rfU=dh; izHkko ds }kjk leUof;r gksrh gSA tBjh;-vkU=h;
iFk (Gastro-intestinal tract) ,oa xHkkZ'k; (Uterus) esa ik;h tkus okyh
isf'k;k¡ bldk mnkgj.k gksrh gSaA bu is'kh Ård esa rUrq (Fibres) vkil
esa n<̀+ #i ls O;ofLFkr gksrh gSa vkSj ikl okyh is'kh dksf'kdkvksa dh
ifjlhek dks Kkr djuk dfBu gksrk gSA blh dkj.k bu isf'k;ksa
dks ,dkdh isf'k;k¡ (Unitary muscles) dgrs gSaA ,dy vkUrjkaxh is'kh
rUrq ds mÌhiu ls vusd ikl ds rUrqvksaa esa Hkh ladqpu gksrk gSA

(ii) cgqbdkbZ;h is'kh (Multiunit muscles)& ;g og vjsf[kr is'kh gksrh
gS tks ;dk;d ladqfpr ugha gksrh gSA ;g f[kapko ds fy, dksbZ fØ;k
ugha n'kkZrh gSA bu isf'k;ksa esa vusd pkyd rfU=dkvksa dk fuos'ku
ik;k tkrk gS] ftlls fd izR;sd dksf'kdk esa rfU=dk Hkj.k ;k
rfU=dksÙkstu (Innervation) gks ldrk gSA bl izdkj dh is'kh
esa ,dkdh rUrq gksrs gSa ftudh yEckbZ 100-200 ,oa O;kl 10 rd
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gksrk gSA bl izdkj dh is'kh esa ,d ,dkdh rUrq esa ladqpu mlh rUrq
dks gh ladqfpr djrk gSA bl izdkj dh isf'k;k¡ jDr okfgfu;ksa (Blood
vessels) dh fHkfÙk esa ik;h tkrh gSa blds vfrfjDr ,jsDVj fiyh
(Arrector Pili) esa Hkh ik;h tkrh gSA

is'kh dksf'kdkvksa ds c.Myksa ds chp esa ik;s tkus okys la;ksth Ård
(Connective tissue) esa jä okfgfu;k¡ (Blood vessels) ik;h tkrh gSaA la;ksth
Ård fyEQsfVd okfgfu;k¡ (Lymphatic vessels) Hkh ik;h tkrh gSaA bu is'kh
rUrq esa Lok;r% rfU=dk rUrq (Autonomic nerve fibres) dk tky la;ksth
Ård esa ik;k tkrk gSA rfU=dkvksa ds laosnh fljs vUr%is'kh; la;ksth Ård esa
fLFkr gksrs gaSA

ew=k'k; (Urinary bladder) dh vjsf[kr isf'k;k¡ nksuksa ,dkdh
(Unitary) ,oa cgqbdkbZ;h (Multi unit) isf'k;ksa ds leku gksrh gSaA ;g ew=k'k;
dh isf'k;k¡ ;dk;d vfHkfØ;k ds lkFk-lkFk pkyd rfU=dk vkosx (Motor
nerve impulse) ds }kjk Hkh vfHkfØ;k djrh gSaA

vjsf[kr isf'k;ksa dk izeq[k dk;Z Øfed #i ls ladqpu djuk gS] bldk
dkj.k Kkr ugha gSA ;g isf'k;k¡ tc Hkh Øfed ladqpu djrh gSa rc bu isf'k;ksa
esa rfU=dk,¡ ugha gksrh gSaA vuqdEih rfU=dk rU= (Sympathetic nervous
system) vjsf[kr isf'k;ksa ds ladqpu dks dqN vaxksa esa mÙksftr djrk gS rFkk
nwljs vaxksa esa f'kfFkyu djrk gSA bl izdkj dk dk;Z Hkh ijkuqdEih rfU=dk
rU= (Parasympathetic nervous system) ds }kjk fd;k tkrk gSA ysfdu
ijkuqdEih rfU=dk rU= dk dk;Z vjsf[kr is'kh ds fy, vuqdEih rfU=dk rU=
ds dk;ksZa ds foifjr gksrk gSA

3- ân;h isf'k;k¡ (Cardiac Muscles)
;g ân; dh fHkfÙk esa ik;h tkus okyh vuSfPNd (Involuntary) jsf[kr isf'k;k¡ gSa
tks Lo;a gh fcuk #ds fujUrj ladqpu djrh jgrh gSaA bu is'kh ds rUrq
(Fibres) nksuksa vuqnS/;Z (Longitudinally) ,oa vuqizLFk (Transverse) #i ls
jsf[kr (Striated) gksrh gSa] ;g jsf[kr ;k dadkyh; (Skeletal) isf'k;ksa ds leku
gksrh gSa] ysfdu blds rUrq (Fibres) esa 'kk[kk,¡ (Branches) ,oa ek;ksQkbfczYl
(Myofibrils) rFkk ,sfDVu ,oa ek;ksflu rUrq dadkyh; isf'k;ksa ds leku gksrh
gSaA bu isf'k;ksa esa ,dy dsUnzd ik;k tkrk gSA ân;h is'kh ,oa dadkyh; is'kh eas
fuEufyf[kr vUrj ik;s tkrs gSa&

(i) ân;h is'kh esa tks ;dk;d ,oa ckjEckj ladqpu dh izÑfr ik;h tkrh gS
og ,sfPNd is'kh ds foijhr gksrh gSA

(ii) is'kh rUrq lkekU; #i ls csyukdkj (Cylindrical) ugha gksrs gSa]
ysfdu ;g 'kk[kkfUor gksrs gSa vkSj ikl okys rUrq ds lEidZ esa vkus ij
f=n'khZ; tkyd (Network) dks cukrh gSa tks fd feF;k cgqdsUnzdh;
(Syncytial) #i dks n'kkZrh gSA
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(iii) ,d dsUnzd ik;k tkrk gS tks fd lkdkZsIykTe esa xgjkbZ esa fLFkr gksrk
gSA

;g isf'k;k¡ eq[; #i ls ân; (Heart) esa gh ik;h tkrh gSa ysfdu dqN
ek=k esa cM+h jä okfgfu;ksa (Large vessels) eas tks ân; esa lekIr gksrh gSa ;k
ân; ls fudyrh gSa] ik;h tkrh gSaA bu isf'k;ksa dh mRifÙk ehlsudkbek
(Mesenchyma) Årdksa ls gksrh gSA is'kh rUrq 50-100 yEcs rFkk 20 pkSM+s
gksrs gSaA isf'k;ksa ;k is'kh dksf'kdkvksa esa bUVjdsysVsM fMLd (Intercalated disc)
gksrh gS ftlds ikl dsUnzd fLFkr gksrk gSaA bu isf'k;ksa ls ijkuqdEih ,oa
vuqdEih rfU=dk rU= dh rfU=dk laHkfjr gksrh gSA

fofHkUu izdkj dh gksus okyh xfr;ksa ds vk/kkj ij isf'k;k¡ fuEu izdkj dh
gksrh gSa&

1. ¶ysDlj (Flexer) ;k vkdkspuh is'kh& tc isf'k;k¡ 'kjhj ds fdlh
Hkkx dks nwljs Hkkx ds Åij eksM+rh ;k >qdkrh gSa] mu isf'k;ksa dks
vkdkspuh ;k ¶ysDlj is'kh dgrs gSaA tSls fd gkFkksa dh ckblsIl
(Biceps) is'kh] tks fd gkFk dks is'kh ladqpu }kjk dU/ks dh vksj eksM+rh
gS ;k iwoZ ckgq (Fore arm) dks Åijh ckgq (Upper arm) dh
vksj >qdkrh ;k eksM+rh gSA

2. izlkj.kh ;k ,DlVsUlj (Extensor)& ;g og isf'k;k¡ gksrh gSa tks
“kjhj ds fdlh ,d Hkkx dks nwljs Hkkx ds Åij lh/kk djrh gSA

mnkgj.k& gkFkksa dh VªkblsIl (Triceps) is'kh ds ladqpu }kjk Hkqtk dk
izlkj gksrk gS ;k vxzckgq (Fore arm) ;k Åijh ckgq (Upper arm) dk
izlkj.kA

3. vfHkorZuh ;k ,MDVj (Adductor)& og isf'k;k¡ gksrh gSa tks fd vius
ladqpu }kjk 'kjhj ds fdlh Hkkx dks v{k (Axis) ls nwj ys tkrh gSA
tSls& MsYVkbM (Deltoid) is'kh ck¡g dks vkxs dh vksj [khaprh gSA
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4. viorZuh ;k ,CMDVj (Abductor)& og isf'k;k¡ gksrh gSa tks 'kjhj ds
fdlh Hkkx dks 'kjhj ds v{k (Axis) dh vksj [khaprh gSA

mnkgj.k& ysfVflel (Latissimus) MklhZ is'kh vius ladqpu }kjk ck¡g
dks Åij dh vksj mBkrh gS rFkk ihB (Back) dh vksj [khaprh gSA

5. ÁksusVj ;k vorkfuuh (Pronators)& os isf'k;k¡ gSa tks ladqpu ds }kjk
'kjhj ds mYVs gq, Hkkx dks iqu% lkekU; fLFkrh esa ys vkrh gSaA

mnkgj.k& gFksyh dk iyVdj fQj ls lh/kk gks tkukA

6. lqikbusVj (Supinator)& os isf'k;k¡ tks fd vius ladqpu }kjk gkFkksa
dks ?kqekus ,oa gFkfy;ksa dks iyVus esa lgk;d gksA

7. mUu;uh ;k ,yhosVj (Elevator)& os isf'k;k¡ gksrh gSa tks vius
ladqpu ds }kjk “kjhj ds fdlh Hkh Hkkx dks Åij mBkrh gSaA

mnkgj.k& eSlsVj (Masseter) isf'k;k¡ fupys tcMs+ (Lower jaw) dks
Åij djds eq[k dks can djrh gSaA

8. voueh ;k MsÁslj (Depressor)& os isf'k;k¡ gSa tks vius ladqpu }kjk
mUu;uh is'kh }kjk Åij mBk;s Hkkx dks uhps djrh gSaA

mnkgj.k& Msiszlj eSUMhcqysfjl (Depressor mandibularis)] fupys
tcMs+ dks uhps dh vksj djds eq[k dks [kksyrh gSaA

9. ?kw.khZ ;k jksVsVlZ (Rotators)& os isf'k;k¡ gSa tks fd vius ladqpu }kjk
“kjhj ds fdlh Hkh Hkkx dks ?kqekrh gSaA

mnkgj.k& ik;jhQkfeZl (Pyriformis) Qhej vfLFk dks ?kqekrh gSA
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10. ladkspuh ;k dkUlfVªDVj (Constrictor)& ;g os isf'k;k¡ gSa tks vius
ladqpu ds }kjk fdlh Hkh fNnz dks l¡djk djrh gSa ;k can djrh gSaA

mnkgj.k& ladkspuh (Constrictor) is'kh ladqpu dj xqnk }kj dks can
djrh gSA

11. Álkj.kh@Mk;ysVlZ (Dilator)& ;g os isf'k;k¡ gSa tks vius
ladqpu }kjk fdlh Hkh fNnz dks [kksyrh gSa ;k pkSM+k djrh gSaA

mnkgj.k& xqnk }kj dh Mk;ysVj is'kh tksfd ladqpu xqnk }kjk dks
[kksyrh gSA

12. foi{kh@Áfrjks/kh@,.VsxkssfufLVd (Antagonistic) is'kh& ;g os
isf'k;k¡ gksrh gSa tc ,d gh LFkku ij nks isf'k;ksa esa ,d-nwljs ds foijhr
ladqpu gksrk gS] budks fojks/kh@izfrjks/kh is'kh dgrs gSaA ck¡gksa (Arms) esa
ik;h tkus okyh ckbLksIl is'kh dksguh lfU/k (Elbow joint) ds fy,
vkdqapu (Flexor) dk dk;Z djrh gS] tcdh VªkbLksIl (Triceps) is'kh
izlkj.kh is'kh (Extensor muscles) ds #i esa dk;Z djrh gaSA tc
ckbLksIl isf'k;ksa esa ladqpu gksrk gS] ml le; VªkbLksIl f'kfFky gksrh gSA
nksuksa esa ,d lkFk ladqpu ,oa f'kfFkyu fØ;k ugha ik;h tkrh gSA

lapkydrk (Conductive)& is'kh esa ftl LFkku ij mÙkstuk mRiUu
gksrh gS mlds nksuksa vksj gh ladqpu rjaxsa (Contraction waves) izlkfjr gksrh
gSaA tc ,d ckj is'kh rUrq ,d mi;qä 'kfDr dh mÙkstuk ls mÙksftr gksrh
gS] ;g mÙkstuk ,dne lHkh Hkkxksa esa laokfgr gks tkrh gSA bl xq.k dks
laokgdrk ;k lapkydrk (Conductivity) dgrs gSaA jsf[kr isf'k;ksa esa laokgdrk
vU; izdkj dh isf'k;ksa dh vis{kk vf/kd rhozrk ls gksrh gSA 'khr jDr okys
izkf.k;ksa – esa<d (Cold blooded animals – frog) esa laokgdrk dh nj 3-4 ehVj
izfr lsd.M gksrh gS tcfd xeZ jä okys izkf.k;ksa (Warm blooded animals) esa
laokgdrk dh nj 6-12 ehVj izfr lsd.M gksrh gSA

f[kapko@yphykiu (Elasticity)& isf'k;ksa dks ;fn [khapk tk;s rc og
c<+ tkrh gS vkSj tSls gh f[kapko 'kfDr gV tkrh gS og iqu% viuh iwoZ fLFkrh
esa vk tkrh gSA f[kapko ;k yphysiu dk xq.k lHkh izdkj dh isf'k;ksa esa ik;k
tkrk gS] vFkkZr~ ,d lhfer nwjh rd f[kapus dh {kerk] tc is'kh esa f[kapko dk
dkj.k yqIr gks tkrk gS rc is'kh viuh iw.kZ f'kfFky voLFkk esa vk tkrh gS] bl
xq.k dks yphyki.k (Elasticity) dgrs gSaA

volhek míhiu (Threshold stimulus)& LkHkh isf'k;k¡ dsoy ml
fLFkrh esa ladqfpr gksaxh tc míhiu fdlh fuf'pr 'kfDr@cy dk gksxkA is'kh
esa vfHkfØ;k mRiUu djus ds ;ksX; míhiu (Stimulation) dh fuEure lhek
volhek míhiu (Threshold stimulus) dgykrh gSA blls de 'kfDr míhiu
tks fd is'kh esa ladqpu mRiUu ugha dj ldrk lcfyfeuy (Subliminal)
dgykrk gSA volhek ls vf/kd 'kfDr dk míhiu v/kks% volhek ;k
lqizkfyfeuy (Supraliminal) dgykrk gSA is'kh ds ladqfpr gksus dh 'kfDr dqN
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lhek rd míhiu (Stimulus) dh 'kfDr ij fuHkZj djrh gS D;ksfd is'kh dks
fufeZr djus okys is'kh rUrqvksa dh mÙkstu djus dh 'kfDr fHkUu-fHkUu gksrh gSA
blesa ls dqN is'kh rUrqvksa dk ladqpu (Contraction) fuEu ;k {kh.k míhiu dh
vuqfØ;k esa gks tkrk gS rFkk dqN is'kh rUrqvksa dk ladqpu vf/kd 'kfDr'kkyh
míhiu dh vuqfØ;k esa gksrk gSA bl dkj.k míhiu dh 'kfDr esa of̀) ¼volhek
míhiu ls vf/kd½ ds dkj.k is'kh ds ladqpu dh 'kfDr esa of̀) gksrh gSA

ladyu (Summation)& dadkyh; ;k jsf[kr is'kh dks nksckjk ladqfpr
fd;k tk ldrk gS ;fn ;g is'kh ladqpu ds i'pkr~ foJke voLFkk esa u vk;h
gksA ;gk¡ ij ladqpu rjaxksa ds ;ksx dks ladyu dgrs gSaA

is'kh ds ladqpu ,oa mÙkstu'khyrk dk vO;Dr dky (The latent
period of muscles contraction and excitation)& míhiu ds izkjaHk esa is'kh
ladqpu ds chp dh vof/k dks mÙkstu'khyrk dk vO;Dr dky (Period of
latent excitation) dgrs gSa ;k fQj vO;Dr dky ;k vO;Dr vof/k (Latent
period) dgykrk gSA og vof/k ftlesa is'kh ladqpu voLFkk esa jgrh gS ladqpu
dh vof/k (Period of contraction) dgrs gSaA vO;Dr dky dh vof/k 0-01
lsd.M gksrh gSA euq"; dh isf'k;ksa ds fy, bl vO;Dr dky dks ,d lsd.M
(Seconds) ds gtkjosa va'k esa ekik tkrk gSA ladqpu ds ckn dh voLFkk is'kh
dk foJke dky (Resting period) dgykrk gSA ,dy ladqpu ds le; is'kh
izkjaHk esa vuqÙksftr (Unexcited) jgrh gS] ladqpu dky (Contraction period)
esa is'kh dk mÙkstu /khjs-/khjs of̀) djrk gS vkSj fojke voLFkk (Resting phase)
esa vf/kd mPp Lrj ij igq¡p tkrk gSA vUr esa foJke vof/k is'kh dk mÙkstu
de gks tkrk gSA

fVVusl voLFkk (Tetanus stage)& isf'k;ksa dks mÙksftr fd;s tkus ds
i'pkr~ ;g ladqfpr gksdj iqu% iwoZ fLFkfr esa yxHkx 1@10 lsd.M esa okil vk
tkrh gSA ;fn isf'k;ksa dks foJke esa vkus ls iwoZ míhIr fd;k tk;s rc is'kh
ladqpu dh voLFkk esa gh jgrh gSA bl voLFkk dks fVVusl dgrs gSaA bldk
oØ Åij dh vksj c<+rk gSA is'kh dks míhiu ds chp fojke dk le; ugha
feyrk gSA tc is'kh rUrq (Muscles fibre) dks 40-100 míhiu (Stimulus) izfr
lsd.M dh nj ls míhIr ;k mÙksftr fd;k tk;s rc is'kh iw.kZ fVVusl
(Tetanus) voLFkk esa gks tkrh gSA fu;fer vUrjky (Interval) ls isf'k;ksa dk
fujUrj míhfir (Stimulate) djus ij loZizFke dqN ladqpu vk;keksa esa
(Amplitude) fujUrj of̀) gksrh gS] bldks Vªsis ;k LVsjdsl (Treppe or
staircase) vfHkfØ;k dgrs gSaA ;g fLFkfr isf'k;ksa dh mÙkstu'khyrk
(Irritability) ,oa rkiØe (Temperature) dh of̀) ds dkj.k gksrk gSA

Fkdku (Fatique)& ;fn is'kh dks yEcs le; rd míhIr fd;k tk, rc
mlesa ladqpu fujURkj de gksrk tkrk gSA vUr esa og is'kh bl voLFkk esa igq¡p
tk,xh] tcfd ladqpu fcYdqy ugha gks ik,xkA bl fLFkfr dks is'kh FkdkoV
(Fatigue) dgrs gSA is'kh dks vkWDlhtu dh i;kZIr ek=k feyus ,oa i;kZIr
foJke feyus ls Fkdku nwj gks tkrh gSA is'kh FkdkoV (Muscles fatigue) dh
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voLFkk bl dkj.k ls gksrh gS D;ksafd isf'k;ksa esa ysfDVd vEy (Lactic acid) ,oa
CO2 dh vR;f/kd ek=k ,dfr= gks tkrh gSA isf'k;ksa dh dk;Z{kerk esa deh gksuk
rkfU=d (Nervous) ,oa jklk;fud (Chemical) dkj.kksa ij fuHkZj djrk gSA

viuh izxfr tk¡fp, (Check Your Progress)

14- jsf[kr is'kh esa ik;k tkrk gSS&

¼d½ dsUnzd ughasa ¼[k½ vusd dsUnzd

¼x½ nks dsUnzd ¼?k½ ,d dsUnzd

15- Hkqtk dh xfr ls lEcfU/kr is'kh gksrh gSS&

¼d½ jsf[kr is'kh ¼[k½ vjsf[kr is'kh

¼x½ ân; is'kh ¼?k½ Qsfl;y is'kh

16- ,sfPNd is'kh esa _______ ik;h tkrh gS&

¼d½ QsQM+s ¼[k½ ;dr̀

¼x½ i'p mikaax ¼?k½ ân;

4-8 is'kh; ladqpu ds fl)kUr ,oa mldh
tSo&jlk;fudh (Theory of Muscle
Contraction and its Biochemistry)

isf'k;ksa (Muscles) dks mÙksftr (Stimulate) djus ij ladqpu
(Contraction) ,oa f'kfFkyu (Relaxation) gksrk gSA lkdksZeh;j (Sarcomere)
is'kh ladqpu dh bdkbZ gksrh gSA izR;sd is'kh rUrq (Muscle fibre) pkyd
rfU=dk rUrq (Motor nerve fibres) ls lEcfU/kr gksrk gSA izR;sd pkyd
rfU=dk,¡ (Motor nerves) is'kh; ladqpu (Muscle contraction) dks izkjEHk
djrh gSaA ,slh rfU=dk,¡ tks isf'k;ksa ds ladqpu dks jksdrh gSa vojks/kh rfU=dk,¡
(Inhibiting nerves) dgykrh gSaA tgk¡ ij viokgh rfU=dk (Efferent
nerve) ,oa is'kh; rUrq (Muscle fibres) ;qXekuqca/ku (Synapse) djrs gSa ml
fcUnq dks rfU=dk is'kh; lfU/k LFkku (Neuro muscular junction) dgrs gSaA tc
pkyd rfU=dk (Motor nerve) ds vusd is'kh rUrqvksa ls lEcU/k gksrs gSa mldks
ikWyhU;wjy taD'ku (Polyneural junction) dgrs gSaA pkyd rfU=dkvksa (Motor
nerves) }kjk is'kh; ladqpu (Muscle contraction) izkjEHk gksrk gSA

,d jsf[kr is'kh (Striated muscle) esa vusd la[;k esa ek;ksQkbfczYl
(Myofibrils) ik, tkrs gSa] tks lkjdkseh;j (Sarcomere) is'kh ladqpu dh
bdkbZ dks fu#fir djrs gSaA blesa xgjh ifÍ;ksa (Dark bands) dks A-ifÍ;k¡ rFkk
gYdh ifÍ;ksa (Light bands) dks I-ifÍ;k¡ dgrs gSaA A-ifÍ (Band) ek;ksflu
(Myosin) uked izksVhu dh cuh gksrh gSa] tcfd I-ifÍ (Band) ,fDVu (Actin)
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uked izksVhu dh cuh gksrh gSA I-ifÍ ds e/; esa ,d vuqizLFk (Transverse)
foHkktd in gksrk gS ftldks Z-js[kk (Line) ;k Økml dh f>Yyh (Krause’s
membrane) dgrs gSaA A-ifÍ ds chp dk vf/kdka'k Hkkx nksuksa vksj gYdk
fn[kkbZ nsrk gS] ftldks H-{ks= (Zone) dgrs gSaA

jsf[kr isf'k;ksa dks mÙksftr (Stimulate) djus ij ladqpu
(Contraction) ,oa f'kfFkyu (Relaxation) gksrk gSA is'kh ladqpu ds le;]
lkjdkseh;j (Sarcomere) is'kh ladqpu bdkbZ esa fuEufyf[kr ifjorZu gksrs gSa&

(i) A-ifÍ esa dksbZ ifjofrZu ugha gksrk gS] ijUrq blesa mifLFkr H-{ks=
(Zone) yqIr gks tkrk gSA

(ii) nks Z-js[kk (Lines) ikl-ikl vkrh gSaA

(iii) I-ifÍ (Band) xk;c gks tkrh gSA

(iv) is'kh ladqpu ds le; foJke foHko (Resting potential) &70 mV ls
ifjofrZr gksrk gS rFkk fo/kzqo.k foHko (Depolarisation) 0 mV rd gks
tkrk gS vkSj fQj $35 mV dk /kukRed foHko mRiUu gksrk gSA bldks
fØ;k foHko (Action potential) dgrs gSaA

(v) fo/kzqo.k ij rfU=dkvksa ds }kjk ,flfVdksyhu (Acetylcholine) inkFkZ dks
rfU=dk is'kh; tad'ku ij L=kfor djrk gS] is'kh; f>Yyh fo/kzqfor
(Depolarise) gks tkrh gSA f>Yyh dh ikjxE;rk esa of̀) gksrh gSA

(vi) lksfM;e vk;Ul ckgj ls vUnj dh vksj vkSj iksVsf'k;e vk;Ul vUnj ls
ckgj dh vksj folfjr gksrs gSaA blds ifj.kkeLo#i fØ;k foHko (Action
potential) fodflr gksrk gS] tks is'kh rUrq ij laokfgr gksrk gSA is'kh
ladqfpr gksrh gSA

(vii) is'kh ladqpu esa fo/kzqo.k (Depolarisation) ds i'pkr~ iqu%/kzqo.k
(Repolarisation) dh fØ;k gksrh gSA blds ifj.kkeLo#i Ca++

lkjdksIykTe ls fudyrs gSa] tks ,fDVu ds ek;ksflu ij vkPNkfnr gksus
ds fy, vko';d gSA

4-8-1 is'kh-ladqpu dh fØ;kfo/kh (Mechanism of Muscle
Contraction)

1- is'kh-ladqpu ds le; gksus okys HkkSfrd ifjorZu (Physical
changes)& is'kh-ladqpu ÁØe ek;ksQkbfczy ds izksVhu fQykesUV ls
lEcfU/kr gksrk gSA lkdksZfe;j (Sarcomere) dks ladqpu'khyrk dh bdkbZ
ekurs gSaA ;g nks Z-discs ds chp dh nwjh gksrh gSA

is'kh-ladqpu ds le; eghu ,fDVu fQykesUV eksVs fQykesUV ds chp
fQlyrs gSa ftlls lkdksZfe;j esa ladqpu gksrk gS vkSj is'kh fldqM+dj
NksV+h gks tkrh gSA bl le; I-band NksVs gks tkrs gSa] H-disc yqIr gks
tkrh gS rFkk A-band dh yEckbZ fLFkj gks tkrh gSA
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2- is'kh-ladqpu ds le; gksus okys jklk;fud ifjorZu (Chemical
changes)& is'kh-ladqpu ds le; lkdksZIykfTed tkfydk
(Sarcoplasmic reticulum) ls Ca++ vk;u eqä gksdj ek;ksflu ds
ATP ls ,d QkWLQsV xqV dks iF̀kd~ djrs gSa ftlls ;g ADP esa cny
tkrk gSA

4-8-2 mÙkstu-ladqpu ;qXeu (Excitation-contraction
Coupling)

rfU=dk rU= (Nervous system) dk vkosx] rfU=dk&is'kh; ;qXekuqca/ku
(Neuro-muscular synapse) ij igq¡pdj rfU=dkvksa ds vfUre fljksa
ls ,flfVydksyhu (Acetylcholine) dks L=kfor djrh gSA

lkdksZysek (Sarcolemma) mÙksftr gksrh gSA is'kh esa mifLFkr Na+ ,oa K+

ds xfr”khy gksus ls budk folj.k gksrk gSA Na+ vk;Ul vUnj dh vksj folfjr
gksrs gSa vkSj K+ vk;Ul ckgj dh vksj folfjr gksrs gSaA bl le; lkdksZysek dk
fo/kqzzohdj.k (Depolarisation) gks tkrk gSA Na+ ,oa K+ dk
folj.k ,sflfVydksyhu ds lkdksZysek ds lEidZ ds dkj.k gksrk gSA fo/kzqohdj.k
(Depolarisation) dh ;g rjax (Wave) lkdksZysek esa ik;h tkus okyh T-
ufydkvksa ds }kjk isf'k;ksa ds vkUrfjd Hkkx esa izos'k djrh gSA fo/kzqohdj.k dh
rjax T-ufydkvksa ,oa lkdksZIykfTed jsfVdqye (Sarcoplasmic reticulum) ds
ijLij lEcU/k ds dkj.k lkdkZsIykfTed jsfVdqye (Sarcoplasmic reticulum)
dh esEczsu dk Hkh fo/kzqohdj.k dj nsrh gSA

lkdksZIykTe (Sarcoplasm) esa mifLFkr lkdksZIykfTed jsfVdqye
(Sarcoplasmic reticulum) ds vUnj Ca++ vk;Ul laxzfgr jgrk gS tks
fo/kzqohdj.k ds dkj.k ckgj fudy tkrs gSaA ;s Ca++ lkdksZIykTe (Sarcoplasm)
esa izos'k djrs gSaA Ca++ vk;Ul ek;ksflu rUrqvksa (Myosin filament) dk
mRizsj.k djrs gSaA blds ifj.kkeLo#i ,fDVu (Actin) ,oa ek;ksflu (Myosin)
ds chp ØkWl fcztsl (Cross bridges) curs gSa vkSj is'kh esa ladqpu gksrk gSA tc
ladqpu lekIr gks tkrk gS rc bu ladqpu'khy rUrqvksa esa vk, Ca++ vk;Ul dks
iqu% lkdksZIykfTed jsfVdqye esa okil Hkst fn;k tkrk gSA

4-8-3 is'kh-ladqpu ds fl)kUr (Theories of Muscle
Contraction)

mUuhloh lnh esa is'kh ladqpu ds ckjs esa vusd fl)kUr izfrikfnr fd, x,A
lHkh oSKkfudksa us is'kh ds ladqpu (Contraction) ,oa f'kfFkyu (Relaxation)
fof/k dks le>kus dk iz;kl fd;kA ysfdu lHkh fl)kUrksa esa ls dsoy nks
fl)kUr orZeku le; esa v/;;u fd, tkrs gSaA buesa ls lcls izkphu fl)kUr
vklku gS tks n'kkZrk gS fd rUrq izksVhu ftlls is'kh cuh gksrh gS ladqpu
(Contraction) ds le; oyfur@QksfYMax (Folding) rFkk f'kfFkyu
(Relaxation) ds le; voyfur@vuQksfYMax (Unfolding) gksrs gSaA bl
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fl)kUr dk fofHkUu izdkj ls o.kZu fd;k x;k gSA lHkh le>rs gSa fd ladqpu
rRo izlkfjr jgrk gS tcfd v.kq (Molecule) ij leku vkosxksa esa ijLij
izfrjks/k gksrk gS ;k gVko gksrk gSA ladqpu ifjorZu ds le; /kukRed vkosx
ds leku _.kkRed vkosx gksrk gS ftlds dkj.k ladqpu rRo (Contractile
element) oyfur (Folded) gks tkrk gS ftlls is'kh ladqfpr gks tkrh gS ;k
NksVh gks tkrh gS ysdhu bl fl)kUr ds vusd fcUnqvksa ds }kjk ekU; ugha
fad;k x;kA

is'kh ladqpu dks le>kus ds fy, fuEufyf[kr fl)kURkksa dk o.kZu fd;k
x;k gS&

(i) liZ.k fl)kUr (Sliding theory)]

(ii) fo|qr vkos'kh; fl)kUr (Electrokinetic theory)]

(iii) vkf.od fl)kUr (Molecular theory)]

(iv) ts.V&X;ksjX;kbZ fl)kUr (Szent-Georgyi theory)A

4-8-4 is'kh-ladqpu dk liZ.k fl)kUr (Sliding Theory of
Muscle Contraction)

bl fl)kUr dks gSUlu (Hanson, 1960) rFkk gDlys (Huxley) us 1965 esa
izLrqr fd;kA bl fl)kUr ds vuqlkj eghu ,fDVu fQykesUV eksVs fQykesUV ds
chp lkdksZeh;j ds e/; esa A rFkk H-band dh vksj f[kldrs gSaA foJkekoLFkk
esa ;s rUrq ØkWl fczt }kjk lEcfU/kr jgrs gSaA is'kh&ladqpu ds le; ØkWl fczt
eqM+dj vLFkk;h #i ls ,fDVu rUrqvksa ds lfØ; LFkkuksa ls tqM+ tkrs gSaA vc
bu ØkWl fczt ds lh/kk gksus ij ,fDVu rUrq ek;ksflu rUrqvksa ds Åij fQlyrs
gSaA bl le; I-band RkFkk A-bands esa fLFkr H-discs yqIr gks tkrh gSa rFkk
lkdksZfe;j esa ladqpu gksrk gS vkSj is'kh fldqM+ tkrh gSA is'kh dk vkdkj NksVk
gks tkrk gSA

bl fl)kUr ds vuqlkj is'kh&ladqpu fuEufyf[kr izØeksa ds vUrxZr gksrk
gS&

1- lkdksZfe;j (Sarcomere) is'kh ladqpu dh bdkbZ gksrh gSA lkdksZfe;j nks
Øfed Z-ifê;ksa (Bands) ds e/; dh nwjh 1-5  gksrh gSA izR;sd
lkdksZfe;j ds e/; esa A-ifêdk dh ek;ksflu izksVhu dh eksVh Lrj
(Thick filaments of myosin protein) ,oa blds nksuksa vksj I ifêdk
dh ,fDVu izksVhu dh iryh NMa+s (Thin filament of action protein)
ik;h tkrh gSaA ;g is'kh dksf'kdk dh foJke voLFkk@ladqpu'khy
voLFkk (Resting stage) esa ,d-nwljs ds Åij fLFkr gksrh gSaA

2- tc jsf[kr isf'k;k¡ (Striated muscles) pkyd rfU=dk rUrq (Motor
nerve fibres) ds }kjk míhIr gksrh gSa rc ;g f'kfFky ,oa fldqM+rh gSaA
rfU=dk rUrq vius fljksa ij ,flfVydksyhu (Acetylcholine) uked
jklk;fud inkFkZ L=kfor dj ladqpu dh iszj.kkvksa (Impulses) dks is'kh



rfU=dk-is'kh; leUo;u

244

fVIi.kh

Lo-vf/kxe
ikB~; lkexzh

dksf'kdkvksa esa laokfgr djrh gSaA is'kh esa lkdksZIykfTed jsfVdqye
(Sarcoplasmic reticulum) bu iszj.kkvksa dks ek;ksQkbfczYl (Myofibrils)
rd laokfgr djrk gSA

MyosinZ Z

1

HZ

A
Actin

2

3

MyosinA

ZZ

ActinMyosin

Myosin

A

Actin

MyosinActin A A

Cross-Bridges
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MyosinMyosin

Siliding Action
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Actin
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Z
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Actin

Z

2

3

1

fp= Ø- 4-20% Diagrammatic (hypothetical) representation
of the sliding filament mechanism of muscular contraction
showing also the cross-bridge in between actin and myosin

filaments. No. 1 shows the sarcomere in partially contracted
state. Nos. 3, 4 & 5 depict the sarcomere in maximally

contracted states

3- bl izdkj efLRk"d }kjk laokfgr iszjd@pkyd mRiszj.kk,¡ is'kh dksf'kdk
ds vkUrfjd Hkkx is'kh rUrqd ¼ek;ksQkbfczYl-Myofibril½ rd igq¡prs
gSa] ;g is'kh dksf'kdk mÙksftr gks tkrs gSaA bl izdkj is'kh esa ladqpu
gksrk gSA bl izdkj is'kh-ladqpu ds le; ifêdkvksa esa dk;kZRed
ifjorZu gksrs gSaA is'kh-ladqpu ds le; ,fDVu izksVhu (Actin protein)
ek;ksflu izksVhu (Myosin protein) ds Åij fQlyrh gS ftlds dkj.k
‘I’ ifêdk dh yEckbZ esa deh gks tkrh gS] ysfdu ‘A’ ifêdk dh yEckbZ
esa dksbZ ifjorZu ugha gksrk gSA ,fDVu iszkVhu dh Lrj bl izdkj ljdrh
gS fd M- js[kk ij buds fljs ,d-nwljs ds Åij gks tkrs gSaA ‘I’ rFkk
‘A’ ifêdk ds e/; ‘H’ js[kk iw.kZrk% yqIr gks tkrh gSA mi;qZä lHkh
ifjorZuksa ds dkj.k is'kh rUrqd (Myofibrils) ladh.kZ ;k NksVs gks tkrs
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gSaA bl izdkj is'kh esa ladqpu gks tkrk gSA iszj.kk fcUnq ls izkjEHk gksdj
is'kh dksf'kdk ds nksuksa vksj ladqpu laokfgr gksrk gS] ysdhu ladqpu ,d
gh fn'kk esa ml vksj gksrk gS ftl fn'kk esa is'kh vfLFk ls lEcfU/kr
jgrh gSA

4- ladqpu ds le; ek;ksflu Lrj ij ØkWl fcztsl (Cross bridges) dk
fuekZ.k gksrk gS tks ,fDVu izksVhu ds iryh Lrj dks jSpsV~ fØ;k
(Rechette action) ds leku ek;ksflu izksVhu ds e/; fLFkr LFkkuksa esa
ljdus dh xfr ls f[kaprs gSa rFkk is'kh f'kfFkyu (Relaxation) ij
lekIr gks tkrs gSaA bl dkj.k ,fDVu Lrj iqu% vius LFkku ij okil
vk tkrh gSA

