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' 
Jtep~dttet*o" . end -~V:tll.qpmfi111t · !n· fish ~" eompli1;ated 

p,O.OO$Seit ·. ·.ta:ltfl~•tt bv tttarw. lnt?~:•~.t.c· $nd · e.t~lM·lo ·ta~oc~a.~ 

:*~ ftiilb tamb:~. davolops e~tG.t·f\a.ily. i-n lllat~tl 11\•: -$:·otr tnembJ"ane 

"t•:··~:lnmllbi.ac to m:o.s\ .ot \ht ·bl-l-act~l.~e;~t th~ret••CJ•· malnt~ 
.. , . . ' . ' ... · :. . . . 

A$:~-- ~4 ~t•wtb ·of .h$ -JYO · PI·O~ ~ -~~ '•.)Q)tJnSie of 

·tttl,1ien~, chi,tpo:aA.t!$-d tr.· t,tte ~gg dltt.Sn(J. oog~~U;~' ·But:li'\g ehe 
. . . . . ' . . 

-oOU'tQ .,..,, tJ·uty tl$v•1otment •. ~-.-~ d$Pt~.a.lbd. "1C1Qlecu1e.$ a~ 
deQiad$d ,~o ~till' ••#91· lft. thO "'ttJtng ••yo: end also to· 

autll1Y. :p"*"'-~ot• ftt $YMfui$18 of ,.w ~101tt01$cu1tits.~i ~taboltem 
of vati~J.P.J b~1-.~l11a$ -V&tiel\f,_ . .- 41''-'Hl\t •'aQt:i• of' dE~Veiopment , . . . . .. , .. 

~"'""~' 011 ~~ :t~qutt•n•§ tlf th.e emb~0,1: lbe9e ;,;a~lo,ions -ara 
-b.#Jtu-.:l •·u\-. by~ #G)~le.ttoa. o, a~%Ym~ •cttv1ti$e .d11ch r:Ontnl 

'., :' f '. • • •• 

ti\q. ~:~(), ~ ... F\..f.O~~,~ 01fP(J".tlt$.Ei1 g.tt~Q o~Ptt«lU):$.o.n.~ at 
'tlltt•Hilt .·Q;t;eQJ •. ot d$v~Jlopsn.f1t\•~··1atB$iY· 01!'1\t:.Ol$ t-· modulation 

QAV.i$ftmt1~ · ait!o PlAW$ imm~· lmp~~a~ tole · J.~ , .. f3ulot1ng· m&t-a:boliem 
. . . . 

dt~t'!n.g .. •#JI~·~t·;~: "-te\\o •. itP.J bt ·tieh J.•· e talli.l.o proce>u end 

a!\_. oottlif~n$dQty· c.h:aJ\~8 Uil$h ttltf)te•J.o.n,a !ft. \he: emt.itoi1Jnent.· 

·•1ter$tltft 4,n. ~~B~*-tcai .. ..,4tt~nt. of ..attt.•; 1n ~lett ttta . . . . . . . 
·~unb#yo d•viii~:. ~-a• ~c ~1\&~$\~o!$ · ~ ~;,t\a·, ot ··d.ev:•lopm•"-•·• 
-yond$ .. ~t~\:lltllit ~:t amtt.o•n,a1,~f1~ct~$\,iO;~lil•~ ·:t.~ $~btyos 
dle, ctve to ·ttl$: b~ak.dllutn of' C'lGtaboUQ. h~o-~.-~1~~;? t1$tabollc 

. ·. . . -~~: ....... . 

·4ldtptath" to ••iV.lV.tl in va1J'iattle. co.ndl~lotte: .ot;-:.'th·a· -artvit-onmertt . . . ·. . :. ~, . . . . . '. ·- . . . ~- . ' . . . - - .) . .. . 

~,a~·-&·.tdctaly ·•,\g d,if,•tqnt. tpac.b-~1· th&•:cte~tO.pni$rrt~l·_.~tages 
_,, ••J!Ia tt•~~-• f't~,o · Q a4t!t$: t"h'~ranQa f.ange wt\!.l$:~:f-or sotne· .oth~~'s 

it·. 4'. ·t·r n·~~'\ ' .. .,_' "41,0!',._,~,; 

C.mtmlttt ~arp: («ret•,n~ '·~fp.t..J);.iGI· ;81\·. a•tamP11i1:,~b~t· .. fl$htatl· 
. l ·. I . . . . .. ,. ' . 

h$v:IJ.t\1 ~ t>Jtad •~ o.f ,,Pl&t'$10,: ca#~t.ty~1. tt···t;t~Jed$·.:and.- g~ws 
- > !' • 



j 

-~u · t ltut sa· ·wan •~: ~--t •4.t)i;atel'i hi~- aittt~s: ··-:, tn . a . .. , . . , _ .. a .. . . .. _ 7 . '6'" . . . •. . 

'C$.(l1tlean \I, ·common 0~});~,-~- 'Jndl~n.l!taJ•j ce~. !J Vh_it& 
( ... twu)~•- -'• · :*'l!Jhly a&.ri~d.\ili.D · \~- •ht· ~-nvt~ntal ·Vot.t.~•~~ 
tt; tltwa · ut~J.11- ln t#OJUcaJ_ ... wa\tt.t Wtti, ,i\ •~~ •11 tn 

-~u~~ Jt,· t:e•t.· \.C1 baed ~t,t~•1ly t:~t ~eli ""'t.n'd •t•t 
· t\JQ;~-~- Ad•ttt1ab.tll\.v to fl~t~ ttl~ :~.t.f!te•nt. :tf1: .dtff~tfiJn\ 

. _.. I'' ' ' 

•P;:~iti•· :4.md .if) m;O'f.tiy ·d~~tmJ.htJd by ~nttlc · f$J.'t~,-.,, fh.U ·l• 

: ~#¥-d ·lit. --- ·_fl), d~.tta•m rtJ$Ul;J.it~ CcJ,nt~e,.~tOJ'Y: ol,flllQ0$ 

· tst\ ;s~-.Jlt~l4ti 1~~-~l:f Rti:~JJft, ''-'•. tt~ otttq-~J'tc ,p$tttrtn~ 

· CJf ••'·~~ •·n:4 bf;~~ica~. c:h:e.tfJ~t•· ~n t.ts~s•1· &n· ga-.ral*'· .. 
~4: fA ~-t~-~~: $p~~··•· tn. p~J-t1~-~l$'#j -~" ~~l.ta4• Th~tsfo•tt 

·. ~11"- '"~- :~-~ • '-~-~~t'n .,o Qt~~ th& brea.f1il1g eftl• 
. . 

cl~~;,! -.Jt::ftllf ·of :tlGVet~·ramen\ ·• $V#Y1V.~:t-· ;EJion.~l\i-( :cs;tain 
. '. . : : : ' •, 

~·~~otJf, an,li nu~'·abO'ilo.· Pt.tt•~- ~lrtg ,,.,~. ~atly ttevcalo.~,.,t 
; . . . 

tinct dftU· (·,<liiA J:rtcfi;Sft eft· .. ;. ·: .,..ayrb_. \. "'-: : ··sr.ttt . .,....,. .. ,, . .(· J.__l ·"... ·· ... · · .. -~· .... ··· ·· " $_~4o!~ ~. • '~ CfJI I II J'p 11& . ~!1:~ f: .H~ .. ~ •''' "; \ . (_. .• 4 .• I I~ ,_Ill~ 

tee~••· t•--,ht.t'b. ;sltA'Wdt ··~U.: ::w4\;b :~etatd .to thos.a pat$nletsra 

-an·d t!U.l ptly~toJ~~bttn..loi!i. ·t.uto~ts; ot :.ttta .p!j:l'fd$ .U~e~e a1•o otudtad • 

. _Th$ .,,.,.~t'ft• ·. ~re: -~n.~•~ .,., etit~t~•t••·rt .tnd.iFh 
. a\ G"autta~i.· (t4~l1;·~'~ ,·-'ftii4Ttt) _.si,~ett- at·$11 al.t.ltu. ot .100 m 

. . . - . . . . . . i . . . ' ·. . . .' . ' ' ~· . ' ; . . . . . 

. . JlS~ aJ1d ·-.. Di:~i~Jtg : (t~~'''~ ..• _tt,o.j-t·¢·) at M ~i.\ttutfs •f appJOx• 
. . . : '' . ' . . . . -~ ' .. . ' .·: . :. : •-' . . . .· ' ... : :· . ' . ' : . . . . ~~ ~ .· .. . 

patq~y . t'O~ III·· A$k; ;a.JUt ·_f.latppur.f: (~$0~4.1"~ a 9f0.,fl~):· ailuatod $t 
a~ &1\i~. -~fi- --~8t~o m ~L., Th·a: -~•~ar~nt.l. pon~: rltS1.te · p"pa~~d 
·and .. ~\119cl .. :. ,ti.··· td$mJ.oa1'. conctf••~·•~ · ~-· th•, tlsh ·,e_.· · ot 
·COva·~·~- of.·· A8it6Jll' .~d··· ~a~~Y~:~ ·The . ¢lit•tc~-~-~ea't f~cto.-o 
a, •1\$$$. po~~ ~- GaUhati :~nd -sh~:~Oh9i: -~ ,..,co~.ded ·rot. 18 .. 

month• ~;1A·9.: ·the ~ ... l.tt _,,~u.~:: l~rtu41;y~,~nl· to MayJJ~ao: at 
4 . ' " ~ 

,;, 
'j • • • 



p;~t·m:o.t1,bly. ,.,.,~tvals.~· l\ .tJa$ ob$."""d •he\ ~\ ~t.9he•· elt,_tutte,. 

\~pa•a\~ aruf · pf.i U$-i'• :lO.UJO ~l(l) tftifil· C$t4oMdio~l® CQntent was 

hi9t-G;r · \hl)n · ~hoatt~ $"' · .lOwe• ~1\Uu.tdo .• ;· Ttl.;t dl~a.QlV•d O).C)f9$h d~4 ·not 
. . 

ah'~ ~qy ·.31g"t.t.toa;;t ·•.1~1tudJ~ta1 -dlrt•••nee~\ 
~·-- ~- -. . . . 

d$.V€JloPt~ent ... e~d et.tt\t.tval of. ·u.a ambty4.ts W$i'G optimum st loura ... 

tJ.tttU.f ~4h·U, ~h-~d a ~~t,at tate· ot dOV.EilGf)lllGn~ uil\h &ho~te~ 
tno.·ubdtan · P$1iod \tta" · t~le ·~alP.' tto••l• · i:n ·.bti'h tho i#ee,ea, 

SO!ll.e •. taOtl ,$~c;$flo. \!J,.l$U·~· tlP3te e·t4o ._,,..a"ed~ lht envuomnent s. tttthtt. elt1t.u. eftQC\~d ·t!ls. r-at~ ~f *"ducad· • .-es41ng a~d 
dtl¥$1crpme~ ot $.~19. Ct:J .. P ~nd· t~hqt; wi.tt\ ttt;u' ·•*'owJ..ng it!G" damage;· 

. . . ' ·. .. . ~-

A~ .. ._...,. · ~lt.•t~d$ · '(Ga~aU):•, •ttd.UCQ~. b.,eg,citng f))(J)etinl$,.tEi: CQ~ductad 

dutl.J19 · t'9?hto · ettowaJ~ .a:n o&:rPJ'e.olablt: eucc;a~, ·. tit .. r~:th "ole • . .,atp 
end 'tOhiji MoU$V~t· et Sh111tn~•; au\ o:f. the t.wo· att.emp~s,: o.nly once 

(M~~~~ '19SQ) .hs i~tdueed ·b.~(n;dtt\9 of.' .$.Q:ala· Qa'p lllas, compl$tQ1y 

. e .. ¢C£JaatuiJ Rohu · hjsad$~a .• rs · t<lU'ld· ·to. .. b$· high-ly ~$etl.s3otiva to 
. . . . . - . 

s~~il~.l\9 ·taat•t;;r··tn·,tfii'-.~qes$lona ··(A".gtt$t;•·· ' ''' ·llrtd luna•: 1980)1: ' . . . . . 

-.u bn$.c:tQn. d.lti.d ·-a.t; s.hl:l.'l~"g Wh_,,. tnt..-.du~ed r·tom Gau.ha\1:~: IJ't an 

Jnt~tmedl.a'il. :6~~1twct$ :a\ Ha~ (10130 m #\Sl.;);, ottce. itt At.tgu&t, 

t '''•; .$11 ... tn. ·il•e!J&f$ .· GUW*""•· tJut $Paum~a •• onl·y 
p.$ftW.~ .A\. ttlt9 ._JJ; :pla"t·; irt' \tuo, o~Q• .etttnJP\S. ln ~h~ 

~.,., Vta~· (Jiuly l. Au.~st-., 1tOO)·. e.U . f~tJ;le "HEU!Qts diad.: 

t•~llJ.:tst.l~n.;.; ~·1-~nt :a.ntt ~btyonlc ~:t.a~vlva1 as~e also 
. . . 

lotUat .at te1ghq·~ Qlt•l~uda .. ; ()ur-J.og 1:97,. bttiedingt -hF.JfG wae . ' 

$ hlQh lliO~-a,l.lty of' seal$ carp ~b~·os. dws. to: ttTa . ,lnt~c:.t.ton of 
; ~ . ~ . 

:., 



191);1);, tllltif ''!\PP..,.~i::ti-.: &m.~~Jllnsa: to :®'"'t"1 .. ~. psra$_1\io aqU$tic 

· tw\QU.:~ ,t4h". -~~# U)q hi:~:lt ~~<;$p•~;1• to ·ld.~J> et:tttuda 
~ - .. •. . ·: . '\. : ' ·,: : I. , .. ·~-.- ~ . . ... : ~~ ~ ' ·, : :. . : ._ . , : ' . . , • ~ ~ . ,: . ~· ' .. · , ' ' . 

4nll th~· tlU#f:lvb1 11:' :~rnbr_,_t$ du;tn.g 'he ol'dy ouc•,aNl bNadlng 

· •• ·-'1~ r(liftf') cua~;. n .• ~lgl~J~~ . 
:. . \ . , . . . . : : . 'r:_:~. -.·. ,, . 

· · ·. · ·: · .$$:gif$JJ ('4l: de(ie~o~- .~\ega• .. •B., 1..d$.~--lr1ed Jn. sea.ta 

· catP-t .,,om. thti ¥J~jltt~ ~·~9 *• u~~ i~ .. ~~s~~,, ·uMJ;q~ · '-". ·totlu, . 
· • ...., ~. ~- rAt·. •t.· ._... ~· ~ n~-·1· :w ~~~..u.. ,.,1~ ~~.a. ·· ~4).: · 1· 6 "' """~": la ~nQ~ -~ · -·~ _ $&~ _ .. a~ .... · .. ~'Et-.:;r'fi :,.40o~'¥•: .,., ,. _ .\','~~-. •· .. -~~· V4~:ttt. ·. 

· (t·tQ.~110J e.Jld .llt'g~~t"'O oP. ,t;tyEJ ,pt~.~llon (·\~:~t') ·could: . 
n•t. ·\J.e, ·~~-c~.~~; ~ ttwJ ·to!~··.:~*~ai;~~ ·,.t~d: :we:o ~-,tJ~.Jt .lri ~th 

. \ . . . . ' 

•·~·pe-Qia.t.:tJ.ti: ·h~~t~t~tt ·etti.\~ "~\f.i:f!·g --:ow·'-•~.,-.~'-'~.-~~-~w-pw~. 
' .. . . . ·.' . 

fi~'*• .fit. :'-'$~ •ta~$: ,_.,_ · ~-~···•'· .:ttt.l•to~~rt\. -.,~ _,._.,~ a\ 
M:9htf ·:eltJ;t~· ~~ng ·•~~~:;''•Jt· ··~J..tl~ t.e~~t.!t~~·~l\.ip · ~tb .. tt»e. . 
... :~·1"-n\;i·:.th• ~tv1va1. :1!\t;tdJ.~ )Uta · COi\tft~o.\sd lA ~nine. dtf.rorettt 

. ~~vet~-~.t ····~~;~ s~~~: ·~~tg., -~-~-,.IJ.hl?~•d -.~ n!,~~ ..... ~-~·of 
' ' I , • , • • ,, ' , . • • 

worrte~t.y:~. ·qnJ.y.·~~·• t~· ~old~• <1~.) : .... , __ $t-- ~-~ ~t.ltud~ 
. . . . . ; .. . '. ' . . . . '• ' 

·d\QJ11~~ att ,,tl:e.~ .• , '-~"~ ---~-. ttj·~~ ftJ$~*\d~l-~~Y · t(t 1'\igha• 
. -.dl.· .,.. ~ i' ~-. ', • ' .. ' :. .. . ' - --~_., ~- ' . ·t,.. ~ '- . ~ , mi"- ~~. '< .... 
~t.}f·t.t~~~ r:l'tJ4 .... ,. ·~·-~.'~:r1:C.u;,r#S,ft w'~"$h.-p . ·: .. w.-~.los;; 

t~p~~$l;IJ .... ~·, ~--~-l-.:t\1 ·~ .:~J.~~~· i- ·t"r;·: ~V#U~ ltt) at~~ .·~e·n: 
ei.lo~ $tll or th(!l ~'"" d-~~.~t ~·~'--~- f~ Jjt~ttet~ht~9 (i_Ja) 
t.t:aa tu.ttt. .~f.u~·~~- •-c~~-•. -,"- t~tt~"~•-ti.t.s•c•, ·~••tuel~v .· 

• ; • • ' • • ! • t ' . . . • . ~ . ' ' - •• • • . . . . . ~ . . . 

.u~ -th:e -•btyo:Q.. df.•• . indlc$t:tng~ ·o~• · · e:Jtc;*'t,i.c· ·. i~.-l.tivttv· •. ~o 
~-mt!tt~aitt~t ~"~i ... · .' , .. ·· .. · .·.' .·. · .. . , ..... 

·:_ . -th~. $lto#~···~· ln: 'th.o' ·:t~l$: ;Q·,··.:ct$V~lQ.etA,·: :an~:. •u .. :l\ta~ . 
:a_n~t ·thJ'l~: ~~-·pon;• t~ · b4i~; '$tl•~! . .-;~_· oilvioimly: #l.etlt!i. \~ thg 

.ot.o•••fi•~ Mt~. mfit.stlQl:A#J ·. :~-¢irt4e• ... · ·•tt•· ·$ml>:tYo'-~ ,,. ••.. m$o~•-· b~ 
. ·•a.fl~~·•• ·,~u11~:. ;i" 'he $dl.t~i~-.: $ad· qu$n\1~a~tve .. cnan~$ · . . . . . . ,. . . . 

t'i ~•~u~: :btq~uc~~-: ~~:t~·· • ·:"~t;. ,..tJttpt,le.· tt.%b:u~· ~ha.: 
'. 



'5· 

oh•t~A!c· ~b.#~~· :Ytl~""~"•·. tf1.a ··n(#sn'~,·~ld."' ~n4. co.mpo~u .. t to·n$ 
•t· amiJtt; · a~i~,_. P~Q~(ti.na :~rid, ~n~19io. ao.ttt•- · 'an:d ~~~. "n~yma$· $l1d · 

ms*•~lt\t~ ,~:r,, -~:hf(t$ ~t,~Uo-, patt\~v• .(.on¥ ._,:~bolism•: : . 
~il~•·• ·n$.;..; -·,_.~n. eli • .. ·· : : i-:_·: ~ ~ ...... ·t•~).· .. · · · -~ ~\· · id;ad ·. $·. ·stt: dole. 
'~~""'·••' , .. .t,&t<Jo11$"'~ . •YIOB"""'t~ ~J~w.~-~R QQ~v ~ . tot.. . . 0 0 . . J 

tn$. un.f'tatt•Ut•d o·u :.,J.ll, h$tdltng · ('$~8-~t~) .• ; e\ t.ot~ '"e · 
• , J .. ,., .' :·:,~ • .'. j -~- -~::-I .,· '.:~;\! l ~j···~: J i I,·· 

0 '~. :. '•. ; ;~: 1 ·, '' 1 
1 0 1 

0 

al\J.~~ · t.-. th$· ~- a"&;1Q.,, . 
• J ~ ' \ • : i : :. •! · 1 

• , , 

1 

: .'. ·~ : i r • 
1 

• ; • i · 
' . . . . 

• 1 ) , -I '. • ••. 

;tfAt,'J: ft;f~tt~: ~-.," ~t•~ f;):r.· t•'t :8.-:llat ~": t"' .. e~~ly. ~le~tteC$.. stag$s . 

. 4-n:- ~~-a: i~·: :,~$~~Jt,b. · ~··a~~:. ·t~~' \~ 'lJa~~. · .ia~t. \hey; .e"~~d, $omG. 

'P~'-~~- .. · ~p~tt.t;: .. ~:jd.·~~t~n•+~, th~ ~; ~~~~\,· 9-r.. ~1~ . ·.~~1'. . ·wa~· . . . . ~ . . ' . 

JttQt.ilJ"; ~~tt' ~i.~et \#&·~···, ~nd·. dtY·. ma~\Q.!' co~'&jJ:n~&f. tiy'~t} ~ ~b~- . 
• • ' . .· ! 4 ,. • ., ' 

•"r~•:· ~; .. -~yttnt~ -•vtJlOPJTtfiJ~'··~ ~ft.$-. -. ~'bt am:i: u,rat~u~ -~antent 
4.~;~-~~$4. · ~.:.~•-: :,.1~~-~:.· •~; it~ . .,~~.~ p~t,tJ~~: Th~· · '"~ottan of· · . · 
'*~•·: ~~: JJ.'~Hso.••, b.-... JJd,tJ.~fftJ. -~~i. -~~: $l!!bn«>. ·w.a.,: tttohGt ~.tn 

-. ·to~, ·~ht~11:. ~~~lt :~,tfr~·~- f~i~.lfl*;"\( ~-, ·J'~ca~ .• a~ ·· ~p,-- G.. ht~·e . .- ·Gnetgy 
. . . . . . ' . . . . . . . ' . . ' . . . . ~ ' . . . . . ' . . 

if$tr~tf·.of-~~~- nni:Bt·-c:at~t:-.,vo~l ~t thfi!ilet 1-t•t··•a\e.ot: .. dsvtJlop• 
. ~~~~~ (:t ~- ·~ .. ~.·-~·)···. ,'"-,. •.. . ' . ''. __ , ·, ..... ' ·. ('g~ ~-····4\ ' .~ . ~~t .. ~:. -..... 1. ~ b'l .. ··_ 

....... :.~ :' · .. ~'\-·~ ~~t,·-.. ~~~ .. ~:~~'.cr~t~P · ... - .··~e: ... ~:lflf<fn,#· ~-~ ~~'~.-- ·~ U:,., s-.. 
. . . . 

;and. ~t~k~!$l"~ .P~tf(jtQ· . .,lllJI.$-. :" ~n.- pa~\"tr ~f .~·;.,f•.aa~~< t,ill 

ttm: tM ~" _.o1:oa~~9f:1~: lr\.- ~ht. t~ . tl1Jil~~ J~,. ~.,iQ ~~Pt ~J~e"t: a ~ . . 
t~IJOl~~ ;:t~o.-~s~ at_· iil,$:\_~~tion·: (ti~"'• \f:.il;t: t'~i\h . .,~· ~aofE)~• 

ea(l-tfli ':~·tditJ~l~~, ~-••*t:~; •• ,:. ,q~~~r · J>.totei~ · -~-~~i~ 'nct~•·•11tt. from 
_:._, .... , .. , .... ~·,..·t.ti\~ . .;.t&~---~ft~!·:t -•· ~-~~·,.,·.l'""*:..i.•s·•nc· -~ S'~d-1~-. ~~ !of+a.tt..., ,,,, ,· "' .. O!f~~,..'""· \:14 ... a . P..u:t,ii. J . . ..'i!"'"!liM<-. • .. #w~ . , ... _ . 

etil>tYo.J ~;: ,~~'" \~·-.~~~,:~~; .. :fiU,\, ·~.-·-.t;:,gn•t•~a,t '.t~c .. t~a~: ·~ ob&eJrv$d 

at. s~s:~;:;(t~s-ivlitt~n) l~(t.bh~--~~J1~r.:~~\8~1:t .·<~~~ita.)·: i~' ec~le 
, , , , • I , ', , , • • . I •' , , •. ', ' ' ' • , ~ , : '• j • I , 1 

catp·~ r~:· ;~·:#~14: '$'JO.te.~4-:: ·:"· nt~ttt:.;no~t1$l _p,oteift ·U,aa:··~tgh.~r 'in 

. ~~~,;>:z=-z£t:;r~t~t:;:~r::=:~:a;:: 



cO.J)o.sttion .Qf . \-h. :FAA 1~ -~\ijt$ .oooy~G,i$. O.f -i~ti. . two fia~S& WE)J.e ·... . . . . } . . .. 

dl·f.~ttl\t.-· Jn Qed~ ~•tf> ~lt«:r~t.hta~ .:~ev••tea•l· aAd .ill rohta .ai9h-• 
• ' • - ·,. • • • ' ·- <,. • 

. . 

tt"Qfl ·-~ :aold~ waa ickft1tif4~d,:,: ¢~&'*~118- '0~4 cyat.i~ .ln · $O•J.a 

Q:Qp al\d ~hH•f\lJtt it\. totu: . ..,.tald: ~ t.. 4tt~tJCt$d :at anv at:s;Q of 

drlvfiomatt~~. ·fh4tn,o -\rt~ qot.,t~q 0, ~lllJJyoit!q· ~.V~~e~,, tftja am•no 
iJP1-da ..• ngad qUid;:,,.,,~ ely i-o~d e·l·o· q~a~l,~ttv&lv ~~tot. wee · 

\ • .: , ,o ' : , · • • < \ , ' , 1 ' ' 1 ' • r f ~ ~ ( ' ' ' 

<&l$o ~tte:nnt '" '"$ •• -•~ctoe,,t ·fdtmet.Lon$ of ONA and AJtA, J.n 
. . ' ~ . ·: - . ; ,- . ' ' . . . . . ~ ' I . -.. . ' , . ( ' : ' 

th•-~t~ or t ... :_ ,., Jpeot&t..~h~d. \tt¢ ~~ valuq wen ··pe-
a.· : ; ' . ' . ; • '· ' . . • ' 

.tt~tly t.mttWt.a.l ttts~iJattd t .. •a~ hi.Oh$~· ·tt.a,. th:$1.• -~~mratio yal~e·t•'. 
• • • ' ' : • \' ., ' ' , ' ; • : I _, • ' 

t~~"-" s .. i.~ttt to the ·e:a.-lle.tr ~~'• ln ott.•• oviPatout .anJJnel$~ 
, ' '• • , • ' , ' ' .• ' . ':• ' . ' : , . ' ' ' . ~ , ~ .. I ( ) : 

and •oms tifahea~- ,-1\s ONA a·ms RNA col\te,t.• ·of .\lmb;yoe ttl~ no\ c-hange· 

'dueitf~ th •. ~~tl; -~~-Otl$. o~' dm,t*~~e~'~ T~~ ontu~ri~~f1\ cou:J.~ be , 

e ... ~ flftiv· -'t•• .... -.. la\~. --~- e •• ~,~): ~"d .la.\:9 ga.:ttub (~)aga.. .. 
1~) ·~.~-.to~: ~N-t\ ft~d·:~N~···:·~f;P~-tve,ty_· in· ~-~~e ~tf.i:~· ~~~et; ~n 
,.,..,. ·\he -t~:~~ :fi#IH, e.a•ll$'t:. ---- t~~t;ll · ~$). ~'a9&~'. · 

: • . • • • . : . . ..• \ • !· • . . . .. , • ' ~ - : 

, ·l'hs:.-··at:fecttt· of' ttiGh.f~::a~tJtvtlt ·OA~ :th~ .abO'!$. pai~t .• j$ o.t 

o.$J.'p ~btro• ~t:t~•~ -Itt ~• .. ~:t; •. blpha•k;' .. ~~~., '"• 4tlafJv~g$ •t~ga$ 
~~~~•- .. ik~~ng n~ etr•~~::and, ,,., let$~ .,age•·,· paf\:1o.tll~ly .;rom 

; . . ' . •'' .. ~ ~ . 
' I . .-, "\' ·.-. ' . '· - .·. ' : <.-. , " : . ' ' '· '- '. . ·- .. • . • :_, . , . • • 

~\:it.tlatisn \tll ~a~•"O•;:e.Xh~1t1n.a a.ltQr.a~S:OJ'Ul· of 'l\Oimd.. p-at~G.-n . ~ . . 

91' -:ohln~s 'ot .laritt1~~-·,~;,. i:n ·.tc •. ltJ. ~t.Pt~ t~ 1-~te ot.· 4fU).t .. $'l irt 
. . ; : . . ' . . - ' : 

Ql~··· 'eotitsnt. ami . "''' md.~tl)...: ..•• ,.~~ wa• O.pafali'Val)' • a1ow . and 
• • • • • > 

at:J ~S\l '·tile · ~• .. ~ighi:•h ln- rom.:,.:-. t#O$--·-,.~-~la . (1.t) #t49fl :tt\6 watsr . . ·-· ..... _, -· . .. . 

. ' . . . ' . 

(JO.f!t\•~ #~dat\l.v tr,~~:Gif :,,~ve ·\h$ M$fll lev$.1 to1.1oud.llg a . . 
$ .... ult:enoou$ h:O'r&$68 ·l;·.b DM¢·· T:."ts-~·•n:dtc•"·ct-.. .,,·:,even :~pletJ.on of 

. ' . - , ' . . . . I ~ . ' '" ~-/. 

th• yQlk. $U~~_hJW$$ ~*!': ald. t~e·, ,lrtqrtta.~~d ·~•te. of' m6Jt.ollem of the 

_.y;qa ttnda• .• t.-fl't.o~. b1.g.,..1f ·a1ti~ud.~f1- The l~\f$ls -ot d1ffe~rtt 

t:VPs ot .P:tot$lnt a.1Qnlf'io.a~1y. '«i~te$lled·;·Jn t~:-PG$\Cgaat~latl.qn . . . 



? 

.,~,P~ Tht dact\1(!~ ~U,-dl,~$.~ '• lfiltu •»•• ~t ·syn~tt•"''l ·f1f pto·t~t" 
,~t44/~t "1~..- 'dOgJada,~on ~t .;Y~ik a• . ""~ir eltit~.~. The fAA. in 

·it:-~1.. ·--· •· .... 1gb.tt• 'lo~·) .~:~-,YO$ o:f! -~~·" ttl$<· oa.na$ '8~ 
ttl~-- 01.\ttv.•~-... .--ar.j':' 'tn. ~-' ~~d •. $ •. "J.titt:t Qlt,ttue did net 

$lle,· \trs Mla\it#• -~nos~'t$\J.oq• ot . difr-l"n' . amtno ae.t•· .GJCcapt 
' ' 

' . t . ~ 

t:it ;t~ .,.._ tEW"tlit .of' tot4!Jl a,.a arid·· lt:itA •n Nttlld to b$ J.oWI$Jl)d 
. . . 

•1y tO.\W!t:tO \he -tete Phe$ff. or :(t$va1o~n1; bet•• -tQh~~, •' 
hAlh\1~ ·altl~ti-,..! tJt.t$ -~ -~';t\t htiltt tf@ft d'IS. ,_q • ~lU l'•W of 

... i~· •Ynth$:~i.$ ~-- e h.'9M*: :·•·:tetfr.)n ~, ~*'· ··~•tad · ~uo.l$tc 
~c.$.dtw,,;· ~· ·~. la¥$1$ ot ;~u;.taicf ··6ctd& al~·· ~l"dl~~·~·· .• ·iOtU ~ate 
ot · r.-.t•i~ ~yni~~Ui ·and ianl.gcq:~t. ·.-t\\• qt , .. ~ . .kt)~y~a $t. 'td.CJhE;l~ 
aitt\~~·,~ ··' ·. .., · · ·· · 
··-· -~~, '· 

! • ' I 

:; ' ' . ' 

. ; ' - ' ' ' 

The . v:'f •. a,t*qa;a ob$t;v•~:t: tf\· .•\h• , 1W@·~:;•f: '~u.t.t•·~r.\' . ~lomo~$• 
cuiat bat~•ll 4•\ftlc:lptn$A\al, et..a--., .. ~~-•!liln t.he :~~· "e~cie.a attd 

. I . • 

tJ.tt-.-r.. ,._ ,tm .•ltttuti&;:l!ttont ~·$: ·~$: to •·lttt:e_.1Qn•· .f.tl. the 
. . . ' . ' 

d!fr••a:n:t ••t:abfl11!c 11-~&y.$. Juhl~b.•·- .t.n· tu~n• co?t :t:l)~•o.lle:d by 

ttn~t~·~ •cu~ii!J- ~tiabollt~J• ·. na~\·~~mll:~ton Bend ~Yt_,.sAM· .qxJ.• 

· dtit1on ;lJd~way~ • ~- krl!)tilrl . t() ·fJhatt~ ·d.av~~liJtttal ~nd udspt$t.ional 

~~;,gee, ln va:t.lt.V$; ;(ll:tf:•f: -.ONP~ 'OP ..• rUma,J.ti .•. Th'• miSt Int.: aocyt$. tf 
. . . . . 

t.ll)ttt .. the o~~ JStp•t~a: "~n\•in$-d · ' ;••t~·a~l- ¢'i~""t . qP ••nta. 
' ' . . ~ 

and -..,_~ ulll·ch·. $'$ '4.Ji1:c ~pJ'O:duotv. t.i't :nJ.tt$®n :«J.4t.abo.l.tu.:. the 
·.ta~~Jl.3 Of b~h .a~teboi.t.qs. ~r~.: ht9b•·i in ·t·~,~.(lf.-~fP · Pftsbably duQ 

to tt$ .:i~•ts•· Q_tq~) Tn•-- to~•nt1e~.t·on-#- dlcf .nqt v~1-y umim· the 
vai .. s ••:e~'ee~.a$4 ,,,, ~a~ ... ~.~.tqtttJ aq\tf•onta end· ut-(t~ 
,.,,.~$. !rt~·e·sd lrt· QOJ\Q$tUJ-at.tail wllh. ''"''"···: .o~· d.w$1opnt$Jlt .•. 

' . : . ·. : ' . ' . ' . . . . ' . ~ . 
Th$ :tnc~a.tJe · \Dar! o\·aga· tJP~e,tf'~C.:~~ The ·•~• · fit lf'{C~a~e · ·WS$ ·mere .. :. ,, ,. . . .... . . ·-- ; . 

. tJ~mJnt :tn: ~oe19 · ~•lop · t~:a~ ~~tt~. · a-nn a ·ht.t;,~~ · H$.\$tanca ·. 
oapa\tt\y;; ot·oo~ie· .catP .. embfYC2.#·· to. -ft.ta <Ji·.:uJ.sa.. ~t~•ic;,Sty./.. fhs 



J•v•~•· ~tttt~\ -h•• "-"~· :e.~ '"*'pij:,i_tt~ni- ~J':· ~mbtn.d ~,.,~$ot .ot· 
41tlt,j~en\td ~ "\e "' tbGl~ · ~~4U1Jtlon , •timl~tott·~ ·ot· .Ct~mttt.ta~on .. · ....... ,..,.. . : .. ..... ·. .. a.. . . . .. .. ·. . . . ...... ·"... . .. ... · · .. f . . . ·-.. . ::f'. .. . . .. . . . . 

· · ~t1ltf1~~- 1Pt ••a,• e:n,myl\s.$. :a#~l~Qd ·~.t.·~. ;~tt~ m$.\a~liom 
.(GDK.· ~ ·Qhri.:;· "4 .:;. ... ~ ... ~••) aho· ~Ct · _ _...,.~ .. ~~.a .otat~nArd.C. r.aatt~•na .i 

.. . . .. ·~·-. ~ ~"'~ ~.,.,..~. . . ~' Q~. l':fii .. 19.''':Q . . ~~w:.. . .. . f".. . y.a • 

&~ '-' ~ ":"ay~~" •ttoh ·• -~·lt.cte•• an4 C$. ln \1«Jtt.. ~t$· ·•~o.te.a. 
' . . . . - . ' 

i$ntf 90ti ltt ilatt· :aq.p UJete· .Pl'··~~.' l.._· all· tilt~-, tnci~~.l"t)·wst•t-· · . 
·iil.*~Qri egtf, ®.H · tPP·lil&-d Mt1~· •tt.ei ·t~Ut.aatlon, end PQ$. ·activ.f.ty 

• ~ •• > -· • • •• • ' • • 

· .tr.··toh"·eJ)Pit&tEi·cf ·•nl.y at tt$~lt4et1~ t~O&•- th~ .. .-ntY.nut e'tl\J.I.tiea, 

· ·d\~ofl· :~f• P.t•a;nt. : tn: th$ ·:~mi.: 4-r. ·.®-PiJ4t~ ~i'to,,: ftt.,1~l.o.litJ ~· wsi'e 

· n\~l~ta.$n~,~ du.ri«tg tho el~~it~ .~.llP~ .~.nd ·~bOwed,. ~-t'la: ·tnhan4$ma~1t 
. . ." ·. . ~. . .. 

' . 

· ~~ t.~# .. ,aa~*-¥*''· ~in •a ;~a~l•tt~r. ~e···ti.(J1.ptu:JQ$n.aiU.c ;mQvam$nt . . ·, . . ' ~ . . . .. . : ., . . . . . ... . . ~·.; 

~•;•~e·d,,; ~"· a. tt1nu 'Ca$i•t ~~$· l1.~: ~Q.~lv•~':: ·f~o,~~~~'· a~ ~--- . 

:-:~:·:a:-::::':~"·~~···~:lt:~-:::~;\•0:~ .. ,.J) .. ~t:.l., $,~ ...... 9 o. p,n~ h-. ;,. ~' o ·.- .. -• . 

- ;-~ ·-
. mi(aked tJilttt~··:u.t :~i\a :a~t~"' :•bt# ;ot~t~ l~~'tn,g. ·tJl.:rt••A\ p,O~~,-t~ · 

:;:~~!::!~::.·::::::::;:::~·:·:at::n · --~do\·~·· ;tuo ..... ~~~a~. b .. !l~t~~~,·~t~~ct · 
'~~;· \h~ Ja¥(fi.:Qf·.aqtJ.~~Ji.v· ·aft() .. 4.'·~(Wo. '~ft$,tf··;•,_..:·.~~•:·' · . · . 

. :::.:f=Ol= ::::;,;:;.:~;:::::~~r 
ao\ivt•y· ~a·.ntf\ ~C$$s•v, tr.-• Jt«tl«;~··•l?o't~--·lft· :\tt$ .~a~ly .. . . ·. .·· ' . : . . . . .. 

· t.,a~ ot d.V~l~putuf'ft.·•: appe.-ed: ~ly · :&t a· l~c;• ate98.~, ,,$~~~y: .- ·:' 
. .' . ~ . . ' .. 

·.~ 
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. 4~ W \hi <J"Pru1il#n ~f -~ ~~~· illln$ -~ ~d\ pmicUiat . ·· .. · 
-A'4. :~ > ,: ·f' 1 •cftiti..:.i'~~~~i.:·: ThbJ<f,i:t~l .... ~·u· -~~~.-;- ;tft :~1'!1.1\wm_d f,.t tt\ii. -~ · · -... .. ,.~p q __ _ ___ -~~~""-~9:-'--~j; . ___ -~ __ ~n. __ ' '••: ._ ~~ ~-..- .,.a~''IW: _ _ • _ _ _Q ,..:te: 

•-•1.._.,,,_9 ~~~$.·.· --~ ~ost ·\!Mi-t :"~~\l1\Y \0 a hi~t- level. Item a· 
'. ' ' . . ~· . ~ ' ' . . .. . . •. . . . . . . . . 

_ : t~~t~;~~ ••g@f Ttt:t? ~l~\~~•Jo·• ~'1- -~t~ •!1~~-fWu$ enuo.onlla .-and _ 
• ·~$- );:.,~•1• ~~~;n.t tha .cta~l~~$11\ ~, the- ~$le O-GitS) $lid -.ob.u: _artd: . . . . - . - - . . . . .. ' . . ~ . . - . . .. 

;' __ 'th' -~~; ~, $ :~or.,;iai-n w~\lll tn~_it- Cl1:tmpo-rtdlng •tt.vms ao~tv~-
- -· t:i~tji· 'jU ,.- me.ki anv tip,qitto eono;luta~:n. ·euo~' -emmont~ ~abo-lism 

. . . ·•. 8 . . 

-lt~''''ti '" t- tVIO _trmc!Q$~ lio•$1!!1: 4lp:tiCD$. ~pectt,c_ vulat!.ons in 
. ~ftt.,:&~m,·$*'tv$\!~• l!itd :\~1$-·connt\tt~ or ·th~·r#$\ab0ll\$a·have . '. . ··.·.· . . . 

. ~--.. " ~--it' ··t\1)~\ttf' t~ p:*'~"' .• ,.Q~~ 
·•.,-:._· 

I , '. 

. tnlriJ···t~<,~- ·- __ ,_·.-~~.·~-;~ ut-'· - :· .. _ ·-n\ ·.,1- · -- ln·a· --te-·- -: , . :< . ~-- ,· · Q_-,·.~" -., ·.~- _ .. t.~ c;on,c& -~~- _01'\t -.- ·. CS._.· CaJ'P 

entt· -~~f-·~1JI¥M. ;i~\1$~:1~ tit$~-·~- ·~t.foge~ l$ve.1 o'- amm:onle at. 

r~etto~ :~l\ttu4 •. : oh~d. at ;~~~~*~. ·~- ·~f f•,v~lo~e~t -~&.~saa .. 
. . . : ' - .. · .. ' .. '· . . . . ' . 

. ~•· ·•"t~d·. • ~~.~ttl.rie~~'- 'u.,_tl,t\ior. f.tem • .,.,, ;e•p4c\J.v• nottnaJ. 
'. . • . ·, • • . • 1(. ; ; • 1. • ' 

l4V~-~ ~~,. Qt~l\.9•~-.~:n 'jijl\vt \.b,_~:.,~U &\~·oa·a.-.d. o" _ 
·at.~O~tt .;'nom: t\tlld¥~tlij·n. tit~ . .,., .. ~at~•n;_ Qo:n\$ln~Jd ,al·g~it•c$n~1v· 

' . . . . . - - . 

_ *''•tl:~'-. lav~~ _ f)t __ \ln;u.~-- ~~--- ~oa•p· Jho~ _Qtt,•t\ \oi.l.t•ru:e ~~-··· .:::::.:j:zt;:;~:-:::,::~ ... 
~~~t-.:it,.. O.f:'' ·•lril~.--\b.ei~--•ttu~_.tht e7tt•t$\ft~tt· .tn -~~~a 

· . · .l•v$1 ··~d: ,. O'los• l•l·.,.~-hl~: UJl.\n. \M- .. '.sttg$s lJ~- ~Rtelf)- ·atid 
• • • ' I ' • . ' ' ' ' : ' . ~ ' '• ' J ' ' ' ' .- ~ : : ' ,-'! . ' ' ' 

_ fAA '~1\'l,tJ1\~- ot·:._t:.Jt• Gtilbjyo$ __ ra\ :hi,Qtie.t Jil.,t\1.~-. and. to a•··s~ent-
• ··, • • 1 •: • • ·' '·· ' ' ' ' 1'' · ' 

:Jdt.h ~h$ ,y:ql~lil"s- -~ .Vt_$;---:•.otJ:JI~ty-, r>.t t.~f!J etiJYJilo$. ~1a,ed t.o~ 
•, '• • ' ' ' ' • '· I i • , - ,, \ ; .. l ~ • . ~ , • ~ , ' . , ' I , • 

antmt¥~la_·ntSt:•U.• 

· · A~l~i#v · tJt ·antmonla llt$t•bqJ.ising e~ym~.a · s~~.tdi~nf (G.DH,. :Pj)c,. 
. . ' . ~ . , 

tis: .aiid ·e1f9ltt$SJ) :,sttqwad d!f.tii"'* ~Vft;~~~- 4~ _ h#!Ghlti alt-ituda •. · The 

a:o..lyitl$e: Of 'iSOmG :e.nqtJ$$· if1o•s~ec:f' ·ot---dflc"~S$d. e~ aomci a\agae 
. ~ . ~ . 

tit ttev-PlOPl'$-\ · ~.-;nd t~ t:SPPea.tsn•;- Q-r lnduc\-~n. of~ •a · ~1\Jy~ 
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- . 

·~~yt~~-_ waH -E.Ji~t\8, ~)pont~.d ~~ ~:t\l~nd~ .. a,.· ~;·-~••. ttl~:itud~:• 
u~"•llih•·~, · t...._. ·- --~-•""a.•-~ •• ~ne.tf!l· ~Wd .. · m .,,~O ..... U""'8 d d'UI'it1"' fl¥;~~**"• .. r•+ -¥~,~~~-"'----,<~!off: r ·- _, .t;'_ ~-~~ ~--: ,._ .. nw -~-~.: ',. ' ... l:;J 

· t~t~: ~-t:~tiht!o.¥1· .tJ.,amas- ilia.n -~ha.; ':Cls4Vam.J. Sli,tgfi_,,r . . . 
. ' :· , ~- ·o ·.: ·:• ~ , · , · ·: - ~-~ • -; • \ • . • ~- ·, . . . ; _ _ . . ;: . • . . 

. · . : '· ... · .: 'ft.trct1vA#l. dlfist~H:t4.iii-\1ot\ dllt:.ltlg d.V:!J.JOp~ant has bQ$n 

~l$.~ ~~h; dlff:etal\~ .. ,~ qt 3P~n;titU;jn_•v~•~---4Cttt,,, it ·4-l1$: 

tt,eh et\~J~).. ~-~ft:tat~d· tU!.:~tJ ~tt• tqn~\,ona1 ~4.truen,1atio" of , 

~;,v~- #ttd 
1 

~u~el~ c•lip~ ln -tti~.· . P~-~"' · itudy;l ··~~ ·aottv 1t; Jn 

~~~~-.• $. ~·-c~4. g. t~· o,$~ ··at ga-attt~ls\tQ,. .. tn -~th t~-.,. 
$0~C~E18.-· 'fhJ:t ~ 4lfr4~ -~C[J .•. Gf1~·it ~~~ --~ $m~lbl$rts th#u4tfg . 

. I ., . . . 

~.-· h*~tuJt l"~''a~. O,t· -.th~ Qn~ym~ a'\tv4~Y -·•'- ~n.ule,.tortt' ~lthou~. 
1\ ~ttl d£t'fiqa1~-;·•o e~J11•1tt· .. ~. 4tfin4t~:. ~~tJ..Qr,~ td.g~iflct$~ ~r ; 

. :·· , • ' . • '. . •• r 

t~ appaa~aM~~t O:f • ~1 oaat .• ~F.J.t~n.. ~·~ ~~ •. ttl$· .that ~Jrrg th1$ . . . ,. . : ·. . . - ·;· . . ·. ' ' . . . 

-~i)!• ttJo ·fflt>..#P.~-nf~ . .t' ~ov•a,lt~ .e-t,~t:' .tt•t~:~i."g tha 111SP. o.f . 

t..\Altl~ d.ltf&t.$~nt-~~~~ .. -~~~at(qma. ,9P J\~- .. ftv:tt$&lf *\t-_.$1mu.~.t~f1$qus 
ti•e \14~t\ J\1\~ at ~, •• _,y,~~~i~Jll~~. t\ ·~~ b~- .etJ.gg~\~d \~\ .. :'t'~h~p$ 
-4t• thla · :'tai:Jii•· :\t\~ :1\ll\. :ty~au o.o..i~r.tad · ~\ .· .~ ,lf:!199 · t~a1a. ·a$ :an 

~~~ln9 f.~~t·tt• -,~, -~£· ~'~ Tt\·-. ~ub~~~a\~ i,rt~ot.~Qt\• ·o, $tlzyme 
. . ' .· · .. ·-. ,; . . . . . ' 

.. ~. ; 

. The r~tteu:h o.f. b.19ha• ~'-'1\lt-i.uJt:· ort· .,f-1~- ·ft~~Q-~-~ ~;- ·At·h. a"d 
Aebi -watl. -~~o·-: •. Pt;lC~ .. 8ll$Ci,*c.t\· -$~~- c~tP ·_4t#( nG1~ -·~ much~. _· . 
v•tt~t""$ ~t h;&gtto.,_· .. ~1tttycl~- ~.~refit> :!i.'i to.!\~~- '- h.i9h- sit-*'~ud~ 
ettf)C.t tll$•- pt-tlmt:non• _4.._.Z::tn9 'he jJl;f&i._J.t -~~a:~a . or.· -~,-~Plll•"~~- ·The . 

· ~"e*anc•- r~t Atbi tct.tvit,'y el.~()~ ¢\t 4f.l~~4 t~m · -~ri,ru1·a~:~n- to ' . . . . . 

n$.tttulil,l#n ~tn. :"ht, ittdicat.f.~.g· t.h$ Ct$lay.: itt~ funot~ic:t~al · dl·~~r.a~ntit~" 
~ten ~, ~\lil!!J. ·en4 ·lMt,-~at · t\.ia#ue~:,;_ 

i 



$tu4lsHt:· oq ·thE'! ·4avQloP1loA\~' l)a\\ftn qt fAt:t.~ '\he: :t.at«J· 

1tmtt:J.ng· ~trrim~ ·ot· tytcreJ.ao ·tt.d-44\'ion• .. .-•• ~.hat ~h'G tJIUYma~~ ~a 
. ' . . . ~ . . .. ~. 

Jf~ib,.. ·hi· te. .. ,cyt~f)lairQ!.o ft:4~tit)n · (:~1" AT) '" .e1l:. ·~e1o-pmant.at 
stage$,. · tftl;~ufi1t\9 au!!~ur$ '·0.~~~~:•••:. . in s~~l• oe..., and ·"hu•· tn th$ 

u;;t:Jor;hoAd,ta.t f.Qc\loftt. tAT .. ·activity· ~TAT) .-.$. •a·ttJr:t.e.d only 
,._ . ' ·,: . . . .·. 

~•· m..cui)\111~· .• .,. $.;ei(l ~~irp. ·4iird a~ S.acnnttiii. s.~a(Je tn ~uJ tol.l~·· 

9m$d by·. e •'~ifitttJt1\ ~·~: \:tU h:4~dlirtth· H4wa"e·t•· the •~Pt!!e~· 

~rtel ~p ~JAT· Uf8);· ··cor,t~l.,t.'~ll udith ·~; eigm,l~At tncNa$$ ·.tn t.ha 
. . : . . . ' . . 

-~yon;.ic ntt\Q.;t\Qo4f:i.Qi pJQU:;t" '1e.v•l _tndlo~t1"g that ·this onayma . . '. . . ' . - . . 

~A;:gii*· ·~. prq.d~~ by e ~1\~~h,qnc:f~l•d; gan~ and t~t•a aatlv.ated ·flihen 
. . . : :; . ~ ! . ·: . . .. ~ : . . -: . '•. . : oJ 

n$ur •t•~~rtd#•·a .~,. $:yn~tte4l£~cf :tn- ~bGJ tm~fy.(),~ Tht -d.ltter.$'ica.s 
.\ • •\ • ,. ·•, • - • • • o • ', • t ,''I , ' , • 

,..,., \-he onto~~n~- pittt:f)~" ~f . ~TAT :~fld ~f ~T· sug~s\ed ~trat ttn~y · 
. . ·. . ' . . -, .. ·• ~ 

$J'f) .. :tU$Q. la~•qtymtft ot :f':AT: ·i:!t1d k$v~ ·difft;r-nt H(ll\flato*V •ch4nl$ms. 
. . : . . ;· . . . . . . . . . . . . . . : ·- ~. ~ ·.: ·:· :, . \ : ' '. . . . . . .. -. . . : . : . 

Tt;e· r~J¥lq~~"t.td. p~tl$~- <1-~ ,:tr•f'.AT ,~~~~TAT t~ ~n~al$ :Cla~P and rohu 
' ' ' '. • . . . ' ' ' ,. • ' I ' ~ . ,' ' ' ' • ' 

•• :al(SO t~\1,:;,~ \o ·btl d1tfeM.n\ ·.ham tho-· .,, ~armials•- ., •. aott•. 
· · • • ·. ·i 1 • • ' , •.1_· , ·_ r • • · . '•, , . 

\itt~s .pf' ~'b. ~h;Q ~soe~y$~& "~~n~~ tour ·~d wt~ho'u~ (tny 
• .' ~ • • • • ' ; -· • ' • • . ! • • ' ~ • • ~ 

t~r.ly t.h,e 1a~·e. ~P$Stanc$ . of ,.,.T:At t" ttl$. ia,_$._- $pacifi~., · fbUQ~.st 
. ' ' . . . ) ' . . . 

_ :dlft'&lt$f1t te.g~lat~J"V mac.hanl$1$ to* th·$' ·\•· letiJeriavm•• l.fi. ~he two 
. . '' . -. ', ·. .. . . ;:' . ' . ' :- . :- . .. . . . 
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'th.G#Ei .w~ ~:. 4l'$1'$t ... qtl ~- '-19tw_.. alt.f.\u• .ln tha ~PP-~tu:anea 
. . . . ' . 

of. ·_.:rAT . ~nd mwTAT. ~-lvt\iQ•~·~·tto~~--·t · ~qt'i.n9 ~t.a · l$Wt' · ~t·a;es ur 
t~Q.;:'l~psa~~ C..TAt: ••• lvt•y i~QJ>$$i$d· .in t~~&~$ eatp a~d m-T.AT 

$Ct/._vt\~$ ·*ct$-d tn woh\1, at hi9he.1r a11-ttudl$~}. 
• • ; I' . '.~.' I • • • . ' • ' • • -. ' ' . •' ,,' ;·. 

