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dhihfM;k fo|qr dks ÅtkZ ds ,sls 
:i dh rjg ifjHkkf"kr djrk gS tks 
vkosf'kr d.kksa ¼tSls fd bysDVªku ;k 

çksVku½ ds ekStwn jgus ds ifj.kkeLo:i vkos'k 
ds iqat dh rjg fLFkfrt :i esa ;k ^/kkjk* dh 
rjg xfrt :i esa mRiUu gksrh gSA 

fiNyh lnh esa fo|qr vkSj mlds mi;ksxksa us 
lekt dks :ikUrfjr dj fn;k gSA vkt gj fnu 
ds gj {k.k esa ge vpsru :i ls] fo|qr ds lpsr 
cks/k ds fcuk gh blds }kjk pyus okys fdlh 
u fdlh midj.k] vkStkj ;k e'khu dk mi;ksx 
djrs jgrs gSaA ;fn ge cPpksa ;k cM+ksa ls fdlh 
,slh pht dk uke crkus ds fy, dgsa tks bl 
vn~Hkqr 'kfä }kjk lapkfyr gksrh gS] rks muds 
fy, dEI;wVjksa ls ysdj jks'kuh nsus okys cYcksa] 
e'khuksa] jsfÝtjsVj] eksckby Qksu bR;kfn rd 
reke phtksa dks fxuk nsuk cgqr vklku gksxkA 
ysfdu eq>s lUnsg gS fd muesa ls dksbZ Hkh lalkj 
esa fo|qr ls lapkfyr gksus okyh lcls tfVy 

ekuo 'kjhj ds dke djus esa fo|qr D;k Hkwfedk fuHkkrh gS\ Ldwy ds nkSjku lh[ks tkus okys 
foKku esa fo|qr dh Nkuchu ,d fo"k; ds :i esa HkkSfrd'kkL= ds vUrxZr dh tkrh gSA 
jlk;u'kkL= esa Hkh mldh FkksM+h ppkZ gksrh gS] ysfdu thofoKku esa] fo'ks"k :i ls thou 
dks cuk, j[kus esa] fo|qr ds egÙo dks le>uk Hkh vko“;d gSA ;g ys[k ekuo 'kjhj dh 
fofHkUu çfØ;kvksa ds dke djus esa fo|qr dh egÙoiw.kZ Hkwfedk dh tk¡p&iM+rky djrk gSA

e'khu dk uke ysxkA okLro esa ge bl e'khu 
dk vius thou ds gj {k.k mi;ksx djrs gSaA gk¡] 
eSa ekuo 'kjhj dh ckr dj jgk gw¡A 

ekuo 'kjhj gh ugha fdlh Hkh tho:i dk 'kjhj 
mu lcls tfVy e'khuksa esa 'kqekj gksxk tks fo|qr 
dh 'kfä ls lapkfyr gksrh gSaA

fuf'pr gh eq>s fo'okl gS fd ,d cqfu;knh ry 
ij] vf/kdka'k yksx ;g tkurs gSa fd 'kjhj esa 
gksus okyh gj fØ;k ¼fny ds /kM+dus ls ysdj] 
gekjs vklikl dh phtksa dks vuqHko djus rd] 
efLr"d dh tfVy laKkukRed dk;Zç.kkyh ls 
ysdj ml çse ds Hkko rd ftls ge vuqHko 
djrs gSa½ jklk;fud vfHkfØ;kvksa ls ÅtkZ ikdj 
lapkfyr gksrh gSA vkSj gj jklk;fud fØ;k 
fo|qr vkos'kksa ds vkaf'kd ;k iw.kZ vknku&çnku 
ds dkj.k ?kfVr gksrh gSA ;|fi vf/kdka'k cPps 
vkSj vusd cM+s Hkh ltx :i ls blds ckjs esa 
ugha lksprsA ;g Li"V gS fd thou ds fufeZr 

fo|qr dk 
thofoKku

jkexksiky ¼jke th½ oYyr

v
UrfoZ"k;h 

foKku
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1- dksf'kdkvksa esa vfHkfØ;kvksa dks mRçsfjr 
djuk
os çksVhu tks dksf'kdkvksa esa jklk;fud 
vfHkfØ;kvksa dks mRçsfjr djrs gSa] ,Utkbe 
dgykrs gSaA ekuo 'kjhj esa ,Utkbe fofo/k 
çdkj dh Hkwfedk,¡ fuHkkrs gSa] mnkgj.k ds 
fy, os Hkkstu ds T;knk cM+s v.kqvksa dks  
vf/kd ljy vo;oksa esa rksM+ nsrs gSa] rkfd 
dksf'kdkvksa dh f>fYy;ksa esa ls gksdj mudk 
folj.k vklkuh ls gks ldsA bu çksVhuksa esa 
'kkfey gSa% ,sehysfll tks dkcksZgkbMªsV~l dks 
ipkus esa lgk;d gksrs gSa( isiflu tks çksVhuksa 
dks ipkus esa enn djrs gSaA vU; çksVhu] 
tSls fd Mh-,u-,- i‚yhejkt] dksf'kdkvksa ds 
foHkktu ds igys Mh-,u-,- ds u, lw=ksa dk 
la'ys"k.k djus esa lgk;rk djrs gSaA 

2- ladsrksa dk mÙkj nsuk
dbZ çksVhu ckgjh ladsrksa dks idM+us vkSj 
mudk mÙkj nsus esa enn djrs gSaA mnkgj.k 
ds fy,] ,sfDVu rFkk ek;ksflu] ekalisf'k;ksa ds 
Årdksa dks fldqM+us ;k <hyk djus esa enn 
djrs gSaA

3- jklk;fud ladsrksa dks idM+uk vkSj Hkstuk
dqN çksVhu ladsr nsus okys ,sls v.kqvksa dh 
rjg dke djrs gSa tks fØ;k dks mdlkus ds 
fy, t:jh tkudkjh ys tkrs gSaA bUlqfyu 
,slk gh ,d gkeksZu gS tks [kwu esa 'kDdj ds 
Lrj dks fu;af=r djus ds fy, ladsr dh 
rjg dke djrk gSA dksf'kdkvksa esa ik, tkus 
okys fofHkUu xzkgh vo;o bu ladsrksa dk mÙkj 
nsrs gSaA

4- lajpuk çnku djuk
dbZ dksf'kdkvksa dh lajpuk lw{e&rUrqvksa ls 
feydj curh gSA ,sls rUrq Lo;a nks çksVhuksa 
¼,sfDVu rFkk V~;wcqfyu½ ls feydj curs gSaA 

5- dksf'kdkvksa dh f>Yyh ds vkjikj inkFkksaZ 
dk ifjogu djuk
fofHkUu okfgdk çksVhu] vko';drk ds vuqlkj 
v.kqvksa vkSj ijek.kqvksa ds vkokxeu ds fy, 
[kqydj] mudks dksf'kdkvksa dh f>Yyh esa ls 
gksdj ykus&ys tkus esa lgk;d gksrs gSaA bl 
ys[k esa ckn esa bls foLrkj ls crk;k tk,xkA

6- 'olu dh xSlksa dk ifjogu djuk
dqN çksVhu 'olu xSlksa ds lkFk c¡/k tkrs gSa 
vkSj bl rjg os mUgsa 'kjhj ds fofHkUu vaxksa 
esa ys tkrs gSaA mnkgj.k ds fy,] gheksXyksfcu 
jä dk ,d ,slk tfVy çksVhu gS tks QsQM+ksa 
ls vkDlhtu dks Årdksa rd ys tkrk gSA 

7- 'kjhj dh jksxksa ls j{kk djuk
fofHkUu çfrj{kh ¼,.Vhc‚Mh½ çksVhu geyk djus 
okys dhVk.kqvksa ls 'kjhj dh j{kk djrs gSaA