4-8-5 fo|qr vkos'kh; fl)kUr (Electro-Kinematic Theory)

bl fl)kUr ds vuqlkj ek;ksflu izksVhu (Myosin protein) dh Lrj _.kkRed
(Negative) vkos'kksa dh J̀a[kyk (Chain) ,oa ,fDVu rUrq leku ek=k esa
_.kkRed ,oa /kukRed (Negative and Positive) nksuksa vkos'kksa dh J̀a[kyk ik;h
tkrh gSA bl dkj.k ,fDVu rUrq vkos'kghu gksrs gSaA

is'kh dh f'kfFkyu voLFkk essa nksuksa rUrqvksa ¼QkbfczYl-Fibrils½ ds e/; esa
dksbZ Hkh fo|qrkd"kZ.k cy (Electric potential force) ugha ik;k tkrk gSA
rkfU=dk ls is'kh esa mÙkstuk vkrh gS rks Ca++ vk;u LorU= gksrs gSaA ;g Ca++

vk;u nksuksa izdkj dh rfU=dk ij fLFkr gks tkrs gSa rFkk bldk _.kkRed
(Negative) vkos'k iwoZ dh vis{kk vf/kd de gks tkrk gS rFkk /kukRed vkos'k
vf/kd gks tkrk gSA Ca++ vk;u bu rUrqvksa ds fljksa ij fpidrs gSa tks Z-js[kk
d lehi gksrs gSaA bl izdkj ,fDVu rUrq dk Z-js[kk dh vksj okyk Hkkx
lokZf/kd /kukosf'kr (Positively charged) rFkk ek;ksflu ds chp okyk Hkkx
_.kkosf'kr (Negatively charged) gks tkrk gSA bl izdkj ek;ksflu (Myosin)
dk _.kkRed (Negative) vkos'k ,fDVu ds /kukRed (Positive) vkos'k dks
vkdf"kZr djrk gS] bl izdkj ,fDVu Lrj ek;ksflu ij ljdrh gS rFkk is'kh
ladqfpr gks tkrh gSA

4-8-6 is'kh; ladqpu dk vkf.od fl)kUr (Molecular Theory
of Muscle Contraction)

Msohl (Davies, 1963) us n'kkZ;k fd is'kh; ladqpu esa nks izdkj ds mRiszjd
(Catalyst) dk;Z djrs gaSA izFke gS] vk;Ul (Ions) ,oa nwljk dSfY'k;e
(Calcium)A
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Myosin
filamentZ-Disc

‘A’-Band

H-Zone

‘I’-Band

Actin filament
Sarcomere

fp= Ø- 4-21% Mechanism of Contraction of Sarcomere

Msohl ds vuqlkj gYds esjksek;ksflu (L-meromyosin) ATPase ,Utkbe
ds leku dk;Z djrs gSaA ;g vuqekur% vuqizLFk lsrq (Cross bridges) ds vk/kkj
ds ikl gksrs gSa rFkk vk;uksa ds lewgu ds dkj.k bu ij _.kkRed (Negative)
vkos'k gksrk gS vkSj ØkWl fczt ds nwjLFk fljs ij vk;fur ATP mifLFkrh gksrh
gSA vk;fur ATP ij Hkh Mg++ ds ;qXeu ds dkj.k _.kkRed vkos'k (Negative)
gksrk gSA vk/kkj vkSj 'kh"kZ nksuksa fljksa ij _.kkRed vkosx gksus ij nksuksa ds chp
izfrd"kZ.k (Repulsion) gksrk gS vkSj vuqizLFk lsrq (Cross bridges) QSys jgrs gSaA
bl izdkj ATP lfØ; Hkkx ls nwj gksrk gSA lkdksZIykfTed ufydk
(Sarcoplasmic tube) ls fudys dSfY'k;e vk;u vuqizLFk lsrq ds nwjLFk
fljs ,oa lehi ds ,fDVUk lw= ds e/; jklk;fud ca/k cuk nsrs gSaA bl izdkj
_.kkRed (Negative) vkos'k lekIr gks tkrk gSA lsrq (Bridge) ds ek;ksflu
(Myosin) es -gsfyDl (Helix) cukus dh izof̀Ùk gksrh gS ysdhu foJkekoLFkk ds
le; fLFkj fo|qr izfrd"kZ.k (Electrical repulsion) dq.Myh cukus ls jksdrk gSA
tc ;g izfrd"kZ.k lekIr gks tkrk gS ml le; gSfyDl curk gSA dq.Myh
cuus ls lsrq (Bridge) NksVk gksrk gS vkSj ,fDVu f[akprk gS vkSj lsrq ls nwjLFk
fljs ij ATP lfØ; {ks= esa vkrk gSA esjksek;ksflu ds ATPase }kjk ATP dks
ADP ,oa QkWLQsV v.kq esa fo?kfVr gksrk gSA ADP 'kh?kz QkWLQksfjfydj.k ds }kjk
iqu% ATP cu tkrk gSA vuqizLFk lsrq ds nksuksa fljksa ij fo|qr izfrd"kZ.k gksus ds
dkj.k lsrq iqu% QSy tkrk gS vkSj ,fDVu vius LFkku ij vk tk,xkA ;g Øe
cjkcj gksrk gSA
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4-8-7 is'kh-ladqpu ds le; gksus okys jklk;fud ifjorZu
(Chemical Changes During Muscle Contraction)

is'kh ladqpu ds le; fuEufyf[kr jklk;fud ifjorZu gksrs gaS&

1. ATP dk ADP esa cnyuk (Conversion of ATP in ADP)& ;g
izfØ;k ,fMuksflu VªkbQkWLQsVst (ATPase) dh mifLFkrh esa gksrh gSA
ATP ls ,d QkWLQksfjd vEy dk v.kq vyx gksdj ADP cukrk gS
ftlds QyLo#i fudyh ÅtkZ is'kh ladqpu esa mi;ksx vkrh gSA ;g
izfØ;k ,u,jksfcd Hkh gks ldrh gSA

2- fØ,fVu QkWLQsV dk VqVuk (Break down of creatine
phosphate)& is'kh dksf'kdk esa mifLFkr fØ,fVu QkWLQsV (Creatine
phosphate) VwVdj fØ,fVu (Creatine) rFkk QkWLQksfjd vEy cukrk gSA
QkWLQksfjd vEy (Phosphoric acid) dk v.kq ADP ls tqM+dj ATP dk
fuekZ.k djrk gSA

Creatine Phosphate Creatine + Phosphoric acid

Phosphoric acid + ADP ATP

ATP ls ADP esa ifjorZu is'kh rUrqvksa ds ladqpu ds fy, rqjUr ÅtkZ
dk L=ksr gksrk gSA ADP ,oa H3PO4 ls ATP ds iqu% fuekZ.k ds fy,
vko';d ÅtkZ QkWLQksfØ,fVu (Phosphocreatine) ds foPNsn ls izkIr
gksrh gSA QkWLQksfØ,fVu Hkh iqu% la'ysf"kr fd;k tkrk gSA bl izfØ;k ds
fy, ÅtkZ XywdksQkWLQsV ds ySfDVd vEy esa cnyus ls izkIr gksrh gSA
ySfDVd vEy ;Ñr dk 2% CO2 ,oa H2O esa ifjofrZr gksrk gSA 'ks"k
ySfDVd vEy ;Ñr (Liver)] isf'k;ksa (Muscles) ,oa 'kkjhfjd Årdksa esa]
fQj Xykbdkstu esa la'ysf"kr gks tkrk gSA bl izdkj pØ okil 'kq#
gksrk gSA

3- Xykbdkstu dk VwVuk (Break down of glycogen)& is'kh dksf'kdk
ds lkdksZIykTe (Sarcoplasm) esa mifLFkr Xykbdkstu ATP ls
QkWLQksfjd vEy ds vyx gksus ij mlls tqM+dj Xykbdkstu dks
Xywdksl QkWLQsV esa cny nsrk gSA

Glycogen + Phosphoric acid → Glucose Phosphate

4- ÝqDVksl MkbQkWLQsV dk cuuk (Formation of fructose diphos-
phate)& is'khs dksf'kdk esa cuk Xywdksl QkWLQsV vusd jklk;fud
izfrfØ;kvksa ds ckn ÝqDVksl MkbQkWLQsV esa cny tkrk gSA

Glucose Phosphate Fructose diphosphate
Enzyme

5- ySfDVd ,flM dk cuuk (Formation of lactic acid)& is'kh
dksf'kdk esa cuk ÝqDVksl MkbQkWLQsV iqu% jklk;fud izfrfØ;kvksa ds ckn
ySfDVd vEy esa cny tkrk gS ftlds QyLo#Ik ATP ds rhu v.kq eqä
gksrs gSaA
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ysDVsVIkkb#osV

fp= Ø- 4-22% Chemical basis of Muscle Contraction

6- fØ,fVu-QkWLQsV dk iqu% la'ys"k.k (Resynthesis of creatine
phosphate)& is'kh dksf'kdk esa fØ,fVu dk fjQkWLQksfjys'ku
(Rephosphorylation) gksrk gSA blds vUrxZr ATP ds ,d
QkWLQksfjd ,flM dk v.kq vyx gksdj fØ,fVu ls tqM+dj fØ,fVu
QkWLQsV cukrk gSA bl gsrq vko';d ÅtkZ Xykbdkstu ds
ySfDVd ,flM esa VwVus ls izkIr gks tkrh gSA

Creatine + Phosphoric acid Creatine Phosphate

lkekU;r;k is'kh dksf'kdk ds lkdksZIykTe dk pH 7.3 gksrk gS] ijUrq
ySfDVd vEy ds ,df=r gks tkus ls ek/;e vEyh; (pH 6.0) gks tkrk gSA

4-8-8 dksjh pØ (Cori Cycle)

'kjhj dh isf'k;ksa }kjk vR;f/kd dk;Z ;k vfHkfØ;k djus ds dkj.k is'kh esa dqN
fo'ks"k ifjorZu gksrs gSaA bu vfHkfØ;kvksa ds }kjk ifjorZuksa esa ySfDVd vEy
(Lactic acid) dks ckgj fudkyk tkrk gSA ;g vfHkfØ;k isf'k;ksa ds
vfrfjä ;dr̀ (Liver) eas Hkh gksrh gSA bu lHkh ifjorZuksa dks dksjh pØ (Cori
Cycle) dgrs gSaaA

is'kh ladqpu (Muscle Contraction) ds le; is'kh dh Xykbdkstsu
(Glycogen) ls Xykbdksfyfll (Glycolysis) fof/k ds }kjk ÅtkZ (Energy)
mRiUu gksrh gSA Xykbdksfyfll esa mRiUu ikb#fod vEy (Pyruvic acid) ,oa
ySfDVd vEy (Lactic acid) 'kh?kz gh CO2 ,oa H2O esa vkWDlhÑr (Oxidised)
gksrss gSaA ;g vfHkfØ;k bruh rhozrk ls gksrh gS fd ySfDVd vEy is'kh rUrqvksa
esa ,df=r ugha gks ikrk gSA
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vR;f/kd fØ;k'khy ;k vf/kd dk;ZZ djus ds le; isf'k;ksa eas ySfDVd
vEy (Lactic acid) vf/kd ek=k esa curk gSA ;g ySfDVd vEy ØSc pØ
ds }kjk vklkuh ls fu"dkflr ugha gksrk gSA ySfDVd vEy jä laogu esa
izokfgr gksrk gS vkSj jä laogu ds }kjk ySfDVd vEy ;dr̀ (Liver) esa igq¡prk
gSA ;Ñr esa ySfDVd vEy] Xykbdkstsu (Glycogen) esa ifjofrZr gks tkrk gSA

;Ñr esa Xykbdkstsu iqu% Xywdksl (Glucose) esa ifjofrZr gksrk gSA ;g
Xywdksl isf'k;ksa esa igq¡p tkrk gSA Xywdksl isf'k;ksa esa iqu% Xykbdkstsu esa
ifjofrZr dj fn;k tkrk gSA is'kh esa ÅtkZ (Energy) ATP ds #i esa vkrh gSA
ATP ,fDVu ,oa ek;ksflu esa igq¡p tkrk gSA is'kh esa tc fØ;k foHko (Action
potential) igq¡prk gS rc ATPase ,Utkbe ds }kjk ATP esa fo?kfVr gks tkrk gS
vkSj ,fDVu ,oa ek;ksflu fufeZr gksrs gSaA bl le; lkdksZfe;j (Sarcomere)
vkdkj esa NksVk gksrk gSA Mg++ vk;Ul dh mifLFkrh esa ladqpu ugha gksrk gSA
fQj Hkh ;fn dSfY'k;e dk ?kksy Mkyk tk;s rc vojks/k ls eqä gksdj is'kh esa
ladqpu gksrk gSA

is'kh ladqpu ds iwoZ vkSj ckn esa Å"ek (Heat) mRiUu gksrh gSA bl Å"ek
dks vkjfEHkd (Initial heat) dgrss gSaA is'kh foJke ds i'pkr~ jklk;fud
vfHkfØ;k ds }kjk Å"ek (Heat) fujUrj fudyrh jgrh gSA bl Å"ek dks
fjdojh@izfrykHk Å"ek (Recovery heat) dgrs gSaA

is'kh ladqpu
Xykbdksfyfll

dksjh pØ
(Cori cycle)

is'kh ySfDVd
vEy

jä ysDVsV

;Ñr
Xykbdkstsu

jä
Xywdkst

Xy
kb
d
kst

susf
l
l

fp= Ø- 4-23% Cori Cycle

bu izksVhUl (Proteins) ds vfrfjä fo'ks"k izdkj ds vk;uksa (Ions) ,oa
ÅtkZ (Energy) dh Hkh vko'drk gksrh gSA tSls Mg++, Ca++, K+ vkfnA Ca++

vk;u ds ckjs esa oSKkfudksa us vf/kd v/;;u fd;k gSA tc is'kh dks rfU=dk
rUrq ls míhiu@mRihM+u (Stimulus) izkIr gksrh gS rc lkdksZIykfTed jsfVdqye
(Sarcoplasmic reticulum) esa Ca++ vk;u LorU= gks tkrs gSa rFkk ladqpu
fØ;k esa lgk;rk djrs gSa] rRi'pkr~ ;g iqu% ÅtkZ (Energy) dh lgk;rk ls
lkdksZIykfTed jsfVdqye (Sarcoplasmic reticulum) esa ,df=r dj fy;s tkrs
gSaA ;g fØ;k iqu% nksgjkbZ tkrh gSA
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is'kh Ård esa ÅtkZ (Energy) ATP ls izkIr gksrh gSA ATP esa ;g ÅtkZ
is'kh; Xykbdkstsu ds 'oluh vkWDlhdj.k (Respiratory oxidation) ls izkIr
gksrh gSA ATP ls ÅtkZ dks ysdj ,fDVu (Actin) ,oa ek;ksflu (Myosin) izksVhu
vkil esa feydj ,DVksek;ksflu dkEIysDl (Actomyosin complex) cukrs
gSaA ;g dkEIysDl 'kh?kz ,oa rhoz xfr ls ladqpu djrk gSA bl ATP ls izkIr
ÅtkZ is'kh ds ladqpu esa i;kZIr ugha gksrh] vUr% 'ks"k ÅtkZ ds fy, fØ,fVu
QkWLQsV (Creatine phosphate) mi;ksx esa yk;k tkrk gSA

Nerve impulse

Transmitter

Coupling mechanism

Actomyosin

Actin + Myosin
CO2 + H2O

+ Heat

(By respiration)

Energy
substrate

(Eg. Glucose) ATP
(High energy
phosphate)

ADP
(Low energy
phosphate)
PO4 + Heat

fp= Ø- 4-24% Role of ATP in Muscle Contraction

tc isf'k;k¡ f'kfFky voLFkk esa gksrh gSa ;k ladqpu ugha dj jgh gksrh gSa
rc ATP Xykbdkstsu ds fo?kVu ls izkIr gksrh gS] ;g ek=k vko';drk ls
vf/kd gksrh gSA ;g vR;f/kd ATP dh ek=k viuh ÅtkZ fØ,fVu QkWLQsV
(Creatine Phosphate) dks LFkkukUrfjr (Transfer) dj nsrs gSa] tgk¡ ij ;g
vf/kd ÅtkZ laxzfgr dj yh tkrh gSA tc is'kh ds }kjk vf/kd ladqpu dk
dk;Z fd;k tkrk gS rc fØ,fVu QkWLQsV esa laxzfgr ÅtkZ iqu% mi;ksx esa yk;h
tkrh gSA

4-8-9 ân;h is'kh esa ladqpu (Contraction in Cardiac
Muscle)

ân;h isf'k;ksa (Cardiac muscles) esa ladqpu fof/k dadkyh; isf'k;ksa dh ladqpu
fof/k ds leku gksrh gSA vkosx ân; esa ik, tkus okys isl&essdj {ks= (Pace-
maker area) esa mRiUu gksrh gSA ;g vkosx fofHkUu laoguh; Årdksa
(Conducting tissue) ds }kjk laokfgr gksrh gS vkSj ân;h is'khs rUrqvksa esa
ig¡qprh gS vkSj blesa ls vkosx ,d dksf'kdk ls nwljh dksf'kdk esa rhozrk ls
fofHkUu bUVjdsysVsM fMLd dh taD'ku lrg ds }kjk laokfgr gksrh gSA dksf'kdk
dh lrg ls vkosx ek;ksQkbfczYl dh ladqpu bdkbZ esa lkdksZV~;wcqyj rU=
(Sarcotubular system) ds }kjk laokfgr gksrh gSA bUVjdsysVsM fMLd
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(Intercalated disc) MsLekslksEl (Desmosomes) 200 Å O;kl ds ik, tkrs gSaA
dksf'kdk ls dksf'kdk taD'ku (Cell-to-cell junction) vf/kd essEczsu lEidZ ds
{ks= j[krk gSA bl {ks= ij de fo|qr izfrjks/k gksrk gS tks fd mÙkstuk dks
“kh?kzrk ls lEiw.kZ ân; esa] dksf'kdk ls dksf'kdk esa rhozrk ls laokfgr djrk gSA
vuqizLFk Hkkx ds MsLekslksEl (Desmosomes) dksf'kdk ls dksf'kdk ds lEidZ esa
ladqpu bdkbZ laoguh; f[kapko ls lEcfU/kr gksrs gSa] lkFk fg ,d dksf'kdk ls
nwljh dksf'kdk esa vuqnS/;Z fn'kk esa Hkh laokfgr djus esa lgk;rk djrs gSaA bl
dk;Z dks djus ds fy, Ca++ izeq[k Hkwfedk fuHkkrs gSaA

1. Relaxed muscle

2. Actomyosin
complex

Contracted muscle

Actomyosin
complex

ADP

CP Creatine + SP

4.

3.

fp= Ø- 4-25% 1. Relaxed muscle is charged with energy which it
loses as it contracts, 2. The loss in energy changes the

actomyosin complex, 3. The high energy phosphate recharges
the contracted muscle causing it to relax, 4. Creatine
Phosphate (CP) supplies the high energy phosphate.

4-8-10 vjsf[kr is'kh esa ladqpu (Contraction in Smooth
Muscle)

,slk le>k tkrk gS fd vjsf[kr is'kh (Smooth/unstriated muscle) esa ladqpu
dadkyh; is'kh (Skeletal muscles) ds leku gksrk gS] D;ksafd ;g Kkr gS fd
ladqpu ds le; vjsf[kr is'kh ds ,fDVu (Actin) ,oa ek;ksflu (Myosin) rUrq
yEckbZ esa ifjofrZr ugha gksrss gSaA vkUrjkaxh is'kh Lor% ladqpu djus dh {kerk
ân;h is'kh ds leku j[krh gSA bu isf'k;ksa dk ladqpu /khek gksrk gSA bl lewg
dh isf'k;ksa es ân;h isf'k;ksa (Cardiac muscles) ds leku dqN dk;kZRed
(Functional) lekurk ikbZ tkrh gS] fo'ks"k #i ls Lor% rkyrk (Rhythmicity)
eas lekurk ik;h tkrh gSA laoguh; fpduh isf'k;ksa (Vascular smooth muscles)
eas dadkyh; isf'k;ksa ls lekurk ikbZ tkrh gS D;ksafd nksuksa is'kh lewg eas pkyd
rfU=dk (Motor nerve) dh mÙkstuk ls ifjorZu gksrs gSaA
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4-8-11 is'kh Fkdku (Muscle Fatigue)

1- vusd ckj ladqfpr gksus ds ckn is'kh esa ladqfpr QkWLQsV rFkk
Xykbdkstu lekIr gks tkrs gSa rFkk blesa ySfDVd vEy (Lactic
acid) ,df=r gks tkrk gS] ftlls blesa vkSj vf/kd ladqpu ugha gks
ikrkA bl n'kk dks Fkdku dgrs gSaA ladqpu djrh gqbZ is'kh esa ÅtkZ ds
izeq[k L=ksr ATP ¼fØ,fVu QkWLQsV@Creatine phosphate½ ds mi;ksx esa
vkus ds dkj.k gh Fkdku gksrh gSA /khjs-/khjs ySfDVd vEy ds Xywdkst esa
cnyus ij rFkk ÅtkZ ladqfpr gks tkus ij Fkdku nwj gks tkrh gSA

2- ydok (Paralysis)& tc dadky is'kh pkgus ij Hkh ugh fldqM+rh vkSj
laosnuk,¡ xzg.k ugha dj ikrh rks is'kh dh bl fuf"Ø; voLFkk dks
ydok ;k vax?kkr dgrs gSa vkSj is'kh dks v'kä (Paralysed) dgrs
gSaA ;g eq[;rk% fdlh dkj.ko'k efLr"d esa mifLFkr is'kh fu;U=.k dsUnz
ds vlQy gksus vFkok is'kh dks izsj.kk igq¡pkus okyh pkyd rfU=dk
(Motor nerve) ds u"V gksus ds dkj.k gksrk gSA

3- daidaih (Shivering)& tkMs+ ds fnuksa esa dHkh-dHkh dqN le; ds fy,
gesa vius vki daidaih vk tkrh gSA ;g dadky isf'k;ksa dh ,d
vuSfPNd fØ;k (Involuntary action) gksrh gSA blesa dksbZ xfr mRiUu
ugha gksrh gS] oju~ 'kjhj dks dqN rki ds #i esa xehZ fey tkrh gSA

4- vkWDlhtu _.k (Oxygen debt)& lfØ; (Active) 'kkjhfjd dk;Z ;k
O;k;ke ds le; isf'k;ksa esa ÅtkZ dk O;; vf/kd gks tkrk gSA vf/kd
ATP, ADP esa cny tkrh gSA Xywdkst dk tkj.k/(Combustion) vf/kd
gksrk gSA QsQM+s buds fy, vko';d O2 dh iwfrZ ughsa dh ikrsA lk¡l Qwy
tkrh gSA blh n'kk dks 'kjhj dk O2 _.k dgrs gSaA ftu euq";ksa esa
Xywdkst dh deh jgrh gS os vf/kd esgur dk dk;Z ugha dj ikrs gSaA

is'kh-ladqpu nks izdkj ds gksrs gSa&

(i) lerkuh ladqpu (Isotonic Contraction)& lkeU; voLFkk esa is'kh-
ladqpu dks lerkuh ladqpu dgrs gSaA tc is'kh fdlh Hkkj dks ogu
djus esa l{ke gksrh gS] is'kh NksVh gks tkrh gS rFkk ;kfU=d dk;Z
(Mechanical function) fu"ikfnr djrh gS] bl fLFkfr esa ladqpu ds
va'k@lhek ds vuisf{kr] leku rky (Tonus) esa vlqjf{kr gksrk gSA bl
izdkj ds ladqpu dks lerkuh ladqpu (Isotonic contraction) dgrs gSaA
bl ladqpu esa dqy jklk;fud fLFkfrt ÅtkZ (Chemical potential
energy) ds O;; dk 20%-25% Hkkx ;kfU=d dk;Z (Mechanical work)
ds #i esa mRiUu gksrkA 'ks"k rki esa izdV gksrk gSA

(ii) leferh; ladqpu (Isometric contraction)& bl izdkj ds ladqpu
esa is'kh dh yEckbZ NksVh ugha gksrh gSA tc dksbZ Hkh míhIr is'kh
(Stimulated muscle) vius Hkkj dks xfr iznku djus esa vleFkZ gksrh gS]
yEckbZ NksVh ugha gksrh rks bl izdkj ds ladqpu dks leferh; ladqpu
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dgrs gSaA blesa ruko mRiUu gksrk gS rFkk is'kh ds rky ¼Vksul-Tonus½
esa Hkh of̀) gksrh gS] ;kfU=d dk;Z dk fu"iknu ugha gksrk gSA mi;ksx esa
vkus okyh ÅtkZ rki ds #Ik esa izdV gksrh gSA

4-9 is'kh ladqpu dks izHkkfor djus okys dkjd
(Factors Affecting Muscular Contraction)

is'kh ladqpu dks izHkkfor djus okys dkjd fuEufyf[kr gSa&

(a) míhiu dh vof/k ,oa 'kfä (Strength and duration of
stimulus)& is'kh míhiu ds fy, míhiu esa ,d U;wure 'kfä ,oa
míhiu dks izHkko'kkyh cukus ds fy, bldh dqN fuf'pr vof/k
vko';d gksrh gSA bl fuf'pr vof/k ls de “kfä o le; dk míhiu
is'kh dks míhIr ugha dj ik,xkA

(b) ,d ds ckn nwljk míhiu dk izHkko (Successive stimuli)& ;fn
fdlh míhIr is'kh dks dqN le; i'pkr~ iqu% míhIr fd;k tk, rc is'kh
nks ckj ladqfpr gksxhA bldks dk;eksxzkQ (Kymograph) midj.k ij
ns[kk tk ldrk gSA bl midj.k ij nks oØ (Curve) cusaxs] ijUrq ;fn
nwljk míhiu izFke míhiu dh f'kfFkyu vof/k esa fd;k tk, rks oØ
fQj Hkh nks cusaxs] ijUrq nwljk oØ izFke dh vis{kk cM+k gksxkA bldks
igys míhiu dk ykHkdkjh izHkko Hkh fey tkrk gSA bl izdkj ds oØ
dks lqij v/;kjksi.k oØ (Super position curve) dgrs gSa aA

;fn nwljk míhiu is'kh ds ladqpu ds le; gh fd;k tk, rc is'kh vkSj
vf/kd ladqfpr gks tkrh gS] blds }kjk ,d gh oØ (Curve) curk gS
tks cM+k gksrk gSA ;g ladyu izHkko (Summation effect) dgykrk gSA

(A)

(B)

(C)

(D)

fp= Ø- 4-26% Contraction One after Another
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(c) rki dk izHkko (Effect of temperature)& lkekU; rkieku 25ºC ij
ÅÙkstu'khyrk ,oa ladqpu-'khyrk esa o`f) gksrh gSA de rkiØe 5ºC
ij nksuksa fØ;k,¡ ?kV tkrh gSaA ;fn rkiØe 42ºC ;k vf/kd gksrk gS
rc is'kh ds vUnj dk izksfVu te tkrk gSA is'kh esa rki fuf"Ø;rk esa
o`f) gksrh gSA

(d) Hkkj dk izHkko (Load effect)& Hkkj ds dkj.k lqIr dky (Latent
period) c<+ tkrk gS] ysfdu ladqpu ,oa izlkj le; ?kV tkrk gSA
ladqpu dh rhozrk ?kV tkrh gSA

(e) fujUrj míhiuksa dk izHkko (Effect of Continuous stimuli)& ;fn
is'kh dks fujUrj míhiu fn, tk;sa rc míhiuksa ds vuqlkj fuEufyf[kr
izHkko gksrs gSa&

(i) lh<h+ fl)kUr (Staircase phenomenon)& ;fn fdlh is'kh dks
fujUrj FkksM+h-FkksM+h nsj esa míhIr fd;k tk, rc izkjfEHkd dqN
ladqpu /khjs-/khjs c<+rs tkrs gSa] buds oØ lh<h+ ds leku Åij dh
vksj c<+rs tkrs gSaA

(ii) fVVsul voLFkk (Tetanus stage)& isf'k;ksa dks mÙksftr fd,
tkus ds i'pkr~ ;g ladqfpr gksdj iqu% iwoZ fLFkfr esa yxHkx
1@10 lsd.M esa okil vk tkrh gSA ;fn isf'k;ksa dks foJke esa
vkus ls iw.kZ míhIr fd;k tk, rc is'kh-ladqpu dh voLFkk eaas gh
jgrh gSA bl voLFkk dks fVVsul dgrs gSaA bldk oØ Åij dh
vksj c<+rk gSA

(iii) Fkdku (Fatigue)& ;fn is'kh dks yEcs le; rd míhIr fd;k
tk, rks mlesa ladqpu fujUrj de gksrk gS vkSj vUr esa ;g is'kh
bl voLFkk esa igq¡p tk,xh] tc blesa ladqpu fcYdqy ugha gks
ik,xkA bl fLFkfr dks is'kh FkdkoV (Fatigue) dgrs gSaA is'kh dks
vkWDlhtu dh i;kZIr ek=k feyus ,oa i;kZIr foJke feyus ls
Fkdku nwj gks tkrh gSA

4-9-1 is'kh ladqpu dh vkSftZdh (Energetics of Muscle
Contraction)

is'kh ladqpu ds le; fLFkfrt ÅtkZ (Potential energy) xfrt ÅtkZ esa cny
tkrh gSA ;g fLFkfrt ÅtkZ ATP ls izkIr gksrh gS rFkk ek;ksflu fQykesUV~l ls
lEcfU/kr gks tkrh gSA is'kh-ladqpu ds le; esa ATP ls ,d PO4 xqV iF̀kd~
gksdj yxHkx 12 dSyksjh ÅtkZ eqä djrk gS tks ek;ksflu esa LFkkukUrfjr gks
tkrh gSA

vc is'kh esa ATP dh bruh ek=k ugha gksrh gS fd og vf/kd le; rd
ladqpu fLFkfr esa jg lds] vUr% bldk viuh okLrfod fLFkfr esa vkuk
vko';d gSA
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viuh izxfr tk¡fp, (Check Your Progress)

17- is'kh ladqpu ds le; ÅtkZ dk eq[; L=ksr gS&

¼d½ Xykbdkstsu ¼[k½ jä

¼x½ ATP ¼?k½ IykTek

18- fuEu esa ls dkSu-lk ladqpu'khy izksVhu is'kh dk gksrk gSS\

¼d½ Vªksiksek;ksflu ¼[k½ ek;ksflu

¼x½ ,fDVu ¼?k½ lHkh

19- is'kh ladqpu dk liZ.k fl)kUr _________ us izfrikfnr fd;k FkkA

¼d½ ,p-bZ- gDlys

¼[k½ ,-,Q- gDlys

¼x½ ¼d½ rFkk ¼[k½ nksuksa

¼?k½ vkj-bZ- Msfol

20- is'kh esa ladqpu _________ dss dkj.k gksrk gSA

¼d½ ,fDVu ¼[k½ ek;ksflu

¼x½ ¼d½ rFkk ¼[k½ nksuksa ¼?k½ dksbZ ugha

4-10 viuh izxfr tk¡fp, iz’uksa ds mŸkj (Answers to
Check Your Progress)

1- ¼[k½ 8- ¼[k½ 15- ¼d½

2- ¼d½ 9- ¼d½ 16- ¼x½

3- ¼x½ 10- ¼x½ 17- ¼d½

4- ¼?k½ 11- ¼d½ 18- ¼x½

5- ¼[k½ 12- ¼[k½ 19- ¼x½

6- ¼x½ 13- ¼d½ 20- ¼x½

7- ¼d½ 14- ¼[k½
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4-11 lkjka'k (Summary)

bl ikB ds vUrxZr rfU«kdk rU«k vkSj is'kh; ladqpu vkrk gSA rfU«kdk vkSj
is'kh 'kjhj esa dSls dk;Z djrh gSA 'kjhj dks pykus esa larqyu fofHkUu
(Enzymes) vkSj Chemical reaction vkSj gkjeksu fd en~n ls dSls gksrk gS ;g
ljy rjhds ls n'kkZ;k x;kA

bl ikB esa is'kh ds ladqpu vkSj f'kfFkyu dks ljy rjhds ls le>kus dk
iz;kl fd;k x;k gSA

4-12 eq[; 'kCnkoyh (Key Terminology)

 U;wjksfXy;k (Neuroglia)

 thok.kqHk{k.k (Phagocytosis)

 esfuUtsl (Meninges)

 U;wjksUl (Neurons)

 ,d/kzqoh; (Unipolar)

 f}/kzqoh; (Bipolar)

 cgq/kzqoh; (Multipolar)

 nSfgd izsjd (Somatic motor)

 foljy izsjd (Visceral motor)

 ;qXekuqca/ku (Synapsis)

 is'kh Ård (Muscular tissue)

 jsf[kr is'kh;k¡ (Striated muscles)

 fpduh is'kh;k¡ (Smooth muscles)

 ân;h is'kh;k¡a (Cardiac muscles)

4-13 Lo-ewY;kadu iz'u ,oa vH;kl (Self Assessment
Questions and Exercises)

y?kq mŸkjh; iz'u (Short Answer Type Questions)

1- rfU=dk rUrq esa psruk iszj.kk dk laogu ij fVIi.kh fyf[k;sA

2- fuEufyf[kr ij fVIi.kh fyf[k;s&

(i) vuqdEih rfU=d rU=

(ii) rfU=d vkosx laogu

(iii) rfU=d laogu dkf;Zdh
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(iv) iqu%/kqzo.k ,oa ;qXekuqca/ku

(v) lksfM;e&iksVsf'k;e iEiA

3- fuEufyf[kr ij laf{kIr fVIi.kh fy[kks&

(i) ân;h is'kh

(ii) isf'k;ksa ds xq.k

(iii) is'kh FkdkoVA

4- fdUgha nks ij laf{kIr fVIi.kh fy[kks&

(i) vO;Dr dky

(ii) volhek míhiu

(iii) ikn dh isf'k;k¡A

5- fdUgh rhu ij fVIi.kh fy[kks&

(i) VksfuflVh

(ii) fVVsul

(iii) is'kh dh ladqpu'khyrk

(iv) is'kh dk volhek míhiuA

6- is'kh ladqpu esa dSfY'k;e vk;u ds dk;Z dk o.kZu dhft,A

7- fuEufyf[kr ij fVIi.kh fyf[k,&

(i) jSpsV fl)kUr

(ii) tSM&cS.M

(iii) jsf[kr is'kh dh lajpuk

(vi) LykbfMax&fQykesUV fl)kUr

(v) is'kh&ladqpu dh jklk;fud O;k[;k dhft,A

nh?kZ mŸkjh; iz'u (Long Answer Type Questions)

1- rfU=dk vkosxksa dk d'ks#fd;ksa esa laogu iz.kkyh dk fooj.k nhft;sA

2- rfU=dk vkosx dh ifjHkk"kk nhft;sA vkosx dh isz"k.k fof/k dk lfoLrj
o.kZu dhft;sA

3- rfU=dk rUrq esa psruk iszj.kk dh laogu fØ;k-fof/k dks le>kb;sA

4- rfU=dk vkosx D;k gS\ fdlh ek;fyu-ghu rfU=dk rUrq ij vkosx ds
mn~xe rFkk lapj.k dk o.kZu dhft;sA

5- rfU=dk ifjorZu dh dkf;Zdh le>kb;sA

6- ,sDlkWu esa rfU=dk vkosx ds isz"k.k fof/k dk o.kZu dhft,A

7- rfU=dk vkosx D;k gS\ rfU=dk ,d ,sDlkWu rFkk flusIl ij fdl izdkj
lapfjr gksrk gS\
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8- rfU=dk vkosx D;k gS\ rfU=dk rUrq ls rfU=dk vkosx ds isz"k.k dh fof/k
dk o.kZu djksA

9- is'kh fdls dgrs gSa\ izeq[k #Ik ls is'kh fdrus izdkj dh gksrh gSa\ o.kZu
djksA

10- ,sfPNd is'kh ls vki D;k le>rs gks\ foYMj ds vuqlkj fofHkUu izdkj
dh ,sfPNd isf'k;ksa dk o.kZu dhft,A

11- dadkyh; isf'k;ksa ds xq.kksa dk o.kZu djrs gq, i'p mikaxkas ds isf'k;ksa dk
o.kZu dhft,A

12- dadkyh;] ân;h ,oa vjsf[kr isf'k;ksa dh lajpuk dk o.kZu dhft,A

13- is'kh ladqpu ds le; gksus okys HkkSfrd ,oa jklk;fud ifjorZuksa dk
o.kZu dhft,A

14- jsf[kr is'kh rUrq dh lajpuk ,oa is'kh ladqpu dh dkf;Zdh dks le>k,¡A

15- d'ks#fd;ksa dh fofHkUu izdkj dh isf'k;ksa dk fooj.k nhft, rFkk is'kh
ladqpu dh 'kjhj fØ;k dk o.kZu dhft,A

4-14 lgk;d ikBî lkexzh (Suggested Readings)

Books of MP Hindi Granth Academy

1. Parker & Haswall : Text Book of Vertebrate Zoology

2. Kotpal, RL : Vertebrate

3. Jordan, EL and Verma, PS : Chordate Zoology

4. Rastogl, VB : Organic Evolution

5. Singh and Chaturvedi : Organic Evolution

6. Ernst W. Mayr : Evolution and the Diversity of life

7. Colbert : Evolution

8. Verma, PS and Agrawal, VK : Cell Biology, Genetics,
Molecular Biology, Evolution

9. Verma PS : Animal Physiology

10. Nigam, HL : Animal Physiology

11. Wood, DW : Principle of Animal Physiology
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12. Berry, AK : Animal Physiology and
Biochemistry