Th~ d$v;.l~P.~a1 pl)\tlllri of $11 $naYms,s · $.n tho pte~e.nt st.uav 

·~ t~d \" s.hl?.~ $C;Jnu~ ditr~taneea :~tt\·th• chai'JM•ta· msnatal 
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p~-.t~t·l~V.$-'1.)•: fbq -~iiun:So~ ,~ 9$"'ta~ Pt(t•ei*f.?J al\d· \ ... s enz,tms 

:et::\.t~it1E1a· -~- :veJi,y, PJo.mlna·ll~ it· _f1i~ll~fOr:t ~t ~~\h ~he •~fps •. 

The · pio~·in • ;cO,nta~ ·; •• dr.e$t:i~y· ·1'~\JC:od · Q" . to:•t.i!.1iaat1.b~ 
ultet~- mQ~t. <»' ~·. M3Vnie· ~l.ttl\le$. .;~ · •1\hel' ftot effects:tt or 
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,, . • • '' ; ' .. '!. ·- ' ., •. ,, • • - ' • r ' ' ' '· • • . ' 

• t ~ • . ) 

ac.tJ..vt,Ja~ · . .-f:~ a.~:o Ot)$~1'~~~: ln otbti' at.~ q~ d&vGl'pm~~·•· 
'fhtl•~ .clirf'EJ~~etm ,.,y . bQ ·~~~. -t~· tn.e, '"~-.~ to9\tle\lo~ or the 

' • . • . } •• • >,' .·: ' '· • ' ,_,_ ' • ' ' • • '. 

e·n:zyttt.'-• fol.' apE;O'i,lc. ph,y$*olo'tti~~l f~nc•lon$ Jnd•rtden\ ·9f . the 
. ' ' . . . - . ·'. . :. : ,, ' . . . •: . ·. -· 

~ : .,. ; ; . : 

. ·, · ·. ·T~t•d~t.t~_ •. · ·th~ taa:i·ph*~gl_c~l· ·•~:d. ·blC.ChGrnical ·cf\~~ggs .. du~ing 
· th.e ~v:E)l~pni·~·n\~i $ij~gtts' ot ··~·~· .,wo· ~a'-P8 •" ~&~lY· ·s·rm~ies. . ' .. ·- . . - - . 

'$pecif!if;~ B'l.oidattt; '\h~l# ',ad.a~~1vil :cQ.biUtUa W$~ ais.o dlffe.l'ont, 

po.$1bly .it~: ~o t;_t\,tt· ·. d.lf~t~i~· · tn · .;a:na:t1c$llv· eont~1lGC$ bioctie:• · 
' J ' • .. • ' • ~ • 
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fll,~~ . Jl$'~~-·lQ~~f;~-- ' ".' ;. ,' .· L •• .. · .. 

' / ' • '; ' ' • ' ' ~ ' I ! ' • I 

' ' ' ' ' • • ~ ' • ,' : -' ,j ; I • • '. • ·~. : ' ' • ' ' • ' • ' : • ' • 
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. !t . - • ' . ·_ .•. '' -- ' •.. ,.' . ·.• ' • \. . ' 

.~.~ ·te tha~f \he •~-rly -•t,e:~.a.of :O~~nto d$voi..Ql)UlQnt ·or_ce.tr;sa, · 

dbm.lrssto4 i by \t~~ telo qf ·~~aiJ.·· ,ttu!~iJ,iA.ctlttt" a_~ ·1e$e 8~f)l. tlVQ · 

. to ·.~Atttro~artt~~· .fJ.~tq~t:~(J~' ~~"·:·h$ b~i> .. G .• ep or d~$l~pmf)nt; 
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tOt. 'ftJ!JplatJ:tig · tbti .cl,avaga.Q. · ··,nd d.-,:·:·.~t ibtis: numu.~ of. cells .artd· 

.. • th~~~·-$1Jnp~t ·~~~ri~i~~:.tti~):. ~~$ . ~~.,. .. Qx~nge a~fl ~ ~tatmt.J.c: 
. -st-9 d'ittuS:to:n: ~l~·,;·:t.akQ plaaa_·ar-ti~u.ntiy ~d~~ing ea~iy &tage_s 'of 

~e~-·-~· ~-~':•::·:nn.~o;an.\~-~-nt~• ·ti~a%\ad rrom·,, ~ast.ru• 
· lat!o~ · toll~~d ·.t!v,..di.ff$t(ln.~a~to.n ~ncf~•~no9Qrtll$t&,, ·tnvalue. .. 

axpntsii)n . ~, ·:~91'$l 9QA89 . ~"d · -~~~-~ Of: P@tOi~ ~yllthetlC. · · . . ' .. ·,· - . 



-· .· 

tho m:a\abOlbm · m.lllht tt:tlVEJ -~~n · gna.ly ~•1••~d · :n•·•4 .. ng mo~e. - . . . 

9a$atU. ~lCOl'te~:ga. and . dt~·al. ~:; .me,.J..to wan•·•· Tfta :Ol\ltation· 
!a.&U.•~ -~- •f), comail~a\.~d· •~•"o tho$t ~ta(lee the\·,,.,. inter. 
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' .. · . . ' . . . 
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attet•gy . -~ ,ot ·\Jl~ ·tEJodYmada· •PQCU-;, ~ nock Qf ~lch mi~t 
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. . . ..... .. \ 

ptob$bl.y., op$teteo mOtEl ··tfJ.QlAl\tiy: in _'::hale ca;.P 'han· fe)bu• . 
' ' . ~ . ~-: . . 

Ho•ve"'•·· '$tud1a·s or.t .tGo~iat.lon o'f· ct);tten.nt kfiy. met•bl)llo. epathways 

with . t$1atton to . di't,titl$n\. t-nvttomaertte.t· . ,~otori ·~ceJl, e.J(p~ln, for 

aura.,, :\hat Quii o.t ~td., m~l,lf:aq~q~-t~·. ~f:Facl· \Uhlcll . rao•GfQ Eil'a - ' . . . . . -. . ·. ~ .. ~ ·. . . . ' ·.. . . . . 

lftOr$ tmpoJr\ertt ond -~~hal' \hjJr:~:qt):~.l4 . ~q:~,- ·~nt,,_UiJ4,,~~Y Oome 
• ~. • •• : • ' ... '• '' ·~ • \ • .. v 
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&d!llftlV& ~1>11 to ld.glw!l "lU~Udlh . . ... . . :, ',~\ •. f{[;4, ;.;..~..._;: 
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GENERAL INTRODUCTION 



·f'i$h'! one or, t.t;o . latgast vertebrate· groups, has conquered 

~ll possible· equatic_ :sist~ims ,in the. ~rld with thai~ diverse 

struQtural an'd:fun~\.t.or,al-:ad~p\()tiont:J. They are an important 
0 ,- 0 ... 0 0 ~ 0 ; ' '0 0 A 0 0 0 0 - ' • 0 0 

fQ~d i"emc :as-.·~ 'ice, :eour~a of ·easily digaatib~e cheap Pi'oteins-;. 
• ' : • • • • ;· '1 

vi~$mlrta and tnany e$a'entia~ mine.r.ala fo~ human ·bail'lgs. A ma.tor 

po·rtion I C)f til$ cQnsunlab~. fi$hea are C)l)tained tr~ • captur~ 

t"1$.h&r1eo' • However, .in tecent years.f,' the world's t:otal Qatch 

J;aa bean claclini.ng at an.ala&-ming·tate mainly due to Qve...­

exploitatiort, pollution and decline· in, food .tot fish in na~ure 

(Batdach;: 1918) •. A 'ptopar'contl'ol oval' production of" wild f.ishes-

. 1$ pr~c~ic~ily dif'tic.ult •. Th~refora, currently. mueh' ·emphasis has 

b$en laid cin the •ct.alture f"J.she~tas• wtU:ch we$ ones .. prac.ttced by· . 

p-eople maJe~y a.s a hobby. Consequently.,. tremendous ef~ort·s a·te ' 

bei:ng·m~de to t;JJCploit ·all po$slble wate~ bodle$.for pisciculture: 

and honct:t1. to obt~.1n sc.le.ntific knotU~edge oil the va~ious aspaqts 

of f.tsh llf'$ unde.r controlled .co_ndit~ons to· de"elop proper 

technology. for ·inc.,~asing f'1$h product·ion., Having so much of 

appi.S.E!d' 1mPOJ"\ancef.,t. avan bas.ic ~nformations about the a~apta• 

tto:na at physiological and biochem.lc=ai level during different 

Pha@as of lit's 1" fi-eshwatar. ~1ohes,. ate Veti'Y much' limited. 
. . ' . 

F"ish,, ·aS in .any other Ol'ganisn:ilJt· lives in close· interac• 

.\ion with ita anv·it&:.nment~ ltSi ·morphology,. an·atomy or physiology 

is always 1ilfiuanced by ·diffetont b1Qtic and abiotic factol-s of 

t:~e environment. Any deviation of the external fac;tors. evokes G 

series of adaptat.J.onal teactiona, b()th visible and invisibl~. in 

the otga,.t~m to e.stabli$h a baw r.oappro~hernent. Th.e morphological or 
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anatomical characters are relatively stable, whare.as changes in 

ph.ysiological and biochemioal parameters help as the immediate 

mediator in the tappfochement ~rocaa~. Th~ dhanges- in phyaiola• .-. 

gical .and bio.chemical processes tend to take place in the 

favdul-able direction which ensure·s .. $urviv~l· or the fish in an 

altered environmental condition. This is referred to as 

'physiological' or 1 biochsmical adaptation' or sometimes• .simply 

as 'adaptation' of" a $pec.t.es (Hochachka & Somera• l9?JJ Prosser, 

1973a; Smit-fu, 1980). The amplitude of adaptation is a • genetically. · 
/ 

fixed' phenomencm and it varies botwa.en species. The varlat·.icm in 

the adaptive capacity is the Jraason tor differential di.stribution 

of numerous fish species in dlfferent geographical regions of' the 

world with different environmental conditions. · 

The e:fficiency for adaptation vaties between the different 

stage$ of the life cycle of a fish. ln salmon; the adult fish 

lives in sea water., but for b~eading. it migrates to freshwater, 

where eggs are laid alid embryos develop. The juvenile salmon 

mlgl'ates back to sea watsr to spend its adult life. ln gsnoral; 

reproduction and devaiopmant are the two phases of fish life 

. ·:~ 

which are very prsc.lsely controlled by the environment (Hoar, 1969; 

Blaxter., 1969; . Jalabert.; 1-976; Braum.. 19?8). A fish does not bread 

successf~lly or its embryos do not survive, if the external 

environmental conditions are not within an optimum limit. This 

optJ,.mum conditions are specieao specific.. Thus, some fish breed 

in ~pring, some in autumn; while soma others breed in winter, Both, 

biotic and abiotic. factors, .influence the reproduction in fish. 

Among the biotic tactoJ;s, evailability of food is considered as the 

prerequisites for the development of gonads (Nikolski!, 196J,. 1969; 



D.e Vlamingt 19?2# rl$ \#laming ;!.\.a.~ 1978). Howsvet•· the ebie»tic 

fE)c\ot_s, ptlmarJ..J..y temperature ~nd photoperiod 1-'ate shown to be 

the dominant regulatory faqtora for the successful reproduction 

in many ~pec~es flf' fish (Hoai-1. 1969J Sundararaj & Vasal;, 1976J 

Billatd ·& Breton, 1 ~?a). These two environmental factors might 

aQt independently cur co~pel'ativaly.~ Temperature is an important 

f'act.or f.ol' cypJ"inid& wheu:eae photoperiod is the major factor for 

. salmcnlda and gastel't»Bt$1.da Pot reproduction. However; in tropieel 

fishes; wh~tl'l1 ~nvit,onmontal tempatature is directly re~~ted to the 

langi;h of the photoptJtit3d,: t»oth the factors· cambinedly tegulate . . . ' '· 

the reproduction. Othar abiotic fa.ctors have also beon observad to 

influence succotisful tE}pl'oduction in soma species of fish (Husain; 
. ' 

19451 H£nra, 1954; Khanna,. 1 ~'as Ruby !!. al. 19?7, . 1978) • Tha 

env itonml)nt inflyencea t.he t-~p~oduction in fish through ~ul'oan ... 

doc~>ifla· lt)achaniam (Hearl 1.969; l.1lay.1: 1969),. The signals from the 
. . 

et1vi,onm£)nt ar~ tece.lved thtough hho tJxteroreceptors and a;a 

convtJyad to· thG .t\ypothal~mu$_ ¢~ich,ln tutn,stimulates the release 

of pituitary· hoirnulnes. The pi~uitarv hC)rmones control ll'eproduetJ.on 

aod rnatabQliam J.n fish:• 
"' 

·All fishes f.J"eeiy breed ·in nature •. Some braea in smell 

confined watel!' bodle$ in captiv-ity under adequate envill'onmentaf 

condittons. ·Howsv~r, .aoiita ot.hera like the Indian major ca;ps do 

not bt-eecJ in captivi~y even all biotic and abietic conditions 

boing optimum. ln pisciculture practices; these fishes ate indt.~t;:ed 

to br$$d by injecting an adequate dose of pituitaJry hotmona$;. ·a 
; . . . ' . ' . ,, . . :, . ~ . . 

ID'lthod 'called '-hYP:OPh:rttatJ.on1 • This method was f'J.rst successfully . 
·; < •• : •• 

employed by HQussay. '(19,0) in Atgentina. The method of hypqphy• 

sation or .tnduued bJ:eeding not only helps to by•pass th~ 
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environmental inh£:b1tio'n of the breeding in captivity, but it 

~lao helps the piacic;ulturists to adopt suitable measures 'or 

o·btaining maximum .survival and growth of the fish. 

The onset of sexual maturation and spawning of fish·at a 

particular environmental condition<".' is of great adaptive 

significance~ It en~ure~ the mo~t favo~rable condition for 

developr..ant of the embryos and young fishes (Schwassmann, 1971). 

However; in nature, a large .number of fishes ddla during their 

ontog~nic development. The caueJes of these mortality are predation 

by large fishes oi:' by other animals, disease and fluctuations in 

the env iro.nmental factors (Blaxtar,- 1969; love, ·1970; Braum; \l978 ). 

Most viable -larvae ar$ produced at an optimum condition of· the 

envi7:onmental f"gctoJrs·. iha 'optimum c'on.dition' of a· particular 

~nvironme.nt'al factot,. has its uppa_r and lower: 'limits of tolerance' 

bayonet which . the embryo fails .to aurv1ve indefinitely •. Both the 

'optimum level' and 'tolerance leve.l' are spe~ific for embryos of 

a particular species .• Th'ay also vary batYJSen different s.~ages of 

deveJ,opme.nt in a given species (Nikolskll, 1963) •· 
. : ' ~ ~ 

Variations in environmental .. conditions has been shown to 

alter biochemical activities at cellular and subcellular level. 

Such alterations migh~ have been the cause of mortality of 

embryos due to a shift in the normal environmental condition~ 

The development of fish;, as in any other animal, takes place 

' through a satias of· 'b.iochemicai ctu~nges. The different biochemical 

reacti[)ns which: ~omprise the metabolism· as a whole, are strictly 

governed by physical factors. The changes in the environmental 

conditions might result in complete disruption of cellular 

metabolism, caua1ng death of' the de.valoping embryos in extreme. 

case!J• 



$ 

Tha- bioehsm!cal mschani$m of' development and diff~t:"entia• 

tion is \)asiQally c-im11ar in all multicellular animals (Grant, 

1978). Irt gens,al~ it is concezo11ed with (a) degradation. of organic 

raolebulea,. llke caJ."bOhydrate, lipid or :PJ:ot~in, far supplying 
. . 

en0rgy" to ~:he growing embryo and also to supply raw matl\ii:'ials fer 

(b) synthas1~ of' ne.w molecules, primat:ily nuciaic acids :an" 

proteins~ tha sttuetuJtal and ft.mctional units of' all k i~ds of 

calls, t.t.~su$s and .oz-gans. Th.eso biochemical changes occ~r in El 

saqyent1t;ll patto~n during dsvelopmant. The sequential ev~nts have 

be~n ahcu.tn t.o ba clue to th0 differential activity of appz\1opriat~ 
I 

genes (McClint:ock-1 19Q?J Gurdon, 1974J 'Davidson,. 1976J Davidson 

& Srittan, 1979) •. Informations contained in the orJA molecules ate 

trarlacribad into m'""RNA which translates the same into specific. . . . - .. \ 

prl'>teins in coilabo!rat1Qn with r..;.R;NA and t•RNA. Thase newly 

synthesized pro.tJ~in,a are either structural, for building of 1
: the 

. - . . . I 

cell organ~l.lea. or f:u1'tct1on~l pJotains eallad anzyma~t:i' which 

catalyze differ-ant ~bi.ochamic;al reactiom•. The Pl'asence of a 
. . 

$pacific sat of protein$ or eniymeG in a particular organ of an 

eukaryote animal o"ables the organ to perform a specific fu,notion. 

Outing embryonic davalopmant.,. tho differentiation of a particular 

group of c;all${along a specific lina 0 is synchronized by incorpot!­

#ation of' a speclfi_c spectrum of anaymea. (Whitt, 1981 et) • tn fact, 

-the. Jl'el.ationship ,batwaon certain en~ymaa and morphologieal 

differentiation is· so gt)od·thato- often the appearance of a 

specific enzyme is considered as 'biochemical marker• of differ• 

an~iatic)n of a particular kind o:f" morphological structure (rJJonroy, 

1973; 9&-achat, 1974).: ltnzymes, bosidas giving the functional 

entity of diverse kinds of. calls, also play an important· role in 

regulation qf metabolism of different biomoleculas during 
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diffetantiat!on. The rat'e of ~etabolism varies during diff'er~nt 

periods of dEJvalopm_ant (Love; 1970; MQog, 1971; Salinsky, 1976) 

1-n accot'dance with the.chang~s .in d~mand for energy by tha embryo 

and the pre~u•stuts naces&altY ro.r t.he synthesl~ of' new molecules. 

This cont1rol is aohieva.d th~rough the p-re~exiating enzyme molecules 
• ~ ~ •• ; \ -: :: . . .. i ' . • ~ ~: • : 

and 'al$0 ·ih1tci~gh· the synthesis, of vari_etie.s -of new enzymes_. 

Although the biochemical process of d1f"fer$nt1ation is 

bas~c:ally sim~lar in all animate,; it is' more eompl~cated in the 

oviparous ones including Pish,. In the ab.st;Jnce or any dir_ect supply 

of nourtshma.nff :ot pracutrsors· for sy.ntha·s.is of new molecules; as. in 

.vivipa1•cui$ ~nima1s;: tha .embryo of ov . .lparous animals ·depends 

prima'l'ily ~n ~ha· amoun.t of yo1k ma~eJ'ials depoeit~d during 

v1t$liogenes1s .for its successful davelopman~• Needham (19:51) 

calls the axtatl'!)al~y devolopad eggs ~s '8 'clo·sed box* becaua·e it 

is sealed f'-om any- e:xternal supply of nouJ:'ishme.nt and many ot.hat 

matetlal$ na·c~ssa~y fot development• Studiss on the biochemistry, 

of ontogenes1~ in o.v1parou~ animals have been exctusively 

conducted in e~h:in.~de-tm$ and amphibians with the sea urchin and · 
' 

Xenopus,,, r9apect1vel,y•, as typical .examples (Btachat; 19741 Dania• 

1974~~~; Gurdo:n, -19?4; Paul, 1974~). ln fish,. tha.se studies have 

.been testriet;ed, to; only a few species such as salmonids 0 madaka 

(o. ,l~tipea,) and ·loach (M. fos_s.iliaJ. On the other hand, fishes .._ .- ._. 

are known for t;h;el.r, _diver.se type of adaptations to different . 

aquatic habitat:s. _ T:h_erefore, more 1n_formations are required from 

mora represent~tiva gzooups of fi!!h from different habitats. 

Tho devGlopmf)nt of ovlparous animals proceeds at the 

expaoae of yolk subs~ancas deposited in the egg during oogal'lesis• 

In fish, yolk ma_to~iala consistr~ mainly of lipoproteins and. 
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phosphop~oteins (De Vlaming etal. 1980) and some amoun~ .of free 

amino acld$' fat and ~lycogan (Bsllnsky1 1976). Inter-estingly; 

tha eggs of ov.J.parouQ vel'tribtates al.so accumulate a large amount 

of ONA and RNA dUi'lng oogenesis (Ty lor,, 1967J Denis, 1974; Paul, 

19?4b):: 'f~ .fish0 . the amo~nt of DNA in ~·~~~1 ·;at exceeds· their 

:somatic valuaa by 103 to JX104 times 01r moro 11 and RNA values are 

sevatal t.imes mots than O~~A (Neyfakh & Abramova• 1974) •. Tha 

increase in O.NA 1s pa-•tly dqa to the amplification or chromosomes 

in the nucleus •. Howavar; the maJe»r deposition of DNA occurs in 

.tha cytoplasm.•~ The h.igh or~A values has bean shown to be due to 

amplification o.f co~tE;Jin genes suc;h .as ~RNA gene. and due to the 

incr6ase in ·mi~ocht»ndrial number i.n echinoderms and amphibians. 

RNA incl"aaoe is mainly due to the accumulation of different typ$~ 

of RNA (Denis, 19?4). Protein synthesis in se~ urchin· (Brandhorst, 

1976); Xeno_pus (Ballantine et. ~~~ 1979) and also in soma spacias 

of fish (Neyfakh & Abramova,.· 1974) is shown to be highly activated 

only at osr al'ound the ga$tru1at1on in the embryo. However, in 

salmon (~: gait_dneri), teitoun ~t ·!! (19?7) have shown an 

immediate intan$1Vs ~rise of protein content following fertillza~ 

tton. This might pax-haps indicate a high activation of the protein 

synthesis at fa~tilization in salmon eggs. The yolk protein is.·· 

gradually degr·aded with t~e Ptrogsreas of development and new 

proteins are syothes$zod. Dapel'lding. upon tha balance of degradation 

and ayntheois·•· the protein contont decreases or increases wlth 

development.. Tho. f'tea amino acids also change quantitatively and 

qualitatively depending upon thoir production from yolk breakdown,. 

new ayntha~3i.s and J""ate of their incorporation into the newly 

synthesized protelns (ZeitQun !!. al; 1"977). Nuclear ONA synthesis 

begins at the early ~leavage .stages (Denis; 1974; .Sarkar at al, ·-·-
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1979). but. quantitatively DNA content ot the egg does not show 

any inc~ease t~~l the n~ber. Of cells or tn·othet words the 

, nuclear DNA becomes more than the deposited ONA (Neyfakh & 
-\ . 

AbJ'$mova, 1974) • The beginning Q.f the synthesis of RNA in the 

EJal"lY· d~velopmen~ varia~ from the cleavage stages to gastrulation 
. ' . 

in diff"ir~nt f;)peCif,Js of" .. fish (fll$yfal$h & Ab.ramova; 1974J Zeitoun 

. !t a.l•· 19?1j C.hat.ldtlury .!!. al, t9i9J Sarkar .!t al,, 1979) + 

. ' . . . . . ·\ 
The unfertilized egg of" oviparous vertebrates cont1~ins a 

lar;ge S~ora !)f enzymes or, vad.ous metabollc pathways (B~~het, 
1974). Besiders, many new en~·Yfllas are also synthe~ized dur·~rg 

' ' . . . . ,, \-,, 
. . : . . ,. . . . ' \ '\ 
development~ The activity of some enzymes increase, some decrease,. 

~oma· show fluctuattons;· while some remain constant. Th~ 1~ulk of 

~uch ·studies, duting fish d~val~pment deals· mainly ~1th t'~"e enzymes 

of'· glycolysis,. fCA cyclE,- or re·spiratol'y chai~. (Hiahida &>~kana; 
~ . . . 

19S4J Ternar,~ ·19GB; Nerfakh & Abramova• 1974; Shaklee & Whitt; 1977; 

Whitt.,. 1?B1·a)•; I"f"o.rmations tegarding the enzymes of other mstabo~ic 

pathways during the deveiopment_ ·of fish are vary· little. 

Bealdea ear_ijohydtate and lipid, protein is an import~nt 

e.ource o, ent~rgy tor developing fish embryo (Hayes,. 1949; Smith,, 

1958; H~rmor & Gataidet 19'1'7>•. Thus,. yolk protein is catabolized 

by proteoly$_is., amt·no acids ~-o •liberated ara tranadeaminated or 

direc::tly deaminatad .libatating «'•ketoglutarate and ammonia. 

t( •ketQglutatate_t ... so, formed• enters the TCA cyole to liberate 

energy. The ammonia content in the eggs f!lt:lY also be supplemented 

by deamination of glutamine (UJith the help of glutaminase) a'" by 

deaminatlon of nucleot.ide.s (with the help oP nucleadaaminases), 

which .are known to. be ammonia producing. reactions in adult fish 

tissues (rorstrar & Goldstein• 1969; Watts :& Watts, 1974)• Ammonia 
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is a vary toxic product and cannot be retained in the cell for a 

long period. lt has bean rdportad in·salmon that ammonia QDUld 

be liborated through the chorionic membrane (Rica & Stokes'•·· 197::5; 

f"edorov & Smitnova, 1978). Howev$r 1 Smith (1947;. 1957) observed 
; r ,· 

that ammonia failed to c:onte out of salmon ·eggs. In the event of. 

ammonia diffusion rata is nil or less in the embryo, ammonia is 

expected to .be converted either to a le.ss toxic form such as urea 

{through ~rnithina•urea cycle) or to: a.non .. toxic form such as 

glutamine (with the help of giutamine synthetase). The conversion 

of ammonia to urea via the ornithine-urea .cycle in teleost fishss 

is still an enigma~, in developing .em~ry;os of salmon, Rice and 

Stokes (197·3) :repo.rted the abs.ence of a. functional o .. u cycle. 

However, rect;;ntly,, 09pecha at al (1979)' have shown the prese.nce . . .....,_ . 

of tho path,way- durlng soma ~tages of development of salmon. 

Literature on thi$: pathway in ttte dav.elopmental phases of other 

teleost fishes,: and the participation of glutamine synthetic 

pathways in ammonia. datoxificatJon during the development of any 

fish, era ex~ramaly limited. · 

Neutot.ransmlssicsn is another important physioloQical 
,.- I 

process in an animai. Acetylcholine is one of the important 

.neurottansmitt.t:t:t~•· ·It is sy~thssizad with the haip of the enzyme 

chol.\,na acatyitta~sf.erase and degraded by the enzyme acetylcho.,­

llnesterase~ Aceu·ylcholinesterase is known as a marker enzy.ma 

for neural and mu~cla tissue differentiation (Brachet, 1974). 

Not many report$ .are available on the devalopmentalpattern of· 

acetylr;holinest~rase in fish (Uesugi & Yamazoe•, 1964J Whitt; 1981 a) • 

The .inductio·n or inhibition of the activity of enzymes 

during developm~nt i~ due to the activ~tion or repression of · 
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raspac;tiv~ genes (t'larkart, 196$' 19?'; Scandalios,. 1979J Whitt, 

:1981a,b),. The functions of genes,; in turn, are dependent on the 

physical. and chom!ca~ stimuli (Moscona;· 1972). In aukaryotic 

animals.; the mechanism of gene regulation is quit'o c~mplicated. 

Soma mc>del Etnzyri'laa (Markert, 1970, 1-973; Davidson; 19761 Davidson 

& Stitten, 1979) having $daptivecharacters have been ·used to 

study :regulatton of apeciPic genes. Tyrosine aminotransferase 

(TAT) is· ontt sue~ enzyme, which in higher vel:'tabrates is quickly 

1nducad by ~hysical and bhemical stresses (Gelehrtar, 1971·; 

Thompson, 1979)' .• ~ Th$ induction of TAT during the stres~ takes 

placo throu9h the release of corticosteroids which cause transcirJ.p• 

tion of TAT gene (Gop~lakrishnan &, Thom.pson, 1977). Therefore;. TAT 

has been exha4stivaly liSed as a model enzyme to understand. the 

mechanism C)f gena regulation in eukaryotes. It has been reported 

that the r~gulatlon 'Qf TAT in adult fi$h and other lower vertebrates 

l$ different from the m.ammals. Glucocorticoid$ failed tQ induce TAT 

in these enimals (Chan & Cohen,. 1964; rellman .!.\ ~~~ 1971 J Ohis·alo 

& Pispa; 1'975). ln a tepott from this laboratory., it has bean shown 

that the enzyme was inhibited during hypoxic stress in adult 

c. c_arpio1 a pht3nQ~t~enon opposite to that obaer.vad in the stressed '""" . 

mammals (Ratha & Bhagowati,, 1981 ). It is known that the gene 

activity changes du~ing tha life time of an animal. Therefore; it 

might be interesting to see the ontogenic changes in TAT activity 

in fish to got st).me idea about its regulation in lower vertebrates. 

The t~la o,f extrinsic factors on the rate of development 

and surv.ival of embryo has been studied ~ln a large number of fish 

species in both freshwater and. marine environments (Alderdica at 
. -
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-· 1P68t 19?1a,b; Blaxter• 1969; Love, 1970; Braum• 1979). The 

embl'yC)$ h~ve been shown to be very sensitive to the fluctuations 

in environmental factol"S• As mentioned earlier., the sansJt.lvity 

~r fish e~bryos to the ext~rnal factor~.~ight ba a raf.lectlon of 
. ,, '· '. 

the la~ility of metabolism, taking place at the cellular and sub• 

cellula~ lav$1S • T~ere are some .sporadic reports on the .gross 

change$ in metabolism of fish embry-os as measured by indirect 

mothods such as es.~imating th'e rate of. oxygen consumption under 

different environmental conditions• It has been shown that the · 

rate of oxygen consumption varies inversely with temperature 

(Lindroth, 1942J. HQil ... day S t!al• 1964) •. The maximum efficiemcy 

of' yolk utili.zation has been shown at an optimum temperature range 

{Kay~s & Pelluet, 194St Slaxtar & Hempel• 1~66; Marrf 1966; Ryland 

& rachols, 1976) •· Howev·er, there are some reports on yolk utiliza~ 

tion J .. ndependent. of temperature, by embryos of some fish_es (May1 
. ~ . • . ! . 

1975b; Howall, 1 ?BO; Johns & Howell, 1980j Johns et al, 1981). Low 
~ . -· . ~-

salinity induce~ an ef~icient utilization of yolk in !• icistia 

(May, 1975b). ln Atlantic salmon, !• s,ala:r:• red~ced oxygen supply 

caused a low rate of yolk translocation {Ha,mor & Garside, 1977). 

Studies on adult fishes have shown that- metabolic adapta•· 

tion ~o the. va~iations in environmental condition is a complex 

process (Hochachka & Somero1 '1971., 1973; Varnberg & Ve:rnbarg,· 

1972; Prossel"',, 191,~)-. Q.uring this,. SQm_e metabolic pro.cesses. are 
. . :. ·..•. . . '" 

activated, some: :ar·~: reduced, while some others do not shaw any 
. :. :. ~ 

compensatory change.• This is J!'aflected by different pattern of . 

charigas of the ·metabolites and the. activity of. the enzymes involved 

·in different met'abolic pathways. T.o speak in general, studies ·on. 

the biochemical a~d,aptations during the developmental stages ot 
freshwater t'.tshes .a:re e)(tJtemely limited and are vary much wanting. 



Plan ot work. t 

c.Yp,rinua corpio var. com.muni.s L. (common carp or scale 

carp) and La boo rohita Ham •. -(rohu,. an indian major c;aJ:'p) are two 

importar,t spac!es of cultutable fre~hwat~~,f;ishes i~ lndia. The 
' . . . . . . 

fo·rmer is an 'eu]7ythormal' species which has the capacity to 

withstand a.wida range or environmental temperature. It breeds 

and gtt:Jwa well at warmer climate• Howaver, it is also found to 

adapt well in ~piand wate~s at moderately high altitude where the 
' ' . 

environmental tomp~ratura is comparativsiy lowe Therefore, often . . . . . . . . 
it is tarmad aa a •cold~water fis"'• On the other hand, the Indian 

major carp, rohu; has $0 f>ar.been cultured only at lower al~itudeD 

in tropic;al climat~h It does not nat,ur~lly bread under captivity• 

But, it can be induced to breed succes.sfiJlly onl~ at war..m . 

temparatutEh In India, many upl,~nd watel" bo~ias aS"e situated at a 

medi~m altitude zona. tt is f'el~ that .such water bodies could alao 

be exploited fo1r cultute C)f the major carps_ineluding rohu 

(Jhlngrart & Oehadrai; 1974) •· A fruitful way to make. such an attempt 

is hOUJSVer dependent On the bJ"eeding performance. survival of 

ambtyos ·and gr.o.wt.h of the fishes in the prevailing physico~ 

chemical conditions of those water bodies at.highr:lr altitude• It 

may be presumed that 'physiological adaptations• would play a 

gteat role in determining the ·acclimatization capacity of' the 

adult fishes or of" their embryos to survive and grow under the 

·high altitudinal .conditions, •. This capacity is· obviously possas$ad 

by the comrno,n carps but no attempt has yet been made to find out 

tha.ir molecular mechanism of. this adaptation. Thera is practically 

,vary little infol'mation availablo on the developmental physiology 

and biochemistty in these two (scale carp and rohu) f.rashwa~ar 

species. 
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KoQping _these i.n v !ew1 the present. wturl< has been planned 

to study ths b~>e.a~ding etf'lciancy,, survival and rata of' develop~ 

ment of the embl)'yos Qf .sca-le cat-~ (C.YPt.in·u.$ carpio va~. communi~ 

L.) artt1 .. ;JiOhu (LabB:o ~oh:ita Ham.) .at loUJa't: a'ld higher altitude 
.. ~ ' - :. . '· 

and to c;;o~ra,lat~ these eventa 0, if possible., with soma moleculal." 

and b.f.C)cha~icala changas. in them •. ThE) higher altitude where the 

. present. exp,a;l:iman~s wete conducted ware of 1500 metres ASL (at 

Sh11iong1 25°!i'N & 91°9'£) and at 1.000 metres ASL (at Mawpun, 

25°40' N & 91·0 5~' £') • The lo1.119:r altitude was almost at sea lev.el 

at Gauhati (~6011\t ra & r}91°47'~). 

Th~· flndin9s have been pfosanted in the three chapters ofP 

th.is thesia ~s P0.11ows s ... 

CHAPT!R.-t (·Sroading & Developmr:lnt) presents. (a) a comparative · 

ac·co~ot of tha phys1co~chemical conditions of' managed fish ·ponds 

at low and higha~ altitude (1SOO m) and (b) obse.-vationa Qn 

breeding perfcu~mance and ra·te of fertilization, development and 

survival of' embryos o:f sr::ale carp and ~ohu at different altitudes. 

. . 

CHAPTER""'ll (Biacham.tcal Composition) deals with the pattern of 

changes in wat we.ight and quantitative changes in dry matter,. 

·water; total•, soluble-, cytoplasmic• and mitochondrial• proteins, 

f~ea amino acids• O~A and RroA. and qualitativa changes of free 

amino ar::ida during early de~relopmant (from u"fertilized egg till 

hatching} nf the two fishes at lower and h~gher a~t!tudrh 

CHAPTER•lll (Metabolic Changes) deals with ths ontogenic changes 

in tha activ.it.y of .some enzymes and concentration of metabolites 
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related :t;Q · ammonl.a metaboli$m (ammonia•: ul'aa, glutamate~ 

dehydrogenase,, ~hospht:~te dependent glutaminase.. glutamine 

syn~n:e~asa and arg~nase), neurotran.smission (acetylcholine 
-.; (' 

and acetylchol.1-flse~erasa) and ty~roslna oxid~tion (cytoplasmic 

and mitochondrial tyrosine aminotransfeJI'~aa) •. during the early 

· dev~lopmr.Jnt of the twt) f"ishe$ at lower and higher altitude. 



CHAPTER I 

BREEDING & DEVELOPMENT 



1S 

ltJTflOqUCTlON 
I l .l , 

The fishes,_ like any otha~ vertebrates, I'EJI)roduce sexually • 

Ttlay ~t'Gt mo_stl y dioecioul·h The ova and spermatozoa at'a produced 

in eapa1rata·· individuals, ~nd the rertilil!ation and development of 

the zygote are external. The mature gametes, thus released to tne 

surt~unding water, a~e subjected to the fluctuatiOn$ in.dif.ferent 

anviJ:"ortmantal factors, includlClg f)radation by other animals .• If 

·these conditions are not optimum_,tha successful development of 'the 
.\ 

next generation gata severely affected (alaxter; 1969; rUkolakii, 

19~9) ~ Tha· ov!par<iu~ fishes, therefore• produce a large nurnbet of 

egg~ to balance tho mortality during development (Hoar .• 1969). 

Howevar. in the proc;.esa of evolution, fishes have been successful 

in rest·ricting theit btsading to a particular period of the year 

when the conditiqna are most favourable fQr the devolopmant of their 

embryO$ (Schwasuimannt 1971; Oe \llaming;, 19721 trim, 1982). Tho opti~ 

mal conditions t.equirad for their reproduction and breeding va~iaa 

considerably in di ffai'ent specie$ (Billard & Breton, 1978). Tha fish· 

fails ·to breed in ~t$ normal breeding period of the yaarr if' tha 

environm~ntal conditions c,lte not optimum (Jalabert; 1976). The 

effect of differa1'1t environmental factors both biQtic and abiotic;:, 

on the reproductive eventa have been studied in different fishes• 

SufP'ieient experimental evidences ar-e now available to show 

that the enuironmental factors influence the reproduction in fish 

through the nE!Iuro...-andocrina mechanisms acting primarily along 

hypo.thalamic~hypo,physial•gonadal ~xis (Hoar; 19-65, 19691 Liley• 
. . ' ' 

.1969; Dodd; ~1972; De Vlamlng1 1972J Donaldson;. 19'7)J Peter & Crim, 

1979; Peter; 1982). The 
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hypothalamus through the extaroeeptors which in turn influence the 

pituitary gland to release the pituitary hormones. Colombo ~nd 

Relvedere (1~76) have reported that the pituitary of teleosts sec• 
-::::. 

rates a compit!ment of hormones showing similar functions as sean 

ln other vertebrates. Gonadotropin functions like F'SH and LH have 

been clearly shown. in the hormonss released from the fish pituitary. 

HOwe\let 0 it .la still not clear whether these two functions are shown 

by two different gonadotropins or only by one species of hOFmone• 

The pituitary hormones, t.hrough the gonadal atazmids and thy.roid 

hormones, contr.ol the. gamet.ogenasia, metaboli~m and the r~produc., 

tive bahaviour including spawning in fish~ Therefore, in recant 
' . 

yearS. pituitary extract has been widely w~ed to induce successful 

breeding even ln difficult to spawn species.~. of fish in captj.vity. 

Ipduced b:reef!ins s 

The flshas breed succes~fully under optimal natural oondi• 

tiona and prQduce a.large number of eggs. However, variations in 

the env~rhnman~al factors drastieally ;affect the rate of spawning• 

and changes .in h)ldroblological conditions. and predation pressure 

tesult in.the.loss of a large number of eggs or young ones produced 

in. the natura' ( Wa!;Jl&t.;: 193:3; il~ter, 1944; Numann, 1961; Braum, 

1978) ., It is. indee.d, di fflcul t to determine the actual cause of 

~uch happening~• the extent of loss incurred and to adopt suitable 

c:;ontrol meas~rasin the large aquatic systems. However• the demand 

for fish as a maJor source of protein nutrition for the growing 

human population ha$ been increasing enormously. This has led to. 

culture fish.under controlled conditions in conf'inad water bodies 

like ponds and reservoirs .•. · 
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The success of fish culture depends, to a large extant, on· 

the availability of enough good quality fish seeds which are 

usually obtained fl-am two s·ourcas (Das & Khan, 1962). (1) In the 

earlier days and evan now, for many species which tail to breed 

in captivity• the seeds are collected from nature during the 

breedin~ seasnn, This process is not very affici~nt because the 

seeds c~llect~d ar~ often mixed with many unwanted species• and 

a large scale mortality takes place during the transport and 

. domestic~ti~n ~f th~ seeds during their'early development. (2) 

The second source which has been developed using scientific 

knowledge 'on fish reproduction is by indu·cad breading of fish in 
I. 

captivity with the inj~ctions of pituitary extract {hypophysation) 

or different hotmcnas. · · 

~he use of pituitarY injection for induced breeding of fish 

as reported by Daa and Khan (1962) dates back to 19'0 when Houssay 
.. 

in Argentina succassfully ovulated Cnasterodon decemmaculatus by 
. .. 

intra•pe;fitoneal injection of·pituitary to gravid females. F'ollowing 
' 

Houssay*s exparimant.s .• Brazilians in 1934 induced ovulation in 

Prochilodus using fish pituitary extracts and since then hypophy• 

sation hcis bac~m$ 'a regular practice amongst fish eulturists of 

Brazil (Jhingran, 1982) • The Russians· were next to introduce; 

induc~d breeding·in fish culture with·auccessful hypophysation of 

~tufgeon (~erbilskii~ 1938). This technique started in u.s.A. wha~ 

Hasler· e._tal (1940) successfully. induced spawning in~ 

masquinongy by intra~perltoneal injection of pituitary. The 

hypophysation.technique was first iAt~oduced in Japan.by Kaw~jisi 

tU. i! (194Ba;.b). In India, Khan (1938). was the first to obtain 
. . - ~ 

which mammalian pituitary was used. Ch~udhuri (1·955) introduced 
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in lndia the usa Qf fish pituitary (§.,. c,a.tiaJ in induced bre$dlng 

of Esomus dan~rlcus. 1\iow. the use of hypophysatiQn technique ~n 

fish bieedlng haa been widely used. 

The lnciian maJor ce•ps and soma exotic chlnese .carps 

(C~ catla, t. •. ·#C)~l~a, c. mrigalaif H •. mol1tur1x, A •. nobilis1 ... ·-· .............. --··---
c. molitorella and c .• i4$~1a) do not breed natt.trally iA ponds. ·- .. ..... 
Cytological !lt~~4,a$ on devolopirtg ova~r.y have st,own that the fin~l 

at·aga of rnaturati~n 1c neve, attained in ponds resuiting in the 

bi'e~kdown and ''~o;-ptJ..on .of' the eg~s internally (Chaudht.~ri, 1976) ·• 

The S.nducQd btaa.d~n!:l of ~ome tnt:tian carps such as !:.• rohita, 

c. m~igala,· e.: reba and L. bata was initiated by Chaudhur1 and 
... I - ·-· ·- . - . 

Alik·unhi (1957) uolng fi~h pi~uita:rv hormones~ The exotic chinese 

carp$ were .suceasE3f.ul1y b'$d in India by hypophysation in 1962 

(Alikunhi ~t ~'-'· 1 963a,b) • At. present •. the induced breeding of 

ca~ps are toutin~ly dona by hypophyaatian all over this countl"Y 

(JhS.ng"an; 1982). 

Besides carps, many other commercially important fishes in 

this country hav·r;:, bean induced to bs-sed. Some or them as-e 

!i• f.osailis (R$maswami & .Sundatal'aj• 1956; Sundararaj & Goswami.t ··.· .· 

19693 lhakut !!,. a
1
1, 1977}. ~· batrachus (Ramaswaml & Sundat-a~aJ, 

19$6; 1957), ~· ili~ha (tia.ihot,a !!, al, 1969) and !.• putito_ra 

(Path~n1 & Ds&, 1979) .• 

Wl~h ths l'iaing demand for fish pituitary gland and dfJe tQ 
the difficult~as .\n their mass procurement in recont_years, a need 

for GUbotit~ting pituitatry ·\OOS increasingly felt by the fish 

cultutiata. Vatioys rnomm~lian and synthetic ho"'monas have bean 

tried to induce breeding in fish •. Ht,Jman chorionic gonadotropin 

(HCG or CG), prolart and antt.d.tiin-3 have brought about ovulation 
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and spawninQ in savetal specie$ (Pickford & Atz, 1957) ~ Khoc 

(1974) obs~rv~d that tJI'eatmant of g,.-avid goldflsh (£.• a.,urp.t,us.) 

with ptograstaron~ and eorticoateroit1s indt.tced ovulation• Tha 

mammalian' htu~JD,Qna flavolutan. (for femEa~es) and perandren {for 
·, 

malas) ware found tC) in4uca. spawning ~:n the mahaa~r, .l• pyti tors. 

(Patheni & O~s .• 1979),e Liu (1963) successfully induced spawning 

of' soma fishes vsing c::horiogonin (a trade nama f'or t!G) and SZhk 

(propatad from PJ~'$gnant marE} serum). H.CG alone could not induqe 
. . 

success full spawning in the Indian maJ,or caJ:"ps but when a low 

doaQ of' catJ)~PituitarY extraQif. (:3'!!'.6 mg/kg + '1 mg HCG) was used, 

· it effected (apawning •. Synahorin (a mixture of' t:G and mammalian 

pituitary axtr'act) wets equally inef't'$ct1ve but in combination 

with fish pituita·ty _extJtact 1~ 1ncluc!;jd spawning in !:..• £DhJ.t9. 

(Anonymous; 1968) • Lutocycline cur Qvocycline alone did not hava 

any effect (Anonymo~a1, 1967)• The us~ of synthetic and mammalian 

hormones do not alw~ys yield aucceasftJl breading-. Due to the 

uncertain results with pure hot-monas_• crude pituitary axtraqt is 

still mot-e populo~ and widely used by fi.sh cultuJ:"ists al.l over 

the world in induced breeding opal'a~iC)ns in f~shes to produce 

~:~uality seed,$ in captivity (Chaudtu;~ri 6 1976; Hao•fl1;1n1 1982; Lam, 

1982; Larkin, 1~82)~ 

t.'\ t,he. nat.Y,t{t ; .Successful btaeding of' fish~s can. be. obtain~d 

ftom gc.oadially mature and -,,!.pa fishes. Growth and matuJ:ation of 

·gonads and the 9vul.a~.ton ara b'ought about by variou~ biotic and 
' 

abiotic factOl:S of' the environment • l'ifu.tri tion has, been consid.ratad 

as the most 1~p~rtant among biotic factors ( Nikolskii, 1963) • 

· Oocro.ase J.n food availability ha$ tasulted in the regression of 

qonade (Sc:of;t, 1962j Clemans & Read, 1967; Oa Vlaming, 1971; 
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De V:iam1ng ~at. ft.!~ 1978) and delayed ·~~e onset of sexual matura• 

\ion in diff$1-ent spe.c1as of fish (Al.m .• 1954; Wilkins; 1967) • The 

ab!Qtit; ~nv.J.ronmont.al f'ac:tot·a. ouch as temperature• ph~tope~iodi 

pH•, ~al.!n~ty ate•" have shown ~e1gulatory ef;act~ on thE!! breeding 
. - - . . · .. · .. . . . 

cycl~s in fish·• :Tbey have been J;"evl.~wed fro~ time ~o time by 

· diftiere.ot wOtk.e~s '(AI'onson1, 1<?6'1. Schwassmann.,. 1971 j D.~ Vlam1ng1. 

1'9?2,, t974a· .~l~bettj 1974# Billa'd & ar~ton• 1978# Sc.ott,, 1979) ~ 

p:h~t~p$tiod and :t·afitpetature, ~mong othsi' . f'aQto.:r$ have been ·~onsiilll 

·dared to be rnost: J.mpo;tant ~n the fe.~Z"oduction of te,-io<Js.t .fishes. 
. . ' ' .• 

In: solmonids and gastezaos~eid$,1 photopetlod exarcise a d.om~."~,.t 
roie · (Hoovei., ·1~3·7· . Alison;. 1.9;1;. ¢a,l$on & . Hale, 19~3.i WhitahQ.at;t, 

et ·a~,. 197Elj . E~ik:;o:~:. & 'LundqlliSt,,. 1.9808 Wh~tehaa'd a.. th .. orn.ag~,;' 19aQ\ 
• . ~ . . t. . ' ; ! .• . ! ' . ; • . . . . . . 

whetraa$ J.n cyprln.$-.d$ tempe~a~t.fte s~~l'l't.s to b~ mora impo:rt:atilt 
: ' ; ' ' : • • : , ' t ; , • ~ ~ : I ' f 

(Ot.ll.io'ugtr;: 19:39a· t1et;Jlan,. 19$11\.sturoda A Ge'k~ng1, 1977)•: Both 
• • ' .. , . ,- • . I. 

tempetl'a~~~e· a·n~ p'ho~Qperiod plaY·. important .~ole~ in gonad~l 
d~velopmont and ·~pawning in many fish~s in the ttoplcai tagions' 

. ' ' . . . . ~ 

wheJ;a ~rm 'ternp,aratur$ is· the c:ons~quence of long photopotlod 

(.Yoshioka, ·1:9,2,, 1·?63J B:aggetman,:' 1969;. Sunda~eraJ & Sehg21i., :f~?OJ 
. . ' .. . . . ' 

Kay a & Ha&let• 19·1,2#· · Sundatrar$';1 & Vasal.,.· 191>, 1·9768 Da Vlamlng & 

Paquatte:;; 1977) ~. a:esides Ph.otope:riod and tamparatut~h wate~ pH., ·has 

als·o. ·ba.en obset.ved to i11fluonce the srepr~duction in soma fishes: 

(Ruby !i a.11: 1971;:- 1978# Craig & Bak$l.,,. 1977) •· In tho India" maJor . . 

ccurps., wat:el:' pH or. dl$solved oxygen have shown to hav.e no regula, 

t.o!'y tole in gona_d~l. matura~ioti and spa~.S,ng · (:Jhingran• .1982) • 
' . - . . 

tt~wevor;. their $tJ,xua1 maturation and .$pawning are shown to be 

evoked by monsoo~ 'fio~d ( .. usaln,. 194SJ HQra,: 1954J Khanna• . 19$9 )~ . ' . . . . 
l.- • :· ': •. • ~ 

. !: . 

lnducatt bl:'titedlng .. I Th$. aff'ec:t~l of different envirornt~antal factors 
· . II ... l . . . . . 

on tha 1nds.tced b~ed$.-ng ·of f>i$hes have '"ot been clearly unde1ratood. 

Al~ut1hi et !.! (;964) observed auccas~ful induced spawnll"ig of 
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!:.• ;ohi,tA at 2soc aAd the success was inhibited when the 

temperatura inc;eased t:Jy aoc. In axperiments conducted by Central 

lnl~nd F'ishqrJ,es Research institute, Bal"racks:tora, India, 6 sets 

of' J'Ohu 1.nd~u;ad at a temperature of 2B .. 31°C spawned successfully; 

. what$as out of another 6 sets induced et 30•34°C0 only 4 seta 

sp~wned (~nonymous,: 1967). Ibrahim at .Q!. (1968) taportad the lack 

of corralation b()ttif9GM induced·~ ~paut.oing and watet tempat:'ature in 
. ' 

~~ l'P.bJ.A'b !• catl,& an,d £• m£i&lJJ.• Ttl~i:r observations were in 

the t~mparature range of 26.5 to l!i°C:. Recently, the ovulatory 

response of i• f.\u.&a~us wa-s reported to: be· enhanced aftor pituitary 

treatment at low temperature (Stacay. ·w:. Jil., 1979) .• Clemans (1967) 

su.ggestod that .an adequate dose of' pi tui tar y can overcome the 

impact of' any adVatsa conditions of environment. However. 

sufficient axPettimental evid&:tncas ara ,lacking to substantiate this 

hypothesj.a. Cha.udhur!~~ (1916) suggested that tempeJ:<atura is an 

important facto~ ~f,o~_:the success of induced breeding in fish• 

Photoperiod m.aY ~lao -play an important rQle in the success of 

indl!ced ~pawning in, f:i$he In Indian major carps.1 hypophyaatioh 

gave better 2t~svlts W,han done in cloudy days and evening time 

(CJtondt.)r; 1970) ~ 

£ fCacjt at apVlro;nmant, 19'\ fJ..sh. rta.JLeloemen t, I 

The uea. Of induced breeding techniques have helped to a 

great extent in .controll_J.ng the 'environmentally regulated 

reproduction' i.n fiah~ Howavet 1 the survival of the embryos and . 

the proper dE!V~lopmant of the young ones depend largely on the 

environmental conditions. Reports on the population dynamics of 

flsh .development ind~cate that sometimes heavy mortality •. as high 

as 100%, occufS betwaan egg to adult stages in some species of 

fres.hwater f14h$s ( l.Jag1er, 193:5; Elster, 1944; Alikunhi 9.l a,L 19 S'; 
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Ni.imanrt,. 1961) •· Tha early $tage(i of development ara highly sensitive 

to ·th~ ch~ngaa· in env,il!'onma-ntal factors. Hence, mortality during 

the~e1 stagE~$ inc~EH)$as Ulhan the conditions deviate from optimum. 

It is difficul\ to a$slgn anY specific. conditiQn as op~i!llum 
... .. .' . . -~:: \' ~ .. ~ . . 

cond~t.ioil t'r:u· S~Ptvlval of the t)ntQgenic ·stages becaus~, neither the 

dav$loping $tagaa, ne>r the external fac~o:rs ai"e static in nature 

{Sraum, 197a ).. l..abo1!'at'oty. experiments in recent yea~s,. are try tng 

\o identify the unfav.ourablt:i cond1t1ona of the various environmen­

tal .factors wh1oh cause abnormalities and death .of the davelopi,ng 

embryos. Tnls··:has been reviewed from time to t~me by Alikunh1 a.t. a!. 
(195$), Nikol~kii .(196:5, 1969), Blaxter (1969) and Braum (1978). 

The diff'erent envi~ronmental factors.atudied can be broadly gt-ouped 

into two catagotie$ $El biotic and abiotic factors •. 