çksVhuksa ds 
dqN dk;Z
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gksus esa Hkh fo|qrh; vkos'k oSlh gh egÙoiw.kZ 
Hkwfedk fuHkkrs gSa] tSlh fd os leLr inkFkZ dh 
vk/kkjHkwr lajpuk esa fuHkkrs gSaA 

ijUrq mrus gh Li"V os reke rjhds ugha gSa 
ftuds }kjk fo|qr thou dks cuk, j[krh gSA 
eSa bl ys[k esa blds dqN mnkgj.kksa dh Nkuchu 
d:¡xkA

çksVhu & dksf'kdh; ifjJeh dkexkj
'kjhj esa fo|qr }kjk fuHkkbZ tkus okyh Hkwfedkvksa 
esa ,d thou ds dsUæh; ?kVdksa ¼fofHkUu çksVhu] 
tks fd dksf'kdkvksa ds ifjJeh dkexkj gksrs gSa½ 
dh dk;Zç.kkyh ls lEcfU/kr gSA gekjs 'kjhj esa 
gtkjksa çksVhu gksrs gSa tks dksf'kdkvksa ds Lrj ij 
gj {k.k] fnekx dks pdjk nsus okyh fojkV la[;k 
esa fofo/k dk;Z djrs jgrs gSaA buesa ls dqN çeq[k 
dk;Z bl çdkj gSa &

fo|qr vkSj çksVhuksa ds vkdkj
çksVhuksa esa fo|qr Li"V :i ls fdl rjg 
egÙoiw.kZ gksrh gS\ çksVhu muds cqfu;knh ?kVd 
va'kksa ¼vehuks vEy½ ds fofo/k la;kstuksa ls curs 
gSaA ekuo çksVhu cukus okys chl vehuks vEy 
esa ls çR;sd esa ;s vo;o gksrs gSa % ,d vehuks 
lewg ¼NH2½] ,d dkcksZfDly lewg ¼COOH½] 
,d dsUæh; dkcZu tks bu nks lewgksa dks tksM+rk 
gS rFkk ,d ifjorZu'khy lewg ¼ftls 'kk[kk 
“k`a[kyk & lkbM psu & Hkh dgrs gSa½ tks gj 
vehuks vEy ds fy, vyx&vyx gksrk gSA nks 
vehuks vEy ,d lgla;kstd cU/k ds ek/;e 
ls vkil esa tqM+rs gSa] ftls iSIVkbM cU/k dgrs 
gSaA ;g ,d vEy ds vehuks lewg vkSj nwljs 
vEy ds dkcksZfDly lewg ds chp fufeZr gksrk 
gS vkSj bl çfØ;k esa ikuh dk ,d v.kq fudy 
tkrk gSA iSIVkbM cU/kksa ls tqM+s gq, ,sls rhu ;k 
pkj vehuks vEyksa ds xBtksM+ dks i‚yhiSIVkbM 
“k`a[kyk dgk tkrk gSA ;s i‚yhiSIVkbM “k`a[kyk,¡ 
gh çksVhuksa dks cukus ds fy, fof'k"V f=&vk;keh 
vkdkj /kkj.k djrh gSaA gj çksVhu vius vuks[ks 
vkdkj ds dkj.k gh viuk fo'ks"k dk;Z djus 

esa leFkZ gksrk gSA fdlh çksVhu dk lgh&lgh 
vkdkj mldks fufeZr djus okyh i‚yhiSIVkbM 
“k`a[kykvksa esa vehuks vEyksa ds lgh&lgh Øe  
}kjk fu/kkZfjr gksrk gSA ,d çksVhu gtkjksa vehuks 
vEyksa ds la;kstu ls fufeZr gksrk gSA fdlh ,d 
Hkh vehuks vEy esa E;wVs'ku ds dkj.k gksus okys 
ifjorZu ds QyLo:i ml çksVhu dk vkdkj 
cny ldrk gS] tks mls mldk fu/kkZfjr dk;Z 
djus esa ;k rks T;knk çHkkodkjh cuk ldrk gS] 
;k fQj iwjh rjg çHkkoghu cuk ldrk gSA

çksVhu ds <k¡ps çkFkfed] f}rh;d] r`rh;d 
vkSj dHkh&dHkh prqFkZd çdkj ds gksrs gSa tks 
muds vkdkj dks fu/kkZfjr djrs gSaA fdlh 
çksVhu dk çkFkfed <k¡pk cl mu vehuks vEyksa 
dk flyflyk gksrk gS tks feydj mldh 
i‚yhiSIVkbM “k`a[kyk cukrs gSaA mldk f}rh;d 
<k¡pk i‚yhiSIVkbM “k`a[kyk ds ,d VqdM+s ds 
vkdkj dk gksrk gSA ;g vkerkSj ij ,d dq.Myh 
¼vYQk dq.Myh½ ;k ,d eqM+dj cuh rgksa okyh 
pknj ¼chVk 'khV & tks i‚yhiSIVkbM “k`a[kykvksa 
dh rgsa cu tkus ds dkj.k fufeZr gksrh gS½ ds 

chl vehuks vEy
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Lo:i dk gksrk gSA eqM+dj cuus okyh ;s  
f}rh;d rgsa “k`a[kyk esa ekStwn ,d vEy ds  
/kukRed fo|qr vkos'k okys gkbZMªkstu ijek.kq 
vkSj “k`a[kyk ds fdlh nwljs vehuks vEy ds ,d 
_.kkRed fo|qr vkos'k okys ijek.kq ¼vkerkSj ij 
vkDlhtu½ ds chp cU/k cuus ds dkj.k fufeZr 
gksrh gSaA “k`a[kyk ds bu nksuksa fgLlksa ds chp esa 
ekStwn fLFkfrt fo|qrh; vkd"kZ.k ds dkj.k ,slk 
gksrk gSA f}rh;d <k¡ps fofHkUu cyksa ¼gkbMªkstu 
cU/kksa] vyx&vyx vehuks vEyksa dh 'kk[kk 
“k`a[kykvksa ds chp cuus okys vk;fud cU/kksa] 
vyx&vyx 'kk[kk “k`a[kykvksa esa ekStwn lYQj 
ds ijek.kqvksa ds chp ds MkblYQkbM cU/kksa 
vkSj oku Mj oky cyksa½ ds dkj.k vkxs pydj 
r`rh;d <k¡ps cukrs gSaA vUr esa lEiw.kZ <k¡ps dks 
,d fo'ks"k çfØ;k ¼gkbMªksQksfcd iSfdax½ ds }kjk 
,d f=&vk;keh vkdkj esa <ky fn;k tkrk gSA 
,slk bl rF; ds dkj.k ?kfVr gksrk gS D;ksafd 
dqN vehuks vEyksa dh ,slh /kzqoh; 'kk[kk “k`a[kyk,¡ 
gksrh gSa tks gkbMªksfQfyd ¼ikuh ds çfr vkdf"kZr 
gksus okyh½ gksrh gSa] vkSj dqN vehuks vEyksa dh 
,slh xSj&/kzqoh; 'kk[kk “k`a[kyk,¡ gksrh gSa tks 
gkbMªksQksfcd ¼ikuh ls fodf"kZr gksus okyh½ gksrh 
gSaA dksf'kdkvksa ds Hkhrj ds rFkk dksf'kdkvksa ds 
ckgj ds ftu æoksa esa çksVhu jgrs gSa] os eq[; :i 
ls ikuh ls cus gksrs gSa ftldh ç—fr fo|qr/kzqoh; 
gksrh gSA blh dkj.k çksVhu eqM+dj bl rjg ls 
ijrsa cukrs gSa fd gkbMªksQksfcd 'kk[kk “k`a[kyk,¡ 
æo ls gVdj çksVhu ds vkUrfjd Hkkx esa pyh 
tkrh gSaA blls gkbMªksfQfyd 'kk[kk “k`a[kyk,¡ 
çksVhu ds ckgj ds fgLls esa vk tkrh gSa vkSj 
bl çdkj çksVhu eqM+dj fof'k"V Lo:i okys 
f=&vk;keh vkdkj xzg.k dj ysrs gSaA 

blfy,] ;g dkQh Li"V gS fd dksf'kdh; çksVhuksa 
dk vkdkj fu/kkZfjr djus esa] gkbMªkstu cU/k] 
vk;fud cU/k rFkk gkbMªksQksfcd iSfdax ds :i 
esa fLFkfrt fo|qrh; cy egÙoiw.kZ Hkwfedk fuHkkrs 
gSaA çksVhuksa ds ;s vkdkj muds dkedkt ds fy, 
rFkk vUrr% thou cuk, j[kus ds fy, vR;Ur 
vko';d gksrs gSaA

vk;u çokfgdkvksa rFkk f>Yyh ds foHko  
esa fo|qr
dksf'kdkvksa ds dkedkt esa fo|qr }kjk ,d 
vf/kd çR;{k Hkwfedk vk;u çokfgdkvksa vkSj 
f>fYy;ksa ds foHkoksa dh la;ksftr fØ;k ds ek/;e 
ls fuHkkbZ tkrh gSA