13. Prosser, CL : Animal Physiology and
Biochemistry

14. Goyal and Shastri : Animal Physiology

15. Shrivastava, HS : Biochemistry

16. Lehninger : Biochemistry
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bdkbZ 5 vUr%L=koh iz.kkyh
(Endocrine System)

Lakjpuk

5-0 ifjp;
5-1 mÌs';
5-2 xzfUFk;ksa ds izdkj
5-3 ih;w"k xzfUFk dh lajpuk
5-4 ,Mhuksgk;iksQkbfll ;k vxz ikfy
5-5 ,fMuksgk;iksQkbfll dh lajpuk

5-5-1 iklZ fMLVsfyl
5-5-2 iklZ V~;wcsjsfyl@iklZ xqfydk ;k bUQfUMcqysfjl
5-5-3 iklZ bUVjehfM;k

5-6 U;wjksgk;iksQk;fll
5-7 ih;w"k xzfUFk ds dk;Z

5-7-1 ,fMuksgk;iksQk;fll ds dk;Z
5-7-2 U;wjksgkbiksQkbfll ds dk;Z

5-7-2-1 vYi ih;w"k L=ko.k
5-7-2-2 vfrih;w"kdh; L=ko.k
5-7-2-3 gk;iksQk;lsDVkseh

5-8 Fkk;jkWbM xzfUFk dh lajpuk ,oa dk;Z
5-9 Fkk;jkWfDlu ds dk;Z

5-9-1 Fkk;jkWbM dh vfu;ferrk,¡ ,oa jksx

5-10 ,Mªhuy xzfUFk dh lajpuk ,oa dk;Z
5-10-1 ,Mªhuy xzfUFk dh lajpuk
5-10-2 ,Mªhuy dkWVsZDl dh lajpuk

5-11 ,Mªhuy xzfUFk dh bysDVªkWu lw{en'khZ; lajpuk
5-12 ,fMªuy esMwyk dh lajpuk ,oa dk;Z

5-12-1 ,fMªusfyu ;k ,ihusfÝu
5-12-2 ,fMªusfyu gkWeksZu ds izHkko
5-12-3 ukj-,sihusfÝu gkeksZu dk izHkko
5-12-4 ,fMªuy xzfUFk ds gkWeksZUl ds L=ko.k dk fu;eu

5-13 iSjkFkk;jkbM] Fkk;el ,oa ySUxjgSUl f}fidkvksa dh lajpuk ,oa dk;Z
5-13-1 iSjkFkk;jkWbM dh lajpuk ,oa dk;Z

5-13-1-1 iSjkFkk;jkWbM xzfUFk dh lajpuk
5-13-2 iSjkFkkeksZu ds dk;Z
5-13-3 iSjkFkk;jkWbM dh vfu;ferrk,¡ ,oa jksx

5-13-3-1 vYi-L=ko.k
5-13-3-2 vfr-L=ko.k

5-13-4 iSjkFkk;jkWbM ds dk;Z

5-14 Fkk;el xzfUFk dh lajpuk ,oa dk;Z
5-14-1 Fkk;el dh vkSfrdh lajpuk
5-14-2 Fkk;el xzfUFk ds dk;Z
5-14-3 Fkk;el gkWeksZu ds dk;Z
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5-15 ySaxjgSUl ds }hi lewg dh lajpuk ,oa dk;Z
5-15-1 lajpuk
5-15-2 ySaxjgSUl ds }hi lewg dh vkSfrdh lajpuk
5-15-3 XywdkxkWu

5-16 uj ,oa eknk iztuu gkeksZu dh dkf;Zdh
5-17 viuh izxfr tk¡fp, iz'uksa ds mŸkj
5-18 lkjka'k
5-19 eq[; 'kCnkoyh
5-20 Lo-ewY;kadu iz'u ,oa vH;kl
5-21 lgk;d ikB~; lkexzh

5-0 ifjp; (Introduction)

vUr%L=koh] xzfUFk;k¡ vkSj rU= fdls dgrs gSa] ;s fdrus izdkj fd gksrh gSaA vkSj
budk 'kjhj pykus esa D;k dk;Z gSA

5-1 mÌs'; (Objectives)

vUr%L=koh xzfUFk;k¡] rfU=dk rU= ds lkFk la;ksx cukdj “kjhj dks xfreku
cuk;s j[krh gSa] (Endocrine glands) ls rjy inkFkZ fudyrk gS ftls gkWeksZUl
dgrs gaSA ;s dSls dk;Z djrk gS] ;gh le>uk mÌs'; gSA

5-2 xzfUFk;ksa ds izdkj (Types of Glands)

izk.kh 'kjhj dh fofHkUu fØ;kvksa ds fu;U=.k dk dk;Z nks rU=ksa }kjk fd;k
tkrk gS&

(i) rfU=dk rU= (Nervous System) ,oa

(ii) vUr%L=koh rU= (Endocrine System)A

(i) rfU=dk rU= (Nervous System)& ;g ,d vf/kd rhoz xfr ls dk;Z
vFkok fcuk #ds dk;Z (High speed delivery or No delay service) dh
Hkk¡fr okrkoj.k esa gksus okys ifjorZuksa ds izHkko dks nwj lapkj
rfU=dkvksa }kjk] fo|qr iszj.kkvksa ds #i esa lapkfjr djds ekuo “kjhj ds
izHkkoksa@izfrfØ;kvksa dk fu;U=.k djrk gSA bl fu;U=.k fØ;k dk gksuk
vfr vko';d gSA ekuo 'kjhj esa dqN p;kip; bl izdkj dh gksrh gSa
fd mudk fu;U=.k “kh?kz gksuk vko';d ugha gksrk gS] mudk fu;U=.k
jklk;fud lapkydksa@nwrksa (Chemical messenger) }kjk fd;k tkrk gSA
bl jklk;fud nwrksa dks gkWeksZUl (Hormones) dgrs gSaA
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(ii) vUr%L=koh rU= (Endocrine system)& ;g 'kjhj esa eUn xfr] dqN
jklk;fud rjyh; inkFkksZ a ^gkWeksZUl* dks jä esa eqä djds] mikip;]
of̀)] tuu] mRltZu] ikpu vkfn vusd fØ;kvksa dk fu;U=.k dj thou
dh v[k.Mrk dks cuk, j[krk gSA vUr%L=koh xzfUFk;ksa rFkk muls L=kfor
gkWeksZUl ,oa dk;Ziz.kkyh ds v/;;u dks vUr%L=koh foKku
(Endocrinology) dgrs gSaA bl rU= dh dk;Ziz.kkyh esa rhu ckrsa izeq[k
gksrh gSa&

 dqNsd fof'k"V xzfUFk;k¡ rFkk dksf'kdk,¡ dqN izeq[k jlk;uksa dks lh/ks
jä esa eqä djrh gSA

 jä bu jlk;uksa dk iw.kZ 'kjhj esa laogu djrk gSA

 ;s inkFkZ 'kjhj dh dksf'kdkvksa ij izHkko Mkyrs gSaA

d'ks#fd;ksa ds 'kjhj esa xzfUFk;k¡ ,ihFkhfy;eh Årdksa ds oy; (Folding)
ls curh gSaA ;g xzfUFk;k¡ 'kjhj dh lrg ij ;k 'kjhj ds vaxkas ds vUnj fLFkr
ik;h tkrh gSaA ;g xzfUFk;k¡ rhu izdkj dh gksrh gSa&

1- ckáL=koh xzfUFk;k¡ (Exocrine glands)& ;s okfguh;qä xzfUFk;k¡ gSa
vUr% buds }kjk L=kfor inkFkZ okfgfu;ksa }kjk cgdj lEcfU/kr vax
fo'ks"k esa igq¡pdj izHkko Mkyrs gSaA budks ufydk;qä ;k iz.kky xzfUFk;k¡
(Ducted glands) Hkh dgrs gSaA

mnkgj.k& ;Ñr] Losn xzfUFk;k¡] ykj xzfUFk;k¡] nqX/k xzfUFk;k¡ vkfnA

2- vUr%L=koh xzfUFk;k¡ (Endocrine glands)& (Gr. endon = within +
krinein = To secrete) ;s ufydkfoghu xzfUFk;k¡ gSa vUr% buls L=kfor
inkFkZ lh/kk jä esa eqä gksrk gSA rFkk jä budks vko';drkuqlkj
dksf'kdkvksa eas igq ¡pkrk gSA bu xzfUFk;ksa esa ufydkvksa dk vHkko gksrk
gSA budks ufydkfoghu ;k viz.kky xzfUFk;k¡ (Ductless glands) dgrs
gSaA bu xzfUFk;ksa ls L=kfor jklk;fud inkFkZ dks gkWeksZUl (Hormones)
dgrs gSaA

mnkgj.k& Fkk;jkbM (Thyroid)] ,Mªhuy (Adrenal) vkfnA

3- fefJr xzfUFk;k¡ (Mixed glands)& ;g eq[; #Ik ls ckáL=koh gksrh
gSaA ;s okfguh;qä xzfUFk;k¡ gSaA ;s ckáL=koh rFkk vUr%L=koh nksuksa izdkj
ls dk;Z djrh gSaA bldk ckáL=koh Hkkx izeq[k gksrk gSA

mnkgj.k& vXuk'k; (Pancreas)] o`"k.k (Testes)] v.Mk'k; (Ovary)A

vUr%L=koh foKku (Endocrinology) eq[;r% 19oha rFkk 20oha lnh esa
fodflr gqvk gSA
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loZizFke lhØsfVu (Secretin) gkWeksZu dh [kkst dh xbZ Fkh&

1- ekuo 'kjhj esa fuEufyf[kr vUr%L=koh xzfUFk;k¡ ik;h tkrh gSa&

(a) ih;w"k xzfUFk (Pituitary gland)

(b) Fkk;jkW;M xzfUFk (Thyroid gland)

(c) vf/koD̀d ;k ,Mªhuy xzfUFk (Suprarenal or Adrenal gland)

(d) iSjkFkkbjkW;M xzfUFk (Parathyroid gland)

(e) Fkkbel xzfUFk (Thymus gland)

(f) ihfu;y dk; (Pineal body)

2- fefJr xzfUFk&

(a) vXU;k'k; (Pancreas)

3. vU; lajpuk,¡&

(a) Ropk (Skin)

(b) vkek'k; vkU=h; 'ysf"edk (Gastro-intestinal mucosa)

(c) o`̀Dd (Kidney)

(d) tun (Gonads)

(e) vijk@tjk;q (Placenta)

lHkh d'ks#dh izkf.k;kas (Vertebrate animals) ,oa euq"; ds gkWeksZUl
(Hormones) vkSj mudks L=kfor djus okyh xzfUFk;ksa dh lajpuk] dk;ksZa vkfn esa
lekurk gksrh gSA euq"; ,oa vU; d'ks#dh izkf.k;ksa esa vUr%L=koh xzfUFk;ksa ds
vfrfjä dqN vU; vax Hkh gkWeksZUl dk L=ko djrs gSa] bu lHkh dks lkekU; #i
ls vUr%L=koh xzfUFk;k¡ gh ekurs gSaA euq"; vkSj vU; Lruh izkf.k;ksa ds fofHkUu
gkWeksZUl ds dk;Z rFkk mudks L=kfor djus okyh lajpuk,¡] 'kjhj esa fLFkfr ds
vuqlkj oxhZÑr dh xbZ gSaA oxhZdj.k fuEufyf[kr izdkj gS&

(i) dikyh; vUr%L=koh xzfUFk;k¡ (Cranial Endocrine glands)& ;g
'kjhj ds 'kh"kZ Hkkx ;k efLr"d esa fLFkr gksrh gSaA

mnkgj.k& ih;w"k (Pituitary) ,oa ihfu;y (Pineal)A

(ii) xzluh; vUr%L=koh xzfUFk;k¡ (Pharyngeal Endocrine glands)& ;g
xzluh {ks= ;k mlds vkl-ikl fLFkr gksrh gSA

mnkgj.k& Fkk;jkWbM (Thyroid) ,oa iSjkFkk;jkWbM (Parathyroid) ,oa
Fkk;el (Thymus)A

(iii) mnjh; vUr%L=koh xzfUFk;k¡ (Abdominal Endocrine glands)& ;g
mnj esa fdlh Hkh vax esa ;k vax ls lEcfU/kr jgrh gSaA

mnkgj.k& vXU;k”k; (Pancreas)] ,Mªhuy (Adrenal)A
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(iv) vU; lajpuk,¡ (Other Structures)& vkek'k;-vkUrfj; 'ysf"edk
(Gastro-intestinal mucosa), tun (Gonads)] oD̀d (Kidney)] Ropk
(Skin) ,oa vijk@tjk;q (Placenta)A

5-3 ih;w"k xzfUFk dh lajpuk (Structure of Pituitary
Gland)

efLr"d ds vk/kkj ij Mk,sulSQsykWu (Diencephalon) Hkkx ds uhps dh fHkfÙk esa
[kksiM+h (Skull) dh LQhukWbM vfLFk dh lSyk VflZdk (Sella turcica) xqfgdk
(Cavity) esa fLFkr gksrh gSA lg eVj ds nkus ds vkdkj dh piVh Årdh;]
jäkHk /kwlj (Reddish grey) jax dh lajpuk gSA ;g xzfUFk bUQ.Mhcqye
(Infundibulum) uked ,d rax oÙr (Stalk) }kjk efLr"d ds gk;iksFkSysel
(Hypothalamus) ls tqM+h jgrh gSA

bl xzfUFk dk O;kl yxHkx 1-3 lseh gksrk gSaA bl xzfUFk dk vkSlr eki
vxz Hkkx ls i'p Hkkx rd 10 mm × 6 mm i`"Bh; v/kjh; (dorso-ventrally)
× 13 mm ik'ohZ; (Laterally) gksrk gS rFkk iq#"kksa esa bldk Hkkj 0-5 xzke ls
0-6 xzke rFkk efgykvksa esa 0-6 xzke ls 0-7 xzke rd gksrk gSA bl xzfUFk dk Hkkj
mez (Age)] fyax (Sex)] dkf;Zdh voLFkk (Physiological state) ds vuqlkj
fHkUu gksrk gSA ;g fL=;ksa (Woman) esa cM+h gksrh gSA thou ds pkSFks n'kd
vFkkZr~ 40 o"kZ dh mez rd ;g xzfUFk of̀) djrh gS] fQj /khjs-/khjs NksVh gksrh
tkrh gSA ;g xzfUFk Hkzw.k dh eq[k xqfgdk dh Nr ls cfgoZ̀f) ds #i esa fudyrh
gSA bldks jkFkdsl ikmp@jkFkds dks"B (Rathke’s pouch) dgrs gSaA bl xzfUFk
dk i'p Hkkx Hkwz.kh; efLr"d ds Mk,sulSQsykWu (Diencephalon) ls fodflr
gksrk gSA Hkwz.kh; fodkl ds le; nksuksa Hkkx vkil esa feydj ,d iw.kZ xzfUFk dks
cukrs gSaA

lkekU;r;k ih;w"k xzfUFk f}fi.Mdh; (Bilobed) gksrh gSA vkdkjdh;
(Anatomically) nf̀"V ls blesa vxz ikfy (Anterior lobe) ,oa i'p ikfy
(Posterior lobe) ik;h tkrh gS] ysfdu lajpukRed nf̀"V ls ckgj ls ns[kus
ij ;g rhu fi.Mksa&

 vxz ikfy]

 e/; ikfy ,oa

 i'p ikfy dh cuh gksrh gSA
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Intermediate lobe

Posterior lobeAnterior lobe

Hypothalamus

fp= Ø- 5-1% Endocrine Glands; Structure of Pituitary Glands

blds vxz fi.M dks vxz ikfy@iklZ fMLVsfyl (Anterior lobe/Pars
distalis)] e/; fi.M dks e/; ikfy@iklZ b.VjehfM;k (Intermediate
lobe@Pars intermediate) rFkk rhljs i'p fi.M dks i'p ikfy ;k
U;wjksgkbZiksQkbfll (Posterior lobe or Neurohypophysis) dgrs gSaA rhuksa
fi.M ,d-nqljs ls Hkzw.kh; (Embryologically)] vkSfrdh (Histologically) ,oa
fØ;kRed (Functionally) nf̀"V ls fHkUu gksrs gSaA vxz ikfy ,oa e/;LFk ikfy
dks feykdj ,sMhuksgkbiksQkbfll (Adeno-hypophysis) rFkk i'p ikfy dks
U;wjksgkbiksQkbfll (Neurohypophysis) dgrs gSaA

lw{en'khZ ;U= ds }kjk ns[kus ij bl xzfUFk es 6 Hkkx gksrs gSa&

1- iklZ fMLVsfyl (Pars distalis) ;k iklZ ,.Vhfj;j (Pars anterior)

2- iklZ V~;wcsjsfyl (Pars tuberalis)

3- iklZ b.VjehfM;k (Pars intermedia)

4- iklZ uoksZlk (Pars nervosa) ;k ykscl uokZsll (Lobus nervosus)] ;k
iklZ iksLVhfj;j (Pars posterior)@izkslsll bUQUMhcqyh (Processes
infundibuli)

5- ehfM;u ,ehusUl vkWQ V~;wcj flusfj;e (Median eminence of tuber
cinereum)

6- bUQ.Mhcqye@fiV~;wVjh dk ozUr (Infundibulum/Pituitary stalk)
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fp= Ø- 5-2% Component Structures and Systems of Nomenclature
for the Pituitary Gland and its Anatomical Position

iklZ bUVjehfM;k (Pars intermedia) iklZ fMLVsfyl (Pars distalis)
ls ,d vUrjkxzUFkh; [kk¡p (Interglandular cleft) }kjk iF̀kd~ gksrk gSA izFke
rhu Hkkx lkewfgd #i ls ,Mhuksgk;iksQkbfll (Adenohypophysis) ;k ykscl
XysUMwysfjl (Lobus glandularis) dgykrs gSaA vfUre rhu Hkkx rfU=dh; Hkkx
(Neural division) ;k U;wjksgk;iksQkbfll (Neurohypophysis) dgykrh gSA

,Mhuksgk;iksQkbfll
(Adenohypophysis)

U;wjksgk;iksQkbfll
(Neurohypophysis)

iklZ fMLVsfyl
(Pars distalis)

iklZ V~;wcsjsfyl
(Pars tuberalis)

iklZ bUVjehfM;k
(Pars intermedia)

Ykkscl uoksZll
(Lobus nervosus)

bUQUMhcqye
(Infundibulum)

isfMdqyl bUQfUMcqysfjl@
bUQUMhcqyj òUr

(Pediculus infundibularis
or Infundibular stem)

cYcl bUQfUMcqysfjl
(Bulbus Infundibularis)

yscze bUQ.Mhcqysfjl
(Labrum Infundibularis)

bUQfUMcqyj izo/kZ
(Infundibular process or
Processus infundibuli)

vxz ikfy
(Anterior lobe)

i”p ikfy
(Posterior lobe)

fp= Ø- 5-3% System of Anatomical Nomenclature for the
Hypophysis/Pituitary Gland
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5-4 ,Mhuksgk;iksQkbfll ;k vxz ikfy
(Adenohypophysis or Anterior Lobe)

;g xzfUFk dk vxz fi.M gS tks fd xqykch jax dk gksrk gS rFkk iw.kZ xzfUFk dk
2@3 Hkkx cukrk gS ;k ih;w"k xzfUFk dk 75% Hkkj vxz ikfy esa gksrk gSA bldh
mRifÙk (Origin) Hkwz.kh; xzluh {ks= (Embryonic Pharyngeal region)
dh ,DVksMeZ (Ectoderm) dh cfgoZ̀f) (Outgrowth) }kjk gksrh gSA bl dkj.k
bldks gk;iksQkbfl;y (Hypo-physial) dgrs gaSA blesa dbZ izdkj dh
dksf'kdk,¡ o`Ùkkdkj iafä;ksa esa O;ofLFkr gksrh gSaA bl xzfUFky ,ihFkhfy;y
dksf'kdkvksa (Glandular Epithelial Cell) ds chp-chp esa jä dsf'kdk,¡ (Blood
capillaries) ,oa jä ik= (Blood spaces) gksrs gSa rFkk ;g Òkx gkbiksFkSysel
ls jä okfgdkvksa (Blood vessels) ds rU= }kjk tqM+k jgrk gSA bl rU= dks
gk;iksQkbfl;y fuokfgdk rU= (Hypo-physial Portal system) dgrs gSaA

Pituicytes

Herring
bodies

Neurosecretory
cells of

hypothalamus

Capillary bed

Hypothalamd
hypophysial
portal vein

Arterial supply
from cricle of

willis

Anterior
lobe

Intermediate
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Vein

A
de

no
-

hy
po
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ys
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Neurohypophysis

fp= Ø- 5-4% Endocrine Glands: Diagram showing Relationship
of Pituitary with Hypothalamus of Brain

,MhuksgkbiksQkbfll (Adenohypophysis) ds rhu Hkkx gksrs gSa&

(a) iklZ fMLVsfyl (Pars distalis)& ;g lcls cM+k Hkkx gksrk gS] bleas
rhu izdkj dh dksf'kdk,¡ gksrh gSa&

(i) ØkseksfQYl (Chromophils)

(ii) ,sflMksfQYl (Acidophils)

(iii) cslksfQYl (Basophils)
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(b) iklZ V~;wcjsfyl (Pars tuberalis)& ;g oÙr (Stalk) ds pkjksa
vksj ,d dkWyj (Collar) ds #i esa gksrk gSA

(c) iklZ b.VjehfM;k (Pars intermedia)& ;g okfguh jfgr {ks=] nksuksa
ikfy;ksa ds e/; esa ik;k tkrk gSA

5-5 ,fMuksgk;iksQkbfll dh lajpuk (Structure of
Adenohypophysis)

,fMuksgk;iksQkbfll ds vUrxZr&

1- iklZ fMLVsfyl (Pars Distalis),

2- iklZ V~;wcsjsfyl (Pars tuberalis) ,oa

3- iklZ b.VjehfM;k (Pars intermedia) vkrs gSaA

5-5-1 iklZ fMLVsfyl (Pars Distalis)

,fMuksgk;iksQkbfll dk ;g Hkkx 75% gksrk gSA blesa bihFkhfy;y dksf'kdkvksa
(Epithelial cells) ds LrEHk (Columns) ;k fi.M (Masses) ik, tkrs gSa ftlesa
vusd jä lkbulsl (Blood sinuses) gksrs gSaA 'kksuseku (Schoneman, 1892) us
loZizFke vxz ih;w"k xzfUFk dh dksf'kdkvksa ds izdkj esa fofHkérkvksa dks n'kkZ;kA
iklZ fMLVsfyl esa rhu izdkj dh dksf'kdk,¡ ik;h tkrh gSa&

(a) ,flMksfQYl (Acidophils)

(b) cslksfQYl (Basophils)

(c) ØkseksQksCl (Chromophobes)A

orZeku esa ,slk le>k tkrk gS fd fofHkUu dksf'kdk,¡ ;k 6 izdkj dh
dksf'kdk,¡ 6 iF̀kd~ gkWeksZUl L=kfor djrs gSaA
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Chromophore Basophil with granules
in cytoplasm

SinusoidAcidophilColloid

fp= Ø- 5-5% Histological Structure of Pars Distalis

(a) ,slhMksfQYl (Acidophils) dksf'kdk,¡& vk/kqfud v/;;u ds
vuqlkj nksuksa of̀) gkWeksZu (Growth hormone) ,oa ySDVkstsfud gkWeksZUl dks
L=kfor fd;k tkrk gSA bu gkWeksZUl dks L=kfor djus ds fy, iF̀kd~ dksf'kdk,¡
gksrh gSa&

(i) lksesVksVªksfid dksf'kdk,¡ (Somatotropic cells) ,oa

(ii) ySDVksVªksfid dksf'kdk,¡ (Lactotropic cells)A

(i) lksesVksVªksfid dksf'kdk,¡ (Somatotropic cells)& ;g dksf'kdk,¡
v.Mkdkj (Oval) ;k xksykdkj (Rounded) gksrh gSaA bu dksf'kdkvksa dh
dkssf'kdknzO; (Cytoplasm) esa l?ku] xksy df.kdk,¡ (Round granules)
ik;h tkrh gSa ftudk vkdkj 350-400  m gksrk gSA ;g dksf'kdk,¡
vksjsUt (Orange) G ds }kjk vfHkjaftr (Stained) gksrh gSaA bu
dksf'kdkvksaa esa V;welZ (Tumours) ds dkj.k ,sØksfeXyh
(Acromeagly) ,oa nSR;kdkj (Gigantism) folaxrh ;k jksx gksrk gSA
bu dksf'kdkvksa dks α– ,sflMksfQYl ;k vkxsZuksfQYl (α– Acidophils or
Organophils) Hkh dgrs gSaA

(ii) ySDVksVªksfid dksf'kdk,¡@dkfeZuksfQYl ;k E-,sflMksfQYl
(Lactotropic/Carminophils or E-acidophils)& bu dksf'kdkvksa esa
df.kdk,¡ de fdUrq cM+s vkdkj dh gksrh gSa ftudk vkdkj 600-900 m
gksrk gSA bu dksf'kdkvksa dh la[;k iztuu pØ (Reproductive cycle)
ds vuqlkj fHkUu gksrh gSA bu dksf'kdkvkas dh la[;k xHkkZoLFkk
(Pregnancy) ,oa ySDVs'ku (Lactation) ds le; vf/kd gksrh gSA bu
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dksf'kdkvksa dk vkdkj v.Mkdkj (Ovoid) ;k nh?kZo`Ùkkdkj (Elliptical)
gksrk gSA

(b) cslksfQYl (Basophils)& ;g fofHkUu izdkj dh dksf'kdk,¡ gksrh gSa
tksfd fofHkUu izdkj ds VªkWfid (Tropic) gkWeksZUl dks L=kfor djrh gSaA ;g
dksf'kdk,¡ vfHkjatu fof/k (Staining method) ds vuqlkj fuEufyf[kr izdkj ds
gksrh gSa&

(i) Fkk;jksVªksfid dksf'kdk,¡ (Thyrotropic cells)& ;g dksf'kdk,¡ cM+h
cgqHkqtkdkj (Polygonal) ,d dsUnzd ;qä (Nucleus) gksrh gSA dsUnzd
dk vkdkj NksVk gksrk gSA bu dksf'kdkvksa dh ih-,- f'kQ (P.A. Schiff)
vfHkjatu ,sYMhgkbM Fkk;ksuhu (Aldehyde thionine) ds lkFk vfHkjaftr
djus ij dksf'kdkvksa dh df.kdk,¡ (Granules) uhyh-cSaxuh (Blue-
purple) fn[kkbZ nsrh gSaaA Fkk;jkWbM xzfUFk ds vi{k; (Ablation) ds
dkj.k bu dksf'kdkvksa dk vf/kd foLrkj (Hypertrophy) gks tkrk gS
tksfd dksf'kdkvksa dk voVqPNsnu (Thyroidectomy of cells) dgykrk
gSA buds }kjk TSH L=kfor fd;k tkrk gSA

(ii) xksusMksVªksfid ;k dSLVªs'ku ¼Gonadotropic or Castration)
dksf'kdk,¡& ;g dksf'kdk,¡ xksy ;k cgqHkqth; (Polygonal) gksrh gSaA bu
dksf'kdkvksa esa xksy L=koh df.kdk,¡ (Granules) ik;h tkrh gSa] budk
vkdkj 100-300 m gksrk gSaA ;g df.kdk,¡ cSaxuh gks tkrh gSa tc ih-,-
f'kQ $ ,sYMhgkbM Fkk;ksuhu (P.A. Schiff + Aldehyde thionine) ls
vfHkjaftr gksrh gSaA ;g dksf'kdk,¡ FS, LH/ICSH gkWeksZUl dk L=ko.k
djrh gSaA

(c) ØkseksQksCl (Choromophobes)– mi;qZä dksf'kdkvksa ds vfrfjDr
ØkseksQksCl (Choromophobes) dksf'kdk,¡ ik;h tkrs gSaA bu dksf'kdkvksa esa
ØkseksfQYl dksf'kdkvksa dh vis{kk dksf'kdknzO; (Cytoplasm) dh ek=k de ik;h
tkrh gSA bu dksf'kdkvksa esa NksVh-NskVh L=koh df.kdk,¡ (Secretory granules)
ik;h tkrh gSaA ;g dksf'kdk,¡ L=ko.k ds fy, vkjf{kr (Reserve) dksf'kdk,¡
gksrh gSa&

(i) jä iznk; (Blood supply)& bl Hkkx esa jä iznk; lqihfj;j
gk;iksQk;fl;y /kefu;ksa (Superior hypophyseal arteries) ds }kjk
iznk; fd;k tkrk gSA /keuh }kjk nks izdkj dh jä okfgfu;ksa ds }kjk
jä iznk; fd;k tkrk gSA izFke izdkj dh jä okfguh }kjk izR;{k #i
ls vxzikfy dks jä iznk; fd;k tkrk gS vkSj foofjdk (Sinusoid) dks
cukrh gSA nwljs izdkj dh 'kk[kk bUQ.Mhcqyj ozUr (Infundibular stem)
esa dsf'kdkvksa ds tkyd (Plexus of capillaries) ds }kjk jä iznk;
fd;k tkrk gSA ;g dsf'kdk tkyd (Capillary plexus) gk;iksQk;fl;y
oÙr (Hypophyseal stalk) ds pkjksa vksj ,d rdZq#ih lajpuk cukrh gSA
ftldks xksfeVksyh (Gomitoli) dgrs gSaA dsf'kdk tkyd (Capillary
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plexus) yEch fuokfgdk f'kjk (Portal vein) esa [kqyrk gS tksfd vUr esa
vxz ikfy dh foofjdk (Sinusiods) eaas [kqyrk gSA

jä iznk; dk ;g nwljk lSV gk;iksFkSysfedks&gk;iksQk;fl;y fuokfgdk
rU= (Hypothalamico-hypophyseal portal system) gksrk gSA ;g vxz
ikfy ds L=ko.k (Secretory) dk;Z dks fu;fU=r djrk gSA dsosjul
dksVj@fooj (Cavernus sinus) ds }kjk vxz ikfy dk jä ckgj ys
tk;k tkrk gSA

(ii) rfU=dk iznk; (Nerve supply)& blds iw.kZ izek.k izkIr gS fd vxz
ikfy dk fu;U=.k rfU=dk rU= ds }kjk gksrk gS ysfdu dsoy dqN
rfU=dk rUrq ;k rks gk;iksFkSyseks&gk;iksQk;fl;y iFk ls ;k fQj xzhok
vuqdEih (Cervical sympathetic) dh xzhok tkyd (Cervical plexus)
ls lEHkjf.kr gksrh gSA ;g izeq[k #i ls okfgdk pkyd rfU=dk,¡
(Vasomotor nerve) gksrh gSaA

5-5-2 iklZ V~;wcsjsfyl@iklZ xqfydk ;k bUQfUMcqysfjl (Pars
Tuberalis or Infundibularis)

iklZ V~;wcsjsfyl (Pars tuberalis) Hkkx jkFkdsl ikmp@jkFkdsl dks"V
(Rathke’s pouch) ls fodflr gksrk gSA ;g Hkkx iklZ fMLVsfyl (Pars distalis)
ds ikl ,oa blls lEcfU/kr jgrk gSA iklZ V~;wcsjsfyl (Pars tuberalis) 25 ls
60 m eksVk gksrk gS vkSj bUQf.Mcqyj oÙr ds pkjkas vksj ,d dkWyj cukrs gSa
eksVk Hkkx oÙr (Stalk) ds vxz Hkkx dh vksj gksrk gSA bl Hkkx esa ?kukdkj-
LrEHkkdkj dksf'kdk,¡ (Cuboidal columnar cells) gksrh gSaA bu dksf'kdkvksa esa
vusd NksVh df.kdk,¡ (Granules) ;k dksykbM cw¡ns (Colloid droplets) gksrh gSaA
ekbVksdkWf.Mª;k (Mitochondria) NksVs NM+ (Rod) ds leku ,oa NksVh fyihM
(Lipid) dh cw¡nsa Hkh ik;h tkrh gSA bldh bihFkhfy;y dksf'kdkvksa (Epithelial
cells) es vfHkfUur ,oa dqN NksVh ,sflMksfQfyd (Acidophilic) ,oa cslksfQfyd
(Basophilic) dksf'kdk,¡ ik;h tkrh gSaA o;Ld gk;iksQkbfll (Hypophysis) eas
bu dksf'kdkvksa esa vf/kd ek=k esa Xykbdkstsu (Glycogen) ik, tkrs gSaA dHkh-
dHkh dksf'kdk,¡ iqfVdk,¡ (Follicles) cukrh gSaA iklZ V~;wcsjsfyl dk gkWeksZuy
dk;Z vHkh rd Kkr ugha gSA

la;ksth Ård dh ,d Lrj iklZ V~;wcsjsfyl dks bUQUMhcqyj oÙr ls
iF̀kd~ djrh gS rFkk iklZ V~;wcsjsfyl ds ckgj dh vksj la;ksth Ård
dh ,sjsDukbM esEczsu (Arachnoid membrane) gksrh gSA buds chp jsfVdqyj
rUrq (Reticular fibres) jä okfguh;ksa dks lgk;rk djrs gaSA

5-5-3 iklZ bUVjehfM;k (Pars Intermedia)

iklZ bUVjehfM;k@e/;orhZ ikfy (Pars Intermedia/Intermediatelobe) okfguh
jfgr {ks=] ih;w"k xzfUFk dh nksuksa ikfy;ksa ds chp ik;k tkrk gSA vk/kqfud le;
esa bl {ks= dks ,fMuksgkbiksQkbfll (Adenohypophysis) dk gh Hkkx ekuk x;k
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gS] D;ksafd ;g {ks= Hkh vxz ikfy ds leku Hkwz.kh; xzluh dh Nr dh cfgoZ̀f) ds
#i esa fodflr gksrk gSA ;g {ks=  ,oa β esysukslkbV mRiszjd gkWeksZu (α and β
Melanocyte stimulating hormones) ds #i esa L=kfor djrk gSA yh (Li)
oSKkfud us bl gkWeksZu dks “kq) #i esa izkIr fd;kA ;g gkWeksZu 22 vehuks vEyksa
dk cuk gqvk ikWfyisIVkWbM gksrk gSA ;g gkWeksZu] mu d'ks#d izkf.k;ksa esa ik;k
tkrk gS ftuesa ØksesVksQkslZ (Chromatophores) o.kZd ik, tkrs gSa]
tSls& ,fEQfc;Ul ,oa eNyh (Amphibians and fishes)A bu izkf.k;ksa esa
esysukslkbV (Melanocyte) ;k esysuksQksj (Melanophore) dkys o.kZd dks
foLrkfjr djrk gSA if{k;ksa ,oa Lruh izkf.k;ksa esa bldk dk;Z Kkr ugha gS] ysfdu
1973 esa dqN oSKkfudksa us n”kkZ;k fd ;g gkWeksZu ckyksa esa fyihM dk fu;eu
djrk gSA blds izek.k gSa fd ;g Lruh izk.kh dh Ropk esa essysfVu (Melatin) ds
la'ys"k.k dks iszfjr djrk gSA

vkdkjdh; #i ls iklZ bUVjehfM;k (Pars Intermedia) rfU=dh; ikfy
(Neural lobe) ls lEcfU/kr gksrk gS ,oa ,d Ård dh iêh vxz ikfy ls vUr%
xzfUFky [kk¡p (Interglandular cleft) ds }kjk iF̀kd~ gksrh gSA ;g iklZ uoksZlk
(Pars nervosa) dks <¡drh gS vkSj blds lkFk i'p ikfy (Posterior lobe) dks
cukrh gSA ;g jkFkdsl dks"B (Rathkey’s pouch) dh i'p fHkfÙk ls fodflr
gksrh gSA euq"; esa iklZ bUVjehfM;k 2% Hkkx gk;iksQkbfll dk cukrh gSA dqN
izkf.k;ksa esa ;g vuqifLFkr gksrh gSA dqN vU; izkf.k;ksa esa ;g vk'k; (Vesicles)
cukrh gS tksfd dksykbMy nzo ls Hkjk jgrk gSA euq"; esa blds vUnj
cslksfQfyd (Basophilic) cgqHkqth; (Polygonal) dksf'kdk,¡ ik;h tkrh gSA
izdk'k lw{en'khZ (Light microscope) esa ns[kus ij bldh dksf'kdkvksa esa
df.kdk,¡ ik;h tkrh gSaA

bysDVªkWu lw{en'khZ (Electron microscope) esa ns[kus ij df.kdk,¡
(Granules) vk/kkjh; ysfeuk ij df.kdk,¡ /kzqfor gksrh gS vkSj blesa
Xyk;dksizksVhu (Glycoprotein) ik;k tkrk gSA iklZ bUVjehfM;k (Pars
intermedia) esa xkWYth midj.k (Golgi apparatus) ik, tkrs gSA

euq"; esa vusd lqihfj;j] ,oa bUQhfj;j gk;iksQk;fl;y /kefu;ksa
(Hypophyseal arteries) ds chp 'kk[kk tkyd (Anastomose) ik, tkrs gaS tks
fd iklZ bUVjehfM;k esa QSyrh gS vkSj ;g vf/kd dksf'kdk tkyd ls dqN jä
iznk; izkIr djrh gSA rfU=dk ikfy (Neural lobe) dk dksf'kdk vklu
(Capillary bed) tkyd fujUrj jgrk gS vkSj blesa iklZ fMLVsfyl dh foofjdk
ls dqN lEcU/k gksrs gSaA rfU=dk ikfy (Neural lobe) ls rfU=dk rUrq (Nerve
fibre) iklZ bUVjehfM;k eas izos'k djrh gS vkSj budh dksf'kdkvksa esa tks
gk;iksFkSysel fufeZr gksrh gS ;g QSyrh gSA bu rfU=dkvksa dk izeq[k dk;Z
izfrjks/kh izHkko Mkyrk gSA
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5-6 U;wjksgk;iksQk;fll (Neurohypophysis)

vkdkjdh; (Anatomically) nf̀"V ls ih;w"k xzfUFk ds vUrxZr iklZ uoksZlk (Pars
nervosa) ,oa iklZ bUVjehfM;k (Pars intermedia) vkrs gSaA ysfdu dkf;Zdh
(Physiologically) nf̀"V ls i'p ikfy (Posterior lobe) dk okLrfod vFkZ
gksrk gS& iklZ uoksZlk (Pars nervosa) tksfd U;wjksgk;iksQk;fll
(Neurohypophysis) dk eq[; Hkkx gksrk gSA

vURkjkZ"Vªh; vkdkjdh; uke i)fr deh'ku (International Anatomical
Nomenclature Committee) ds vuqlkj U;wjksQk;fll (Neurophysis) esa&