Biotic . factors l P.tedation and food daf'iciancy.,. acco:rd.\.ng to 

i\l!kolokii (1969)' are the two most important biotic factors 

inflt,aenc~ng s~~rv.ival and groUJth during ea.-ly development. the maJor­

predators of the dev:elopmental stiHJeS aJt~ tha larger fish of th~ 

same cnr dif,-SI'$nt ·specries· (Allkunhi e.t. gl,. 1955) • frogs (Huet, 

197Gj WaynatQvich, 1975) and aquatic; insects (Khan & Huas~in1 1.2~7•· 
. . . . . ... ·-.'' 

julka;. 19651 l969),- The damage due to pr.edation becomes more during 

t,he Pl!'St!~ihatGtling·st~gea when the embryos are immobile than the 

f;f!Je swimming pO$t•hatch1ng stages (Ni.kolski.i1 1969). . . 

Lack Qf pto.P.e!' ntitJrit.-.on influences th~ survival of both 

p,a .. hatching and pos~ .. hatching atagea {er~um, 1978). AccQrding to 

Niko1Gk11 (196:3) auff.iciant yolk resel!'ve in the egg impr-ove the 

embl'yonic survival. F'abr~~Domergue and Biatrix (1897) f.ormulate.d 

the ta,m 'c~riticai period' for marine fishes when the fish larvae 

shift$ ftom y~lk to exogenous f'oodll! The absence of" suitable: external 



nqurishm~nt at tho and of yolk nutrition causes catastrophic 

mortality or thasa pqat-hat-ching stages (Hjort., 1914; P.1atr, 1956• 

May, 1974a)'~ 
- ' ·i_ .~.: 

Bsaidsa thl)se two biotic factors• tha occurrence of disease 

(Bauer .§A~: l973) or parasitism of. the embryos by aquatic fungi 

·(Hoffman; · '969J Willoughby, 1 ~69) al$Q reduce the survival and 

g:-owth of ambl'yon.tc stages. 

Ab,i~!c, fqct.ou.. o The ambient:·· temperature is the moat important 

among the various abiotic factors, affecting the dsvelopmental 

· proce~a (Krot~gh, 1914; Qlaxtar1 1969) ~:· Tha incubation time, in 
·.• . ,. 

gone.ral, io prol,ongad at low tamperatJ . .re arid aoceiarated at higher 
•'!.... 

temperature (Embody' ~ 9J4; Kinne & Kin,n.e, 19621 Volodin, 1980). 
:.~... 

Modarata inct.a.ae~ in temperature e11ha.n:ees the metabolic rate of 
. .. . ·- ' 

the embryos. Howav$to- efficient yo.lk co~varsior:i occurs at an 

optimum tampat.~~uta · Jianga U.i thin· the ~one of' tolerance or the 

species (.Johne. qt
1
• it•. 1981);. ~ach spadies has a def'ini te tole.rable 

..... - : . 
·- . . 

temperature r~riga beyond which thl;l embJ:"yoa fail to survive (Comt?~, 
: : ~: . '.·: . . .. ~ ~ . ' 

1965) • The 1ath.a1 .. temperatura ~ar~es ~i th the level of their 

adaptation (ai:xterj,. 1969). .· . . 

Dissolved oxygen content plays a critical role in the •. 

· gener$i metabolitam. :or fishas and particularly so for the embryo.~· 

in wtlich tha t~ta<of>metaboliem is high •. A riehly. oxygenatecf 
l ;. ' • •.• ' •• _ .. -·\ 

environment incraa$e~ the rate of' mat~bolism and tha rate of' .. yo.lk. 
- . . . . _; .· ' 

conversion into bQdy tissues .te.sult.ing in the increase in tha : rtit.e 

of developma11t (Garside,. 1959J Braum, 19'78) • At low dissolved. 
. ' . ' ~ . 

. : . . . 

oxygen laval0 , the *e.spirat.ion rata is gradually lowered leading to 

the death of the .~mb2ryos. (\ilickatt,. 1954; Hamdorf• 1961; Shumw~y At,. 

w 1964) • The low .level of' dlsaolvad oxygen at 2•.3 mg/1 can pro.duce 
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norma1 l~rvaS. pal'tlcul.arly in $:almonid species (Ano·nymoua, 19?')~ 

Soma, no~o~lm<mid species can· $utvive at dissolved oxygen content 

below 2 rr,g/1 •. liQwsver:; in most of' the non-salmc>nid species normal . . 

development .r9quJ. res a minimum oxygeq le,v~l of 4-.5 mg/1. (Adelman & 

Smith, 1970) ~ It has also been observed that ox.ygen supersaturation 

i$ also not favou;able and can be lethal for developing embryos 

(Bishai., 1960a) • 

ln add!.tion to temperatura and oxygen con~~nt of water; pfit 

also af'feofa~ the embl:'yonic development in fish. Dahl (-1927} 

observed that $¢i~ uiater was p~imarily respons·i,ble for heavy 

mortal.t.ty of $99$ and· hatchlings of' salmon and trout in Southern 

Notway. Many t-apor.ta have appe~r~d on the affect of' pH on the 

embryonic. dov$1opment whi~h have beE;'!h reviewed by Bish.ai (1960b)o 

and Jacobsen ( 19,78) it It has b~esn shown that ~mbryonic development 

tak'es place at a dof'ini te range r>f pH• apeci fie to a species. 

Pa~ticula.riy at low pH, tha acid~basa balancs of' the embryo gE1Jts 

dlstutbed (Bua & Snekvik; 1972) and ~tie hatQhing enzyme choJrionaae 

is inhibited :rosult.4ng in delayed hat~"ing (Paterson it!l!..t 1900)• . . . 

Salinity ia ·an important factor for tho develop~en.t of 

P.ishes and its affect is associated with osmoregulation in f1sf1 

emb1ryo (Holliday & Blaxter, 1960j Kinna1 1960). The salinity 

tolerance of the onto.genlc stages are sxtremely high for soma 

species being 4~·5076 or 'evan a high~!f' range for a ehort period ot 

exposut"e (Holliday, 1969) • H·owevar, tha chanqa of survival is 

maxirtlUJn near the Op.timal Salinity tuhieh is SpecieS· ·specifiC: 

(Holliday & Bl.axte:u.-,. 1 960) • 

Devalopmolltal abnormalities and death may also occur due 

to the adveJ"s~ -~ff,eet; c:af light and photopet>iod. Strong vi$1bl$ 



light. ·callae eaJ"lY hatching and po~t· growth (Hal'!ldcn:··f, 1960) • Ul.tra• 

violet light cat«:ee.$ abi'tormai:lt.tes or· embryos,~ premature hat¢hing 

and h.lgh mcn:·tal~ty (aell & Hc).aJ::, 1950J Mar:inas.-o & Be:rnal'.d, 1966). 

Oatknass ,or: undel'lig~~od condit<!ona. have snown tQ :result in poor 

surv.ival: ~ate in glf'unian (McHugh, 1954) and ha'r:r1ng (Blaxtf!nrt 

1951$) •.. ~onga' pho.t·op4lt1od has. shown to induce the rata. of.'. g~owth 

but poot survi'(al of ~ea ·bass embryos (Borahona"'fernandes:;. 1979). 
. ~ ~ . . 

ot;re~teil~ env J,.tonmental factors do not work independently 

in tho nature and ~nteract with ~ach other to produc;e_the c:Qmbin~d 
! . 

ef.fact. on the o'ganlsm (Kinne & K~nne; 1962)'. 1'ha,afotra, attempts 

ali's ba.l"g .mad~ to si;udy 'the aff.'ac~ of c;ombin~tlon of different ., 
~ . . 

rac;·tots on tha. fi~v~lQpmentai ptoces$es (siaxtar, 1969) •. Kinne and 
: II . ; ' 

K~nn$' (1962) used Qd,ltlb~naticm of t;t;Jmparatur·O.t: salinity an~ sa~u-.. 

i'ation ot air duJiing the davel.opmon~. of ~he desert minnow 
' . - ... ' . . 

£.• _mac.ularius •• Motta·l.tty w~s least at naar lethal ~empatatur~;' 

when aallnii}y was hel;d at sa% and :JS% of sea iliater. T·ha lethal 

temperature. tt~aa ·lowaiod ·at iow oxygen ·concentration. Eb:ook.e . and 

Colby (1980) ;used ·V.4rious ~o.~bJ.nat;io:~s' of. oxy''gan ooncantratiqn and 
; . :. ·' 

tempe:tratuJ:e .d~rJ..ng tha daveiqpmetit ~f lake he~rting. The hat~hlng 

pe,c;antag~ wa,$ J-t,tghe.r at li0 ¢ ancJ soc;,. :tha·n at 2°€; and 4°€; when 00 • . . 

was: 4: m9/i _o# il!.gh_~l'. Conve~aaly• ai;.· 00 conc;entra'tlons of" 1 mgllt 

survival· was nil at 60·C and .a·o·c; and was 1'0 • 7% at 4oc $nd 32.4% at. 
. . -;..:. ·. · .. -~ .. · . . ~· . ·, . : : ; . . ' . . . 

. ' 
anv:i:tonmontal fa¢~O:fS have- been ·shown for e) va:r:iaty of' speclaa. 

(Ait1~.:d!ce -~· •· (q·~.t~.~~e~,,. 1 ~Ma, 1971.a1.bj · Alderdics & ·Velsan• J.97'1 ,-
. . ... ~ ~ :.( ..... ·, ' . . . . ' 

Ald~rd.lc~:•· _19.7~21 'M.~Y,;, 1974·),. 19.15a. Kwain-. 191:5J' fay· & ·Gats.ldt!,. · 

1'975J. Hai'rno~ ~ Ga~s.:~de,. 197~J Clarke el a-1, 1981 J Motrgan & .Resin; 

1981 ) • 11; bec:oines. ··o,r~dent fr.om the$S atl,ldiaa that the effects .of 
' . 

. one factor may- be rob~ifiad· cons.idai'ably' due to the ints~acti·ons·, . 
• • .... : :.:· J • ' 

of' other factof~: in the ·natural env·ironment • 
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tf.f'ect of high.et' sltitude = 

The environmental condition at higher altitude is different 

from that at sea ~evel in havJ..ng :reduced atmospheric pressure, low 

temperature. strong wind and .higher intensity of light (Mani, 1974)~t 

The conditions encountered at h,lgher altitude have adverse effects 
·:( 

on normal functioning of those species which are adapted to live at 

lowet altitudes (Nelson e,t. §..!.. 1975). Yet, many species of plants 

and animals succF,~ssf.'ully live at high altitude. fhe composition of 

the flora and fauna at different altitudes are different dependi11g 

on their adaptiv~ c.haractaristics (r.IJanl, 1974}. The aquatic 

environmt;Jnt at higher altitude is comprised of mostly streams• lakes 

and ma,...made resa.rvoire •. The physico•chemical conditions of these 

water bodies dif.ferQ from each othe:r in their dissolved oxygen 

concantration, nutrients and velocity of water current (Edmo·nds & 

Hutchin~on, 19l4J Pennak1 1941). Th~Y have in common a low tempera• 

tuta profilo in comparison to that at low altitude. At ~.ooo metres 

or above; the water bodies m~w remain frozen or covered with ice 

for moat part of the year. Besides low temperature, the pH of water 

is gsnerally low at ·£lig_ft, .altitude where the t:reas are dominated by 

pine and the soil is acidic. Due to low temperatura and low pH• 

tha· biotic compos~tion in aquatic bodies are rather sparse (.Jhingran 

& Sehgal, 1979). rish constitutes a major part of the upland aquatic 

fauna.: In comparison to that of low altitude the high altitudinal 

fish community presents only a limited number :of species. The most 

common and relatively abundant upland fishes.,. as listed by Jhingran 

& Sah~al (1978) a;e bl'own trout (§.. tT;qttaJ, rainbow trout 

(s. gairdne.ri), snow trouts (s. esocinuse s. plagiostomus, -· - ' -· ··-------· 
~: curvifr_ons. and !• l~ngipirmi_s) ,. mahseers (!: putit.orap !: tor, 

T ~· kh~dr.ee and Ae hexagonolepia), minor carps (c. carpio, 
~ .... -
:,tf daro; _!:.-" dyochellus) 0 lesser barils (!_. bendalisis) 1 
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sucker-head& (Ga.rt'a sps.1,. loaohas (N.$ma.che1lu$ ape.) and the 

glyptostatnoid f'ishes <!•· r
1
eti,culatum.,. _2.-. conlr.oatris and 

G.; p_ect,inopt.arus)~ Tha a~aptive .a1gnif.1canca of these fishes to ·- . . . - . 

high' ·altitude is mainly their loUJai- t~m·pS:l!-a_ture tolerance for which 

Qomatimas they are called as coid water fishes. The cold water 

f'l$h$S: may be aurythetmal • t1av·ing a btoad temperature tolatartce 

-'range .such as common catp or. stenothermal • having f) narrow 

tempera~u~o (cold) toletance ·range as in trot.tt~ The growth rate 

$Ad tho "atul'al yields of cold water fi$has at higher altitude is 

lawai' than their cot.~ntarparts at lower aititudo. However., ef'f'ort-a 

eta being made ·to use proper tar;:hnology for successful commetcial 

exploitation of Qome c.old wat~r fisheS• Trout is one of such 

speciEJs which is widely dlsparsad in Qold waters thr.oughout tha 

world~ Ttn,~re w~s little int~rest in culture oP trout to~ f'oud 

purposeg till the early rtrtiest The idea ~r commercial culturo or 
trouts got a ~oost with the formulation and da.velopmant of an 
1 1ndt.tstri.al tJout f'ood 9 which wae round to enhance considerably 

the growth ltate of t,Quta. tn the rec:;ent yeuu:e;, intensive trout 

c..uitute has ravoluti().nisad the fish culture in E:urope, North ... Asia 

and r~o'fth•Amarit:a• Common carp is also anothet c;ornmercially impor­

tant .;old watt!)~· fish species. This species includes three phenotypes 

vix. scale carp (c. ~arp_io var. communis) .• mirror carp (c. ca_rpio 
:~ ' ... - .•. bl 

vat-•. s.pecu.la1J'~ia) ~nd leather ca1rp (c~ carpi,o var. nudua). All the _.._._,._,_ - . 

three· va~1$ties can be aas~ly bred and grown W$11 u.nder controlled 

condit,l.ons .• 

Bott"l. trovt and common caJ:P are exotic .in India., Trout was 

f'itst 1.ntroducad ala early as in 1899 f . .-om &:ngland .and common c;arp 

was bro~ght later f'rom Sri L.anka in the year 19,9. Moat .of> the high 

altitt.,~da fisheries oomprise of' these two· species in India. However, 
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1(): 
'~ it has been suggested that the bolt of medium altitude zone 1{;1111, 

lndia may be ti'iad fot culturing th~ otha' commercially important 

fi$hes· suc.h a's lnd$..an major catps (Jh~ngJran & OehadJrat, 1974) • 

Sinc.eta aft'orte to i.nt.toduea Guch fi~nes in, these water bodiaa . . . - .. ; ~ . .,.,_ " ·.·' . .. 

' 

have not yet; b'lJS)Il donfJ and a few att~n~pts made h·ave pt-oved 

unsuc;cesaful, At Shillang1 which :1a situated at an altitud$ of. 

about 1.,$00 f!l.etres ASL in ~a ~Jo~tM:~1:3-stern paft of India, grass 

earp <&.· utaJ.W usaa ~-nt)\"oduced in 1973. r1oat or tha introducaci 

f'ia,has diec:1 a:nd a few which $ur.ViJve,d t:U .. d not grow ·properly. Hence, 
~-- ' 

thoro is a neod to undorstand the p;Qb.lems of' .such fishes wh1Qh 

f'allad to adap.t to this modat~t$.ly high aititude conditions. Once 

the pnroblem$ at ~~ll.,.la~ or sub-eellulqJi level ara undQrstood,. 

t;lttempts- ~ould b.a .made tC) indue!) sdaptsbility intd these fishes· .• 

9saidas, sucm studle$ will also fill the gap in the present day 

know}.et~ga on th.e ef'f'ec;t of highe:r altitude on warm water fishes~ 

Plan gf wol'Jt # 

.eiyp!bn~a £e.JJ!1C\ var .. gomrouai£. (a common caJ:p) and L.ahQO, 

Jt.Obl.ta (iohu) ~n Indian majo.:r carp hav.e .bean used tor ~ha experiments. 

8Qth the species: a'a known to b.J:"ea~ and grow Wt;!ll at low altitude 
,, 

· 1" ·t.-op~cal c;>l~mate$•· £• WS.A:o• is w~ll adapted to moderately high 
• < 

$ltitude _but ;b• toh11tA has no.t so far been t1:'1ed in such condi~ions.-

The d.lff'srent aspe.~ts of the wa:rk em~odied in thi~ chapter .a~e as 

f'ollc:twa #•· 

( 1) Study of thO· physieo-chamical f'a~tors of tha managed ponds, 

at a ·lqw (100m ASL) and modarately high (150Qm ASL) altitude in 

order to obtain a picture of hydrological conditions at the two 

aititudas. 
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(2) Observ,ations on tha response or breeders to hypophysati:on, 
; 

·rate of' fe~tilizatlon, development and survival ·of the embryos 

till .hatching or £.· carei.o and !:.~' rohita at lower and higher 

al"t·i tudes. 
";.) 

~'/ 

(3.) The ~ater temperature· and duration of di f"f'arant developmental 

stages.f'rom fertilization till hatching ware recorded at lowal" \ . 

and ·higher altltudeu, 

.' ,' 

/ ' 

( 
,/ 
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St_u~y a_reas 1 

.; :~·The axpafiments wer~ conducted ln the A$sam Government 

f'ish F"arm a~ Gauhati. and Maghaiaya Government F"iah rarma at 

Shillong and Mawpun tn the Northli!tf~stsrn part of India. Gauhati 

is si.tuated at 26°l1'-N and 91q47'_E end at an altitude of approxi• 

mately 100m ASL i.n the S~ata of Assam •. Shillong is situated at 

2S0 5' f\1 and 91 o9t~ .and at an alt~_tude of approximately t;5DOm ASL 

and Mawpun at 25°40•t~ and 91CJ5q't and at an altitude of' 1--,ooom 

ASL~: .Shillong an~ M.awp.un ar~· in the State of Maghalaya •. 

Ponds : 

The ponds· used in the throe altitudes were kaccha nursa­

r.ies •. They were maintaining the .requit"ad level of water throughout 

the yaar at Gauhat.-1.: HowaveJt~ at Shillong and .Mawpun •. due to heavy 

seepage,, the ponds were conne_cted by a stream to. maintain the 
- ~ . 

required watet laval •. All the ponds were prepared· and mana gad 

undor. almost identical conditions following conv.antional methods. 

(lhingran, 1982)• They ware ;1rst dewatered and. left. to dry. After 

about tWQ waak_s., qu1ck•l1me was appliad on the pond bed. The rata 

of liming was aoo kg/ha •. At. Shillong and Mawpun a high dose of 

liming ('?00 kg/h~) was applied because of the acidic cond~tions of 

water·. The ponds ~te then allowed to fill•ln with. water. Org~nic 

and inorganic fertiU.zer!J wel!'a applied as cowdung at the rata of 

;,QOO kg/ha/year and super phosphate at the rate of. 2.SD kg/ha/year 

in equal rnon\hl~ instalments. At Shillong and Mawpun,. a second 

dose 'of lime (250 kg/ha) was applied to tha pond water in November, 

'919 (af'tet 1·0 months of the 1st liming). 



AinalY9iS of phys,ic_~chami_cal :fa.c,to,"t.s,. 2 

The phys1co~hern1cal factors Qf the pond water ware 

studied at Gawha~~ and Sn1llong duting the pel!'iod ftom January,-

}'919 to Jl.flY:t 1990 at an 1n,er-v~l of. 30_.t,2 days. Air and water 

($urfae~) tE~mP$Jtatt~ras'wata rQcoJrd$d between 9~10 ~.m. in the 

fi$ld by ~n .otdinaty :mercury bulb thermometer gl'aduated fl'om 

Ociio1t'J0°·C•1 Wa~et sample$ wa"te collected 1n poly:the.ne bottles, 

trnmed1ately trartspotted to the f'al'm laboratory and pH was 

me.asut~d with a pH Metel'• f"cr est~ations of dissolved oxy~an 

(00) .and fr~e cal'bti)n~dioxide (co2) surfaQe wat~r eamp1es mete 

qollected carefully: ~nd fJ.xad separately in 12$ ml glass bottles-. 

Th$ concentration'~l (ff DO and ;t~e co2 wtu·e estimated foilowlng 

the methods gtv·en in APHA staodat:'d m_ethod , (Anonymous, 1955). 

9raed1n_g.# 

(J.) .rJsts. t The lnd.,ced br,eding $Xpet1ments ware con4ucted on 

the $ca1a cerp (CJ!Prlnu$
1 
_~aretio. vat; .. communis L.) and on an 

lndian maJot Cf);P't: t6tn;a (labeo rohita Ham.) • F'ully ripe brood 
. ·.. . . . . ~ 

f>iehes W$rs ()bt.~ined :r:-orn the Assam Government f"ish F"art:n at 

Gauhatl ~ Bteedatf;l were kept 1n $ sto-cking pontt at Gat~hati and 

f.ed $VOfyd~y with. 'ice bl'an and :mystard o11 cake (111) ~t 1~ Of_ 

the1' body weight fo~ 1-•2 month$ prlo, to bt~edlng. A tips f~rnal~ 

wa$. c.,aracterlz$d 'bY :sort •. bufging end l.'ound abdomen, reddish 
vent and smooth ·dorsal aurfaca ()f the pectoral fins•: The ripe 

males wetEJ distingui~had by ·f':Jesly "OO~ing milt with .rough _ 

dor$81 &ull'face of t.hs peototal f'in$ • 

ror tt~nspo,tation of the bres.dera to higher altitudes;-
, ' 

they ware caught with vtmoat ca.!l'e t.o avoid any injury and tual'e 

oond~t1onsd by k9$p1.ng them 1n a lsl'ge ~loth hapa for S..6 houJ"s 

withcu.1t any f'ood .in the stocking pond at Gauhat1• The conditioned 



breeders U$%-e put s~ngly in polythena b~gs containing artificially 

oxygenated water .. The bag$ we;-a put in fi,sh carrying ti_ns and 

tran$po:rtad im.madi()toly with: care i.n a jeep. Transportation usually 

took ab()ut ' hou.rs to Shillong and about 2i hours to Mawpun. The 

polythena _be:~~ ware f'itst put over the s·utf'ace ·of the int~roducing 

water so ~a to bring a temperature equilibrium between the-water 

inaid~ the polythene ba9s and in the pond. Tha fishes were raleaeed 

into thG raspe~tiv~ ponds wi th_in- one tlcnnr of their arrival. 

(i.l) In,duc,eJt.bWdiQA t lnducad breeding was done at Gauhati·in 

January.,. 1979 .and March, ·1980 for, scale carp1 and July, 1979 and 

June, 1980 for r,onu. At Shillqng, sqal.a carp breading was done in 

tho mon:th of' .f4ay both in 1979 and 1980. Induced breading of rohu . . ' 

was done at Sttillong during August, 1979 and June, 1980 and at 

Mawpun during ~Ug&Jst;, 1979 and twice;l in 1980 during July and A~gust. 
- ' 

1 n all cases., brae,d~ng W{l& induced by tlypQphy sation following 

Chaudhur-1, 196J·. Pit~itary glands wa.J!"<:l collected from ·mature and 

fre$hly killed tohu at. Gauhat1. fish ·market •. They war-a kept in 

absolute alqohol. rot dehydration immadiataly after_ collection a11d 

tho alcohol was changed fol' ·f'u;r.t~er dehydration after 24 hours. The 
.. '•, . . ·'' 

glande war-a then Pli'e$er~ad in a ~ef'~igerator at Ooi>4°C in dark 

phials contai"ing fresh absolute alcohol. Tha ~equirad quantity of 

glands war-a ta,ken ·out at the time of ~'njection to tha braadars and 

the. alcohql was allowa.d to avaporc,ltao The glands ware weighed and 
- ' 

homogenized .t.n an all glass homogeniz~r in dOubla'distillad water. 

Ths homogenate was centrifuged and the clear supernatant wa$ used 

as pituitary extr.act. f'or injeo.tion._ 

F'amales we;e given a primary dos·e oP 2•3 mg/pituitary/kg 

bqdy weight and afte~ an interval of 5-6 hours, a final dose of 5•8 
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mgfpJ.tuita:ry/kg body wa~ght. Two males per Pemala ware also givenp 

each, a single dose of' 2'!'1'·3 mg/pituitary/kg body weight at the time 

ofi aocond injection to thQ t'ernalas• Ths f'J.rst injec;tion was l9ii\~ 

between 2•3 p,m. and the second ~njec~ion bet.wQen 0.;o.9 p.m. The 

injactad males tind famalee ware· kept for spawning in dne set 

(1 female ~· ~ males) in a breeding h~pao. F'ol:' the attachment of' eggs 

J.n scala carP; water hyacinth at Cauhati and rot&~M weed at 

Shillong ware used inside the hap a. 

A close watC.h was kept .ror the time of' spawning which was 

marked by vigotou$ .splashing· of' water .due· tQ the·ir mating behaviour. 

Tt,e. mouth of the hapa was 9ently open.e(j without disturbing the 

breadurs to ... _ ~ollact samples oP hapa water for observation. As sc»on 

as ovulat1on oequrted, some eggs were· taken for various developmen­

tal studies • The br.oo.d fishes were gently temoved from the hap a 

after spawning .and the· eggs wal'a transferred to a hatching hapa 1.n 

the mornlng., . 

(iii) N!.!W!.M of a.ggs ... gudue!}\ a The famale bre.eders of scala carp 

·wors weighed bEJfcnre. a"c;t after spawnlnc;;), and the loss in their 

weight. were used to- calculate the totl)l number of a:ggs release~. 

Tha calculatiof'l waa made at the rate of 100 eggs per gram decrease 

in weight. of f.emala breedsl!' (Alikunhi,. 1966) and the number of ~~gs 

released was pres£)nt,ed as the tot_al of all tha eats bred at a time. 

In cane of rohu, ·the eggs were collected in buckets with a 

mug before transfatri.ng them f.li'om br.eeding to hatching hapa.. The 

number of" eggs. per- n~ug was counted ·a.nd the total number· of eggs 

released was calculated as follows :.-.. 
~ . . 

Total number of Number of eggs per mug X .Numbet- of 
· · · · eggs = mugs f>ill$d with eggs 
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The following .stud.ies _wa~e co,ducted i:t' the seal~ C;arp embl'yos 
. • • I 

obtained during '1990 b~esding both at Gauhati a_nd $"'illong and l!'Ohu 

emb,yos obtained dutJ.I1g .June, 1980 at Gauhati and August, 1 ?79 at 
~· -

(i) Pal'contage of_ .tarti.l_i_zatio" l' 3-..4 samples of about 100 oggs were 

examined under.· m'c;ro~cQp.e and the numbot: of' unfe1!"tilized eggs 

c;ountod., F"e;·ti).itad eggs wate 1dent1t1$d by thait swollen nature due 

to th$ Porma~ion ~t p~fiv1tel11ne space. P~rcantage of' fertilization 
- . ' . 

was c;alculat$d G$ f.Qllows •~ 

(T~tal number of eggs stu~led ... 
Nu,mber of unfertilized eggs) X 100 Pa.1!'ceintage of f'eytllization. = -.;_......,....,....., ____ ...._,._......, __ ......,. 
To,el numbers of eggs- studied 

(11) Per_contega _o_f ha_t:ching. a_n~ fry obtained t After hatching.. the 

hatchlings e~capad ~o the outer hatching hapa through the holes tt¥ 
tho .t.nne; hapa. The inner hapa;.containing the egg~ case$ and spoilt ,, . 

eggs;wa:l removed eiftat- ~he hatc;hing uras complete. This 'time taken 
;·~. 

for completion ot· hatching was different. 'under different conditiQns. 

The :a-pawns were collected ovetr a piece or wet cotton cloth and 

$COOped into a spawn maasuring cup of known capacity. The total 

nurnbet of spawns were calculated as foilows t•· 

Total numbs!' of spawns= Number or spawns percup·x Number of 
- cups filled with spawns 

The spawns were teleas·ed back ir:.to the outEJr haps f'or ·t~1 ~ days 

and than releaaed illto the nu.rsery ponds at the rate oP 1,000/ha. 

Suppl$11lsntE:J~Y reeding was done using a mixture oP J!'ica bran and oil 

c:~ke (1 :1) at the tai;$ of 1% body weight. The Pry stage ·waa t:;harac• · 

tet1tsd with a\tainment of full c_haractaristios of an adult fish. 

They ~Uare then caught-with a fine sieved nat and the number was 

cot.tntad. 
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Pa~ce·r.t;age ot hatc.hing and percentage of fry obtained wa~e 

calculated -t$klog M~e total numb~!' of eggs released as 100 pel'cent. 

(iii) ·B!Uq ,(tAM as,~aa), ,of d,avm:loP.fl!BQt' : · f"ertilized eggs ware 

c.ollactad itiintQdiatalY after fe:ttilizat·~on in an ename.l tray 

Qontaining ·;aopactive pond water and the rate of development was 

studied contin.uoualy till tho complatio.n of hatching. Theh. tray· 

wat.or tt~ao charig~d with fresh pond water eve~ty hour • The develop• · 

mental stages .wEtra dat,ilignatad .in ·et;ale carp as per \le~ma (1970) 
. '. .. . : 

and i.n tohu E)Ccording to the ,moet. e.aslly visible morphological . 
. . ' : .. 

charac~a·rs a$. J10 :standard table was· available. The rata of 

development of individual f;lta:gas waJe recorded in terms of post• 

f'ettilizat1on tlm.e ·taken f'or tha comm$.ncamant and duration of" aach 

devalopmen~e~l..staga with QOJrJte;,aponding temperature in the medium 

till h@tc;h,tng •. _The time of" beginning ~d completion of' hatching 

was al~o l:acotdade 

_S!,j£iiV,ftl .,at,ydJ;fl~ ; 

(i) i,u,&v;tval gf .;am
1
bqge, tjil h,atshJ.M # To study the rate of 

.survival of .a- p~urt,cular stage·, samples containing about 100 embryos 

of' that stags w~ra taken .(" a big petridiah containing respective 

pond watet and examined under a microscope• The embryos which failed 

to progre.$s ~o the next staga were. aeparatod into another patridiah. 

The· death of' such atribtyos w$re c:onf'irmsd when they became complet'oly 

opaque in case of $cala carp and slowly started rotting with 

brea<lfdng of the egg case in rohu• T.ha survival percentage was 

cal¢ulated as follows t-. 

(Number of embryos studied -~ Number at 
dead embryos) X 1QO . . Percentage sur'fiVal = ...,._ ...... __ .,.._ __ _... ____ .... ..._ ...... __ 

Number of ambryoa studied 

The ava1:age survival pe~:cantage f01: a particular stege was. 

calc;ulated ftom 3+5 aets of obse;a~vatione. 
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(ii.) Su,y;!va.J,. ~t. ,hitic,b)JflQS.,AQQ fr,~ # Survival p~rcentage of 
hatchlings and fry were calculated as follows t• 

. . . . . . . . Total, number of fry X 10~ 
Sutvival perc.$ntaga of ~atchlings = Total number- of ha.tchllngs 

.. Total number of 2-month 
Survival per-centage of fry = .·. old flsh X 100 

Total number of fry 

(iii) S,urv
1
i,VA1 of xqunq Fohy ,a,\ Sbil;.i,OQQ WhQQ i,o.t.rodyqe.d., ,from Gaybati ~. 

The su~iVf,ll Jtates of' 1•, 2~ and 3• month old rohu brought from 

Gauhati and ititl;'odueed at Shillong were .stuc:Urad. F"ishes of the 1979 

brood at Gaubati we~:s caught and conditioned by putting them in a 

hapa without food. Th$ fishes UJ$ra then put in polythene bags. 

containing artific.tally oxygeru~~ed utater. tach bag contained not 

more than 50 fiGhss., They were then traAsported to Shillong and 

weJta conditioned to·pond water as dona for breeders. The fishes 

ur~re then relsased in a big hapa. T·he numb.er of' dead fishes were 

counted till 2 days and the surviving fisht:Js we~e released in th~ 

managed pond. Supp.)..amentary feeding was dona with .rica bran and 

oil cake (1:1) at 1% body weight., F'uJI'thar11 mortality was observed 

by searching out evety morning the dead fishes fl.oating at the 

sides of the pond. The survival rata was finally calculated by 

finding out the ac.tual numbers of fishes living in the pond by 

catch method every month as follows I•· 

(Number of fish introduced ·• Number 
· of f'ish.survived) X 100 P.arcentage survival= .... _. ____ ...._ ___ ,....., _____ _ 

Number of fish introduced 
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PaysJJ:q~tu1ffiiF.JlJ. rcact,or,s, s 

The variations !l'l the physico~chQ!Dical factors such as air. 

and wata:r tempera·ture, dissolved oxygsn, f':ree carbon-t:tio)(ide and 

pH of' water ware tecoJ"dad at monthly intervals in tho nursery ponds 

at Geuhati and ShUlong from January,. 1919 to July, .. 1980 (Tablo~1S 

F'ig •. 1),. 

.· ... 

Ise;vatYF& i Air and water templ;l)raturs, in ganerai, wst:'e ~15°tt ·. 

higher. at Gauhati than Shillong. At both the places the tempe~ature. 

as usual, were lower during thr;a wintet months (January & F"ebruatY) 

and higher in summer (June & July)~ The air and water temperature 

varied between 1S.34Q.C and f~'$°C respectively at Gauha.ti and 

between 12~24C1C and 12. ~244lC respectively at Shillong, At Shillcmg, 

the .circannt~al temperature changes we,e at two levels., the lower 

level (12'!1>1·6°C) botwe.en November to f"ebru-ery and higher level (19~ 

24°C) botu.een Masrch to Oc;toba~ •. Howevet 0 at Geuhati the temperature 

range showed. a gradual ~ncrease f.l'Qm Jatluary to F"eb:ruarY till June 

to July uhten; they reac;hsd tht;t paak level and the·n gradt.iall y dect'easad 

to it$ lowal" level in .lenua~y to te'btuaty in the annual cycle. 

D.iMellU!d, OXlf9SA • The concentrati.ona of' dissolved oxygen (DO) in 

water in dif~:f'e:raot mc;;nth$ wet$ r~latively. higher at Gauhati in 

.comparison to Shillong. The ~nnual variation mas between 7.2•11•6 mg/1 

e1t Gauhat.f. and 5•2~12.,1) mg/1 at S.hill.ong. The oxygen level at Gat~hati 

waa mora stable than .Shillong whe.re the variation range was compara• 

t.i.vely more wider end a few sharp fluctuations observed •. In July0 . 

191.9 there wa$· a $udd$n increast;~ in DO at Shillong :reaching 12.8 mg/1 

and in f"@b~uat;"y,. 1980 it docr~a~ed to the lowest level of S.a2 mg/1. 
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,Wg CJU1toa•d&oJS!sta~ # The l$vel of rJlae carbon--dioxide (C02 ) was 

much hi ghei' _in Shillong pond wata, than Ga&,thatd throughout the 

Gtudy pe!fiCJd •. The range at Gauhat1 was within 1 mg/1 for 6 months 

from F"ebtt~ary ~o J.uly Which was then inc:reaaed suddenly to 1 ta 

peak of 3!t2 mg/1 in A~;~gust. Late.r it decreased but maintained at a 

faJ:rly high~r level around 2 mg/1. In Sh-illong pond 1 the carbon• 

dioxide c.oncentrstion We!S much higher between '"-0•7.0 mg/1 without 

any definite annual pattern •. 

B.!1 t The patt~tn Qf pH change fQllqwed almo$t a reverse order to 

t.,hat of free c~rt;.on""'dloxida concentr~tion~ The pH of water at 

Gauhati ps:md was higher and more stable between '7 .1•8.2 whereas at 

Shillong tha :pfi remained in the acidic· side for. most part of the 

year. The lt'angQ,O.f pK at Sbillong pond was between SeB•7•1• 

1 nducruj brJj!Jd,J.fl Q_ i 

Scale, ,carp <&!RF'OM\ ;grpiP ) 1 The rs.sults of' induced breeding 

expsJ>iments J.,n Cye&&nua .. carpio conducted at Gauhati and Shillong 

are. shown in Table~-.2•·, The temparatur~· varied between 17:.iio2l.s, 19·4!!t2B• 

16..-20 and 1?~ot:220C ,~t,t_rJ.ng the bteeding .i.n January, 1979 and March, 

1980 at Cauhflti and May 1. 1979 ~nd 1980 at Shlllong. Each time 3 sets 

of bteede.~rs_ were use~ and complet~ b~t:lla:ding svc;cess was achieved by 

hypophysat:ion. Howev-er; the total ,number 9f eggs produced were only 

50% in the breedlng -Of Mey, 1979 at Shillong •. The rate oP Pertili.""' 

zation and later d~evelopmen.ts were very much succe!lsf\Jl at Gauhati 

than $t Shill:ortg• Jn Shillong, during May, 19()0 the results wero 

better than May., 1979, and in both c;a~es the iesul ts were far below 

· th·e Gauhati level •. The .percentage of Pe~rtili'zation,. percentage of 

hatching and p~rcentage of fry Qbtai.nad wet a 90 1 60 and 52 •. s 
respectively i_n 1979 and 94.28.;. 93.(i$ and 61.03 respectively ·ln 1980 



at Gauhati. However,. the respective values at Shillong were 55, 
I 

20 and G in 1979, and 74, 34.5 and ~0 in 1980. ln May, 1979 the 
I \ 

eggs and' ,embryos at ShillQng were infected by a fungi or 

SJW!O.l.Agnist species, pJrobably t$aulting in the larga scale mo~tallty. 

R.oh,u (U.-~§ifll,t,;J_ I Table~:$ p~asenta the result$ of induced 

breadi~g of rohu at three dlft'~~aot altitudes (Gauhati, Mawpun and 
., • - > 

9hillong)~ The water temperature ware different at the different 

breeding. time an'd place• In each case,, t.wo. sets of breeders were 

used except ln Gauhat.l duri'ng :iunei: 1'980 when thr·ea sets were used. 

The success waa complete ~nly' at Gauhati • All bteoders died et 
' 

Shillong• At Mawpun the breeding was .succaasf'ul. only in August, 1979 

and during the two other trials the f':emala breedetrs\ died-. The num.ber 

of eggs· produced wet.e. 10,000 par sat at Gauhati and much less (7, 500 · 

per sat) in the :only succass't"ul bJteeding at 'f.tfawpun. The ·rate of 
' ' 

f'ertilitation were 70 and .55 percent at Gauhati and 50 perc.ent at 

Mawpun• F'urther ·developments were normal at Gauhat1 showing abQut 

So% hatching and abQUt 40J' frye obtained. However* at Mawpun there. 

was a very high fate of mortality betwe,en the developmental.stages 

after fertili~ation (Tabla-a; rJ.g~ 5) and the perqentage of hatching 

and fry obtained weta o •. 67 and 0.24 percent respect .tva! Y• 

ftatp ·of, d@Jl.e.l.,oprilepi a 

(1 )t,D,ev~lopment§). stAges : The rate of development was studied 
.. ,' .: ... 

. along with tha ·altel'ations in the water tamper(3tura anc1 diffe,ra"t 

developmental ·stage$ ware identified with their significant 

morphological char.~c;b~~s (Table-S; F'igs. 2a~c & la'!'b) i. In scale 

carp,. 15 pre~hatchingj and two poat•hatching stages were identi ;ied 
. I 

till the fty stage. However, in rol'lu, three of these pra-.hatehing 
' 

stages such as stage•6 (32•.cell.s stage), stage-10 (late gastrula) 
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and stage-13 (beginrting of eye pigmentation) could not be 

identiti~d in tha present study. 

(ii) H&tcb·iae. t.i...e& : The time raquil:'ed for hatching ltlas different 

during dif'f'ete:;,nt br~ding end ~howad soma corralation with the 
,· ,·· ' . · .. 

temp$rature o-f' the rnadJ.um (Table~4). The hatching was quicker at 

. highet t~peraturth ln .scale carp,_ at GS)uhati in 1919 and at 

Shillong in 1980• the hatching time Ulate similar (about eo-.,.as hzos •) 

. with the tempetature in both the places ranging between 17•23.so·c. 

However, at Gauhati !:n 1980~, the hatctl!.ng time for scale carp 

embryos was -teduced to sa~6o h~s. tUith a high~r temperature range 

b$twsen 18.5•i6°f; anti at Shillong the time was e;ctanded to 126-131 

hJi'a• with the tempet,ature range falling to 16-20°C. Similar 

tempatatuzos l'elatod variation$ in hatching time was observed in 

rohu• But in- gsne~.al-: tha hatching time for rohu embryos ware .much 

lesse·r than the .C.c$le carp. At Gauhati0 rohu embryos .hatched 

comparatively aai'lY (in 12~14 hrs~) b()th in 1979 and in 1980 then. 

at Mawpun in 1979 where they tqok 18•21 hli's• 1he temperature r«an'ga 

were 24""'J10C at Ga~hati and 1$e!o25°C at Mawpun. 

(iii) BA.tm et t!mt§lppman~ .of .dif'fgrent [StMJl~ 3 The rate of 

development. or individual st.agss with corresponding wator 

tempe~ature ha$ been p.-esanted in Tables.,s & 7 and f'ig. 4~ tn scale 

catp comm$ncement .of most of' the stages were earlier at Gauhat.i 

th-an Shillong showing a positive COI'zoelation with higher temperature • 

. Howovet, tha deviation was seen in st$ges•11 and 12 which appeared 

aaJ:'lY at Shillqng: though the corresponding temperature was higher 

at Gauhati. The !:nc.ubation periods were also lower at Gauhati with 

comparatively higha_r temperature than $hillong• However; at stages• 

9.. 10 and 11· the rate. 13f development b'SCama slower with latger 

incubation time at Gauhati evan with highet temperature• 
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ln tohu1- the r·ate of development was $im11ar in both thet 

places $nd wa$ i.ndicativa of its temperature dependance •. During 

h~~chi,ng whe.n the te.mperat~re. suddenly ct~creased to 1 5°C at 
Mawpun,. th~:J 1n¢ubation tim$ :almost· became twice that at Gaui,att•·· 

Sutv·ival. studios. # 

(i) Oeveicmant."1 .. sta.naa. : Sur:~ival ·studies were carried out fot 
.' ... ~ .... ,, ... 

. 9 $.aiec;t$d c$$v._o.lopm.a.ntal stages· (staga~a -1 .,.4,.7, 9t11 •. 14,15a.15b & 
. ~ . . . 

1 $). 1he su~:v!v_al ,p~t;tetn of t.h$ ssl·actod daveiopmsnta.l stages, . . - . . 
' . . . . ' . . 

studied in sc;ala :c_~·,p and rol'lu at tho two different altitude$. 
- . ·' 

are p*ef;lented io :ta~ls.S antt tJ.g• s. . '. •, ·-·.; 
., .. 

: > 
~ 

. I.n s~ale ·a$r.p•·· the su~vival p~rcantaga was abo~t 99% ~111 
~ . . . . ' ' 

tho sta-go-..11 in both. the altitudes :though there were consld.erabl$ 
.. , 

variati~.,s .i,n th$ ~~ter temperature between 17·~27.°C,. In Sh1llong 

the wateJr ·temperature was 2.,:s~e. lo~~ tha" Gauhat1. The suz-vlval· 
. •. ' '_: . ' . . 

percenta9$ gradually~ deu:i-easad aft~i' stage•11 at Gauhatl upto. 82% 
. . . . . 

at EJtage•16 w:ith t.ha tempera\ute between 2~28·0 0. ·However,, ·at· · ,, . . : . 

S"111qng the $Utu1v~l p~tc;entag~:J decreased significantly a.nd . 

irregula~rly upto. $'2% at stage•16 with watef te$p9rature going 

up· '·bt.ft remE,tlntng b~tween 1-8•21 °C~: 

in rQhU.t: the auJ"vival percentage .was between 9S!~!ia100% upto 

the. stags•1 $b wlth wat.~z- tamperatt.tra ranging be.t·waen 24•31°C at 

Gauhati· •. At :et~·ga~t6 the wa\er temperature suddenly fell from 31 °C 

to 28°q. te$ul·ttng ~n ~h~ decltne or survival percentage to '14%. 

$ul"V,1val ot tohu embryos at _Mawpun ethowad a clear susceptibili~y 
' 

tQu.low tiampera.ture and the mo:rtality was much higher than at 

Gauhati at diffatent stages ca·f' development, At neurulation stage1 

·though. there was not much differences in t.ha water tomperatura.the 

moJrtality was o~$~tved t.a be of' 49%. A catastrophe tQOk place at 

ataga•15a (hatching) when t.ha temperatura decreased suddenly to as 
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low as 15(1C_resulting in a mortality of 9J% o.f the smbryose-

The survival tats of the po$t•~at.ching stages studied gi-adually 

improved with the gradual improvement in watatotemparatura• 
. . ' 

(11)-·vo,ung tohu, introduc:a,d in $h.lllong : Five hundred (soo) 

hatchlings of tohu· frQm· 1980 braF,Jd,ing tuerG brought to Shillong 

at tha ag~. of C)ne month and th~ same: .numbet- of frys brought~riJ 

the age of two months. died within 1•·2 d~ys of. the it' intro~uction 

in Shillong pond. tiotUever,· C)Ut of SOD t~ys brought at the age of 

three mor.)th$ only about 200 died and the rest (60%) was found to 

survive wall in the ShillQng pond and were usad.for growth 

stt;Jdies. 
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OtSCUSSION 

The succesafu.l existence and development of' an organism 

largely depends on its interaction with the environment. 

Adaptati~:" ~n~ures the survival of a. :spe.cles under' the conditions 

to whicll i~ is e.l(po~e.d,.. All Qrganisms live in a dafini te ~ooe of 

tolE;urance to the an.viro.nmsn.tal variables- bounded by limits, 

beyond which the ())tganism may not survive indefini.tely. There may 

be mo;~ teotli'ic;ted iones within the zone of toleral"ce in which; 
·' . ; . 

. dif.fsrent biological processes function efficiently. The magnitude 

of response to the changing envi;onmemtal factors varies between 

diffetent $pacies of' fish. and also between various stages of their 

life· cycles ( Nikols~ii,, 1 ?69) ~ As di~lcussad in the introduction,. 

reproductiora and development are more pzoecisel y controlled by the 

environment (SlaxtGr;, 191$9; Schmas~mann, 1971). Any alteration of 

the physico•chem~cal .factors of water can altar the reproduction 
. . . ' 

It was seen -from the present study that the hydrological 

conditions i'n the low and moderately high altitude ponds exhibited 

considerable differences; particularly as regards to temperatura, 

free carbon .. dioxi.de and pH of water.11; Such differences might have 

.l'osulted ~n uatia~ions in the 1rate of breading; development and 

su1:vival of tha· stud1E3d f'ishas, scalQ carp and rohu 1 at the lower 

and hi gh$1J' al ti.tude ., · 

Phv>sicd•chemical factors ; 
'- I 1 5 j;i. 

Anal ysUs Qf the physico•chemical factors in the two ponds 

at Gauhati and Shiilong for a period or 18 months have revealed 

that temperature and pH remained at a higher laval at Gauhati 
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while rrea catbon'!lldloxida was higher at Shillcmg. Dis~olved oxygen 0 

in general;, did not show much variation betwee.n the two altitudes· 

(Tabl.e-=-1J F'ig. 't). 

Temperature. : .The environmental tempe~at~ra gl!'adually dacl'aases 

with increasing al tltuda (rllani_,, 197 4) • A similar tesul t was 

obtained in the present study with atmospheric temperature being 

in a hi ghar level ranging from 1 S..34°C at low altitude { 1 OD m) at 
. . 

Gauhati ln comparison to a lower leve.l ranging bet: ween 1 2 ... 24~C at 

highs~ altitude (1;500 m) at Shillongt! The wate~ temperature 

followed $irnllar patte~n like a.l,.....temperature in the fiah ponds 

studied in the two a]..ti tude a • The~H~ ponds were shallow wataJr bodies 

and acc;C)rding tts t1te1Qh (1952), the water tempe.rature tends to 

follow the atmosphetic temperature in shallow water. A close --·-

relationahip b~tween air and water temperature has been repo7:tad 

by several wc>rketa at different altitudes (Zefar1 19551 Ganapeti, . 
. , 

1960; tJJv.nawe.r,,_ 1910), At lower altitude, during most part of the 

ysar, tho air and water temperature remained near the higher 'ange 

whereas at higher altitude~ the same remained in the lower range. 

This study was necessary to select near optimum time of> the y(;lar 

to do induced breeding experiments at both the altitudes for scale 

carp and tohue Scale carp is eapabla l)f breading at as low as 17:• 

18°C; whereas rohu needs temperature about 24-25°C .• · 

Dissolved oxygen (DO) and _f're_e _c_arbonadioxida (c:o 2) s ln general, 

the water temperature and concentrations of DO and fraa co2 have 

an inverse relationahip, with decreasing temperature water should 

dissolve more gases (Walch, 1952) • This has baan found vary correct 

for f.~ree ~.o.~ with a \iery high concentration observed thtou9hoyt the 

year at highali' alf;it~de (1 0 500 m), J.rt, comparison to lower altitL.tde. 

However, DO d.ld not follow this physical law and the DO concentration 
' ' 
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was comparatively .higher at lower altitude (100 m) in !Jpite ot 

hignar tamperature th~oughaut .the year. The biological activities 

likeJ growth of algae or decompositi.on of organic matters have been 

shown to rogulate the DO and co.2 conc~ntrations in water bodies 

(Rawson, 19398 Michael; 1969; Prabhavathy & 5l'aenivasan0 1977). 

W! th higher algal population, the co2 is utilized and ox·ygen is 

produced signif'icantly in water due to photosynthetic activities. 

On the ravetoe, during organic decomposition oxygen is utili%ed 

and c·o2 is p,roduced into the aquatic sy·stem. 

Algal g'owth has been reported to be inhibited at lower 

tQmperaturo (fritsch, 1907; Pearshall 0 1932J Ganapati, 1960; \lell"ma, 

1964) • Verma (1964) also suggested the most favourable temperatura 

fol' algal growth W.as between 2~31°C. At the highen.• altitude pond at 

Shillong, the wat~.r tamperatul:'a was always below 24°C a.nd at lower 

al tJ.tude at Gauha·ti it was above 240C r~nging upto 35°C during moat 

paJ:'t of the year~ Hence, the low ptod~;~ctioli of phytoplankton at 

higher altitude c;ould be (Jne ot=' the f:actl)rs for the observed co2 
and DO situation. KE:3ur (1991) and Thapa (19S;f) have also reported 

le~ser amount: of phytoplankton production in some 1lthar water bodies 

, ~t Shillong •. 1'hi$· might lle also due to low pH and acidic wate~. 

Hannon _gj. j!. (197.9). have reported that the decomposition of bottom 

deposits and susp;anded materials increases at lower temperatura. 

This also could be an additio.nal factor for lower DO and higher co2 
at higher altitt.Jde ponds. co2 might also be ·contributed from ather 

sources at .Shillonge: Rain as i.t p1:'ec1pi tates, absorbs some amount 

of gas from the atmosphere and delivers this to the water when it 

falls ( JhingJ!'an,, 19g!:n .; Shillo11g being situated near the world's 

highest rainfall .araatj. Cherrapu.nji, ·also e"pariences ve~y high rain­

fall which might :contribute to the concentration of free co2 in the 
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high altltud~ ptind at Shillong. As the pH was mostly in the ~cidic 

range in the high ~ltitude pond, the bicarbonate might dissociate 

to ,elaase ~rae Co 2~ Such phenomenon has been stiggested by 

~utchinson (1967). 

· Ther'efot·e,, 'the lowest recorded concentration of t>r.ee co2 .at 

higher ~ltitude (.1,SOD m) was ,3.0 mg/1. which ·was very close to· 

highest level (3~2 mg/1) ·observed at lowar altitude (100 m) •. · 
. ' 

pH s The .pH rcH'iga at hi ghar altitude. was much lowar than that at 

lower altitude• A large part of this is due to the higher co2 
. . . 

concentrat·ion: which makes the water· acidic• The concentration of 

free co2 ·can also indicate th~ concentration of dissolved c:o 2• At 

higher'aitituchl;. the.pH was so•strongly acidic that heavy liming 

and repeated liming could not make ttie water always alkaline. 

Bhattacha1'ya (1980):and Tha~gkhiew (1981) have reported acidic· pH· 

in other fi~h ·ponds' in the samo ·fish farm at ·higher altitude• 

Thangkhi e~ · ( 1981) · aleo reported that even after· using heavy dose 

of lime (1.ooo kg/ha), ths water pH remained in the range of 6.3. 

6.,9,. In the ptesant study· with a heavy· dose or lime (700 mg/ha) in 

Dec~nnber• 1978 ·t'ollowad by another dose of liming at the rata· of 

250 kg/ha in' mid~Novilmber, · 1979 ·could··. only' make the wat.l:lr pH 

neuti-ai ot ·slightly alkaline at higher altitude •. , ~owev·a;, these·:. 

shifts iuer~ short lived, mainly' due to the: constant flow of acid,ic 

stream ·w~ters: ·to. the ponds t·o maintain the level due to seepage .• , 

The p~ of the stream wate'J;' has been ~e.corded during 1'977•78 to· be .. 

as low as 5~8 (T~angkhl~w.,- 1981),~: This loui pH of natur:a1 streams: . 

at Shillong has bean· attributed to the fact. that the soil of thi_s . 
. ' 

place is acidic ;·ant,i the pines whi.ch. are the· endemic plants; produce 

. ...-"'· 
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the needlss which are highly acidlc. H~nce,. with repeated liming, 

pH of high altitude pond could not be made alkaline which is 

suitable f'o~ Pis11 prtlc:fuction and growth •. 

l. n. duced b~reed!ng : . . .. . . 