'kjhj dh gj dksf'kdk vius vkUrfjd vkSj cká 
fgLls ds chp esa] dksf'kdk f>Yyh ds vkjikj] 
,d fo|qrh; foHkokUrj cuk, j[krh gS] ftls 
foJkekoLFkk dk foHko dgrs gSaA bls dksf'kdk ds 
Hkhrj vkSj ckgj fdlh fo'ks"k vk;u ds lkUæ.kksa 
esa vUrj ds }kjk cuk, j[kk tkrk gSA dksf'kdk 
;g vUrj dSls cuk, j[krh gS\ dqN ,sls çksVhu 
gksrs gSa tks f>Yyh ij QSys gq, lsrq cuk, jgrs gSa 
vkSj lfØ; :i ls vk;uksa dks f>Yyh ds vkjikj 
muds lkUæ.k >qdko ds foijhr /kdsyrs gSa] bUgsa 
vk;u iEi dgk tkrk gSA ;s gh vk;uksa dks 
fujUrj dksf'kdk ds vUnj ;k ckgj iEi djds 
dksf'kdk dk foJkeoLFkk dk foHko cuk, j[kus esa 
lgk;d gksrs gSaA blds vykok] vk;u çokfgdk,¡ 
dgykus okys vU; çksVhu Hkh f>Yyh ij QSys 
jgrs gSa tks mdlk, tkus ij [kqy tkrs gSa vkSj 
fuf"Ø; :i ls vius lkUæ.k >qdko dh fn'kk 
esa vk;uksa dks cgus nsrs gSaA ;s vk;u çokfgdk,¡ 
dsoy fof'k"V vk;uksa dks gh vius esa ls xqtjus 
nsrh gSaA bu vk;u çokfgdkvksa dks fufeZr djus 
okys çksVhuksa ds tfVy vkdkj ;g lqfuf'pr 
djrs gSa fd çR;sd çdkj dh vk;u çokfgdk 
dsoy pqus gq, [kkl vk;u ds çokg ds fy, 
gh [kqyh jgrh gSA tSls fd ekuo 'kjhj esa ikbZ 
tkus okyh dqN çeq[k vk;u çokfgdk,¡ lksfM;e 

α helix

β pleated sheet

Examples of
amino acid
subunits

f}rh;d <k¡ps & vYQk ghfyDl rFkk chVk 'khV
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çokfgdk,¡¡] iksVSf'k;e çokfgdk,¡¡] dSfY“k;e 
çokfgdk,¡¡ rFkk DyksjkbM çokfgdk,¡¡ gksrh gSaA 
fofHkUu dksf'kdkvksa ds dke djus dh çfØ;k esa 
fdlh thfor dksf'kdk dh f>Yyh ds foHko ds 
lkFk dke djus okyh bu çokfgdkvksa dh dsUæh; 
Hkwfedk gksrh gSA

vkb, lcls igys ge raf=dk dksf'kdkvksa dks 
ns[ksaA tc eSa ek/;fed Ldwy dk fo|kFkhZ Fkk] rks 
eq>s yxrk Fkk fd euq"; dh raf=dk O;oLFkk] 
fdlh fojkV e'khu esa yxs rkjksa ds latky ds 
leku gksrh gSA ftlesa raf=dk,¡] bysDVªkuksa ds 
:i esa fo|qr laosxksa dks ykus&ys tkus dk dke 
djrh gSa] tSlk fd ,d lkekU; rkj djrk gSA 
ijUrq raf=dkvksa ds dke djus dk rjhdk ,slk 
ugha gSA 

raf=dk,¡ fo|qr ds :i esa ladsr t:j Hkstrh gSa] 
ijUrq ,slk djus ds fy, os bysDVªkuksa dk ugha 
cfYd vk;uksa dk bLrseky djrh gSaA lkFk gh] 
vk;u dwV ladsrksa esa fufgr lans'kksa dks ysdj iwjh 
raf=dk dh ;k=k ugha djrs & os fdlh raf=dk 
dksf'kdk dh f>Yyh ds vkjikj tkrs gSa] ftlds 
dkj.k mlds f>Yyh foHko dh /kqzoh;rk cny 
tkrh gSA /kzqoh;rk dk ;g ifjorZu ,Dlu ¼tks 
fd ,d dksf'kdk ls fudyus okyk iryk] yEck 
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lksfM;e iksVSf'k;e iEi dh dk;Zç.kkyh

,d U;wjku esa gksus okys NksVh 'kk[kk tSls foLrkj 
dks MsUMªkbV dgrs gSaA U;wjku dh dksf'kdk ds 
eq[; Hkkx ¼vFkkZr lksek½ ds pkjksa vksj QSys mlds 
vusd MsUMªkbVksa ds ek/;e ls gh og U;wjku 
laosxksa dks çkIr djrk gSA ;s MsUMªkbV ladsrksa 

 
Source: https://commons.wikimedia.org/wiki/File:
Neuron.svg Creative Commons Attribution-Share 
Alike 3.0 Unported

,d lkekU; U;wjku

ç{ksi.k gksrk gS tks ladsrksa dks nwljh dksf'kdkvksa 
rd ys tkrk gS½ dh iwjh yEckbZ esa QSy tkrk 
gSA bl ifjorZu ds dkj.k gh ,d fo|qr ladsr 
,Dlu dh yEckbZ dh ;k=k dj ikrk gSA vkSj 
bl rjg raf=dk esa ladsr Hkstk tkrk gSA 

ge ns[ksa fd ;g vly esa dSls dke djrk gSA 
lkekU; voLFkk esa] ,d raf=dk dksf'kdk vius 
ckgj ds ifjos'k vkSj vius vUnj ds fgLls ds 
chp 70 feyh oksYV ¼mV½ dk foHko vUrj cuk, 
j[krh gSA ;kuh mlds vUnj dk Hkkx mlds cká 
ifjos'k dh vis{kk &70 mV ij gksrk gSA ;g 
dksf'kdk dk foJkekoLFkk dk foHko gksrk gSA bls 
dksf'kdk ds vUnj vkSj mlds ckgj ds fgLlksa esa 
lksfM;e rFkk iksVSf'k;e vk;uksa ds vlUrqyu ds 
}kjk cjdjkj j[kk tkrk gSA tgk¡ dksf'kdk ds 
vkUrfjd Hkkx esa] ckgj dh rqyuk esa iksVSf'k;e 
vk;uksa ¼K+½ dh vf/kdrk gksrh gS] dksf'kdk ds 
vkUrfjd Hkkx dh vis{kk mlds ckgj ds ifjos'k 
esa lksfM;e vk;uksa ¼Na+½ dh vf/kdrk gksrh gSA 
ijUrq ckgj Na+ dh vf/kdrk dk ifjek.k] Hkhrjh 
Hkkx esa K+ dh vf/kdrk ds ifjek.k dh rqyuk esa 
cgqr T;knk gksrk gS vkSj bl dkj.k ls dksf'kdk 
dk foHko udkjkRed gksrk gSA 
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blds vykok] iksVSf'k;e vk;u çokfgdk,¡ Hkh 
gksrh gSa tks ngyht foHko dh lhek ij igq¡pus 
ij [kqyrh gSa] ysfdu ;g rqyukRed :i ls  
vf/kd /kheh xfr ls gksrk gSA ,dckjxh tc os 
[kqyuk vkjEHk dj nsrh gSa ¼;gk¡ Hkh ,d ds ckn 
,d ,Dlu dh iwjh yEckbZ esa QSyrs gq,½] rc 
iksVSf'k;e vk;u rsth ls ckgj fudyrs gSa] vkSj 
,Dlu ds ml {ks= dks fQj ls /kzqoh; cuk nsrs 
gSaA bl rjg ls oksYVst dk ,d mNky ,Dlu 
dh iwjh yEckbZ esa vkxs dh vksj QSy tkrk gS] 
vkSj og okfil vius foJkekoLFkk foHko ij igq¡p 
tkrk gSA