1- iklZ ukoksZlk@ykscl ukoksZlk (Pars nervosa/Lobus nervosa)& okLrfod
i'p ikfy ,oa

2- bUQ.Mhcqye (Infundibulum) ;k fiV~;wVjh ozUr (Pituitary stalk) Hkkx
ik, tkrs gSaA

1- iklZ uoksZlk (Pars nervosa) ;k i'p ikfy ;k
U;wjksgk;iksQk;fll (Posterior lobe or Neurohypophysis)& ih;w"k xzfUFk
dk ;g Hkkx rfU=dh; ,DVksMeZ (Neural ectoderm) dh cfgoZ̀f) (Outgrowth)
ls cuh U;wjksgk;iksQk;fl;y dfydk (Neurohypophyseal bud) ls curk gSA
bl dkj.k bl ikfy esa rfU=dh; dksf'kdk,¡@U;wjkWUl (Neurons) ds ,sDlkWu
(Axon) ds fljs ik, tkrs gSaA bu U;wjkWUl dh dk; (Body) gk;iksFkSysel esa
ik;h tkrh gSA bu rfU=dh; dksf'kdkvksa dks rfU=dh; L=koh dksf'kdk,¡ (Neuro
secretory cells) Hkh dgrs gSaA ih;w"k xzfUFk dk ;g Hkkx fiV~;wlkbV~l
(Pituicytes) ls fufeZr gksrk gSA fiV~;wlkbV~l (Pituicytes) izeq[k dksf'kdk,¡
gksrh gSa] blesa rdqZ#ih (Fusiform) ;k cgqHkqth; (Polygonal) lgk;d
dksf'kdk,¡& U;wjksfXy;y dksf'kdk,¡ (Neuroglial cells) gksrh gSa ftlesa dksey
izo/kZ gksrs gSaA ;g xzfUFk dk vf/kdre Hkkx cukrs gSA ;g cM+h “kk[kkfUor
rdqZ#ih (Splindle) dksf'kdk,¡ gksrh gSaA buesa ihy-Hkwjs jax dh df.kdk,¡
rfU=dh; L=ko.k (Neurosecretion) dh gksrh gSA fiV~;wlkbVl (Pituicytes)
esa ,sfMuksfiV~;wlkbV~l (Adenopituicytes)] ekbØksfiV~;wlkbV~l (Micro-
pituicytes)] QkbczksfiV~;wlkbV~l (Fibropituicytes)] ,oa jsfVdqyksfiV~;wlkbV~l
(Reticulopituicytes) ik;h tkrh gSa tksfd okLro esa dksbZ gkWeksZUl L=kfor ugha
djrh gSA

iklZ uoksZlk (Pars nervosa) esa &

(i) uku-esM~;wysVsM rfU=dk rUr (Non-medullated nerve fibres)

(ii) ekLV dksf'kdk,¡ (Mast cells)

(iii) gSfjUx ¼gk;fyu½ dk; [Herring (hyaline) bodies]

(iv) jä okfgfu;k (Blood vessels) Hkh gksrh gaSA
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2- fiV~;wVjh ozUr (Pituitary stalk) ;k bUQUMhcqye
(Infundibulum)& blesa vusd cM+h foofjdh; okfgfu;k¡ (Sinusoidal
vessels) >q.M esa ik;h tkrh gSa vkSj U;wjksfXy;y Årdksa (Neuroglial tissue)
ls f?kjh jgrh gSaA dksf'kdkvksa ds ,DlkWu (Axon) eas NksVh U;wjksL=koh
df.kdk,¡ (Neurosecretory granules) ,oa fulYl inkFkZ (Nissl’s substance)
ik, tkrs gSaA

iklZ uoksZlk (Pars nervosa) ;k rfU=dh; ikfy (Neural lobe) esa
gk;iksQk;fl;y /kefu;ksa (Hypophyseal arteries) ds }kjk jä iznk; gksrk gSA
/kefu;k¡ ,oa 'kk[kk,¡ iklZ uoksZlk esa lekIr gksus ij dksbZ foofjdk (Sinusoid)
ugha cukrh gSA

euq"; esa gk;iksFkSysel (Hypothalamus) ls fudyus okys nks ukWu-
esMqysVsM rfU=dk rUrqvksa ds iFk] ftlesa de ls de 10]00]000 rUrq gksrs gSa
iklZ uoksZlk dks lEHkfjr djrs gSaA ;g iFk gS&

(i) V~;wcsjksgk;iksQk;fl;y iFk (Tuberohypophyseal tract)& tksfd
rr̀h; fuy; (Third ventricle) ds Q'kZ ls fudyrk gS vkSj oÙr dh
i'p fHkfÙk ls gksrk gqvk xzfUFk esa igq¡prk gSA

(ii) lqijk-vkfIVdksgk;iksQk;fl;y iFk (Supra-opticohypophyseal
tract)& ;g gk;iksFkSysel (Hypothalamus) ds lqijkvkfIVd ,oa
iSjkoSfUVªdy dsUnzd ls fudydj oÙr (Stalk) dh vkUrfjd fHkfÙk esa ls
gksdj iklZ uoksZlk (Pars nervosa) es igq¡dj xzfUFk;ksa dh dksf'kdkvksa ,oa
jä okfguh;ksa ds pkjksa vksj lekIr gksrk gSA

,slk le>k tkrk gS fd bl Hkkx dh rfU=dh; L=koh dksf'kdk,¡ tSo&
jlk;fud fHkUu ikWfy-isIVkbM~l gkWeksZUl dks L=kfor djrh gSa [¼gSyj (Heller,
1963)]A dkf;Zfd nf̀"V ls bl Hkkx ds }kjk d'ks#d izkf.k;ksa esa ty ,oa yo.k
p;kip; dks fu;fU=r fd;k tkrk gSA izkjfEHkd d'ks#d izkf.k;ksa esa lksfM;e dk
fu;eu eq[; dk;Z gksrk gS tcfd Fkyh; d'ks#d izkf.k;ksa esa ty fu;eu dk
vR;f/kd egRo gSA bl Hkkx esa nks gkWeksZu curs gSa] ftudks la;qä #i ls
fiV~;wfVªu (Pituitrin) dgrs gaSA

okLro easa ih;w"k xzfUFk dh ;g i'p ikWfy ;k U;wjksgk;iksQkbfll
(Neurohypophysis) vUr%L=koh xzfUFk ugha gSA ;g gkWeksZUl dk la'ys"k.k ugha
djrh gS] ysdhu nks gkWeksZUl dks lafpr ,oa eqä djrh gSA ;g nksuksa gkWeksZUl
tksfd gk;iksFkSysel ds lqijk vkfIVd (Supra optic) ,oa iSjkoSfUVªdqyj
(Paraventricular) dsUnzdksa }kjk cuk, tkrs gSa rFkk ih;w"k xzfUFk ds bl Hkkx esa
lafpr gks tkrs gSa ,oa vko';drkuqlkj lfØ; voLFkk esa eqä fd, tkrs gSaA
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5-7 ih;w"k xzfUFk ds dk;Z (Functions of Pituitary
Gland)

ih;w"k xzfUFk (Pituitary gland) ds dk;ksZa dk nks Hkkxksa esa v/;;u djrs gS&

(i) ,sMhuksgk;iksQk;fll ds dk;Z (Functions of the Adenohypophysis)

(ii) U;wjksgk;iksQk;fll ds dk;Z (Functions of the Neurohypophysis)A

ih;w"k xzfUFk ds }kjk L=kfor gkWeksZUl 'kjhj dh yxHkx lHkh izfØ;kvksa ,oa
vU; vUr%L=koh xzfUFk;ksa (Endocrine glands) dks fu;fU=r ,oa izHkkfor djrs
gSaA ih;w"k xzfUFk dh lajpuk ,oa dk;Z ds vk/kkj ij vxz ikWfy (Anterior
lobe) ,oa i'p ikWfy (Posterior lobe) esa foHkkftr fd;k x;k gSA ;s nksuksa
ikWfy;k¡ gk;iksFkSysel (Hypothalamus) ls ?kfu"B #i ls lEcfU/kr gksrh gaS]
ysfdu i'p ikWfy (Posterior lobe) gk;iksFkSysel ls rfU=dh; #i ls lEcfU/kr
gksrh gSA

5-7-1 ,fMuksgk;iksQk;fll ds dk;Z (Functions of
Adenohypophysis)

ih;w"k xzfUFk (Pituitary gland) dh vxz ikWfy dks ,fMuksgk;iksQkbfll
(Adenohypophysis) Hkh dgrs gSaA ;g vUr%L=koh rU= (Endocrine system)
dh ekLVj xzfUFk (Master gland) gS tksfd izksVhu Vªksfid gkWeksZUl (Tropic
hormones) dks L=kfor djrh gSA ;g gkWeksZUl vU; vUr%L=koh xzfUFk;ksa dks
izHkkfor djrh gSA bl ikWfy ds }kjk vusd gkWeksZUl dks L=kfor fd;k tkrk gS]
ysfdu iklZ V~;wcsjsfyl (Pars tuberalis) ls L=kfor 6 gkWeksZUl izeq[k gksrs gSaA
blds L=ko.k dk fu;U=.k gk;iksFkSysel (Hypothalamus) dh rfU=dk-L=koh
(Neuro-secretory) dksf'kdkvksa }kjk L=kfor rRo djrs gSaA ;g
gk;iksFkSyseks&gk;iksQk;fl;y fuokfgdk@iksVZy f'kjk (Hypothalamo-
hypophysial portal vein) }kjk gk;iksFkSysel ls vxz ikWfy ;k ,fMuksgk;iksQk;fll
(Adenohypophysis) esa vkrs gSaA blls L=kfor gkWeksZUl ,oa muds fu;U=d rRo
fuEufyf[kr izdkj gSa&

(a) of̀) gkWeksZu ;k lksesVksVªkfid gkWeksZu (Somatotropic or Growth
Hormone) (STH or GH)

(b) izksysfDVu ¼Prolactin/ ySDVksthfud (Lactogenic)@Y;wfV;ksVªkfid
(Leuteotropic)@esEekssVªksfid (Mammotropic) gkWeksZUl (LTH/MH)

(c) xksusMksVªkfid gkWeksZu (Gonadotropic hormone)

(d) Fkk;jkWbM iszjd gkWeksZu (Thyroid Stimulating Hormone – TSH) ;k
Fkk;jksVªksfiu (Thyrotropin)



vUr%L=koh iz.kkyh

276

fVIi.kh

Lo-vf/kxe
ikB~; lkexzh

(e) ,MªhuksdkfVZdksVªkfid gkWeksZu (Adrenocorticotropic hormone-
ACTH) ;k ,MªhuksdkfVZdksVªkfiu (Adrenocorticotropin)

(f) ykbiksVªkfiUl ;k ,fMiksdk;usfVd gkWeksZUl (Lipotropins or Adipokinetic
hormone)

1- lksesVksVªkfid ;k o`f) gkWeksZu (Somatotropic or Growth
Hormone–STH or GH)& ;g josnkj izksVhu gksrk gSA bldk v.kqHkkj
¼Molecular weight) = 21]000 ls 48]000] euq"; esa v.kqÒkj = 21]000 gksrk gSA
euq"; dk of̀) gkWeksZu 190 vehuks vEy dk cuk gksrk gSA ;g gkWeksZu 'kjhj dh
fofHkUu fØ;kvksa dks fuEufyf[kr izdkj ls izHkkfor djrk gS&

(a) ;g 'kjhj dh dksf'kdkvksa esa RNA, DNA ,oa izksVhu la'ys"k.k dk mÌhiu
(Stimulation) djrk gSA

(b) vfLFk;ksa dh mfpr of̀) dj of̀) rRo dk dk;Z djrk gSA of̀) gkWeksZu
bihQk;fly mikfLFk (Epiphyseal cartilage) ds xq.ku esa of̀) djrk gSA
bl izdkj mikfLFk vfLFk (Cartilage bone) yEckbZ esa of̀) djrk gSA
esEczsu vfLFk;k¡ (Membranes bones) izHkkfor ugha gksrh gSaA

(c) ;g 'kkjhfjd of̀) dks fu;fU=r djrk gSA isf'k;ksa dh of̀) dks mRizsfjr
djrk gSA nSR;kdkj (Gigantism) ,oa ,sØksesXks (Acromegaly) jksx esa
isf'k;ksa dh of̀) c<+krk gSA

;g Fkkbel (Thymus) dh of̀) dks mRiszfjr djrk gSA

(d) ;g vXU;k'k; (Pancreas) ds bUlqfyu ,oa XywdkxkWu (Insulin and
Glucagon) ds L=ko.k dks mÌhfir djrk gSA

(e) bl gkeksZu ds dkj.k ukbVªkstu mRltZu ,oa ew= fu"dklu esa o+̀f) gksrh
gSA

(f) ;g jäk.kqvksa (Blood corpuscles) dh mRifÙk dks Hkh izHkkfor djrk gSA

(g) eknk esa ;g nqX/k xzfUFk;ksa esa nqX/k ds la'ys"k.k dks iszfjr djrk gSA

(h) of̀) gkWeksZu rfU=dk rU= dks izHkkfor ugha djrk gSA

(i) of̀) gkWeksZu izksVhu ,oa U;wfDyd vEy ds la'ys"k.k esa of̀) djrk gS vkSj
ukbVªkstu ds mRltZu dks de djrk gS ukbVªkstu ds jgus ds dkj.k
Årdh; izksVhu ds la'ys"k.k esa lgk;rk gksrh gSA

(j) ;g vehuksa vEy ds dssVkcksfyTe dks vojksf/kr djrk gSA

(k) of̀) gkWeksZu dSfY'k;e ds vkU=h; vo'kks"k.k esa of̀) ds lkFk-lkFk
mRltZu esa Hkh lgk;rk djrk gSA

(l) STH Fkkbfed fyEQkslkbV~l ds izQyu esa lgk;rk djrk gSA

(m) STH dkcksZgkbMªsV ds laxzg.k dks mRiszfjr djrk gSA

(n) of̀) gkWeksZu olk vEy dks ,sfMikst Årdks esa ls eqä djus esa lgk;rk
djrk gS vkSj 'kjhj nzo esa olk vEy dh lkUnzrk esa of̀) djrk gSA
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bl gkWeksZu dk L=ko.k gk;iksFkSysel ds of̀) gkWeksZu eqä rRo (GH-
release factor) }kjk izsfjr GH fujks/kd rRo }kjk vojksf/kr gks tkrk gSA

vYi-L=ko.k (Hypo-secretion)& f'k'kqvksa esa tc ;g gkWeksZu de ek=k
esa L=kfor gksrk gS rks muesa ckSukiu (Dwarfism) uked jksx gks tkrk gSA bl
jksx dks ,Vhfyvksfll (Ateliosis) Hkh dgrs gSaA euq"; dk 'kjhj 3*-4* rd dk
gksrk gSA ySafxd xzfUFk;k¡ gksrh gSa] ysfdu fØ;kRed nf̀"V ls ;g xzfUFk;k¡
fØ;kRed (Functional) ugha gksrha] ,sls O;fä uiqald (Sterile) gksrs gSA
vfLFk;ksa dh of̀) de gksrh gSA

vfr-L=ko.k (Hyper-secretion)& blds vfr-L=ko.k ls 'kjhj
vuqikfrr Hkhedk; gks tkrk gSA bl jksx dks nSR;kdkj (Gigantism) dgrs gSa]
vfLFk;ksa dh yEckbZ vf/kd gks tkrh gSA 'kjhj dk vkdkj 7*] 8*] 9* rd gks
tkrk gSA dadkyh; of̀) ds le; vf/kd L=ko.k ds dkj.k euq"; esa ,sØksesxsyh
(Acromegaly) uked jksx gks tkrk gS] ftlesa gkFk] vaxqfy;ksa] gksBksa] ukd vkfn
dh Ropk eksVh gks tkrh gSA tcM+s] ukd] xky dh vfLFk c<+ tkrh gSA

euq"; esa ;fn vfr-L=ko.k vf/kd gksrk gS rks dkbQksfll (Kyphosis)
uked folaxrh gks tkrh gSA d'ks#d n.M (Vertebral column) dh yEckbZ
vf/kd gksus ls 'kjhj /kuq"; ds leku ¼Bowing of spine) gks tkrk gSA ,sls
euq"; izkjEHk esa ySafxd #i ls fodflr ,oa ifjiDo gks tkrs gSa] ysfdu dqN
le; i'pkr ySafxd #i ls vfØ;k'khy ;k uiqald (Sterile) gks tkrs gSaA

2- izksysfDVu (Prolactin)@ySDVksthfud (Lactogenic)@
Y;wfV;ksVªksfid (Leuteotropic) gkWeksZu& bldks eSeksVªksfid (Mammotropic)
gkeksZu Hkh dgrs gSaA ;g gkWeksZu Hkh ,sflMksfQy dksf'kdkvksa (Acidophils) }kjk
nqX/k ds L=ko.k dks iszfjr djrk gSA bldk L=ko.k gkbiksFkSysel ds ,d gkWeksZu-
izksysfDVu eqfä rRo (Prolactin Release Factor – PRF) rFkk ,d izksysfDVu
fujks/kd rRo (Prolactin Inhibiting Factor – PIF) }kjk fu;fU=r gksrk gSA
Y;wfVukbftax gkWeksZu (Leutinizing hormone) ds lkFk ;g dkiZl Y;wfV;e
(Corpus luteum) }kjk izkstsLVksjksu (Progesterone) ds L=ko.k dks ,oa ,LVªkstsu
(Oestrogen) ds lkFk ;g Lru xzfUFk;ksa dh of̀) dks izHkkfor djrk gSA

izksysfDVu (Prolactin) gkWeksZu dk Lrj jkf= esa c<+ tkrk gSA ;g dkiZl
ywfV;e dh L=ko.k fØ;k dks cuk, j[krk gSA ;g gkWekZsu izkstsLVksjksu gkWeksZu ds
lkFk feydj xzfUFk dh ,YO;ksyj ds fodkl dks mRiszfjr djrk gSA ;g nqX/k
L=ko.k ds le; v.MksRlxZ (Ovulation) dks jksdrk gSA izksysfDVu] bUlqfyu ,oa
XywdksdkfVZdkbM~l ds lkFk feydj ysDVkst ds la'ys"k.k dks mÙksftr djrk gSA
bl gkWeksZu dh p;kipf;d vfHkfØ;k of̀) gkWeksZu ,oa ekuo Iysls.Vy ysDVkstsu
ds leku gksrh gSA
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vYi-L=ko.k (Hypo-secretion)& bldh deh ls nw/k dk fuekZ.k ugha
gksrk rFkk Lru xzfUFk;k¡ NksVh gks tkrh gSaA

vfr-L=ko.k (Hyper-secretion)& bl gkWeksZu ds vfr-L=ko.k ds dkj.k
fL=;ksa esa vle; esa nw/k curk gS vkSj Lru xzfUFk;ksa dk vkdkj cMk gks tkrk gSA

3- xksusMksVªkfid gkWeksZu (Gonadotropic hormone)& ;g tunksa
(Gonads) dks mÙksftr djds ySafxd fØ;k'khyrk (Sexual activity) dks
fu;fU=r djrs gaSA ;g gkWeksZUl tuukaxks (Sex organs) ,oa lgk;d ySafxd
y{k.kksa (Accessory sex characters) dh of̀) djus esa lgk;d gksrs gSaA fL=;ksa
esa ekfld pØ@jt pØ (Menstrual cycle)] xHkkZoLFkk (Pregnancy) ,oa nqX/k
L=ko.k (Lactation) dks Hkh fu;fU=r djrs gaSA ;g gkWeksZu nks izdkj ds gksrs gSa&

(a) Y;wfVukbftax gkWeksZu (Leutinizing Hormone - LH)& ;k vUrjkyh
dksf'kdk iszjd gkWeksZu (Interstitial Cell Stimulating Hormone –
ICSH)& ;g XykbdkizksVhu (Glycoprotein) gksrk gSA ;g gkWeksZu
fL=;ksa@eknk (Female) esa FSH ds lkFk v.MksRlxZ (Ovulation) esa
egRoiw.kZ Hkwfedk fuHkkrk gSA bl gkWeksZu ds L=ko.k ds dkj.k ;g dkiZl
ywfV;e (Corpus luteum) ds mRiUu gksus] of̀) ,oa fLFkj jgus esa
lgk;d gksrk gSA v.Mk'k; (Ovary) esa Y;wfVukbftax gkWeksZu ukWu-
tfeZuy (Non-germinal) rRoksa dks mRiszfjr dj ,sUMªkstsUl
(Androgens)] VsLVksLVhjksu dks L=kfor dj vf/kjkserk (Hirsutism)
n”kkZrk gSA jtksfuof̀r ds i”pkr~ bldk L=ko.k 5 xquk c<+ tkrk gSA

;g gkWeksZu Fkhdk b.Vjuk (Theca Interna) dksf”kdkvksa dks ,sLVªkstu
(Oestrogen) ,oa izkstsLVksjksu (Progesterone) uked gkWeksZUl ds L=ko.k
ds fy, iszfjr djrk gSA

uj@iq#"kksa eas ;g gkWeksZu o`"k.k (Testes) esa fLFkr vUrjkyh dksf'kdkvksa
(Interstitial cells) ;k ysfMx dh dksf'kdkvksa (Leydig’s cells) dks uj
tuu gkWeksZUl VsLVksLVsjksu (Testosterone) ds L=ko.k ds fy, izsfjr
djrk gSA

(b) iqfVdk izsjd gkWeksZUk (Follicle Stimulating Hormone - FSH)& ;g
gkWeksZu iq:"kksa esa ysfMx dh dksf'kdkvksa (Leydig cells) ds uj
gkWeksZUk ,s.Mªkstu (Androgen) ds L=ko.k dks izsfjr djrk gSA eknk ;k
fL=;ksa esa ;g dkiZl ywfV;e (Corpus luteum) ds fodkl rFkk
izkstsLVksjksu ds L=ko.k dks iszfjr djrk gSA jtksof̀Ùk (Menopause) ds
i'pkr~ iqfVdk iszjd gkWeksZu ds mRiknu dh nj 15 xquk c<+ tkrh gSA

uj@iq#"k esa 'kqØk.kqvksa ds fuekZ.k dh izfØ;k dks fu;fU=r djrk gSA
iqfVdk iszjd (Follicular stimulating) ,oa Y;wfVukbftax (Leutinizing) gkWeksZu
nksuksa gh tunksa (Gonads) ds ifjiDou rFkk fØ;k'khyrk ds iszjd gSaA vUr%
budks xksusMksVªkfid gkWeksZu (Gonadotropic hormone) Hkh dgrs gSaA ;g nksukas
gkWeksZUl ;kSoukoLFkk ds igys ls gh L=kfor gksrs gSa] blls Li"V gksrk gS fd
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budk L=ko.k gkbiksFkSysel esa fLFkr ,d tSusfVd tSfod ?kM+h (Genetic
biological clock) }kjk fu;fU=r gksrk gSA

iqfVdk iszjd gkWeksZu (Follicle stimulating hormone) nksuksa iq#’kksa
(Male) ,oa fL=;ksa (Female) ;qXedksa ij vfHkfØ;k djus ds dkj.k bldks
xSfeVksdkbusfVd (Gametokinetic) gkWeksZu Hkh dgrs gaSA

vYi-L=ko.k (Hypo-secretion)& uj ;k iq#"kksa esa bl gkWeksZUl dh deh
ds dkj.k tuu rU= yqIr gksus yxrk gSA o"̀k.k (Testes) fiyfiys/<hys] NksVs ,oa
vkdkjghu gksrs gSaA lsehfuQsjl ufydk,¡ (Seminiferous tubules) u"V gks tkrh
gSa ftlds dkj.k 'kqØk.kq fuekZ.k lekIr gks tkrk gSA bl gkWeksZu dh f'k'kq voLFkk
esa deh gksus ij o`"k.k (Testes) mnj eas Hkh jg tkrs gSaA bl fLFkfr dks
ØIVksfdZfMLe (Cryptorchidism) dgrs gaSA

eknk ;k fL=;ksa esa bl gkWeksZu dh deh ds dkj.k v.Mk'k; (Ovary) dk
vkdkj NksVk ;k de gksus yxrk gSA iqfVdk,¡ ;k QkWfyfdy (Follicles) u"V gks
tkrs gSaA xÒkZ'k; (Uterus) ,oa ;ksfu (Vagina) yqIr gks tkrk gSA

vfr-L=ko.k (Hyper-secretion)& bl gkWeksZu ds vf/kd ek=k esa
L=ko.k ds dkj.k euq"; esa ySafxd ifjiDork (Sexual maturity) 'khÄz vk
tkrh gSA

4- Fkk;jkWbM iszjd gkWeksZu (Thyroid Stimulating Hormone–
TSH)& bldks Fkk;jksVªkfid (Thyrotropic) gkWeksZu Hkh dgrs gSaA ;g ,d
XykbdksizksVhu (Glycoprotein) gSA ;g cslksfQy (Basophil) dksf'kdkvksa }kjk
L=kfor gksrk gSA rFkk Fkk;jkWbM xzfUFk dh fØ;k'khyrk dks izsfjr ,oa fu;fU=r
djrk gSA bldk L=ko.k gkbiksFkSysel (Hypothalamus) ds Fkk;jksVªkfid eqfä
rRo (Thyrotropic Release Factor – TRF) }kjk iszfjr gksrk gSA

,slk fo'okl fd;k tkrk gS fd ;g gkWeksZu 'kjhj dh lEiw.kZ dksf'kdkvksa
dh p;kip; fØ;k esa of̀) djrk gSA ;g Fkk;jkWbM dksf'kdkvksa }kjk jä esa ls
vdkcZfud vk;ksMkbM dks 'kksf"kr djus dh nj esa of̀) djrk gSA ;g Fkk;jkWbM
gkWeksZu esa vk;ksMhu dks lfEefyr djus dh nj esa of̀) djrk gSA ;g Fkk;jkWbM
gkWeksZu ds L=ko.k dh nj esa of̀+) djrk gSA

jä esa TSH gkWeksZu dh lkUnzrk 25 feyh bdkbZ izfr ml gksrh gSA ;g
feDlksMsek (Myxoedema) esa c<+ tkrh gSA jä esa bldh lkUnzrk B.M ds le;
vf/kd rFkk xehZ ds le; de gksrh gSA lkekU; #Ik ls TSH 2 vUrjkZ"Vªh;
bdkb izfr fnu dh nj ls L=kfor gksrk gSA Fkk;jkWfDlu (Thyroxine) ,oa TSH
ds chp _.kkRed iqufuZos'ku fof/k (Negative feedback mechanism) ik;h
tkrh gSA fdlh Hkh folaxfr ;k jksx ds dkj.k TSH dk L=ko.k de gks tkrk gS
rc Fkk;jkWfDlu dk L=ko.k Hkh de gks tkrk gSA
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TSH gkWeksZu Mkb-vkbMksVk;jksflu dks ;qXe djds Fkk;jkWfDlu (T4) cukus
ds fy, vko';d gksrk gSA TSH gkWeksZu ,sMsfuy lk;Dyst (Adenyl cyclase)
vfHkfØ;k dks Fkk;jkWbM esa of̀) djrk gS rFkk lk;fDyd AMP (Cyclic AMP)
dks Fkk;jkWbM esa laxzfgr djrk gSA TSH izR;{k #i ls fyihM] is'kh;ksaa ,oa
la;ksth Ård dks cká us=h; lajpuk esa izHkkfor djrk gS ftlds
dkj.k ,Dlks¶FkSYeksl (Exophthalmos) folaxfr n'kkZrk gSA

bl gkWeksZu ds vYi-L=ko.k (Hypo-secretion) ds dkj.k Fkk;jkWbM
xzfUFk dh o`f) #d tkrh gS] FkkW;jkbM gkeksZu dk L=ko.k lkekU; ek=k ls
de gksrk gS ;k FkkW;jkbM foyqIr gksus yxrh gSA bl gkeksZu ds vfr-L=ko.k
(Hyper-secretion) ds }kjk xzfUFk dh o`f) ,oa FkkW;jkbM gkeksZu dk L=ko.k
vf/kd gksrk gSA

5- ,MªhuksdkWfVZdksVªkfid gkeksZu (Adrenocorticotropic Hormone–
ACTH)– ;g ,d ikWyhisIVkbM (Polypeptide) gksrk gS rFkk cslksfQy
dksf'kdkvksa (Basophil cells) }kjk L=kfor fd;k tkrk gSA ;g gkeksZu ,sMªhuy
xzfUFk ds cYdqV Hkkx (Cortex) dks L=ko.k ds fy, iszfjr djrk gSA blds Lo;a
dk L=ko.k gkbiksFkSysel (Hypothalamus) ls L=kfor dkfVZdksVªksfiu eqDr rRo
(Corticotropin Release Factor – CRF) }kjk iszfjr gksrk gSA ;g gkWeksZu olk-
vi?kVuh ,UtkbEl dks lfØ; djrk gS ,oa esysfuu (Melanin) ds la'ys"k.k dks
iszfjr djrk gSA ;g gkeksZu vfr laosnu'khyrk (Hyper sensitivities) ,oa
mÙkstd fØ;kvksa ds bykt ds fy, mi;ksx esa vkrk gSA

ACTH ,oa ,Mªhuy dkWfVZdy gkeksZu (Adrenal cortical) dk L=ko.k]
_.kkRed iqufuZos'ku (Negative feedback) fof/k ds }kjk izHkkfor gksrs gSaA
ACTH dk L=ko.k XywdksdkfVZdkbM (Glucocorticoid) gkeksZu ds L=ko.k dks
mRiszfjr djrk gS ftlls fd rukoiw.kZ mRiszj.kk dks nwj fd;k tk ldsA vUr%
fiV~;wVjh-,Mªhuy v{k (Pituitary adrenal axis) izkf.k;ksa dks cqjh okrkoj.k
ifjfLFkfr;ksa esa thfor jgus ds fy, vFkok lefLFkrh fof/k (Homeostatic
mechanism) dks cuk, j[kus ds fy, egRoiw.kZ gksrs gSaA

bl gkeksZu ds vYi-L=ko.k (Hypo-secretion) ds dkj.k xzfUFk;k¡ /khjs-/khjs
u"V gks tkrh gSaA bl gkeksZu ds vfr-L=ko.k (Hyper secretion) ds dkj.k
dqf'kax jksx (Cushing disease) gksrk gS] ftlesa /kM+@mnj esa vlkekU; #i ls
olk dk ,df=r gksuk ;k csMkSyiu (Obesity) rFkk psgjs (Face) gkFkksa vkSj iSjksa
esa lk;uksfll (Cyanosis)] Ropk dh o.kZdrk] ckyksa dk vR;f/kd fodkl] fL=;ksa
esa nk<+h ,oa ewNksa dk mxuk] ySafxd fØ;k dk Úgkl] gkbijXykblsfe;k
(Hyperglycemia) ,oa Xykbdkslwfj;k (Glycosuria) jksxA

6- ykbiksVªkfiUl ;k ,fMiksdkbusfVd gkWeksZULk (Lipotropin or
Adipokinetic hormone)& rhu ykbiksVªkfiu ;k ,sfMiksdkbusfVd gkWeksZUl dk
vuqla/kku gqvk gSaA ;g gSa I, II ,oa β gkeksZUlA lfØ;rk dh nf̀"V ls ;g gkWeksZu
α ,oa β esysukslkbV mRiszjd gkWeksZu (Melanocyte stimulating hormone) ds
leku gksrk gSA bl gkeksZu esa 7 vehuks vEy ACTH ,oa MSH ds leku gksrs
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gaSA ;g gkWeksZUl ØksesVksQkslZ (Chromatophores) dks mRiszfjr djrs gSaA og olk
dk vi?kVu Hkh djrs gSaA ;g olk ds eqDr gksus dks mRiszfjr djrk gSA blds
vYi-L=ko.kksa ls 'kjhj esa vR;f/kd csMkSyiu (Obesity) rFkk vfr-L=ko.k ls
'kjhj iryk] nqcyk gksrk gSA

7- iklZ bUVjEkhfM;k ;k e/;orhZ ikfy (Pars intermedia)& bl
ikfy ds }kjk esysukslkbV mRiszjd gkWeksZu (Melanocyte stimulating hormone)
dks α ,oa β-esysukslkbV mRiszjd gkWeksZu (α and β-Melanocyte stimulating
hormones) ds #i esa L=kfor djrk gSA ^yh* (Li) oSKkfud us bl gkWeksZu dks
'kq) #i esa izkIr fd;kA ;g gkWeksZu 22 vehuksa vEyksa dk cuk gqvk ikWyhisIVkWbM
gksrk gSA ;g gkWeksZu] mu d'ks#d izkf.k;ksa esa ik;k tkrk gS ftuesa ØksesVksQkslZ
(Chromatophores) o.kZd ik, tkrs gSaA tSls& ,sfEQfc;Ul ,oa eNyh
(Amphibian and fishes)A bu izkf.k;ksa esa esysukslkbV (Melanocyte) ;k
esysuksQksj (Melanophore) dkys o.kZd dks foLrkfjr djrk gSA if{k;ksa ,oa Lruh
izkf.k;ksa esa bldk dk;Z Kkr ugha gS] ysfdu 1973 esa dqN oSKkfudksa us n'kkZ;k
fd ;g gkWeksZu ckyksa esa fyihM dk fu;eu djrk gSA blds izek.k gaS fd ;g
Lruh izk.kh dh Ropk esa esysfVu (Melatin) ds la'ys"k.k dks iszfjr djrk gSA bl
gkWeksZu ds euq";ksa esa vR;f/kd ek=k esa L=ko.k ds dkj.k o.kZdh; {ks=
(Pigmentation) esa of̀) gksrh gSA tSls& fd ,fMlUl jksx (Addison’s disease)
esa ns[kk tkrk gSA euq"; esa xHkkZoLFkk ds le; Ropk ds jax dk xgjkiu
ACTH ,oa MSH nksuksa gkWeksZu ds ;k fdlh ,d gkWeksZu ds vf/kd L=ko.k ds
dkj.k fn[kkbZ nsrk gSA

iklZ V;wcsjsfyl ;k bUQf.Mcqysfjl (Pars tuberalis infundibularis) dh
dksf'kdkvksa ds }kjk dksbZ Hkh gkWeksZu L=kfor ugha fd;k tkrk gSA

5-7-2 U;wjksgkbiksQkbfll ds dk;Z (Functions of
Neurohypophysis)

ih;w"k xzfUFk dh i'p ikfy ;k U;wjksgk;iksQkbfll (Neurohypophysis)
ikWfyisIVkbM gkWeksZUl (Polypeptide hormones) ik, tkrs gSa tksfd ewy #i ls
gk;iksFkSysel (Hypothalamus) U;wjkslhØsVjh dksf'kdkvksa ds lqijk vkWfIVd
(Supraoptic) ,oa iSjkos.Vªhdqyj (Paraventricular) dsUnzdksa ds }kjk L=kfor
fd, tkrs gSa] vkSj ih;w"k xzfUFk dh i'p ikfy esa lafpr gks tkrs gSa rFkk
vko';drkuqlkj lfØ; voLFkk esa eqä fd, tkrs gSaA bu gkWeksZUl dks
U;wjksgk;iksQk;fl;y (Neurohypophyseal) gkWeksZUl Òh dgrs gSaA ,slk le>k
tkrk gS fd osLlksizsflu (Vassopressin) gkWeksZUk lqizkvkWfIVd dsUnzd (Supraoptic
nuclei) ls ,oa vkWDlhVksflu (Oxytocin) iSjkosUVªhdqyj (Paraventricular)
dsUnzd ls L=kfor gksrs gSaA ;g nksuksa gkWeksZUl gSa&

(i) vkWDlhVkWlhu (Oxytocin)