$uece.s.aful. braading of fish oceure only under appropriate 

environmental conditione in tho nature. Induced breeding by 

hypophyaation has: bean suggested to bY'"!'paas tha adverse affects of' 

soma of the su~optimal anvironm.ental conditione (Clemens, 196(t). 

However; tho. amtironmental factors have to be maintained within a 

.particular minimum and maximum limit. to get the fish spawned. 

Scai.e catp and rohu have been l'eported to breed under a fairly 
~ i • • 

wide range of' pti a:nd DO (Khan & Jhing_ran• 1975; Jhingran & Sehgal, 

1 979) • Howavrn·, theil' spawning is h.lghly influenced by environ~ental 
'· 

temperatura. S.etwean theso twr;) species, scaie carp which is/'. 

considered to be eurytharmal, has a wider optimum temperature range 

then ~rohu which spawns within a narra,w range of temperatura• 

Alikunhi (1966) has r"ported that the favourabla temperature range 

for spawning ln seale c;'arp varies in :different parts of' the wo~rld 

such as,. 1s.1aoc i·n Europa, 17•19°€ in u.s.s.R., 12•30°C in Japan.;.. 

19_,.)0°C if!, Indonesia, 26-29°C in Thailand, 2:3•:35°C in Israel,, 20~ 

25"C in South ~marie~ and 18•l5°C in JMdia. The temperature tanga 
. ·" 

favourable ~or the b~ading of I ndi~n majo·:- carp 1 roh·u~ has bean 

shown to be batwesn 24-31°C (Khan." 1945; Chaudhurii 1960). Several 

worketa· have t1riet1 induced breading t.~_nde·r different tempefatures 

and considering these results, Chaudhuri (1976) suggested that 

ternpeJ'ature i:s $0· important factor for the success of. induced 

bJrE!leding• Therefore, indt.~ced breeding by hypophy$ation,which is 

now commonly prac.tiaed in 1 ndia ,J.n fisheJ'i es ;. are done in appropr~ate 

time of the yeat> with favourable temperature• 
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Out of ths fou.- attempts mada to spawn scala carp _by 

hypophysation. (Table*2),. the two at lowar altitude ( Gauhati) in 

laouary, 19?9 and Narch, 1980 and one oP the two attempts at 

high0l:' altit.t.J~e (Shillong) in. May, 19BO were completely successful. 

The tempef~tute~ .rangQd batwa~n 17«=!>28°C. Howavsr1 in May, 1979 tho 

numba·l' of og'ga prcdt.Jced. at Sh,llong iA $Qala carp was only so% 

with tha tamperature tanging between 1 ~:20°C.--lt. may be that the<, 

temperature during thi.s periQd wi)s even lowe):' than the normal 

lowsJt·limit for Indian·scale. ¢arp (1B°C)~ 

In casE) Qf' rohu, the inducod breeding (Tabla.~3) perf~rned 

twfcEJ at Gauhati. during luly,, t979 and June• 1980 we~s completely 

succE)ssf'ul within tho temperatura range of 24-31.S°C. Holl$ver, in 

two occaaiona at 1; 500 rn altl.tudo (Shillong) in August, 1979· _and 
. . ' 

JunE!•· 1980, all the breeders died after their introductiC'n f'rom . . 

Gauhati when thE) tempa:ratus.-e at the time of introduction was 23 

and 21 oc respectively.; Out oP. the three at tempts taken at 1;;00Q m 

altitude (Mawpun} to spawn rohu by hy.pophysation onle once, in 

Augyst; 1979,. the ·spawning was partially successful with the 

tampenrature around 2$°C at the time of inttoduotion and spawning• 

ln th$ other two attempts• the femaale bJ."eedai"s died though the 

tempa.ratuto was cit 2.5°C and 21a.c at the tima of' their introduction. 

This in,dicates that t.ohu is ~xttemel y senai tiva to Pluctustiona in 

tampetature ·a"d particulaJI'lY the breeders which not on.ly failed to 

breed' auccssa.fuily but also failed t() sul'v-ive under slight 

tampe1;atuzre stress• Though the affects of tra·nsport stress cannot 

be l'uled out fat the death of breeders but tha~t canr,ot be the only 

cause as: in ons occa$ion they surviv.ed and re~ponded to hypophysa• 

tion. The c.omplate death of all breeders at 1,500 m altitude at 

Shillong must be primarily dua to the lowar temperature to which 

the brtaedaro failed to adapt. 
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Besides spawnJ;ng··· the rate of f'etttilization- hatching and 

f'-,y obtainsd w.$re also recordod in different altitudes in acalt:~ 
-· 

carp and rohu (Tablae-•2 .& 3) • .rrom all those results, a positive 

c.orrelation with temperatura could be cloatl y sean in both the 

species $t,udied in difPetant altitudes. Both higher and lower 

temperat·u~e .from the optimum range ais known. to affect the 

fel'tili~ation and d$velopmant Qf' .dlff'e:rant ort)anisma. ·xt could be 

seon in rohu that, duJ:>~ng the only successful partial spawning at 

higher al.titt.tde (1000m) at Mawpun during Augusto 1979, th$ rat$ of 

spawning was nti·t much different than that at lo~er altitude;. the 

temperatuiie baing atound 24°C. Howeve.r, tha hatching rate reduced 
' ' 

to a signif'lcantly low level· due. to d;aetic· mort·aiity of' the 

· embryos with a sudden decl'ease in temp.aratura to· a low level. at 

1 soc. Apt,t~t f.tom ~mparatut.a,· pH vati·~tions in water also tla~ 

shown to aff'ar.;t f'elttili~ation in many ·rishes and neut~ral cur 

sli.ghtly alkaline. pfi ·has; bean l:'acornmended for successful fertili• · 

zation_ (Saha.. &.\ §1., 1-957).• Thus· acit:#i.c pH might have· cau$ed·· a 
' ' ' 

synEJrg1st1c effect ~o Jraduca fertilization alongwith l.ow tempe~a~ 
. . . . ., ' ~ 

tur·a at higher al tituda •. Durin~;) May, 1979, the embryos of scale 

carp also ~ot. inf~c.t.ed by a fungi of S8apr:CJ.l
1
egnia species resuiting 

in the catasttoph.ic ·cJac~taase ln tha larvae production. Para$itic· 
' . . ~ 

infection has. bean jepcu·ted ea:rliat .<~.offman, 1·969 J t~illoughby., 
1969) ~nd theY n;ava al$o been ,sean to. increase at low t.ernpetature. 

The hatching time from Partilization required' for the 

scale carp and r.ohu embryos (Tabls-·4) varied in different altitudes 

wh1¢h was possibly influenced by the .variation in tampa·rature. Tha 

prolongation in incubation time with low temperature have been 

recorded f'o.r many marine and frashwateJ; fishes (Slaxter, 1969J 

sr·aum, 1978). s·everal workers have repot'ted the relatl.onship 
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between the tempsrat;.uro and incubati\ln time in scale carp and 

rohth They f;Ste 180 hrs. at 12°C and 84 hrs. at 20°C (Jhingran 0 

19§g'~), 96-t04 hte. at 19.7~22.6°C and 48 ... 96 hrs •. at 23•33°C 

(Jhingran- & Sehgal, 1918), 78 hrs. at 19.-2l°C (llerma, Hne) and 

62 hrs. 30 mln• al~' 2~.1°C (Naudscke'; 1976). for scale carp, and 

1S...20 hrs. at 31°C (Chaudhuri,; 1960), 1~17 hJ;"s. at 2l .... 28°C 

(Chakraborty & MurtY; 1972) and 17•18 hr$.• at 2B•31°C (Kaur, 
.. · . 

1978). Howaver6 Qur results seems to be little different from 

82 .. 85 hrs •. at 17•21°C and 126-.·131' hrs. at 16-20°C for scala carp, 

and 12-14 hli'S• at 2S.l1°C., 12.5•14 hrs. at ·2~31°C and 18~21 hrso 

at 1 s-2so·c to'r rQhu• 

Rat~ of dav.aloe,mant •. a 

The· unfE)rtilized agg gets fe:.rtilized to form a zygote 

which dividee: and dif'farentiatea to fo~.m a small organism. These 

d.$.f'ferent. t:ltagas· of development are ma~kad by specific conspicuous 

rnorpho~ogical ·charl;lcters and rapr~sented ~Y ,numbers. In the 

prasemt study; to c;:ompare tha dat(ll the embryos could be divided · 

lnto 16 develqpm~nt.al stages in s~;a1'3 carp with specific 

identification m~rks of each $tage (T~le-51 F"ig. 2a-c) with 

unfertilized agg as 'Stage-0 and fertilized egg as staga•1. In 

rohu'J, (F'ig. la•b), thr$e of these stage~ (stagea•Gt 10 8: 13) 

could not be detected eith~t du$ to lack of clear identification 

mark or due to quick developmental process during these stages. 

The time :roquirament for the atta.inmont of most of the 

developmental st~gas in the Present study was, in general; more 

at higher alt:Jtudo in bath the s~ecias (Table .. tS ... ?j F'igo4). The· 
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progression o, one st~ge to another was c;tlso rapid and the 

incubation· tim.e was sho~rter at Gauhati with higher temperature 

in compari.son to thos&) at higher altitude~ Howaver, the neurula 

(11) stage and thS) a .. aomiter; (12) stago .of scale carp were 

obs.erved to appeatr earlier an,d the incubation time of stages•10; 

11 and 1~ :were shorter at the higher altitude; inspite of the 

Pact. that water temperatura during the development of t"e 

corresponding stages were higher at l.ower altitude (Gauhati). 

This indicates S·tage speci fie relationship of the developmental 

stagss to envi~onmantal factors 411 According to Nikolski! (1969) 

. each stage of development possesseG i:ts oun relationship with the 

environment. It may be possible that higher temperature increases 

. the rata .. of developmental process in general,. but there may be 

particulaJ:" at.ages With bJ:"oade·l' or J:"evarse tamperl!ture relationship •. · 
' . 

HowaveJ:", it ·.i·a not possibla a~ this st~ga to explain aatisfactoJ:"ily 

the deviations ob$e.~rveo in the general pattern ot altitude ,oY 

tempeli"atuJa Elt'fsc~• ln following chapters, some attempts have b~en 

made· to correla.ta· t:h~m with c;hanges in their biochemical 

c;onstituants·ap<f .motaboliSJn, 

Besides lew temperatuJ:"e ,, . low pH has also been reported to 

:caus.e slow l'ata of. development i'n ffsh. Runn 111. al, ( 197·3) have 

shown delay .in hat;ching in P$f'Ch;· e_.· -P;,l.uviat.il.is .• at low pH. 

Patersou a,.t .. !!J. (19~l0) also obser-ved that hatching of Atlantic. 

salmon (!• S.Q.lW :embryos was delayed or prevented when exposed to 

low .pH water, They, suggested th.at the activity of hatching ·enxyme 

chorionasa which diges-t the choJ;"ioAic envelope was inhibited at . · 

low pH causing da·l'ay in hatching •. It was observed during the 

present study tha~6 the hatching was severely affected in the 

rohu emb.-yos at higher altitude during Ma.y, 1980 when the tempeJ:"ature 
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inhibition qf t.na ac:tivity qP the enzyme chorionase .• F"rom these 

gross observations ·it may-·b;·'--assumad that the lower temperature 

and lower pH might cause the cumulative affect on the dave loFting 

embryos to raoul~ in slo:wer :rate of development at higher altitude. 

Rate or survival J 

The rata of survival of" nine selected embryonic stages was 

obsa~vod during the development of scale carp and rohu at both lower 

and higher ali;ituda (Tables~2 0 3 & a; 'F'ig. 5). fhe results indicate 

that the embryos o., both the species survived bett~r at lower 

altitude• Between the two species; rohu showed greatar susceptibility 

to higher alt~tu.c:le c:n:mdition$ in terms of' survival of breeders,· 

embryos and Juvoniles in comp.atison to scale carp .• The survival ~:ate . 

nQt only va.fied between the two species, but also varied· between 

different stage$ of development in each species. 

The dir,srantlal t.Qlaranea of t~e ontogenic stages might be 

due to their indl~idu$1 and independ•nt relation~hip with the 
i 

er:tvi,onmant, as suggested tJy Nikoiskii (1969). Vatiabili ty in the 

dagraa of su$ceptibility of ths c;fevalopmantal stages to environmental 

fluctuations has been known in many fish~s. In rainbow trout 

(Gottwald, 1965) ·and lake herring (Brooke & Colby, 1980) 1 tha early 

developmental sta,as are highly susceptible to r~duced ~issolved 

oxygen level. However, in .the present ~tudy due to repeated changing 

or incubating wa~eJ• tha oo level was not that low to be considered 

as a seriou.s limit,ing factor f'oE' the embryonic survival. The early 

cleavage stagae qP, atlantic salmon we.re· highly susceptible to ,pli 

strass than the later stages of' development (Oaye & Garside, 1977). 

The dat·rimontal .ef.fe.ct of low pH on embryonic survival has beefn 
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reported in several fishes ( i<~lshna; 1953; Bua & Snakvik, 1972; 

JQhanssr:m .fi.t &!.-. 1-973). Peterson ,ai M.. (1980) reported that at 

acidJ.c pH the hat.ching enzyme chorionase was inhibited resulting in 

prevention of' hatching or the embryos. The failure o? regulation ot 

their internal ion concentration due to external low pH has been 

.rep.orted tQ be3 leth$1 for the developing embryos (Brown, 1981). The 

law pH observed in the present study at the higher altitude might 

have cbntributed either dir$ctly o~ indire~tly to the red~cad 

survival or the developing embryos at. different ~tagas of development.· 

·, . 

The high mortality of t.he embiyos at higher altitude in the 

p:-eaent study haS\ shown some close correlation with temp.el:'ature 

fluctuations·. The critical tole of water ~amparatuJ;e on the embryon.t.c 

. development hatt been documented i.n maf1Y fishes (8laxter, 1969J araum, 

1978) which hav~ clearlY shown t.h~t ~ .Pre elsa c.ontrol of temperature 

within a cartai.n limi ~' spael. fie ror a species; is most impr.u.,;ta'n t · 

for obtainin~ maxirnu~ survival· and production •. Combs (1965) fou~d 

pact fie aalmo.n egg~ were mote talE!rant· to low temperatura beyc:uid .the 

128•cell ataga. ~1:~n moitall.ty prior.· to eva pigmentation; and 

development or te,s.tstaru::a capacity af'tet this stage has been r~pcrted 

in the atlantic $almon (Peterson u JU.;;, 1977). The relationship Q.t' 
. r . 

water temperatl.t:ta· ta .survival was mo~t. evident in rohu ~mbryos in 
. ' 

" 

the present study• Its different stages showed appreciable survival 

at 24°C .. At the neurula stage, which is a stage hypetsens.i tiva to 

environmental etr.ess (Patten & Carlson, 1958), a reduction of 

temperature to 2)~5()C coineided with 49~ mortality of the embryos: at 
; 

!higher altitude.• t"t was observed that prior to hatching the ~ater · 

temperature suddenl,y dropped f'rom 25°.C to 15°C resulting in 

Ctiltastrophic. daa.th Qf rohu emb~yos. Such $hort rluctuations of 

tempe~atuJte is not ~neommon at Shillong (Kaur; 1981) and also at 
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fiawpun (Tttangkhi.~w, 1981). AeccJrding to BJ;'aum (1978); tha sudden 

change ot' tempe~aturQ 1 s most lethal for the cJeveloping embryos. 

TJ\is was~ttt,Ja in the present Study as tha SUdden temperatUf9 

reduction had ktllad virtually all the embryos of rohu at higher 

altit~da. 

Thera was a large scale mol'tality of scale carp ambryos at 

higher altitude (Shiilong) during the breading of r-1ay, 1979 .• This 

coincided wittl the time ·()f an external appearance of Saprolagnia on 

the egg surface. Saptol~.gnia causes the Saprolagniaeis disease 

resulting. in heavy motttality. of fish and their eggs (Hoffman, 19G9g 

Bauer 21, ~· 1973; toJaynarovich., .1975). The growth Qf Saprolagnia is 

~favoured at low temp·erature and acidic pH of water (Bauer 2!, g!, 

1973). Suzuki (1976) found that the p~·odu~;tion of Saprolagnia in a 

Japanese laka was at peak when the w~ter' temperature was 16-20°C 

and pH was 4 •. 0 to 6.0. l"loreQver, resistance or the host to 

Saptolagniasis may decl,'ease at low temperature. Observations on 

large. mouth bas$; (1'-'l).:c;rop'terus s .. almoides) have shown that s.aprolegnia 

invasion causes a. high mQrtali ty only' at lower water temperatura, 

due to lower ·resistance of the host (Inslae; 1974). Therefore, it, 

may be assumed tha,t the low temperatura and low pH might hav.e mado 

the conditions favourable for the infection of Saprolegnie to causa 

mortality of devslt:Jp~ng embryos along with the unfavourable physico­

chemical factOJ:'$ at highar altitude • 

. Survival of young J:'Ohu introduced ~l,n Shillong : 

In the present study, nona of the 1- and 2•month Qld rohu 

survived on introduction in Shillong water from Gauhati,. whereas 60% 

of the J•month old fishes survived under similar coAditiona. 

Although; tranap()rtation acta as a stress to the fish seeds 
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( Jhingtant. 19a2), ln out> experiments maxim1.,1m r;at.s was t.akan to 

minird$~ the s~rQas during ca~riaga •. O.nly the healt.hy and condi• 

tioned fia~es wars tl:'ansportad in art~ficially oxygenated water 

.$nd overstocking wa$ avoided by putting only limited number of' 

fishes per carrying contains~. Thel:'e tUaS no mortality or sign of 
·, .··. 

exhaustion during tron$p.ortatian or immediate! y after the introduc• 

tion to watel'. This may indicate £ll hEJ~.lthy c.ondi tion of the fishes 

during transport. The physica-iochernical conditions of the introducing 

water which. was different frQm the c.o.nditiona at low altitude at 

wnlch thay ware ·adapted;. might have acted as the major stress. The 

response a~ the f'l$he$ to adjust unde~ such stresa might be 

dependant on ag~. It is generally known that young fishes arE) maJ:"e 

.vulnot.4ble tc .a.,y anviranraant~l sttass than the older fishes (Caifns 
. . . 

& Schsit; 1958; _Smith & Oseid1• 1974). Thareforet the mortality of' 1..-

and 2""m~nth rJ~:~ .rohu .at highs~ altitude might be due to the· lack O.f 

an adjustman\ capacity to tha hi.gh altitudinal cau;ditions and this 

cap$City might h.ave appeared in the f'iah :;is 1 t grew oldel'!• 

'' 

Survival Of breeder.s : 
::4 _ w- _1 . u . 

Not only the :eurvival ·Of embryos but also th,e survival of. the 

· · .. b;oeedere at the two altitudes varied b.etwaan the species (Table.~2 & 

3). The scale carp b~eeders were found to be more resistant to the 

high a~~itude es evident by. their absolute survival at Shillong •. 

However, rohu bree.Jdaro showed greater susceptibility which was more 

f'or fen1ales than males to high altitude. It has boen euggastad that 

during the bJ:'eeding time fishes become ph.ysically weak due tm the 

.. l,args depletion o.f the chemical substances for the prape1ration of 

~he gonads (~ovse 197Q). At this stage, fishes become more vulnerable 

to any type$ ·Of p·tlysical or env-ironmental stress. In the present 

study, J.,t was not clear whether transportation had any role in 
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mottal!.ty of bre~dors. Maximum cata was taken to minimise tho 

tranapo!'tatlon attesa. P·el'haps the environmental condl tions at 

highoJ;' altitude wa$ thQ. major d~termining factor for the survival 

of' th$ 'breedarG• F'urthar, transported under s.imilar condi tiona all 

tohu breedors aul'vivad in 1·979 at Mawpun, which is ei tuated at 

about 1'-ooo m ASL. This indicated that tha survival o~ the 1:ohu 

breeders decreased with the increase in altitude. The tolerance 

capacity in.them was found to vary between tt'le two sexes. At 

ll'1awpun,, th~ fe!llales wets more vulnerable than males. Thi~ might be 

related to a compaJ:>atively higher depletion of reservet1 energy and 

a physically waak state of the female breeders. Higher depletion 

of chemical substances and a physically weak stage of females over 

the males .. ~ (htnr.e been shown in many ·other fishes duJ.-ing the breading 

pat'iod (Love~ 1970). 

The prejsant study on the breading performance;. developmental 

rata and survival of s~ale carp and rohu has clearly shown the 

adveJrso effect of? higher altitude on theae fishes. Howaver, 

assessment of t.he biochemical and physiological parameters., which 

modulate the edaptiva capacity of. an organism, .may be mora sensitive 

indicators ~o axp.lain such effects of higha~ altitude. Therefore; 

sturU.ea on the' al t~rations of some biomolaculea and metabolic 

pathways waro carried out during the embryonic developmental stages 

of $cala carp. ~,ind toh.u at higher and lower altitude. These studies 

aJ:>e diecusaod in the following two chapters to find out· the 

possible b~oQhomical or physiological effects of the higher altitude 

on the embfyonic development of CYJJrinus carpio and Labeo rohita. 



CHAPTER II 

BIOCHEMICAL COMPOSITION 
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I NTROOUCT!ON 

The d~v~lqpment. of a multieallular animal takes place from 

a fortilized ~gg through a series of complex changes. The zygote 

undergoes rsgular and extsnsiva ~ell division accompanied by 

structuJTal and functional diff.atent1at1on involving histo .... and 

organogenesis (B.alJ.naky, 197·6). Tha ·machardsrn by which such drastic 

and orderly et)!,lnges ocou.r during the dewelopment is more or less . 

. , similar !~ ell euka.yotes 1 and is known to be biochemical in nature 

(Gr. ant; 1978). Howava~; th'e mechanis.m· is more complicated in tha 

oviparous animal$ in comparison to that in the viviparous ones. The 

~mbryc in the ·ViViparous animals develops int~rnally under the 

cempla·te protactiun of' the mother. Howsvet; the dava1opmant of the 

oviparous an.t.mels i$ extel!'nal andr:,. thatllf'ors 9 tsmains undar the 

direct influence of tho variable conditions or the environmental 

factors. Soma oy.iparous species have developed parental care to 

prQte~t theit dav:aloping embryos whereas in most others, the e.mb~yonic 

development takas .placa at the marcy of the nature. In terrestrial 

oviparous animals; the eflga in general, are with hard outer covering 

called egg shell an,c;t the eggs .in some are incubated by the parents 

to give optimum ~onditioRs for hatching. In aquatic oviparous animals. 

partict.tlarly in Piahea1. whore both f.ertilization and development are 

external, the env.1.1.~unmental factors play a maJor role in regulating 

the embryonic development. The regulation oP the embryonic development 

in the oviparous a.nililals can be divided int.o two broad categories such 

as, inttinaic .regulation and extr-inaic regulati.on. 

9 lnttin~lc .~Eagulation-1 denotes the conttol of development at 

the molecular laval inside the egg Oi" embJ:>yo in accordance \u'j.tf{Hs:,:o;_: 

inhaltitGd pattaltn. This includes th.a t:egulation of the gene activity; 
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and synthesis and d~gr~dation of various biomoleeules. On tha other 

hand, the • extrinsiQ t-agulation•· refers to the modulation of the 

expression qf the inherited pattern by different external environ• 

m~ntal faetor~ (Friaancho1 ~977). 

I n~rinsic regulation 3 . 

The intrinsic r•gulati9n or tha developmental process 1~ 

basically sirnil~r in both oviparous and viviperou~ animals (Grant, 
' 

1978)~ The developing embryo is a living organism and ;requires 

nut~ition for i~s vital functions~ The necessary food materials in 

the egg are deposited in the form of' yolk during oogenesis •. The 
j IJ 

developing emb~yos of the oviparous animals gat very little exogenous 

suppl_y of" the nace.ssary substances. Their development depends, to a 

latge extent, on the amount of yolk deposited during OO'.!)enesis. The 
' 

process or oogeno$is has bean divided· into two major phases such as, 

prel!l'vitallogenie phasa and vitellogattic phase on the basis of 

hiat~logi~al and ~loctron microscopic studies (Raven, 1961). During 

the first phase, the di.ameter of the o.ocyte increases, the nucleus 

anlazrges and the cytoplasm becomes almost entiuely free from 
' 

andoplaomic reticulum, golgi bodies and ribosomes in amphibians 

(9alinsky & Davis; 1963). rutochondria is the only type of organelles 

which is abu11dant _J., small oocytos (Se~linsky & Davis; 1963). During 

tha second phase (vi'tallogenesis), the oocyte becomes progressively 

loaded with ribosomes and various kinds of inclusions, yolk plata• 

leta.,. pigment ~rains, oil dropieta and glycogen granules (Denis• 

1974). A female ~pec~fic serum protein0 vitallogenin0 which contains 

phosphorus, lipid·, cerbohydrateo, calcium and iron has boen identified 

,·e;e the agg yolk pr_ecursor in amphibians an'd soma other vert.abrates 

(t'lfallaca~ 1978) • :Vitellogen!n, .synthesized in the liver in response 

to estrogen stimula~ion, is released into the circulation and comas 
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into the oocyte qytoplasm through pinocytosis (Gapp ~ @..L 1979; 

Hori et ,W 1919). Vitellogenin accumulates in the crystalline form 

as yoik pla.tQlot~ in amphibian oocytes (B.rachat, 1974)• In a mature 

amphibi.an egg• yoll< constitutes 45% of the, dry weight and only 20% 

of the dry weight in act.ive cytoplasm (Bat~h & Barth; 1954). In 

echlnodar:rtta and lo~r chordates (amphioxus, tunicatas), the yolk 

is .ralativ$ly small (l<~rf' 1 1919). In the sea urchinlArbacia, the 

yQlk granules taka up about 27% or U~a total volume of ,the egg 

(Harvey, 19$6). In addition to the yo.ij< platelets, the amphibian egg 

C:ontatns lipid 'l l,n tha fo~ of l~pochondriQ (Holtfretar, 1946) and 

glycogen (Bat~h & Barthi 1954) 0 which primarily a~rve as the anergy 

source f.Qr da-v~lop.i·ng embryo~• Besides these macromolecules, a laJ;ge 

~mount or. amino: acids are $lao dapositad during oogenesis. 

Dna of the moo~ interesting e.v.onts dut-ing .tho oogenesi~ of' 
' the oviparous animals· is the accumulation of a large, amount of. 

' nucleic acids~ ONA and RNA, alortg with other biochemical substan~a~ 

in th~·Qocyta.. Tho matured uocyt~ of many oviparous animals have 

shoUJ11 far mo.ra ONA co·ntent than that of a somatic cell of the same 

species (Ty1s:, 1 1 967). The DNA content in a m~turE}rf echin~darm oocyte 

has been reported to be 8 to 37 times of the haploid amount by 

different workers (Hof.f-Jorgansen 1 19$4; Suglno 21, ~ 1960; Baltus 

£ll. w 1965; Piko & Tyler, 1965). In amphibians, the ONA amount has 

. bean shown to be 500 .times as much a~ in a diploid cell (Oawid1 

1970). The 'nuclear DNA in an amphibian oocyte is only 5•10% higher 

than that Of DNA of a aomatic cell and the rest of the oocyte DNA 

,f.s locate.d .l.n tt,e cytoplasm (Oawid, 19.66; Danis, .1974). During 

vital1C3genasis, the oocyte chr-omosomes exp·and considerably and taka 
' 

a peculiar lampbrush shape (Brachet., 1.974). These lampbrush 

chromosomes are made of two chromatids, each me~de up of a single 



g~ant fibre of ONAj the DNA fibre is repaated~y coiled at the 

chromome]!a regions and condensed into granular forms {Gall & 

Callan, 1962). They contain 4 times the DNA content of a haploid 

oell in arnphib~ans (erachat; 1974). F"~rthar; during the pachytene 

stage of meiosis.;. a conspicuous mass of extrachromosomal DNA 

appear~ in the nucleus which condanaes in tha f'orm of crascent·­

shaped 'cap' (Gall, 1968). ln the late pachytene and. eaJ;lY diplo-• 

tane stage, a faw nucleoli begin_:t.~ to appaar inside the DNA cap. 
i 

Soon after, the DNA ~aP disperses and the nucleoli becQmo free in 

ths nuclear ~ap (Brache~, 1974). A matu~ed '_amphibian oocyte contains 

mora than t,ooo nucleoli and ~ach nucleolus is shown to contain RNA 

and sQme $mount of DNA origina~ly pr~sen~ in the cap (Gall, 196B). 

The extra c;hromosomal DtJA, Ulhiqh is often ~nown a$ th?. 'amplified 

ONA'o has been shown to be a product of> ampl!fication of r-RNA 

g$naa. Therefore·; th.ay are alsQ called as r•DNA. In a maturat~ oocyte 

of X_enopua, these ganes may be 2X1D6 in numbel:' in comp~rison t.o just 

1X103 numbar in its somatic call (Brown & Weber, 1968). 

The substantial portion of extra DNA in the maturet~ oocyte 

is CONtributed by th~ mitochtmdria which accumulate during oogenesis 

(Tyle~, 1967J Denis~. 1974) •. M~tur~ egg of Xenopus contains about 

1X1o4 ti.mos as much mitochondria as that of a liver cell (Chase & 

Oawid, 1·972). Tho mitochnndrial ONA in this amphibian is 65% of the 

DNA present in the egg {Dawid, 1966). The rest of the cytoplasmic 

DNA is located in th(j yolk platelets (Tyler, 1967). In the sea 

Ull'Chin, ':,y_:.chi,n,nua._t· about 8X104 yolk granules a~e p2:esent par egg, 
'\ . . . . .. 

Gac:;h containing 2.-:;x1o•17 9fl).ms of DNA. Tho origin of the yolk DNA 

is st.ill not cleu:lt•;. Brach~~ (1974) sugg~:Jsts that the yolk DNA 

Pli'O.bably otigina~es from tha liver of the femalt:i• When the liver is 

mo$t active in tha ~ynthasla oP vitello§entn, many nucleated red 



blood cells and livar cells along with tha blood stream come to 

the oocyte and theb~J ONA is probably taken ·up by pinocytosis into 

ths growing oocyte and incorporatod into the yolk platelets • 

. . In CO~pa,isoA to l)~dA, the RNA accumulation in th~ oocyte/ of 
/ 

oviparovs animals is exceedingly high. _In a single .egg of !• laev1i~., 
the RfUA· content ia about 3X104 timE)s tiighar than the amount in its 

som~tlc call (Brown & .L.ittna, 1964) •· This large amount. of' egg RNA 

is· mainly ~R;NA wh'ich l.s about 9$?t in the amphibian oocytas. Ouring 

. vitellogenesis, a heavy· synthesis of the 2BS and 185 RNA takes pl~.ee 

in the nuclear sap u,lhich move into the nucleolus, Thoy fir1ally 

becomQ segregated into thq larger ribosome sub-unit atthe end of 

the a~sambly process (Oanls~ 19?4)~ The'accumulation of ribosomes 

in this way ia a~ high as 3X1o6 times as in a liver cell in !.• leavis 
. ' 

(Denis, 1974) ~. t.,.RI\JA and O~JA like. RNA (d,..RMA) also accumulate ·during 

vitallogenosis~ The t-RNA amount in amphibian oocyte corresponds to 

a ratio of about 10 molecules per ribo$ome and accounts ror about 
.' . 

2% of the total RNA present in the matureff oocyte (Mairy & Denis.; 

1971 )~ O.ftNA is repQrted to account for 2~5% of the total RNA in an 

amphibian egg (Davidson & Hough, 1971). The true nature oP. this ONA 

like RNA is yet to.ba properly understood (Denis, 19?4). Some 

evi.de.nces indi.cat'a that i;heae ·are nothing but· messenger RNA Ulhich 

are present in ij masked form (mm RNA) (Tyler; 1967). mm RNA in .. the 

s.ea urchin oocnr~e is shou.tn to contain the infotm~tions required f.or 

the synthesis ef .several proteins a.nd enzymes involved in the process 

~t DNA repl!catioh, ¢ell. divisioB and embryonic metabblism at a v~ry 
' . 

early stage. qf development. In· the sna.ll;_ Ilyanasa obsoleta, c.i~avaga 
' ' ' 

and gaattulat.icn occur in presence of &tinomycin•D· which is ~· 

protein synthi!Jtic inhib1-tor at transc1;iptional stage (F'eigenbaum & 

Goldberg• 1·9&sl. l.n insect eggs too• development proceeds upto 
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9astrulation aftet injection of Aet!nomycin-0 into the egg 

(Loc;kshin; 1966) •. S!mila.r resl,.tlts have also been reporta~ .... :!::Q/;._.-

nematode~ (Kaulenas & reirbaitn; 1966) an~ in amphibians (Danis, 

1974) •. Howavot!'; thaf'e is no direct evidence convincing the true 

m""RNA na~ure of the d~flNA in these animals (Oeni& 11 1974). 

The ll'lat.ure_{f oocyte with its. re.aarva yolk materials rema.ins in 

a dormant state till fertilization•- rat:tilization induces many 

physical ~nd physiologJ.cal mcH'iifa.atatio.n$ making the zygote highly 

ac:tiva (Balinsk.y, .1976).- An immediate viaible morphological change 
',I 

which occurs foll.Qming fertilization is tho swelling of_tha egg due 

to water imbibi~idn Whi.ch ~ight be needed to aceeletata simulta-..­

naously{) the amtu~yonic metabolism. Rapid cell division and drastic 

biochemical changes· have bean reported by several workers in 

dif"far~nt oviparous a·ni,rnals. The wet. weight and dry mattet- content 

(DMC) du!.".lng t-he development indicat~p the gross eonotitutional 

ch~ngas in the. developing ~mb:ryo due to meteboli.·sm. 

The m·atabolis.m .of deposi-ted food materials takas place partly 

by its degradation to release energy and partly utilized in th~ 

synthesis of diff:e~ant. biomolaculas and call organelles• The total 

prot~in conc.ant'~·ation temporarily ~e~raases after fertilization due 

to- protEJolysis of th~ .yolk in the sea. urchin (Matz & fl-1on;oy., 1967) •. 

Ptotein is the building block of all kinds Qf biological structures 

and alao -·acts as b.iological catalysts iA forma of enzymes to ,acc~le• 

rate bieehemica.\, raa~tions. Hance; among the various substanc;eah 

~wnth~si~sd during d~velopment, p.:rotain occupies a c;entral place 

(Paul, 1974a). The l~val of p~atain E;Jynthes!s increasaa signif"icently 

aft~J: feft1liz$t1.on in echinoderm egg (£pal, 1966), ·However; in 

amphibians, pl!'ote:i,n synthesis begins at the om;tet of cleavage 
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(Nayfakh. &· Abramava,, 1974). Synthesis of new proteins- begins only at 
g~atrulation in sea urchin (Brandhorst, 1.976) and Xenopus (Ballantine 

9Ji. .a!; 1979) •. lrt the e:.3rly s~agaa of development, protein synthes.is 

involves only tran~lation and not transcription. This has been 

evident Prom.tha f~ct that usa oF specific tra1'lscriptional inhibitor 
. . ' ' . 

cou.ld not ~top the dav~lopmGnt. at the early stages (Paul,, 197~b) • The 

mm RNA accumulated· durin.g oc;aganaais perhaps g~ts ~ctivated and 

translat$s the p,otoins in the aa~ly stages of development {Brown & 
Gurdon, 1964). 

Synthasia of chromosomal DNA begins soon after f~rtilization 

and·~on~inuos ln the further stag~s of developm~nt (Brachat. 1974). 

1.>NA pOlymerase remai.na present in the cytoplal:lm and moves to the 
. --- ' . ' . 

nucleus at each. cell divis.ion to bring abo~t the· replication of DNA 

(Brachat, 1974). Mitochondrial DNA (m•ONA) is also reported to be 

synthesized during tho early cell divisions in the eg9t-) of Xenopus 

(Chase & Dawid, 1972) and sea urchin (B~esch, 197,). An extremely low 

level of' fUM synthesis has been detected in unfe:tilized £Jchinodarm 

egg (Lavnar, 1974) and the synthesis oP thia becomes measurable only 

after fertilization (Mizuno a,t .. ~ 1974). The three typas of RNA 

(t"'!'RNA, t~NA. and m..,RNA) synthesis. commences at di.ffetant post• 

fe~tili*ed st~gas •. A~tivation of ~RNA synthesis does not occur during 

cleavage ~n soa urchin and amphibians (Brown & Littna, 1964). The 

tibosomal ganes become active at the beginning of gastrulation (Abe & 

Vamana1 1970) but the total r•RNA ~oncentration incr~ases only attar 

the end of neurulation in echinoderms {Brown & Littna, 1964; Denio, 

1914). In Xenopus, the ~HNA content doubles only by the time of com• 

mancemant of! feeding of tadpoles (Srown & Littna,, 1964). Synthesis of 

t•RNA bQgins a few ho.urs aftat" the synthesis of ii-RNA {Brache.t, 1974). . ~-

New m~RNA synthesis in amphibians starts during early cleavage. Howeve 

1n sea urchin alongwith the synthesis of naw m~RNA after 4-cell stage1 

the exist~ng species of m•RNAs aJ;"e also synthesized in the developing 
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embryo (Tyler, 1967). The.gradu~l synthesis of different typas of 

RNAa alta necessaty to .synthesize the spectrum of different proteins 

naadad for differentiation after g.astrulation. Cells which diff~ren• 

tiata along a specific; line arai appart;Jntly,?charactarized by the 
. . ' 

/ spactitum oP .apE)ci,ic prot~ins theY 3yntnesi.z~ (Paul,. 1974a). 

Ptadominant synthesi.s of hemoglobin takes place during erythJ:ocyte 

differentiation a"d muscle proteins $Uch as acti~and myosin are 

aalactively aynthe~izad during myogeneeis. Therefore, differentia• 

tion is vi~IUtld at ·the molecular leve3l• as an orderly appearance of 

different speoiaa of prota1na. The eequantial appearance of different. 

proteins has been known to ba due to sequential activation of 

specific sate of._ ganes during different stages of embryonic develop• 

ment (Glardon, 1974), Be·sides the synthesis of proteins, the 

synthesis of ~aibohydrates and lipids are also important for the 

embryonic deva.l1opment (Love, 1970). However., Salinsky {1976) considers 

the synthesis of carbohydrates and lipids lass important than the 

synthesis of pro.tein and its machinery, because synthesis of 

carbohydrates and lipids occur under the control of' enzymes which 

are ,~-r~r--protein in natute!t 

The patterf1s of intrinsic regulation durint;;J ontogenic 

development of the oviparous animals have been elaborately discussed 

in the ochinodar.m,. sea .. utchS.n and the amphibian, X.enopus laevis 

(Tyler, 1967; a.rachet; 1974; Denis, 1974; and Paul* 1974b). The 
. . . ~ 

informations availabie on the intrinsic regulation of the davalopeo. 

m\lntal process in fish are comparativQly much lesser than echinoderms 

and amphibians. The bulk of tha study so far dons, has bae·n confined 

to the aalmonid apacias.t medaka (Oryziaa latipas) and the loach 

(Miagu~nua f.os.~ilis) (Neyfakh & Abramova, 1974) • 
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The fish ~gg is ~ closed $ystem (Needham, 1931) and its 

dev~l~pmant is dapend~nt on the yolk and other mat~rials deposited 

durin~ oogen~sis• Th~ deposition of materials lA the developing 

oocyte tak(i)s place at .the expanse of the materials from other tissues, 

such as liver·and muscle. Tha depletion of" spscific.compon~nts like 

glycogen,· protein; lipid., nucleic acids and amino acids in liver and 

muscle tissues· of various fishes have been established during. the 

period of sexual maturation (Love, 1970). The major portion of the . ' 

de.pleted substances are mobilized into t.he serum and subsequently 

deposited in the developing oocy,tas• :A part of the depleted subs.tances 

ate also utilized for energy production during maturation. Yolk 

. comprises the major bulk of the matur~ oocyte in fish and consists 

~f mainly phosphoprot~in and lipoproteins (Campbell & Idler• 1976; 

Hare & Hirai, 1978 ;. Hori e.t. a!; .. 1979}. The· mechanism and site of 

synthasis of yolk'in f.l~h h~va been shown to be similar tQ emphibians •. 
' I •, . . . 

\li telloganin is the yolk precursor in the goldfish, £.• ~uratus. (De 

Vlaming ~ al, 1980) and in the catfish !• fossilis (Nath & 

Sundararaj, 198:1; S.unc;tararaj & l'ilsth, 1961) and its synthesis occ.urs 

in liver in ~aspbnae to es-rogen stimulation. It is transported by 

blood tQ ovary wh.ate it gats deposited in the oocytes in form of 

yolk platelets., __ The. Y:Olk platelets ar~ formed inside the modified 

mitochondr,i.a (Yamamoto ~ Oota; 1967). The deposited yolk gets 

segregated f:ront the cytoplasm and cQnc;entrates in· the inf)rior of the 

egg in teleosts, 'UJhilet most of the cytoplasm forms a· thin surface 
. ' 

layer covoring the yolk (Yamamoto & Oota; 1967). f'at also gets 

deposited in the form .of large drOplets inside the yolk mass 

(Belinsky• 1967). 

Accumul_ation of a large amount of OtM and RNA has als9 been 

reported ~uring oogenesis in fish like other oviparous vertebrates 



( 1\!eyf.akh & Abtamo.va, 1974). The amount of DNA deposited varies from 

103 to JX104 timee higher than the DNA content of" a diploid cell in 

loach ~nd sturgeon~ Still higher level of ONA content has been 

reported in oocyte,d of trout, ~· g.airdneri and !• tr.utt.a (Haganmaiar, 

1969; Zeitoun !lt a,lP 1977) and in the Indian catfish, !!.·· fossilis 

(Sarkar stt. I!, 1979) • The total amount of RNA in mat&Jre?9 oocyte has . . . . I 

been reported to be 2.6 •· 2.8 ~g in loach (Nayfakh & Abramova. 1974) 

and 77 •. 2 JJ9 in rainbow trout, :_. gaiidneri. {Zei toun ~ al~ 1977). 

The bulk of Rl\tA in lQach bel,on9s to r~RNA whereas t•RNA makes upto 

about 1 •. 5% of t.ha total RNA. The teat· of the RNA is DNA like RNA 

(Neyfakh & Abramova11 1974). · 

'·, 

The pe.rmeabi.li_ty of the chorio_nic membrana changes on forti• 

lization all.owi_ng Qnly wata~,· uraa,. glucose, salts and certain dyes 

to enter the ·agg (Blaxter,. 1969) .• .- ·r:ertilization also initiates 

several metabolic :actiivities resultiryg in changes in the water 
. . ~ . ' 

content and OMC in the ·developing embryo of all animals: . (Belinsky,. 

1976) •. Observation$ on various :species of fish, such as £: carpio 

(Pe~az at al, ·1976; '·1oro~ & Luzhin 0 1976), S. salar. (Hayes, ·1930)·, - ' . ' - . 

s. gairdneri (S~yama & Ogino,, 1958) and o. ket.a (Vpneda, 1977) showed -·· ...... --
that the t:JSt weight of the ambryoG increase.s significantly at 

fertilization and at h~tching it decreases. 1his increase and 

de¢rea~a are; to a large extent, due .. to the formation of t"e peri~ 

vitelline membrana at· fertilization and ~ta elimination at, hatch,lng,) 

respectively • Yhe wa.ter content. is. generally increased with develope 
' 

mant oxcept fQr th~ loss at hatching(Lova, 1970; Pailaz e,t_~ 1976). 

Such J.ncreasp has· metabolic implications. Water is an essential 

constituent of a living cell providing the aquatic media for · 

metabolic reactions to occur (Harper ~.@!, 1979) • Tha Dr-'IC; on the . 

other hand; follt,Jws a reverse pattern than the water content,· ,, 
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d~cx-aasing with dE)valopment (F'austov & Zotin, 1965; Pc:ulai 2..\. 2.L 
1916; Mo~oz & Lt~~hin 0, 1976; J()hna & Hou.rall0 1990). The DMC in tho 

embryo mainly #epttssents. the vast yolk reserve of the egg (:Johns 

& Ho~ll, 19EJO), The alterations of OMC dur·ing development indicate 

the J"ate) oF yol~t utii~zation and synthetic ac;tiv itiea in the embrM~s. 

The available lnf.ormations on '~he changes in total protein 

cQntent of the davelop,lng fi$h embryos do not follow eny definite 

pattern. In one species of salmon· (s. gaird:neri) the prote•in content 
. - . . 

increas.ad ·at f'eJrtil:i~ation and then s-emained constant till the pre• 

hatching stages.· At hatching it declined oignif'icantly (Zaitour't 

2!,:. a,l,, 1977) • tn another spen;ie$ of saln'!OA (2._. t,rut.ta), the prot$ in 

content graduf:li~y decl~ned with development till hatching to half 

t,_.E) concentratio.n prQsant ,._, the eg9 (Phillips itt. a!,., 1958; Suyama & 

Ogino; 1958)~- The prot.ein content in tha t:;ommbn CaJ"P (C:• cat-pio) -
d~~sti¢ally decreas.ad at fertilization and ·was maintained at }ln 

• I~ 

unstable level till hatching when i~ i.n~;~ased significantly (Mo~oz 

& Luzhin, 1976) •. S~rkat ~fa.!.. (1 ~79) r.eported in Indian catfiah1 

!:!.~ fossilia. ·a qcmtinuous inc~ease in t.ha protein content dur~ng .. 

c:Javelopmant. Protein $ynthasis and vt,iliza,tion of tha yolk also 

ohowa wide'variationsin tha developing stages of different species. 

Protein synthesi$ in loach eggs is no.~ ac~ivatad at fertilization or 

during early cleavage. lt starts at b.lastul~tion and becomes intense 

during late gaetJ:>ula after which it' fall~ •. · It increases again during 

pre...,hatching stage$ {Neyfakh & Ab,amo\tat 1974) •. ln salmon 

(s •. g$irdneri), the pat·tern of protein synthesis was different but ·- . . 

similar to its pattern of protein con~ent during development . . 
(Zeitoun ~ al:~ 197.7) .• The synthesis of protein is mostly accomp.lishod 

in blastoc1erm calls and can also be detected in yolk mitochondria 



( r~eyfal¢h & Abramov.a,. 1974). In the early stages o·f development, 

till the late blastula (Mayfakh & Abrarnova, 1-974) or till the 

be.ginning oP blastulation (S~rkar 21. iJ.., 197·9),,. the synthesis of 

protein. is suggested to ba indepanden~ of' nuclear control 

(transcription) • It proceeds at: the expense of templates (DNA like 
-= 

RNA or mnt RNA·) stored during oogenesis. 

T.he ontogenetic pattern of the individual amino acids also 

does not ~how uniformity· in different fish species (Love, 1974) • 

The biggest all round change of' the free amino ac.ids takas place 

from the egg t.o the larva. The increase or decrease of the free 

-amino acids may be the net result. of the yolk degradation and 

ptotein synthesis (Zeitoun ~ ~ 1977) • 

. Total . QNI\ content per embryo do'es not increase linearly w,ith 

cell multiplicat.ion •. This happens mainly duo to the higher accumu• 

lationof DNA .in the cytoplasm of egg during oogenesis. The role of 

thic ON~ has not boon Qlea~ly uod~rst~ood (Dontsova .2!. ~· 1970; 
' ' ~. 

leitoun et gJJ 1979; .sa~kar a.t; al. 1979) •. How~var, the nucloar DNA 
• : :,, .· ' I . ·'. 

s~aadily in~re:~.s~$; with deval,opment • Synthesis of new DNA ~as baen· 

shown to b~gin ;at .the e.arliast ·cl~avage· stage (Nayfakh & Abramova, 

1974). Phe:Jlaonwcin. a potent lnhibitor of DNA syntheais,. blocks .ths 

development of': .tt~~. f'ossilis ~t early ~l.eavage stE1ge indicating that 

new 01\JA ayntheai~ ia essential for cie.avage during early. devfilopment. 

Diff'el'ent species Qf fish• however• show diffare(lt patterns of 

$1teratic;ns in tot.al or~A content in tha developing embryos. 

Accur11ulation of' .a large .amount of RNA in the mature;fegg has 

baen knewn tn ·fishes· •. This RI\IA population consists mainly of ·r•IUJA 
~ . 

and mm RNA or ONA like RNA. Synthesis of new RNA starts from the 



cleavage to blaEitula stage in ~!fferant species of fish (Timofeva 

& Kaf'.i,ani, 1964; titeyf'akh & Abramova, 19,74; Choudhury e.Ji. al,, 1979) • 

The sequence of" .synthesis of different type.s of RNA als;o varies 

in diffel:'ent fishes. In loach; t·•RNA synthesis begins first .• 

followed by m•RNA oynthesia at the ea~ly and mid•blastula stages, 

whe~eas in ttot.~t,. r~RNA synthesis starts first (i'Vsyfakh & 

.·A.b~>amova, 1974). Tha changes in total RNA content per embryo also 

varia~ in diPfttant species of fish. 

Extrinsic regt;Jlation : 
~ - ' . ~ . . . ' . .. , . . 

In externally developed animals, the 'intrinsic control' 

ia further regulated by the external.f.actors of the environment. 

The genomic :expression in fish is knC)wn to be very plastic in 

nature and it ·altersO in response to changes in the environment 
= 

(Hoch·achka & Somero, 1973J Whitt., 198'1q1. lha various metabolic· 

processes which comp.rise the *intrinsic c;ontrol • are basically 

chemical in nature and are governed by the physical laws. Altara"!" 

tions in dl,ff!ltet1t $nvironmantal faotQrs influence the rate of 

dsv~l~pm~nt and·stirvival of the fish embryo (Slaxtar, 1969; tove~ 

'970; Braum; 1 ~78) • The matab.olic. a(ltivity is also shown to alter 

with the change i.n erwironmental conditions, thereby influencing 

tho chemical constituents of the devo:lop_~ng embryo. The rate of 

oxygen consumption has been used by many workers to show the 

metabolic variat~ons undet diff'erent environmental conditions 

(Blaxtet, 1969) •· .Oirect studies on metabolism of' di f'ferent chemical 

substances during fish development under variable conditions of 

environment are l.imitad. Studies on the adult fishes·, however• 

show that metabolic changes with variations in environmental 

conditions are more complex (\Jernberg l!: Vernberg, 1972; Prosser, 

1973~. Ouring the bioch-emical adaptation to ami ironmental changes, 
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soma ma_tabolic. proce$aes are activated to a large extent, some 
. . 

ramain uncha·ngad and soma others are :rredu.:;ed in activity 

(Hoch~chk~ & Somvro, 1971). The~- are a few informations available 

on t.ha yolk utilization of the fish embryos under different 

envitonmental Qonditiona (Kinne, 1970, .1977) .• Yolk is most 

efficiently utilized at certain optimum temperature which falls 

aomewnere in the. middle of the thermal tolerance range. Above and 

b.elow the ~ptimum. temporetu11eo metabolic utilization of yolk is . 

pjgporti~onataly greater than i~s utilization fQr tissue formation, 

resulting in smaller larvae. However, there are reports of temper .. 

ature independent yolk utilization.dtJring development of some 

fishes. Johns and HC)well (1980) noti~ed that in winter flounder, 

f.• d,entatus, degradation of yolk and yoik utilization did not vary 

at two axp.arimantal tamperatur~of .1~~ and 21°C. \>Jood (1932) 

zoaportad temperature independent. yolk utilization efficiency for 
' . . 

trout (~. fa rio) embryt)·a u:hen incubated at 3°, 7°, 1 oo and 12°C. 

Similarly, the embryos of !• icis_tia (May., 1975b) and yeilowtail 

flounder~· L. ferrugina~ · {Howall,,. 1980) do not show any temperature 
''-- . . 

dependence on yolk utilization within the zone of tolerance. The 

possible mechanism for such temperatura independent yolk utiliza• 

tion ha~ beeh relat~d to ~oma physiol9gic~l adjustments, r~sulting 

in an equilibrium bs.twaen the rate at which yolk is degraded for 

anergy requitamsrats and the rata at ~ich it ·ia converted for 

synthesis of otha.r substances (Blaxter & Hempel; 1966J Johns & 

Howeil 1 1980; JohnSl et. al ••. 1981) ~ The efficiency or yolk utilize•· 

ii~n has bQen seen to be different u~der different salinities (May, 

1975b) an4 variable oxygen sppply (Ha'r.mor & Garside• 1977) in 

different fishes. Theret'Qre, the wat~r content, Or'lC and eoncentra• 

tiontl of different chemical constituents in the egg not only 
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change's with developm~nt but. also varies with environmental 

chang$S and also in different s'pecies. 

Plan of work i 

In the oarliet chapte~ it has been reported .that the rata . ~ ., . . ' 

of davelopment ·and survival of the two carp species <£;· carpio & 

L., rohit.a) ware lower at tha higher altitude. The intensity of .-:· , 

the impact. of high altitude waa more in rohu than in scale carp. . ' 

B·esides;· the informations on the biochemical alterations during 

ontogQnasis and the effect .of environment have been very leas· in 

freshwater fishas. Therefore, the present study has bean planned 

to fi~d out the pattetn of changes in some import$nt chemical 

~onstituan~s during the early development of the two carps species 

at a favouJ+"able low altitudinal (100 m ASL) environment at Gauhati, 

and.at higher altitudinal cond!.t1ons at Shtllong (1500 m ASL) c~ 

t-1awpun ~1000 m ASi:.). 

The f'.ollowing studies have baen conduc~ed. 

1) Thet wet weight, water content and dry matt~r content of the 

dev$lqp1ng ambJryQa have been e$timated. 