vk;u çokfgdkvksa dh Hkwfedk U;wjku ds Hkhrj 
ladsrksa ds laçs"k.k ds lkFk lekIr ugha gks tkrhA 
,dckjxh] tc fØ;k foHko ,Dlu ds vUr rd 
igq¡p tkrk gS] rc mlds dkj.k f>Yyh esa fLFkr 
oksYVst vk/kkfjr }kj okyh dSfY“k;e çokfgdk,¡ 
lkbusfIllksa ¼lkbusfIll ,Dlu ds Nksj ij 
cuh ,slh lajpuk gksrh gS tks ladsr dks nwljh 
dksf'kdk dks lkSaius ds fy, bLrseky dh tkrh 
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fØ;k foHko rFkk vk;u çokfgdk,¡

dks raf=dk lapkjdksa ¼U;wjksVªkalfeVlZ & tks dqN 
jlk;u gksrs gSa½ ds :i esa nwljs U;wjkuksa ls ;k 
,sfUæd dksf'kdkvksa ¼KkusfUæ;ksa esa fLFkr fo'ks"k 
dksf'kdk,¡ tks cká tkudkjh] tSls fd jax] /ofu 
vkfn dks fo|qr&jklk;fud ladsrksa esa ifjofrZr 
dj nsrh gSa½ ls çkIr djrs gSaA ;s raf=dk 
lapkjd] f>Yyh ij QSyh gqbZ ,d fo'ks"k çdkj 
dh vk;u çokfgdk] ftUgsa layXuh;  
}kj okyh izokfgdk dgrs gSa] dks [kqyus ds fy, 
çsfjr djrs gSaA blds QyLo:i Na+ vk;u 
vius lkUæ.k >qdko ds dkj.k dksf'kdk ds vUnj 
dh vksj çokfgr gksus yxrs gSa] vkSj K+ vk;u 
vius lkUæ.k >qdko ds vuq:i dksf'kdk ls ckgj 
dh vksj çokfgr gksus yxrs gSaA pw¡fd Na+ dk 
lkUæ.k >qdko vf/kd gksrk gS vkSj og vius 
>qdko esa uhps dh vksj çokfgr gksrk gS] blfy, 
dksf'kdk ls ckgj tkus okys K+ dh rqyuk esa] 
mlds Hkhrj vkus okys Na+ dk çokg vf/kd 
gksrk gSA raf=dk dksf'kdkvksa esa bl rjg dqy 
feykdj gksus okys vf/kd /kukRed vk;uksa dk 
çokg muds foHko dks fxjk nsrk gS & nwljs 'kCnksa 
esa dgsa rks f>Yyh fu/kzqfor ¼fMiksysjkbt½ dj nh 
tkrh gSA ,dckjxh tc dksf'kdk dk eq[; Hkkx 
¼;k lksek½ i;kZIr :i ls fu/kzqfor gksdj &70mV 
ls &50mV rd fxj tkrk gS] rks og lksfM;e 
vk;u çokfgdkvksa dks [kqyus ds fy, çsfjr djrk 
gS ftuds }kj dk [kqyuk oksYVst ij fuHkZj djrk 
gS & tSls gh oksYVst &55mV dh lhek js[kk ij 
igq¡prk gS] os viuk }kj [kksy nsrs gSaA lksek ds 
lcls utnhd ds ,Dluksa ij fLFkr oksYVst  
vk/kkfjr vk;u çokfgdk,¡¡ lcls igys [kqyrh 
gSa D;ksafd os &55mV ds bl ngyht ds foHko 
ij lcls igys igq¡prh gSaA ,d ckjxh tc os 
[kqy tkrh gSa rks lksfM;e vk;uksa dk ,d cM+k 
çokg dksf'kdk ds Hkhrj vk tkrk gS vkSj og ml 
{ks= dks iwjh rjg fu/kzqfor djds +30mV rd 
ys tkrk gSA ;g mNky ftls fØ;k foHko dgrs 
gSa] rsth ls ,Dlu esa vkxs dh vksj QSy tkrk 
gS] D;ksafd ,d çokfgdk ds [kqyus ds QyLo:i 
nwljh çokfgdk bl ngyht ds foHko ij igq¡p 
tkrh gS vkSj Lo;a [kqydj fQj vxyh çokfgdk 

dks [kqyus ds fy, çsfjr djrh gSA bl rjg 
,d Mksfeuks ¼flyflysokj½ çHkko tSlh çfØ;k 
;gk¡ dke djrh gSA Na+ vk;uksa ds ,d cgqr 
laf{kIr çcy çokg ds ckn ;s çokfgdk,¡ fuf"Ø; 
gks tkrh gSa] ftldh otg ls foHko dk f'k[kj 
+30mV ij jgrk gSA 
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gS½ ij [kqy tkrh gSa] vkSj muls gksdj dSfY“k;e 
vk;uksa dh ck<+ tSlh dksf'kdk ds Hkhrj vk  
tkrh gSA fQj bu dSfY“k;e vk;uksa ds dkj.k 
raf=dk lapkjdksa ls Hkjs lkbusfIVd oslhdy 
¼oslhfdy ,d NksVk&ls FkSys tSlk gksrk gS tks 
lEcfU/kr jlk;u ls Hkjk jgrk gS½ dksf'kdk dh 
f>Yyh esa layXu gks tkrs gSa vkSj bl çfØ;k esa 
viuh lkexzh dks lkbusfIVd vUrjky ¼og ckjhd 
Qklyk tks ,d dksf'kdk ds lkbusfIll vkSj 
y{; dksf'kdk ds xzkgh ?kVd ds chp gksrk gS½ esa 
NksM+ nsrs gSaA raf=dk lapkjd lkbusfIVd vUrjky 
esa QSy tkrs gSa vkSj ,d xzkgh ?kVd ls & tks 
;k rks fdlh vkSj U;wjku okyh f>Yyh ij gksrk 
gS rFkk ladsr dks vkSj vkxs blh çdkj lEçsf"kr 
djrk gS] ;k eka'kis'kh dksf'kdk tSlh fdlh 
xSj&U;wjkuy dksf'kdk ij gksrk gSA 

ij lHkh lkbusfIll jklk;fud rjhds ls raf=dk 
lapkjdksa ds ek/;e ls lapkfyr ugha gksrhaA 
dqN lkbusfIll ,slh Hkh gksrh gSa tks fo|qrh; 
gksrh gSaA bu lkbusfIllksa esa] ftUgsa xSi taD'ku 
¼vUrjky ds tksM+½ Hkh dgk tkrk gS] nks U;wjku 
,slh vk;u çokfgdkvksa ds ek/;e ls tksM+s tkrs 
gSa ftUgsa dusDlUl dgk tkrk gSA ;s lh/ks tksM+ 
jklk;fud lkbusfIllksa dh ç.kkyh dh rqyuk 
esa] ,Dlu foHko dk ,d U;wjku ls nwljs U;wjku 
rd dgha vf/kd rst xfr ls ;k=k djuk lEHko 
cukrs gSaA bl rjg fo|qrh; lkbusfIll ;k rks 
mu U;wjkuksa esa ik, tkrs gSa tks vR;Ur rhoz xfr 
dh çfrorhZ fØ;kvksa ¼fjQySDl ,D'ku½ dks çsfjr 
djrs gSa ;k tgk¡ cM+h la[;k esa dksf'kdkvksa ds 
,d gh le; ij lkFk dke djus dh vko';drk 
gksrh gSA 

mnkgj.k ds fy,] ekalisf'k;ksa dh dksf'kdkvksa 
esa raf=dk lapkjd ,slhfVydksfyu ¼tks ,d 
lkbusfIll ls oslhfdy ds }kjk NksM+k tkrk 
gS½ gh og vo;o gksrk gS tks ekalis'kh rUrq ij 
fLFkr ,d ,lhfVydksfyu xzkgh ¼,d vU; çksVhu 
tks raf=dk lapkjd ls cU/ku cukus ds fy, 
,dne vuq:i vkdkj dk gksrk gS½ dks lfØ; 
djrk gS vkSj xzkgh esa ,d vk;u çokfgdk dks 