(ii) oSlksizsflu (Vasopressin)
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(i) vkWDlhVkWlhu (Oxytocin)& bl gkWeksZu dks fiVksflu (Pitocin) Hkh
dgrs gSaA ;g gkeksZu vkWDVksisIVkbM (Octopeptide) gSA bldk lkekU;
dk;Z iw.kZ#Ik ls Kkr ugh gSA bl gkeksZu dk izHkko eknk@fL«k;ksa esa
xHkkZ'k; dh isf'k;ksa dks ladqfpr djus ds fy, izsfjr djrk gSA izlo
ihM+k (Labour pain) dks c<+krk gSA ;g gkeksZu lHkh izdkj dh fpduh
isf'k;ksa (Smooth muscles)] fiÙkk'k; (Gall bladder)] ew=k'k; fHkfÙk
(Urinary bladder wall) dks Hkh izHkkfor djrk gSA eSFkqu ds le; bl
gkekZsu ds dkj.k L=ko.k ls xHkkZ'k; isf'k;ksa (Uterine muscles) dks
ladqfpr dj 'kqØk.kqvksa (Sperms) dks QSyksfi;u ufydk (Fallopian
tube) rd tkus esa lgk;rk djrk gSA ;g gkeksZu f'k'kq tUe ds i'pkr~
xHkkZ'k; dks lkekU; voLFkk esa ykus rFkk Lru xzfUFk;ksa ls nqX/k ds
L=ko.k ds fy, isf'k;ksaa dks fldksM+us dk dke djrk gSA nqX/k L=ko dks
mRiszfjr djrk gSA bldks xSysDVkstsfud (Galactogenic) izHkko dgrs gSaA
blds }kjk gk;ijXyk;lsfe;k (Hyperglycemia) folaxfr mRiUu gksrh
gSA bldh fØ;k izkstsLVksjksu (Progesterone) gkWeksZu ds L=ko.k ls
vojksf/kr gksrh gS rFkk vks,LVªkstsu (Oestrogen) ds L=ko.k esa o`f) gksrh
gSA bl gkWeksZu ds }kjk vxz ikfy ls izksysfDVu gkWeksZu dks mRiszfjr fd;k
tkrk gSA

(ii) oslksizsflu (Vasopressin)& bl gkWeksZu dks fiVªsflu (Pitressin) ds
lkFk-lkFk ew=vojks/kh gkWeksZu@,s.VhMkb;wjsfVd gkWeksZu (Antidiuretic
hormone) Hkh dgrs gSa] D;ksafd ;g oD̀d ufydkvksa esa ty ds iqu%
vo'kks"k.k dks c<+krk gSA ;g gkWeksZu ,d ikWyhisIVkbM (Polypeptide) gS]
tks fd ukS vehuks vEyksa dk cuk gksrk gSA ;g oD̀d dksf'kdkvksa ,oa
ufydkvksa }kjk ew= esa ty dh ek=k dk fu;U=.k djrk gSA bldh deh
ls ew= esa ty dh ek=k esa oqf) gks tkfr gS rFkk jä xk<+k gks tkrk gSA
bl folaxfr ;k jksx dks Mk;fcVht bUlhfiMl (Diabetes insipidus)
dgrs gSaA ;g DyksjkbM ds vo'kks"k.k dks de djrk gSaA izkf.k;ksa esa
/kefu;ksa ,o dksf'kdkvksa (Arteries and Capillaries) dks ladqfpr djrk
gS rFkk euq"; esa dsoy dksf'kdkvksa dks ladqfpr djrk gSA

dksjksujh okfguh (Coronary vessel) ladqfpr gksrh gSA mPp #f/kj nkc ds
dkj.k ân; dh /kM+du dh nj de gks tkrh gSA

oD̀d (Kidney) esa oD̀dh; okfgfu;ksa ds ladqpu ls ew= dh ek=k esa deh
gksrh gSA

ew=k'k; ,oa xHkkZ'k; dh fHkfÙk dh isf'k;k¡ mRiszfjr gksrh gSaA blds }kjk
Xyk;dksftuksfyfll (Glycogenolysis)] gk;ijXyk;lsfe;k (Hyperglycemia) ,oa
Xyk;dkslwfj;k (Glycosuria) dks mRiUu djrk gSA 'kdZjk dks lgu djus dh
{kerk de gks tkrh gSA

bl gkeksZu dh ek=k esa of̀)@vf/kdrk gksus ij ew= esa ty dh deh gks
tkrh gSA ifj/kh; dksf'kdkvksa ,o /kefu;ksa dh isf'k;ksa dk ladqpu dj budks
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ladh.kZ cuk nsrk gS] Qyr% #f/kj nkc (Blood pressure) esa of̀) gks tkrh
gSA ;g dqN lhek rd #f/kj nkc dks fu;fU=r djrk gSaA

5-7-2-1 vYi ih;w"k L=ko.k (Hypopituitarism)

fiV~;wVjh gkWeksZUl (Pituitary hormones) dk de L=ko.k] ih;w"k xzfUFk
(Pituitary gland) esa V~;wej (Tumour) ds fodflr gksus ds dkj.k gksrk gSA
bl xzfUFk dk vYi L=ko.k (Hyposecretion) ds dkj.k fuEu folaxfr;k¡ ik;h
tkrh gSa&

1- ckSukiu (Dwarfism)& O;fä dh of̀) vojksf/kr gks tkrh gSA ;g
folaxfr fuEu izdkj dh gksrh gS&

(i) yksjsu-ysoh izdkj (Lorain-Levy type)& NksVs vkdkj ds
izk.kh@euq";] o;Ld euq"; yxHkx 85 lseh ;k 3 fQV Å¡pkbZ ds
gkrs gSaA 'ks"k 'kjhj dh vis{kk flj (Head) cM+k gksrk gSA cqf)eku~
euq"; gksrs gSa] ysfdu O;fä vkdÆ"kr ugha gksrk gSA cqf)ekuh mez
ds vuqikr ds vuqlkj gksrh gSA ySafxd vax (Sex organs) ,oa
f}rh;d ySafxd y{k.k (Secondary sexual characters) fodflr
ugha gksrs gSaA

(ii) Ýksgfyp izdkj (Frohlich type)& csMkSyiu (Obesity)] 'kjhj esa
vR;f/kd olk dk lap;] nk<+h ,oa ewNsa euq"; esa ugha ik;h tkrh
gSaA vojksf/kr ySfxad fodkl@ekufld #i ls vlkekU; ,oa lqLr
euq";A

(iii) feJhr izdkj (Mixed type)& bl izdkj dh folaxfr esa feJhr
vkSfrdh LoHkko ,oa folaxrh;k¡ ik;h tkrh gSaA euq’; cSMksy] olk
dk “kjhj esa vf/kd lap; ,oa “kjhj ckyjghr gksrk gSA ØkseksQksc
dksf”kdkvksa (Chromophobe cell) ,oa ,flMksfQYl (Acidophils
cell) dh fØ;k esa folaxfr ik;h tkrh gSA

(iv) ,ØksfefØ;k (Acromicria)& o;Ld euq"; esa ,flMksfQYl
dksf'kdkvksa dh de vfHkfØ;k ds dkj.k gksrh gSA ckyksa dh deh
rFkk ySafxd dk;kasZ esa dehA psgjs] gkFk ,oa iSj dh vfLFk;k¡ NksVh
gksrh gSaA

2- ikugk;iksfiV~;wVsfjTe (Panhypopituitarism)& xzfUFk dh {kfr ds
dkj.k ;g folaxfr gksrh gSA gk;iksQk;fl;y (Hypophyseal) dk;Z
lekIr gksrs gSaA

3- fiV~;wVjh feDlksMsek (Pituitary myxoedema)& ;g folaxfr TSH
dh deh ds dkj.k gksrh gSA blesa vk/kkjh; p;kipf;d nj (Basal
metabolic rate) de gks tkrh gSA o;Ld euq"; ekufld #i ls lqLr]
detksj gksrk gS] Ropk vf/kd eksVh gksrh gS] cky lw[ks] psgjs ij lwtu]
HkkSagksa (Eyebrow) ij de ckyA
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5-7-2-2 vfrih;w"kdh; L=ko.k (Hyperpituitarism)

bldk vFkZ gksrk gS gk;iksQk;fl;y gkWeksZUl (Hypophyseal hormones) dk
vf/kd L=ko.kA xzfUFk ds vR;f/kd L=ko.k ds dkj.k cpiu ;k 'kS'kokoLFkk esa
vkdkj vR;f/kd cM+k&nSR;kdkj (Gigantism) gksrk gSA vfLFk;ksa dh vR;f/kd
of̀) eq[; #i ls lfU/k;ksa (Joints) dh vfLFk;ksaa dhA blds dkj.k 'kjhj dh
yEckbZ 2 ls 2-5 ehVj gksrh gSA mikx (Limbs) vuqikr esa vf/kd yEcs gksrs gSaA

o;Ld euq";ksa esa bihQk;fll (Epiphysis) dh of̀) can gks tkrh gS]
fiV~;wVjh gkWeksUl ds vR;f/kd L=ko.k ds dkj.k ,ØksesXksyh@o/kZjksx
(Acromegaly = Acrom = Extremity) folaxfr gksrh gSA blds y{k.k
fuEufyf[kr gksrs gSa&

1- psgjs (Face), gk¡Fkksa (Hands) ,oa iSjks (Feet) dh vfLFk;ksaa (Bones) dh
fujUrj o`̀f) gksrh gSA blds dkj.k jksxh twrksa dks tYnh-tYnh cnyrk
gSA

2- dkbQksfll (Kyphosis) uked folaxfr gks tkfr gSA d'ks#d n.M dh
yEckbZ vf/kd gksus ls 'kjhj /kuq"k ds leku (Bowing of spine) gks tkrk
gSA

3- 'kjhj ij ckyksa dh vR;f/kd of̀)A

4- ufldk (Nose)] fyIl (Lips)] ekFks (Forehead) ds dksey Årdksa dk
eksVk gksukA

5- ân;] QsQM+ksa] ;Ñr] LIyhu (Spleen) dh vR;f/kd of̀)A

6- izkjEHk esa yaSfxd fØ;k vf/kd of̀)e; tks fd ckn esa tunksa (Gonads)
dk vfHkfØ;k'khy gksuk gksrk gSA blds dkj.k iq#"kksa esa uiqaldrk
fodflr gksrh gS vkSj fL=;ksa esa ekfld pØ dk can gksuk izkjEHk gks
tkrk gSA

5-7-2-3 gk;iksQk;lsDVkseh (Hypophysectomy)

'kjhj ls gk;iksQk;fll (Hypophysis) ;k ih;w"k xzfUFk dks ckgj fudkyukA
gk;iksQk;lsDVkseh dsoy ,Mhuksgk;iksQk;fll dh {kfr ds dkj.k gksrh gSA
dsoy U;wjksgk;iksQk;fll (Neurohypophysis) ds fudky nsus ls 'kjhj esa
dksbZ folaxfr ugha ik;h tkrh gSA gk;iksQk;lsDVkseh ds dkj.k fuEu
folaxfr;k¡ gksrh gSa&

1- nksuksa fyax (Sex) esa tunh; vi{k; (Gonadial atrophy) ik;k tkrk gSA

2- Fkk;jkWbM (Thyroid) dk vi{k; (Atrophy)A

3- ,Mªhuy dkWVsZDl (Adrenal Cortex) dk vi{k;A

4- o;Ld euq";ksa esa flEeUM~l jksx (Simmond’s disease) ik;k tkrk gSA

5- otu dk de gksuk] >qfjZ;ksa dk fodkl-dspsfDl;k (Cachexia) jksxA
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6- Hkw[k ugha yxuk&,uksjsfDl;k (Anorexia)] jä dh deh] ekufld
folaxfr;k¡] vR;f/kd detksjh&,LFksfu;k (Asthenia)A

mi;qZä rF;ksa ls ;g Li"V gksrk gS fd ih;w"k xzfUFk rfU=dh;
(Nervous) ,oa vUr%L=koh (Endocrine) rU=ksa ds e/; lajpukRed
(Structural) ,oa dk;kZRed (Physiological) la;kstu LFkkfir djus okyk
dsUnzh; vaax gSA ,d vksj ;g Lo;a efLr"d ds gk;iksFkSysel }kjk fu;fU=r
gksrk gS rFkk nwljh vksj izeq[k vUr%L=koh xzfUFk;ksa dk fu;U=.k djrh gSA
vUr% bu nksuksa ds e/; ?kfu"B lEcU/kksa ds dkj.k bu nksuksa rU=ksa dk
v/;;u ,d gh 'kk[kk U;wjks,s.MksØkbuksykWth (Neuroendocrinology) ds
vUrxZr fd;k tkrk gSA

ih;w"k xzfUFk }kjk L=kfor gkWeksZu ,d vksj 'kjhj dh of̀)] ySafxd y{k.kksa
(Sexual characters)] tuu (Reproduction) rFkk fodkl ds lkekU; vkpj.k
dks izHkkfor djrs gSa] rks nwljh vksj ;g egRoiw.kZ vUr%L=koh xzfUFk;ksa
(Endocrine glands)& Fkk;jkWbM (Thyroid)] ,Mªhuy (Adrenal)] dkWVsZDl
(Cortex)] tunksa (Gonads) ds L=ko.k ,oa vUr%L=koh rU= dks Hkh fu;fU=r
djrh gS] bl dkj.k ih;w"k xzfUFk dks vUr%L=koh rU= dk izeq[k iz'kkld ;k
ekLVj xzfUFk (Master gland) Hkh dgk tkrk gSA vk/kqfud le; esa ;g Kkr gks
x;k fd ih;w"k xzfUFk o vU; xzfUFk;k¡ efLr"d ds gk;iksFkSysel (Hypothalamus)
Hkkx ls fu;fU=r gksrh gSa] vUr% vc bl miuke dk mi;ksx ugha fd;k tkrk
gSA

viuh izxfr tk¡fp, (Check Your Progress)

1- of̀) gkWeksZu ________ esa mRlftZr gksrk gSA

¼d½ Fkk;jkWbM ¼[k½ ,Mªhuy

¼x½ ih;w"k xzfUFk ¼?k½ tun

2- vkWDlhVksflu gkWeksZu ________ ds }kjk L=kfor gksrk gSA

¼d½ v.Mk'k; ¼[k½ U;wjksgk;iksQk;fll

¼x½ Fkk;jkWbM ¼?k½ ,Mªhuy

3- fjysfDlu gkWeksZu dk dk;Z gS&

¼d½ Jksf.k la/kk; dk f'kfFkyu

¼[k½ v.Mk'k;ksa dk f'kfFkyu

¼x½ xHkkZ'k;h f'kfFkyu

¼?k½ QSyksfi;u uyh dk f'kfFkyu
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4- nqX/k dk L=ko.k ________ ds }kjk cuk, j[kk tkrk gSA

¼d½ izkstsLVksjkssu ¼[k½ ,sYMksLVhjksu

¼x½ izksysfDVu ¼?k½ ,sLVªkstsu

5-8 Fkk;jkWbM xzfUFk dh lajpuk ,oa dk;Z (Structure
and Functions of Thyroid Gland)

'kjhj dh ;g lcls cM+h vUr%L=koh (Endocrine) xzfUFk gksrh gSA bl xzfUFk dks
loZ izFke OgkVksZfuu (Whartonin) us 1659 esa uke fn;k Fkk] D;ksafd ;g ,d
dop (Shield) dh vkÑfr ls lekurk j[krh gS (Thyroides: Gr– dop
#ih&Shield shaped)A Fkk;jkWbM xzfUFk Hkzw.kh; (Embryonic) eq[k ds Q'kZ
ls ,d e/;;h izo/kZ@cfgoZ̀f) (Diverticulum) ds #i esa uhps dh vksj ,d
uykdkj okfguh@ufydk (Tubular duct) ds #i esa fodflr gksrh gSA uhps dh
vksj tkdj ;g uykdkj Hkkx foHkkftr@fo'kkf[kr fljksa (Bifurcated ends) esa
gksrk gS vkSj bLFkel (Isthmus) vkSj ik'oZ ikfy;ksa (Lateral lobes) dks fodflr
djrk gSA bLFkel (Isthmus) nwljh] rhljh ,oa pkSFkh VSªfd;k oy; (Tracheal
ring) ds lkeus ØkWl (Cross) djrh gS rFkk xzfUFk dks ‘H’ dh vkÑfr iznku
djrh gSA

euq"; (Man) esa Fkk;jkWbM (Thyroid) xzfUFk ,d f}ikfydk xzfUFk
(Bilobed gland) gksrh gS tksfd euq"; dh xzhok esa 'okluyh@ok;q uyh o
Loj ;U= ds tksM+ ds v/kj ik'oZ lrg ij nksuksa rjQ ,d-,d dh la[;k esa]
xqykch jax dh ‘H’ dh vkÑfr esa fLFkr gksrh gSA bl xzfUFk dk mn~xe Hkwz.k dh
xzluh Hkkx esa ftOgk (Tongue) ds vk/kkj ls gksrk gSA ,slk le>k tkrk gS fd
Fkk;jkWbM xzfUFk izkjfEHkd d'ks#d izkf.k;ksa dh ,.MksLVk;y (Endostyle) ds
letkr gksrh gSA bl xzfUFk esaa vf/kd jä iznk; gksrk gS] yxHkx 4-6 ml jä
izfr xzke Fkk;jkWbM Ård ds lkekU; xzfUFk esa izfr feuV iznk; (Supply) gksrk
gSA tc xzfUFk vf/kd fØ;k'khy gksrh gS rc jä iznk; dh ek=k esa of̀) gksrh
gSA iw.kZ xzfUFk dk Hkkj yxHkx 25 ls 40 xzke gksrk gSA ;g xzfUFk fL=;ksa
(Female/women) eknk esa uj@iq#"kksa dh rqyuk esa cM+h gksrh gSA xzfUFk dk Hkkj
mez (Age)] fyax (Sex)] iztuu voLFkk (Reproduction state) ,oa vkgkj
(Diet) ij fuHkZj djrk gSA ;g xzfUFk vuqdEih rUrq (Sympathetic fibres)
lqihfj;j] e/;;h ,oa bUQhfj;j xzhok xqqfPNdkvksa (Cervical ganglions) ls
fudy dj rFkk ijkuqdaih rUrq (Parasympathetic fibres) lqihfj;j] bUQhfj;j
fjdjsUV (Recurrent) osxl dh ysfjfUt;y 'kk[kkvksa ls laHkfjr gksrh gSA ;g
rfU=dk,¡ Fkk;jkbM xzfUFk esa L=kok.k (Secretion) dh vis{kk jä iznk; dks
fu;fU=r djrh gSA xzfUFk dh nksuksa ikfy;k¡ la;ksth ladjh iêh ls tqM+h jgrh gSa
ftldks bLFkel (Isthmus) dgrs gSaA
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Fkk;jkbM xzfUFk dh izR;sd ikfy (Lobe) 5 × 2 2 lseh vkdkj dh
VSªfd;k ds nksuksa vksj gksrh gS rFkk ck;ha ikWfy] nk;ha ikWfy dh vis{kk NksVh gksrh
gSA Fkk;jkWbM ds bLFkel ls ,d fofHkUu vkdkj dh ikWfy xzhok (Neck) esa
fodflr gksrh gS] bldks fijkfeMy (Pyramidal lobe) dgrs gaSA ;g Fkk;jkbM
jksxksa dh nf̀"V ls egRoiw.kZ gksrh gSA

la;ksth Ård ls tqM+h 15 -150 O;kl dh vusd NksVh-NksVh iqfVdk,¡
(Follicles) cuha gksrh gSaA ;g iqfVdk,¡ la;ksth Ård dh xqgk esa fuyfEcr jgrh
gSa] ftldks LVªksek (Stroma) dgrs gSaA LVªksek esa dgha-dgha dksf'kdkvksa ds Bksl
xqPNs gksrs gSa ftudks iSjkiqfVdk,¡ ;k ‘C’-dksf'kdk,¡ (Para follicular or C-cells)
dgrs gSaA blds vfrfjä LVªksek esa ?kuh jä dsf'kdkvksa (Blood capillaries) dk
tky fcNk jgrk gSA iqfVdkvksa dh fHkfÙk ?kukdkj ,fifFkfy;e (Cuboidal
epithelium) dk ,dkdh Lrj gksrk gSA iqfVdkvksa dh fHkfÙk dh dksf'kdkvksa esa
ekbVksdkWf.Mª;k (Mitochondria) ,oa xkWYth midj.k (Golgi apparatus) ik,
tkrs gSaA dksf'kdkvksa ds vk/kkj] vk/kkjh; esEczsu (Basement Membrane) ds
lEidZ esa gksrs gSaA ;g Hkh iqfVdkvksa dks pkjkas vksj ls ?ksjrh gSA iqfVdkvksa dh
xqfgdk esa L=koh dksykbM inkFkZ Hkjk jgrk gSA

Thyroid
follicles

Parathyroid

Capsule of
thyroid

fp= Ø- 5-6% Endocrine Gland: Structure of Thyroid Gland

iqfVdkvksa dh bihfFkfy;y dksf'kdkvksa dk dsUnzd (Nucleus) dksf'kdk ds
vk/kkjh; Hkkx esa fLFkr gksrk gSA blds vfrfjä dksf'kdkvksa esa midksf'kdh;
inkFkZ (Sub-cellular substance) tSls fd ,.MksIykfTed jsfVdqye
(Endoplasmic reticulum) ,oa xkWYth midj.k (Golgi apparatus) ik, tkrs gSa
tksfd izksVhu ,oa izksVhu la'ys"k.k esa lgk;d gksrs gSaA dksf'kdk ds vUnj
dksf'kdknzO; vk'k; (Cytoplasmic vesicles) ik;h tkrh gS tks fd 'kks"k.k dk
dk;Z djrs gSA Fkk;jkWbM dksf'kdk izo/kksaZ ds }kjk iqqfVdkvksa esa ls dksykbM
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(Colloid) dks 'kksf"kr fd;k tkrk gSA bl fof/k dks fiukslkbVksfll@
dksf'kdk;u (Pinocytosis) dgrs gSaA dksykbM dks vfHkjaftr djus ds vuqlkj
vk'k; (Vesicles) rhu izdkj dh gksrh gSa&

(i) ,flMksfQfyd (Acidophilic) ;k bZvksfluksfQfyd (Eosinophilic)
xqykch jax dh]

(ii) cslksfQfyd (Basophilic) uhys jax ,oa

(iii) fefJr (Mixed)A

osfldYl@vk'k; (Vesicles) ds chp eas Bksl dksf'kdkvksa dk xqPNk
fyEQkslkbV~l (Limphocytes) ,oa eSØksQstsl (Macrophages) ik, tkrs gSaA
Fkk;jkWbM dh vf/kd fØ;k'khyrk ds le; dksf'kdk,¡ LrEHkkdkj (Columnar)
gksrh gSa] bfiFkhfy;e dk vLrj of̀) dj oyfur (Folded) gks tkrk gSA
ekbVksdkWf.Mª;k dh la[;k esa of̀) gksrh gSA xkWYth midj.k vkdkj esa c<+ tkrs
gSaA vk'k; (Vesicles) vfu;fer vkdkj dh gks tkrh gSA Fkk;jkbM dh de
fØ;k”khyrk esa bfiFkhfy;e ,flMksfQfyd (Acidophilic) piVh gks tkrh gSA
vk/kkjh p;kipf;d nj (BMR) de gks tkrh gS rFkk o)̀koLFkk esa B.M ds fy,
lqxzkgh (Susceptible) gksrs gSaA

Fkk;jkWbM xzfUFk dh iqfVdk dksf'kdk,¡ (Follicular cells)] ih;w"k xzfUFk ls
L=kfor Fkk;jkWbM] mRiszjd gkWeksZu (Thyroid stimulating hormone) ds mRizsj.k
ls vdkcZfud vk;ksMkbM (Inorganic iodide) dks lap; djrh gSA bl fof/k
dks vk;ksMkbM ik'k (Iodide trap) dgrs gSaA Fkk;jkWfDlu (Thyroxine) ds
la'ys"k.k esa vk;ksfMu dh Hkwfedk dks loZizFke ckmeku (Baumann) us v/;;u
fd;k FkkA

Fkk;jkWbM xzfUFk dh iqfVdkvksa dh xqUgk (Follicular cavity) esa ihys jax
dk tSyh leku ylnkj vk;ksMhu ;qä dksykbMyh XykbdksizksfVu (Colloidal
glyco-protein) inkFkZ Hkjk jgrk gSA bl inkFkZ dks Fkk;jksXyksC;wfyu
(Thyroglobulin) dgrs gSaA Fkk;jksXyksC;wfyu esa 75% ;k vf/kd izksVhu inkFkZ
gksrk gSA izksVhu inkFkZ dk ?kuRo xzfUFk dh fofHkUu iqfVdkvksa esa fHkUu-fHkUu
gksrk gSA

ekuo Hkkstu esa yxHkx 100-200 feyhxzke vk;ksMhu (Iodine) izkIr djrk
gSA bldk 2@3 Hkkx ew= ds lkFk ckgj fudy tkrk gS] 'ks"k cph gqbZ vk;ksMhu
dk 10% Hkkx iqfVdk,¡ (Follicles) jä ls xzg.k dj laxzg djrh gSaaA iqfVdkvksa
(Follicles) esa ;g vk;ksMhu Fkk;jksXyksC;wfyu esa mifLFkr Vkbjkslhu (Tyrosine)
uked vehuks vEy ls ca/k dj fuEufyf[kr gkWeksZu cukrk gS&

(a) 65% ls 80% VsVªkvkbMksFkk;jksfuu (Tetraiodothyronine) ;k
Fkk;jkWfDlu (Thyroxine)& (T4) cukrs gSaA Fkk;jkWfDlu rqjUr gh nwljs
vehuksa vEyksa ls feydj Fkk;jksXyksC;wfyu (Thyroglobulin) cukrh gSA

(b) 20% ls 35% Vªkbvk;MksFkk;jksfuu (Tri-iodothyronine) ls (T3) curk
gS] tks fd FkkbjkWfDlu ls vf/kd rhoz gksrk gSA Mkbvk;MksVkbjksflu
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(Di-iodotyrosine) ds nks v.kq ,Utkbe dh mifLFkfr esa ,d v.kq eksuks
vkbMksVkbjksflu (Mono-iodotyrosine) ls feydj Vªk;vk;MksFkkjksfuu
dks cukrs gSaA

(c) 3% ls 4% eksuks ,oa Mkb-vk;MksFkk;jksfuu (Mono-di-idothyronine)A ;g
vk;ksMhu (Iodine) ,oa Vk;jkslhu (Tyrosine) uked vehuks vEy ds
lkFk feydj curs gaSA

euq"; esa izfrfnu yxHkx 200 fexzk Fkk;jkWfDlu (Thyroxine) dk
la'ys"k.k gksrk gSA Fkk;jkWfDlu] iqfVdkvksa (Follicles) ds ckgj vkdj jä-izksVhu
ls feydj y{;-LFkku (Target point) ij igq¡prk gS tcfd eksuks ,oa Mkb
vk;MksVkbjksflu okil tqM+dj pØ izkjEHk djrs gSaA

— CH2 — CH — COOH

NH2

OHO

II I

I

Thyroxine

I C = H

—CH2 — CH

NH

HO —

I
3-5-Di-iodotyrosine

I

fp= Ø- 5-7% 3-5-Di-iodotyrosine

Fkk;jkWbM xzfUFk dh L=ko.k nj dks ih;w"k xzfUFk }kjk L=kfor Fkk;jkWbM
iszjd gkWeksZu (Thyroid stimulating hormone) ;k Fkk;jksVªksfiu (Thyrotropin-
TSH) fu;fU=r djrk gSA bl iszjd gkWeksZu dh vuqifLFkfr esa Fkk;jkbM
xzfUFk }kjk L=ko.k ugha gks ikrk gS rFkk xzfUFk Úâkflr gks tkrh gSA

5-9 Fkk;jkWfDlu ds dk;Z (Functions of Thyroxine)

1- ;g 'kjhj esa vkWDlhÑr p;kip; (Oxidative metabolism) dh of̀) dj
dksf'kdkvksa esa ÅtkZ mRiUu (Energy production) ,oa p;kip; dh nj
vFkok thou dh xfr (Tempo of life) dks c<+krk gSA

2- ;g ukbVªkstu mRltZu ,oa ew= dh ek=k esa of̀) djrk gSA

3- ;g dksf'kdkvksa esa vkWDlhtu rFkk Xywdkst dh [kir nj ;k vo'kks"k.k
dks izsfjr djrk gSA ;g Xywdkst uotuu ;k Xywdksfu;kstsusfll
(Gluconeogenesis) esa lgk;d gksrk gSA

4- ;g gkWeksZu izksVhu p;kip;] fyfiM p;kip; ,oa dSfY'k;e vkSj
QkWLQksjl p;kip; dks Hkh izHkkfor djrk gSA Fkk;jkWfDlu gkWeksZu vk¡rksa
ls eksukslSdsjkbM~l ds vo'kks"k.k dks mRiszfjr djrk gSA ;g
Xykbdksftuksfyfll (Glycogenolysis) dks mRiszfjr dj gkbijXyk;lhfe;k
(Hyperglycemia) dks mRiszfjr djrk gSA ;g 'kdZjk dh lgu'khyrk dks
de djrk gSA ;g Årdksa esa Xywdkst ds mi;ksx dks mRiszfjr dj
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gk;ijXyk;lsfed izÒko dks de djrk gSA Fkk;jkWfDlu bUlqfyu ds
fo?kVu esa rhozrk ykrk gSA

Fkk;jkWfDlu 'kjhj ds lHkh Årdksa dh of̀) djus esa lgk;rk djrk
gSA ;g izHkko ih;w"k xzfUFk ds gkWeksZu dh vuqifLFkfr esa ns[kk tkrk gSA
vfr rhoz Fkk;jkWbM xzfUFk dh lfØ;rk izksVhu ds fo?kVu esa of̀) djrh
gSA vUr% ukbVªkstu ds mRltZu esa of̀) gksrh gSA

vYiFkk;jkWbM (Hypothyroid) voLFkk esa lhje dksysLVªkWy ,oa
QkWLQksfyfiM dh of̀) gksrh gSA vfrFkk;jkbM lfØ;rk (Hyperthyroid
activity) esaa lhje dksysLVªkWy dh ek=k de gks tkrh gSA

5- ;g gkWeksZu ân;-LiUnu dks izHkkfor djrk gSA bldh deh ls ân; dh
ladqpu nj de gks tkrh gS rFkk gkWeksZu dh vf/kdrk ls ân; LiUnu
nj esa of̀) gksrh gSA Fkk;jkbM xzfUFk ds vfrL=ko.k ds dkj.k flLVksfyd
#f/kj nkc (Systolic blood pressure) esa fcuk Mk;LVksfyd #f/kj nkc
(Diastolic blood pressure) dks ifjofrZr dj of̀) gksrh gSA blh ds
lkFk vk?kkr vk;ru (Stroke volume) esa of̀)] ân;h vfu;ferrk
(Cardiac irritability) rFkk ifj/kh; okfgfu;ksa (Peripheral vessels) ds
izlkj.k esa of̀) gksrh gSA

T3 T4 Fkk;jkWbM gkWeksZu dsVsdksykfeUl (Catecholamines) dh Årdksa ds
fy, laonsu'khyrk esa of̀) gksrh gSA vYiFkk;jkWbM n'kk (Hypothyroid
condition) esa ân; Qwy tkrk gS] f'kfFky gks tkrk gS vkSj ladqpu /kheh
xfr ls gksrk gS] ifj.kkeLo#Ik ân; ls jä laogu de gksrk gSA

6- yky dksf'kdk dh ifjiDork (Maturation of Red cells)& Fkk;jkbM
gkWeksZu ds de L=ko.k ds dkj.k vFkkZr~ feDlksMsek (Myxoedema)
folaxfr esa jä {kh.krk (Anaemia) ,d y{k.k gksrk gSA jä {kh.krk
(Anaemia) esxkyksCykfLVd (Megaloblastic) izdkj dh gksrh gS tksfd
foVkfeu B12 ds de 'kks"k.k ds dkj.k folaxfr gksrh gSA

7- Å"ek fu;eu (Heat regulation)& Fkk;jkWbM gkWeksZu ds de L=ko.k
ds dkj.k e/;e B.M d fy, lgu'khyrk esa of̀) gksrh gSA Fkk;jkWfDlu
dk Å"eh; izHkko (Calorigenic effect) dksf'kdkvksa ij izR;{k izHkko ds
dkj.k gksrk gSA

8- nqX/k dk L=ko.k (Secretion of Milk)& Fkk;jkWbM gkWeksZu
{khjksRiknu@Lruo/kZu (Galactopoiesis) dks mRiszfjr djrk gS vFkkZZr~
Lruiku@nqX/k L=ko.k (Lactation) ds le; ;g nw/k ds L=ko.k dks
fu;fU=r cuk, j[krk gS vkSj nw/k dh ek=k esa of̀) djrk gSA
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9- o`f) ,oa foHksnu (Growth and differentiation)& 'kjhj dh of̀) ds
nksuksa gkWeksZu (Growth hormone) ;k lksesVksVªksfid gkWeksZu
(Somatotropic hormone) ,oa Fkk;jkWfDlu (Thyroxine) izHkkfor djrs
gSa] ysfdu Årdksa ds foHksnu (Differentiation) dks Fkk;jkWbM gkWeksZu
izHkkfor djrk gS&

(a) dadkyh; o`f) (Skeleton growth)& Fkk;jkWfDlu gkWeksZu
bfiQk;fll (Epiphysis) vkfn dh ifjiDork ,oa foHksnu esa
lgk;rk djrk gSA ifjiDork ;k ;kSoukoLFkk ds iwoZ vYi-L=ko.k
ls dadkfy; of̀) (Cretinism) esa (Puberty) deh gks tkrh gSA

(b) is'kh; o`f) (Muscular growth)& Fkk;jkWfDlu ds vYi-L=ko.k
ds le; ¼tM+ekuork-Cretinism½ is'kh o`f) esa deh gksrh gSA
vfr-L=ko.k (Hypersecretion) ds le; is'kh ladqpu f'kfFky gks
tkrk gSA

(c) ySafxd o`f) (Sexual growth)& Fkk;jkWbM] tunksa (Gonads) ds
lkekU; dk;ksZa dks fu;fU=r djrk gSA tM+ekuork (Cretinism) esa
tunksa dh of̀) vkSj f}rh;d ySafxd y{k.k dHkh fodflr ugha
gksrs gSaA

(d) ekufld@efLr"dh; o`f) (Mental growth)& Fkk;jkWbM
eklfud@efLr"dh; of̀) ,oa dsUnzh; rfU=dk rU= (Central
nervous system) esa vko';d Hkwfedk vnk djrh gSA vYi
lfØ;rk ds le; efLr"dh; of̀) ,oa rfU=dk rU= dk fodkl
de gksrk gSA f'k'kq ekufld #i ls fof{kIr gksrk gSA izefLr"dh;
dkWVsZDl ds fodkl esa vusd vfu;ferrk,¡ gksrh gSaA

10- foVkfeUl ls lEcU/k (Relation with vitamins)& gkeksZu Fkk;jkWfDlu
β-dsjksVhu dks 'kjhj esa foVkfeu A esa ifjofrZr djrk gSA Fkk;jkWfDlu ds
de L=ko.k ls jä esa dsjksVhu dk Lrj c<+rk gSA Fkk;jkWfDlu ds vfr-
L=ko.k esa Fkk;ehu (Thiamine) ,oa ew= dk mRltZu c<+ tkrk gSA
foVkfeu C dh vko';drk vf/kd gksrh gS D;ksafd ew= esa foVkfeu C dk
Lrj lkekU; ls de gksrk gSA

11- ;g gkWeksZu ,Utkbe] izksVhu ,oa Xywdksl ds la'ys"k.k dh of̀) djrk gSA

12- ;g dk;kUrj.k ds fy, vko';d gS vFkkZr~ dk;kUrj.k
(Metamorphosis) dh nj dks c<+krk gSA ;fn Hksd~f'k'kq (Tadpole) ;qä
ty esa FkksMk+ Fkk;jkbM gkWeksZu ;k vk;ksMhu feyk nh tk, rc Hksd~f'k'kq
esa dk;kUrj.k rhoz xfr ls gksrk gSA

13- ;g gkWeksZu] ÅtkZ mRiknu (Energy production)] O2 xzg.k djus dh
{kerk (Oxygen uptake) ,oa vk/kkjh p;kip; nj (BMR – Basal
Metabolic Rate) dh of̀) djrk gSA vfr-L=ko.k (Hypersecretion)
voLFkk esa vk/kkjh p;kip; nj esa 50% ;k vf/kd dh of̀) gksrh gSA
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feDlksMsek (Myxoedema) folaxfr esa 30% BMR dh deh ls O2 xzg.k
djus dh {kerk] CO2 dks ckgj fudkyus dh {kerk de gks tkrh gSA

Fkk;jkWfDlu ekbVksdkWf.Mª;y vkoj.k dh ikjxE;rk (Permeability) dks
ifjofrZr dj nsrk gSA Fkk;jkWfDlu gkWeksZu dqN ,UtkbEl tSls& fd
lk;VksØkse vkWDlhMst (Cytochrome oxidase)] lfDlfud
MhgkbMªkstsusl (Succinic dehydrogenase) dh of̀) djrh gSA

14- ;g rfU=dk rU= (Nervous system) dks izHkkfor djrk gSA bl gkWeksZu
dh vf/kd lfØ;rk ds dkj.k efLr"d (Brain) dh mÙkstu'khyrk c<+
tkrh gS rFkk deh ds dkj.k rfU=dk rU= ds dk;ksZa es f'kfFkyrk vk
tkrh gSA

15- bl gkWeksZu dh deh ds dkj.k izk.kh ckSuk jg tkrk gSA Vk¡xs (Legs) eqM+h]
gqbZ] cky (Hairs) dM+s] Ropk eksVh] mnj (Abdomen) ckgj fudyk gqvk
rFkk ySafxd vax vfodflr gksrs gSaA