2) The concantrationa of total~. total soluble-6 cytoplasmic• ~rid 

mitochpndrial~ proteins have bean measured during the process 

of development. 

') Quantitative and qualitative alterations of free amino acids 

have bean followed in the developing stages. 

4) The concentrations of total DNA and RNA per embryo have been 

estimated ~n different developmental stagas from egg to the 
1 

"' 

freshly h~tchad larva of th~ two species at low and high ). 

altitude. 
r 
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MATERIAlS A.NO f.IJKTHODS 

The egg$ and embryos obtained ftom the induced breeding of 

scale carp (CyprJ.rwrt s,arpig) du~ing r.IJarch, 1980 at Gauhati and 

May• 1980 at Shillong a.nd of' roht.t {~q, rohJ. t§) during June, 1980 

at Gauhati and August, 1979 at Mawpun (Chopter-.1) were used in 

the following studies. 

F')..xA,tJgn Of .~tj\99Sir I 

Unf'srtili:zed eggs warec obtained by stripping the Pemales 

immediately afte-r spawning. f'ertiliaad eggs were collected within 

1 Oa.15 mint.fte~ . .attar fertilization. Th~ subsequent developmental 

stages of b~th the species were followed as described in Chapter•1• 

About sao embJryQs of .each stage were rapidly removed from water, 

.rt put separately in chilled bottles and placed inside ice in a 
·~~-. 

1 thatmos flask. fhe CCJllactad samples tJISta brought to the laboratory 
~· . 

J':. 
and kopt at --1 5°C till the anal yais was mad a. The newly hatched 

embryo$ (staga ... 15b) were qoll~ct,ed aftar about 2 hours of the first 

occurrence of hatching. In lrOhu, embryos of this stage (stage,;;.15b) 

could not be c;ollacted from high altitude because only a few 

numbers of' the. poat~hatchad larvae ware obtained in the only 

successful br,eeding at Mawpun as described in Chapter•1• 

Det.~rminati.on. oP wet wei,"ht, dr'l mat~e,.. content (DMC) ~nd W-"'Jt.'A'!\ .. 
I,.,.._ 1 F1 ... I .:. -= .. -·W:. - -~ - .:r. Vht I I .-'!' - ·- = ~ 

ccn,tet; ' 

Samples of 10•15 deap frozen eggs or ,embryos of each 

developmental sta~a wel:'e thawed at room temperature• The wataJr 

sticking to the outer membrane was removed by rapidly drying on a 

filter paper. The wet weight Qf the whole sample was det.:nmined by 

using a single pan electrical microbalance (K •. Roy Model~K.16). 
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The dry matter content (DMC) was then determined by drying it at 

60°t;, till ~ constant wsight was reached •. DMC was substracted 

from tho wet weight to obtain the water content" . 
' .... ~ ~ ' 

(xt.ristJ.on liP. b!omowul9.$.. o 

}\• £'!;ttmsM,Qri st[ .~9t,J.\A pr,ote,ilh D~f\ and .RfJ/1 S 

53•6~· deop f.tOZ$n· eggs: or embryos ·Ot' each developmental 

stags ui$re· ~hawed on .lce.and 20% homoganates of .each sample w~re 

prepa·red J,n.ics-c~ld· o.012·t1 Tris-.HBl buffer (pH 7.4) using a pre• 

ce)ol'ed all glass hand operated Pot.ter f!lvehjam type homogeni~er. 
' --:-~ ~ 

Total protein, DNA and RNA warQ extracted following Schneider 
' 

(19$7). 

The schematic l'epresentation of the.extraction procedure 

is given below. 

Homogenate (2~) in ice•cold 0.012 r~ Triso.HGl buffer (pH 7.4). 

+-ice-cold HC104 (<S~) (1 (H)I10) kept in ice for 30' 

Centtifuged at 2,000 X g for 151 · 

at 0£2°C 

Residue 

+ ethanoi (95%) 

Supe;natant 
\5 ) . 1 

Centrifuged at 2.1 000, X g for 15' · 
at D+2°C -

(1 (H) :2.S) 

I 



\ 

. ?4 

Residue· 

CentJ"i t'uged at 2,000 X g for 159 

at Ot.,2°C 

Supernatant 
(5 ) .. 3 .... '• ~ :_ ·, 

+ $thanol•ather (1t1) 
warmed at 40°C for 15' 

Cantri.t'L,Jged at 21000 X 9 Vof 15' 
at 0~2°C 

Supernatant 
(S4) 

+HCl04 (1o%) (1(H)a~.s) 

H.~ated wit.h occa.sional stiJ;~ing with a glass rod at 
?DOC fort 1S' 

Residue Supe~natan 
·ls

5
) 

(1(H)#1) 

di$90~.v.ed in KOH 
{ 1!\1) ( 1 (H )a 1 ) 

\ ,. - -

u-a·od for ·estimation 
of to.tal protein. 

: . ~ . 

Centrlf'uged at 2 .• 000 
·at 0+2°C . ...., ·. ·' 

8 t .£)\tJtaCtion of ·tO.tJ&!_s.olubl
1
a protq,!Jl, I 

The sc;lubl.e p_totein was estimated in a 20% homogenate or 

about 100 eggs or ambtyos of each developmental stage made in 

ice~olcj 0~25 M Suc~ose solu~:ion. 
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ft.• Extx:,ac\t.on, .ot ,C~tm}.§!amic (c•) and. Mi,.t.ochondri,al ,(fnJiiiJ prptq!o: 

A 2D% homogenate of about 100 eggs or amt;»ryos of $ac:h Sttige 

was Pl'apare" ~n_ ic~cold o~as M s·ucrOS~h T-he 20% homogenate of 

each stage was cantrlfyged at 600 X g at ~2°t: for 15 minutes and 

the residua waE~ di$c;arded. The aupernatant ·was again centrifuged 

at 14;000 X ·.g ·f:.Qr :So minutes to sediman~ mitochondria. The 
~ ~ . . 

supa]:ntlltant thus obtainad was used f.or the estimation of cytoplasmic 

protein~ The m1tochondr~ sediment w~a suspended in o.25 M Suqrose 

. solu~Jon to make 2o% suspension with the help of a glass homogeniser 
. -~ 

and mit.ochondri-al ptot~in waf! E\JSt~matad • 

. oi •. Kxtr.action .of: f!AA ,amino • .acid.a (F"AA~l # 

rtee amino.:;{~acid$ were extracted following the method Qf' 
i 

Suslow (1967·). 40~50 e~gs o:r embryos o-P each d$velopmental sta~e 

were homogani~ett in (;1}95~ ethanol and 0.1 rJ Htl (1 t1). After the 

sam.ple was coaled in ic.e for 3o minutes, it was cantr! fugad at 

2.ooo X g Pot:' 20 mi.,utaa. The clear supernatant was used for 

qt~ali tative and quantitat~ve s$timat.$.om~ of f11ee amJ.no,,::•racids. 

gst&m.at.iao o,f b.igrqolflliu.loa : 

a• gstJmLt.i,on of axatet,n : 
T.otal, ·~oluble (s~>. cytoplasmic (c,.) and mitochondrial (m-:) 

proteins were eatirnated following ths method of LowJ;y st l1!. (19~1) 
using Sovine Sal'Wn Albtn'Bin (BSA) ~s the standard• A linear stcandard 

graph was obtai.ned using 1 o to 70 }'9 of as A. 

a •• r:s,tlim&.tio.n. o,r rr.qa. @roin,p ;ac,id~ # 
I . 

- . , 
(a) _Lqt,al1 f.&;e&,.Afl'li..'lQtjaci,d,si : Total fr-ee amino acid was estimated . 

following the method described by Spies (1957). Glycine in S }'9 to 

3D)Ig conc.,ntrati()ns was used to prap.,ra a linear standard graph. 
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{b.) \1) 
1
lodi)l,i.d.uQA. f'&A (guaA,i.tAtive,.L I Ascending two~dimentit)na·l 

pap~r cbromatogt~phy was employed fo~ the qualitative detection or 

smino"'acids. Exttacted samples containing about 100}'9 or free 

amina..:acids wa]rs applied as a compact $pot on Whatman Paper No, 1 

using a micrQ-~pipetta • .,_butanol•:glacial··:aceti.c aci~water (4:1t5) 
; -... ; - . 

was run as the. fi. rat solvent f'oxo ·1 0 hou~s and. water saturated phenol 

was r~n for e hou.:s ·as the second solv'ent at room temperatura ( 23• 

2S°C) • .Nin,..ydtin $olytion (o,.,~S%) i~ -~·5%. ethanol was used as the 

colo~r developing rea.gant .•. Different amino•acids wer.e iden ti fie d. 
- ,· . ~ . . . " . 

· by compari~g the Rf values of the indiv.idual amino•acids with the 

standard chr.c:unatogr~. The standal'd c;h)!'omatogram was prepared in · -==-- . . - . . . ' . . 

·the same way ·~s ·c,taact.lbE:id above. usinti 'standard amino;<1cids (BOH, 

England). 

(11)· t.ndlJli~d,u§).. .• r.an tgyau,t,iltg£.iv:el..J Quantitative astimatipn 

·.· of the d.lff'elt'.ant ~mino acids .i.d~fltifia:d by paper chromatogr.aphy 

waro quantifi~d: indlvidually following the method as described by 

Habib.ulla (19Vo}., each amino ... ;acid spot., ·after identification• was: . . = . . . 

:cut and aluta:d ·1" .2.0 ml af 9$% athan~,l cqntaining 0.1% Cuso4 (5~ 1 ). 

The elut,lon was done .by· centrifuging at 1•000 X 9 .for ' minutes. The 

intensity of the ·colour was maaauJte~ a.t 610 nm ·in a double beam 

Spec;ttc2photornEtteJ1' (Seckman Model~26). The quantity of the o~t~ined 

. ·. individllal amitto ~cid -was calculated from a standard graph by 

· spotting 10, 20 and 30 ,u9 of each standard aminocacid · (BOHt England) 

and employing similar t;eatments as described fat the unknown .sample. 

. . " 

c •. '&.stimgtisn .of ON& i"d RNA ; . . . •. ~. r. n ~-• r 

DNA and, RNA :were estimated by diphenylamine and orcin~~ . 

method respectively• following Schneider (1957), Calf thymus DNA: 

in concentrations ranging from 50~200 )J9 and yeast RNA in 



77 

concentJ:>ations -rang.ing Prom 1 0•5D_,f'9 were us_ed to prepare the 

standal'd graphs which were. linear.· 

Chemical and bioch-emicals :: 

Ail.chamicals and biochemicals· U$ed ware ot> analytical 

grade, purchased from either Glaxc Laboratotiest, Ind-ia! BDH, 

f:ngland;- s:~g!ila Chemical Company,. u •. s.A.; t. Marck~11 Germany; 

Cant;E"OI'I Labora_tories, India; ·Loba-Chemiet India or c .. s. I .R. 

Centre f'()t> B~ochemicals, India. Ooubla glass-distilled water 

was Qsed for all 'astimc,tions. 

Expression of data • 

Wet weight, dry·, matter·. content, pr~tain and total free 

amino acid of each deve-lopmental stages· Ul9re ·presented as mg 

pet embryo. Water- content was expre~H3ed as percentage. of' ·the 

wat we·igtlt of the .embryo. The indiuiduar amino acid was presented 

as percentage of' total free amino acids. Nucleic acids were -shown 

ao )J9 DNA ur .RrJA :per ·embryo. 
=· 

StatJstical analysia : . 

Tl\a data Obtained ri'om 4•5 sets, of' obser.vations ware 
\{' 

atat·isticall:y anelyaad according to Bailey (1.965). The rilaan and 
i? 

standard dev·iation (S .o.) of' the mean·_ for each set o~>'data,. and 
•'"' 

the laval of' significance between 2 sets or data were calculated. 

P values at S percent or lower for 2 sets of' dat.a were taken as 

signi f>icant •· 
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.RES \JLTS' . 

':£at !!JS,i gh t,. ,d& v mgttett and, aat;ce nt WAt§uJ', .cp .. fl,1:e,n.t : 

The lPe.sul ts on the alterations in the IU$t waight; dry 

matte!' and percent water content Qf tha embryos of the two species 

ot ~arps at dlrferent a~ ti tudes are pr~s~ntta-d in Tables•9•11 and 

F'igs. u.s. 

J~ could be se$n that ·the wet weight (Tabla~·9J rig. Q) of 

the unf~.l'tillted egg of !t• -S-4-Uj,.ct and b.,• robit[1 were between 1•6• 
~ . 

1.7: mg and a,bout D.B7 mg~ respect~valy •. Thel'e· was no s.t.gnificant 

variation in their UJ~ighta at ~he ·two. a.i..titudas studied. In scale 

cafp, the wet ·uteight'of the egg suddenly.increased after 

f'srtiiization (25%) ~nd this continued significantly at Gauhati . . . 

till tho stag~.J .after- Whic;h the level reached a plateau till the 
\-:.. . .. 

-,.~ .. 
pre•hatching stage (15a) ,'-A~. Shlllong• the increase. in the wet 

. . --~ 

weight of the scale carp ombr.ycu:) wa$ biphas$-c in nature, Once it 
in¢raased (1S%) at fertilization and agai-n (about 1 0~) after stage~ 

11 t~ll th~ pre-hatching stage (15a)• Between tht) stage.•2 and ''• 

the wet weight of the seale ca.-p embryos were significantly higher 

· at Gauheti in eompa:rlson to the high altitude• and after that the 

differences wete _insignificant till hatch~ng•: In rohu• there were 

significant increase.~,.. thQ ttiet weight or the embryos after 

fertilization till stage~J in both th~ altitud~s. 1t remained 

almost cont;;tant till the prra.-ttatching s.tage ( 1 Sa) at Gauhati. 

Howav&r; at Mawpun; the wet weight of the embryos started 

dectaas'ing s.ignificantly from atage.,.11· till hatching. 

In all. cases,\ the wet weight suddenly decreased o·n hatching 

to. a level between the weight of unfertilized and fel!'tilized eggs~ 
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The dtrY malter content (DMC) (Table1111!10J F'1g. 7) was ,1.6% 

and 33% of the UA1t: weight of the scale carp at Gauhati and Shillong 

respectively •. ln rohu, the OMC waa comparattvely higher than the 

scale carp eggs and was about 43.% at both thf!. altitudes>. The DMC 

gradually decl'eased after fertilization in all cases showing 

generally a biphaaic pattern. Dna significant decrease was obse~v~d· 
'. ,, 

after. fertilization and another generally took place after neurula• 

tion (stage,.t1.)·· There was not much variation between the rohu 

embryos at twq altit~des whereas in scale carp the DMC of the 

embryos at Gauha~i were generally highs' than those· at Shillong• 

The over-ali det;:toase ~n t~e OF"lC from the unfertilized i3gg 

till "f)tch~ng wa$ .3041!t:J2% in .scala c;arp and 40-.;·54% in rohu at both 

·the altitudes •. 

Tho percent.ago water content (Tabla•11; F'ig.: a) in the 

unfertilizt1d egg of sq,ale catp produced at Gauhati and Shillong 

were 69.39% and ,66.98% respectively.; ln case of rohu •. the values 

wafe about S6.9% at bOth Gauhati and Mawpune' There was a sudden 

lncfease ~n the perc;ent wat~r content in ali cases after fertililljo 

zation and then a v~ry $low increas~ continued till the pre•hat~hing 
stag$ (ataga··15a). At hatching, the water content signif!cantly 

deqreasEJd• However, in rohu embJryos, the.re was a sudden incroase> 

(10e'24%) in percent water content at staga-!t10 at Mawpun which 

remained signiflcanily higher than tha corresponding values at 

Gauhati. The increase at fertilization was in the order of 10~12~ 

in Sl:flla carp ~nd about 9% in rohu at both the altitudes. Except 

between the stage•1 1 to 1 5a in rohu, there was no significant. 

altitude related difference in the percent water content .in the 

embryos of the two species studied. 
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Pro_tein. content. i 

The lavale of total,. soluble; cytoplasmic and mitQchondrial 

protein were e$t.imated at different stages Qf development in scale 

carp and J:'Ohu at d:lffar$nt altitudes (Tables~12•15J rigs~ 9e;o10). 

In all patameta:rs and in all cases; the protein content in scale 

carp embryos ware higher than the :rohu •. 

The pattern of change in total, soluble and cytoplasmic; 

p:rotein lavels0 in gen$ra1, followed s.i,.mila:r patteJ;"n of change in 

ac:;ale carp. Th$re were signif'icant sharP decrease in protein 

levels in all case$ .of. f'ertili1!ation which were followed by a ·siow 

decreasing. pattern till stags-7 •• At staga•S (Blastual) there was 

an enhancement in the concentrations of tha proteins which started 
=-

dec:;t:easing aga~n till the newly hatched larval stage. There was 

not much diff'el'anca in these protein levels in the earlier 

developmental $tagas of scala carp at the two altitudes studied• 

Hqwover, the total protein laval became signif.'icantly lower at 

pra•hatching (1Sa) and early post-.hatehing stage (15b) at the 

higher altitude. The levels of" soluble and cytoplasmic protein were 

significantly lower from stage-12 till the early post!O*hatching 

stage (1Sb) Qf" the ·scala carp embryo at higher altitude. The 

decreas• in cytopla~mic protein waa mo~e prominent in comparison 

to the decrease S.n total arid soluble protein levels in the later 

developmental stages at higher altitude. 

In rohu, the three protein levels also daclin.ad very 

significantly immediately after fertili%ation and continued to 

decrease ~lowly till .stageo!io? at beth the aiti tudes • The pl'otein 

levels started increasing ln all casas between ataga-8 and 9. This 

irtoreasa continued oigni rlcantl y fo~ total protein at tiauhati till 

the pite..,hatchi"g s~aga (1Sa). However, for soluble and cytoplasmic 



prot.$1ns the co,..cantt:atlon showed an' increasing trend only till 

tha stage-14 af'ter which they remained almost unaltered. At Mawpun, 

the concentrations of' the three gtot.Jps of proteins again declined 

at. nt:~urulation ~stag~,1-1') which were restored in case of total and 

soluble p~o~~~~,~~~ However, the cytopl.a~mic 'protein laval declined 

. contin~ou~ly till thQ stage .. 15b,. Thus;- the concentrations of the 
;; 

thr.ee ·groups of proteins w~re significantly lower from st.ags-11 

.. onwards in rohu embryos at highet alti·tude (MaUipun) than those at 

Gauhati~ 

' . 
The mitochondrial prQtein lev$1 1 on the other hand, went on 

increasing ftom tha zygote $tage till the completion of hatching · 

i-n the embryos of both the species at di f"fe~:ent altitudes studied. 

The level sign! f'icantl y increased at stages""121 15a and 15b at 

Gauhat$. and stage-1J at Shillong in ac;ale carp~ Hawevet, the 

mitochondrial protein levels ill rohu embryos significantly increased 

from stage-9- r,mwa~dth; Thal:'e 1.110~e not much difference in the -

mitochondrial protein. concentrations of tha embryos at the two 

altitudes .in scale ca~p. Howev~;• the same beeame significantly: 

less.En!' at hi9her altitt.tde in rohu af't~r neurulation (stage•11) 

till hatching• 

f'Jt@i or?ino ae!.d,i, : 
Ts\el f£§S ami,n.o; AcidJl i T.ha concentration of total free amino acids 

was found to be highai' in the differE}nt davelopmental stages of 

scale carp than rohu (Tabla-·161 f"ige 11 ). On fertilization,. the 

total f'ree amino .acid lav·el increased at both the altitudes· in the 

two :spec$;es. This anhancemsnt was more prominent in rohu eggs than 

scale catP':~;. in: .rohu,. the increase was about 67% at Gauhati and '1~ 
-::::::: 

at ~~awpun. HOU19var_,. in ec:ale oarp the increase was much less$r as 

about 6% at.Gauha~.l and~ at Shillong. 
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Till .~ta,Qa-8, ci.n both the apacie·s, the total free amino 
-=-

ac:id levels i.n the; em1uryos. ~ta either ~dmi-l:ar ot more at Gauhati 

than at thQ h!gheJ."" altitude •. The .pattern got r$vers$d from stage~9 

onwa~ds ~han toe l~vels ware higher at higher altitude than that 

at Gauhati. ln· both tha specie a at. Qauhati1 thare was a significant 

decrease ln fl'ae amino acid laval between stage•S which continued 

te) c:f~o~rease $lowly in ~ohu. ln acale c-arp~ ttle level went up ag~in 

at Gauh$ti frOm ~tag~12 upto ~i;ag~lSa (p~e-.hatctdng stage). At 
Shillong, the ~mino .acid level of $cale carp embrYt:J$ went up very, 

$l.owly UJilto atags.,-1 D a.fter which .t t showed a vet y quick increas.a· .. 

upto the p~a-hatching atage (15a) •. In rohu, ths level was higher 

at Shillo.ng than Gauhati with too much fluctuations ftom sta.ga-1 

At hatcnif'tQ;: the total frl:la amino acid level decreased in 

all casas. Thla der:u:·aasa was signif.>ic;ant (24•28%) 'in eca.le carp 

both at low and h.lgh alt.i tudes. 

_I,ndiM;idYal· ;f.Jt.a,Jia QmA.nq, ,ac,ids. i Th·e free amino acids ware qualit.ativnly 

separated by two dlmansional paper chromatography and quantif.ied in 

di ffarent de.vslopmantal stages of !.•· cgp:;PiQ. and !:.• £Dh1tft. at both 

low alld high alb.it.udss (Tables.;,1't..-2D)., 

Outing differeirnt developmental E)tagss altogether s~vanta~n 

amino acids could ba, datt:Jcte.d ·in scala carp and eighteen ami no ~cids 
•• •J 

in rohu. t;y-a •. and r¢;ya.•;cys. could not be detected in scale carp and 

thr• could not .be detected in rohu ambryoa •. In unfertilized egg of' 

·scala ca,p,. hi.$• and trp. could not be detected and only appeared 
. . 

~. .. . 

a~te.- fertilization. In rohut h.is,, ·pro .•. ,. ala., and ti'P• could not 

be detected in the u-nrs:rtilized egg. His., and pta~ appeared· artar 

fertilizQtion a·nd- aia. and trp. appea1red at stage~2 (2-cell stage) 

onlY•· this ·pattern was $ama in both the altitudas. 
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Gluta.mic ac:id Uia'S one ot? the p;redominant amino acids in 

both a111b,yos with aQPt~· ira scala carp and· at-g~ and ileu• ln rohu• 

Lye., leu., ala. and pro. w~te present in a moderately high 

concentration .in seals corp embryos only. The relative concentra• 

tiona of the ft"a·e, amino acids· varied c'oh'sidEJratJly between the two 

species but not much between·the two a,ltitudes. Different amino 

acids char;ged diffartmtly <$u~ing the process of' development in 

the two fishes at ttla two altitudas~ Some amino~!~acids c;ont.inued 
• b' "' 

to increasa~ $0111$ gradually dects~asd, some did not change and 
' .. . 

.some other fluctuated with. the p·~ogr~ss of development. The 

cha"gas were apparent at thJae phasas of' development ... at 

fertilia:ation (tJti)ge.o•1-2).1 during, blastLJlation and gastrulation 

(atage$ ... ?•10) and at hatf;hing. 

At f~t.tll.t,z:.ation,. his. and tr·p~ appeated in scala carp at 

both the altitude_g~Uihet·aas val, and ,asp •. decreased only at Gauhati. 

t n rohu, hi.s• • p.to•·• ala• and trp. appaat-ed after fertilization and 
. . 

level .of arg •. wsnt up both at Gauhati and Mawpun. llau. incJ,-aased 

· at CiaUhati but decreased at Mawp4n •. At Gauhatl1 there w~re decrease 

in the proportion of aSP•• sar •. , gly.,. lys. and cys. whereas at 

highar altitude !'lone of these except cys. decreased. 

At. the m.i"d.le ·stA:lga& of development (atages<IJ07.c.10)t most of 

the amino acids $howad some variations in their proportions which 

couid be matksd ftOm tha· tables. Again at hatching (stages.•1Sa•1Sb)/ 
'' 

seve.ral amine) aci:ds :$hawed df;lfini te increas.as or decreases in their .. - . - . . t.. - . . . -· . . - . 

proportions. Pro. :showed significant lhcreasa in both s·oala ·carp. 
·' 

c)nd rohu embryos. at both altitudes. However,. at Geul'1at1 the. increase 

was more signifi.c:ant than at higher altitudes• Besides pro.~ leu. 

also showed aj;,gn1f1c.an-t increase dufing hatching in rohu at Gauhati. 
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tn scala c~#P b~sldaa p~o.,. ileu!, .met,, lys.,. PhEh and ;ly. 

incteaaad ant;J all'g~• sar,, thr., val., leu., tyr •. , his• and trp• 
• • ~ ' • ; F ' 

decreased at Gauhati. At Shi~long, the proportion of ileu.,, gly., 
'·' ' • I • . . . 

. phs •. , hlEh incteasad b~~ides prQ• in sc.ala c~rp whareaa aar., 
, , r . . . 

·xn tQhu 1 the. ch$nges invoived lea~ number or amino acids 

duri.ng hatc;hin9•: Besides pro, and leta•• the am.ino acids tUhose 

proportion·$ increased at Gauhati wer~ gl~h·; arg•, ty1r. and cys., 
11 ., I 

wheteaa at highar .altitude the 1.ncr'ea$e .i.nvolved ileu.,. lys., 
~ ~ ' l • ' 

·tyr.; trp!f CY$-• and cya •. -.cyth, bea.lda.s pro•. The proportion or. 
' 

iieu.,. glY•:; val• an.d phe. decl!'aase~ at Gauhati and glu., aer•·t 

rnstu leu. and· ph:$··· decreased at high altitude. lt is significant 

·to aae that at hatching glue and leu•, increased at low altitude :,, .· . . . 

.• 'j 

and decJ>ea~ed at highe.t altitude• O.ll the. otheE" hand• ileu. which· 
' ' o - ~ • ~ • • • I . 

decrea~ed 4\lt low alt1t.ude increased ,_a~ higher aiti tude • 

. ' 
" 

The DNA· oilntartt peJ- embtyo or di f.Perent. developmental 

sta.gos at scala e·atp and .r.ohu at both ;lawar and higher alti tud~ 
. . . 

have bean presen-ted in .. Tab1~21· and fi"ig. 1.2,• The pattern of chanae 

· or the DtM e,Qnte.nt per· embi'YO was ap.seJ.es $pec;1 f'ic and similar. at, 
' 

both altitudes •. Altl~ude ahowad no f3f.~ect except in the la~t three 

stages studie¢ (ategea-141 15a . & 15b) wher.e .in both the species,. · 

the DNA content,·was.significantly lower at hi.ghat altitude. The. 
' 

DNA concantratlon 1" the. unf'eE"tilizad egg was more with 0.59j pg 

and o.61J )J9 i.n rohu than $Cala carp. with o.462 ~g and 0.477 )Jm . 

at cortasponding laW:!!r and higher altitudes. 

The DNA c;ontsnt remained stable upto stag9-!'ti of> ~eveiopment 

atta:r which it ~t.at'lad ~ncreasing• In scale carp the increase wa:s 
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contlnuous'wtth. tha rats becoming 'faster at later stages of 

devalopmen.t. Howevei;. in rohu._, tha increase was stepwise., once 

from stageciaS to 9·; next hom stage-11 to 12 and finally from 

stags-.14 to 15b. In th!s case a'lso;. the rate of increase was 

faster in later phases •. The ~vetall 'tru~reasa in the DNA content 

per .emb~yo increased from unfertiliaed egg to pre-hatching stage 

. (1 Sa) by 28 and 21 times in scale carp and 24 and 1 a times in 

~ohu at lowar and higher altltud~) r·aspactivaly. 

:RNA.# 
The total RNA ,c;cmtsnt per amb~yo during developmental 

stages of. scale cal'p and rohu at lo~er and higher altitudad ha~6-
. ' 7 

b·ean, shown in Tabla--22 and F"ig!J 13• The changes in the R~A content 

wer~ species ·$pec.ific; and the altitude had no effect on this 

_pattern of chango. 

The RNA cQnt;ent in the unfertilized egg was about 3~9 tf) 

;,.9 }'9 in S.• qarplg_ and 2.5 to 2e,G }i9 in :rohu.-. The~e was no 
' • It •, ~ 

sigr,ificant ch~nga in this concantl'ation ti11 stage-10 (completion 
. 

of' gastrula) ·ln scalQ carp and stag~5 (1 G-cella stage) in rohu •. 
. < ' 

The RNA concentration was higher in. the. embryos at loul'er altitude 
= . 

than higher altitude in both Piehes ___ and these c:fif,erences wars 

. ·significant geneltally- in the last four developmental stages studied. 

J n seal a ca·~p,. th(l flN~ content inc~eased from stags--11 and in rohu 

from. etaga-7• The qveli'all 'increase ~.n Ali~A content from the 

unf'etrtilized egg· :to:· the pre..ohatehed e~bryo (ataga-15a) was· ·about 

5' and , .• s times ,in scale carp ~nd 17 and 13 times in rohu. ~t low ., . ' . 

and high ali;i.tude l!"e~pectivaly. The. inet-ease in the RNA co~tant 

of· the embryos during their dsvelopmen·t was mora signi Picant in . 

· rohu than· so~l-a' carp at both the altitudes. 
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OISCUSSlON -··· 
The development of teleost fishes, as in other animals• takas 

place ;from the t'EiiJrtil!,zed egg t.h~C)u~h· ,1;:), ,,network of sequential 
• ! r 0 

blQchemir;al and phyaiologiC;al changes'•· The yolk material in the egg 

is d$gl"aded ·to provide enel'gy to the !lJrawing embtyo and also to 

eupply .t-aw ni$t~l"iaia fo' the $ynthasi$ of' new molecules during 

development._ #lnd d$-tfeteritiation• Dsg~~adat.ion or synthesis of 

diff'e~ant. biqm~leoulea dut.t."9 tho development ie genetically 
I 

progr~mmod.: lrt :@. giv~n specie~•- a spe~ific biomol()cule is degraded 

Of synthesiz$d' c:ml.y eat a specific st·age of development. Tharefcu:ei · 

the alterations .tnthl) different biochemical constituents du~ing 

the ea.-lY davE;;lop~Ol~ri\ of scale c::arp and rohu c::an give a gross idea 

about the ch.ahga~ ir.a met.abolic activities and molecular mac:hanism 

Qf difff)tent1e~lon. i.o these ~wo· f~s~·e.s. The two species of f~sh~16,. 
' • , .} • l I 

~ •. carpi.o and ~ •. r".h~ta1, at$ wall ad.E3Pt$d to the altitude :neata.~ . 
- , • I 1 .... : . . -:. , . ' . 

1;Q sea laval whru .. ~: ,th$y show-better su~v-ival,. growth and ontogenic 
' 

devalQpment• _A_t . .htsh.at altitudat, ~ci;h the fishes h<we shown either 

increa'i!Sed moJI'ts1~~y :c~ inhibition in their rate of development at 

different embryonic s~~ges (Chapter~t). The $tudies on the variations 

qf dif·ferent biocha.mic:sl conatituen~,s 1n the developing embryos ()f 

the tum species at ·lowat and t\.igher a it itude are expected to throw 

some light ·on i;ha .interruptions in the normal physiological and 

bJ.ochemical proc;,esa.t;t& et the ·higher altitude which might hav~ 

resulted ird~o the, ·adveti!e effects on the embryonic development· and 

survival, as :tepQtted _:in the pr$Vious chapter. 

Wet. ~ight.: dry _matte~ and Per-cent wateJ:' content t 
tTabies.,9•11-J'_ri9,. cs:;a) · ·· -· ' • 

The wet weight· ot any living Qrganiam raptesenta the total(__']) 
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of its UlSter ·a.Ad city matter content. The alteration in the ·:propp~· 

·tiona of' these three parameters generally indicate the grO'ss 

changaa in $ynthes1$ or degradati.on of· substances in the organism. 

Particularly in developmental atagss of aquatic oviparous ardmala, 

measurements of these components could help to find out the rate 

of uti-ifzation of the yolk· for energy ptoduction or ita conversion 

~o other bi~molecul~$. 

The egga of scale carp and rohu.containad about :32% and 43% 

of dry cnatter; ·and the watar eontant. was higher. wif:h about 68~ and 

S?% reapactiv.aly. Th,e dry matter represents mainly the lar~e amount 

of· yolk .. prasen\ in the mature;~/ oocyte.- the wet weight and total OMC 
'. . . .:; . . . ' . . . ~ 

of ac_ala cal'p ... e_gg ·wete much h~ghar. th.an ~ rohu egg indicating th~ 

large amount of' yolk present in scala carp tta:an rohu.· The pet'lod. of. 
ont~genic:;· deve.l~prtrent i$ also lal"gef ·in· scale carp than rf)hu wi~h 

total hatching 'time as about 58 hrs~._ and 1'2._5 hra. respectively .. 
• • 1 •••• • 

(Gauhatl, 1990)_.;- .H·lgh~r yolk conten~ could be the teason f'or ~~·ttar 

adapta~ility of. aq.aie. Catp emb~yos to atte~stul 9nvironmental factors 

than tohu• The significant irtc.rease in wet weight and water content 

after fertlli~af;ion and decrease .at hatching has been reported in 
• ••.· . .j ,,. . . 

sev~ral ftah embryos (Ha,yes, 1930j Suyama .& Ogino, 1958J Pe~&z e.t. 

~· 1976; f1oJI'oZ · & Lu~hin, 197GJ Von~da 1 t977) •. The formation of the 
. . . . ' . \ l 

fertilization ·mamtn·ane and 1mbib1t.ion of water immediately after . . . 
. . . . . 

fertilization ate the main causes of irtc;:tease in wet weight_iand the 

elimination of lh~:~horionlc msmbran~ alongwith the ~eri~1te1lin$ 

flui.d duJting ha~chilig .is the main c:a~sa of decrease in wet weight• 

-lfet.~il~zation ,15, l<.nown to induce a~ array .of molecular events t.n 
. . . . : . . . 

the egg for ·mooilislrag the yolk materi.sls .to ma~t the heavy demand 
. ' ~ 

of matab~lic enor:gy and· al$o to start several biosynthatic pi'ocassas. 
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-This has ~esu.lted in a $t..tdd$n ~nd algn1f1cant loos of" yolk re~ul.­

t.S.ng in the de·c:re$$0 in OMC af'tar fElrtilization, though tha \U$t 

W$igtlt of tna E)nlbJ'yo increa&~d d~s to the lal'ga SC$19 1mb1bit1en 

of umteJ". S~;~ma amount of' th!e· water mtgbt have b$en tit111zed in 

h~lping thEJ hlgh :ra\e of mat"abollsm tn the postt!!tPerti.li~atJ.on 

emb.-yo-i Though,. th~are were .uariQti.on~ in the wet. weight of the 

. post•f.ertil.ization $tagas in the two fishes,. the pel'cent water 

content rema#,ned fail'ly _stable wi.th altitudinal varie1tion. This 

indicf)te.s that the ·embryonic devalopm$nt needs a particular pto• 

portion or wat~r- to be maintained for normal metabolism. This .• mor~ 

or le~s const.ant- iavel c;,f" water •. might have been maintained by -the 

tegulation of the permeability of W$tor throuQh membrana. The f1$h 

$gg n1amb~ana is perm.oable to watoJ: (Blaxtet, 1969}. The DMC 

decreased slowly du~ing, the cle.avaga stages and significantly 

af\et gastl'ula~ion (stages-.9-.10) and f'utther stages ot c::fevelopmar1t 

\Ill ten inv~lve aotrive&.l..Y tn ditfer~ntiation. and organogenesis, ln. tho 
" . 

aariiar ph~s~s. tba yolk materials might hav~ got converted mainly 

~o nt;tw subtitances artd duJ:iflg 1at.QJt s.tages;. the catabolic proces$~s 

to i:aleaaa onetgy f.oi' differentiation and complex developmental 

ptocesa might .have d\lminate~ over ~hs synthetic processes• The wet 

~ight at the embl:YQ did not show mr.,ch vari~tion in rohu and '" 

soale carp at lowe# alt_itud~- where tt\a deve-lopment W3$ normal. 

Hanc$,, to compensate tho deu:reaaed DMC; total tUater oonter1t might 

havo increased to ma.intain the wet uteight .of the embryo. Calorima"' ,. 

tr1c n'lea$urementS: car~iad out bY F'austov and Zotin (196$) Q" the 

eggs of ~·- f.oz:ssili$:i: !•' stalla_tus. and !• gu_l_daru~tadt.~6 showed that 

tho calotif1c ve1uo Qf t.he egg declines steadily from the time of 

fe.ttili%ation to th~ point of hatching •. The DMC of th~ eggs also 

slowly decreasod in concantr~tion. Similarly,. in the summer flounder 
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(!!_. dentatua1,. Johns and HQwell (1960) s~owed a significant decrease 

in tho yolk t9$t)rve of'. the egg from fe,til~tatior. till the late 
. Ctl 

- la~val developma.nt~- That they attributed to ltfO ut1lizat1o~ as an 
"--

.,nergy $ourCEh: Studies Qn the eommoo ._carp,, :_. c,al'pic b~ava shown 

that the ne-wly hatched embryos lose .ael much as 23.12% (PeXS'! _e~t .. a!i 
',• 

t976) ~~ 28J,47" (Moro~ & L~thirt1 19iS) Qf DMC if'rorn th~ levol in it$ 
' . . 

unftu·tilized oocyto• tn the P.JrO$ent :etudyb the d!lcteaaing level of 
" ·; .. 

o~c fl'om unfoi,t.11!~ad $.gg tJ;ll "atqh1ng in scala c:arp .<!,• carpio .. 

communis) was found to be ,1.4S%, .. al'\d in rohu it was 40.,2_5t. The 

compa•attv·aly higher reducti~n of tha: O:MC in rohu is indlcativa of 

tha h1Q11 ""~tgy mcpenditure ,or the ambtyo which developed at a 

fa.st~t t$te itl l2~S ·ht$• thS~n tha~ o_f the sc~le .carp- (58 ~~s.) and 

al$o,. containeca lees Eimount ot yolk.~:At. hatchir~g, scale carp los.t 

m~re UJSt wa~ght than rohu b~ t~ D:MC arad percent watar content. did 
- ., 

not altat muchJThe scala ca~p 'might' have·a thicker chorionic .mat!l• 

brane·.and mqi'$ perivitalline fluid than rohu which are lost duri:ng 

·- hatching., 

. . 

in wat weight-•: DM¢. ~nd perQent watet._·contant till tho neuruiat!.cn 
. -:=:::,.... 

(1·1) stags :exq~pt :1-,.. the total wet ~i.ght ~P. scale carp •. Some 
. . ' 

significant vaii,~t!ions.- were seen af't~Jl' thl) stage•11 tn the tWf.) 
' . ! : , 

altituctes~. The .®~ :wt:d.ght of' seals .carp. e~ lower altitude remained 

~lmost consta."t. .f~o~ ·$tag$•j ·.till the· prt)•hatching stage• However• 
. . i . ' ~ 

at highar al~it'ud~-r· ~t .showa.d a vary si.ow increase from stage"'"1 
. . . :· : ~ ,I ..• : . 

till stage~1o•; :A_'I$_!;,gnificant 1n.cl!'ea,a$ ata~ted from nauvulation . ' ' . . . . ~ . . . 
• ' ' 1 • > ~ • 

(staga•11) ·till ):ne: -p:re-.hatching (15$) staQe when the altitudinal 

dlffe_rEinee bacam~ 1n.atgnif'1eant~ Thus,. there was a b1pha$1c. wa~er 

1mb1bliion ln :.$Q$la carp at hig"'er altitude. Ulhare temperature was 
·' . -: . 

compa~ativsly lqw. ·the DMC and pe;cen~ water content were not 
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s.tgnif'.tcantly cdiff'E!rent at. the two altitudes though the levels, 

in general• ttnu·e lower at higher altitude during the cleavage 

. s.tagsa •. This might have resulted due to the higher rate of energy 

telE)aaing metabolic dagradatto11s of. t_he yolk at higher ali;ituda 
' ' 

as a!'· ~~aptation ~o the low t.emperature: af1d otheJ> metabolic 

activitiea•: tnereasa in .ena.-gy produc.tion has ·been reported wlth 
'· . . vatiations in envitonmental f.actots. bymeasuring the oxygen 

consumptic:m in animals (Love~. 19?n) • . 

Rohu aho~d almost no ef.f'Ellct of altitude till the gastrt.tlati.on 
\ 

(10) stage. rsrom n~urt.tlation (atage,.11 ),. the effect o' altitude 

becama aigniJicant. The water content .increased at higher altitude 

though the DMC deqreased aign_ificantly in $11 stages after nauru• 
. . 

lation (stage•11·), Jtesultir.ag in a decrease in the wet ~ight o; the 

embryos •. The .tru:roaaad mortality of the rohu embryos were also very 

conapicuous fJI'Qm tha neuruia (11) stE,~ga at higher altitude (F"ig~. :.5). 

There might be a aenieJ;e depletion of' the yolk to anhanc;:e_.:t:hs 

metabolism in these .~tagas under the influence of the adverse 

environmental conditions at higher altitude• 

Prota.try content I · 

Among dif.'fsJ"ant mactomolec;ulas in the ceil1. protein ts most 

ptedominant having both sttuctur_ai and functional roles t.o play• 
' . . 

The. choJrion.ic rnsmbtane being imp~tmeable to nutrients (Nayfakh & 

Ab•amova, 1974),_ the complete development of fieh embryo· till 

hatching depends on the amount of yolk deposited in the .egg •. The 

major cOn$tltuent of' the yolk is protein• besides some amount of . . . . 

lipids,. c:arbohydrates and nucleic acids. The protein eonten~ in 

the matui'a/~ ()ocyt(J was about $8~ and 36% of the. dry weight in scale 
. ' / 

catp aod tohu respectively .• Scale ca;p egg with higher ·concentre,tion 



or protein, showed longer incubation period and better tolerance 

tq environmental rluctuations thqn rohu. The total amount of 
'.( -

ptotein ~er rohu. egg was about SO% of ~qale car.p valu~;-~. In the 

ogg and during the early stages of development; the total protein 

consisted of mostly t~e cytoplasmic .proteins. A small part was 

contr.lbut.ed by mitochondrial proteins and insoluble proteins. 

Unlik~ amphib.f.ans., tho~e might not have been excess of mltochon• 

dri~l accumul1ation during vitellogenesis. However, lt is difficult 

to m•ke ~ ~lsar ~t~t~mant oH this subject with the available 
-='="·. 

.::' 

informations. 

' . 
At fert.il1zation1 a slgnific.ant decrease in total; soluble 

and cytopla:$mic pi"OtE;itt fr-actions. oc:curred: in both scale carp and 

rohu to the extent ·between 30~40%~ H~waver, rr:titochcmdrJ.a~ PJ'Otein 

did .not change 'signific;antlY·• This $·lgnificantly decreasing protein 

laval might ba due to sudden utiliza,t'ioo of the proteins after 

·ff.uttilizatiq:n •. Th~ alterations in protein level during fertilixa~ 

tion and dt.tting t.h:~ early development have been reported to be 
·.· . . . . . / 

variable in dif:f•:nte:nt species. ln&J !• t.r.ut,ta. a continuous 

degtadation oP th$ _ptotain level has .bean reported by Ph.f.llips G 
a! (19S8) and · Suyama & Ogino ( 1958) • _f-1oroz and Lt~zhin ( 197 6) 

showed a slgnlf'icant decrees~ (69%) ·of the protein content of. 
. :' ' 

c. catp.io egg on fertilization which inc~aased again in the pre• - . . = . 
hatchiAg stage af.ter an intermediate. unstable period. In !!• foaellis . 

. . 

(Sas-kar at a;l,, 1979) and ·in !,• galr.dtieri (Zeitoun at!!•; 1977),/the 
,· .. · : . 

prote~n laval increased after fertilization which continued in 

H. fossilis throughout the devslc>pment till hatching. ·-
In the pre.sent. study., e.: .carp.io and l. rohita showed almost . . ~ . . ~ . . 

a common pattern till the end· of cleavage and then the pattetns of 
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' proteain content were ,~iffe;rent. Th.e protein concentrations ~re 

maintained ~t a l()w level or decreas.ed slowly after fertilization 

to reach a low levQl at mofula o~ bla.stula (stag9•7•8) staga. The 

mitoch.ondrlal protein level remained· fairly unch'anged in both the 

·species during this period41 

Ttle:re ·wa.s a .significant inc~aase in the level of total, 

aolubla and .cytoplasmic ·p~oteJns in :9. carpi~ at .. s~aga•8 which 
. . '~ . . . ~ . 

gtadual~y dactsaeed to a lowe.r iavef in the freshiy hatched latva 

(1 Sb}. This;· rate of decrE!aae was mora conspicuous in cytoplasmic. 
: ' ~ : . . 

protein fo~iow$c;f. by soluble and tot a~. protei,~~. The trend in rohu 
-. . . . ' .. ' ' .. ·. . ,· . . . 

waa v~ty much cl~ffE!rent with the protEiin concentrations g~adually 

·. inc~aasing f.rom :a .. taga.;,a to t·~e peak ~t p:re•hatching (15a) stage.> 
' '. •. ,·, . . . 

However., the qytb~l.asmiQ prfltei.n ~id: .not inc:rease that signi.tieantly 

as total. pt-ote.~,.; J:he inctaas~ in th~· total protein in rohu r.rom 

the lavr3l at fe,ti1ization till hatching was about 45%1 ·ilihereas the 
.. : : ·. .· . :_ .: ' .... :, 

increase in solu.~~S: .pJ:ot.ein was abou;t 1()%. This miQht be due t.o ·the 

incr~ase irl tha i."~O:lubls protai.ns ~lch mainly belongs tfl the·. · . . . ' ' 

group of struct,~r:a.l. proteins (Zaitsav' st al, ·1969). When ~he size. 

and n.umbei' ~f·. tha cells in ~he embryo increases.,. more st~uctut~l . 

PltOt~·ins might. hav.a been synthesited, resulting in an increase i.n 

ths insolub~.e. fra.¢tio~ of tha totai protein, 

· The mita;t:.hondJ:ial protein ·in both. the spec:iea ,a~owe~. ·a 
' . gradual anhanc~m.ant: from gastrulation (atage ... 9) onwards id.ll the 

freshly hatched e.rnbryo (staga .. 1Sb).~ The overall increase in 

mitochond~i~;~. :pr~t,~ins was above 38~ in .sc:ala .carp and 293% in tohu • 
• ... '·'/ t 

These a11;.$~at'ions indic~te that the proteins are uti~ized 
~--· 

dul'irtg the earlY, .cleavage pEJrlod to supply the necaE;Jsary eneegy 

fot the active mitos:i~J:e Protein ha$ been considered as the· v'ital 



sou~ce, of' ~t't$fQY f'or development in fish (Blaxter; 19691 l.ov~, 
. . 

1910). The presencc;t of pro~ease ar;:tivity in tha egg has baen 

co~related with tha degradation of ~ho yolk protein (Nayfakh & 

Abram~va,, 1974) • The p1fotein content change indicates the' 

predomin~nce of' psro~ein sy.nthoais or degradation at dift.rarent 
• < 

stages of development. t·xc·apt. for blastul~ (8) stage, there is 

predominance of. p~OtE!in degradation ~h~n synthesis in C. c~rpio •. 
·' . ' ·-· ............ _ 

: Howaver,; in !:;,,' .rioh1t,a1 :the prote.in _ synthasis increatlingly dominates 

(lver . ilhe pzootoin dS,gr$"ation. aftet- :\~a blastulation (s~aga•B). The · 

: . syt;lthEU1is. of new protein~ i.n .differeni; fish "as. been reported to 

st~tt $oma1;1me during leta cleavage :phaae. a~d intensified at) 

gastrul~tion -~uri.ng development (Ney,fakh & Abramova~ 1974; Zeit.oun 

~ a,'.•:· 19?7; Sarka,; et a.l; .. 1979). :r~ .Q~ount of totai p~otei~ iil· . 

. c. carpi~ antt L. r;oh1t_a. aml:)ryos at· hatching are similar though: the · 
-- ·.. < .. i.:. . ' . . .· ... · .· . ' ' . 

E>99 of £• c,arpio. _co,tainatt twice, the amount of protein present in 
. '. . - : ~ - . : ' . . . - ~ ' 

L. J>ohita•: ·This high· amount of prot~ in present in sr;ale carp might -· . : ' . ' . . ' . 

·have SEJrved a$ the energy source th~oughout the development and in 

rohv, the energy ·$ourca might hava·changad from protein aft~r the 

~lastula (8) st~ge. · 

The incraatia in mitochondrial.prQteln ·Prom gastrulation · 
. ·.' . 

(stage-S) indicates. tha synthesis' of. fresh mito·chondria to help 

·· the high e.nergy need foJ1' the diff'era.(ltiation and organogenesis· 
. ' . .- . ~ 

duting late~ ·stage$ Qf d$Velopmant.~; .The tate Of taspJ.ration during 

fish devel~p:trten~ ·h.~:~ baon shown to i_ncraa~e by many folds (Neyf~kh 
' 

& Abramova,. 19?4) and this might have eoma correlation with the. 
·. ·:: . . 

increase in rnltochon~tia. At hatchingc( (stage•' Sb){ there was a . ·. 

significant dacr$ase ln protein. content except mitochondr.ial· 

p.-ota1n0which 'ml~tat have been due io the ''l.~.~s of thra proteins pre­

sant in the chorionic membrana which is thrown ot, during hatching. 
' < ' 
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The varla1d.ona in the elteratiort pattern of protein content 

of the ·developing embtyos of the fishes are spac=ies specific and 

might have soma co~ralation with the protein c;oncentration in the 

·egg. 

,, ·· . ·' lhe eft.EJct ·of' hJ.'ghet ·al~itude was different in the two 

.species ~nd was· altio depe.,d~nt on the $tages of development• It 

is quite intere~ting :to .note that. the earlier stages of development 

till gaatrt.ilat}1on (stage•1 0) uta.s• ·not affected by the higher a.iti• 

tude. The rata .ot' ct~\f~lopraent and survival also were, tn genetol.1: 

not J3ffected by th.~ high altitude dUl"ing these stages• The etfect 

wa$ significar,t·iy cl$ar eluting the lat~r staga.a of development 

after neuJrulatiorf'(stage-1-1:) ~· The concentrations of ditf.'erant type)s 
~ . . . . . 

ot pro.teins a.tudie.·d :J.n tile two species significantly decu·aased . . . . . . 

du;ing thea~ St$geS of: development except the mitochondrial PIOtr.;)in 
. . . . . . .. 

~n soalo ·CI,li'P•; Thq yQlk·utili~ati~n wtllch has been predominant 

during the· early cleuivage atagae ~n soma species of f'1ah ha~ been 
. ·. ' ' 

shown' to be indapende,nt .of e'nvironmental temperature with.t.n the 
.. ' . 

tolerance :zone· (r"lay.,. t97Sbl Howell, 1980; JohnE) & Howell, 1980J · 

:Johns at a11 1981;). ln the p,eaant study,,. the development was 

catl'ied out within thEi optimal .temp.erature %om~ and that might . 

·n~vc helped in the prOPEJr utilization ot the yolk resulting in 

paraliel :alte;ationa in protein concentrations at ~oth ~he 
' :~ ' . . . 

altitudas a\ the e~r~y stages or development. 

Gasttulation and lata;: stages of develop·mant, imtolving 

diffei'en~lat1on ··and ·tnrganogenesie, ·need a ~arge numbef ~f' 

new proteins to 'tn~ ·oynthesi~ed and also a lal'Q9 amount of 

energy to bE;l- pro~uc(3d.. Thus, the~e stages involve the act~v.itios 

·- of $.eve,al .enzymes wh1Qh are known to alte2r· with alterations 
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in the env itonmEmtal conditions (Hochaehka & Somero, 19?1 , 1 9?3) • 

Thetafot~lt the :sqlublQ cytoplasmit; Pl'Dtein levels which ahowd 

great$r inhibition at higher altitudG might be due to the losser 

amount qf me.tat3ol1c pJt·ote1ns~ The structu~.a1 protein pal't which 

itt co~patativeiy more stable witt, envitonm~lital fluctuations• might 

have ma1nta$.nad .ite.J lav•l• thereby lowat!ng the intensity of 

d~ot$a$~ !1'1 the total pJi"otein cqncentration •. The, synthesis of neUJ 

protein$ :needs a large numbel' ot t:lttzymos and a latge amount of 

en~rgy J Thel'ef'oro.,, it .ci)uld be ~o&sibla· that due to lowar tempera• 

i;ura at higher a1~1tvda,. th$ · ptot~ln uynthesi$ might have been 

tnhibitad an~ ,yolk. uti;lJ.z~tion activ~tad for rru~tabo11c adaptations 

t"-esvitlng in lower: ptotetn., qqncE:Jntl!'atlort. The dact"easet in the 

mitochondrial p~otE3ln le.vel in_i:ohu embryos at higher altitude 

lndiQatea· that aynthe_a,is: o' fresh mitochondrial might have beon 

lnhibited ~t hlghet Eiltituda. Alterations in protein aynth~sis .·· 

~ate h"s been studied ln adui..t r.ish~s with relation to temperature 

(Das & P~roeseno:, 1967;· Haschem!)ye~,. 1969,. 1-969al bJ Hilmy !A aJ.., 
1978) which ha\1$ 'shown onhancamant of protein synthesis with 

dElcrea~lng tt:ampl:jt~t·ute• HoW$va~,! the mechanism '" adult animals 

might. not be •1mllar in emb-ryC)s! 

ltte decJ'$a$ing ltlvels of protein at t;fi f'f'rnrent stages of 

·c#~va1opment .$;ra :both aca.la catp and tohu CC)lnci.ded with thos~ 

stages.· wh:ere ths mort~lity. waa $een to be greeter Ceheptei'<i!itl). 