[kksy nsrk gS rFkk bl rjg lksfM;e vk;uksa 
ds cM+s çokg dks Hkhrj vkus nsrk gSA fQj ;g 
ekalis'kh esa ,d fo|qrh; laosx iSnk djrk gS] 
ftlds dkj.k dksbZ vax lapkyu dh fØ;k  
gksrh gSA

,d fØ;k foHko Bhd&Bhd fdl rjg ekalis'kh 
ds rUrq dks fldqM+us ds fy, çsfjr djrk gS\ 
bldk mÙkj dbZ vU; vk;u çokfgdkvksa esa 
fufgr gSA

fo|qr laosxksa ds dkj.k dSfY“k;e çokfgdk,¡a] 
tks jk;uksfMu xzkgh dgykrh gSa] [kqyrh gSaA ;s 
çokfgdk,¡ dksf'kdk ds ckgj ds fgLls ls ugha 
tqM+rha] cfYd os f>Yyh ls c¡/ks dksf'kdk ds Hkhrj 
ds dSfY“k;e vk;uksa ds Hk.Mkj ls tqM+rh gSa] 
ftls lSjdksIykfTed jSVhdqye dgk tkrk gSA 
,dckjxh tc lk;uksfMu çokfgdk,¡ [kqy tkrh 
gSa] rks dSfY“k;e vk;uksa dk Hkkjh çokg ekalis'kh 
rUrqvksa ds Hkhrjh Hkkx esa vk tkrk gS] ftlds 
QyLo:i os fldqM+rs gSaA tc dSfY“k;e vk;uksa 
dks okfil bl Hk.Mkj esa iEi dj fn;k tkrk gS 
rks ekalis'kh <hyh gks tkrh gSA fo|qrh; rjhds ls 
lapkfyr gksus okyh ;g eksVj fdruh ckjhdh ls 
cquh xbZ vkSj tfVy gS!! 

bZy eNfy;k¡ & çk—frd fo|qr mRiknd
fodkl dh çfØ;k us dqN çkf.k;kas ds ekalis'kh 
rUrqvksa dks bl rjg la'kksf/kr fd;k gS fd 
mudh fldqM+us dh {kerk [kks xbZ gS] ij mlds 
ctk; os vU; Hkwfedk,¡ fuHkkus esa l{ke gks x, 
gaSA bldk ,d mnkgj.k fo|qrh; bZy eNyh 
esa ns[kk tk ldrk gS] ftlus la'kksf/kr ekalis'kh 
rUrqvksa dk mi;ksx djds ,d vR;Ur çHkko'kkyh 
fo|qrh; >Vdk mRiknd ra= fodflr dj 
fy;k gSA ;g çk.kh 500 oksYV ls Hkh vf/kd 
dk fo|qrh; >Vdk vkSj yxHkx ,d ,Eih;j 
dh fo|qrh; /kkjk mRiUu dj ldrk gS & tks 
fd vk/kk fdyksokV fo|qr 'kfä ds cjkcj gSA 
;g >Vdk ,d euq"; dks ekj Hkh ldrk gSA 
bysfDVªd&js eNyh Hkh blh ls feyrs&tqyrs 
rjhds ls fo|qr iSnk djrh gSA 
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fo|qr bZyksa dh yEckbZ nks ls ysdj <kbZ ehVj 
rd Hkh c<+ ldrh gSA muds 'kjhj dk yxHkx 
80 çfr'kr Hkkx fo|qr cSVjh lewgksa ds lerqY; 
dke djus okys tSfod ra=ksa ds fy, lefiZr 
jgrk gSA ,sls gj ra= lewg esa nksuksa rjQ iryh 
IysV ds tSls la'kksf/kr ekalis'kh dksf'kdkvksa ds 
yxHkx 70 yEcs [kEHks gksrs gSa tks bYDVªksIykDl 
dgykrs gSaA gj [kEHks esa flyflys ls teh gqbZ 
yxHkx 5000&10000 ,slh dksf'kdk,¡ gksrh gSaA

bu dksf'kdkvksa esa ls çR;sd dk ,d i{k raf=dk 
ds fljs ls tqM+k jgrk gSA lkekU;r;k dksf'kdk 
ds nksuksa i{kksa ds chp dksbZ foHko vUrj ugha 
gksrkA tc ;g eNyh vius fo|qrh; gfFk;kj 
dks lfØ; djrh gS] rks og çR;sd dksf'kdk dh 
raf=dk esa ,d laosx dks tkjh dj nsrk gSA ;g 
laosx çR;sd bysDVªksIykd ij ,d ekalis'kh fØ;k 
foHko dks lfØ; dj nsrk gS] ysfdu ,slk flQZ 
ml fgLls esa gksrk gS tks raf=dkvksa ls tqM+k jgrk 
gSA blls dksf'kdk ds nksuksa i{kksa ds chp yxHkx 
150mV dk foHko vUrj iSnk gks tkrk gSA pw¡fd 
;g ,d lkFk lHkh dksf'kdkvksa esa gksrk gS] vkSj 
pw¡fd gj [kEHks dh dksf'kdk,¡ Js.khc) rjhds ls 
tqM+dj dke djrh gSa] blfy, bZy ds 'kjhj esa 
lcds ;ksxnku dks feykdj lexz :i ls 500 
oksYV rd dk oksYVst fufeZr gks tkrk gSA ;fn 
bl gfFk;kj dks yxkrkj bLrseky fd;k tkrk 
gS rks dksf'kdk ds Hkhrj ck<+ dh rjg vkus okys 
lksfM;e vk;uksa dks fQj ls ckgj iEi fd, tkus 
dk le; ugha feyrkA blds QyLo:i fØ;k 
foHko vkSj oksYVst rc rd yxkrkj fxjrk tkrk 
gS tc rd fd cSVjh iwjh rjg vkos'kjfgr ugha 
gks tkrhA 

bysfDVªd&js esa bysDVªksIykDl

fo|qrh; rjhds ls fu;ksftr fny dh  
/kM+du
vR;Ur gh lVhd vkSj fo|qrh; 'kfä ls  
lapkfyr gksus okyh ,d vkSj rkdroj e'khu 
euq"; dk ân; gS & ;g fnu esa yxHkx 
1]00]000 ckj /kM+drk gSA tc rd ;g thfor 
jgrk gS rc rd dHkh Hkh ugha #drkA bls ,d 
fØ;k foHko ds :i esa fo|qrh; 'kfä feyrh gS 
tks nkfgus ,sfVª;e dh nhokj esa fLFkr islesdj 
dksf'kdkvksa esa iSnk dh tkrh gSA

ân; esa [kwu Åij ds d{kksa ¼,sfVª;k½ ls gksdj 
ços'k djrk gSA fQj ;g ladqpu ds }kjk jä dks 
ân; ds vis{kk—r cM+s fupys d{kksa ¼oSUVªhfdYl½ 
esa /kdsyrk gSA fQj yxHkx vk/kk lsds.M ckn 
oSUVªhfdYl fldqM+rs gSa vkSj bl çfØ;k ds }kjk 
[kwu dks ckgj iEi djrs gSa] ck,¡ osUVªhfdy 'kjhj 
esa vkSj nk,¡ osUVªhfdy QsQM+ksa esa Hkstrs gSaA 