5-9-1 Fkk;jkWbM dh vfu;ferrk,¡ ,oa jksx (Irregularities and
Disease of Thyroid)

1- vYi-L=ko.k (Hypo-secretion)& ;g ,d vkuqoaf'kd nks"k gSA 'kjhj
esa bl gkWeksZu dh deh ds dkj.k fuEufyf[kr jksx gks tkrs gSa&

(a) lkekU; ?ksa?kk ;k xyx.M@xkW;Vj (Simple goitre)& bl jksx esa
vk;ksMhu dh deh ds dkj.k Fkk;jkWbM xzfUFk Qwy dj eksVh dkWyj dh
Hkk¡fr gks tkrh gSA dHkh-dHkh ;g jksx fdlh {ks= fo'ks"k esa vf/kdka'k {ks=
esa QSy tkrk gSA bl le; bls ,.Msfed xkW;Vj (Endemic goitre)
rFkk ml {ks= dks ?ksa?kk iêh (Goitre belt) dgrs gSaA

(b) tM+ekuork (Cretinism)& ;g jksx cPpksa esa Fkk;jkWbM gkWeksZu ds vYi-
L«kko.k ds dkj.k gksrk gSA bl jksx ds izeq[k y{k.k gSa&

(i) ân; LiUnu nj] p;kip; dh nj esa deh gksukA

(ii) 'kjhj dh of̀) dk #d tkuk] vfLFk;k¡ vfu;fer vkdkj dh gksuk
ftlls cPps ckSus (Dwarf) gks tkrs gSaA

(iii) flj (Head) vuqikr ls vf/kd cM+k gksuk rFkk Ropk lw[kh gksrh
gSA

(iv) ekufld #i ls cPpk f'kfFky gksrk gS] e¡qg vDlj [kqyk jgrk gSA

(v) mnj c<+k gqvk] tuu vaxkas] tuu xzfUFk;ksa o ySafxd tuu y{k.kksa
dk de fodflr gksukA

(c) tqosukby feDlksMsek (Juvenile myxoedema)& uked jksx gksrk gSA
eq¡g vDlj [kqyk jgk gS] vk¡[k eksVh ,oa ckgj dh vksj fudyh gksrh gSaA

(d) feDlksMsek (Myxoedema)& o;Ld izkf.k;ksa esa Fkk;jkWbM ds vYi-
L«kko.k ds dkj.k ;g jksx gksrk gSA blesa tM+ekuork ds nks"kksa ds leku
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y{k.kksa ds vfrfjä Ropk ds uhps 'ys"ek (Mucus) rFkk olk ds ,d= gks
tkus ls 'kjhj nqcZy ,oa lqLr gks tkrk gSA cky >M+us yxrs gSa] isf'k;k¡
(Muscles) detksj iM+ tkrh gaSA tuu {kerk de gks tkrh gSA efLr"d
vfodflr] eksVkik (Obesity) ik;k tkrk gSA Ropk [kqjnjh] p;kip;
xfr dk de gksuk vkfn y{k.k ik, tkrs gSaA ân;h laoguh; (Cardio-
vascular) lfØ;rk de gks tkrh gSA Hkw[k de gks tkrh gSA ekfld pØ
(Mensturation)] jtksfuof̀Ùk] uiaqldrk (Impotency) ,oa ySafxd dk;Z
djus dh {kerk lekIr gks tkrh gSA

Fkk;jkbM gkWeksZu ds bUtsD'ku ds }kjk mi;qä LkHkh izdkj dh folaxfr;ksa
dk mipkj gksrk gSA

2- vfr-L=ko.k (Hyper-secretion)& bl gkWeksZu ds vfr-L=ko.k ls
euq"; esa ân; LiUnu nj] vkWDlhtu [kir] Xywdksl dk vo'kks"k.k rFkk Å"ek
ds vf/kd cuus ls “kjhj esa vuko';d mÙkstuk] mPp #f/kj nkc] ?kcjkgV]
vf/kd ilhus dk L=ko.k vkfn y{k.k mRiUu gks tkrs gSaA

vfr-L=ko.k ds dkj.k izk;%xzfUFk Hkh Qqy tkrh gS rFkk blesa us= xksyd
mHkj vkrs gSa] vk¡[ks pkSM+h gks tkrh gSaA bl jksx dks us=ksRlsa/kh
xyx.M@,DlksIFkSfYed xkW;Vj (Exophthalmic goitre) dgrs gSaA euq"; esa bl
jksx dks xzso dk jksx (Grave’s disease) ;k cslMkso dk jksx (Basedow’s
disease) dgrs gSaA

bl jksx esa vkfLVvksiksjksfll (Osteoporosis) ds dkj.k vfLFk;k¡ (Bones)
Hkh eqyk;e gks tkrh gSaA

p;kip; nj dh of̀) gksus ds dkj.k rfU=dk dksf'kdk,¡ vf/kd
fØ;k'khy ,oa laosnu'khy gks tkrh gS] bl dkj.k euq’; dk LoHkko fpM+fpM+k gks
tkrk gSA blhfy, bl xzfUFk dks LoHkko xzfUFk (Temperament gland) Hkh dgrs
gSaA Hkw[k T;knk yxrh gS rFkk euq"; dk Hkkj c<+ tkrk gSA

Fkk;jkWfDlu gkWeksZu ds vfrfjä bl xzfUFk ds }kjk ,d vkSj gkWeksZu
L=kfor fd;k tkrk gS ftldks Fkk;jksdsYlhVksfuu (Thyrocalcitonin-TCT)
dgrs gSaA

dksi (Copp-1961) us loZizFke bl gkWeksZu dh mifLFkfr iSjkFkk;jkbM
(Parathyroid) xzfUFk esa n'kkZ;h tksfd jä esa dSfY'k;e ds Lrj dks de djrk
gSA dksi us bldk uke dSfYlVksfuu (Calcitonin) j[kkA ysfdu ckn ds vUos"k.kksa
ls Kkr gqvk fd ;g gkWeksZu Fkk;jkWbM xzfUFk (Thyroid gland) ds }kjk gh
L=kfor fd;k tkr gS u fd iSjkFkk;jkWbM xzfUFk ds }kjkA orZeku esa bl gkWeksZu
dks Fkk;jksdsfYlVksfuu (Thyrocalcitonin) dgrs gSaA

bl xzfUFk dk fu;U=.k ih;w"k xzfUFk esa cuus okyk gkWeksZu Fkk;jkWbM
mRiszjd gkWeksZu (Thyroid stimulating hormone) djrk gSA blds vfrfjä
bldk iquÆuos'ku fu;U=.k Hkh gksrk gSA B.M ds fnuksa esa B.M ls izHkkfor gksdj
Hkh ;g xzfUFk vf/kd L=ko.k djrh gSA
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;g gkWeksZu p;kip; (Metabolism) ,oa QkWLQsV ds laogu dks izHkkfor
djrk gSA Fkk;jksdsfYlVksfuu (Thyrocalcitonin) vfLFk (Bone) esa pfØd AMP
(Cyclic AMP) dh of̀) djrk gSA iq#"kksa esa Fkk;jkWbM gkWeksZu dh deh ds dkj.k
dkeokluk (Libido) dh deh gks tkrh gS vkSj vfr-L=ko.k (Hyper-secretion)
ds ifj.kkeLo#i uiqaldrk fodflr gks tkrh gSA blh izdkj fL=;ksa (Female)
esa Fkk;jkW;M gkWeksZu dh deh ds dkj.k dkeokluk dh deh gks tkrh gS vkSj
ekfld pØ esa vf/kd jä L=ko gksrk gSA vfr-L=ko.k ds dkj.k jä L=ko esa
deh ,oa jtksfuof̀Ùk gksrh gSA

;g gkWeksZu izksVhu ikWyhisIVkbM (Polypeptide) gksrk gSA ;g LVªksek dh C
dksf”kdkvksa vFkok iSjkiqfVdk dksf”kdkvksa (Para follicular cells) }kjk L=kfor
gksrk gSA bl gkWeksZu esa 32 vehuks vEy (Amino acids) gksrs gSaaA bldk v.kqHkkj
3]600 gksrk gSA ;g gkWeksZu jä esa dSfY'k;e (Calcium) rFkk QkWLQsV
(Phosphate) Lrjksaa dks cuk, j[kus eas lgk;d gksrk gS rFkk jä ,oa ew= esa Ca
dh ek=k dks fu;fU=r djrk gSA vfLFk;ksaa ds fo?kVu dks de djds ew= esa Ca++

ds mRltZu dks c<+krk gSA

Fkk;jkWbM gkWeksZu ds L=ko.k dk fu;eu (Regulation of
Secretion of Thyroid Hormone)

fiV~;wVjh xzfUFk (Pituitary gland) dh vxz ikfy;k¡ ,fMuksgk;iksQk;fll
(Adenohypophysis) ds }kjk L=kfor Fkk;jkWbM mRiszjd gkWeksZu ds }kjk
Fkk;jkWfDlu (Thyroxine) gkWeksZu dk la'ys"k.k ,oa eqä gksus dks fu;fU=r
fd;k tkrk gSA Fkk;jkWbM mRiszjd gkWeksZu dh vuqifLFkfr esa Fkk;jkWbM
xzfUFk }kjk gkWeksZu dk L=ko.k ugha fd;k tkrk vkSj Fkk;jkWbM xzfUFk dk vi{k;
gksus yxrk gSA

efLr"d ds gk;iksFkSysel Hkkx }kjk Fkk;jkWbM mRiszjd gkWeksZu dks fu;fU=r
djrk gS rFkk ,fMuksgkbiksQkbfll (Adenohypophysis) dks Hkh fu;fU=r djrk
gSA bl izdkj Fkk;jkWbM xzfUFk }kjk L=kfor Fkk;jkWfDlu gkWekZsu dks Hkh
gk;iksFkSysEkl ds }kjk vizR;{k #i ls fu;fU=r fd;k tkrk gSA

,fMuksgk;iksQkbfll ds }kjk tks Fkk;jkWbM mRiszjd gkWeksZu L=kfor fd;k
tkrk gS] ;g gkWeksZu Fkk;jkWbM xzfUFk dh iqfVdkvksa (Follicles) ,oa mldh
dksf'kdkvksa dks mÌhfir djrk gS] blds dkj.k Fkk;jkWfDlu gkWeksZu dk L=ko.k
jä esa gksrk gSA tSls gh jä esa Fkk;jkWfDlu gkWeksZu dk lkekU; Lrj gks tkrk gS
oSls gh _.kkRed iqufuZos'ku (Negative feedback) fof/k ds }kjk Fkk;jkWbM
mRiszjd gkWeksZu dk L=ko.k #d tkrk gSA
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viuh izxfr tk¡fp, (Check Your Progress)

5- o;Ld euq";ksa esa Fkk;jkWbM ds vYi-L=ko.k ls ________ folaxfr
gksxhA

¼d½ feDlksMsek ¼[k½ fØfVfuTe

¼x½ us=ksRls/kh xyxaM ¼?k½ xzso dk jksx

6- ?kas?kk jksx ________ ds dkj.k gksrk gSA

¼d½ cq[kkj

¼[k½ cqjs xys

¼x½ B.M ,oa [kk¡lh

¼?k½ vk;ksMhu dh deh

7- ?ksa?kk@xkW;Vj ,d jksxtud n'kk gksrh gS tks lEcfU/kr gksrh gS
_______A
¼d½ Xywdsxksu ¼[k½ Fkk;jkWfDlu

¼x½ VsLVksLVsjksu ¼?k½ bUlqfyu

8- Fkk;jkWfDlu dk mRiknu ________ ds }kjk gksrk gSA

¼d½ Vk;jksflu ds vk;ksMhuhdj.k ls

¼[k½ vkblksywlkbu ds vk;ksMhuhdj.k ls

¼x½ lSfju dh Dyksjhus'ku ls

¼?k½ vehuks vEy QkWLQksfjys'ku ls

9- Fkk;jkWbM ,d ________ gSA

¼d½ mikfLFk ¼[k½ vUr%L=koh xzfUFk

¼x½ cfgL=koh xzfUFk ¼?k½ ikpd xzfUFk

5-10 ,Mªhuy xzfUFk dh lajpuk ,oa dk;Z (Structure
and Functions of Adrenal Gland)

5-10-1 ,Mªhuy xzfUFk dh lajpuk (Structure of Adrenal Gland)

vf/koD̀d ;k ,Mªhuy xzfUFk izR;sd oD̀d ds vxz fljs ij ,d Hkwjs jax dh NksVh
Vksih ds leku f=dks.kh; vkdkj dh piVh lajpuk yxh jgrh gSA ,Mªhuy xzfUFk
dh la[;k nks] yxHkx f=Hkqtkdkj gksrh gS vkSj izR;sd fdMuh Åijh /kzqo (Pole)
ij fLFkr gksrh gS] blh dkj.k bl xzfUFk dks vf/koD̀d@lqizkjhuy (Suprarenal)
xzfUFk dgrs gaSA nk;h (Right) vksj dh xzfUFk ckWdh Vksih@dkWDM gSV (Cocked
hat½ ds #i es NksVh xzfUFk gksrh gSA ck;ha (Left) vksj dh xzfUFk dqN
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v/kZpUnzkdkj@ØslsfUVd (Crescentic) #i esa rFkk cM+h gksrh gSA bl xzfUFk ds
pkjksa vksj la;ksth Ård ls cuk lEiqV ;k dSIlwy (Capsule) gksrk gSA la;ksth
Ård dk ;g lEiqV (Capsule) xzfUFk dks oD̀d ls iF̀kd~ djrk gSA xzfUFk dk
vkdkj] #i ,oa okLrfod ;k lgh fLFkfr fofHkUu tkfr;ksa esa fHkUu gksrh gSA bl
xzfUFk dk b;wlVsf'k;l (Eustachius) us 1563 esa loZizFke o.kZu fd;k FkkA

Aorta
Left renal artery

Inferior
adrenal artery

Vena cava
Right renal

vein

Right
kidney

Adrenal vein

Right adrenal Phrenic artery

Adrenal vein

Left
kidney

Middle adrenal
artery

Left adrenal

fp= Ø- 5-8% Human Adrenal Gland

Adrenal medulla

Zona glomerulosa

Zone reticularis

Adrenal cortexZona fasciculataCapsule

fp= Ø- 5-9% Section of Adrenal Gland

dqfo;j (Cuvier) us 1805 esa bl xzfUFk ds nks Hkkxksa dks n'kkZ;k Fkk] Åijh
Hkkx dks cYdqV@dkVsZDl (Cortex) ,oa vkUrfjd Hkkx dks esM~;wyk (Medulla)A
xzfUFk (Gland) nks Hkwz.kh; L=ksrksa (Embryonic sources) ls fodflr gqbZ gSA
dkVsZDl (Cortex) dk Hkkx ehlksMeZ (Mesoderm) ls tcfd esM~;wyk] ,DVksMeZ
U;wjy ØsLV (Neural crest) ls mRiUu gqvk gSA esM~;wyk dk Hkkx mUgha Årdksa ls
fodflr gqvk gS ftuls vuqdEih; xqfPNdk,¡ (Sympathetic ganglions)
mRiUu@fodflr gq, gSaA vkfne esM~;wyjh Ård loZizFke i'p xqfPNdkvksa ewy
(Post ganglion root) ds ikl fLFkr Fks] ysfdu ckn esa ik'oZ Hkkx esa izokl dj
x,] tgk¡ dkfVZady Ård (Cortical tissue) esM~;wyk ij vkofjr gks tkrs gSaA
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esM~;wyk ds Hkkx dk izokl Hkzw.kh; thou ds pkSFks lIrkg ls izkjEHk gks tkrk gS]
vkSj tUe ds nl o"kZ i'pkr~ iw.kZ gksrk gSA o;Ld euq"; esa izR;sd xzfUFk lkekU;
#i ls 50 feeh × 30-40 feeh × 10 mm gksrh gSA bl xzfUFk dk vkSlru Hkkj
5-9 xzke gksrk gSaA bl xzfUFk dk esM~;wyk Òkx dqy Òkj dk 1@10 Òkx gksrk gSA
izR;sd xzfUFk ds Li"V nks Òkx gksrs gSaA ;g nksuksa Hkkx lajpukRed (Structural)]
fØ;kRed (Functional) ,oa HkkSfrd (Physical) n`̀f"V ls fHkUu gksrs gSaA

Zona
reticularis

Medulla

Cortex

Zona
fasciculata

Zona
granulosa

Capsule

fp= Ø- 5-10% Endocrine Gland: Structure of Adrenal Gland

,Mªhuy xzfUFk (Adrenal gland) 'kjhj dk lcls vf/kd laoguh; vax
(Vascular organ) gksrk gSA bl xzfUFk esa 6-7 ml jä izfrxzke Hkkj] izfr feuV
dh nj ls iznk; gksrk gSA jä okfguh;k¡ xzfUFk esa lrg ij ls izos'k djrh gSa
vkSj dkVsZDl (Cortex) esa vR;f/kd laoguh; tkyd (Vascular plexus) dks
cukrk gSA bu jä tkyd (Plexus) ls jä esM~;wyk dh foofjdk (Sinusoids)
esa izos'k djrk gSA ;g tkyd ckn es f'kjk esa fey tkrs gSa tks fd xzfUFk ds
gkbyl (Hilus) Hkkx ls ckgj fudyrk gSA jä loZizFke dkVsZDl esa tkrk gS
fQj esM~;wyk esaA xzfUFk esa nh?kZ LiysUpfud rfU=dk,¡ (Greater splanchnic
nerves) ,oa budh 'kk[kk,¡ loZizFke dkWVZsDl (Cortex) esa izos'k djrh gSaA fQj
esM~;wyk esa lekIr gks tkrh gSaA ;g rfU=dk,¡ dsoy esM~;wyk (Medulla) dks
fu;fU=r djrh gSa] budh dksbZ Hkh vfHkfØ;k dkWVsZDl esa ugha ik;h tkrhA

,Mªhuy xzfUFk (Adrenal gland) ds nks Hkkx fuEufyf[kr gSa&

1- ,Mªhuy cYdqV ;k dkWVsZDl (Adrenal Cortex)

2- ,Mªhuy e/;ka'k ;k esM~;wyk (Adrenal medulla)
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5-10-2,Mªhuy dkWVsZDl dh lajpuk (Structure of Adrenal
Cortex)

,Mªhuy cYdqV@dkWVsZDl (Adrenal Cortex)

;g ehtksMeZ ls cuus ckyk ,Mªhuy xzfUFk dk ckgjh Hkkx vkSj xzfUFk ds 90%
Hkkx dks cukrk gSA ;g Hkkx thou ds fy, vf/kd vko';d gksrk gSA bl Hkkx
esa cM+s] piVs] vf/kd bihFkhfy;y dksf'kdk,¡ (Epithelial cells) gksrs gSa vkSj rhu
{ks=ksa esa O;ofLFkr gksrs gSaA dksf'kdk,¡ nks jTtqvksa (Cords) esa O;ofLFkr gksrh gSa
vkSj lEiqV (Capsule) ls esM~;wyk Hkkx rd fLFkr gksrs gSaA izR;sd dksf'kdk esa
lqLi"V dsUnzd] izk#ih ekbVksdkWf.Mª;k (Mitochondria)] xkWYth midj.k (Golgi
apparatus) ,oa vusd fyfiM df.kdk,¡ dksf'kdknzO; (Cytoplasm) esa gksrh
gSaA ,Mªhuy dkWVsZDl (Adrenal cortex) ,d lEiqV (Capsule) ls vkofjr
(Enclosed) gksrk gS] ftlls vusd VSªfcdqyh (Trabeculae) xzfUFk ds vUnj
igq¡prh gS] ftlesa jä okfgfu;k¡ ¼Blood vessels) ,oa rfU=dk,¡ (Nerves) gksrh
gSaA bldh vuqizLFk dkV esa dkWVsZDl es rhu {ks= gksrs gSa&

(i) izFke ckgjh Hkkx xqPN Lrj ;k tksuk Xykses#ykslk (Zona
glomerulosa)& ;g Hkkx ckgjh vkoj.k@dSIlwy ds uhps gksrk gSA blesa
LrEHkh dksf'kdkvksa (Columnar cells) ds xqPNs gksrs gSaA dksf'kdk,¡ NksVh
ftudk yEck v{k (Axis) lrg dk lekukUrj gksrk gSA tksuk Xykses#yl
ds }kjk ,YMksLVhjksu (Aldosterone) gkWeksZu vkSj de ek=k esa
XywdksdkWfVZdkWbM (Glucocorticoid) ,oa ySafxd gkWeksZu (Sex hormones)
L=kfor gksrs gSaA

(ii) nwljk e/; Hkkx@iqyh; Lrj ;k tksuk QslhD;wysVk (Zona
fasciculata)& bl Hkkx esa cgq Lrjh; LrEHkh (Polyhedral columnar)
dksf'kdk,¡ gksrh gSaA bl Hkkx dh dksf'kdk,¡ cM+h gksrh gSa] bu dksf'kdkvksa
esa o.kZd df.kdk,¡ (Pigment granules)] bu df.kdkvksaa ij dkWVsZDl
(Cortex) dk Hkwjk-ihyk jax vk/kkfjr gksrk gSA bl {ks= dh dksf'kdk,¡
fodf.kZr LrEHk esa lrg ds lekukUrj #i ls fLFkr gksrh gSA bu
dksf'kdkvksa esa fyfiM cw¡ns ¼ykbikslksEl& Liposome½ Hkh ik;h tkrh gSaA

tksuk QsflD;wysVk (Zona fasciculata) dh dksf'kdkvksa dk dsUnzd
(Nucleus) tksuk Xykses#ykslk (Zona glomerulosa) dh vis{kk cM+k ,oa
l?ku (Dense) gksrk gSA tksuk Xykses#ykslk dh dksf'kdk,¡ bruh vf/kd
fodflr gksrh gSa fd budks LikfUt;kslkbV~l (Spongiocytes) Hkh dgrs
gSaA dksf'kdkvksa esa dkWysLVªkWy (Cholestrol) ,oa foVkfeu C vf/kd ek=k
esa ik;k tkrk gSA dksf'kdkvksa es ekbVksdkWf.Mª;k (Mitochondria) vf/kd
gksrs gSa vkSj ;g ekbVksdkf.Mª;k fHkUu gksrs gSa] buesa vuqizLFk piVs dikVksa
(Shelves) dh vis{kk foykbZ (Villi) ik;h tkrh gSA bl Lrj ds }kjk
XywdksdkWfVZdkWbM~l (Glucocorticoids) L=kfor fd;k tkrk gSA nksuksa
{ks=ksa&tksuk Xykses#ykslk ,oa QsflD;wysVk esa vf/kd la[;k esa
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fpdus ,.MksIykfTed jsfVdqye (Endoplasmic reticulum) ik, tkrs gSa
tks fd LVhjkbM gkWeksZUl ds la'ys"k.k ls lEcfU/kr gksrs gSaA

(iii) vfUre Hkkx tkfydk Lrj ;k tksuk jsfVD;wysfjl (Zona
reticularis)& ;g Hkkx dksf'kdkvksa ds tky ;k jTtq dkWMZ (Cord) dk
cuk gksrk gSA bl {ks= dh dksf'kdkvksa esa fyfiM dh cw¡ns gksrh gSaA tkyd
ds tky esa jsfVdqyks,.MksFkhfy;y dksf'kdkvksa (Reticulo-endothelial
cells) dk vLrj lfgr foofjdk (Sinusoids) gksrs gSaA bl lEiw.kZ Hkkx
dh dksf'kdk,¡ L=koh gksrh gSa vkSj 40 ls 45 gkWeksZUl dk L=ko.k djrh gSa
ftudks dkWfVZdkWbM ;k dkWfVZu ;k dkWfVZdksLVhjkWbM~l (Corticoid or
cortin or corticosteroids) dgrs gSaA ;g lHkh gkWeksZUl jklk;fud nf̀"V
ls LVhjkW;M (Steroids) gksrs gSaA

5-11 ,Mªhuy xzfUFk dh bysDVªkWu lw{en'khZ; lajpuk
(Electron Microscopic Structure of Adrenal
Gland)

QsolsV ,oa vU; (Fawcet et. al.) us 1969 esa n'kkZ;k fd ,Mªhuy dkWVsZDl dh
dksf'kdkvksa esa fpdus ,.MksIykfTed jsfVdqye (Smooth endoplasmic reticulum)
ik, tkrs gSaA ;g jsfVdqye LVhjkWbM gkeksZUl ds la'ys"k.k esa lgk;d gksrs gSaA

dkWVsZDl ds gkWeksZu dks pkj lewgksa esa foHkkftr djrs gSa&

(a) feujsyksdkWfVZdkWbMl (Mineralocorticoids)–

mnkgj.k&

 ,sYMksLVhjksu (Aldosterone)

 MhvkWDlhdkWfVZdkWbM+ (Deoxycorticoid)

(b) XywdksdkWfVZdkWbMl (Glucocorticoids)

mnkgj.k&

 dkWfVZlksy (Cortisole)

 dkWfVZdksLVhjksu (Corticosterone)

(c) dkWfVZlksu (Cortisone)

(d) xksusMksdkWfVZdkWbM (Gonadocorticoid)

mnkgj.k&

 ,sLVªkstu (Estrogen)

 ,s.Mªkstu (Androgen)

 izkstsLVsjksu (Progesterone)

 fMgkbMªks,fi,.MªksLVsjksu (Dehydroepiandrosterone)
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(a) feujsyksdkWfVZdkWbMl (Mineralocorticoids)& ;g gkWeksZu jä esa
[kfut yo.kksa dh ek=k dks fu;fU=r djrs gSaA ,sYMªksLVhjksu ,d izeq[k
yo.k izfr/kkjd (Salt retaining) gkWeksZu gksrk gSA ;g ECF esa ty] Na+,
K+, Cl– vk;uksa dh mi;qä ek=k cuk, j[krk gSA ;g oD̀dksa@fdMuh esa
Na+ ,oa Cl– vk;uksa ds iqu% vo'kks"k.k rFkk K+ vk;u ds mRltZu dh
of̀) dj jä esa ijklj.kh; nkc cuk, j[krk gSA

(b) XywdksdkWfVZdkWbMl (Glucocorticoids)& euq"; esa de] ysfdu Lruh
izkf.k;ksa esa vf/kd egRoiw.kZ gSA ;g fuEufyf[kr dk;ksZa dks djrk gS&

(i) 'kjhj dh lkekU; lqj{kk ,oa lk/kkj.k xfrfof/k;ksa ls lEcfU/kr vaxksa
rFkk Årdksa dh dkWfVZlksy dksf'kdkvksa (Cortisole cell) esa Xywdkst
dh [kir ,oa izksfVu la'ys"k.k dks can djrs gSaA blls jä eas
Xywdksl] vehuksa vEy rFkk olh; vEyksa dh ek=k esa of̀) gksrh gSA

(ii) ;Ñr esa ;g izksfVu dks Xykbdkstsusfll (Glycogenesis) ;k
Xywdksfu;kstsusfll (Gluconeogenesis) vkfn fØ;kvksa dks mRiszfjr
djrk gS rFkk ;wfj;k (Urea) ds la'ys"k.k esa of̀) djrk gSA

(iii) XywdksdkWfVZdkWbM~l WBC dh la[;k esa of̀) djrs gSaA

(iv) 'kjhj esa bysDVªksykbV~l (Electrolytes) ds forj.k rFkk ty ,oa
yo.kksa ds lUrqyu dk Òh fu;U=.k djrs gSaA

(c) dkWfVZlksu (Cortisone)& 'kjhj esa izksfVu ds p;kip; dks izHkkfor
djrk gSA

(d) xksusMksdkWfVZdkWbM (Gonadocorticoids)& iq#"kksa esa ,s.MªkstsUl
(Androgens) uked gkWeksZu ,oa fL=;ksa esa ,sLVªkstsULk (Estrogens) uked
gkWeksZu dk L=ko.k djrk gSA uj esa isf'k;ksa rFkk eknk esa tuukaxksa ds
fodkl dks iszfjr djrs gSaA

tc f'k'kq voLFkk esa bl gkWeksZu dk L=ko c<+ tkrk gS rc ;g f'k'kq de
mez esa gh tuu dh nf̀’V ls ifjiDo (Mature) gks tkrs gSaA ;fn iq#"kksaa ;k uj
izkf.k;ksa esa eknk gkWeksZu vf/kd curs gSa rc muesa eknk ds y{k.k fn[kkbZ nsus
yxrs gSaA blds foifjr ;fn eknk@fL=;ksa esa uj gkWeksZu vf/kd ek=k esa curk gS
rc eknk esa uj y{k.k& nk<+h ew¡N vkuk] etcwr is'kh] 'kjhj ij vf/kd cky
vkfn fn[kkbZ nsrs gSaA gkeksZu dh deh ds dkj.k O;fä tuu dh nf̀"V ls nsj ls
ifjiDo gksrk gS&

1- ,Mªhuy dkWVsZDl ds v/kksdk;Z (Hypofunction of Adrenal
Cortex)& ,Mªhuy dkWVsZDl ds }kjk vYi L=ko.k ds dkj.k fuEufyf[kr
folaxfr;k¡ ik;h tkrh gSa&
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(a) ,Mhlu jksx (Addison’s disease)&

(i) blesa 'kjhj dk futZyhdj.k (Dehydration) gks tkrk gSA

(ii) 'kjhj dk otu de gks tkrk gSA

(iii) Hkw[k de] mYVh] feryh ,oa ?kcjkgV gksus yxrh gSA

(iv) isf'k;k¡] ;Ñr ,oa efLr"d vkfn detksj iM+ tkrs gSaA

(v) ân; LiUnu nj de gks tkrh gS] jä nkc ?kV tkrk gSA

(vi) 'kdZjk dh deh ds dkj.k p;kip;h nj esa BMR dh deh gks tkrh
gSA

(vii) Ropk] gkFk] xnZu] psgjs vkfn esa feysfuu o.kZd (Melanin
pigments) ds dkj.k pedhyk czkmfUtax jax@rk¡ck leku jax
(Brownzing colour) gks tkrk gSA

(b) gkbiksXykblsfe;k (Hypoglycemia)& jä esa 'kdZjk dh ek=k de gks
tkrh gS] blls ân; dh isf'k;k¡ f'kfFky gks tkrh gSaA

,Mªhuy dkWVsZDLk ds gkWeksZUl dks thou j{kd gkWeksZu Hkh dgk tkrk gSA

(c) ;g gkWeksZu izfr'kks;t ;kSfxd (Anti-inflammatory compounds)&
dk dk;Z Hkh djrs gSa] tks fd lwtu (Inflammation) esa Hkkx ysus okyh
dksf'kdkvksa o muds L=ko.k dk neu djrs gSaA

2- ,fMªuy dkWVsZDl ds vfr dk;Z (Hyperfunction of Adrenal
Cortex)& vfr-L=ko.k ls fuEufyf[kr jksx gks tkrs gSa&

(a) ,sfMek jksx (Edema disease)& cká dksf'kdh; inkFkZ (ECF) esa
ty ,oa lksfM;e dh ek=k esa of̀) gksrh gS] ftlls jä nkc esa of̀) gks
tkrh gSA 'kjhj dh Ropk vusd LFkkuksa ij Qwy tkrh gSA

(b) ydok (Paralysis)& 'kjhj esa iksVsf'k;e vk;u dh deh ds dkj.k 'kjhj
dh isf'k;ksa ,oa rfU=dkvksa esa vfu;ferrk,¡ gks tkrh gSa ftlls is'kh rUrq
VwV tkrs gSa vkSj ydok jksx gks tkrk gSA

(c) gkbijXykblhfe;k (Hyperglycemia)& jä esa 'kdZjk dh ek=k
vR;f/kd gks tkrh gS ftlls e/kqesg chekjh gks tkrh gSA

(d) ;Ñr esa Xykbdkstu vf/kd ek=k esa laxzghr gksrk gSA

(e) izksVhu dk dSVkcksfyTe c<+ tkrk gSA

(f) Ropk ,oa vfLFk;ksa esa folaxfr;k¡ mRiUu gks tkrh gSaA

(g) mPp jä nkc@gkbij VsU'ku (Hyper tension) gksrk gSA

mi;qZä LkHkh jksxksa ds y{k.kksa dks la;qä #i ls dqf'kax jksx (Cushing
disease) dgrs gSaA
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(h) dHkh-dHkh bl gkWeksZu ds vf/kd L=ko.k ds dkj.k&

(i) cfPp;ksa esa ouhZfyTe (Virnilism) uked folaxfr ik;h tkrh gS]
ftlls cfPp;ksa (Girls) esa yM+dksa ds y{k.k fodflr gks tkrs gSaA

mnkgj.k& eksVh vkokt] nk<+h-ew¡N dk fodflr gksuk] 'kjhj ij
vf/kd cky] 'kfä'kkyh isf'k;k¡A

(ii) cPpksa (Boys) esa ySafxd ifjiDork (Sexual maturity) vfr'kh?kz gks
tkrh gSA isf'k;k¡ o;Ld (Adult) izkf.k;ksa ds leku 'kfä'kkyh vkSj
cfy"B gks tkrh gSaA ,sls cPpksa dks feuh gdqZfyl (Mini Herculis)
dgrs gSaA

3- gk;ij ,YMksLVsjksfuTe (Hyper aldosteronism)& ;g izkjfEHkd ;k
f}rh;d (Secondary) gksrk gSA ,YMksLVsjksu ds vf/kd mRiknu dk izeq[k
dkj.k ,fMªuy dkWVsZDl ds tksuk Xykses#ykslk (Zona glomerulosa) esa V~;wej ds
mRiUu gksus ds dkj.k gksrk gSA bldks dksUl jksx (Conn’s disease) dgrs gSaA
bl folaxfr esa gk;ijVsU'ku@vfrruko (Hypertension), is'kh; f'kfFkyrk
(Weakness)] lksfM;e dks lafpr djuk] vYdsyksfll@{kkjksip; (Alkalosis)
vkfn y{k.k ik, tkrs gSaA ,Msek (Oedema) ugha ik;k tkrk gSA vf/kd le;
rd iksVsf'k;e dk vi{k; (Depletion) fdMuh dh {kfr djrk gSA bllsa
cgqew=rk (Polyuria) ik;h tkrh gSA iksVsf'k;e vi{k; ds dkj.k isf'k;ksa dh
detksjh( p;kipf;d {kkjksip; (Metabolic alkalosis) ds dkj.k dSfY'k;e
vk;u ds Lrj esa deh ds dkj.k fVVsuh (Tetany) jksx gksrk gSA f}rh;d
gk;ij ,sYMksLVsjksfuTEk (Secondary hyper aldosteronism) ds dkj.k ân;h
vojks/k (Cardiac failure)] ;Ñr esa fljZgksfll (Cirrhosis) folaxfr;k¡ vkfn
gksrh gSaA

4- ,MªhukstsukbVy flUMªkse (Adrenogenital Syndrome)& bldk
izeq[k y{k.k gS ,fMªuy ,UMªkstsUl (Adrenal androgens) dk vR;f/kd mRiknu
ftlds dkj.k ,fMªuy dkWVªsDl esa V~;wej (Tumour) gks tkrk gSA

5-12 ,fMªuy esMwyk dh lajpuk ,oa dk;Z (Structure
and Functions of Adrenal Medulla)

,fMªuy e/;ka'k@esMwyk (Adrenal Medulla) dh lajpuk ljy gksrh gSA ;g
xzfUFk dk vkUrfjd Hkkx gS vkSj xzfUFk dk 'ks"k 10% Hkkx cukrk gSA bl Hkkx
dk fodkl Hkwz.k dh U;wjy ,DVksMeZ (Neural ectoderm) ls gksrk gSA bl Hkkx esa
vuqdEih rfU=dk rU= (Sympathetic Nervous system) dh #ikUrfjr i'p
xqfPNdh; rfU=dk dksf'kdk,¡ (Post ganglionatic nerve cells) gksrh gSa tkss fd
bl Hkkx dk fu;U=.k djrh gSaA bl Hkkx esa nks izdkj dh dksf'kdk,¡ ik;h tkrh
gSaA cM+s vkdkj dh dksf'kdk,¡ xqPNksa esa rFkk NksVs vkdkj dh dksf'kdk,¡ iafä;ksa esa
O;ofLFkr gksrh gSaA bu dksf'kdkvksa dks ØksesfQu dksf'kdk,¡ (Chromaffin cells)
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dgrs gSaA bu dksf'kdkvksa dks xqPNdh; dksf'kdk,¡ (Ganglionic cells) Hkh dgrs
gSaA dqN ØksesfQu dksf'kdk,¡ bfiusfÝu (Epinephrine) gkWeksZu dks L=kfor djrh
gaSA NksVs fyEQkslkbV leku (Lymphocyte) dksf'kdk,¡ gksrh gSa buesa
dksf'kdknzkO; (Cytoplasm) dh ek=k de rFkk dsUnzd (Nucleus) xgjk gksrk gS
bldks flEisFkksxksfu;k (Sympathogonia) dgrs gSaA

,Mªhuy esM;wyk dh ØksesfQu dksf'kdkvksa (Chromaffin cells) ds }kjk
fuEufyf[kr gkWeksZUl L=kfor fd, tkrs gSaA

5-12-1 ,fMªusfyu ;k ,ihusfÝu (Adrenalin or Epinephrine)