Therefore,, ~t ,make~ :on$ to b$lieva that the alterations in th$ 

prot$ln ieuei$' hava impott·ant role .in the metabolic process of 

the dev$loping embryo_, Oetailed studies on pl'otein eynthests·and 
de~radatica" Pattern c.ould explain this clea~ly. 

Amqng t~a two· species- toht.f was found to be mor~ suacepti.• 

ble to highql' altit.ud~ with gree!lte·r mortality rate or developing 
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rambtyos ~han E)oele carp. This. UJaS parallel with the .greater 

inh·ibition of protoin laval of the later deuelop.montal atages in 
' 

:rohu• P~rticularly, the mitochondrial protein level which did . 

nat change in scale catp; dec;r.eaaed · ~ignificantly in rohu. ThiEl 
. . • . • . . • r : •• J'· :. . 

might .h·av·e ~as'-'l~ed ·into the f'ailu-ra. of' the rohu ~mbry.oa to .meat : 
. . . ~ ·. :·. . 

the mat~bqJ.J;c:enstgy ·need .in hiQher a.l~i~udra embryos·~ -Z.a$ulting _· . -. . -~; . :~ .. - :. ' . 

into their ·datith • 

. . 
F"ree ;af\lirto acids. -·- :: · 

r 

T;ot_al. ,free ami_no:"·acipa _Jf'AA). a 

F'rea ~mino acids serve mainly as the PJ:9CUJ:$Qrs ror prota·in 

$-ynthesis •. ~a.sidati 1· they· also sar.uo as sr;ta!'gy sourc:e un4S.r sp~ciP.J.c 
c:onditions · "nd c)a .precutsors · f'ot the synthesis or several metabolic 

,. . • - I, -. 

. ' 
olr physiolQg_i.c:al. l'agulQtors• .The laval of tot~l f~rae emino acida 

:· .• 

vary greatly under- d.lff'erent·anvlron#fantal:e~nditions depending o~ 
. ·:;:::; ~ 

th$ ~olatJ.ve abunda~QG of protein ay:nthasis, . amino acid oynthsaie, 

dagJ;adat~on ~f, em4ono. acids f'ot anE,JJ}gy talaaae ~nd their convm~·.a1on 

to other m~tabC)li.te$ or regulator mo.laqulas. During vitellogsneais, 

YAA ecclltllulate'i" tha ~gg ·of f1~h (r-1a$lennikovat 1970) and its-
.... 

· pool si~e va~le$ ·in d1ffcrant spec!~$!- The F'AA concentl'ation in 
. . 

th$ egg of ocals !Ct:i!'P was found to be significantly higher than 
. ~ . 

that of &-ohu~ T"a lev~l .incl:'OE1$Sd significantly on fartili~atlo"• 
· Howauaj; \hg _1nr;r_a.a$a was about :67%_ ·:~n :,;.chu and only 6% ··1n :a9a:la 

carp fit iowar altitude s-asulting in a naar equal laval .of F'J:\A·tn . 

the f$tti1ized eg~ at> the two species •. iirstrKm (1941) rapott~d· an 
' . . ' ' . . 

increase in the f"AA lev&l within 10 minutes of fertillzatloti dua . . " ·,, .· . ' ·.· . . . . 

to the spiitt ... ng of y~lk prC)telns.;: T.ha fAA pool in the devalop,S.ng 
,. •' - ' { -

e~bryo was in the reverse oJrdet or the tot~l .protein alteration 

pattel'n. The decraa$ed protein laval coincided with incrsasacl raA 
pool• fhis might be 4ue tQ the fact that amino acids are mainly . 
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contl'ibuted in the d$valop1ng embl'yo of these fishes· from th~ 

dagt4Jda,:.ion Of pJrOtelns~ Th~ dapletion::of rAA level at ~paci9io 
_· .t:~-~~:-~; ... ~.--: . 

ste-~e ·of. development might b~ due to the u~lllzation ·of" the.·· 

amino ~citt~ f'Of ~n~#9Y p~oduction. Suoh mobillaation has be.en 

rEJpo;ted in P1$h (A~hel'ton & Aitken• 197QJ Knapp & Wieser., 1980) • 

· At hatching, $Qale carP showad a ~-igniflcant dec;reasa 

(about 2~) in the F'AA ce~ncantratlon ·~areas na signJ.ficant .... 

change ·c~uid ·bo obs$1:ved 4n -t~hth th.ie shows that a substantial 
: ... 

~mount of' ~miAo acid$ might be as~oc=i,ated with the chorionic 

memb~ana an~ pe;l~~·itelline fluid t>.f ~Ct:)le t;arp embrYo Which .is ·-

The F'AA iev~.i has b~an known -~o be an important indicator 

of physiolo9ic.al: ;$,t_r.ass in f"i~t'\as •. A.iteration$ in f'AA lavei 
. . . . : 

under ditfeuren~ .snvttonmen~al conditions have baen rcaportad i.n . · 
' . ·' . . . ' 

tlsh tissues {Athai\oft & Aitken, 1·9701 Love •. 19701 rol'steJ: & . · 
. . ' . . ' . ~ . . . 

Goldste1n1 19?6J. $,quires .et al; 19'79J·. Knapp & Weis,er, '1990) • .In . 

the ptesent studyi the higher altit~d'e dld not 'l'lter signifJ.c::a,...;, 
• . . . ' I 

. '· . 

tly ·the ch~n~ing pEi\te~:n ·of .YAA concentration duting development• 

However.;· the le.vel. was cQmparatively .lowar during cleavage 

$tagas and :si~l11f.~c·~ntly higher during later stages ()f' develop• 

ment at hJ.ghel' .a,~t~tude in both the specie$,.· These c;hanges ware· 

1nv-ers$lY relG,ed ~.o the v~r1ations in protein level .• 

P.-op~·tt!()ns. ·oJ' vatious amino acids vary in different 

fishes and at di.f-fetent stages of development. The amino acids 

$uch as .arg_e-, his .• :;,· lau •. ,. ileU•:t' lys-.. ml)t.,. ptfEh~,, thr·., trp• 

and .val• a:te not sy'"theai.ed .tn fish, and th$retora. have bean 
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conaid')~$d as essential amino acids (Watt& & Watts, 1974J Ketola, 

1980) • Repor~et· on the. amino acid composition in different f1shas 

showsd that th~ non~ssential amino acids are usually more than 

the ·esaentia~ amino ~clds. Howav,er,. thal~ individual proportions 

varied bet&VEJ$.n species.' In the J"ainbow trout (S.: ·gairdneri), -
Zal1aaun ·tt ~ (1977) ~t$ported nine essen~ial and eight r:1o.n• 

essential amino acids. Cys.•eys •· was not identified at any stage 

of' dev.elop~ent.': The· ral.ative conc;entration of the non•esSeAtial 

amino acids was higher. (72.26%) than the essential amino acids 

(27.\74%) •; In chum eaimon,. 2.• nerka;. the free amino acids axtrac• 

.ted with TCA showed the presence of only seven essent.ial and eight 

no.,...ssaential amino· acids ·(Vonada, 1977) • His•• cys., and cya •• 

cys. ware no_t ,tdf)ntif>ied till the $0 days of development •. 

. ' . ; 

l~ the '·ptl:)aem~. study, th~re wezoe signitlcant dif..fel"ences· •. 
I . . . • • ~ •. . . • : 

batwasn th~ proport-ions and Qompositic;ms of essential and non•:·. . ' . ~ , . . ' . . . . . 

essential a~irto acids in th~ two fishes. In scala· earp; exc.ept · 
' . . · .. · .. ' . . . . .· . 

hie., all other .essenti-al amino. ac.ids ware. idontified in th.e' 

unfer:tilited e'gg• Among thE! npn·~s$ent1al amino a·cids, oys~ and 

.. eye ~.•eys.: cduld ,not ·~~ ldent.lfled th:roughout t~e devGlopment. •' 

Quantttativ:~l:y~,~~~he r~lat·iv~ contributicJI1 of the essential and . 

no·n,.~~aent.iai' :emino :a'cids 'ln. the sc::al.~S carp egg was f:QU.nd to be . 

47.,62% ~nd s'2·t!';J~%· re~~ec~l~ely•' The ·~oldie amino acid~ (glth· & 
' . ' . . . . . . . . 

es~,.) w•u·~ £1\C)st .abundant. Among the :neutral amino acids ala.•• 
' . 

l.eu'•• Pl"o •. and 'th& basic ~m~no. acid lys •. wax-a present in moderate 

concentr~tion~~; ln i'oh~. th:r:aa essential arni09. acid$. (thr., his.' 

. & ttp.,) an.d turo 'r.on~~~s$nt1al ami~o acids (ala ... & pro.:) could nQt 
• I ,:; ' . 

be dete~ted in the egg~ l'he concentrations of the ass$ntial amino 

acid~ WS$ higher'(59•4%) than the no~essential amlnt:J acids· 

(40,6%) in r'ohu $99t: On the other hand, the neutral amino acid' 



il$.u.' ~nd, the ~asic am1.no aoid at-g. occurred in mu~h--~1~~·-·"! ,·. 
pri)portione ln tha. r~A. pool of maturEyG;rohu ~99• The c~~centra~· · 

; . ' ' - ' . ' . ' ~. 

t.j.ort or. $t;tlphut: cqntaining amino acids (met.,, cys •. & cys • .Cys~-) 
• ' • • ~· r e • • • , • • • , ' 

ttJ!r$ highe:r 1, ,emu ·th:a.n in. scale caf.'P egg •. Such species 

a;aeific- and $~ag$. apecitl.c -va•iatior\$ ·.in the proportions of· 
t . '. ' •I ' ' ' r ' • . . 

dlff~J,'S~.,t .. amino acidS have been t'$~U)rtad in many Other fisheS 
' ' ' 

(L.qv:£)1 191Q)• Tho nutl)bei- of am_ii'U) ar;:tds in maturef-/egg uias 

sent~nt,e~n .~n !•· bo,ddae,l'~i,, twalv.e in !..• fimbriatus and. eleven 

in ·M~ sa_a:n~ala (J<r_is-~namoorthli 19~). Tha constitu~nts\. of. the ·-· . ,. .... ., \ 

F'AA pool: ware ~dlffet-ent in ·different •sp~cies' and a·lao: at-' dif-ferent 
.. ' ... . : . " . . . . . . ', : ' . 

~-tages of devel~pment .. ,. The variations amon'g tha amino acids in .the 
.'· 

~UJO· $pac.le$> st~died we:r~·quita.~ign.iric~nt d~rtng tertiii~~~~on 

~lch·f~it!~ts$ • a tdgh level· 6P metab~~ic .. activltie~.af<-\ .... -
gaat~uiation when motphoganstic. movertiants· .'or the calls ·;..~'ading 

'l ' . " .· . =....-\ 
to d~fferaa1tiation starts raqidring yatiaties of new .Proteins to 

ba. synthastz~d and hig!1a.r·.amc)unt, of ansr~y to be ralsasad.,. and 

du~ir;g hatching when the embryo come's' out •of the chor~onic 
' . . 

memb~ane V~r an ind~l)end~rit .life.-
i . . . . 

• 1', 

l~n ·general, altttuule did .raot a.lte~ ·the. relativa ooncen• 
. ' ' . . ' ~ 

trat:it)na of d~ffa,en~ am1·n9 .·ac~ds.,. a~oept ·1., a f'ew ct:~saa• 

Howa.vsr,. :it b dif>f'l-~~lt.· to '-'ireci$ei~· .expiatn the phenomen'on 
. . ' l . ' 

· The p:rea.enae; -of larga. amount of 'DNA,. ll'!any ·times high~r 

than that o't a d"ipl.oid · soma.tic c~il1. has ·been reported in the.· 

niatur~~ragg of savar.el. ovipE;trdua anJ,.f+l.~-~~ including flshea 

(Na)rfSkh -& .Abtamove:t:; · 197 4; Denis.,. 1974) • the o NA content. of a 

diploJ.d·aomatic nucleus has. b$en reported tn large nurnber of 
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tithes to be be\W$an o.,~ t.q,. a~;a pg. and in carp,. th$ v~l~e tan~d 

betwaen .3~04 •o ·,.,a, .pg (While .• 1·97$)• The. total ,DNA content per 

egg ot seal$ .oarp end rohu oba~nrvad in the p"es~nt study SfS 

sovst-al thousand t.tme.a hJ.ghe~ than the value:~ f'or a d.S.ploid 

somatic nucleus~ HeRoe, th&.ret must bc;J a latga amnt:~nt .of DNA 

accumulated tn the. yolk end .in the. cytoplasm of tha matu~ej::r'agg. 
The 1nfc>trnatiqn $bou\ the oytoplasmiQ, DNA in fish i& ve1ry m~c;h 

limited (.Sa;rk~i': at ftv 1919):. Howavefc:,. it has been established 
' 

in otheJt aquatic ~n!Jttals that a lf)rga .amc;unt of' DNA accLnt~ulatlon 

t$kes piace 1n cyt.Qplaem ·in ;o;-m of' amplified genes,, increased 

number ·of' m1tochc.ndr.1a o~/and as .some granules in the yolk 

(Daw#;dl· 1944J. Btectu~t,. 1 97 4 J Denis,. t 9? 4) • Ind l:rect ev 'de nces 

hiWEJ be.~n p~asqnted to oho\U a large amoun~ of' DNA assoclated 

wlth yolk of tJOme fioh egg ~v a$tima~:ing the DNA content in 
. . 

notmai an.d .yolk fHe embt-yos. (5h~~11.ng,. 1965; Hegenraaitt 1'9~9j 

Dontaov.a e\ al,,_ 1~'10) • Howeve.t,.. the excess amount of cytopl~smJ.c 

Q~A tn seal" ::oatp. a.nd fOhu egg can n$1thal' be assigned any 

.ape0.1f1c oite :in . tb$ ogg cytoplasm ncn:: -any function could be. 

de,1n1t$lY atta·cha:d to lt •. Ths_ ()rig•~~ location a"d function 

· _·" of lhla axcaaa oma ia yet to be undaJ~stood in fishes. 

. . . . 

~twaen the two $p~cies, roh" :egg contained much mo~e DNA 

than the- Gcale ·~ajp •. '1JV$n though 'the wet UJS191\t of the tohu ·egg 

was much J.e~e~.u.• . \hen the scala c:erP* The,afota, not only ttJa· . . . . - - ' . -

nuclear ONA laval i.~ diff'el'ant 1n diff'tu·ent species but also the 

ac;_cumu1a~1on. ot' c;y:~_c:tplaam1c DNA during oogEU1e!l1s. var~es in · ! · 
'. 

diff.er~nt. $peQiasi Timofeova and Kat'1an1 (1964) $ugge.sted that .· 

pJ!'obsbiy '"~ te.sel"v.a. DNA in the egg was to constJ!'uct the genetic·. 

mata1!'ia1 ot -the neuriy formed nuclei du~ing early cleavages •. 
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ThG total DNA content dld "ot ~hange till .some lata 

c1~vaga e\.agas lora bo:th tlttJ apaclss.,. though t.ho nQmber at calla 

and th~t nucl~J.; ~no.i'£laead at.aach cleavage stage• Such no,..· 

linear lnc#.~ass -i;n DNA lav()l ha~· besn · tepo~tsd tn aeverel 

f'ist.ee (Dontsova ·21. ~~-, ,1_9?~J Z~itau~ et. ,al,, 19?7t Sa.J:"kar- ~t. ~~~ 
1979)•.: Howovot1 4n !.• . gQitdnari1 a shfl!I'P docliAe in DNA level ·· 

was J"oport.ad du·t:1ng. the eatly. clesvage stages of developmeul\ 

due to faat degtad~tton of the Dt~A {~$itoun :!.!. a~. 197·7). 1'he 

synt.hosts of ONA has. ~en .shown f'J>om the aal"1iai:' cleavage $ta~ 

by uslrtg tad1oeotiv9. <oNA piacut$ors 111 lo$~h· ~gg (A.itkh~th1n 
EJt~ a,i_..· 1964)• It he$ alstJ tman confirm~d that tt:tis DNA syntJlesitri 

. . . . 

.ls S$sential fot claavage to c;ontlnus. ~pec~tic ONA.synthesis 

lllh.tbitot a\oppad \he df:lvalopment in.tha eattly cleavage stages 

~· foos111e. (SaJ'k~~ ~t ~1,, 197,9) .. Th16 1nCHase of nuclear ONA 

waa ~o; ·ns!Jl,.iglb1o in telotion to th~ "~avy load of cytoplasmic· 
.- ' • I . ' . ' 

DNA that the ra&ttn1d uaad to~ estimation wa$ not sensitive .enough 

t.o detec' tham ~n the pS"es.ent s~udy dul'lllg the oai'1Y devaloprnal\ll!t-. . . . ~ . 

tel $\ags!J• In .:tte 'l,atet $laga& when the number of cells 
. . 

1itetoa$ad gJI'E'-!i~lv· -$'1d the cvtoplasmi.o DNA might h1,1ve been 

_deg~eded,. tha_inef~~~e 111 thti:t DNA -c;ontent of' tho amb,yo could 

ba ob&e~ed with ptogross of devalopma...t' 

: · · tfJ.ghOJr altl.~ud$ h$d no fifr~ct on the total DNA content 

pa~ ambi'YO of bot.. th$ species Vol' most. part of the davelopmant-el 

stage~ studied.' H.C:~vcnr., dutl11g tho later devslopmef1~al sta~os . 

aJou.nd. hatqi!J.ttg (8tagaa .. 141 15i! ~. 1$b):, ths.· ONA c~ntant per· .. · ~~;~ 
amb~yo wae $1.gn.t.f,oant.ly lous~ at higher altitude in both t,e i.- ~17· 

~ ~-4-:o 

spE.lciaa.: The c:fifttJtenoo was more ptominent in scale carp than 
- • ~ -~ <, •· :. • •• ~ 

lt'Ohu. fhe aNA· ctfntan\ f1oi'mally- does not change in a aomat.ic ce '" 

unde1' ·envl~onmental stress (Hotchkisa,. 1955) • Ho.waver,. tha 
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$1\ua~lon tn ~h.o ·.ambryop ql~ .diff'eren,, having a la~ge ·numbal' 
I 

of- :cytoplasmic DNA whlc;h might ~sl!J(down to meet some metaboliil 

need of the e.mb~Y(t• B$.sldaa;,/_dlffer.ent t~sauas and .at dtfr";ent 

at-agee C)f' gtowth, the t>NA cont$nts have ~n shown to vary 

signtf'icantly (Bulow;: 1970; t.ove1 19701 Jaf'l · & Musta'a• 19761 · · 

S~ton.li & t~h!da, 1 976; Huatate., , 1977J· Bhagowatl & Rathca, 1982) •· 

The,eforet th~ vatla\1on 1n.the ONA content at higher alti~uda 

might 'bG -~ha teautt Of dac;:reased DrJA syntht:Jsi$: due to l'educed . 

cell g~owth .or 1ncteaaa~ metabolism of .st:ored oroA., 

The concantrat1on .of' RNA in ·E;J_Pal"ticular cell or tissue~ . . 

gen$~al.lYi, lndlcet~a 1ts protein. synthetic potential (H~lns,. 

·1980). ln de:V(llCpio·g embr~o,, the. &yf1thsals of a large amount of •· 

p:roteins oP. .diff~JI'am ~ype$ 1& nec;~:J.&9ary \.o m$s' \h~ . d$m~nd of 

. the ·f$&t ta~EJ o, g'owUl and· dlff~ro.nt1atlon. In mos\. of the 

ov1paJrouo animals.• ·i;.h.atefo~o, a 1$tge amount. of dlff'etont RNA$. 

al'c depos1tedctu~1ng oogonael&•; Theaa ltNAa J:amaill quiescent. .t~1~' 
0:. ' • ~ •• 

fe•\lliutlqn -d\~n. ~ttnw ge·t activat.od to synthea.l~e proteins ~Y . 

t~ena1ation, A~ulatlort of' excess RNA in ths e.gg and its tole. 

in the prota.tn oynthe~1a du&-1n~ the s.stly cleavage stages of 

the Gltlb~yo& nav.e. been .shown in ec;h1nodarms1, amphibians ~nd some 

'1&has (A~tkhozhln .!1 '\~I 1964; Ty.l$rt 1961.; Oanls:t· 1914; Paul, 

1·974bj Sa11~"\1ne a.t. ~: 19791 Satka7: at _a1.,: 1919) •. Tho RNA 

co1entJ:at1on . .._n the e~gg ot a.cale oai'Pt. obsatrved ln the pra.sent •. 

&~udy, is c;omparatively higher (about ,_.a }!9) than ro"-u (about 

2.6 ~g)~ Thi& might he.lp the scale carp embJ:yo 1n aynthea1zing 

new ptotein9t indepEJndent. of' trsnacJription,. for longeJ" porlod 

dt.al'.\hg dev.elopmant•: P$Jt1c1pat1on of J:'e~erve ar~A •. in ~he p~roteln 

3ynthes1s and the lack .of new ANA sy.r.thesia until gastrulation 
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has ·boen tspo~ted in the loach (Aitkhoah1.n u_ .W· 1964) • 

tlac\;.on mic;Jt...-$copic; study f.n the loach egg showed the p,esanc$ 

Ci'f' denf)e agg.iegat.~or'Ul ~; ·rJ.bosqmas between the yolk granules. 

1ha dsvelqp.f.ng emb.ryo during cloavaga and blattt.ulat1on does not 

aynt,.a'~l~~ · ~w JriboEJomea. TzoansVesr of(y,.;'UcRNA into embryonic 

Rt~A .flas aJ.ao been $.hewn alsc\ron m1c:ro.scopically ln zobt'a Pisht 

a., rario (Nsyf'akh & Abtamova,1. 19?4) and cytochamically !n trout -·' ' ' :' 

(Hagenma1sirt: 1969). In ioach (Timot'eeva & Katiani.; 1964) and 

#einbc)w tll'ou't · (Oont.sova !l .ai11 1:9701 :taitoun !l.a111 191?), ths 

totfSl R.i'~A ¢ontant dsct~a$ed V:rom the .~lrna Of fert111.zatlon to 
' ' ' 

~la.~tul.atlon,. Ho!llav:a'•; in the p~esent· :.study,. no signit'lcant 

change or .RNA qont~n~ wae detected ~~·:··scale carp until st·ag~•10 . 

(ontt of gs,s.~tui.e~ton) end in Jrohu until ~tage-.5 (1·6-cells)• In · 
• J.. ). • • • • • - ' • ~::- • .. . ' 

~ . . . . 

· $cale carp agg1, the hlghar $Qcumulation or RNA might heue be.an · ,., 
' . . . . ;• . .... . . . 

ertough to ca*tv: :or\ .~tha developtnGnt to complete ga~trulation : . . ' . 

without synthes:l.ii".g ·.new RNAs, whe~Qt;).s in JiOhu egg due to los~ 

emoun\ of R~A .dtip.~~.itad in ttla egg,, .~y.nthaa1s of" fresh RNA. was ; : . 
. ·. " ~.:. . . • ' . . .r . .. . "· .. " 

JrEJqutred i>tom t~~·.:l.~te cleavage -stag~,\ (stage•?). rurther:,. it .. -.·. , 
could be that tt\8: .~~.gl'ndati.on of RNA was faster in rohu; an<i,,', ' ·: 

~he RNA molsc~laS: '-~.ad lol}get halt' life ln seal$ cal"P• Oetati~ct. · .. · . ·: . ...._...- .. . . 

s.tudies. on tho v.a.~J:~ties of' RNA rllOlacula$ and theit half'•lif.e .. ·. 
' ... ;. )• ' 

. -~ ... 

· .spacltic variat~on~ :.._" the concentl:'at'ion and synthesis o; this,' 

macromolecule ~te :~limm-on in biolog!c~l $ystems including fishes•~. 
' : . ' . . 

In furout., S.; ga~.ttd.n~ri.,, the ANA .conte:nt showed signif"icant _. · - . '. ,, . '. 

10cJ;~ase at .. ~as·t.~latJ.on (Dont.sova ~t. al.,: 19708 4eitoun at -.qt,'. 
1977) ubeteas in th~· l.ndian catfish: the rise has bean observed.· : 

- .. . ' ... . . .. .. . . - . . . ' ' 

:right f'•orr.a the ~1ma. of. fert.i.ll:zetion with the .peak concentJr$tion 

et. blastulation (Sa•at ot al;. 1979) ": ·--
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In both the spsc.1es1: the RNA laval went. on increa~ing 
aignitlcantly .i;n the later stages of' dauf;Jlopmant.. Howeti'er, the 

---rate of 1ncl:'a~so was dli>f~rant at dif.teJrant. stages of develop• 

man~,., iradic~~ing that $ach developmental, stage has a diftorent 

~equifemant of RNA. 

fhe high elt.itudo had no effect on the fif~A content of . . ' 

the embtyo dt.t:ing the eaJrly deveiopf!lent~l stages ~an lt remf)inad 
l • 

con~tont in tho two apecies~ !he atf"ect -of altitt,td~ could, only be 

sean aftotr' RNA level t~atted .increasing~' At higher altitude tha - . 

RNA level became signlflcantly lower than that at lowat altitude 

duttng tho iatat .~\ages of devalopmf)nt. lbis difference bacamo 
. . . 

mote and more appar.$nt rtaarer to hatching. The, lower level.of 

RNA_content might indicate z lower l'~te of RNA synthesis or 
I 

hi the$' tate or ANA ·cfsg1'adat1on at higher altitudEh · What.evar be 

tha '"aQon, the protein syn~tu~sia must hav~ been affected 

~esult.l"g in o low;·loval of protein concentration dc.Jring the 

late~ Gtage$ csf.' .d~velopment at highei' altitude;. -~hase stages of 

dovele)pmeni; t~how1ng · dav lations in RNA level also coincided with 
' . . ,. ~ . 

the at-ages show.J.ng highaJ:' l'a"e of mortality at higher:. altitude.; 

The studies on tha alterations in wat weight and differer'1t 

chemical cons~ituaftt.s of the developing scale carp and rchu 

embryos i"'dicated that $¢ala catp egg with high~r wet ~ight and 

higher arnou.nt of macromoleeules,. was capable of sustaining the 

deveiopmon\ to a fairly later .stage than zoohu. 1he concentrat1oM 

of important l'il4cro~nolecules $Uch as ONA, RraA and protein started 

1ncteas1ng much aatliel',. pr-obably due to their high aynthasia, 

causing an addit1onel metabolic load on tho embryos of rohu than 
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I 

;
1 &c;a1e c:atP• tha~efo~ai, at highea~> altitude with slight 

r . . I . . 
dav 1atio'1;~" in the env ironmantal factors, rohu embryo showed 

~ . ,. 

·greater mortality Ulhereas scalo carp emb~yo showed bettaJ;" 

adaptability. $esides1 the developmental stages also showed 
. . 

two cleaf phases such as the early cleavage phase ~111 

blaotula when the mi~os~s is very Vast. and the lat<tr develop:~ 

mont stages with differentiation and organogenesis. The 

fcn·mer phase showed better adaptability t.. probably due to 

sufficient ~vailability of .nutrients and hav.ing comparatively 

·loss complex motabol.lc procassos than the later phase which 

showad highar susceptibility to anvironmantl!.!l variations. 
. . 



CHAPTER Ill 

METABOLIC CHANGES 
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'lNTRODUCT ION 
~! . 

· The li\IL'i1Q orgarliattl exis·ts in a dynamic etluilibrium state 

w.lth ·regulat.ad rnatatolic flux• The metabolic rlux varies 

tluanti't.~t;ively and qualitatively in ditfe~~nt animals, during 

different stagas or development and in response to fluctuations 

•.. ·)' 

in eravlronmantal cond.itions.~ In ovip~tous. animala1 the matur~E(" 

oocyte gets loaded with a large amount of diff.En:ent nuttiants 

during vitel.1e»genesis,\ needed for the embryonic development., blit 

remain$ in a quiescent state with little metabolic activity till 

feri1lization. Veu~tilization not onl.y adds a sat of haploid 

chl'omosomes into· the oocyte; but also i~ucss a sudden explo$1on 

of mitotic achivlt.y in the resultant diploid zygote• The fast tate 

ot mltc;ela·,~ .in the a$tly t):tage$ of development, l!'equires a large 

amount of energy·and the $ynthes1a of"paa~etal blomoleculea in . . ~ 

d~f·fel"ent con~e_n\ra\lonth The tish egg being impermeable to moet 

biomolecules, the, ·nt,~t'tients deposited in it only gets· uti~i~ad 

,for theso pu~po$:Q(J. till hetching, when the smbtyo comas out Qf the 

egg membrane and communicat~s with the external environment .• Thus; 

the period f~om fertilization till hatch.J.ng shows ~~any impott~nt 

changes in metabolic processes for the repeated cleavage followed 

by m~nrphogenetic moveme.nt oP cells leading to differantiat!on and 

organogenesis. The to.tal. flux of metabolism during ontogenic. 

development ia. geriatieaily p.rogrammad and thus, maintains an 

efficient homeostasis of nutrient degradation; synthesis of.' new 

species of biomolacules durhlg different~ation,. and management of 

the waste products. of metabolism~· ..... : ~ . 

Tha ma~elbolie pathways are mult.l.$tep proee$sas, 'each s.tep 

beirig catalyzed by an -enzyme •. Tharef'ore.,. the activities nf/ aav~ral 
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enzymes contr~l the functionlnca of' a particular metabolic pathway 

an~ tha regu1atJ.on of' a metabolic pathway takes place by' J"agula• 

ti~n of the ac.t.iviti.es or its enaymee. tnzvmea are ~ gtoup of' 

tutu~tiqnt;~~ p~>ot~ins which catalyza b1o~hemlcal reactions in the · 

bit:>iogical sy$tarn~. ~ac~ enzyroa u~ually ·catai~~e only a single 

teactic3n. 9t~t: col1$c.t1vely1 they mainta.tn the homeostatia of the 

animal as a 'who_ia-• 'l'he rol~ of en~ymes in b1ringing out the 

complax b.tocfiem!c.al ohangge dut!ng eml)~yotd.c d$v-elopmant has 

·besn wall.tac;ognisad~ The rai.a~1on$hip between enzyme act1v1t1as 

and dev-elopment. is· ac geed that often da.v-elcl'ment la considered 
' . . . 

as a st.ate of dlff$tent1at1on .of enaymes and ttletabclic pathway~ 

(Moog,. 1-965) .• tach c;ell type and ti~sue, contributing to a 

spElCifJ.c organ, c;ontaina a spaQific $$~ of an~yma$.. This £Jnables 

thl?l various qJtgans to mainta-in the.i.r spe~citlc metabolic role• 

TtterefaJT~• ~t l$ evident that difi'Pe~antiation, comprising or 

hi$to• and Qf9&.1'199enasis, mt.t$t be a~sociated with tha differaq~ 

tiation of' en~yme$ .ln order. to acquire the ru.,ctional cnarac:ter•: 
' ' 

istlcs Gf, ~he _t1s$~es. and organs (Moog,. 19711 Monroy., 197J-) •. The 

specific appaatande t)t increase in act.J.vlty of some e.nzymas are . 

~o ·tightly 4Qupl:e;d ·with the specific morphQg-enatic events that 

often., they ate .tt~f'e~l'ad to as matker enzymes (Monroy; 1973). 

Gl~\amlne synt.hetas$ is tegatded as a'm~rkar enzyme for tha 

functional difflerentiation ofl' the neural rs.tina. (Chadar, 1971J 

Mosco-~a~ 1972l• AChE ia also cons~dered as a biochemical marker 

for-the ·rurtc.tional. differentiation of typical. na.t.trons·and muacle 

cells{J foJiim1Ag synapses and rnyQneural Junctions (fbachet., 1974) • 
·. _,' . 

Th~ specific; diffetantiation of enzyme$ with spac1fie moi"pho~a·-

Aa·tic eve"t.S during embryonl.c developmaflt has also ~e$n described 

with the "elp ot isozyme~ (~'hu:·kert, 19701 1973#· Whitt, 19B1a;b). 
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·· tntyl)las b·e·ing p·roteins a;e the pt:o.duct of genes.; Hence; 

appsaranc~·, disappdaranea and alterations o.f: particular'. enzYme· 
. . 

a.ctrlv.i~y i.£ldlc~te ~he. alterations· in t~e: activity of th~. · 

c~;~trespon~i11g gene dutiog development._ The di.ffeientiai gene 
, l ' ' • ; 1 , ' ' • , ; • ' : . ~ . ' ;1 -· I , ' • ' ' ' ' ' 

exprassiQn.duting deval6~ment and differen~iation ha' been 
. ~, . . : ~ ' . ~ . . ' ; . . ' ' ' ' ' ' ' . . ' . ' . . . . . 

clea.rly_ shpwn (Marka.rt1 1973;. Davidson & B_ritten, 1979; ~itt, 
• j • : < , ' • ' , ~ : , ' ~ i , • ' ' •I , I , i I , 

~ 981 a). However, this varies substan~ially ,in different animal 
' '• ' I • ' ' ~ ' 1 ' • ' •• ' : ' ·, ' • •' ' ' • ' . ' • • ' '· ', ' 

spac;e's due to their· d~f'ferant genetic. p~ograrriming,. and under 

different environmental conditions due to· tha·ir different 
. . . ,. ' '· . . . . ' ··, . -· ' 

~eg.ulator'y .. mectaanisms fo.r· expression. The !Q.. viva. regulation· of .. 

expreas:ion of'. different genes. by .. differan·t modulator· molecules, 
' . . , . I . . . . . . . . . . . . 

.th~ough ~he exptession. Qf ~pep'-fic enzyme activity during the 
' ,: ' ' ' I ' ~' ' • • • I 

. !lf.e.velopment~l , stag,as. h;as bf;l~n a~t~.n~iva·~ y .s~ydied in. highs~. 

~.-er~abrates Cr;'loo~, 1971·~. Moscona, 1972) •. S~cn studies in Pish 
·, , : : ' ' . J, ' , : ' : . , ' ~ ',' ' ' ' . , ~ •·• ' , ' : • . · ·: _l ' • ' ' ' ' I 

1 

are fa·r~~ HRwaver, Whit~ (19f;f1a) sugge·st~· that the. mechanisms 
' ' . .··, ''. '., .... :' 

operating in h~ghe:r ver;t_ebratas. may· also ·hold good in Pish. 
1 ., • ., •• • • • • 

1.\ - . . : .· . '· 

. The ~at':abolism of different organiC. 9r. inorganic· subs tan• 

cas varies ma;rkedl,y· in different· devf3l.opmental stages depending ·· 

on the presence or al;laence or resp13ct1va.: enzymes •· The. mouse . 

oocyte !.fl vivo:. ~ndergQas .. mat~ra.ti,on. and ·.the·. ~y.gote is cleaved 
, • • ', • , , , ' I ' ~• • , • ' , J ' ', , · ' " • J 1 

0 
• 

onca~i . iq tt,e . presence of py~uvate or OXf:lloac~~ate and. not if 
• . . . . . . . . . :1 . ' . . ·• ' . ' ' . " . : • . ' . ~ 

lactate. pho~phoenolpyruva~e or glu~o~a.are present (B,iggers 
0 ,' ' ~ • ' • l : • ' , ' •: " 

0 
0 ': ; ' , • 1 : • ; , ' : , ', • , • 

0 

• 

. . 

· -~· al, 1967) ~-However, lactate· and phosphoE;Jn.C)lpy:ruvate suppo~ts · .. 

the. d$velopme,nt. from. t~e 2~cell stage: (a~i~~·t~~~ ·1 ~6Sa~t)) ~ · 
Ott1ex; · inta:rm~~;i~'te~. oi_.tha ·,~1y~o~y~1d' ~·r\d.:K~ebs ·.cycle. a24"e 

. •:'' 
. . ·; ' ' : . . t '· . ~· :. . ·. . . ' . : ; ; : ' . . . ; ·. ' ; ¥. 

1
• • • '. C

0 

• • • • : '. ; •• ~ • ~ • ' : 

ineffective at 'the 2-call stags., :but aiiciw development. to 
• ' ' ' , '' ' ' ; j ; ~ 0 ~,' ', O • • • • ' ' ' 

0 

'·,,,' ·' I ' '. '': ' :·' ' ,' :

0 

1 ,' • ; : ' ; ,· • • ' I < ' '• ' ' ' I ' · .. 
proceed. ·from: Jiha B•ce'i( stag·a to. th~· .blastocyst (8rinst<:3r . & 

Thompson, .1~6~) •. The. ·r~bbit 'amb~~o:· ~a:n usa ·p.y.rti,vate, l~·c't.ate , . ···. 
1 ' ' 'r ·•: ' ' ' ' ' ' 

and· phosphcia·no.ipyruva.ta to support development f~r 24 hours 
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t'"om the 2•ceil $t.age:1 ·but; apparently c~n not utllize · glll~~ss 

QJr. TCA cycle intatmediates until the beginning of blaatulati,on : 

(rJr.,dhs·nd~l!li't 1961; Daniel• 1967). Similar ~htrtJ.ng of the 

p~tteJi'tt of me.~~bo·~ism nas been also roeported .in ~mphib1ans 

(aatth,, 1-9Q4) and fishes· (L~va. 1970) ~ tn salmon,, !• .1r1deus,, 

c::ei.bohyd~atE.l 1$ the maJo~ ene~gy souJr.ce f'iorn the onset of blood 

Q1tculat.ton ..,.,.. ~he embryo. ~ili hatQh~ng bu~ in t"e pos~~ 
' 

hatching por,a.od iiptd takes ave; thl.$ task (Smith,. 1952). 

Changea tn ~.nzy:me lav·als dui-.ing fi{ib. deva·lopment i 
'J I l I n· 'I ·1. ' . . . _· ~. ' . . t . ~· I. ' . - . i I 1. . 1 'i: . . ... ~ . . .~.. .. .· I . W . . . I . . 

Th~ unf.att111ta:d egg or fish .:contain$ a large store o' most 

$S~ential er,:~ym$$ q·r the val'iot.rs mataboiic pathways (Hlehida & 

Nakano-. 19~4#:" T~~nFlt,,· 196aa· Kusan• .& Olash~o., 1974; ttmt>la~va &. 
\. . ,,. . . . . 

Mil'man,,, 197$)., 'The$$: enzymes are k~p.t ready ror uas at later 

stages of f:fevei:o;pmont. During ttl$ CC)ursa .9f emb;yonic davelop~entt 

the level& of :ee~leral enzyme& ~;tlte~ a$ a ~eGult of the diff'aten• 
, . 

t.i~t.ioll of .cell ~yps.s~ and altered lavGl or metabolism (Shaklea' & · ·:: 

Whitt.,. 19'77) •. >T:h"e; ·1$\U~ls or some entyma$ lnctease,. some oths.rs: 

dacraas~~ wheli'eas some ottu:~ts remai.rt at a constant level. Tl'tare 

is at11i another gtoup of enzymes which show f'luctuatio.ns in 

their lsvel dui'J.ng development. 

The ~¢\iv1\1ss o-f suoc1.,oxlda$e a:nd cytocnrome oxida$Ef in 

msdak~,-. .!?.• l.a.tlp_e.~ (lUshida & ·Nakano; , 19S4J, rryatose dJ.phospho• 

· ·taee• ctea\ln.e 'pho$tJhQk1nase.:,, g1ucose~6 phosphate dahyd.t(Jgeriaset 

phospho$fl'Q-1pyruvt:t:te '¢a~boxyla$a., malat.e dehydrogenas.e: 1n tto~t, ··. 

$,. gai,dneJ'{ (r$i'~~t1.· 1968)1- lactate · dohyd~og$nase ln tJrou·t, .·. - ...... ·... '. . ... . 

lc>aoh <a• f:o"s~ilia)· and madaka (Na,kano & Ha~egawa. 1971• 

Philipp & Whitt·, •!-91·?) 1 phosphofructokinase and pytuvate 
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' . 

kinase in loach (YUl'QVi~zky & Mil'man, 1971); acid ribonuclease 

in loach (J<t;Jsena. & Olesh~o; 1"974),, acid DNAasa !.n loach 

(Oleshko & Kusan•, 1974) are reported to $how a constant 1nctaase 

.with development • 

The activ J.:t lea .. of NADH~cytochrtJ'me.•c...,reductase,. fructose 

l~., d1phosph~taso1 gluc;osa•6~phosphate dehydrogenase and phos• 
' . 

phoF.mol pytuvate dehydrogenase in ioach are reported to decrea~hl 

frotl1 the amtn:ygn~c i~ tho aduli; J,ave·le (Neyfakh & Abl"amova1 1974). 

The 1evei.s of oyto~hrome oxid.ase and all enzymes of the 

HMP :shunt. pathway t'i)XCapt glucosa~6-J)hoephate dehydrogenase and 

frt.~ctose dipho~phataS:e, in loach remained more or lass ot a 

constant levt;Jl thre>ughout the course of emb):'yorlic development 

(Nayfakh & Abramov~~ '1974) .:_ ln warmouth and green sunfish 

(!;..• JaUlos~s. & _!:.• cxa,n,eil.~us.)1 Shakl~e and \,thitt (1977) reported 

relatively cons'tant. levels or adenylate kinase• glucose•~ 

phosphate dehy~dtoganaa·e, glucose pho$phate isomerase, lactate 
'·.. . 

dehydrogenase., malate dehydrogenase, pyruvate kinase and 

phosph~ftuctoki~ase ~ctiyitles till hateh.ng. 

tluctvating changes in activities have bean reported fozo 

aldolase in loach (KU,sakina ,et al; 1976) and creatine kinase in 

.!i .rorio (Pontiet & HQrt,, 19?!1). The. activity ()P phosphoryl~se 

kinase increased sharpiy1 reaching tho peak at blastulatiqn 

following which it.tamained at a qonstant ieval (Neyf.'akh & 

Abtamova, 1974) ln loach~ Alkaline ribonuclease activity dactea""' 
... 

eed ~t the end.of> blastulation and gradually increased from the 

beginning of ga&ttlllation .reaching the highest· level in t,he .last 
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hours of aaJ'lY development (Kusan' & Oleshko1 1974)• The 

alkaline DNAaao activ-ity in loaeh g~adually decreased til.l the 

onset. of .. ga$trulatio.n .. fol.lowi.ng which t"e . ~eval $harply 

incraa~ad (O.laa.h,ko & Kusan• ;-. 1974) •. In warmouth and green sun•· 

fishii creatine k!inaoe and fructos~ biphosphat~ aldolase ~ctJ.• 

vitiaa $tu)wad dacrea~e in the early embryoganasis·followad by a 

marked increase a-t hatching (Sh$klee· &"Whitt, 197q)~ 

Dif'Vet:ential exptassion at th~'isozymic forms of some 

ettzymas·hava been ·st;udied during development of ~ome species 
. . . . . ' 

,) 

LDH• Besides,. ttto isozymic forms of some other enzymes such ·a$q) 

creatine kinase, ·M.OHt ·aata,aae,- aldq.lasa; amyiase;. phoaphoglu• . 

coso l$orgerase 8_.nd glucose ... ·U.phosphatei dahydtogenasa have bean .. 

studied during ~a~~l:opm~nt of different fishes (Whitt .2!. ol,, .·. . . 
. . . 

1973j Champion· a
1
ti ~!1.•~ 1976; Phlllpp -~ a,l,· 19'79j Whitt.t 1981a,b). 

Tt,e activttias ·Of different enzymes and l.sC)enzymes are · 

located in diff~;irant. cella of tha developing embryo dap~ndlng 

on t~e.S.r fun~tional requir;9.ment• This has t;tean demqnstrated 

histoctlfimic.al.ly f'o1• .some enzymes and J:$ozymes in diff'erent cell 

types c)f the develQping embryo .of a few species Qf f'iah 

(Kt~sakina !!;. a~ll 19761 Roubaud .et. _al, 1-976; . aoulekbacha .et _a,l,, 
1g17; aoul~k~ach~, 1~91) .• 

Effect of envit.onmental .factota .. # 

The m~tabolie p~OCEi9S io fish is readily altered by any.· 

mod1ficatiot1· $.A the .conditions or the ambient onviro"-mant. 

These altaratio.ns, which take place. thtough the alterations in 

the e.nzyme ~c:tivi\lea,. en~blaf{ the f'ish to restore it$ 
' 
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phys.lological stabil.ity for su:vival (Hochachka & Somero. 1 97J; 

Smith;. 19.76) •• The changes in $n~yma activities under variable 

enviJ:'Ontr'~ntat ·conditions might occur in three way~, either by 

cheng~ng the cc>rn;entrai;ion~l Clf" tha··enzymes __ ~r by modulating 
. . . 

the.lt act1v·ities Qf by modifying the inherent catalytic e)ffir;• 

ienc;y · bv p.;oduo.lng a U.bott~r catalyst": (Somero, 1975) • 

The t$.gulation aP the ccmca.ntration Qf the enzymes as 

m.eaSU1!'9d by thai~ actlvJ.tie~· is mo~t common in biochemical 

adaptation ~f fish to etn\iironment (Hazel & Prosser• 1974). It is 

at;)en in' .many :specf.as of fish :that diffe~ent en~ymasjtopresenti.ng 
~ ~, 

various metabclic pathways/change th$1r activ:ity due to the 
A . . . 

aitarationa in the ~·nvironmant'al conditions such ·as temperature · 

(Smith;·. 1976;. P~~e~er.;· l97)aJ Hochachke ~ Somera., 197l; Pracht• 
., 

197:J)0 disaolued :g~aes (::Jorgen!:len li Mustafa;. 1980; Ratha & ·. · 

Bhagowat11 19tl1 );: :pH' (Hochaohka & Somero;.· 1973) ,. salinity 

{9aahamoh1d$~n ·& :Patvathaswararao; 1979) OJ:' hydrostatic prassur$ · · 

(Low & Soinero;, ,··~76)·.· 

All enzymes are· not regulatory in nature. A number o.f. 

enzyme~,!playing kay roles in anergy metabolismjsuc:h as SOH 
, ' 

which showed changes in activity with acclimation temperature 

ln bittariin~· Hc)wa,.v.e*"·• in the SJame ·f.ish LOH did not show any 

changa (K:rugor., 1:9.62) ~ Many such non~~daptlva enzymes have beert · 

reported· in ·fish •. Tho limit of' altazation of' en~ymes ~o 

env-ironmental v~ria:tion ia also gene·tically determined and may·· 

Val'y beturaer.t ~.pecies (Wilson f!.t. a,l,., _1975). 

Tha $tudies. on the ef"fect of .environment on f'ish enzymes .. · 

have been mostly cat.tied out ln adult f"ishas., not much is known 
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abcu.,1~ the' $arna durJ.ng thai# embryon~c .life except soma sporadic 

r$P02rt$ suc;h e$ inh,tbition of ehol!'ionaae:t at low pH (Peterson at 

~1.• 1980)• Metab()li,~m -.n d~valoping fishes is moll"a labile and 

sensS;t:iv·$ te. anviro~ental altaratJ.ons ·as ·observed by the sharp 

alterations in the ~rata or differentiation and ·survival of 
.. 

embryos,(_under variatio.11s in erwironmantal conditions.- It is 

thetrof'o:re; thought that the enzymes controlling various metabolic 

pathways in .the developing embryo would also ba subjected to 

alter~tionl) with -change$ in the environmental ~o~ditions • 

. 'rha pr_esent chapter deals with the normal pattern of 

cha~gas and the af'fQct of high altitude- on some key en~ymes and 

met.abolities of _th~_£ta metabolic pathways during_ the early 

development Qf.: -~c:alo carp and rohu• The pathways stt,tdiad war~ 

ammonia meta.boll$m1~ n$Ul."otl!'ansmisaion and tyrosine oxidation. 
' • . ~' - . ' l ' . ', 

All thE)SO pathway$ ,;:lre knqwn to show·d~velopmental and adapt-a•. 

tional changes in ;dif!ferent ·animals. and therefore,selected ·as 

models fO.r . th.a p_t,e:$en~ study~ 

'·: 

Ammonia metabolism · ;· 

Ammo·nia is produced as a by~p~oduct ·of the catabolism· of 
. . 

vari·ou.s ni~rogen.ous. biomolaculss in the· cell. Ammonia baing 

highly toxic ls ei_t.har immediately e)(Creted out of the body . or 

gets converted to .some less toxic products which are excreted 

. out or. used eo a :st'ored nitrogen .(N) source. Three major N 

wasta products excret.ed out ·of .animals are ammonia; urea· and 

, uric acid •. Jhe· nature of tha.sa wast.e' pr_oducts varies in 

different groupa· of. ··animals depending mainly on the availability 
I ' 

of' I watet, Most Qf. the f'rashwater_ fish are a.mmoniotalio, excreting 
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ammonia as thoil' majeur rtitrogen urasts product (Watts & Watts, 

19?4). In rtHUi'~ine: fishes, ammonia is converted to urea for 

osmo;ogulation. Excretion of N in the f'orm of ammonia accounts 
. . I 

for · 5$-BO% of the tatal.ru excretad in f.ish ( Promm., 1963) •· The 

·majo~ part of am~onia is produced in liver (Pequin & Serfaty, ·• · 

c1·"96J; Velias & Sarfaty .• 1974) and eXCfStad pr.$.mat1ly through 

the gills (Goldatei.n a a;lt 1964) in adult fish. 

1:\Jnmonia has many advantages aa an and product of' nitrogen 

matabol.lsm (Campbell, 1973)• Some of the. reactions involved J.n 
' . 

the production of ammonia,~$Uch as deamination of glutamate 

thtough GDH activityjultimately produc;es energy (Bassman & ,, 
Bassman, 1955) •· tn ad~ition,. the small size of the molecule .and 

its hlgtu~r p~urtition coeffiQient permits its aasv elimination 

by diffusion {F'6Jr&tlil~ & Gol.·datein; 19~9) • However, ~he diaadvan* 

taga of ~mmonia 0 · for whi.ch it cannot ·be stored iFJ the body. as 

suc:n,. is its ~igh to,dc~ty •. This poses no problem to the fish 

which baing a~u~tJ.c; readily disposa qff the higtllY ~o.luble 

ammonia into the sut~roundlng water (Maetz:1, t972). 

D'l"1g1rt of ammonia t 

ln mammal$, ammcmiE) is produced ·bY deamination of amino 

:'acl~s, amidee, amina.s 1 purines, pyrimidines;. nucleosidaa and 

nucleotide$ (Cohan·& Brown, 1960)• Howavar, ·in fish, protein and 

amino a·c;ids are t.ha major sources of e~c~eted nitrogen (t-Jalton & 

Cow&yt ~977); aithoqgh amidas., nucleosidas and nucleotides have. 

also bsan ldantiPl~d as the Precursora or ammonia in ~any 

species (Wa.tts & Watts,. 1974; F'orste~ & Goldstein• 1969). Tram~~ 

deam.ination and daamination all"e tha main reactions producing 

ammonia irt cells. · 

.:i.· 
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Tr.a_n.s®amina\.ion : The chief source: of ·~bout 90% of tha total N 

llbeJrated is the' ·c( -.amin~N of su~pl-us ami,no acids (Baldwin, 
. I 

1970). In sortu~. instances; as ir;t' c:;ase or sa.!' ina and probably of 
I 

histidine ar~d cyuteine, . the am~no group is directly daamj.natsd 
I'(. . 

to f'otm ammonia (Watts & tllatta~\<1974)-• But in cass of most . of 
! :~,·\ 

the am1.n.o· a;c1d$e, the amino caro~P\;~is t·ransf'arroad to another keto .. 
' ; I\\ 

acid forming a na·w -amino' acid;! ln\\moet animais .•. the disaoei~tad 
. . . I ,:;-, 

. am.lno group_ ·t:a:nda: t.(l. be channe:led~>~i_tac:tly or indirectly, tc. • .·. · 
' • . I ,. 

the ff3rmation o.f 1)1utamic acid, ~.hich undergoes an oxldativ.e , 
·. ., ' '5:··.' 

deamination ca.tn~ly,zed by the e.n~ymeJglutemata dehydrogenase · 
. ·. .·.. . . . . . ,• ~..... . 

(GDHi~C 1.4~1.l){yi_eld1ng ammorda. The overall reaction Qf 
. . . ·>p.X ... 

libe~atipn o.f ~mmG~ia frQm amino acids via glutamate formatiOJ1 _. .· · 
' • . tJ. \ ... · . . '.··. 

ia known as t.tan$daam1nat1Q·n (B~aunstein, 19J9) which may ba 

summarl~ed in the: ;'ollowlng reactionS.~ 

. · . .. . 

.. NADH + H 
~ . ;' ,· 

. '•' . 

:··: . 

Glutamate 

Kato acid, .Ami.,o ecid 

The reaction ~atalyzed by GDH is reversible and it functions 

in tha teduc.t.ive or oxidative direction depending upon the 
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oubetrate being utilized (Chamalaun & TageJr".,, 1970). Theref'ora, 

GOH hsa t;aon conaiderf)d to hold the regulatory link between 

ens~gy PIOduction and nltrog~n mat~bolism (Hochachka & Somera. 

1973). The enzyme from mammalian soul!caa has been shown i;o 

utilize NAD+ or NAOH equally wall 1, vitto, although it has 

bean cla~mo-d th~\ the enzyme~§ !..'l. v tvov·· favours tha glutamate 

(specific for NAOH) foll'mation (McGiven & Chappel, 1975). In some 

inv.ertebrates aluq• GO~ ~s shown to fav'our glutamate oxidation 

(Goldin & F'1!'lade·n; 1971 J Smith ~ a.l,t 1975; Storey 2l, \ll 1978) • 

, In f'is.h~•, the activity. of GOH ha_s been datect;ed in a 

variety of species (rorstar & Goldstein• 1969; Watts & \ilatts, 

1974; Walton & ~OW$y, 1977; Arya., 1979) with liver showi.ng tha 

highest .laval of a(;~ivity. It plays the importa.nt role f"or 

ammonia f'o.~ation (F',orsater .& Gol.do.tein; 1969# Walton & Cowey., 

19"77). 