ân; ds mfpr vkSj l{ke <ax ls dke djus ds 
fy, ;g cgqr t:jh gS fd lHkh ladqpu'khy 
dksf'kdkvksa ds leosr <ax ls ,d lkFk fldqM+us 
ds }kjk bu ladqpuksa dh y; cjdjkj j[kh tk,A 

ân; dh y; dks lapkfyr djus okyh islesdj 
dksf'kdkvksa dks lkewfgd :i ls lkbuks&,sfVª;y 
uksM dgk tkrk gSA ân; dks mRçsfjr djus 
okys fo|qrh; laosx dh 'kq#vkr lksfM;e vk;u 
çokfgdkvksa ds }kjk dh tkrh gSA ;g f>Yyh 
ds foHko dks myV nsrk gS vkSj fQj og bu 
dksf'kdkvksa ds Hkhrj fLFkr dSfY“k;e vk;u 
çokfgdkvksa dks [kksy nsrk gS] ftlls dSfY“k;e 
vk;uksa dh ck<+ ckgj ls dksf'kdkvksa ds Hkhrj 
vk tkrh gSA fQj ;s vk;u vU; dSfY“k;e 

Right Atrium Left Atrium
Sinus Node

AV Node

Left VentricleRight Ventricle

ân; & islesdj dksf'kdk,¡ vkSj fo|qrh; laosx
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çokfgdkvksa dks [kksy nsrs gSa ftlds  
ifj.kkeLo:i dksf'kdkvksa ds vkUrfjd Hk.Mkj  
esa ls cM+h rknkn esa dSfY“k;e vk;u NksM+s tkrs 
gSaA ;s dSfY“k;e vk;u ladqpu'khy çksVhuksa ls 
fØ;k djrs gSa vkSj ân; dh ekalisf'k;ksa dks 
fldqM+us ds fy, ck/; djrs gSaA ;gk¡ dSfY“k;e 
dh çokfgdkvksa ds gksus dk ykHk ;g gS fd 
lksfM;e çokfgdkvksa ds foijhr os rc rd [kqyh 
jgrh gSa tc rd fd f>Yyh dk foHko /kukRed 
jgrk gSA pw¡fd fØ;k foHko vk/kk lsds.M ds 
yxHkx jgrk gS] blfy, dSfY“k;e çokfgdk,¡ 
;g lqfuf'pr djus esa lgk;d gksrh gSa fd mlds 
ifj.kkeLo:i mRiUu gksus okyk ekalisf'k;ksa 
dk ladqpu mlls T;knk le; rd pysA vc 
iksVSf'k;e çokfgdk,¡ [kqyrh gSa vkSj dksf'kdk 
dks fQj ls /kzqoh; cukrh gSa rFkk dSfY“k;e 
çokfgdkvksa dks cUn djrh gSaA ;s iksVSf'k;e 
çokfgdk,¡a] raf=dk dksf'kdkvksa dh iksVSf'k;e 
çokfgdkvksa dh vis{kk vkSj Hkh /khjs&/khjs [kqyrh 
gSa rFkk bl rjg ân; ds fØ;k foHko dks dk;Z 
djus ds fy, vko';d le; çnku djrh gSaA

çR;sd laosx islesdj dksf'kdkvksa ls igys 
,sfVª;ks&oSUVªhdqyj dksf'kdkvksa ¼tks ,sfVª;k  
rFkk oSUVªhfdYl ds chp esa fLFkr gksrh gSa½ rd 
tkrk gS vkSj fQj oSUVªhfdYl ds pkjksa vksj dh 
dksf'kdkvksa esa tkrk gSA blls ;g lqfuf'pr  
gksrk fd igys ,sfVª;k vkSj fQj oSUVªhfdYl  
Øe ls fldqM+rs gSa] blh ds ifj.kkeLo:i fny 
ds /kM+dus dh lqifjfpr ^/kd&/kd* y; iSnk 
gksrh gSA 

tSlk fd vki ns[k ldrs gSa] ân; ,d ckjhdh 
ls x<+k x;k vkSj le; ds vUrjkyksa esa fu;af=r] 
tfVy vkSj 'kfä'kkyh Lopkfyr fo|qr iEi gSA

gekjh izR;sd laosnu bUnzh fØ;k foHko rFkk 
vk;u çokfgdkvksa dks lfØ; djus ds ek/;e  
ls lalkj dk vuqHko djrh gSA jSVhuk ¼vk¡[k  
dk ijnk½ esa ;g lksfM;e rFkk dSfY“k;e vk;u 
çokfgdkvksa ds tfVy >jus tSlh çfØ;k ds 
dkj.k gksrk gSA dkuksa esa dksfDy;k esa fLFkr 

ckyksa dh laosnh dksf'kdkvksa dh ;kaf=d gypy 
gh mu vk;u çokfgdkvksa dks [kksyrh gS ftuds 
ifj.kkeLo:i fØ;k foHko mRiUu gksrk gSA 
Lokn dfydkvksa ¼VsLV cM~l½ dh viuh vk;u 
çokfgdk,¡ gksrh gSa tks rc viuk fØ;k foHko 
mRiUu djrh gSa tc ik¡p cqfu;knh Lokn & ehBk] 
uedhu] [kV~Vk] dM+ok vkSj ;qekeh ¼umami½ & 
vuqHko fd, tkrs gSaA gekjh ukd esa yxHkx 350 
fofHkUu çdkj ds xzkgh ?kVd gksrs gSaA ftl v.kq 
dks lw¡?kk tk jgk gS ml ij fuHkZj djrs gq, buesa 
ls vusd lfØ; gks tkrs gSaA blds QyLo:i 
lfØ; dh xbZ dksf'kdkvksa ds gtkjksa la;kstu] 
ftuesa ls gj la;kstu ds dkj.k ,d vyx 
xa/k dk vuqHko gksrk gS] gesa xa/kksa dh ckjhd 
Hksnksa okyh le> fufeZr djus esa leFkZ cukrs 
gSaA ,slk v.kqvksa ds v‚yQSDVjh ¼?kzk.k lEcU/kh½ 
dksf'kdkvksa ds xzkgh vaxksa ds lkFk tqM+ tkus ds 
ek/;e ls gksrk gSA blds QyLo:i fo'ks"k vk;u 
çokfgdk,¡ [kqy tkrh gSa tks v‚yQSDVjh U;wjkuksa 
esa fØ;k foHkoksa dks lfØ; dj nsrh gSaA gekjh 
Ropk esa Hkh ;kaf=d :i ls laosnu'khy vk;u 
çokfgdk,¡ gksrh gSa tks Nq, tkus ij fØ;k foHko 
dks lfØ; dj nsrh gSaA

efLr"d & fo|qrh; <ax ls lapkfyr 
dsUæh; çlaLdj.k bdkbZ ¼lsaVªy çkslsflax 
;wfuV½
gekjs 'kjhj ds lHkh vaxksa esa ls efLr"d lcls 
tfVy fo|qrh;&jklk;fud :i ls fØ;k'khy 
vax gksrk gSA vUrr% ;s lkjs ladsr ogh tkrs gSaA 
blesa ,d vjc ls Hkh vf/kd raf=dk dksf'kdk,¡ 
gksrh gSa vkSj muesa ls çR;sd vU; gtkjksa 
dksf'kdkvksa ls tqM+h jgrh gS] ftlds QyLo:i 
[kjcksa tksM+ cu tkrs gSaA 