80% Hkkx gksrk gSA ;g gkWeksZu Lok;Ùk rfU=dk rU= (Autonomous nervous
system) ls izHkkfor gksus okys lHkh izdkj ds Årdksa ,oa vaxksa dks izHkkfor djrk
gSA Mj (Fear)] Øks/k] vieku] nq?kZVuk] ekufld ruko] cSpsuh] tyuk] fdlh
ftok.kq dk laØe.k gks tkuk vFkok fo"kSys inkFkkZsa ds 'kjhj esa igq¡p tkus tSlh
vkdfLed ?kVukvksa ds le; gkWeksZu vf/kd ek=k esa gksrk gSA L=ko rhozrk ls
gksrk gSA ;g Ropk] 'ysf"ed f>Yyh (Mucus membrane) rFkk vk¡= jksxksa
(Visceral organs) dh jä okfgfu;ksa dks ladqfpr dj blesa jä nkc (Blood
pressure) esa of̀) djrk gS] ysfdu ân;] ;Ñr] dadky isf'k;ksa (Skeletal
muscles) ,oa efLr"d vkfn dks tkus okyh jä okfgfu;ksa dks QSykrk gS] ftlls
ân; LiUnu nj] 'okl nj] BMR rFkk jä esa Xywdksl o olk dh ek=k esa of̀)
gksrh gSA ,fMªusfyu gkWeksZu dks vkdfLed gkWeksZu (Emergency hormone) Hkh
dgrs gSaA bldks 3F, Hk;] iyk;u] ;q) (Fear, flight and fight) gkWeksZu Hkh
dgrs gSaA

5-12-2 ,fMªusfyu gkWeksZu ds izHkko (Effects of Adrenaline
Hormone)

1- Ropk] 'ys"e f>Yyh (Mucus membrane) ,oa 'kjhj ds vkUrfjd Hkkxksa
dh jä okfgfu;ksa dks ladqfpr dj jä nkc esa of̀) dj nsrk gSA Ropk
ihyh gks tkrh gSA

2- ân; dh LiUnu nj@iYl nj esa of̀) djrk gSA /kefu;ksa (Arteries) esa
jä nkc dh of̀) djrk gSA

3- dadky isf'k;ksa (Skeletal muscles) ân;] ;Ñr ,oa efLr"d dh jä
okfgfu;ksa dks f'kfFky dj jä lapj.k esa of̀) djrk gSA

4- 'kjhj esa BMR ,oa jä esa Xywdksl] olk vEy ,oa fXyljkWy (Glycerol)
dh ek=k esa of̀) djrk gSA

5- czksfUd; vLFkek (Bronchial Asthma) esa mi;ksxh gksrk gSA VSªfd;k@
'okluyh (Trachea) ,oa czksUdkbZ (Bronchii) dks f'kfFky dj 'okl nj
esa of̀) djrk gSA

6- Ropk esa isf'k;ksa dks ladqfpr dj ckyksa dks [kM+k dj nsrk gSA
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7- efLr"d ,oa laosnh vaxksa dks vf/kd fØ;k'khy djrk gSA

8- Iyhgk@LIyhu (Spleen) dks ladqfpr dj LIyhu esa laxzghr (RBC) dks
jä esaa LorU= djrk gSA

5-12-3 ukj-,sihusfÝu gkeksZu dk izHkko (Effect of
Nor-epinephrine Hormone)

;g gkeksZu ,sfMªusfyu gkWeksZUk ds leku gh dk;Z djrk gSA blds izHkko ls jä
okfgfu;k¡ ladqfpr gksus dh vis{kk QSy tkrh gSa] bl dkj.k ân; LiUnu esa of̀)
ugha gksrh gS vkSj u jä nkc esa of̀) gksrh gSA

bl izzdkj ge ns[krs gSa fd ,sfMªusfyu ,oa ukWu&,sfMªusfyu ,d izdkj ls
LorU= rfU=dk rU= dh lgk;rk djrs gSaA

,sfMªusfyu ,oa ukWu&,sfMªusfyu gkWeksZUl ds vR;f/kd izHkko ds
dkj.k ,Mªhuy esM;wyk esa V~;wej (Tumour) curk gS ftldks fQvksØksekslkbVksek
(Phaeochromocytoma) dgrs gSaA bl V~;wej ds dkj.k flj nnZ ds lkFk jä
nkc esa vR;f/kd of̀)] cq[kkj vf/kd ilhuk vkuk] gkbij Xykblhfe;k (Hyper
Glycemia) gksrk gSA

bfiusfÝu (Epinephrine) ,oa ukj&bfiusfÝu (Nor-epinephrine) vius
dk;ksZa esa nksuksa lerqY; (Equivalent) ugha gksrs gSa] fQj Hkh dqN Årdksa esa leku
izHkko n'kkZrs gSaA

Lkkj.kh Ø- 5-1% bfiusfÝu ,oa ukj-bfiusfÝu
gkWeksZUl ds dkf;Zdh; izHkko

(Physiological Effect of Epinephrine and Nor-epinephrine)

dkf;Zdh; vuqfØ;k
(Physiological Response)

bfiusfÝu
(Epinephrine)

ukj-bfiusfÝu
(Nor-epinephrine)

1- ân; (Heart)&

(a) nj (Rate) c<+rh gSA de of̀) djrh gSA

(b) fuxZe (Output) c<+rk gSA dksbZ ifjorZu ughaA

(c) jä nkc (Blood
pressure)–

(i) flLVksfyd (Systolic)
nkc

c<+rk gSA c<+rk gSA

(ii) Mk;LVksfyd
(Diastolic) nkc
/keuh; (Mean arterial
pressure) nkc

dksbZ ifjorZu ughA

of̀) djrk gSA

c<+rk gSA

c<+rk gSA

2- jä okfgfu;k¡ (Blood
vessels) vU;ksa esa ladqfpr gSA

dqN izlkj.k djrh gS
¼isf'k;ksaa esa½

lHkh eas ladqfpr gksrh
gSA
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3- 'olu (Respiration) mRiszfjr gksrk gSA mRiszfjr gksrk gSA

4- fdMuh (Kidney) oD̀d okfgfu;ksa dk
ladqpu gksrk gSA

oD̀d okfgfu;ksa dk
ladqpu gksrk gSA

5- xHkkZ'k; (Uterus) vojksf/kr gksrk gSA vojksf/kr gksrk gSA

6- dsUnzh; rfU=dk rU=
(Central nervous system)

ekufld m}sx
(Anxiety) esa of̀)A

dksbZ izHkko ughA

7- p;kip; (Metabolism)

(a) vkWDlhtu [kir
(Oxygen consumption)

of̀) gksrh gSA of̀) gksrh gSA

(b) jä 'kdZjk (Blood sugar) of̀) gksrh gSA of̀) gksrh gSA

(c) eqDr olk vEy fudyuk of̀) gksrh gSA of̀) gksrh gSA

8- bZvksfluksfQYl la[;k
(Eosinophils count)

of̀) gksrh gSA dksbZ izHkko ughA

9- vk¡r (Intestine) vojks/k djrk gSA vojks/k djrk gSA

5-12-4 ,fMªuy xzfUFk ds gkWeksZUl ds L=ko.k dk fu;eu
(Regulation of Secretion of Adrenal Gland
Hormones)

(a) ,fMªuy dkWVsZDl ds gkWeksZULk dk fu;U=.k& tSls gh jä esa dkWVsZDl
ds }kjk L=kfor gkWeksZUl dk Lrj de gksrk gS] oSls gh gk;iksFkSysel
(Hypothalamus) dks dkWfVZdksVªkWfid mRiszjd gkWeksZu (CTH) dk L=ko.k
gksrk gSA bl gkWeksZu ds L=ko.k ds dkj.k ,fMuksgk;iksQkbfll
(Adenohypophysis) ds }kjk ,fMªuksdkWfVZdksVªkWfid mRiszjd gkWeksZu
(ACTH) dk L=ko.k izkjEHk gksrk gS] ;g gkWeksZu jä ds }kjk ,fMªuy
dkWVsZDl (Adrenal cortex) esa ys tk;k tkrk gS] ogk¡ ij dkWVsZDl dks
XywdksdkWfVZdkWbM~l (Glucocorticoid) gkWeksZUl dk L=ko.k djus ds fy,
mRiszfjr djrk gSA

(b) ,fMªuy esM;wyk ds gkWeksZUl dk fu;U=.k& ,fMªuy esM;wyk
(Adrenal medulla) gk;iksFkSysel (Hypothalamus) izefLr"d
(Cerebrum) ,oa vuqdEih rU= (Sympathetic system) }kjk fu;fU=r
gksrk gSA vuqdEih rU= (Sympathetic system) ds }kjk
vkdfLed ?kVuk] vkikr ifjfLFkfr;ksa vFkok nqq%[k] nq?kZVuk] pksV yx
tkus] ruko] vf/kd jä L=ko] 'kY; fpfdRlk] Hk;] Øks/k ds
le; ,fMªuy esM~;wyk dks mÙksftr@mÌhfir djrk gSA ,fMªuy esM~;wyk
ds mÌhfir gksus ij bfiusfÝu ,oa ukjbfiusfÝu gkWeksZUl dk L=ko.k
izkjEHk gksrk gSA bl gkWeksZUl ds }kjk isf'k;ksa (Muscles)] ;Ñr
(Liver) ,oa isf'k;ksa dks lfØ; dj vkikr ifjfLFkfr ls fuiVus ds fy,
vf/kd ÅtkZ (Energy) miyC/k gksrh gSA jä esa Xywdksl dh ek=k esa
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of̀) gksrh gS vkSj #f/kj nkc (Blood pressure) dk fu;eu gksrk gSA
blh dkj.k ;g gkWeksZu vkdfLed gkWeksZu ;k vkikr gkWeksZu (Emergency
hormone) dgykrk gSA

viuh izxfr tk¡fp, (Check Your Progress)

10- ,fMªuy dkWVsZDl ds }kjk ,s.Mªkstsu L=kfor gksrk gS] ;g gS
________ gkWeksZuA

¼d½ VsLVksLVsjksu ¼[k½ ,s.MksLVsjksu

¼x½ izkstsLVªsjsu ¼?k½ ,sYMksLVsjksu

11- ,fMlu jksx tks fd Fkkel ,fMlu ds uke ls tkuk tkrk gS ;g fuEu
________ folaxfr ds dkj.k gksrk gSA

¼d½ fiV~;wVjh ¼[k½ Fkk;jkWbM

¼x½ ,fMªuy ¼?k½ Fkk;el

12- ,fMªusfyu ________ esa òf) djrk gSA

¼d½ ân; /kM+du ¼[k½ #f/kj nkc

¼x½ ¼d½ rFkk ¼[k½ nksuksa ¼?k½ dksbZ ugh

13- #f/kj nkc dks fu;fU=r fd;k tkrk gSA

¼d½ ,fMªuy ds }kjk

¼[k½ Fkk;el ds }kjk

¼x½ iSjkFkk;jkWbM ds }kjk

¼?k½ Fkk;jkWbM ds }kjk

5-13 iSjkFkk;jkbM] Fkk;el ,oa ySUxjgSUl f}fidkvksa
dh lajpuk ,oa dk;Z (Structure and Functions
of Parathyroid, Thymus and Islet of
Langerhans)

5-13-1 iSjkFkk;jkWbM dh lajpuk ,oa dk;Z (Structure and
Functions of Parathyroid)

5-13-1-1 iSjkFkk;jkWbM xzfUFk (Parathyroid Gland) dh lajpuk

euq"; esa Fkk;jkWbM xzfUFk ij] ;k esa] fLFkr pkj ;k nks tksM+h NksVh-lh yky lh
v.Mkdkj (Oval) xzfUFk;k¡ gksrh gSaA ;g xzfUFk;k¡ Fkk;jkWbM xzfUFk dh izR;sd ikfy
esa i`"Bh; lrg ij /k¡lh jgrh gSaA Hkzw.kh; voLFkk esa ;g xzfUFk;k¡ III ,oa IV
xzluh Dykse njkjksa (Pharyngeal gill slits) dh ,sfiFkhfy;e ls fufeZr gksrh gSaA
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bu xzfUFk;ksa dks loZizFke jsukMZ (Raynard) us 1835 esa igpkuk Fkk rFkk lsUMªke
(Sandrom, 1880) us bldh lajpuk dk o.kZu fd;kA

izR;sd xzfUFk 6 ls 7 fe- eh- yEch ,oa 3 ls 4 fe- eh- pkSM+h ,oa 1-2 feeh
eksVh rFkk 0-03 ls 0-05 xzke Òkj dh gksrh gSA budk dqy Hkkj 140 mg gksrk
gSA ;g xzfUFky dksf'kdkvksa ds Bksl fi.Mksa ds #i esa gksrh gSA pkj
iSjkFkk;jkWbM~l (Parathyroids) esa ls nks xzfUFk;k¡] Fkk;jkWbM xzfUFk esa /k¡lh jgrh
gSaA bu xzfUFk;ksa dks vkUrfjd iSjkFkk;jkWbM (Internal Parathyroids) dgrs gSaA

Trachea

Oesophagus

Right common
carotid artery

Right superior
thyroid veinPharynx

Left superior
thyroid vein

Left superior
parathyroid

gland

Left subclavian
artery

Left inferior
thyroid artery

Recurrent
pharyngeal

nerve

Right inferior
parathyroid

gland

fp= Ø- 5-11% Anatomical Position of Parathyroid

Chief cell

Oxyphil cell with granules in cytoplasm

fp= Ø- 5-12% Histological Structure of Parathyroid Gland
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'ks"k nks xzfUFk;k¡ Fkk;jkWbM xzfUFk ds ikl ihNs dh vksj fLFkr gksrh gSa]
budks cká iSjkFkk;jkbM (External parathyroid) dgrs gSaA de ls de pkj ;k
vf/kd ls vf/kd vkB xzfUFk;k¡ gksrh gSaA pkj ds vfrfjä 'ks"k xzfUFk;k¡ VSªfd;k
(Trachea) ij forfjr gksrh gSa] bu 'ks"k xzfUFk;ksa dks lgk;d iSjkFkk;jkWbM~l
(Accessory parathyroids) dgrs gSaA izR;sd iSjkFkk;jkWbM~l xzfUFk vR;f/kd
okfgdke; (Highly vascularised) gksrh gS rFkk izR;sd xzfUFk ds pkjksa vksj
la;ksth Ård (Connective tissue) dk [kksy gksrk gSA bl xzfUFk esa nks izdkj
dh dksf'kdk,¡ gksrh gSa&

(a) eq[; dksf'kdk,¡ (Chief cells)

(b) vkWDlhfQy dksf'kdk,¡ ;k bvksfluksfQy dksf'kdk,¡ (Oxyphil cells or
Eosinophil cells)A

(a) eq[; dksf'kdk,¡ (Chief cells)& eq[; dksf'kdkvksa dh la[;k vf/kd
gksrh gS vkSj iSjkFkkW;jkbM gkWeksZu (Parathyroid hormone) dks L=kfor
djrh gSA eq[; dksf'kdkvksa esa dksf'kdknzO; Li"V gksrk gS rFkk oslhdqyj
dsUnzd (Vescicular nucleus) ik;k tkrk gSA dHkh-dHkh ;g dksf'kdk,¡
c<+ tkrh gSa vkSj buesa vusd dksf'kdknzO;h fjfädk,¡ (Cytoplasmic
vacuoles) gksrh gSaA ;s ty lkQ djus okyh dksf'kdk,¡ (Water clear
cells) dgykrh gSaA bu dksf'kdkvksa eas Xyk;dkstsu ik;k tkrk gSA
vf/kdka'k dksf'kdk,¡ thoui;ZUr ik;h tkrh gSaA blls L=kfor gkWeksZu dks
iSjkFkkWjeksu (Parathormone) dgrs gSaA bls dkWfyi dk gkWeksZu (Collip’s
hormone) Hkh dgrs gSaA bl gkeksZu dks loZizFke gSUlu (Hanson, 1924)
rFkk dkfyi (Collip, 1925) us rS;kj fd;k FkkA ;g ,d tfVy izksfVu
gS] tks fd 84 vehuks vEyksa (Amino acids) dh cuh gksrh gSA ;g #f/kj
esa dSfY'k;e rFkk QkWLQsV vk;uksa dh la[;k dk fu;eu dj 'kjhj ds
Hkhrjh okrkoj.k dks cukus esa lg;ksx djrk gSA

(b) vkWDlhfQy dksf'kdk,¡& vkWDlhfQy dksf'kdkvksa dh la[;k mez dh of̀)
ds lkFk c<+rh gSA vkWDlhfQy dksf'kdkvksa (Oxyphil cells) esa vf/kd
ekbVksdkWf.Mª;k (Mitochondria) ik, tkrs gSa ysfdu Xykbdkstsu
vuqifLFkr gksrk gSA
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Fat cells Capillary

Chief cells

Colloid like
substance in

parathyroid follicle
Oxyphilic

cells

Parathyroid
follicle

fp= Ø- 5-13% Detailed Structure of Parathyroid

5-13-2 iSjkFkkeksZu ds dk;Z (Functions of Parathormone)

iSjkFkkeksZu ds izeq[k yf{kr vaax (Target organs) vfLFk (Bone) ,oa fdMuh gksrs
gSaA iSjkFkkeksZu ds L=ko.k dh vuqifLFkfr esa Ca ,oa PO4 esa dqN vknku-iznku
vfLFk (Bone) ,oa IykTek ds chp gksrk gS&

1- bl gkWeksZu dk izeq[k dk;Z jä ,oa Årdksa ds Ca++ ,oa QkWLQksV vk;uksa
ds vuqikr dks cpk, j[kuk gSA

2- ;g gkWeksZu Hkkstu esa mifLFkr dSfY'k;e ,oa QkWLQsV ds vo'kks"k.k dks
fu;fU=r j[krk gSA

3- ;g dSfY'k;e ds vo'kks"k.k esa of̀) djrk gS rFkk QkWLQksjl ds vo'kks"k.kksa
esa deh djrk gSA bl fØ;k esa foVkfeu ^Mh* lgk;rk djrk gSA

4- ;g gkWeksZu vfLFk;ksa esa dSfY'k;e dks tek djus rFkk bldh xfr'khyrk
ds fy, lgk;d gksrk gSA fojks/kkRed izek.k ;g n'kkZrs gSa fd ;g gkWeksZu
vk¡rks esa dSfY'k;e ds 'kks"k.k dks rhoz djrk gSA vksfLV;kslk;V~l
(Osteocytes) ij bl gkWeksZu dk izkjfEHkd izHkko gS og ifjiDo vfLFk
ds joksa ls jä esa Ca dks eqä djuk gksrk gS] tksfd vksfLV;kslk;V~l
ds }kjk RNA ds la'ys"k.k ij vk/kkfjr ugha gksrk gSA

5- bl gkWeksZu ds izHkko ls Lru xzfUFk;ksa ls nqX/k L=ko.k esa de dSfY'k;e
dh ek=k L=kfor gksrh gSA

6- ;g gkWeksZu oD̀d ufydkvksa esa dSfY'k;e vk;uksa ds vo'kks"k.k esa of̀)
djrk gSA blds izHkko ls jä esa dSfY'k;e Lrj esa of̀) gksrh gSA
QkWLQksjl ds iqu% vo'kks"k.k esa deh djrk gSA

7- lelw=.k vfHkfØ;k (Mitogenic activity) esa iSjkFkkeksZu gkWeksZu DNA ds
la'ys"k.k ,oa Fkk;el ds fyEQkslkbV~l esa lelw=.k dks mRiszfjr djrk
gSA
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8- iSjkFkkeksZu ds }kjk nqX/k L=kfor xzfUFk;ksa (Mammary glands) ds }kjk
Ca++ ds L=ko.k dh nj dks de dj nsrk gSA

9- ;g gkWeksZu vkgkj uky (Gut) esa Ca++ vk;u ds 'kks"k.k dh nj esa of̀)
djrk gSA

10- bl gkWeksZu dh vuqifLFkfr esa foVkfeu D viuk dk;Z Bhd izdkj ls
djus esa vleFkZ gksrk gSA

11- ;g gkeksZu vUr% dksf'kdh; (Intracellular) QkWLQsV ds foU;kl esa
lgk;rk djrk gSA

5-13-3 iSjkFkk;jkWbM dh vfu;ferrk,¡ ,oa jksx (Irregularities
and Disease of Parathyroid)

5-13-3-1 vYi-L=ko.k (Hypo-secretion)

bl gkWeksZu ds de L=ko.k ds dkj.k cká dksf'kdh; nzO; (Extra-cellular
Fluid – ECF) esa dSfY'k;e dh ek=k de rFkk QkWLQsV dh ek=k vf/kd gksrh gS
ftlls isf'k;ksa (Muscles) rFkk rfU=dkvksa (Nervous) esa vuko';d mÙkstuk ds
dkj.k dEiu] ,saBu gksus yxrh gSA dHkh-dHkh yEcs le; rd ,sfPNd isf'k;ksa esa
ladqpu gks tkrk gSA bl jksx dks fVVsuh (Tetany) dgrs gSaA jä esa dSfY'k;e
dh vuqdwyrk@lkekU; ek=k 9-0 ls 10-0 fe- xzk- izfr 100 fe- yh- jä ds gksrh
gSA QkWLQksjl dh vuqdwyre@lkekU; ek=k 4-0 ls 5-0 fe- xzk- izfr 100 feyh
jä ds gksrh gSA

vYi-L=ko.k ds dkj.k dSfY'k;e dh ek=k 6-0 ls 7-0 fe- xzk- 100 fe- yh-
jä ds gks tkrh gS rFkk QkWLQksjl dh ek=k 7-0 ls 8-0 fe- xzk- izfr 100 fe-
yh- jä ds gksrh gSA ;fn jä esa dSfY'k;e dh ek=k 5-0 fe- xzk- izfr 100 feyh
jä rd ;k blls Hkh de gks tkrh gS rc euq"; dh èR;q rqjUr gks tkrh gSA

bl gkWeksZu ds de L=ko.k ds dkj.k rst lk¡l ysrs le; vkokt djuk]
rki] ân; xfr c<+uk Hkh ik;h tkrh gSaA

fVVsuh (Tetany) folaxfr esa dSfY'k;e ,oa QkWLQksjl dk mRltZu de gks
tkrk gSA ykj ds L=ko.k esa of̀) gksrh gS] 'kjhj ds rkiØe esa of̀) gksrh gSA
isf'k;ksa esa ,saBu izkjEHk esa /kheh vkSaj fQj rhoz xfr ls gksrh gS] pkyd rfU=dkvksa
esa mÙkstuk c<+ tkrh gSA ;g jksx o)̀ euq";ksa dh vis{kk cPpksa esa vf/kd ik;k
tkrk gSA blh iz;ksx ;g jksx 'kkdkgkjh izkf.k;ksa dh vis{kk ek¡lkgkjh izkf.k;ksa esa
vf/kd gksrk gSA xHkkZoLFkk] nqX/kL=ko.k (Lactation) vkSj vf/kd izksVhu
vkgkjokys izkf.k;ksa esa vf/kd ik;k tkrk gSA

f'k'kq voLFkk esa bldh deh gksus ds dkj.k nk¡r] gM~Mh;k¡ (Bones) o
efLr"d de fodflr jg tkrk gSA
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5-13-3-2 vfr-L=ko.k (Hyper Secretion)

bl xzfUFk ls gkWeksZu ds vfr-L=ko.k ds dkj.k vfLFk;ksa ls dSfY'k;e vf/kd ek=k
esa eqä gksdj jä esa izos'k djrk gSA bl gkWeksZu ds vfr-L=ko.k ds dkj.k
dSfY'k;e ,oa QkWLQksjl vfLFk;ksa ,oa nk¡rks ls ckgj fudydj bu vfLFk;ksa ,oa
nk¡rksa dks dksey ,oa detksj cukrs gSaA

bu O;fä;ksa esa gfÏ;ksa dk VwVuk 'kh?kzrk ls gksrk gSA

vkek'k; ,oa vkUrksa esa vf/kd jä L=ko.k gksus yxrk gSA vfLFk;k¡ xydj
dksey iM+ tkrh gSaA bl jksx dks vkWfLV;ksiksjksfll (Osteoporosis) dgrs gSaA
cká dksf'kdh; nzO; (ECF) eas Ca++ dh ek=k c<+ tkus ls isf'k;k¡
(Muscles) ,oa rfU=dk,¡ (Nervous) detksj iM+ tkrh gSaA Hkw[k ej tkrh gS]
I;kl c<+ tkrh gSA flj esa nnZ gksus yxrk gSA mYVh gksuk (Vomiting), blds
lkFk dSfY'k;e /kefu;ksa (Arteries) dh fHkfÙk;ksa] oD̀d ufydkvksa esa tek gksdj
budks vo#) dj nsrk gSA

gkWeksZu ds vfr-L=ko.k ds dkj.k fdMuh esa QkWLQsV dk iqu% vo'kks"k.k
ugha gksrk gSA ew= ds lkFk QkWLQsV dh vf/kd ek=k mRlftZr gksus yxrh gS]
ftlls QkWLQksjl dh ek=k de gks tkrh gSA QkWLQsV ,oa vU; [kfut yo.kksa ds
jos (Crystals) ew= esa cuus yxrs gSa] bl dkj.k fdMuh ,oa ew=k'k; esa iFkjh
cu tkrh gSA bl folaxfr dks tsujsykbTM vkLVhfVl Qkbczkslk (Generalised
osteitis fibrosa) dgrs gSaA ew= ds lkFk jä Hkh mRlftZr gksus yxrk gSA

bl gkWeksZu ds vfr-L=ko.k ds dkj.k vfLFk;ksa esa iqVh (Cyst) curh gSA
bl folaxfr dks vksLVhfVl Qkbczkslk flfLVdk (Osteitis fibrosa cystica) ;k
oku jsfda?kkWlsUl jksx (Von Reckinghausen’s disease) dgrs gSaA bl folaxfr
esa jä esa dSfY'k;e dh ek=k vf/kd gks tkrh gSA /kefu;ksa (Arteries) dh
fHkfÙk;ksa ,oa oD̀d ufydkvksa vkfn esa dSfY'k;e tek gksdj mudks vo#) dj
nsrk gSA

5-13-4 iSjkFkk;jkWbM ds dk;Z (Functions of Parathyroid)

izR;sd izkf.k ,oa euq"; ds fy, iSjkFkk;jkWbM xzfUFk (Parathyroid gland) vfr
vko';d gSA D;kasfd ;g xzfUFk] nsg nzO; esa dSfY'k;e vk;Ul dh lkUnzrk ds
fu;U=.k ds fy, vko';d gksrk gSA ;fn 'kjhj ls iSjkFkk;jkWbM xzfUFk fudy
tkrh gS ;k fudky nh tkrh gS rc jä esa dSfY'k;e Lrj de gks tkrk gS vkSj
'kjhj esa rfU=dh;&is'kh mÙkstu'khyrk (Neuromuscular irritability) ;k fVVsuh
(Tetany) folaxfr fodflr gks tkrh gSA

;g xzfUFk ew= ds lkFk vdkcZfud yo.kksa ds mRltZu dks fu;fU=r djrh
gSA iSjkFkkeksZu gkWeksZu dks 'kjhj esa igq ¡pkus ij ew= esa QkWLQsV ds mRltZu esa
o`f) gksrh gS vkSj lhje QkWLQsV (Serum Phosphate) Lrj eas deh vk tkrh gSA
blds dkj.k gkWeksZu dk izHkko fdMuh ij gksrk gS( ftlls oD̀d ufydkvksa
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ds }kjk QkWLQsV dk vo'kks"k.k vojksf/kr gksrk gSA blds ifj.kkeLo#i QkWLQsV
vk;Ul ew= ds lkFk mRlftZr gksrs gSaA

bl xzfUFk dh {kfr ;k iSjkFkkeksZu ds L=ko.k ugha gksus ds dkj.k Mh Y;wdk
(De Luca, 1968) us n'kkZ;k fd foVkfeu D dk;kZRed #i esa p;kipf;r ugha
gksrk gSA lhje dSfY'k;e esa iSjkFkkeksZu ds }kjk lhje dSfY'k;e esa of̀) 1-25
(OH)2D fof/k ds }kjk gksrh gSA bl xzfUFk ds }kjk iSjkFkkeksZu L=kfor fd;k
tkrk gSA

jä esa dSfY'k;e ds Lrj ls iSjkFkk;jkWbM dk L=ko.k fu;fU=r jgrk gSA
jä esa dSfY'k;e dh deh gksus ij iSjkFkkeksZu dk L=ko.k c<+ tkrk gS] jä esa
dSfY'k;e dh ek=k esa of̀) gksus ij iSjkFkkeksZu dk L=ko.k de gks tkrk gSA

5-14 Fkk;el xzfUFk dh lajpuk ,oa dk;Z (Structure
and Functions of Thymus Gland)

;g xzfUFk ekuo 'kjhj dh o{kh; xqfgdk esa ân; ds vkxs] VSªfd;k (Trachea) ds
nksuksa vksj fLFkr gksrh gSA ;g xqykch jax dh piVh f}ikfye; (Bilobed) xzfUFk
gSA ;g xzfUFk Hkwz.kh; voLFkk esa III xzluh; Dykse njkj (Pharyngeal gill slits)
ls mRiUu gksrh gSA dqN Lruh izkf.k;ksa esa ;g thoui;ZUr mifLFkr jgrh gS]
ysfdu euq"; esa ;kSoukoLFkk ds izkjEHk ds i'pkr~ ;k 14-16 o"kZ dh vk;q ds
i'pkr~ yqIr gks tkrh gS ;k /khjs-/khjs NksVh gksus yxrh gS rFkk o)̀koLFkk rd
yxHkx yqIr gks tkrh gS ;k /khjs-/khjs NksVh gksdj Mksjh ds leku jg tkrh gSA
bl le; ;g ySafxd xzfUFk;k¡ fØ;k'khy gks tkrh gSaA

bl xzfUFk ds ckgj dh vksj la;ksth Ård dk vkoj.k ,oa vUnj dh vksj
nks NksVs-NksVs fi.M (Lobes) gksrs gSaA nk;ha ikWfy dh vis{kk ck;ha ikWfy NksVh
gksrh gSA izR;sd ikfy (Lobe) esa vusd la[;k esa fi.Md (Lobules) gksrs gSaA
izR;sd fi.Md (Lobule) esa NksVh-NksVh iqfVdk,¡ gksrh gSaA bu iqfVdkvksa dk
vkdkj 1 mm O;kl dk gksrk gSA Fkk;el xzfUFk Hkwz.k (Foetus) esa vf/kd cM+h
gksrh gS] bldk vkdkj 'kjhj Hkkj ds vuqlkj cM+k gksrk gSA 'kS'kokLFkk rd bl
xzfUFk dk vkdkj cuk jgrk gSA 'kS'kokLFkk ds i'pkr~ bl xzfUFk esa fujUrj
vUroZyu (Involution) gksrk jgrk gSA ;g fØ;k fdlh Hkh laØe.k voLFkk esa
rhoz gksrh gSA xzfUFk dh lekfIr ds le; ;g olk esa ifjofrZr gks tkrh gSA blh
dkj.k o;Ld Fkk;el esa olk ,oa la;ksth Ård vf/kd ik;k tkrk gSA izR;sd
fi.M esa ckgj dh vksj fyEQkslkbV (Lymphocyte) dk rFkk vUnj dh vksj
'kk[kkfUor jsfVD;wyj (Branched reticular) ,fiFkhfy;eh dksf'kdk,¡ (Epithelial
cells) dk teko gksrk gSA
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5-14-1 Fkk;el dh vkSfrdh lajpuk (Histological Structure of
Thymus)

Fkk;el xzfUFk ds pkjksa vksj la;ksth Ård dk lEiqV (Capsule) gksrk gSA blds
vUnj Fkk;el xzfUFk dh nks ikfy;k¡ ik;h tkrh gSa& izR;sd ikfy esa vusd
fi.Md (Lobule) ik, tkrs gSaA izR;sd fi.Md@yksC;wy (Lobule) esa l?ku]
xgjs jax dk ifj/kh; dkVsZDl (Peripheral cortex) ,oa gYds jax dk dsUnzh;
esM;wyk (Medulla) ik;k tkrk gSA Fkk;el ds yksC;wYl iF̀kd~ ugha gksrs gSaA ;g
izo/kZ dkfVZdy inkFkZ ds }kjk f?kjs jgrs gSaA lkekU; #i ls Fkk;el xzfUFk esa
tfeZuy dsUnz (Germinal centres) vkSj u gh IykTe dksf'kdk,¡ (Plasma cells)
ik;h tkrh gSa&

(a) dSIlwy@lEiqV (Capsule)& ;g l?ku] lQsn la;ksth Ård dk cuk
gksrk gSA blesa IykTek dksf'kdk,¡ (Plasma cells)] ekLV dksf'kdk,¡
(Mast cells)] xzsuqyj Y;wdkslkbV~l (Leucocytes)] olk dksf'kdk,¡ (Fat
cells)] ,oa eSØksQstsl (Macrophages) ik, tkrs gSaA la;ksth Ård ls
fufeZr lEiqV (Capsule) xzfUFk ds vUnj /k¡ls jgrs gSa] ikfy;ksa (Lobes)
fi.Mdksa ,oa (Lobules) dks iF̀kd~ djrs gSa rFkk ifêdk rU= ;k Vªscsdqyj
rU= (Trabecular system) dks cukrs gSaA lEiqV esa jä okfgfu;k¡
(Blood vessels)] fyEQsfVd okfguh ,oa rfU=dk,¡ ik;h tkrh gSA mez ds
lkFk tSls gh Fkk;el vUroZyu djrk gS] ikfy;k¡ vkdkj esa de gksus
yxrh gSa] vkSj lEiqV (Capsule) pkSM+k vkSj olh; (Fatty) gks tkrk gSA

(b) dkVsZDl (Cortex)& ;g fyEQkbM Ård ds leku gksrk gS] ysfdu
blesa iqfVdk,¡ (Follicles) ugha ik;ha tkrh gSaA dkVsZDl (Cortex) esa
l?ku dksf'kdk,¡ ik;h tkrh gSa tksfd fyEQkslk;V~l (Lymphocytes) ds
leku gksrh gSaA esVdkQ (Metcalf) ds vuqlkj pwgs ds Fkk;el dh
dksf'kdk,¡& 1% dksf'kdkvksa dk O;kl 11 m gksrk gS& cM+h fyEQklkbV~l
(Large lymphocytes)] 10% dksf'kdkvksa dk O;kl 7 ls 11 m gksrk gSA
e/;e vkdkjh fyEQkslkbV~l (Medium-sized lymphocytes) rFkk 'ks"k
dksf'kdkvksa dk O;kl 7 m gksrk gSA NksVh fyEQkslkbV~l (Small lymphocytes)
gksrh gSA cM+h fyEQkslkbV~l] e/;e vkdkj ds fyEQkslkbV~l vkSj e/;e
fyEQkslkbV~l NksVs vkdkj ds fyEQkslkbV~l esa #ikUrfjr gksrs gaSA bu
dksf'kdkvksa ds chp esa jsfVdqyj dksf'kdk,¡ (Reticular cells) dsUnzd
lfgr ik, tkrs gSaA ;g lHkh dksf'kdk,¡ bfiFkhfy;y (Epithelial) ls
fufeZr gksrh gSaA

(c) esM;wyk (Medulla)& ;g Fkk;el Ård dh pkSM+h “kk[kkfUor ifêdk
gSA esM;wyk esa dkVsZDl ds leku bihFkhfy;y dksf'kdk,¡@jsfVdqyj
dksf'kdk,¡ ik;h tkrh gSA blesa vusd la[;k esa IykTek dksf'kdk,¡
(Plasma cells)] ekLV dksf'kdk,¡ (Mast cells) esysukslk;V~l
(Melanocytes)] bvksfluksfQy dksf'kdk,¡ (Eosinophils cells) jä
okfgfu;ksa ds ikl ik, tkrs gSaA Fkk;el esa gLlkYl ladsfUnzd df.kdk,¡
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(Hassall’s concentric corpuscles) ;k Fkk;fed dkiZldYl (Thymic
corpuscles) dh mifLFkfr izeq[k y{k.k gksrk gSA ;g dksf'kdk,¡ jsfVdqyj
dksf'kdkvksa ds vi{k; ds dkj.k fufeZr gksrh gSaA