Deaminatio.n- c Since. tha experiments of' Van Siyke at al {1943}, --- ·. 

1~ is known that. ,glutamine; an amide, acts for temporary storage . 

and transpor~ of ·a.mrqonia!. Glutamine is deaminated through hydro .... 
. I . 

lytic removal .of .ammonia catalyzed by the enzyme glutam1~ .. 

Glutamine 
+ H 0 . . . .2 

·n .. ·.· ) 

Glutaminase 

Tt~e activity of' glutaminase exists in the form of" two 

lsoenzymes in v~utl.()us organs (Curthoy$ & Lowry • 1973J 'l<alra & 

Brosnan; 197l;· '974). One of these isoenzymea 1s ~hosphate 

dependent gltJtaminase. (POG or glutamin~se•l) which requires 

phosphate P.or i.ts activity,. The other isoenzyme is phosphate 

independent glutaminase (PIG or gll.ftaminase"!'ll) which is 
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activated by male at~.. l.n moat of the fish, sQ . far s,tudied f'or 

glutaminase activity.,. only POG activity was detected. Walton ~~_nd. 

~Coway (197.7) tt"iod to assay PIG activity in different tlaSU~;!S 

of' talnbo\.u trout. They failed to detect: ·th~e :'enzyme in any of' 
' . 

thEl tissues auc~mined (liver, kid.ney 11<g1llp ~ muscl$) .•. 

Oiroect deaminatio.n ·of .asp.a~t·at.e• cysteine and histidine 

may also contribute to the production of ammonia.: These de am ina• 

tion reactions are· cat.alyzed by resp~ctive deaminasea (Salvatore 

~ ~· '96SJ .Janic~i & Lingis, 1970) • 

Nuclao}deami_natior_a • Nucleodeaminases catalyze the deamination 

of nucleosides ~and nucleotides to liberate ammonia as follows 

(Coha'n & Brown, J96o). 

Guany lie acid • 
ll20 . . .· . 

, : · · .. ·, _· -· . ' ) >Canthylic acid + ~H· 
Guanylic acid 3 

de ami nasa 

Ac1anoaine· ...... ......,....,_......,....._ __ ,.... ..... Inosine + NH' 
Adenosine deam.lnase 

Hydtolysis "'• partic:ularly, adenosine monophoaphate (AMP), 
may be ultimately ·utilized far deaminat.ion of am.ino ac1d as 

follows •. 

n/ 

acj 

Am.i~o acid pool 

1 T:r;ansaminase 

Aspar~ic acid 

JI'IP 4 ' : : ; ' ' ; :;! .. ' ' 
(lnoslne: 
monc;pho~_ghate) 

fumfic acid 

: : l! · : ~ AMP 
AMP 

deamil'lase 
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ln ooma fishes,.: the . role of AMP deaminase has been shown 

to· be more i.u.Pottal1t 1n ammonia production than glutaminase 

(r:rn:~~raqJ.i.cz & Zydowo:• ; 962; ::m·.W<arewicz,. 1.96') • Howsver, in 

a.orne f'lahes such as in ~'linbow trout.,. the. activity of glutami• 

nasa i,s more than AMP (feaminase in the major ammonia rorming . '. 

tissuas. (Walton_~ Cowey, 19"77) • 
' 

Datoxif"icatiQn of .a~monla .in .f:'i$h tissues : 

In fish, th!'ee major pathways h_ave been known for detox1"'!' 

fication of' ammonia., They are glutamine synthesis., urea cycla 0. 

and uric sci~ c;ycle. and uricoly$ls •. 

' ' ·\ 

Gl.u.tamina sy,nt:h~sJ.s : In this d$tox~fication pathway,, ammonia is·. 

converted to e r\t»:rt-.toxic ~mide; glutamine; using the amino acid : . 

gi.u.tamata. The: :reaction is c·ataly~ed -~.Y the enzyme glutamine 
,·' < 

synthetase (Gs: •. £e.,6.·J.1.2) • 
: ·· .. ·. 

L"'Glut~mate + Am~onia + ATP 
.M. 2+ _ng: 

-----GS-.. - ...... /)-. Glutamine + ADP :+.'Pi 

~· ' <, • • I 

ThQ praa'ence of glut~rnine· synthetase has been detected in. 
. ' . ' 

a wide variety of .fJ.:$h species (F'arstar & Goldstein, 1969; Watts 
. . . 

& t,atts 11 1914i ·~bb :&' B.town J,., 19761 1980j Arya, 1979; Webb;·. ·. 

1980). Ths eni:yme .. shows the highest r;lctivity in brain due -to. hlgh 

sensitivity of neu:val tissue to ammo11ia toxicity. Glutamine. 1.s .. • 

) ...: 

Urea cycle : In ·mo:s·~ of' the terre$t~ial animals_. ammonia is ..... ~ . 

cQnverted to a relatJvely lass toxic .form; urea;. via oirnithi.ne~.: 
urea (O.U) cycle {Kr,;bs & Hensaleit- 1932). The o-u cycle involves 

f'iva anzymatlc ·S:teps/~ach step being catalyzed by a· specific 
. . ~ . 

enzyme (Brown & Coh~n,. 1959a) and naeda me.tabolic energy .• 
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Ammonia ATP 
r-----------=----------~· Ca;bamoyl 

Cai:"bon 1' phosphate 
dicudde Carb.amoyl 

· phosptust.a 
synthetase 

~-ornithJ.ne:-· ______________ __:,~ 
/ 

Ornithin$ 
caJ:>bamoyl 2 

transferase 

:'A 
:t' 

f f.i 

\/ 
Citrullln~-: 

L .. Aspa~'tic acid----~ 
n 
a 
a 
e 

: i 

. . ·, ~ ·. Argittino 
succinate .3 

synthetase· .. :1~~ . 

L .. At'ginine·~--~'-----------:---------- L•Atginlno.· · 
. . . .4: : · suc;cinata: · • r ·. 

I .ArgJ.nino. $.uccinate lyase I 

Amongs\ -fish;· -~he prese.nce Qf. a functional O•U cycle h,as 
.. ', 

bean demof'lstrat.od in most of: the ma.r1ne· fishes (Campbell.,_ 197_,l•.r: 
Although teleo_st. -fisnas contain a significant amount of' urea. 

which in aqme spacfas may account for 2o% or more of' the total . ·. 

nittogen exct_eted (Denis, 191:J:IIIio141 Wood, 1958), they are reported. 

~o lack in the f'Ull c.ompl~ant of' enzymes of' the o .. u cycle (K~ebs . 

& Henseleit• ·1 ~32; Brown & Cohen.; 1960; Mayhall. & Bro.um; 19~7; 
•• · .. ' •.• .''•! ' . 

W1l$on; 1971) • ._.ow$vet1: Huggins t)t al {1 9'69) detected all the 
·. . . ' ~._ 

five emzymea _of tha O•U cycle in a number or freshwater 
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.Althol.t'gh1: the· .existence of" a f'unctional O•U cyc;le .in 

t~leostea has be~.n controversial• the different tissue.s o-f 

these. f'isha~, efJ,-e found to .co.n.tain, an app~ec;iable activlty of 

arginase (E.C$.3•$•3•1) which .i!l the terminal enzyrnelcatalyzing 
. ~~ 

the conv.ersi()n ()t a'tgin.t.na to .ur-ea and o*'nithine (F'orste~ & . 

Goldstt:)in.1 1'9_69.' Watt~. & Watt$•~. 1974j Patnaik !.,\ aJ.,. 1976# 

A•ya.,. 19?9). in absence or a functional O•U cycia,. ths urea 

p~odu~sd iA: :thss~ rt~he~ m~ght hav.:t qome f'!'arn the bJt9akc:focrn 

of' ·dietary a.rginine by &lrginas~h 

. $1llmon~~ .to~ _convofted to purJ.;ne ·via glutamine fi'otm.ation and sub ... 

SEH~uE;Jnt t$l4~ae. Qf' u,ic actdt wa$ f'.$-~st deme,u~attated by BtunE;ll. ·' 

(19J7). In tfiJ.\$&lS.~. f1$hsa, and .also .~n $oma amphibians.;. de grads~ 
• I • . 

tion of ur-ic; acid (ul'icolysis) has bee.n proposed to be onfi:l. of --
th.$ SQYtc:os fqt ~iss'uEJ utee ca,un$1,. 19371' Cvan'cara, .. 1969; " 

r()J:'S~~r- & Oo1dst$1J't;~ 1969). Bt\IASl (19.J7) prop0$9d ur,lcol.ysis 

as a three etap enzymatic process. 

Uricase + D2 
Uric acid .... , ... c ....................... 1 •· ......... "'+·) Allantcin 

Iii' ·lllllantoinase 

Allantoic; ac~d 

21120 ·l Allentoicase 

Ur~a. 

He furtflet s~ggastecf that in some teleosts allantoicase wal:l 

lack.tng and t,'ence,. t~e end ptoduct of putine .catabolism was 
' ' 

allantoic a¢1d in~taad of urea•· Ttlis ptop·osai. was challenged by 

Goldsi;eln & roistef (1965) 'who dete~tad the $ct1v·_1ty of ·allan­

·t61cas~ in \lafip·us g~oups .of f,lshss by J:f:I,Jlproved assay techniques, . -===. 
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The Ul"icolytie pc;~thway in teleosts has not yet reeeivad adequate 

att~ntion and th~re · ia ample scope of' e.xploring the role of 

uricolytic pathway in the production of> ~urea in fishes, 

Adantive nbat,u~a _of ammonia metabolism s 
.... I I• •b t. • 

Ammonia metabolism has been regarded as one of the most 

adaptive metabol.$.c pathways duting change$ ir1 environmental 

conditione (Gol'dan, 1910) • ln fish, the. primary factor$ influen• 

cing the f'ol'm$.tion and excretion of. vaFic:n.as nitrogenous metaboliO!o 

ties are avaiiabiiity of water• food and changes in ambient 

tempetature!t. 

The shift of ammoniotelism tQ IJ31'aO"'!" or tiricotelism,along 
,\. 

wlth the tta11sit.lon o-f an~mals from water to land in course of . 

evolution;- ts the. beat .axampl_e :of tha adaptive nature of nittoge.n 

mEJta~o-~ia!Q to wat~l" availability (tirown & Cohen,. 1959a, b).- · : :. 

fl"urther; shor.t t~~ ~apl'ivation of ·water as observed during th~ ; 

aaGtivation of lungftshaa (Smith, 19301 Janasena, 1964J Jans.ssns 

& Cohen, 1966;. t968J ·GOldstein at .. !!.t· 1967) or transfer of .~ome: 

amphibious f'if)ha$: from water to l_and (M,o_rii at a,lt 1978.), shifts 

tha usual ammonotelic natura into Ufeotel.ism~. Urea as wall as· 

glutamine are important osmoregulatots in elaamQbrancha, 

chondtrichthyas and coelocanth~ (Gold$t~tn !:1!. a!.; 1967J Wsbb, 

1980; W$bb &_Brown Jr.;. 1980). The .concentration or these orga,nic 
'? . . 

metabolit?es daQJ~"eased when thas£J fishes are transferred _to 
~ 

f.'reshwatat' (Sn~itl1 1 1931-J Bittner & Lang, 1980). 

~~e tate of nitrogen excretion in fishes has been shown to 

be cor-r~lated with the food intake (Jobling,. 19a1) •. F'ollowing 

f.eading,. tat.e of nit:oogen excretion becomes high • However; direct 
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meatlurem~nt~ of aiTtmonia (Gusrin-Ancey,, 1976b; Rychly & Matina; 

1977) .or Ut:'Ba (tlueri~~Ancey, 1976b) in taoma fishes have shown 

that. their axctotion rate becc;Jmes hlgh~r- .duting $tarvation I._ 

indicating a hi.ghs.r breakdown of' amino acids to meat the anergy 

d~menda. Ho.wavat, 1n catf!$h, c. bat.ta_ch~.Js• the level of urea 
. ·-

has been shown to dacrf,la$e during starvation (Tendon & Chandra; 

197~)~ Chango$ in ammonia ·f'orrnatio.n and·:·ex~~ation rnay be dependant 

on the amount and nature of the food intake. Cvancara (1969) 

repo~rtsd that· in talaosts the availability of arginine ·in food 

rnay contribute substantially to ~2fginase· activity and urea · 

production •. 

The li'lltes of ammonia and uraa excretion in fish have bean 
. . 

shown to be Pli'Ofot.t_ndl.y influenced by environmental temparaturth, 

Guer~n-Anc;ay · (19?6a), .reported a· very high rata of ammonia and · 

Ul'sa exctation ira b.ctss (~. labrax) at 24°C t\lhich decreased with 

the decrease i.n tejmperatu.re. Similar ditect correlation betwe.en 

ammonia and urea exc~etion snd tampotaih.ure., has been shown .in 
. . . 

many other fisheta (Ray & Medda, 19763 rauconnaau & Luquet., 1979; 
·. ~ . . . ' 

Paul$on1- 1 ~ao). GOlf. :activity .in plasma of. tench,. _!. •. tinea/._ 

inctaases with- the increase ln a thermal shock from 12•28°C 

(Pet-riot 21. al.,_ : .. ,1960).-. In Jl'ainbow trout, GOH level shotued a. 

complex: course. of' .~ise and f'all witt; a rise in temperature from 
.. .. . 

,.s~c te> 23~c (PGrtior 21 il!;. 1:9ao). 
~~ 

£n~ymas ot'_ammonia metabolism may also be modulated by 

aaxu~l ·matiurlty ·of" .fish, Onishi at. al. (1974) reported GDH activity 
.. 0" • ---· 

!• I' 

to increase in var~ous species of' salmonids 'dtJ'ring the matujj'ation 

pal"iod• Ttle ha,patic arginase activ,tty in them ls $hown to inc.J:eaae 

in male and decraas$ in female with mt;ituration (Onishi & Murayama, 

1969). 
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Developmental stud1e_a on ammonia metab_olism in fish r 

The on\ogan1c atagas of elasmobr1;1nchs and the viviparous 

teleoats are u;eotelic as their adults (Read, 1966i Depeche & 

Scho:ffe'riiel~, 197$). The activity of" ar.ginase along with other 

enzymes of the o-u cycle are detected eveo io tl':te early stages 

of development in elasmobranchs which ~lowly ~ncreased with 

development (Reacl, 1968 )_. A very- high activity of the O•U cycle 

enzyma.s have ·bean found in ambryo_s· of the viviparous teleost, 
.- ' . . . . 

~· :reticul,atap which decreased with the progress .of development 

(~pE!che .& ChJ,apello.1 1977). 

Ammonia metabolism during the development of oviparous 

freshwater ·telt)osts may be considered as one of the most faac.i• 

nating are.a for· reoearch in bi(Jchemical evolution, in view of' •: .-. -
. ' ... : 

th.e 'gene dela~ionf theo~y put forward by Cohan and Brown (196_01 
. -

1 ;6:3) and Cohan (1966). Accordiog to . th-am- tha anc:astors of ·the 

tsleosts possass~d ·;the furtQtio_nal o.u dycla and the structural 

genes for them ·m:t-ght: have been :dele.tad .in course of evolu.ti-on• 

It has bean $ugga~te.d that. i~ ~uch_ a _case of· gene deletio"'' ·t.ha: · 
~ \ ' ; · .. r • · ' ·'. 

1 

davelop.mentai $t~,gas~ of the ~Present' day telaosts mignt possess •. 
• : . • •• : .: •• ' • 1 • • 

I , : . . . . . 

tl!'acee of_ tha u*e~~-e:v.ole (Huggins at" al~11 1969). Howa\ter, thsra, . - -
. ' . . : . ··. . . . . . . . . 

ls little wot:k_ -dona -t:o assess sue" :a 'poss1b1.l.~ty. f"orster and ~ .. · 

Goldstein (1969) :a$:~umed that· ·bfiJcause·- the eggs of teleosts . 
. - ··'.'. . . '. . . 

develop in water't: .the embryos shO.uld be able to dispose of. 
1. • .. ; .·.:· 

ammonia by diff.u$~q_n. Howavat, S.mith (1947,. 1957) reported th:at· 
/.- ·;. 

the e-nd products ·qf>:tiitrogan metabolism, ammonia, was unable .to 
. !. ~ • J •• • • • • • • 

asQape through ·th.e chorion. Rice and Stokes (1973) measured. the · 
.· : . ' 

ammonia, utea and u.ric a~id concentrations in egg and alevin$ of 
::::=:: 

raln~ow trout ~nd showed that all these components ware permeable 

through the egg· membrana. Ammonia and urea; besides being exc,eted 
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out,. we;e Vound tQ accumulate in the embryo but uric acid shQWE)d 

little accumulation. They further observed that out or the five 

anzymes of ~he -o~u cycle;- only two narpely.,_ ornithine transcarba• 

mylaso and argin~sa .ware preseu1t in t.ha :~gg and embryos. There• 

fore, ... they Presumed ~hat t-he production of' urea in the 

devalopmantal stages rn1ght have taken place from the degradation 

of ~rginine pr~aent in the yolk• In1-!ecent report in the same 
.. . 

fis_h., using radioiso~oJ?iC me~hodsf'-oe'pac~e at,!!. (1979) observed 

that at least in soma developmental stages urea was produced via 

the ~ .. u pathway •. 

Meuro_transmissio" :.-

Acetylch~i.1n9 . (_ACh) and acetylcholineste_r.asa (ACh£) $ The 'impulse 

from one neur~n to another naurcm or from the neuron to the 

effector o~gan ie conveyed by the release of chemical. transmitters 

or mediators· (E'ccles., 1964) • Acetylcholine (ACh) ia ona such 

important t.ransm's._tte_l'., which was first identified by Dale (1911·4) • 

It is pr-esent. in t:ha cholinergic ~ynapaes in neromuscular j~_no- .· 
' ., ' 

tions (Ptosaeir;· 197Jb;· Rubin et. alt- 1979). and nerve free enc~-
~ • I • • 

plates (Weinberg & Hall, 1979). The synthesis of ACh takas 'place 

f;om Acatyl•CoA and cf'lolina by the-~nzyme choline acetyltransferase 
' . . . 

(Mcllwain & Bac:helal!'d, 1971) ~- ACh may be ~amoved by simple 

diffusio~ across' the membrane, but the most effective removal is 

achieved through the inactivation of ACh byhydrolysis into. 

choline and acet,ate (Keele & Nail,. 1972) • The hydrolysis of ACh 

is ·catalyzed ·by_ ·the .er"tzymQ acii3tylcholinasterase (AChE:, E.c: 
'•:1.1.7) • This e,nzyme has be_en ·isolated f~om different tissues 

in a wide variety of species ranging.from insects to humans 

(Rosenber~Yt 1925).:. In fish,. it has a wide tissue distribution 

and.show a higher activity in comparison to that of mammalian 
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spaoi~a (Close & Serfa~y.,. 1957) • Be;sides their important role 
- . ' . 

in nsrotransm1ss1o.n1 ACh and ACh~ are a part of the basic 

axcJ.tatiC)n unit Qf ·regulat.ing ion flow across the cell membrane 

(Kamamoto, 1961). 

Adapt_iv.e. nratu.t.e of At:;h and .ACh;. i The nervous system is tha 

co.o~~~nator .()f the different phy:3iolQgiQal processes in an animal. 

Therefore., lrw any type of anv,ironmantal stress nervous system is 

the· initial target to.ba affected• The ,level of ACh in br~in has 

been shown to vaty with different neur$1 stimulation and· 

inhibiting conditions in mammals (Saito, 1971) • The leve,l of ACh£ 

activity i.e c(lrrelatrad with the gener,al state of' activity of an 

animal (Vijayalakshmi at al• t979). The enzyme ia influenced by 
.· -·- .. · 

different physiological and physical facto~s like aastiv.at_ion 

(Mural! Mohan e.t a_lj, 1977), photoperiod,, light intensity and motor 

.activity (wood & Ro'$e,,, 1979); hydrostatic prassur~ (Mill$:!' 9!.. ~· 

19?4)', tempetatur:e· and pH .(N9(;) & Laidler, 1978), x•rad~t;~;A:':1 
. . ---

(Valcana at. al• 1:974) :and habitat (Ramanujam ·a: Ratha, 1981). 
. . .......... 
Different to~ic subst$ncaa al$o inhibit. the AChE_activity 

(Corbett,. 19141 Ol$on & Chr!st-Qnsen; 1980J Ramanujam, 1981) ~. The 

enzym$ $X:hibits -compensatory changaa in fish to adaptation 

tamperatute• HE1u'~s :(1975) observad that' in R. emarus; the activity 
... t d 1, 

of ACht is 6.0% highe.r at 1ooc_ than compaJ:ad with at 29°C. ln. gold.., 

fish (c. auratua) brain,. thr-ee fotms of AChE: exist of which the. ·. - .. '.' .. 

125 f~i';m dec~~aaas. _.with ~ising tamparatul'e (Guii.lon &. Massoul1e;. 
' ' 

-1976)• Baldwin and Hochachka (1970) and Baldwin (1971) have 

examined the E:•S. affinity of. ACh£ fJrom the central nervous system 

of various s'pa.c;ia~ of fish-~. ln all cases examined, the Km for· 

ACh r~mainad ;elat.iv~.ly constant at the optimal biological 
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tamp~tature range fo:v e~ch E.tpecies •. As the temperature dropped 

below this ronga 1 the Km increased. 

Oevalopmental studies in AC~ and AChE ~n f.ish : The ontogeny of 

AChl!! in s •. gailtdne,J. has been reported by Uesug.t and Vamazoe ·-. . ... 

(1964). AChE acttvlty. was detected from the 10th day after 

fertilization reaching the peak in the aye stage which coincided 

with the development of excitable tissues. In the Salamander, 

Amby3~toma punct.atum, ACh.f! activity could be detected in the 
. I . , 

matur,-J oocytas whi.ch began ·to rise when the spinal cord and 

brai.n s\a~rte~ developing• The activity doubled Ulhen the embr_~onic 

movement be'gan and it progressively increased with development. 
J- ·: • • • 

The ontogeny of AChE in Xenoeus is similar with the salamander· 

(GindJ. & Knowlan4, 1979). In chick, ACh_K in the Optic tectum and 
. ' 

forebrain hemlspheuras showed a significant increase apparently 

around the time qf ha~hing (Marchand .!!.. a
1
11. 1977) ~ 

Tyros.i_l')e oxidation # 

Tyrosine aminotra.naferase (TAT} E.c. 2.6.1.5) : Ty;osine is an 
. . k . 

aromatic an11J10 acid: with a wide trariety of phys:iological function$• 

Besides bein_g ·a precursor for protein synthesis, it is metabolized 

to prod~ce thyro~lne~ dopamine, noradienalina 1 adrana~ine and · . 

melanin {Was~ at. a.l•, 1974). T yl-o.si.ne is also oxidised to fumarate 

and acet.oac~~~ta .involving a number of biochemical staps •. First · 

tyrosine ia trans.a_minated with. ketoglutarate to yield P•hydroxy..;. 

phenylpyruvat41J (ptiPP). :and glutamate. This is tha rate limit.ing 

step of oxldatil;),n. q_f: tyrosine. and is. catalyzed by the. enzyme 
' , .. 

tyfosine arnino\tans·te~aaa (TAt) (Knox & Le May ... Knox, 1951 J -Lin ~. 
; · .. ' . ' 

Knox, 1957),~: TAt :P,lay.s an important _role in gluconeogenesis 
; . '' 

(F'eige1son & reigelson, 1966) • ln mammals and f'.ishes• the enzyme 
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l$ pr·imatily located in 11vet (Mill~J: & litwaek,, 1969al .Fia~a-- .. 

& Bhagowati, 198.1 ), •. In mammal$., 1t is 1acat$d in cytoplasmic, 

mitQchondrlal a.nd ·nuc;iaar f~actions (L1ttu$ck ·a_a.t1 196)J f-Uller 

& LJ.twack, 1969$,bJ .Ratha & Kanungo, ·.1977). These different sub• 

cell~iar TAT vary· in some of their phystco•cham1ca1 p'opert-.as 

(Mille.- .&_ L.i,i;waqk:t 1971.) and J:e.gulations {Ratha & Kanungo, 1974), 

fo·t which they: are considered EJS different is.oeu:\zymes • The 

molecolar propsJ>id;ea of' TAl ha$ b$$n considerably explored in 

mammals (Ro.sanb.erg & Litwac;k., 1970j Iwasaki !.!. .al, ;91J) and 

in flto' (lihbalo ~ Plspa• 19'76J Oh.lsalo !!!!. a,l,;, 1917). 

Adao.t.t:vo nat·ut1et .of: TAl a· 1 AT is or~e of' the most adaptive enzymes 
J .t IC; U • $ 1 J ~ _ J I ' . I l 1•1• . · -~ . 

in mtlmmals •.. I~ rat l.i\fE;r-· TAT tap~dly adjusts its activity through 
. . . 

the pituitety~a·di'f:'mal pathway .ln re$p.onee to d1ff.Etrent physical · 

$1'td cnatttical. $\lfGSS.SS ( Geleh,tal':t· 19?1a Ratha.,. 197 5 J Thompson, 

1919),~ Tho ·an2:yma hes a .dof'lnit~ circadian i'hythm in ra·t Which · · 

la dependant on ~ha faadlng cycle1 dietary ~rbteln and ~hotQporiod 

(Wat·~naba at al •. 19681 rullel' & Snoddy.,, 1968# llgmond .!!:. .a.b. 1 969). 

It has been snow,,. thal during any s~ress the level of the glue~• 

co,t . .lcoid ho~mones enhanc-e eallsia;g i11crease in TAT actJ.v.t.ty 

(Ro$en & M.i.l~ol.land; 19.71 ). th~ induction of TAT by glucocorti• 

coi:d$ hatl been used as a modal sy.$\em for stt.~dVil'lg the gene. 

l'egulation in eukaryotic cell.a (Gopal.,krishnan & Thompson, 1977) • 

stu.d4es on TAt in lower va.rtetu:•at·es t,ure vat"y limited" 

Whiting and Wiggs (197?) reported that prblonged st~.rvation (40• 

days) induced hepa~lc TAT in b#ook t~out (!, footina11~). They 

have f?'urthet shown a ·circadian rhythm or the enzyme, ~he peak· 

~otiv1ty being influenced f;)y food intake analogue to that ln rat• 
Ram~nujam ot. at . (1981) also observed a daflflita Qircad-.an J!'l'W\hm 
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of hepet.ic TAT in the catfish, H .• fossil is ,;bnd npted tha~ the 
·~ : ....... 

pattern could be moc$ul~ted by o·ltering light conditions. Reports 

on glucocortico·id mad1at(3d inducation of TAT lnirish and other 
' 

ioW$J':i\l,atts:abr~t~s is controversi~l. ·ch·an~ and Cohen (t964) 

s~gga:sted that glucocol'ticoid medi~ted inducation of' TAl did· 

/ 

not occu:- below tflie phy-logenie level of raptiies. However, some 

teptu~\s have shown the ind'uction of TAt by hydl"ocortisona in soma 

fish (Whiting & t~igg~• 19763 Davis ~ '!f.o· 1980). ln a report from 

this laboratQry., we have ahoU,n the inhibition of' hepatic TAl. 

during hypoxie. stress in C •. carpio (Ratha & , Bhagowati, 1981) • 
. . -

Inhibition of' TAT 1s not observed during any kind or stress in 

.. ,. mammals~ Hence; we have suggested that the :regulation of TAT in. 

fish might be_difier:ent from that in mamma1s• 

De:velopmental· as~a~cta. of' TAT. ; lher'a is no information available 

~n the ontogeny ~' JAT in rtah, tn mammalian liver• cytoplasmic 

TAT (c•TAT) .activi~y was almost undetectable till the time of 

birth at which it induce~ significantly (Litwack & Nemeth, 1965) • · 

The mitochondr1$l TAT (~TAT) act!v.ity was detec;table in the 

Voetal livell' aru~ was· induced at about. 2 days aft~er bir,i;h (Kolar 
. . ~-. . 

!! !!I 191$9' Holt & Olivenl't~ 1970). tn X'enopus ~aavis., TAT actlvity 

could not be detected until t.he age of about 1- day and it appeared 

after' completion of neurulation reaching the peak at the age of' 

2 .. 5 days (Ohiaalo & Pispe, 1975)• There has been no study on the 
... , .. 

activtty of TAT du•tng the ontogenic development of fish. 

Plan of wo.rk· a . . . . ·' ' . 

In view qf th~ f~ct that very ~ittl~ information ls available 

on the metabolic changes in general and enzymatic studies ln 



particular, du:~ring ttlEJ development of" t>rsahwater fishes, the 

prE;isent work wa~ planned to ·$t_u~y the activit!,as of some of the 

kay enzymes and ~oncentrations ·oft soma metabolites of t~rea 

model metabolic pathways ment;1ori$d ~bove and also to see the 

.effect of' high altitude on these .paramet1;n•s during the ont~ge)nic 

davelopmani; of scalt~ · oa~p (CypJ:'inu,$ carpio) and an lndian major 

carp,,; tohu (L.a.bsoi rohtta) • Tt,e f'ollowir:19: estimations we~a do tie 

in the embryos starting from unf·a1ttilized agg ti.ll hatching in 

cU.ffe~ent developmental stages as mentioned in Chapter•I, both 

t;Jt lower and higher alti-tude. 

1) The endogonous: levols of ammonia and urea, and the activity 

level~ of glutamate dehydrogenase (GDH).1. p.hosphat~ dependent 

glutaminase (PDG);: ~lutamina synthetase (GS) end arginase 

from ammonia ma'tabolic pathway were estimated~ 

2) The concentratt.ons of ac~tylcholina (ACh) and acatylcholinea• 

tetc:iS9 (AChE) activ·ity laval U~Sre determined. 

3) The activities of' cytoplasmic (c•) and mitochondl'ial (m~) 

tyJ'osina aminotransferase (TAT) in different developmental 

stages war$ a$sayed. 



MAT£RIALS AND NETHOOS. 

The devel~pmental stages of scale carp {Cyprintts carpio) 

~nd ~ohu (Laben·r~hit!) used in the present investigation were 

the same as desctibed in Chapter II. ln all of them, the 

following estimations were dono as described below. 

f.£R.egation of p(<!~\s. : 

Deep froa·en eggs and embryos of each developmental stage 

were thawed on·ic~ and the adhering water was slowly blotted with 

a filter papo.r. About 100 embryos of each stage were weighed in a 

single pan micrQbalance (K. Roy Model•Ke16) and a 20% homogenate 

was prepared in ice•cold 0.25 r.11 Sucrose using a pre•cooled all 

glass hand operated Potter £lvehjam type homogeniser in ice. The 

homogenate was than, centrifuged. (Rami Modal f<-24) at 600 X g at 

0!_2°C for 15 Minutes to sediment nuclei• A part of this 

supernatant (s1) was kept in ice for the estimation of ammonia 

and urea concentrations, and for assay of' glutamate dehydrogenase 

(GDH), phosphate dependent glutaminase (PDG) and glutamine . 

synthetase (GS) activities. The rest of the supernatant was 

centrifuged at ,4,000 X g for 30 minutes at O:t,2°C to sediment , 

mit·ochondria. This supernatant (s 2) was kept in ice for assaying 

arginase, acetylchoiinasterase (AChf!)., cytoplasmic tyrosine 

aminotransferase (c.;,TI\T) activities and acetylcholine (ACh) 

concentration. Ths mitochond1'ial pallet (m) was suspended ~n 

0.25 r-1 Sucrose solution to make a 20% suspension using the 

homoge.niisef and was used for the assay of' mitochondrial tyrosine 

aminotransferase (m•TAT) activity. 
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Homogenat.e (20%) of ~ggs/9mbryos made in Oe25 M Sucrose 
\lce•cold) aolutlon 

Sups, natant 
($2) 

s~pe,natant 

(S1) 

Centrifuged at 600 X g for 1$ 
minute·s at 0+2°C -

Pellet (discarded) 

Cant~ifugad at 14.000 X 9 fo~ 30 minutes 
at 0!.2°C 

Pellet (m) 
(mi~ochondr:~'f.i) · 

E,s,h,imajtion Of aljU!tOJlki. • ·Ammonia was ·e.stimated following the method 

of' Chaney ari-d P1atbech (1 962) wlth 1'S minutes incubation time. A 

portion of $1: fr.~tion was tl'oated wi:·~h 1o% ~nso4 and 0.6 N Ba{OH}2 
in the propo~tion o.f IU1 ;1 by volume and was centrifuged at 71:000 

X 9 at Ot_Z°C fO·r 1 ~ minutes:. Thi.e supernatant cs,> Wa$ 'u.sed for 

til a ~st.imation Qf ammonia and uraa •. 

0.2 ml of the· auparnatant (s3 ) ·was diluted to 1.0 rnl with -

double distilled water. lt was· treated with 1 .o ml of' alkal!ne-
·..-

hypochlcn·ite solut~.on (320 ml of 1N NaOH and 21 ml of $% Sodium 

hypochlorite d~1ut$d to 1 litre with double distilled water) 
~ . . 

folle2wad bY 1 .a ml ph.enata pentacyeni trosylof'errate solution (62 g 

ph~nol end Oe25 Q of sodium nitl'opr~sside diluted to 1 lit:ra with 

double distillod wa~ear) • The eon:§ent's were mixed thoroughly ·and 
1 .. . ··. . = ' ·. 

incub.ated at 40°·1! fQ;. l S minutss. The optical density was then 

maast~red at 640 nm ·using a Spectrophcjt;oma·ter (a.ackman Modal""'26). 

The concentration .of ammonia was calculated using a standard curve· 

prepared with ammon1um chlor.ide ( MH4C1} and was linear b.etween the 

cancan·t~etiona of1' a.2 to 2 .• 0 )'9• 
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Estimation of urea 3 The method of" Archibald (1945) was employed 

to determine the t,.~rea level in the supe1rnatant (S3). To 1.0 ml 

of undiluted supernatant (s.,),,, 1.0 ml acid-mixture (90 ml H2so4 
a~~ 270 mJ. H3P.o4 ~~~uted to 1 litre with double distilled water) 

and 0.1 ml of ·di~cetyl monoxime reagent (3% diacetyl m~noxime 
' . 

prepared in absolute alcohol) ware added. The contents ware 

thoroughly mixed; tne tubes ware coveted with marbles and placed 

in a boiling water bath. After axactly· boiling for JO minutes the 

tubas ware t;oolod in dark for 10 minutes and the optical density 

was measured at S.40 .nm in a Spactrophotometex- (Beckman Model<lil>26). 

The concentrations ,of urea were calculated from a standard graph 

prepared usin9 diff'erani} concentrations of urea within the range 

of :s.o to 3D.o )49 .which was linear• 

Assay of glutamate dehydrogenase .( GQH) activi.t y i GDH activit.y 
- I 

was assayed in the: s, fraction following Olson and Anf'insen (1952 ) •. 

The assay was dona spacttophotometrically by measuring the decrease 

in optical density at '40 nm due to the oxidation of NADH in the 

direction of glutamate formation in the f'ollo.wing reaction. 

, 

COOH 
I 
C=Q 
I 

CH 
I 2 
CH 
I 2 
COOH 

C-~ '!it· l<Eiltoglutarata 

COOH 
I 

Hy•NH2 
+ NH: + NAOH~====G=O=H=~\ CH

2 I 
TH2 
COOH 

l.. "" Glutamate 



The assay mixture (pH 7•6) in a final volume of 3.0 ml 

contained: 

Potassium phosphate buff'$.r · 

Ammonium chletide 

S odi urn· ·.~d. -.ketoglutarate 

NAOH 

Enzyme ·source (,s1} 

310.0 }'moles 

450.0 pmolas 

0 • 282 pmoles 

33.4 pmoles 

0.2 ml 

Tha ¢elution was t;idded ~.f..tectly intQ the cuvette, mixed 

quickly and the .decrease in optical density @t1 340 nm was recorded 
.- . ~~ . 

in a Spectropho·tometet (Beckman Model-..26) at 3.0 second intervals 

fo:- ) minutes ot till the rate of" change was linear. The activitY: 

of' the an~yl!le wa$ calculated c.onrUc,lering the decrease in optical. 

dens! ty or 6~2 equivale.n.t to 1 ~o )JmOl:e ·of' NADli oxidised (Olson & 

Anfineen, t952). One unit of the enzyme was defined aa that 

amount which catalyzed the oxidation or 1.0)Jmole of' MADH per 

hour und~r th$ .a$say con.ditions described• 

Assay of phosphato dependent glutaminase _(PDG) activity t The 
FIPI r. It. I f.tiT I lffl 11· · 

assay or phtlspha~e dependant gl.Utaminase ( POG) act! vi ty was done · 

in s1 fraction following tt'la fixed t'ima assay method described 

by Makarewicz and iydowo {1962).t but: the final ammonia estimation 

was donQ following Chaney and Marbach (1962). To a portion or s1 
ffaction an equal volume of KC1-Borate solution (0.1 N KCl 

containing 0.0.39 r--1 BQtata at pH ?.7) WE)S ac$ded., The contents 

we~s mixed in chill$d' homogenisaJ1' and t~sad as emzyme source 

tot POG• 
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C • flH I. 
CH . 2 

PDG I 
i I i ' i Pi' I .· . ) fH2 + NH, 

H•C•rdii2 . I 
CZ.OOH 

L~.Glut.ami i'l.e . L•Gi-utamate ammonia 

The ;.lnal reactiQn mixture of 2.0 ml (pH 7. 7) contained: 

Sodium phosphate buffer 

Tfi.~HC;-1 buffe~ 

Glutamine 

Na¢1 

Enzyme $OUJ!'co 

100 .o poles 

50•0 )Jmol~s 

20 .o }lmoles 

:so.o pmoles 

0.2 ml 

Th.a reaction .waa cat'~ied out in stoppered glass centrifu~a 

tubes, The react1.oo, mixture was pll'eincubatad at :S0°C for 1 o · 
. -~ ' . 

minutes ber'o~e·addt:n·g the enzyau~. The .reaction was initiated by 

a·ddi tion o, the :enzyme source and incubated at 30°C in a water 
' I ' ' ~ 

bath for 15 minutes~' .1 ml o' 151t TCA :.')was added to stop the · . = L . 

reaction: $nd the pJ;-ecipitated proteio was removed bY centrifugation 

at 21000 X. ,g for .10 minutes~~ The emo.unt of' ammonia formed during . 

the teaetton waa est.imatad in 1•·0 ml or the supernatant aa 

ctsaerlbed earlier~ One unit or the enzyme was defined $S that 

amovnt which catalyzed the foll'mation of 1.0 }"Dole of' ammonia per 

hour under the assay qonditiona described• 

Assay of glutamine aynthetase (GS) aqtiv!ty 1 A portion of s1 was 

treated with 1% tll'iton X•100 (1a1) and centrlf'ugad at 14,000 X g 

for 30 minutea-. Thi~ t~aatment was optimum to get maximum GS 
' 

activity. Tha c:loar supernatant was used as the enzyme source f.'or 

the assay of' glutamine aynthatase (GS). 
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Glu.tarriJtne a ynthe)tase ( G$) has been shown to catal y%e the 

following three J:'G~ctions (~~ebb & Brown Jt·., 1976). 

M ++ 
1. Glu~amate +ammonia+ ATP --~··-9··~·-, ··~)Glutamine+ AOP +Pi GS 

f"lr"' ++ or F.lin +++ " . . 
;iil .· · · . · ~ 1·•glu .. · tamylhydJ;>oxamate 

GS · ~GHA) + AOP + Pi 

Mn++ Aso3• 
r.a; : A •) ·r- -gluttjmylhydroxamate 
"'<;J \ GH A J + ADP + ammonia 

The a~.say of' GS was dona Pollowing the No.2 reactlon 

mG)ntioned above. us:$.ng a fixed time assay procedure by Wilson ari'd 

F'owlkes ( 197 6). The reaction mixture of 1 .o ml (pH 7 .2) contained. • 

lmidazola-.HCl buffet 

f'lgC12 

2a.matcaptoethanol 

Sodium L•glutamate 

Hydl'oxylamina hydrochloride 

Sodium ATP 

.£rt%yme source 

50•0 }'moles 

20.0 )Jml'll 913 

25.0 ,..umoles 

50 .o )Jmolas 

1 OOtQ )lmOlea 

1 O~tO )Jmoles 

0.1 ml 

.. / 

The ».eaction mixt~;~re without the enzyme was preincubated at 

30°C for 10 minutes 'in 15 ml glass centrifuge tubes. The reaction 

was started by the addition of the anzyma source and was incubated 

at 30"C for 1S minutes. The ll'aaotion was stopped and the colour 

was .developed by addition of 1.5 ml of rerric Chloride reagent 

(0.37 M racl3; o._67. N HCl and 0.2 M TCA) to each tube with shaking. 

lhe precipit~t~d prQtein was removed by centrifugation at 2,000 X g 

for 10 minutes. Tha optical danaity was read at 5DD nm against a 

reagent blank in a S.pe.ctrophotometer (Beckman Model•26). Dna ijni t 



of the enzyme w~s defined as that amount which catalyzed the 

formation of 1.0 pmole of GHA per hour• The amount of GHA was· 

calculated f'rom a standard graph prepared using different 

cor)centrations of ·~- •glutamylhydroxamate (o •. s-.s.o }'moles) which 

waa linear• 

Assay of ar9,inase activ_ity 1 Arginase w~s assayed following the 
4 _.... 1 ( I . ..., ft ,•: 

f'J.xe.d time assey of Schimke (197·0) tJ.iith incubation at 30°C • Tha 

· . 'Ur'ea produced by thQ catalysis of ar.glt"ain$ by arginase was 

f;lstimated colo;im$tri~ally ( Archibal_~, 1945) as described earlier .• 

1\ir-f..· 
~·~2: 
C c .NH 
I . , . 

CH2,...NH : 
I . . 
CH2 
I .. ·.· 
fH2: 

H-.C•NH·
2 

· 
I 
CODH. 

'· .. · 

·. , 

Ar_gineae ,·.\ 
•. H .• o . . . • -f! , . 1 .';"' 

4 ~., tlvt· f ',.;< : 
I~, '(\ . . ·' 

CH 2•NH2 I . 
CH 
I 2 
CH·· I 2.,. 

H-C•NH2 I 
COOH 

NH 
I 2 

+, c = 0 
I 

, NH~ 

.. ;·. 
~.:.::.. Ornithine Urea .- .. ,:, 

., .. , 
.... 

The ·r.~nai raa'ction mixture of. ?.o ml (pH 7. 6) contained i 

l."'arginine hydtochlor~!de 

Mnc.1.2·• 
'' ~ . 

S:nzyme soul-ce (52) 
' . 

250,0 )"11)019 . 

. 1 ~o }'mole 

1.0 ml 

.,.-

The substrat~e L•arginine hydrochloride and MnC1 2 were . · 

prapali'ed in Tri~glycina buffer (o •. t25 r1., pH 7.6} •. l•arginine ·arid 

the supernatant wi:t;h}'1nC1 2 were preinoubatod in two separate glass 

can tJ."i fuga tubes:· at 30~C in a water bath., After 1 o minutes; the. 

COFltents in the tlf/0· tubes were mixed together and inQubatad for 15 
· .. 

minutes at 30°C •. jhe :-eaction wa,s stopped by adding 2.5 ml of HCt.Jl4 
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(o.s M) ahd the precipitated Ptotein was removed by centrifugation 

at 2,000 X g for 10 m1nutes~t The vrea w_hich was formed during the 

reactlon was datarmined in 1.0 ml or the supernatant. The blank 

was prepared taking Si~e amount of boiled ~2 i~atead of en~yrne 

source. Ono unit of the enzyme was de. fi-ned as that amount which 

ca~alyzed the f.ormation of 1.Q _,umole .urea per hour. 

e:atittaation of ac_aty_lch_
1
oline .. (ACh_) : The conoentration of acetyl•-

, .1 1 a· 1 · · , • .. -

ci1oline (ACh) in s2 was estimatad follo~ing Augustinsson ( 1957) •· 

The method is based upon t.h~::J reaction ~f _ACh with hydroxylamine 
::;.'·' 

to fotm acathydroxamic acid. Acethydr'oxamic acid forms a soluble 

red•purp.le complex with ferrit; ions in acid solution. The colour 

intensity of"-Which is proportional to the concentration of ACh 

pras()nt. This complex absorbs light ;rf,l_aximall_y at 540 nm • 

;, ... 

• •! ·; 

(cH3)3ru+ .. cH2cHao ... cocHj + rJ»2oH ':: - · . ~(cH3 ) 3 ru~~cH2cH2oH 
( \.C;I;ioli ne 

Acetvlch.oli-n.~ 

Ac sthy droxamic 
acid -. 

Hyd;oxylamine 

+ CH3co--NHOH 

Acethydrox~mic 
acid 

_........ ___ ,_,~--~'- CH'!r·:-~ .. / o_:_ ;. •••• rej_/3 
-i- I i . ~ '! , '7 .., C( 

~·- '· ~ H · 0 

rad-~u~ple complex 

a.o ml Of: alk.$llne hydroxylamine reagent (2 t-1 hydroxylamin~.-. _ 

HCl + 3•5 N 1\taOH;: mix:e'd in equal volume just before use) was adda,d 

to 1 .o ml of t~~. su~·etnatant ( $2). After 1 minute, 1.0 ml of ,4. ·N · 

HCl and 1.0 ml of f~t:i3 (0.37 P-1 in 0~~ N HCl) were addod to the 

above and the mixture was centrifuged for 5 minutes at 2t000 X 9• 

The optical density oP the supernatant was read at 540 nm in a 
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Spactrophotornete~ (Be~.kman Model.•26). ACh concentrati.on was 

calculated using :a· ,st~11dard· graph mag a with di i>fer-ent concentra• 
/ -., 

.• "· 

tions (0.1•1 ~o···mmolas). of ac·etylcholine iodide which· was linear. 
- ,"' --~ 

.A.es,a~ .~t .a,catylch,olin,asteira,ss (ACh£), activity : AChE was assayed 

following the spo.otrophotometric meth~d '·of Ellman ~ a!. (1961) 

using ae~tylthiocholine iodide as the $ubstrate. The enzyme 

activity was measured at 412 nm in a digital Spectrophotometer 

(Backman Model•26) by following the rata of increase in optical 

density due to the yallow colour compi~x formed by the reaction 

of thiocholine; prodl$cad by· the enzyme. activity, with di .... thio• . 

bis .. ni trobenzoata (DTI'IIB). 

Acetylthtocholine Thiocholine 

+ cH3coo• + 2tt+ · 

[~ 

~........,--.-,:)-~~C:H 3 ) 3 N+CH~CH2SSR + RS 

(OTNS) 5-thio•2""'nitrobenzoic 
acid 

The fin.al reaction mixture or 1.12 ml (pH a.o) contained • 

Phqaphate buffer 

Aca,ylthiocholine iodi~e 

DTtdS 

Enzyme source (s2) 
\ 

83-.JJ fmoles 

0.32 ,moles 

0•32 ;moles 

0.1 ml 

Th.e blank oont.ained all other reagent$ except the. enzyme 

which was :replaced by buffer., The enzyme was added to start the 



raactio.n and the increase in optical density was recorded at 30 

second intervals fo:r 3 minutes or till /the :rate of change was 

linear. The linear rate of increase in optical density, usually 

for the fi:rst 2 minutes, was used for t;:a.\.culating the enzyme 

activity. The. calculation of activity was done fallot:Jing Ellman 

JD. ~ (1961) using t.he following formula. 

R 
A X 1 = l4D0/:3120) 

. . ... 
1.36 X 104 CD 

.~ = ~.74 X ,o .. 4 ·x AC ........... 
CD 

wha:ra R = moles of substrate hydrolyzed/min/g, 

A = change ~n absorbance/mint 
) . 

CO = original concentration oP egg$/embryo 
homogenate (mg/ml). I 

One unit of enxyme activity was defined a/1-~molas of 

·substrate hydrolyzed per hour. 

Assay of cytoplasmic (c~) a.nd mitochondrial (m-.) tyrosine amino• 
t:rans;fa'rasei :.tTATJ.~~activiti ': TAT act ... vity in cytoplasmi'c (s 2) and 

.. 
mitochondrial (m) f:t)actiona were assayed following the methods of 

........:-~.;._ 

Ratha and KanungQ (1977). However, the incubation temperature 

used here was lO~C iostead or l7°C used bY them. This is a fixed .,_ 

time assay which depends on the oxidation of p•hydroxyphenyl• 

pyruvate (pHPP >.· one of the products of TAT catalyzed reaction• 

by molecular oxyg.en to pahydroxybenzaldehyde (pHS) and oxalate. 

pHB absorbs light maximally at 331 nm in alkaline medium. 



COOH 
I 
C=O 
I 62 .. 0 2 

OH 

pHPP 

' ._ 
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COOH 
r 
CaD 
I 

;c::=:=:::::T:::::A:::::T ==::::::....... CH 
pp 02 .·-~I 

·:::::.... 

OH 

pHPP 

H 

KOH I 
.) C=O 

0 
OH 

pHe 

Glutamate 

COOH 
... I 

COOH 

Oxalic acid 

The; fi~al 'J;'S,action mixture of J.O ml (pH 7.6) contained : 

TriathanQlamine buffer 

L•ty:rosif\a 

,~ •k_et~gluta:rate; 

pyridoxal phosphate 

tOTA ·· 

OlT~~; 

£n~y~~ ~ourca _ -
($2 <QJt :roitQch-ondrial suspension) 

240.0)Jmoles 

21.0 ;amola~ 

27 .o }'moles _ 

0.25;amoles 

3 .o )lnH:ales 

:;.o _)Jmolas 

0.2 ml 

The enaynu;, waa added to the raactlon mixture after 1 D 

minutes of pr.e•incubation to start the~ reaction at 30°C in a 

water bath. Af'ter 10 minutes of incubation; the reaction was 

stopped by adding 0.4 ml of 10.0 N KOH with immediate and 

vigorous mixiog. The optical density was read at 331 nm against 
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a reagent blank in a Spectrophotometer (Sackman Model•26) after 

JO minutes of the addition of' KDH. A standard curve was prepared 

by taking difftarant concsnttations of pHPP {o.os-o.s ,JJmolaa) under 

the same condi tio~s,~as · that. for the assa:y of the enzyme;( and was 

linear. One unit' of'· the enzyme was taken as ·equal to that· amount 

which ·catalyzed the formation of 1. __ 0 _JJmole of' pHPP per hour at 30°C. 

·oata .f'or all estimations and enzyme assays ware obtained 

f!'Om 3·5 sets of' .experiments. The sources of chemicals and 

biochemicals~ and the statistical analysis ware same as described 

in Chapter II. 

Ammonia and urea concantt"ation have been expressed as 

)'mol·es per embryo. Acetylcholine concen.tration has bee.n expressed 

as mmoles per embryo. The enzyme activ-ities have been presented 

as total activity (unlts/embryo) and specific activity (units/mg 

protein). 
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RESULTS 

The alterati.ons in ammonia concentrations during the 

ontogenic davalopment of scale carp and rohu at lower and high!er 

altitude ~ave been p:tasented in Tabl~2J and F"lg. ~.4. AmmQnia 

concGntration in the egg or scala catp was about two times higher 

than that of rohu at both the. altitudes. In all casas. there was 

a sudden increase i.n ammonia level after fertilization and the 

highest amount of ammonia pet embryo uias ol,lserved in pte•hatching 

(1 ~a) stage. On h~tching tha ammonia concentration decreased 

s!gnif'icantl-y in a~l cases. Ammonia concentration was found to be 

much higher in scale carp than rohu. 

In se.ale carp, the ammonia concentration per embryo went 

on increaaing till the stage~at both the altitudes. At stage•60 

the level decreaaed in both thG placasj~ut s.t.gnificantly only at 

Gauhatle The level again went up till atage~10 and remained more 

or leas stabls till atage•12 of development. A further increase 

in ammonia level to$~ p.laca from stage.•13 till the peak ·laval at. 

pre•hatching (1.5a) stage• At highQr altitude, the ammonia level 

increased t':om stag~? to ·stage-.12 which was maintained till stage• 

1 Sa-. It was signific.antly highe~; (65.,6~) only at stage-6 and 

s.t.gnif'icantly 1oW$t (17 •. 8%) only at atage•15a embryos of' scale 

carp at the higher ,altitude~ 

In rohu• there was a significartt decrease in ammonia laval 

at both the altitudes from fertilized eg.g (stage•1) to stage·2~ 

.This decrease continued gradually to its lowast level at Gauhati 

at stage->.5 and at Mawpun at. stag~4• Then the level decrease~ 

gradually till the highest laval at the pre-hatching (15a) stage 
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except a ~igniflcant sudden Pall at neurulation (stage•11) at 

GauhatJ. ., At h.f.ghGr eltitude the· embryonic ammonia level in rahu 

was hi ghar than those at lower altitude which was signi f'icant 

at stage-.5 and from stage-11 till 1 5a •. 

The urea concentrations of the embryos of scale carp and 

rohu observed at lowar and higher altitudes have bean presented 

in Tabla-24 and F'i 9•-' 14 •. · TheJr~ was not much variation in the 

concentrat.lon of. the unf'ertil.ized egg of s~ale carp and t"ohu at 

both higher and lowalj'· altitudes.· In the later stages of develop•: 

ment, urea level increase:d from ttle unfertilized egg to its peak 

in the pra~hatc;hing embryos by 4;0 and J. 5 times in scale carp 

and 2.9 and 1.5 tim~s in tohu ~mbryos in low~t and higher altitude 

respectively. TheJ!'a was no significant altitudinal difference in 

the utea laval of. the embryos of the two species. 