efLr"d ds vyx&vyx Hkkx vyx&vyx 
fØ;kvksa dks fu;af=r djus ds fy, lefiZr jgrs 
gSaA ;g ge dSls tkurs gSa\ iwjs efLr"d esa lexz 
:i ls gksus okyh vkSj mlds fofHkUu Hkkxksa esa 
vyx&vyx gksus okyh fo|qrh; xfrfof/k dk 
vuqlj.k djus ds }kjk] geus efLr"d ds dke 
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djus dh ç.kkyh ds ckjs esa egÙoiw.kZ vUr–Zf"V;k¡ 
gkfly dh gSaA vc efLr"d ds voyksdu  
¼czsu LdSfuax½ ds ,sls fofHkUu rjhds miyC/k 
gSa ftudk mi;ksx çR;{k ;k vçR;{k :i ls 
efLr"d esa gksus okyh fo|qrh; xfrfof/k dks  
ekius vkSj fjdkMZ djus ds fy, fd;k tkrk gSA 
,slk ,d rjhdk bysDVªks&,ulsQyksxzke ;k  
bZ-bZ-th- gSA bZ-bZ-th- esa efLr"d esa gksus okyh  
fo|qrh; xfrfof/k ds ckjs esa lwpukvksa dks 
idM+dj efLr"d dh rjaxksa dks fjdkMZ fd;k 
tkrk gSA pw¡fd bZ-bZ-th- efLr"d esa fLFkr lHkh 
U;wjkuksa dh lkewfgd vkSj lexz xfrfof/k n'kkZrk 
gS] blfy, bldh mi;ksfxrk lhfer gSA ij 
vyx&vyx xfrfof/k;ksa vkSj dk;ksaZ ds fy, 
ftEesnkj efLr"d ds vyx&vyx fgLlksa dh 
igpku djus esa ,Q-,e-vkj-vkbZ- ;kuh  
QaD'kuy eSxusfVd jStksusUl besftax  
¼dk;kZ/kkfjr pqEcdh; vuquknh Nfo vadu½  
fof/k dgha vf/kd dkjxj gksrh gSA ;g fof/k 
efLr"d ds fofHkUu {ks=ksa esa gksus okys jä ds 
çokg dks ukirh gS tks fd fo|qrh; xfrfof/k 
dk ,d lwpd gksrk gSA tc lEcfU/kr O;fä 
ls fofHkUu ç'u iwNs tkrs gSa] ;k tc mlls 
vyx&vyx xfrfof/k;k¡ ¼tSls lksuk] ckr  
djuk] lquuk ;k gkFk&iSjksa dk bLrseky djuk] 
fofHkUu rLohjksa dks ns[kuk vkfn½ djokbZ  
tkrh gSa] rc mlds efLr"d ds vyx&vyx 
Hkkxksa esa gksus okyh xfrfof/k dk ekufp=.k 
djds] oSKkfudksa us fofHkUu fØ;kvksa] fopkjksa 
vkSj Hkkoukvksa ds fy, ftEesnkj efLr"d ds 
vyx&vyx {ks=ksa dh igpku djus esa  
lQyrk ikbZ gSA

eSa efLr"d dh dk;Zç.kkyh esa vkSj xgjkbZ esa  
ugha tkÅ¡xk] D;ksafd mlds fy, vyx ls ,d 
iwjh fdrkc dh t:jr gksxhA ij bruk dguk 
dkQh gS fd efLr"d dh tfVy dk;Zç.kkyh dks 
le>us dh ;k=k esa ge vHkh Hkh çkjfEHkd  
voLFkk esa gh gSaA

'kjhj rFkk mlds vaxksa ds fodkl vkSj 
muds vkdkj dks fu/kkZfjr djuk
vUr esa eSa tSo&fo|qr ¼ck;ks&bysfDVªflVh½ ds  
{ks= esa gks jgs lcls u, 'kks/kdk;Z dk laf{kIr 
mYys[k djuk pkgw¡xkA ;g cgqr gh egÙoiw.kZ 
gSA gky ds v/;;uksa ls ,sls ladsr feyrs gSa fd 
dksf'kdkvksa ds ,d lewg ds foJkekoLFkk foHko 
dks ifjofrZr djuk vaxksa ds fodkl dks çsfjr  
dj ldrk gSA oSKkfudksa us VSMiksyksa vkSj esa<dksa 
dh ifjiDo dksf'kdkvksa ds lewgksa ds dksf'kdk 
foHkoksa dks ifjofrZr djds muesa u, vax vkSj 
gkFk&iSj fodflr fd, gSaA ;g lEHko çrhr 
gksrk gS fd dksf'kdkvksa ds foHkoksa dk Lo:i  
gh ladsrksa ds }kjk vaxksa vkSj gkFk&iSj ds 
f=&vk;keh fodkl dks çsfjr djrk gS vkSj ;g 
lqfuf'pr djrk gS fd vax mi;qä ifjek.kksa  
vkSj vkdkjksa esa fodflr gksaA vaxksa ds iqu#Riknu 
ds fpfdRlk foKku ds fy, bl ckr ds cgqr  
egÙoiw.kZ fufgrkFkZ gSa] D;ksafd 'kY; fØ;k }kjk 
'kjhj ds dkVs tk pqds vaxksa dks rc lEHkkfor 
:i ls] muds Nksj dh dksf'kdkvksa ds foHko 
dks ifjofrZr djds] fQj ls fodflr fd;k tk 
ldsxkA dksf'kdk foHko dks vkuqoaf'kd fof/k ls 
,slh ubZ vk;u çokfgdkvksa dks fufeZr djds 
ifjofrZr fd;k tk ldrk gS tks dksf'kdk ds 
Hkhrj vkSj mlds ckgj ds vk;uksa ds lUrqyu  
dks cny nsrh gksaA

fu"d"kZ
tSls&tSls ge tSo&fo|qr ds {ks= esa rFkk 
thofoKku ds {ks= esa çfrfnu ubZ le> çkIr  
dj jgs gSa] fo'ks"k :i ls ekuo 'kjhj esa fo|qr 
dh Hkwfedk ds ckjs esa] gekjh le> esa Hkh 
foLQksVd xfr ls çxfr gks jgh gSA blfy, eq>s 
fo'okl gS fd ekuo 'kjhj dks fo|qr ls lapkfyr 
gksus okyh lalkj dh lcls tfVy e'khu dgus 
ij dksbZ gesa xyr ugha Bgjk ldrkA 
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jkexksiky ¼jke th½ oYyr lcls T;knk fcdus okyh foKku dFkkvksa ds ys[kd vkSj foKku ds çfr mRlkg txkus 
okys O;fä gSaA vt+he çseth fo'ofo|ky; esa vius dke ds vykok os ,d VSDuksyksth LVkVZ vi esa Hkkxhnkj Hkh 
gSaA os ek/;fed Ldwy ds cPpksa ds fy, foKku dk;Z'kkyk,¡ vkSj gkbZLdwy fo|kfFkZ;ksa ds fy, çsjd dk;Z'kkyk,¡ Hkh 
lapkfyr djrs gSaA mudh lkoZtfud çksQkby gS ramgvallath.com, fV~oVj vkbZMh gS @ramgvallath, vkSj bZesy 
vkbZMh gS ramgopal.vallath@gmail.com vuqokn % lR;sUnz f=ikBh
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Electric	eels	can	grow	as	much	as	two	to	two	and	
a	half	metres	in	length.	About	four-fifths	of	their	
bodies	are	devoted	to	the	biological	equivalent	of	
battery	packs.	Each	such	pack	consists	of	around	
70	long	columns	of	thin	plate-like	modified	
muscle	cells,	called	electro-plaques,	on	either	
side.	Each	column	has	about	5000-10000	such	
cells	stacked	up	together.	

One	side	of	each	of	these	cells	are	connected	to	
nerve	ends.	Normally,	there	is	no	voltage	
difference	between	the	two	sides	of	a	cell.	When	
the	fish	activates	its	weapon,	it	sets	off	an	
impulse	down	the	nerve	of	each	cell.	This	
activates	a	muscle	action	potential	on	each	
electro-plaque,	but	only	on	the	side	connected	to	
the	nerves.	This,	in	turn,	produces	a	voltage	
difference	across	the	two	sides	of	the	cell	of	
about	150mV.	Since	this	happens	in	all	cells	
simultaneously,	and	since	the	cells	in	each	
column	act	in	series,	the	combined	voltage	in	the	
eel’s	body	builds	up	to	500	Volts.	Of	course,	if	the	
weapon	is	used	continuously,	the	sodium	ions	
which	flood	into	the	cell	do	not	have	time	to	get	
pumped	out.	This	leads	to	a	continuous	drop	in	
the	action	potential,	and,	consequently,	
the	voltage,	till	finally	the	battery	gets	
completely	discharged.	