Fkk;el xzfUFk esa o{kh; /kefu;ksa (Thoracic corpuscles) dh 'kk[kk,¡ jä
iznk; djrh gSaA cM+h f'kjkdk,¡ (Venules) esM;wyk ls fudyrh gSa vkSj cM+h
f'kjkvksa ls feyrh gSa tks fd ckbZ bUuksfeusV (Innominate) ,oa Fkk;jkbM f'kjk
(Thyroid vein) esa [kqyrh gSA ukWu-ek;yhusVsM (Non-myelinated) rfU=dk
rUrq jä okfgfu;ksa ds lkFk Fkk;el ds vUnj izos'k djrs gSaA blh izdkj osxl
rfU=dk ,oa o{kh; xqfPNdkvksa l ukWu-ek;fyusVsM (Non-myelinated) ,oa
ek;yhusVsM (Myelinated) rfU=dk rUrq fudydj Fkk;el dks laHkfjr djrh
gSA

tUe ds le; blls fyEQkslkbV (Lymphocyte) dksf'kdk,¡ cudj Iyhgk
(Spleen)] ;Ñr (Liver) ,oa yfldk xk¡Bksa (Lymph nodes) esa tkus yxrh gSaA
bl xzfUFk ds }kjk rhu gkWeksZUl&Fkkbekslhu (Thymosin)] Fkkbehu I (Thymine
I) ,oa Fkkbehu II (Thymine II) dk L=ko.k gksrk gSA ;g gkWeksZUl bu
fyEQkslkbV~l dks thok.kq (Bacteria) ;k buds }kjk eqä izfrtu (Antigen)
inkFkksZa dks u"V djus dh iszj.kk nsrk gSA bl izdkj ;g gkWeksZu 'kjhj dh lqj{kk
rU= dks LFkkfir djus esa lgk;rk djrk gS] D;ksafd ;g ySafxd ifjiDou ds
lkFk lekIr gksus yxrk gS] bl dkj.k ;g ekuk tkrk gS fd ;g of̀) ,oa fHkUu
(Differentiation) dks Hkh fu;fU=r djrs gSa rFkk xksusMksVªksfid (Gonadotropic)
gkWeksZu dks vo'kksf"kr djds tunksa (Gonads) dh of̀) dks jksdrs gSaA

gkWeksZu ds vf/kd L=ko.k ds dkj.k p;kip;h fØ;kvksa esa #dkoV vk tkrh
gS vkSj ltho@izk.kh dh èR;q gks tkrh gSA ;fn bl xzfUFk dks f'k'kq voLFkk esa
gh fudky fn;k tk;s rc izk.kh@euq"; ds 'kjhj esa olk (Fat) fufeZr gksus
yxrh gS ;k lafpr gksus yxrh gS rFkk 'kjhj esa dadky cuus esa #dkoV vkrh
gSA vU; d'ks#d izkf.k;ksa esa Fkk;el xzfUFk ugha ik;h tkrh gSA

5-14-2 Fkk;el xzfUFk ds dk;Z (Functions of Thymus Gland)

Fkk;el xzfUFk ls dqN tSo&jlk;fud (Biochemical) dk;Z lEcfU/kr gSaA bl
xzfUFk ls ,d ikfyisIVkbM (Polypeptide) gkWeksZu&Fkk;eksflu (Thymosin)
L=kfor fd;k tkrk gSA Fkk;el ds dk;Z izkjfEHkd thou dh ?kVukvksaa ls
lEcfU/kr gksrs gSa&

1- fyEQkslkbV~l ds L=ksr (Source of Lymphocytes)& euq"; esa
xHkkZ'k;h 12 lIrkg ds thou ds i'pkr~ fyEQkslkbV~l Fkk;fed
bihFkhfy;e ls fodflr gksrs gSaA ;g izFke fyEQkslkbV~l gksrs gSa tksfd
euq"; ds 'kjhj esa ik, tkrs gSaA vUr% Hkzw.k esa 90% de le; rd thfor
fyEQkslkbV~l ds fy, ,oa 5% vf/kd le;kof/k rd thfor jgus okys
fyEQkslkbV~l ds fy, Fkk;el L=ksr gksrk gSA blh izdkj Fkk;el gh
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o;Ld euq"; esa yEch vof/k rd thfor jgus okys fyEQkslkbV~l ds
fy, L=ksr gksrh gSA

2- izfrjf{kr l{kerk dk fodkl (Development of Immunological
Competance)& tc ,d izk.kh dh Ropk (Skin) nwljs izk.kh esa izfrjksfir
dh tkrh gS rc xzkárk (Recipient) ds }kjk dqN fnuksa i”pkr~
izfrjksi.k dks udkj fn;k tkrk gSA ;g bl dkj.k ls fd;k tkrk gS fd
izfrjksi.k ,d ,fUVtu@izfrtu (Antigen) ds #Ik esa O;ogkj djrk gS
tks fd iks"kd ds 'kjhj esa fons”kh izksVhu ds fo#) ,.VhckMh@izfrdk;
(Antibody) ds cukus ds fy, mRiszfjr djrs gSaA dqN fyEQkslkbV
ds }kjk ,UVhckMh fyEQkbM Årdksa esa fufeZr fd;k tkrk gSA

tUe ds le; Lruh izkf.k;ksa esa dsoy fuf"Ø; izdkj dk izfrj{k.k ik;k
tkrk gSA tUe ds dqN gh fnuksa i'pkr~ uotkr esa Lo;a ;k Lor%
izfrj{k.k fof/k lfØ; gks tkrh gS tksfd vkfne fyEQkbM dksf'kdkvksa esa
vfLFk eTtk ls mRiUu gksrh gS] esa foHksnu ,oa izQyu djrh gS rFkk ,d
àwkesjy dkjd dks fodflr djrh gS tksfd fyEQkslkbV~l esa izfrj{k.k
l{kerk dks izsfjr djrh gSA

3- Y;wdsfe;k esa Hkwfedk (Role in Leukaemia)& dqN foÑfr lEcU/kh
n'kkvksa esa Fkk;el Y;wdsfe;k ls lEcfU/kr gksrh gSA lEHkor;k jksx ,oa
Y;wdsfe;k mÌhiu ds chp lsrq (Bridge) ds #i esa@vkuqoaf'kdh izo.krk
esa ,d fo"kk.kq dh mifLFkfr ,oa Fkk;el dh mifLFkfr] Y;wdsfe;k ds
izdV gksus ds fy, vko';d gksrk gSA Fkk;esDVkseh (Thymectomy) bl
jksx dh mRifÙk dks jksdrk gSA

4- ;g [kfut yo.kksa dks vfLFk;ksa ij laxzfgr ;k lap; gksus esa lgk;rk
djrk gSA

5- ftu euq"; esa ;k izkf.k;ksa esa Fkk;el xzfUFk vuqifLFkr gksrh gS og
vfu;fer #i ls okrkoj.k ds ncko@ruko ds fy, laosnh; gksrk gSA

6- áweksjy dkjd (Humoral factor)& Fkk;el ds }kjk Fkk;eksflu
(Thymosin) ;k Fkk;feu (Thymin) gkWeksZu L=kfor fd;k tkrk gSA ;g
gkeksZu laosnuh fyEQkslkbV~l ds fodkl ds fy, mÙkjnk;h gksrk gSA ,slk
le>k tkrk gS fd Fkk;eksflu rfU=dh; is'kh laogu (Neuro-muscular
transmission) dks fu;fU=r djrk gS rFkk dadkyh; is'kh ds rfU=dh;
is'kh taaD'ku ij ,sflfVydksyhu (Acetylcholine) dh ek=k dks de dj
nsrk gSA ,sflfVydksyhu is'kh ladqpu ds fy, mÙkjnk;h gksrk gS] tc
pkyd-vfUre IysV ij ,flfVydksyhu dk igq¡puk vojksf/kr gks tkrk gS
blds ifj.kkeLo#i ,sfPNd is'kh esa ydok (Paralysis) gks tkrk gSA
bldks ek;LFksfe;k (Myasthemia) dgrs gSaA Fkk;el] rfU=dh;-is'kh
laogu ,oa ek;LFksfe;k xzsfol ds chp ds lEcU/k esa Lor% izfrjks/kh fof/k
(Automatic mechanism) fuosf'kr gksrh gSA ek;LFksfe;k xzsfol eas ,d
izfrj{kh (Antibody) Fkk;el dss jsfVdqyj ¼bihFkhfy;y½ dksf'kdkvksa dks
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mRiszfjr djrh gS fd vR;f/kd ek=k esa Fkk;eksflu gkWeksZu dks L=kfor
djs ftlds dkj.k rfU=fd;-is'kh taD'ku ij ,slhfVydksyhu de
L=kfor gks vkSj Fkk;fed bihFkhfy;e blh izdkj dh izfrj{kh ds lkFk
vfHkfØ;k djs tksfd ,sfPNd is'kh A- ifÍdk ls lEcfU/kr gksA

5-14-3 Fkk;el gkWeksZu ds dk;Z (Functions of Thymus
Hormone)

1- ;g gkWeksZu Lruh izkf.k;ksa esa fyEQkslkbV~l dk izk;ejh L=ksr gSA
fyEQkslkbV~l (Lymphocytes) 'kjhj ds izfrj{kd dk;ksZa ds
fy, ,.VhckWMh (Antibody) dks mRiUu djus dk mÙkjnk;h gSA

2- ;g 'kjhj esa Lo;a ds Årdh; izksVhUl ,oa ckgj ds izksVhUl ds chp foHksn
djus eas lgk;rk djrk gS] tSls fd og tksfd nwljs 'kjhj ds izfrjksfir
Årdksa eas gksrk gSA tc tUe ds le; Fkk;el dks fudky fn;k tkrk gS]
Ropk dk izfrjksi.k izkf.k;ksa esa vf/kd le;kof/k rd jgrk gSA ;fn
Fkk;el ik;h tkrh gS rc izfrjksi.kh Ård dks udkj fn;k tkrk gSA

3- ;g of̀) dks rhoz djus ls lEcfU/kr gksrk] gS bl dkj.k dk;kUrj.k
LFkfxr gks tkrk gSA

Fkk;el xzfUFk dks 'kjhj ls fudky nsus (Thymectomy) ij fuEu
folaxfr;k¡ ik;h tkrh gSa&

(i) fyEQkslkbV~l dh tula[;k esa dehA

(ii) fyEQkWbM Ård dk vi{k;

(iii) izfrj{k.k l{kerk dh gkfuA

5-15 ySaxjgSUl ds }hi lewg dh lajpuk ,oa dk;Z
(Structure and Functions of Langerhans)

5-15-1 lajpuk (Structure)

euq"; esa vkek'k; (Stomach) ds ihNs xzg.kh (Duodenum) dh nksuksa Hkqtkvksa ds
chp yxHkx 20 lseh yEch gYds xqykch jax dh vlefer (Asymmetrical)
vkdkj dh fefJr (Mixed) xzfUFk gSA ;g ¼ckáL=koh½ (Exocrine) ,oa
vUr%L=koh (Endocrine) xzfUFk ds leku dk;Z djrh gSA bl xzfUFk dh mRifÙk
Hkzw.k dh vk¡r ls gksrh gSA

vXU;k'k; (Pancreas) esa la;ksth Årdksa ds e/; ikpd ,UtkbEl dk
L=ko.k djus okyh fi.Mdh; (Lobed) jpuk,¡ gksrh gSa tksfd bldk ckáL=koh
(Exocrine) Hkkx cukrh gSaA bu fi.Mdksaa ds chp-chp esa la;ksth Årdksa esa
fuyfEcr dqN fo'ks"k izdkj dh Bksl dksf'kdkvksa ds lewg gksrs gSa] ;g lewg
vUr%L=koh xzfUFk;ksa&ySaxjgSUl dh }hfidk,¡ (Islets of Langerhans) gksrh gSaA
ySaxjgSUl ds }hi lewg dks iSfUØ;kfVd }hi lewg (Pancreatic islets) ;k
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NksVs }hi lewg dks iSfUØ;kfVd }hi lewg (Pancreatic islets) ;k NksVs }hi
lewg (Small islands) dgrs gSaA euq"; esa bu f}fidkvksa dh la[;k yxHkx 10
yk[k gksrh gSA bu }hfidkvksa dh [kkst oSKkfud ySaxjgSUl (Langerhans, 1869)
us dh FkhA

D cell
(Somatostatin)

Pancreatic acini

Blood vessel

Beta or cell
(Insulin)

Alpha or a cell
(glucagon)Islet of

langerhans

fp= Ø- 5-14% Endocrine Gland: Islet of
Langerhans in Pancreas

5-15-2 ySaxjgSUl ds }hi lewg dh vkSfrdh lajpuk
(Histological Structure of Islet of Langerhans)

ySaxjgUl fd f}fidk,¡ NksV-NksVs vUr%L=koh dksf'kdkvksa ds v.Mkdkj lewg gSaA
izR;sd lewg lSdM+ksa dksf'kdkvksa] jä dksf'kdkvksa (Blood capillaries) ,oa jä
ik=ksa (Blood sinusoids) dk cuk gksrk gSA ySaxjgSUl ds }hi lewg vXU;k'k;
ds vfUre ;k iqPNh; Hkkx esa flj dh vis{kk vf/kd gksrs gSaA o;Ld euq"; esa
ySaxjgSUl ds }hi lewg dh la[;k 2]00]000 ls 20]00]000 rd gksrh gS] uotkr
f'k'kq esa ;g la[;k 1]00]000 ls 5]00]000 rd gksrh gSA yslh ,o xzhMj (Lacy
and Greider, 1972) us f}i lewg esa rhu fHkUu izdkj dh dksf'kdk,¡ vf/kdka'k
Lruh izkf.k;ksa esa n'kkZ;haA blesa rhu izdkj dh dksf'kdk,¡ ik;h tkrh gSa&

 α-vYQk dksf'kdk,¡ 32-38% ,oa

 NksVh&cM+h β-chVk dksf'kdk,¡ 60-75% rFkk

 δ-MsYVk dksf'kdk,¡ 2%-8%A

chVk dksf'kdk,¡ bUlqfyu (Insulin) ,oa vYQk dksf'kdk,¡ XywdkxkWu
(Glucagone) uked gkWeksZu dk L=ko.k djrh gSA MsYVk dksf'kdkvksa dk dk;Z
vHkh fuf'pr ugha gSA α– MsYVk dksf'kdk,¡ xSfLVªu (Gastrin) dks L=kfor djrh
gSaA dqN oSKkfudksa ds vuqlkj MsYVk dksf'kdk,¡ vYQk ,oa chVk dksf'kdkvksa esa
leUo; j[krh gSa&
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1- α-dksf'kdk,¡ (α-cells or A2 cells)& cM+s vkdkj dh df.kdke;h ,d
leku vkdkj dh ik;h tkrh gS] ;g df.kdk,¡ dksf'kdknzO; (Cytoplasm) esa
leku #i ls forfjr jgrh gSA xksykdkj df.kdk,¡ fpduh esEczsu dh FkSyh esa
vkofjr jgrh gSaA bu dksf'kdkvksa esa vf/kd bysDVªkWu ?kuRo dh L=koh df.kdk,¡
ik;h tkrh gSaA dksf'kdknzO; (Cytoplasm) esa xkWYth dkEIysDl (Golgi
complex)] ,d lk/kkj.k ek=k esa ,.MksIykfTed jsfVdqye (Endoplasmic
reticulum) ,oa dHkh-dHkh eqä jkbckslkse (Ribosome) ik, tkrs gSaA
dksf'kdknzO;h esfVªDl esa dqN NksVs rUrqe; (Filamentous) ekbVksdkWf.Mª;k
(Mitochondria) ik, tkrs gSaA A2 dksf'kdkvksa dk dsUnzd (Nucleus) vf/kd
nUrkdkj (Indented) gksrk gSA vkdkjdh; ds vuqlkj L=koh df.kdk,¡
(Secretory granules) A2 dksf'kdkvksa dks Aa, Ab, Ac esa foHkkftr djrh gSaA
gks;ksl-Xosokjk (Hoyos-Guevara) us 1969 esa bu dksf'kdkvksa dks pwgksa] xk;uk
fiXl (Guinea Pigs) es Hkh ik;kA

2- β-dksf'kdk,¡ (β-cells)& ;g dksf'kdk,¡ Hkh df.kdh; (Granular)
ysfdu cslksfQfyd (Basophilic) gksrh gSaA df.kdk,¡ leku vkdkj dh gksrh gSa
ysfdu A2 dksf'kdkvksaa dh vis{kk ;g dksf'kdk,¡ vikjn'khZ gksrh gSa aA ;g ,sYdksgkWy
esa ?kqyu'khy gksrh gSaA ;g dksf'kdk,¡ (β-cells) vkdkj esa NksVh] ifjf/k dh vksj
ik;h tkrh gSa vksj bUlqfyu (Insulin) dks L=kfor djrh gSaA bysDVªkWu lw{en'khZ
ds vUrxZr β-dksf'kdk esa izR;sd df.kdk ,d FkSys (Sac) ds vUnj jgrh gSA FkSys
(Sac) nksgjh esXczsu ds cus gksrs gSaA ,d LoPN LFkku β-dksf'kdkvksa dh L=koh
df.kdkvksa (Secretory granules) vkSj mldh ifjlhfer esEczsu ds chp esa gksrh
gSA FkSyk dksf'kdk dh jsfVdqye ds }kjk fufeZr gksrk gSA α-dksf'kdk dh vis{kk
β-dksf'kdkvksa esa xkWYth dkEIysDl (Golgi complex) vf/kd Li"V gksrk gS ;k
izeq[krk ls ik;k tkrk gSA β-dksf'kdkvksa esa df.kdh; ,.MksIykfTed jsfVdqye
¼Granular endoplasmic reticulum) ,oa LorU= jkbckslkse (Ribosome) ik,
tkrs gSaA β-dksf'kdk dh df.kdk,¡ (Granules) xksy ;k v.Mkdkj dssUnzd
(Nuleus) ,oa IykTek esEcszu (Plasma membrane) ds chp ik;h tkrh gSA
β-dksf'kdk,¡ β1 ,oa β2 esa foHkkftr gksrh gSaA

3- δ-dksf'kdk,¡ ;k A1 dksf'kdk,¡ (δ-cell or A1 cells)& ;g dksf'kdk,¡
loZizFke ekuo vXU;k'k; (Human pancreas) esa ik;h xbZaA orZeku esa ;g ik;k
x;k fd bu dksf'kdkvksa esa xSfLVªu (Gastrin) gkWeksZu ik;k tkrk gSA tksfyUtj-
,fylu flUMªkse (Zollinger-Ellison syndrome) esa ukWu δ-dksf'kdk,¡
¼A1 dksf'kdk,¡½ xSfLVªu (Gastrin) dks L=kfor djrh gSaA ;g flUMªkse }hi lewg
dh dksf'kdkvksa esa V~;wej ds dkj.k gksrk gSA ;g dksf'kdk,¡ bUlqfyu
(Insulin) ,oa Xywdkxksu (Glucagone) L=kfor ugha djrh gS] ysfdu vR;f/kd
ek=k esa xSfLVªu dks L=kfor djrh gSaA
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mi;Zqä dksf'kdkvksa ds vfrfjä vU; dksf'kdk,¡ Hkh ik;h tkrh gSaA vU;
dksf'kdk,¡ gSa&

(a) X ;k F dksf'kdk,¡ (X or F-cells)– 50% csUdksLe ,oa yhik
(Bencosame and Leipa) us 1955 esa loZizzFke bu dksf'kdkvksa dks α,
β, ,oa δ-dksf'kdkvksa ds vfrfjä dqÙks dh ySaxj }hi lewg esa ik;kA bu
dksf'kdkvkas dks oSKkfudksa us izdk'k lw{en'khZ (Light microscope)
ds }kjk ns[kkA bu dksf'kdkvksa dks X-dksf'kdk dgrs gSaA eqUxsj ,oa vU;
(Munger et. al) us 1965 esa bysDVªkWu lw{en'khZ (Electron microscope)
esa ns[kus ij bu dksf'kdkvksa dks F-dksf'kdk (F-cells) uke fn;kA

(b) E-dksf'kdk (E-cells)& FkkWel (Thomas, 1973) ,oa blds i'pkr~
eqUxsj ,oa vU; (Munger et. al) us 1965 esa bl izdkj dh dksf'kdkvksa
dks cM+h df.kdkvksaa lfgr vksiksle ds }hi lewg (Islets of opossum) esa
ik;kA

(c) C-dksf'kdk,¡ (C-cells)& orZeku le; rd C-izdkj dh dksf'kdkvksa
dks xk;uk fiXl (Guinea pigs) ds vXU;k'k; (Pancreas) esa igpkuk]
vkSj budk dkf;Zdh voLFkk α ,oa β-dksf'kdkvksa dk gksrk gS ysfdu
bysDVªkWu lw{en'khZ (Electron microscope) ds }kjk v/;;u esa bu
dksf'kdkvksaa dks ugha ns[kkA QwftVk (Fujita, 1968) us vf/kd izek.k
izLrqr fd, vkSj n'kkZ;k fd C-dksf'kdk,¡ vkSj dksbZ ugha δ ;k A1

dksf'kdk,¡ gh gksrh gSa aaSA ysfdu oVkjh (Watari)] lqdkxks'kh
(Tsukagoshi) ,oa gksUek (Honma) us 1970 esa ihys iqPN okyh eNfy;ksa
esa n'kkZ;k fd C1 dksf'kdkvksa esa vusd la[;k esa fjfädk,¡ (Vacuoles)
ik;h tkrh gSa ftudk O;kl β1-dksf'kdk df.kdk,¡ (Granules) ds leku
gksrk gSA dqN fjfädkvksa dh C1 dksf'kdkvksa esa rUrqe; lajpuk,¡ β1

dksf'kdkvksa dh df.kdkvksa dh lajpuk ds leku gksrh gSaA ;g n'kkZ;k x;k
fd β1] β2 ,oa C1 dsoy ,d izdkj dh dksf'kdk dh fofHkUu dk;kZRed
voLFkk gSA

ySaxjgSUl }hi lewg dks nk;ha osxl (Vagus) dh 'kk[kkvksa ds }kjk
laHkfjr djrh gSA

ySaxjgSUl ds }hi lewg (Islet of Langerhans) dh α-dksf'kdk,¡ XywdkxkWu
(Glucagone) dk L=ko.k djrh gSaA bldk dk;Z jä esa Xywdksl ds Lrj esa of̀)
djuk gSA XywdkxkWu ;Ñr esa Xykbdkstsu dks Xywdksl esa ifjofrZr dj nsrk gSA
bl fØ;k dks Xykbdksftuksfyfll (Glycogenolysis) dgrs gSaA β-dksf'kdk,¡
bUlqfyu dks L=kfor djrh gSaA ;g jä esa Xywdksl ds lapj.k esa of̀) djrk
gSA Xywdksl dks Xykbdkstsu esa ifjofrZr djrk gS& Xykbdkstsusfll
(Glycogenesis)A ;g fØ;k Xywdksfuvkstsusfll dks de djrh gSA Xywdksl
$ vU; [kk| inkFkkZas dks olk vEyksa esa ifjofrZr djrh gSA bUlqfyu dk fu;eu
jä esa Xywdksl dh ek=k ij fuHkZj djrk gS rFkk ;g _.kkRed iqufuZos'ku rU=
ij vk/kkfjr gksrk gSA



vUr%L=koh iz.kkyh

320

fVIi.kh

Lo-vf/kxe
ikB~; lkexzh

bUlqfyu (Insulin) gkWeksZu dk irk feadksoLdh ,oa esgfjax (Minkowski
and Mehring, 1889) us yxk;kA ;g gkWeksZu nks ikWyhisIVkbM J̀a[kykvksa A ,oa B
dk cuk gksrk gSA A J̀a[kyk esa 21 vehuksa vEy rFkk B J̀a[kyk esa 30 vehuks
vEy gksrs gSaA ;g jä esa Xywdksl dh ek=k dks de djrk gSA ;g gkeksZu
dkcksZgkbMªsV p;kip; (Metabolism) dk fu;U=d gSA jä esa Xywdksl dh
lkekU; ek=k 80 fexzk izfr 100 fe- yh- gksrh gSA blds vYi-L=ko.k ls 'kjhj
dh dksf'kdkvksa esa Xywdksl (Glucose) dk mfpr mi;ksx ugha gks ikrk gSA bl
dkj.k Xywdksl dh ek=k c<+ tkrh gS tksfd ew= }kjk ckgj fudyus yxrh gS]
bl jksx dks e/kqesg ¼Mk;csVht esyhVl& Diabetes mellitus) dgrs gSaA

bUlqfyu ds vfr-L=ko.k ls jä esa Xywdksl dh ek=k de gksus yxrh gS]
ftlls rfU=dk dksf'kdkvksa] efLr"d dksf'kdkvksa] jsfVuk dh dksf'kdkvksa (Retinal
cells) dks rFkk tuu ,ihFkhfy;e (Germinal epithelium) dh dksf'kdkvksa dks
Xywdksl dh mfpr ek=k ugha fey ikrh] ftlls nf̀"V Kku o tuu dh {kerk
de gks tkrh gS vkSj FkdkoV] ewNkZ vkfn gksus yxrh gSA bl fLFkfr dks
bUlqfyu 'kkWd (Insulin shock) dgrs gSaA

;fn jä esa bUlqfyu dh ek=k de gksrh gS rks ew= ,oa jä esa vf/kd
dhVksu v.kq mRiUu gksrs gSaA fLFkfr dks dhVksfll (Ketosis) dgrs gSaA bUlqfyu
dh vuqifLFkfr esa dkcksZgkbMsªV dk iw.kZ #i ls mi;ksx ugha gksrk gS vkSj olk dk
vf/kd p;kip; gksrk gS ftlls dhVksu dk; (Ketone bodies) curs gSaA ;g
olk p;kip; dks gh fu;fU=r djrk gSA

5-15-3 XywdkxkWu (Glucagone)

;g gkeksZu gkbijXykbflfed& XykbdkstsuksfyfVd dkjd (Hyperglycemic
glycogenolytic factor) Hkh dgykrk gSA ;g jä esa 'kdZjk Lrj dks c<+krk gSA
jä esa Xywdksl dh lkeU; ek=k ls de gksrs gh vYQk dksf'kdk,¡ bl gkWeksZu dk
L=ko.k djrh gSA jä esa Xywdksl dh ek=k c<+kus ds fy, ;g ;dr̀ esa olk ,oa
vehuksa vEy ls Xywdksl ds la'ys"k.k vkSj Xykbdkstsu (Glycogen) ds fo[k.Mu
dks ,oa olk Årdksa esa olk ds fo[k.Mu dks izsfjr djrk gSA ifjJe] O;k;ke
rFkk vkikrdkyhu fLFkfr esa bl gkWeksZu dk L=ko.k gksus yxrk gSA

lkekU; fLFkfr esa bUlqfyu ,oa XywdkxkWu nksuksa jä Xywdksl dk Lrj
fLFkj j[krs gSaA

vk/kqfud oSKkfudksa ds vuqlkj vXU;k'k; ls pkj vU; gkWeksZUl L=ko.k
gksrk gS& ykbiksdsd (Lipocaic), oSxksVksfuu (Vagotonin)] lsUVªksIuhu
(Centropnein) ,oa lksesVksLVsfVu (Somatostatin)A ykbiksdsd ;dr̀ esa olk ds
p;kip;] oSxksVksfuu&ijkuqdEih rfU=dk rU= (Parasympathetic nervous
system) rFkk lsUVªksIuhu 'okl ,oa xSlh; fofue; dks c<+kok nsrk gSA
lksesVksLVssfVu&;g of̀) gkWeksZu ds L=ko.k dks jksdrk gSA

ySaxjgSUl ds }hi lewg dk fu;U=.k _.kkRed iqufuZos'ku izfØ;k }kjk
gksrk gSA
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mi;Zqä nksuksa gkWeksZUl ds vykok ,d rhljk gkWWeksZu lksesVksLVsfVu
(Somatostatin) L=kfor gksrk gSA tksfd bUlqfyu (Insulin) ,oa XywdkxkWu
(Glucagone) gkWeksZUl ds L«kko.k ds jksdrk gSA

5-16 uj ,oa eknk iztuu gkeksZu dh dkf;Zdh
(Role of Sex Hormones in Male and Female)

Lkkj.kh Ø- 5-2% iztuu eas gkWeksZu dh Hkwfedk
(Role of Hormones in Reproduction)

Ø- L=ksr gkWeksZUl Hkwfedk ;k dk;Z

1- ih;w"k xzfUFk
dk vxz
fi.M

iqfVdk mÙkstd gkeksZu
(FSH)

uj esa 'kqØk.kq fuekZ.k dks
mÙksftr ;k iszfjr djrk gSA
eknk esa v.Mk'k;h iqfVdk dh
of̀) ,oa iqfVdk dksf'kdkvksa
ls ,LVªsfMvkWy (Estradiol)
gkeksZu ds L=ko.k dks iszfjr
djrk gSA

Y;wfVukbftax gkeksZu (LH) uj esa VsLVksLVsjksu gkeksZu ds
L=ko.k dks iszfjr djrk gSA eknk
esa v.MksRlxZ ihr fi.M ds
fuekZ.k ,oa ,LVªsfMvkWy o
izkstsLVsjksu gkeksZu ds L=ko.k dks
mÙksftr djrk gSA

izksySfDVu Lru xzfUFk;kas dh of̀)] nqX/k
mRiknu] ihr fi.M ds
fuekZ.k ,oa FSH o LH ds
laned dk dk;Z djrk gSA

2- ih;w"k xzfUFk
ds i'p
fi.M

vkWDlhVksflu izlo ds le; xHkkZ'k; dh fHkfÙk
esa ladqpu mRiUu djrk gSA
Lru xzfUFk;ksa ls nqX/k L=ko.k dks
c<+krk gSA

3- o"̀k.k VsLVksLVsjksu uj esa 'kqØk.kq fuekZ.k ,oa
f}rh;d ySafxd y{k.kksa ds
fodkl dks izsfjr djrk gSA

4- v.Mk'k; ,LVªkstsu ;k ,LVªkfMvkWy eknk ds f}rh;d ySafxd y{k.kksa
ds fodkl] fodflr gksrs gq,
Hkwz.k dks xHkkZ'k; esa ys tkus ds
fy;s fMac okfguh dks rS;kj
djus] Hkwz.k ds jksi.k ds fy;s
xHkkZ'k; dh fHkfÙk dks rS;kj
djuk] LH vkSj izksySfDVu ds
L=ko.k dks jksdukA
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izkstsLVsjksu fodflr gksrs gq, Hkwz.k dks
xHkk'kZ; esa ys tkus ds fy;s fMac
okfguh dks rS;kj djuk] Hkzw.k ds
jksi.k ds fy;s xHkkZ'k; dh fHkfÙk
dks rS;kj djuk] nqX/k L=ko.k ds
fy;s o{kLFky o Lru dk vkdkj
esa c<+uk] xHkkZ'k; ds vUr%Lrj
(Endometrium) ls iks"kd nzO;
dk L=ko.k] FSH ds L=ko.k dks
jksduk] xHkkZ'k; ds ladqpu
bR;kfn dk;Z djrk gSA

5- vijk
(Placenta)

ekuo dksfjvksfud
xksusMksVªkWfiu (HCG)

ihrfi.M (Corpus luteum) dh
ejEer ,oa j[kj[kko djuk]
ihrfi.M dks ,LVªkstsu vkSj
izkstsLVsjksu gkWeksZu ds L=ko.k ds
fy, mÙksftr djukA

ekuo vijk ySDVkstu
gkeksZu

Lru xzfUFk;ksa dh of̀) dks
mÙksftr djukA

6- ih;w"k xzfUFk
ds i'p
fi.M

vkWDlksVksflu izlo ds le; xHkkZ'k; fHkfÙk esa
ladqpu xfr;ksa dks izsfjr djrk
gSA

7- ihr fi.M ;k
dkWiZl
Y;wfV;e

fjySfDlu izlo ds le; xzhok
(Cervix) ,oa Jks.kh es[kyk ds
Luk;q dks f'kfFky djrk gS]
ftlls ;ksfu}kj pkSM+k gks tkrk
gS Qyr% f'k'kq vklkuh ls ckgj
vk tkrk gSA

5-17 viuh izxfr tk¡fp, iz’uksa ds mŸkj (Answers to
Check Your Progress)

1- ¼x½ 8- ¼d½

2- ¼[k½ 9- ¼[k½

3- ¼d½ 10- ¼[k½

4- ¼?k½ 11- ¼x½

5- ¼d½ 12- ¼x½

6- ¼?k½ 13- ¼d½

7- ¼[k½
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5-18 lkjka'k (Summary)

vUr%L=koh rU= xzfUFk;ksa] rfU«kdk rU«k ds lkFk la;ksx cukdj 'kjhj dks xfreku
cuk;s j[krh gSA vUr%L=koh xzfUFk;ksa (Endocrine glands) ls rjy inkFkZ
fudyrk gS ftls gkeksZUl dgrs gSA ;s dSls dk;Z djrk gS] ;gh ljy Hkk"kk esa
foLrkj ls crk;k x;k gSA

5-19 eq[; 'kCnkoyh (Key Terminology)

 Nervous system (rfU=dk rU«k)

 Endocrine system (vUr%L=koh rU«k)

 Exocrine glands (ckáL=koh xzfUFk;ksa)

 Pituitary gland (ih;w"k xzfUFk)

 Thyroid gland, Thymus gland, Parathyroid gland, Adrenal gland

 Islet of Langerhans (ySaxjgSUl ds }hi lewg)

 -cells, -cells

5-20 Lo-ewY;kadu iz'u ,oa vH;kl (Self Assessment
Questions and Exercises)

y?kq mŸkjh; iz'u (Short Answer Type Questions)

1- fuEufyf[kr ij laf{kIr fVIif.k;k¡ fyf[k,&

(i) iklZ fMLVsfYl

(ii) lksesVksVªkfid gkWeksZu

(iii) fjysfDlu

2- laf{kIr fVIif.k;k¡ fyf[k,&

(i) ,fMuksgk;iksQk;fll dh lajpuk

(ii) ih;w"k xzfUFk ds dk;Z

(iii) iqufuZos'ku

3- Fkk;jkWbM xzfUFk ls L=kfor gkWeksZu o muds dk;kZs a dk o.kZu dhft,A

4- laf{kIr fVIi.kh fyf[k,&

(i) Fkk;jkWbM xzfUFk dh lkekU; lajpuk

(ii) Fkk;jkWbM dh vfu;ferrk,¡ ,oa jksx

(iii) T4

5- ,fMªuy esM;wyk dh lajpuk ,oa dk;kZs a dk laf{kIr o.kZu dhft,A
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6- fdUgha nks ij laf{kIr fVIif.k;k¡ fyf[k,&

(i) feujsyksdkWfVZdkWbM

(ii) ,fMªusfyu

(iii) XywdksdkWfVZdkWbM

7- bUlqfyu ,oa XywdkxkWu gkWeksZUl ,oa dk;ksZa dk o.kZu dhft,A

8- Fkk;el dh lajpuk ,oa gkWeksZUl ds dk;ksZa dk o.kZu dhft,A

9- Fkk;el xzfUFk ds dk;ksZa dk o.kZu dhft,A

nh?kZ mŸkjh; iz'u (Long Answer Type Questions)

1- ih;w"k vUr%L=koh xzfUFk dh lajpuk ,oa mlds }kjk L=kfor gkWeksZUl ds
dk;ksZa dk o.kZu dhft,A

2- ih;w"k xzfUFk dh lkekU; lajpuk ds lkFk ,fMuksgk;iksQk;fll dh
lajpuk ,oa blds }kjk L=kfor gkWeksZUl ds dk;ksZa dk o.kZu dhft,A

3- U;wjksgk;iksQk;fll dh lajpuk ,oa dk;ksZa dk o.kZu dhft,A

4- ,fMuksgk;iksQk;fll }kjk L=kfor gkWeksZUl ds dk;ksZa dk o.kZu dhft,A

5- vUr%L=koh xzfUFk D;k gS\ ,fMuksgkiksQk;fll ds Hkkxksa dh lajpuk ,oa
muls mRlftZr gkWeksZUl ds dk;ksZ dk o.kZu dhft,A

6- ,fMuksgk;iksQk;fll ,oa U;wjksgk;iksQk;fll dh lajpuk dk o.kZu
dhft,A

7- ih;w"k vUr%L=koh xzfUFk dh lajpuk dk o.kZu dhft,A

8- ih;w"k xzfUFk ds }kjk L=kfor gkWeksZUl ds dk;ksZa dk o.kZu dhft,A

9- Fkk;jkWbM xzfUFk dh lajpuk dk o.kZu dhft,A

10- Fkk;jkWbM xzfUFk ls L=kfor gkWeksZUl] muds dk;Z ,oa gksus okyh folaxfr;ksa
dk o.kZu dhft,A

11- ,fMªuy xzfUFk dh lajpuk dk o.kZu dhft,A

12- ,fMªuy dkVsZDl dh lajpuk dk o.kZu dhft,A

13- ,fMªuy esM;wyk dh lajpuk ,oa gkWeksZUl ds dk;ksZa dk o.kZu dhft,A

14- ,fMªuy xzfUFk ls L=kfor gkWeksZUl ,oa mudh vfu;ferrkvksa dk o.kZu
dhft,A

15- iSjkFkk;jkbM xzfUFk dh lajpuk ,oa dk;ksZa dk o.kZu dhft,A

16- Fkk;jkWbM ,oa iSjkFkk;jkbM xzfUFk gkeksZUl ds L=ko.k ds fu;eu dk o.kZu
dhft,A

17- Fkk;el vUr%L=koh xzfUFk dh lajpuk dk o.kZu dhft,A

18- ySaxjgSUl }hi lewg dh lajpuk ,oa dk;ksZa dk o.kZu dhft,A
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5-21 lgk;d ikBî lkexzh (Suggested Readings)

Books of MP Hindi Granth Academy

1. Parker & Haswall : Text Book of Vertebrate Zoology

2. Kotpal, RL : Vertebrate

3. Jordan, EL and Verma, PS : Chordate Zoology

4. Rastogi, VB : Organic Evolution

5. Singh and Chaturvedi : Organic Evolution

6. Ernst W. Mayr : Evolution and the Diversity of life

7. Colbert : Evolution

8. Verma, PS and Agrawal, VK : Cell Biology, Genetics,
Molecular Biology, Evolution

9. Verma PS : Animal Physiology

10. Nigam, HL : Animal Physiology

11. Wood, DW : Principle of Animal Physiology

12. Berry, AK : Animal Physiology and
Biochemistry

13. Prosser, CL : Animal Physiology and
Biochemistry

14. Goyal and Shastri : Animal Physiology

15. Shrivastava, HS : Biochemistry

16. Lehninger : Biochemistry
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