The	electrically	engineered	heartbeat

The	heart	is	another	extremely	precise	and	
robust	electricity	powered	machine	–	it	beats	
around	100,000	times	a	day	and	never	stops	as	
long	as	it	is	alive.	It	is	powered	by	electricity	in	
the	form	of	an	action	potential,	which	is	
generated	in	the	pacemaker	cells,	in	the	wall	of	
the	right	atrium.	

Blood	enters	the	heart	via	the	atria	–	the	upper	
chambers.	These,	then	contract	to	force	the	blood	
into	the	the	larger	lower	chambers	of	the	heart,	
called	the	ventricles.	About	half	a	second	later,	
the	ventricles,	in	turn,	contract	to	pump	the	blood	
out	–	the	left	ventricle	to	the	body;	and	the	right	
ventricle	to	the	lungs.	

For	the	proper	and	efficient	functioning	of	the	
heart,	it	is	critical	that	the	rhythms	of	these	

receptors,	and	depending	on	the	molecule	being	
smelled,	many	of	these	are	activated,	giving	rise	to	
thousands	of	combinations	of	activated	cells,	each	
combination	resulting	in	the	sense	of	a	different	
smell,	enabling	us	to	have	a	very	fine	sense	of	
smell.	This	happens	through	the	binding	of	
molecules	to	olfactory	cell	receptors,	opening	up	
specific	ion	channels	that	trigger	action	potentials	
in	the	olfactory	neurons.	The	skin	also	has	
mechanically	sensitive	ion	channels	that	trigger	
action	potential	when	touched.

The	electrically	operated	central	
processing	unit	–	the	brain

The	brain,	where	ultimately	all	these	sensory	
signals	go,	is	the	most	complex	electrochemically	
activated	organ	of	all.	It	has	more	than	a	billion	
nerve	cells,	and	each	of	them	is	connected	to	
many	thousands	of	others,	giving	rise	to	trillions	
of	connections.	

Different	parts	of	the	brain	are	dedicated	to	
controlling	different	functions.	How	do	we	know	
this?	We	have	managed	to	gain	substantial	
insights	into	the	functioning	of	the	brain,	by	
tracking	the	electrical	activity	in	the	brain	as	a	
whole,	as	well	as	in	its	different	parts.	There	are	
various	brain	scanning	methods	which	are	used	
to	measure	and	record	electrical	activity	in	the	
brain,	directly	or	indirectly.	Electro-
encephalogram	or	EEG	is	one	such.	An	EEG	
records	brain	waves	by	capturing	information	on	
the	electrical	activity	in	the	brain.	Since	an	EEG	
gives	the	collective	activity	of	every	neuron	in	the	
brain,	its	use	is	limited.	fMRI	or	functional	
magnetic	resonance	imaging	is	far	more	effective	
in	identifying	regions	of	the	brain	responsible	for	
different	activities	and	functions.	This	method	
measures	the	blood	flow	in	different	regions,	
which	is	an	indicator	of	electrical	activity.	By	
mapping	the	activity	of	different	parts	of	the	
brain	while	subjects	are	asked	different	questions	
or	made	to	do	different	activities	such	as	
sleeping,	talking,	listening,	using	ones	limbs,	
looking	at	different	pictures	etc.,	scientists	have	
been	able	to	identify	the	regions	responsible	for	
various	actions,	thoughts	and	emotions.	

I	will	not	go	deeper	into	the	functioning	of	the	
brain,	because	that	would	require	a	book	by	
itself.	Suffice	it	to	say,	we	are	still	at	a	nascent	

The	pacemaker	cells	that	drive	the	rhythm	of	the	
heart	are	collectively	referred	to	as	the	sino-atrial	
node.	The	electrical	impulse	that	stimulates	the	
heart	is	initiated	by	sodium	ion	channels.	This	
reverses	the	membrane	potential,	and	that,	in	turn,	
opens	calcium	ion	channels	within	these	cells,	
flooding	the	cells	with	calcium	ions	from	outside.	
These	ions,	in	turn,	open	other	calcium	channels	
that	cause	a	larger	number	of	calcium	ions	to	be	
released	from	intracellular	stores.	The	calcium	
ions	interact	with	contractile	proteins	and	make	
the	heart	muscles	contract.	The	advantage	of	
having	calcium	channels	here,	is	that,	unlike	
sodium	channels,	they	remain	active	as	long	as	the	
membrane	potential	is	positive.	Since,	the	action	
potential	is	close	to	half	a	second,	calcium	
channels	help	ensure	that	the	resulting	muscle	
contraction	is	longer.	Now,	potassium	channels	
open,	repolarizing	the	cell,	and	causing	the	calcium	
channels	to	close.	These	potassium	channels	open	
even	more	slowly	than	the	potassium	channels	of	
nerve	cells,	giving	the	action	potential	in	the	heart	
the	time	it	requires	to	act.	

Each	impulse	travels	from	the	pacemaker	cells	to	
atrio-ventricular	node	cells	(located	between	atria	
and	ventricles),	and	then	to	cells	all	around	the	
ventricles.	This	ensures	that	the	atria	contract	
first,	and	then	the	ventricles,	leading	to	the	all	too	
familiar	‘lub-dub’	rhythm	of	the	heart.

As	you	can	see,	the	heart	is	a	precisely	engineered,	
timer-controlled,	intricate	and	robust	automatic	
electric	pump.	

Each	one	of	our	senses	perceives	the	world	
through	the	activation	of	action	potential	and	ion	
channels.	In	the	retina,	it	is	a	complex	cascade	of	
sodium	and	calcium	ion	channels	that	causes	this.	
In	the	ears,	it	is	the	mechanical	movement	of	the	
sensory	hair	cells	in	the	cochlea	that	pull	open	the	
ion	channels	that	cause	action	potential.	The	taste	
buds	have	their	own	ion	channels	that	generate	
action	potential	when	the	five	basic	tastes	–	sweet,	
salt,	sour,	bitter	and	umami	are	detected.	In	the	
nose,	we	have	about	350	different	types	of	

stage	of	understanding	the	complex	functioning	
of	the	brain.	

Defining	the	shape	and	growth	of	the	
body	and	its	organs	

Last	but	not	least,	I	would	like	to	touch	upon	
some	of	the	latest	research	happening	in	the	field	
of	bio-electricity.	Recent	studies	seem	to	indicate	
that	manipulating	the	resting	potential	of	a	group	
of	cells	can	trigger	growth.	Scientists	have	grown	
new	organs	and	limbs	in	tadpoles	and	frogs	by	
manipulating	the	cell	potentials	of	groups	of	
mature	cells.	It	seems	possible	that	the	pattern	of	
cell	potentials	is	what	signals	the	three	
dimensional	pattern	of	growth	for	organs	or	
limbs,	and	ensures	that	organs	grow	to	
appropriate	sizes	and	shapes.	This	has	huge	
implications	for	regenerative	medicine,	since	one	
could	potentially	regrow	amputated	body	parts	
just	by	manipulating	the	electric	potential	of	cells	
at	the	stump.	The	cell	potential	can	be	
manipulated	by	genetically	engineering	new	ion	
channels	that	change	the	balance	of	ions	within	
and	outside	the	cell.	

Conclusion

Our	understanding	of	the	role	of	electricity	in	
the	human	body	and	in	biology	as	a	whole	is	
exploding	as	we	are	gaining	fresh	understanding	
in	the	field	of	bioelectricity	every	day.	I	am	sure	we	
cannot	be	faulted	for	calling	the	human	body	the	
most	complex	electrically	powered	machine	in	
the	world.	
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contractions	are	maintained,	and	also	that	the	left	
and	right	sides	contract	together,	with	all	the	
contractile	cells	contracting	in	unison.	
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