On f'ertiliza~ion the urea level increased in scala catp 

which was maintainaq at an insignificantly variable level till 

stag~B at b-oth the alti.tudaa. Thera was an increase from staga~B 

to stage-9 which waa. t,dgnificant only at higher altitude,. This 

increastJ cQntinued slowly till its highest level in the pre• 

hatehing (15a) st'&ge• 

In rohu, there was no increase in the urea laval after 

fertilization tiil tt,e stage-.8 of' development. A signif'icant 

increase was observed from staga•B to 9. There was a slow increase 

in the urea c:;oncentration·after gastrulation in the developing 

embryos of rohu at both the altitudes to reach the peak at the 

prQtiiohatching (15a) stage. 

ln all casas there was decrease in urea level par embryo 

aftr~r hatching. 
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Glut_amate dehydrogenase (GOH)~ -.activity : 

The tQtal activity (units/emb,yo) and specific activity 

(unitn/mg protein) of' GDH in the embryonic ~tages of scale carp 

and rohu at lQ~Jt and highet. altJ.tude have been presented in 

Tableu~·25 & 26 and. F"ig$. 15 & 16. GDH activity could -not be 

datectad ill the unf'et'tilized egg and it appeared only af'ter 

fertilizat~on. Th~ pattern of :change J.n both total and specific 

.activity o-f' GDH wot•e. similar_at both the altitlldas. The total 

activl ty was lowQr in roh~ ··and hi ghe~ i.n scale car:p whereas the 

apec.lf'ic aeti.uity was lowell'. 1.-n scale carp and higher in rohu. 

In scalf) carp-,· the activities did nqt alter significantly 
- I 

from -f'eJ"tilization till th~ stage-?. During_ blaotulation (stage-s)_,~ . ' 

·there appeared a slgn,i.f'icaot dacreas~- in be»th the activities. They 

started increasing agaifi from.. ~tags•.!:. onwards ~o reach the pea~d 

in the stega-.-15b. At _f!auhati, . the incteasa was continuous with the 

progress of davelopm~nt, resulting in 5 and 9 fold increase in 

total and spao1f'ie .act!v1ty.r$sP.actlvely at stage•15b in comparison 

to atage-oBo Howevet,, at higher .al_ti tude (Shlllc,.;g) the fluctuations 

were rnore·and the lnctease-was in two steps.-- once Prom stage•& till 

stage-:11 and agaio ftbm stage<\!1:14 till_ stage-1Sb. DuJ:"ir:tg the lr;1st, 3 

~tages (stagas•14, 15a a: 15b) only; GDH activities were significantly 

lo~r at higher· altltuda thaR the lowal' altitude embryoe• 

Rohu 4$picted a diPferent pattern of> GOH activities than 

scale carP• The .ini tiel level detected after f'al:'tili:tation w~~) 

maintained till stag~.._5 and stagSC!'7 at lower ;;Jnd higher altitude 

fOOpectively•. After this, the pattern ot' change; in the tQtE;ll and 

specific activi,t,J.es showed va~iations •. The total activity incl1e~ead 

upt.o atage-9 ~,n both the altitudee after which tha lev£:~1 was 
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maintained in the embryos at higher .altitude tmlY•· At lower· 

altitude ~ha total aetlvlty starts.~ inetaaoing after stage•12 

ti.ll l:"$achin!} its pa~k in atag~15b. The specific activity of 

GDH inorea$ed oo"'tinuously ft_o~. st~g~7 till its peak in staga~ 

151;1 in rohu embryos at highe:r :altitude. Ho~ver~ at lower 

altituden the spacific activii;y went up from $tage•5 till ataga.,9. 

This was decreased significa~tly by st-age-*1.1jrollowed by a gl'adua~ 

ir1CJI'e$S€J ~o raach the peak in ,atage-15b. In the last st~gas~ of 

development (a.t-aga•14 & 15b)/'tha. specific activity was signifi• 
('::..· 

cantly loweJr at highl;!r alti tud~ .. in rohu e~bryos. 

'. ; ~ . 

Phosphate depe_ndant giutamina~.e · (POG) act! vi ty : 
1 - Nl I I, ·! -. f . I FW . 

. ·· The t.ctal . ant1 apeci f'i.c ,activities of' PDG have been presented 

in Tables~27 & 28 and rigs.; 17 _&i Uh There were ~pecies specific 
:.· 

and altit~de relat•d variation•~n the PDG activities during 

developmant;o~: .both ocala carp. ~.nd ·rohu embryos. _POG activities 

could be date~t(!.d ~11 all ambr:y'onic a~agea or scale carp star~ing 

from unfartilt'zad.egg upto stagad.1~b. However, in rohu, the 

enzyme actlvi t y couid C)nly be. detect()d. from et~ge-11 onlJ!at:ds. 

f:ven though it s~.artod late· in ~ohu~ tt,e total activity of PDG 

became simi~.~r t() t~at of c;arp ·in the pre .. hatching (15a) stage,:. 

atle~et at the higher· altitude. The ap~cific activity ·or· PDQ 

became similar to. carj:u,; at lo~r a~tftude at, hatching. However;. 
- . .. . . 

it .tn~reased by a'bQu~ 10o% in ·l:'ohu at highs.- altit.ude in 

compa~riso'n to scala carp. 

Both total and specific activity followed parallel pattern i 
. , \ 

almos~ throughout the developmental stages except at stages•1; 6, 

1, 13 and 1 Sb in -scala carp. On fertili~ation~ the speei Pic 

activity of PDG significantly i.ncreasad and then the activities 
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did not alter significantly till the staga•8 at Gauhati. However, 

at higher altitude; thr3re wos a significant increase from atage~s 

to 7 which returned back to the laval of' lower altitude at stage-B. 

Theta was again a significant increase at stage-9 which was 

followad by a si'gni fic;ant dactease till stage-11 at both the 

altitudes. F'rom atage .. 11 the PDG activities increased si.gni.V-icantly 
. ·. 

till their p£3al< at pre~hatching (15a) stage Pollowed by a sudden 

a11d significe.nt decrease at hatching (15b) at Gauhati. However• at 

higher altit~de, the activiti~s want on increasing from $tage~11 

till hatching qxcept a significant decrease at staga-13. In gene~al; 

frQm stage-9 till· pre-hatching (15a) stage, PDG activities were 

lowar at h~her al tituda than at Gauhati. 

·f~ 

In rchu1 POG activities were detected only in the embryos 

Prom stage~1l onwards and the activities were significantly higher 

(about 3 times) .at higher altitude than at lower altitiJde fQllowing 

a parallel davaloprnent.al pattet-n• 

Glut.amine synthetase (GS) activity s 

Tha tQtal and specific activities of glutamine 'synthetase 

( GS) in diffel'ent .davelopm~ntal stages of $Cale carp and rohu at 

lower and higher altitude have been presented in Tables-29 & 30 

and F'i.ga •. 19 & 20., The enzyme activity. was detected throughout the 
~· 

developmental stages studiadjst~rting from the unfertilixed eggs 
--~ 

till hatching in both the species and at both the altitudes~ The 

unf'ortilized egg. had,. in general, very low level of' GS activity 

which increased significantly on fertilization. However, the GS 

activities wero :sig.nif'i,.cantly higheri_i.n general, in rohu than 

seal& catp at both· altitudes throughl:lut their development. 

In scala :carp at Gauhati 1 both total and specific activity 

of GS slowly and gradually increased from atage"!l1 till stage.io15a. 
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Tho~gh 9 the incteases ·between individual stages were not 
,.. 

sign1f'icant1§) the cumulative increase by the pre•hatching (1 Sa) 

st~ge was more than twice the aceivity level at the zygote (1) 

,; stag~· At hi.ghel' alti tuds (Shillong), the GS activities i.ttere very 

similar to those at lower altlt.ude till the stage-6 after which 

th$ activities decreased s1gnlf'1cantly to a lower level at stagec:.. 

9 •. Thera was signi,iqant incre.ase in the activities from stags•·9 

to stag~11: at higher altitude to ~:each. the level of lower altitude 

which was maintained till staga~14. Thel."e was a significant 

. incraasG in both total anc;J epeciflc activity of' GS only during 

. hatching at Gauhati •· Howaver,; ~h.f.s increase started earlier rrom 
• I ' • 

the pre-.hatch.ing stage (15a) at higher· altitude and was also 

induced to a comparatively higher level than that at Gauhati• 

In ~ohu, ·the GS activi.tles were maintained at the laval 

observed in tho zygote (atag~1) till the stage•S of' davaloprnen·t · 

l)t both the alt1fuade!4l• At GauhatJ.; tt'\e. enzyme activities decreased 

significantly at otage .. 9,'follo,uied by a significant increase by 
. "-

stage""'11.: Then there was a ve.ry slow increasing trend till tha 

proehatching (;Sa) stage •. At tne higher altitude (Mawpun) • the 

specific activlty or GS. increase~. significantly from staga•B till 

tho pre-.hatching stage ( 15a) • 'the speci fie activity was almost 
. . . 

similar at both the altitudes. duJ;"ing.d~valopmantal stages of l"Dhu 

except at stage•9 whore it w~s sign~ f'ic:antly higher and at .stage... 

11 where it was significantly lower at higher altitude than at 

GaQhatl. The total ac_tivi ty also inet.Q_ased si.gni f'icantl y at stage• ·- .. 

9 wl'ticn was higher :than the same at Gauhati. The level was almost 

maintained till stagS..15a excapt that the last two stages showed a 

comparatively less significant .increase. Howaver., _the total activity 

ws;ta aigniticantly "lower between stage-.11 to 15a at higher altitude. 
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There UJaa a sudden and ~._harp· increase in the GS activiti.a$ on 

hatching at Gauhat1 bJJt this could h~t be vQrified at higher 
' . __ ,.., 

altitude due to lack of observations fol" stage•15b. 

Awgina_se activity : ' •. : ~ ' 
' ·, 

The total and speci.fic activities of arginase~ during 

development of scale carp and ;ohu studied at lowar and higher 

alti.tude have been presented in Tables•31 & 32 and F"igs. 21 & 22. 

The enzyme ac;tiv-ity could be detected in. all embryos studfed and 

the laval of' tntal .activity, in gene:rrale was similar in both the 

species at bQth the altitudes. Howaver0 tha specifiQ activity of 

arginase was highaJI' in rohu embryos at both the altitudesin 

comp~urison to those of scale carP• lbe pattern of ontogenic changes 

ware species specific but was not affected much by variation in 

altitude~ Thq unfe.rtilizad egg had a lower level of arginase 

activity and this was anhancod significantly .after fertilization. 

ln scale c;arp 0~ after the initia-l induction of the aJ>ginase 

activity at stage•1 (zygote), thste u.ias a gradual' decrease in bath 

total and specific activ,tiaa till stage•?. After this• there was 

a sudden and significant increase in both the activities from 

stage ... 7 to a. The total activity was maintained almost Qt that 

la-val with wJ,de but lnsignif'icant variations upto the pre-,.hatc_hin9 

(1$a} atagojat both ·~he altitudes. Howavetr; the specific activity 

of arginase was dacreased after stag~S and than gradually picked 

up to reach the highest level at the pre-hatching (15a) stage at 

Gauhati. At highatr altitude., the specific activity inc~easad slcwly 

Prom $tage,.9 onwards .with a talatiuely higher level than those at 

lower altitude and reached the peak a.lso in the pre-hatching stage. 

Jn all cases ~f seal~ carp, there was a slgniPicant decrease fn 

th~ argi~~sa ~ct~uity on hatching. 
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In rohut .. there ware some altitudinal variations in arginase 

activities during the early developmental stage~. and at stage•14 •. 

The level of total actlvity.did not change on fertilization but in 

the following two stag~s it went up· significantly to a peak at 
. . . . ' 

stage•). Howavar, the specific activity increased on fertilization 

to a peak also at stage•3. • In both the casas, the peak level at 

highe:r altitude was higher than the lower altitude. The peak laval 

at atag~J WaS decreased b Y(~;Stage_.4 •. aoth total. and. Speci fie 
= . . 

activj.ty lavale waJ1'e malntainadJfair1Ylcon$tant from.stage-4 till 

stag~11 after which theY increased to,another peak at ~tage-12. 

This was followed by significant de~rease .in the embryonic . \ 
\ 

at-ginase activ·ity: till hatching. \. 

\ ,, 
'..;.-, 

Acet~lcholine {ACh) eon.centtatio·na 2. ·.· .... 
. l 6 I f.i J . 1.- . l . . I L I 6 I I , -~~!~·.,. 

Tha altcarations in acetylcholine (ACh) concentration during 

the ontogenic d~velopment oP scale carp and rohu studied at lower 

. and higher altitt.ldQ have been presented in Table-·33 and rig. 23• 

The ACh lav~ .. in· geli'eral 0 wa$ higher ·in scale call'P than in rohu 

embryos. Thejoe was not much altitudinal variations in ACh 

concantratlon in the two species except during the later stages of 

development in rohiH: . 

. :.-s,. 

In *lcale catp.0 the ACh concentration did not (:hange from 
- _, ' . ) 

the unfertilized.egg .till stage•9. After thatc£tha level signifi'cantly 

decteasad to J.ta lowest level at stag.a-12 followed by a signi fie ant 

and sharp incteaso to: reach the peak at the pre .. hatching ( 1 Sa) 

stage. Hatching ;ast~lted in significant decrease in ACh concentra• 

tion of tfie scala carp embryos. 

~n rof'tu0. th~ ACh level was also· maintained with insignificant 

fluct.uatiQna from unfertilized ~gg till staga..S of' development. 



After that, the level decraase.d significantly to its lowest level 

at stagea-12 at the lowar alti~ude (Gauhati).·This was increased 

again to a peak at the preohatching (15a) stage Which sign! f'icantly 

decreased on hatching. This pattern was almost similar to scala 

carp. HoW9ver, a~. higher altitude the pattern was almost opposite 
. I . . . 

with the ACh level9>increasing f'rom stage-8 till stage•11 and then , ~ 
dec~easing gradually till the pre ... hatching (1$a) stage. The level 

was higher at at.age-11 and lower at stage-14 and 15a of' rohu 

development at higher .altitude than those at lowat altitude .• 

Acetylcholin~stetasa (ACh!) acti~ity .~· 

The total and specific activities .of' AChE studied during 

t.he davalQpmont of s·cale carp and roh~ at two different al t! t.udes · 

have bean presented in Tables•34 & 35 and F"igs, 24 & 25. The 

.enzyme ac;tivlty could ba detected only rrom stage-·9 of development 

at both the altltudas in scala carp and at lower altitude (Gauhati) 

in rohu. At higher altitude, the enzyme activity in rohu embryos . 

was detected f"rom staga•11 only. 

The total activity of' AChE in ~oale carp increased gradually 

and significant-ly from atage•9 till tha atage•15b without having · 

any affact of·altitude. tiowsver 0 the specific activity which 

followed almQst·a similar patteJ:'n as that of total activity, showed 

signif'icantiy higher level at higher .altitude during the iatar 

stage$ of ·deva,lopmertt• 

In. rahu,- at $tage-11 0 the total and spaci fie activities. oP. 

AChfi was significantly .i.owar at highat a.ltitude. However; they 

increased· sharply during the later stages to show a higher laval. 

at higher altltude and this was :significant f'ot specific activity. 
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The altitudinal diPferance in specif'ic activity of AChE: in 

both the speciaa, indicating higher activity· at higher alti~ude, 

became more pronounced with the progress of development. 8oth 

total and speci fie actlvity of ACne uiete higher in scale carp at 

both altit.udas' than those of rohu. 

Cytoplasmi.c tyrosi,ne aminotransferase (c~TAT)· activity : 
' - - • . I I I i : I • I. I • I •. 

The total and specific activH;ies of c;•TAT studied during 

the development of scala carp and rohu at lower and high£Jr altitude 

have been preaan.ted in Tablas-!>;36 & 31 ,and f"igs. 26 & 27. The c•TAT 

activity cou~d be c;#atected throughout the development start! ng from 

the unfertilized egg• The snz~fil $Cti,_vity,. in general, was higher 

in scale ca:11'P: .tnan in rohu and did not show much variation with 

al ti.tuds oxc~pt du~i:ng a few 9tages be. fore hatching. 

In scale aatp, the total activity of c-TAT decreased · · 
. . . ' 

signJ.fic(Jntly on feJrtiliaati~,n at both the altitudes and then it 
' '- ' • r ' 

was maintain_ac:t at -~ fairly const~nt ·lt?vel throughout the develop-. 

mental stage,s .studied at Gauhati .• At ~hillt')ng; the activity was 

maintained at tha sam~ level as Gauhati till tht;t stage..,.14 of 
';. 

development and then 1 t increase~ signi ficant1 y during hatching. 

The specific activity was maintairi.ed at both the aititudas at the 
-~ . . . 

same laval a• in unf~•tilizad egg till the riaurulation (11) stag~. 

After' thlaithe activity was maintained in a sl.$.ghtly higher level 

at lower altitud~ and increased grE;tdually reaching the peak at a 

significantly hi,~hair~ level/a~ the higher altitud,e,;_at stage•15b·· 

. . . 

ln ;ohut tha. pattern was di ff.erent than scale carp • The 
.. 

total activity of c~TAT was higher in the unt'ertili~ed egg and · 

decreased gradUally to about half its activity by stage•.8 and this 

was Cil.aintained at higher altitude• Hqwavert· at lower altitude the 
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total activity iooraasad from stage~a to 9 and was maintained in 

a significantly highe.r level ft"om · stage-12 onwards. The speci fie 
. -:::. 

activity pattern was still diffeJ:ent. The specific activity of 

c•TAT significantly increased on fertilization (stage•·1) and then 

gr·aduall¥ decreased till atag$•8 at both tha altitudes • After thia 
. . 

tha sp.ecific activity ohowed an increasing tl'l'end with development. 

Howaver1 this incraa~e was more prcmoun'?ed at higher altitude 

resulting in significantly higher level of c•TAT specific a·ctivity 

at stage-14 and 1.Sa in comparison to t.he same at lower altitude., 

M1tochor,dr1al tyrosino aminotransferase (m-TAT) activity :' 

The total and ap~cit"ic activities of rn-TAT observed during 

the developmental stages of scale ~a:r:p alid rohu at both lower and 

higt:tati' altituda have bean presented in Tables""JS & 39 and F'igs. 28 

& 29. tt ·was a signif'icant point to note that the enzyme activity 

could not b~ detected till the staga...o11 in scala carp and staga""12 

in ~ohu at both the altitudes. The m"!I'TAT activity was comparatively 

much higher in scale carp than in rotnJ. · 

tn scale carp,,, both total and specific activity showed a 

simi.lar pattetn of devalopmont at both the altitudes. They want 

011 ~net-easing patalt:)/ll.y and showed no altitudinal variations -
exqept at stage•14 and 15b where the activities were higher at 

higher. altitude •. However; at atage•15b 1 the differenc·a was more 

significant than stage-14; resulting in a total increase in 
.. > 

acti.vi t y ·Of' about BOO% at hi ghar altitude and 2001~ at lower 

altitude• 

ln rohu,: the to.tal a-ctivity was significantly lower at 

hi ghar ~l.ti tud$ with an insi gni f'icantl. y increasing trend. However, 

at lower altitude, the m-TAT to.tal activity increased significantly 



153 

from ·St~ga•12 till staga-15b ~- The· a pacific; activity of m• TAt of 

rohu amt,Jryos showed a dacre~sing trend _at higher altitude and 

an increasing trend at lower altitude from stage-12 onwards. 

Neither these ehanges mere significant nor there was any 

·significant altitudinal variations •. 
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Tho dz-astic ~ransf'q.-mation of a aingla celled %ygQte t·o 

divet~·a type:;; of calls; ti;ns.ues and organs, involve.s various 

metabolic c:hange$,. Metabolism of different biomolecul~s such ~s 

protein; carbotwcttate.,. nuc~~ic acids aoo lipi.;t vari~s in 

different stages ·of devaJ.opmant in different species of animals. 

Alterations in f.)n~yma ~ctivities co.ntrol the metabolic JlU:ocesses 

in an organism.~ Many erutyme$ have ehown sigrlif'icant qualitative 

and quantitative qhangas during tha dev.alopment in var1ous g~Qups 

of anirnais (aoeli~ 1948; Wallac~ 1 19618 ~'loog, 19111 Brachat •. 

19141 Neyfakh & Abramova, 19.74). Suc:h changes J.n thet enzyme 

activity hava be,~n expleinad as alterations i.n gene expression 

(Oavidson, 1976; ·Wh1tt1 1981a,b) • TharE)fore, ontog~niq variatio.os 

in ~ht:J acti.vi\ie~ ~f anz.ymt:ia not only give an idea or the 

sequential metabol,~c alterations ~t diff.aremt stagos of.' develop­

ment, butqlS(l th~y provide valuable informations on tho 

rogl.flation of' gene expression during ontagonic development.• 

Ammonia 1 

The.matiJre ooovte of s~ale carp and rohu contained a 

conaidor~b1e emount t;;f ammcrda (Tab);a-.23; f"ig. 14)., The total 

amcuot of\ ammonia pet r:Jmbryo in sc:ale c:arp was twic.e as much as 

in rohu in t"e unf'attilized egg.; However; when axpreasad per 

gram (g) writ wa1ght, .ammonia concentration in the egg of' both the 

species we;a very_mueh similar. The scale carp egg with bigger 

size and mora ptot~in might have contained more ammonia• b~t the 

eonc:antr~t.ion .was tha same in both• Tha ammonia concentration 

, s'igniticantly. in'ctaesed at fertilization in both species and this 
'I . . ' .. ' 



coincides with· the. drastiQ ·dec1rease or the to\al protoin in tha­

fett;t"ti~od egg• Soth t·otal a~monia ·.per Qtnbryo and ammonia · 

conc£)ntt'otion pe:r g wet waight gradually lncreased with devalop•o: 

mant in ~cale catp. tn ganoral,. thi..s increase was showing direct 

corJ:slation with dsoteoso lnp,oteJin coraeantration in the embryo. 

Howev'e~:,::'.'tn $Cal~ carP• tha incraese u.r~~\iot' vary a.ignif'.icant 

exc$Pt the l~_st f$w stages of development in Which d~creasa in 

protttin concantration U~as $1$Q aignif'ioant. Tha higher rate of 

ps-ot:ein degradat=lon in st;ale cal'p might ht3ve ;esulted into higher 

level of ammonia. lt could also be that tha ammor,ia utilization 

was higher in :~ohu than in scale carp. Removal of' ammonia from · 

the $mbfYO ~hir~ugh: the egg memb~ans is stlll a conttove:rsial 

aspect• Th~ petmeabillty of chorionic mambrana for ammonia has 

not ,yet b~an cle~tl.y eatabllsha.d. Sm.itn (1947,, 1957) found that 

salmon emb~·Y.O did ·not allc:aw antmonia, t.o pas a through the chorionic 

membll'anth Laten:, Rice; and Stokes {1973) in s. ga_itdna:rJ. and -
radotov and Smi~nc»va (1978) ~n pink salmon (0. gorbuseha) reported 

. . l ' •. • . • . ....... . ~ . . .. 

that about !Po% C)P ammonia produced in tha ambryo was eliminated 

out~ However, _the situation ia not ve.ry cleat .in ca~ps • It migh~ 

. be that the diffue!on of ammorda might be more atf'iclant in rohu 
{" 

embryo$ th~n scala catpi_resulting in it$ h.lgher accumulatioll in • 

the latet- species. Th& teta oP ammonia· excretion has also been ·· 

sho.wn to be d~ffere~t at cUJitf'ereot stages of development. In 

whtta fieh 1 at~ant.ie salmon and see tt-out:'-the ~ate of artunonia 
•\ 

axc:ratJ.on w~s found to be highs~ <furJ.ng the later stages of davel•· 

opment (Niintann, 19S3J .Cblstqva & Shirokova, 19'71) wher~as in 
' . 

rainbow trout:, the. t'ata ~a hignet during the early stages of 

dev~loPJrient (Varzhombek & 1'-1aslennikov a, 1911 ) • Such a E3i.tuatioo in 

the ca.-ps studied cannot be ~uled . out. 8$ the rea$on fol' the 
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variable concen~rotions,(though it cannot be cibnfirmed with the 

prasant data. 1\ $izeble amount of total am~J~onia might be 

accumulated in thQ perivitallino space which being aliminata(J 
. . 

on hatching caused· a loss or about 2CS..28~ of the total ammonia • 

.• ,, >• '·: •• :.: ..... 

· .,. :, '. 'The· hi9hest laval. of' total ammon!~ in· rohu embryos was 

near the low&$t vaiue ·for scale carp .•. Thi,s indicates that the 

tolerance for ammonia toxicity might be higher in scala carp 

embryos than Jtohu't. Tolerance to toxioity varies not only with 

spectes but al$~· :with ~ge Qf animal. ln rainbow trout, 

S. gal~dneri1 . t'he embryos were found to be ~gore to lei' ant;.:.· to -· ". '·' 

ammonia toxicity th:an their adu.lts (Rice a· Stok·as, 197,). 
. ' - . 

J4igh f)ltituda' enhanced tha ammonia ~evel in scala catp . 
embryos during the early stages but it· stebilized during l~te~ 

stage$ of dev~lopmalltt tes~iting in ~. s1gnificantl.y high level 
. . ,' 

at stags•6 (J2 ceils) and aignificantly low ievel $t tha pre• 

hatching (15e) .stage•. In tohu; t~ere was almost no effect o_f' ··"' 

high altitude~ ·~ neurulation (11) atago in ammonia concent~ation 
.~~ . . I ·. •. 

except at $taga•·~ (to calls) ·whe~ra the level was significantly . · 

higher at hlghor altit~da. Hq:waver, f.rom neurulation (stage""11) 

onwards, thaJre was. a si.gnif'icantly high level of ammonia at 

higher altitude and.this coincides with significantly lower level 

of p;otein in tho cortespc;ndlng emb,yos~ The higher rate of prote'in 

degtadat.ion is also evident ftom the Pact that amino acid lev~l 

was also highat during thase stages when protein level was low. 

Lower prevalling temperature at higher altitude• particula~ly 

during the latQr stages of rohu development, might have resultf)d 

into increased -ac.cumulat1o" of ammonia. Decreased temperature has 

been shOW1l ty~aduc~ t-he tate of ammonia excretion in adult baas, 
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o.· .1abrax (Cu6tin'!'"Ane~y,. 1976a) .• Arya (1979) also. reported that -
ammonia excrotioo in c. pun~tatus is influenced by s.eason and 

' .... 
th~'mal acclimat.iqn. At higher temperatura, ammonia excretion 

rata b~cama hiQher. Besides, due to lower availability of 

matabol,ic energy at lol!l temperature, ammoni~ utilization for 

biosynthesis might have also been affected. The elevated level 
. . ' ... 

' . ' 
of ammonia;{~mneurul<\ltio·,. {stage•11) onwards at higher .altitude 

in rohu embryos)_coincides with high mortality of tha embryos as 

stated in Chat:tt·er~I. This might indicate that increased ammonla 

laval ~sat ~~ast ono of the causa$'ot the mqrtality obsel'ved in 

r.ohu embryos· at higher altitude• Besides, the higher level of 
' ' . . 

endogenous ammonia at hi.ghet altitude in rohu embtyos was only 

slightly h'-~hot tha.~ tha lower level and about one third of the. 

higher levr~l of ·ammonia obsetved in ·t.he: scale carl' erabr yos ~· This 

agaira cont.i1rm~ a grea~$, sensitivity of I'Ohu embryos to ammon!~ 

toxJcity than scale c.atp. 

In oon,par1s.cm to ammonia, ur~a is less toxic but still 

harmful to f'J.eh (GtJif"J.th ati ai~l· 19?9)ffand is freely permeable 

across the egg mamt:u:·ane (SJ.E,»xtor, 1.969). Inspite of these; urea • 

was found to ~ccumulata in the embryos of both scala carp and 

tohu.j Accumulation of urea during development has bean rapotted 

in ~· gaitd~eri (Rice & Stokes, 1973; Dep~che ~ al, 1979). It 

was suggested .tha:t . this accumulated t.tl:'ea might ba ua~d for 

.tacyQling o·f nt~_J;',o·gan by tht:! enzyme UJteasa for tha syntheals of 

dJ.f'f'orent.biom~lQca..las. 9;-0Qkbartk and Whiteley. (19~4) repo,vted 
' .. 

the presence of yraase in starfish eggs .and suggasted its ro'le 



1:59 

\·· 

in recycling of nitrogen for metabolic needs. The presence oP urea 

might also be for ~he osmotic balance ()f the developing embryo to 

,f)tain th9 required water l~vel. in the cytoplasm~ 

Urea was datect,od in all stages of development and its lovel 

, w~$ s~milar in th~ t'lgg of both the species at both the altitudes. 

Its conce.rltratlo'n J.;ncreased on fertilization in all cases and this 

was c;orreiatoc! with an J,ncrease· ,1n .,ugin~se activity, increase in 
. •. . ~t . 

ami·nu acids and also decJ:"ease in prote~n level. As the presence of 

-urea cycle is not known for sura ln the f.re~shwaten· taleosts, this 

urea might have come from the breakdown o.r arginine by arginase. 

Howaver• the correlation did not look very sound because the 

pl"opos-tton of arginine was about twil times more in rohu than scale 

cal'p., whereas urea l!las mora in scale carp than l'Ohu (Tables•1 ?•20 

& 24; F'ig. lS) •· Tho lev9l ·of tot.al urea ·was comparatively highat' 

in scalo carp than rohu, even though tha a·rginine level was much 

higher in the form~l' specios. Howavel!', the concentration of urea 

per g wet weight was not much different in the two species and in 

the twn altitudes• It showed a gradual increase upto tha gastrula• 

tion (stage~!t9) when the level showed a significant enhancement. 

The level again increased to its peak at the pre-hatching (15a) 

.stags. Thus 01 there ware again two different types of responses, one 

dul'ing tha Qleavage ~tagas and tha other during the differentiating 

sta~es as shoU1n in the earlier chapt~r• 
I 

Gl-utamate .dehydtoganase (GOH) activity 1 

The cctl'v'tty· of GDH ·could notj$ba detected in the unfertiiized 
~ . 

egg of both the carps ~nd it appeared only after fertiliza~ion~ · 
""' 

Several en~ymes aJ<e 'known to be-deposited in the oocyte dul'ing 

oogeneai$ in an inactive state "for utilization during th.a earlier 
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_Jtages of development (Hishida & N~k~no., 1954; Tarnar, 19681 

Ermolaava & Mil'mE!A; 1975; Shakl~e & Whitt, 1977). Many of these 

enzymes get .aqtivated on tha stimulus of feJ:-tilization• GOH 

might be on() such en~yme to show such immediate activity aftel:' 

fett111.zation• GDH has bean sho~n to be ;inhibited by ATP., GTP and 
' ' 

GOP (F',iad~n, 196.3, 1971) and activated by AOP and leucine (Goldin 

& tr~~den., 1911) in animal tissues.· Alte.rations in the c:oncentta~ 

tiona Qf thasa regulato.-y moleculaa in th9 egg m$-ght have taken 

·place to activate the inactive GOH moleeu1es on fertilization. 

Howev$t,1 .no at.ach regulation has yet been shown in fish eggs. It. 

could also be that the mRNAs for GDH might have been deposited 

alQngwith the high RNA deposit./ during vitellogane.sia which would 

have sta~rtad translating immediately after fertilization. Pres.ence 

o.f a lal!'ge amount or such masked mRNAs which tJ:"anslate during the 

early ~\ages o~ davalo~ment has baan reported earlier in th~ egg · 

of' savairal ovlpatous animals (Tylal:', 196?; Danis, 19141 r~eyfakh & 

Abtamova, .. 1974; Sarkar 21. a,l., 1979) 4t It h~s also been shown that. 

no n~w mR~JAs are .synthesized during the early phases of develop• 

ment of oviparous animals (Oavidson, 1976; Denis,. 1974). TharefOJ:'Ot 
I· 

Shaklaa and Whitt (1977) have suggested i;hat the enzyme activity 

till the gastrulation stag~s might not be due to the direct 

activity of the it ganes. Hence, activation of the GOH gene at this 

ea:rly stage mlght not be a possible .r~ason for the aPPearance of 

GOH activity. 

The total activity of' GDH was comparatively highar in scale 

carp than tohu, wharaaf.l the specific activity was higher in the 

la~ar sp~~ies. Thist bGsidaa being a species specific variation1 

is .lso dua to lower protein concentration in rohu embryos. The 
I 
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enzyme aQt~yit.y was maintained at the same level till the stage.-

? in scale ca~p at bot_h the altitudes and only in higher altit~de 

in rohu,. whe.t1:u;~t1 at lower altitude the activity was much increased 

f~om s•age•~ to 7 in rohu. This va~i~tion could also be due to 

the longer, half lif'a. of the mate:-nal GOH molecules or its mRNA, 

which po$sibiy has co~tributed to the enzyme activity dv:-ing this 
. ' ! 

pe,lod,. .In ~o.hu, the synthesis of new (SOH molecules might have 
' ' 

sta~ted lii;tle aa~lier than scale carp due to. earlier gena acti­

vation #eaulting in enhancement in tha activity. Tf1ase s~E.lges also 
. ' 

coincida with th~ tim.e of enhancement of proteins in the embryos 
~ . ' ·' 

. of b.oth tho species. S.uch differential gena activation in 

different species and under different conditions. are known in 

animals (DQ\d.dson & Brittan.; 1979J $candalios, 19'79). 

The fall or GDH activity in scale carp embryo at blastula• 

tion (st.aga"'!t8) might be due to a selective degradation ()f the 

enzyme molecules. Shakla·e and VJtdtt (1 ~??) have Jr"eported such 

"brup~ docrea$e of creatlne kinaae and aldolase activities during 

thQ development of Eiunfish. In qasa.; 1:h<tl initial observed activity 

of GOH was the result of materna·l contributio·n in stt:Jred form, 

. degradation of the original molecules without a concurrent new 

esynth(fsis ·might be ;eaponsi.ble for the drop in the enzyme activity 

at the ~lastt.tlation ·(a) stage. It J.s also known that high 

endogenous levels of ammonia may act. as an inhibitor of GOH 

act.ivlty (McBean .~t _a,l, 1966). However, the levels of endogenous 

ammoni~ du;l_ng blasttJlation or earlier $t~ges in scale carp was 
'·-:. . ·:' . 

. not aa high as in the later stages.., Therefore.; such feedback 

inhibition might •not .be involved in the observed drop G@ GOH 

activ11W!t 
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., 

GOH gradually ·intl;'eased in scala carp, .in ~ha· opposit_e pattern 
. ' ,. . . . ' . ' . - ' 

of the ge~eral fa~e c;pf the sQl~~le prote~n. Tt)is might ba:d~e 

to continuous _activa~ion qf the GDH genfh. However,< ln r:ohu~- the 

.t.ncr$ase.waa ~n tt,IJO phases, once from st~ge"'"5 to stage•9 .and tf:len 
' .: . . , . \ 

,fro"' 9tage,.12 till hatching (st~gs•15b) • Between staga•9 and 12, -

the:spe,eific; ac~ivity.remained constant whereas the total . . / . . 
;· 

act4v1ty:dacreaaad.·Th~~e¥ariati~ns could be due to-the damQnd. 

of thet embryo·at a pat>ticular stage ror specifJ..c; matabolisn.h 

The reaction catalyzed by GDH -1~ reversible and· an equili• 

brium was considered ·tc,- :ai'isa _i.n, v11~o@ in mammal~ (Krebs & Veach, 

19'69) ~- However; th~ ttansdaamination sc;heme in the dir(i)ction of 

antmonia formation in mammals has bee.n lat~t ctlailengad (McGivan 

& Chappel.,, ·197~) and it was adyocatad· that GDH favours· glutamate. 

foJtnation for the storage of nitrogen•- So far, such ev ida nee 1$ · 

lacking in fish,, Walton and Cbtij;-e~y (1977) have rapo·rtad iri rainbow 

trout-:that the GOH favoura·d more the formation of_ ammonia.. A . · 

di~sct· co+ralation between,. the endo~eoous · ~mmonia laval . and . GDH · 

activ.l'ty was .not· found in most· of the st~ga~ ~n ·the present ~~udy • 

Such lack of co~ra.lation could also be ~~e tq the complic'atad .. 

ammonia metaboli$m pathway f'U' ammonia aynthes.is and utilization, 

and the rata of its eliminati9n•'-

The higher altitude did not show any effect on the total 

and specific aci:ivity ·of· CDH in both the specie a for most part of 

development. In ro-hu, the induction of the activity was, delayed 

ir~m-Jtage~7 ~o stage•8 arid the sp.cifi~ acti~it~ was si~nificantly 
. - : . . . . . . . 

higher during- stages'-1D•'i-1 inst_ead ~f the dacraase seen at lower 

altitude~ In scale· carp, though the total activity was lower during 
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th$ l£Sst J $tag~i3:-b~f~ra hatching (staga-s-13~15a)ithe ap·eiciflc .. · · 
activ.ity was not e~gnificantly lowar .. :t"he exact snachanism of 

vatiat.lons i'n GPH activity due to the higher altitude is difficult . ' 
to explain,· whetha~ they are dua to modulation of' .the gene , 

funct~pn .. or al~o&teric regulotion of the enzyme activity •. 
. ; . . . . 

_, 

Phosphato _-dependant glutamJ;na$e (PDG) ac-tivity s 

.. The appearance of glutaminase activity hC!Is ~san rqported 

in other animals .to vatrY during ontogenic development.: In rata, 

PDG level was quito low in foetal liver but suddenly increased on 

the 1st dey attar bitth and rapidly reached the adult level 

(Ka~unt~ma .st .!.b 197J), The $nzyma activity in chick increased by 

21% botwaen 10~h hr and 4th day after hatching which was followed 

by a docrease. by 30 days (Mahlig & ·Letu;:. · 1978). Similarly• in the 

present s.~udy,, POG activity was det.ected in all the developmental 

-stages including the unfertilized egg ·in scale carp• but the 

activity st·arted only at neurulation (staga~11) in rohu. This is 

en 'interesting _!inding of species specific differencejthat in 

!ilcala carp the POG gane has remained act.ive throughout or there 

was sufficient accumulation of PDG molecules and/or its mRNA in 

th** egg which maintained ita activity during the early developmen~ 

tal stages ~ill t.he embryoni.c_ gena statted functioning~ In rohu, · 

thete was ptoba.,ly no accumul,ation of the an~yme molecules and 

its activity staJrte_d only when the embryonic ge11e was activated• 

ThJ.s stage (11) CPi.ncidss wit.h tho protein enhancement stage 

indicating ~hat f·,ash prQtain aynthssis nli:ght. have resulted i;he 

beginning of POG activity in rohu •. 

POG catalyzes the raac~ion converting glut$m1ne to glutamate 

and ammonia (Ka1J:"a & Brosnan, 1973, 1974) and thus re·gulates the 
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balance b~twaen glutamate and glutamine in tha cell (Berl 91, !!,. 

197$). Glutamate .is a JaJor nautotransmitter in fish (\ilatts & 

Watts.., :1974) ~ T·hetaf'ors, during and after neurulation (staga•11), 
· .. :.· 

PDQ ac.tlvity w~s fo~nd to enh~nce, posstbly to produce more 

glut~mats. r.,c_~eat\G in giutamate and ammonia concentration has 

bean ~sported dui'ing the later stages of development in the 

pr~sent study (Tebles-.17-20 & 2)J F"1g, 14)• Some of the f.luct~a-· 

tions observed at some partic;ular stages could only be due to the 

val'iations in the tate of' synthesis and degradation depending on 

tha l!'oquitemanta of those stages • 

. High al.titude did not have much effect on the general 

ont·ogenic pattern of. POG activity •. Howavar, in scala carp, there 

·was a signif.'ic$nt induction of the total ·and specific activity in 

the 1ate. morula (1) atage ·which decreased significantly .at 

blailtula (8) and gastrula (9) stages. It' was followed by fluctua~ 

tiona in PDG acti\tity: at higher altitude. In rohu, the activity 

·. of POG was induced to a significantly higher laval from the· 

beginning ~t neurula (11) stage and ~ontinued to inc;ease till 

hatching (staga-15b) • Thea$ variations ara·!1the effect of' high 

alt~tude fac.torsjmo·re likely .of tha lowe.r temperature. Lower 

• temperatull'e :has J)ea.n known to influence .the level of enzyme .. · 

ac;t~vity (HO:chachk~>~ Sol}lero,. 1.973;· Precht U., .fl!.t 1973) •. The 

higher lav(Jl o.f" :ac.tivity at higher .altitude correl::ates with ·.·, .. · . . = 

higher ammonia: '(e"u~l•· This might have caused the lethal str..esS. on 
... 

the de.veiopJ.ng ·~mb.ryo~ The response .oP hlgh altitude was more . 

epparent in tarl'l\s o.f.. JiJnhancemant in ·PDG activity in rohu than in 

scale carp emb;rYo.s indicating the higher sensitivity of rohu. to· 
' ' . 

· ·. environmental ·.fluct.ua.tions • 
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Glutam1nl9 e_ynthetaas (GS-) act.ivlty 1 

Tha presence of glutamine .$ynthetasa activ 1ty h~~ bean 

asa·ociat~d maioly with ammonia detoxification. by glutamine 

f.ot~ation (Wult' 1'9€i3J Lund & Goldstein;. 1 969; Webb.;. 1980). This 

anivme .was. i>otmd in all stages of davalopme~t sta~t,ing from ths 

unfsrtili~ed ~gg Jn both the species a"d at bot~ the altitudes. 

The anzym~ activity was highe# ~n ~ohu than scale carp arid this 

might have· ~qsulted i.tl a higher level· of"· ammonlf) in embryos of 
; . \ 

the later $p~c;ias. Thil incteat1e in activity was vary ~lpw but 
., 

steady with progtess of development in seals carp.. However, in 
\. 

rohu, tha1!'e wet.a .$pacific stage$ of induction. At fert'~.lization 
·' 

(Eitage•1 ).{_~here was tha first. eignif'icant increase in (lS\;., activity 

a"d the lev.sl_ w.aa. ·maintained :till stage•9~ The activity ~~a 
. .. . .. ··~ 

again ·indu~ad significantly . by n~urulation (staga-11 ) whicft~~ was 
. ' . . . 

lllaintainad t. ... ll t.he p~e~atching (15a) st~ge~: On hatchi_ng (~tage• 

1 Sb) the GS .acti\t:ity was induc.ed significantly in all cases • 
• • < ,;, ·~·· .. 

·. \• 

· These two pattE)rns .of' spac.ies specific variation in the· 

two carps indicat'e that (1) ammonia tolerance is mora in .scale 

· ca;p embryos and (ii) GS might not be. playing a major role in 

ammonia detoxif'ication. Houtever1 in rohu there are s,oma correlation 

of the GS acti_vity. Chango with ammonia and ~leo with ammonia produ~ 

· cJ.ng enzyme levela• PBG was induced· to a ve~y ~igh ieve.l at 

nautLilation (sta9~~.1·l) when ammonia level was enhanced. Incre.as~d 

ammonia ltw.at· might, have caused an inducing influence on the GS. · 
' . j- • 

geno{to Pr.oduce ~ora enzymes to meet the demand of> detoxification • 

. 'ees,ides; amm.onia dit,.us1on might. have ba.an an easier process in 
.. ' 

early developmental ~tages when the cell are less ln number and· 

also arrang$d · i.n a $pherical t'a$hion.. With mc;rphoganat ic movements 
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and ~J.ffQlrantiation, th~ diffusion migt\t be difficult from the 

inte.rna1 tts~ues or calls •. Therefore., after gastrulation (stage• 

9.), QS gene m!gr,t hove been activated to take up the ammonia 

datoxificatif.)n pl!'ocess which it cor-tinuas throughout the life of 
' ' 

the f'ish. rfQWSV·EJtl't the behaviour of GS gena in the two species 

aire qui~~e dif"far~r;t during the ontogenic' development. 

. . 

High altit~de had almost.no affect during the early stages 

of dev$lopmant •. In scala carp•, the GS activity decreased from 

stage~? tiil stage-...:9; possibly du~ to the degradation of the pte• 

· exi$tlng mo'!ecules before the synthesis of new .enzyme molecules-. 
' fresh enzyme synthe·$is po-ssibly took plaQ.e from stage•1 o to 

reco\i·eJ:' the act!v:ity level ~Y $tage•.11.. The pra .. hatching induction 

·also took placo fr·om ~tage-.14 instead of staga•15a. This could be 

due to a continuously highaJ:' ammonia level in high altitude scala 
' . 

carp embryos. However• in rohu• the induction at staga•11 was at: 

a low· key than ne»fmal and the total activ·ity r~mainad at a .lo~ 

level resulting in the h~ghe~ amount of total ammonia •. This might 

be due ~o d~9rada~ion of. GS molecules with cytoplasmic prott;tin 

which alae» deQtot~ased simultaneously. Thas(thera was not much 

variation in apec~fi~ activitY.• Higher altitude;. therefore, 

$'facted GS activity. only by 'andom dagtadation of the protein.· 

Arginase actiJ,.v ity ~ 

The detectl~ri: qf arginase activity i.n the unfertilized 
. . . . . . 

egg indicates the activity of arginase geane or accumulat.ion oP . 

pre.,.f'of!Ded anzy_m~ molecules in the egg of the two carps .• The total 
. . . 

actlv ity wa$ _mo.stly; similar during different developmental stages 

. in the two sp~c-ias.·. H~wever;. the. sp~o_ific activity wasjfhigh~r . .tn . 

rohuf.. p;obably due to the less amount of proteins!t, Th~ significant 
> : ••• ~ • ' • ' \ ~- ,' I ~ ' . 



J.ndvction on f.E)irtilization (~t.(!ge~1) of both total and ~pacific 

activ.1ty wea in contrast to the significant d$cteasa in both 

total and .cytQplaamic pJi'otein concentration during these stages. 

This would m,aan a s~lsct!ve :rete,tlo.n of arginase mt)lec~les, 

besides their synthesis; if .at all any. The p~ttetn of alteration 

was -~,lso species $pacific. ln scale carp.1: the increase on 

fettilizl;)tion (s~aga•1) was f.QllOW$d by a slow decrease til.l the 

lo.war. level at .staqe.-7 which might bE; due ~o gl'ad~a.l los$ of 

existing mol~cules-. It was followed by a sudden induction at 

stager•B which was more or l~as maintained till the pre .. h~tc,hing 

(1 Sa) stage. I" r~hu1~ the inc.-.eaae, in activity after fertilizati1:m 
. . 

(stage•1') continued t.ill the· 2nd cleava_ga (:J·) st13ge after which it 
. -

,emainad stable till.. the stage~1'2• Th$ arg~naee activity decreased 

cnly a\ ht1t~hi"g (tttage•1Sa) ~n ecl:;lle carp and after stag€)•12 in 

·•onu. BQth total activity and .$pacif~c activity was al$o mur::h 
-:;::::-

low~ur in rohu: than oc;ale c~rp ln the newlY hatched larva ( 15b). 

The dscte~aed levais in J>ohu coincide with the increase in PJ:'.otain 

level indicat~.f1g ssle~tive breakdown of the arginase molecules. 

These different patterns indicate diffarsnt ontogenic r.egulaticH, 

of' arginase .in the· two .spracie$ •. 

In amphibian~,, the activity of the en~yma remained ~t a low 

leva.l thJ:oughout :the "de~el()pment (till hatching) and then sharply 
t; ~ • 

increaf)ad dur~ng 'mst~morphos·is (Brown & Cohen,, 1959b), In elasmo• 

branchs• RQac1 (1,~6a), .obsatved the enzyme at a low level in the . 
• • ' • '· t 

embJ.'YO l:)ut as ·.davalo_pment Pll'oeaeded •.. it gradually increased tn 

activity. Jn s .• ; .galtdnari, i~ has t)aen shown that the activity of 
"""!~ .... ··· .. ·. .. . ·.· 

~!'ginaao is ruJ~. date,ctable ~ntil aonlet,ime before hatching following 

\Uhich it gfadually increased in activity (R.f.ce & Stokes, 1973) • · 
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This is in ahal:'P conttas~ to ouJl' ob~ervations in the embryos of. 

scaia ·carp and rohth The activity of arginase observed in the 

present study during the developmental stages of scale carp and 

rohu ware sev~ral times higher than the apacific activity of 

hepatic a~ginase (14.6±.,0.5) rapolttad in a.dult scale carp by 

Cvancara (1969). l.n one ot qur unpublish~d ot)servations. it was 

also found that the arginase activity in the liver of the l•month 

oid rC)hu was ala() v.ety low (sp. activ-ity• 1 .28±_0.24) in comparison 

to the embfyonic stages. lhe ancestors of the teleost fishes were 

capable of urea fo;mation thJ"ough the o-u pathway (Grown & Cohan •. 

1960; Cohen &.Brown; 1960) which w~s supposed to be lost during 

evolutiun t)f these fiahes. Huggins ,at !!. (1969) suggested that, in 

such case• the o~.u ~yci~ enzyme activities should bo detectable 

during ~he -ontogeny .of the preasent day telaosts. The present 

teaults from the two :carps reveal thatiat least for arginase;· 

there is a cl~ar 'endency of the transitiort from the high level of 

the enzym.e activity in ·embryos towards a lower level in the adult. 

Howeva~.; it do.aa not necessarily mean the presence of O•U cycle 

and the ~g~ne deletion theory» in th~se fishes. 

The high altitude again did not show much effect on the 

argina~e ac.tivity. in th~ tUIO .specie~. In the later stages of 

development only the specific activity of" arginase was comparatively 

higher but tt'lo V:alua.s ware not significant •. Only some var.iation$: in 

the level ofd:he enzyme activity in some stages of development" 
::;;,...;.--, .,· .. 

could be seen. This could be due to the ~ocal effect of the env irqn~-

ment regulating .the synthesis and degradation rate of" the ·af\ayme · 

molecules. Howsvor., during the pre•gaatt-ulation stages_, scaie carp 

showed bet tet to.lerance than ~ohu .• 
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. and acet lchoi_i"eat_erase 

ACh wa~ detected in the unfertilized egg of b~th scale / 

carp, _and I:'Qhu• .Existence of ACh in m~ture oocyte has been ~sported 

in' amph~bians· (Buzn~k.~v !.!. a,l,, 1964) ., it' was. suggested that 

:besi.des be~ng i.nvolved in neuJ:otranamissio~{which commences at a 

latet> stages of davulopment (alongwith the differentiation of-. . . \ 

neural and muscle ~issue},. AC~ ~ight perform certain other 

important m~tabolic functions during the earli$r stages of develop• 

,ment.- These include its participation in cell div.ision and morpho• 

genetic movemellt or cells as well as in growth and maturation of 

neurons (Loh, 19?~). Studies on adult animals have shown that ACh 

alongwith cholinestG-rases has been associated with the ionic · 

conductance ~f the cell membrane by reg~lating Na+ transport 
. = 

(F'laming et A!t: 1962) •. AC" has been reported to be present. in a. 

i'emaJ!'kable conce.ntration in mammalian placenta (Rama Sastry et ala. 

1976). There; lt has been· suggested to control the permeability 

of plac;antal ma.mbrsna which separates the maternal and f'oatal . 

blood stream_s (Harbison et. a,l,1 1975) • The p~esence of ACh in· the 

unfa~til~%ed agg might be the ready ·stock to perform simila.r · 

functions dt.11r.ing the early .development. · 

Th~ patttirn ~f Qntogatdc changes of ACh and AChE: ware · 

apparent-ly '8imil$r. :in· scale carp and rohu. The level of ACh in .. 
both ecalo ~a~p ~nf rohu remained without any significant 

~ltr;)rations during the cleavage and blastulation (a) stages. Tt'IJ.$ 

might be due to the lack of ita synthesis, as ita degrqdat_ion was 

not possible in absence of' the hydrolysing enzyme, ACht.,. ·during .. 

those stages•. lt. is vary likely that the synthesis or ACh s~tartad 

around gasttula·t:i~n (staga•9) stage showing a slight increas~ in 



169 

ACh: laval~ This coincided with t.he: svd4an appearance. of' ACh£. 
·-d~-. . • . • 

The laval. of ACh .decraesed afte~ stagef•9 reaching the lowar 

level by stage•12 in both the c.eurps. The activity of ACht 

rapidly ~nQtreasad during these stages and probably the rate of 

dagi'adation of A·Ch. wa~ higher than th~ rate of its synthes1a for 

whicm ACh ieval declined in the embryos. Ho~ver; inspite· of a 
' ' 

c;onti:nuous rise in tha AChE till tha· pra~t1atch.ing (1.5a) stage; 

the level of ACh .increased after stage.•t2 in embryos of both 

the ~atpa, This indicates a higher rate, of synthesis of the 

neu~Ottansmitte;~ The p·rasE)nca of choline a~ety·ltrans,erasa ('tAT), 

, the e,_.zyme asso·ciat~d with the synthe~is of ACh.(and its. dramati~ 

changes alongwith the changes in ACht· and ACh have been reported 

·in· frog? {l.Qh8. 1976) ·and insec~s (Prescott .c:J,. al, 1977) • Howevetl 1 

the synt:heai$ tat •. of ACh was pethaps lowar cv,er ·the hydrolysis 

at the onsEJt. 'of hatching (st~go•i Sa) which might have rasulte.d 

in a • significant dacl.ina of· Al;h level in the .newly hatched · · 

embryo}.~ (stago•15b) of both the species. studied• 

The pa~terra of ontogenic development of AChE in tha scale 

carp. and i'ohu was fo~nd to be. different than that reported in 

. s:. g~ird.neri (tJasugi & Yama~_o,e, ·1•964) and in x. laavis (Gindi & 

-·· -
Knowland, 1979) • A' low activity of the enzyme was detected in 

mature oocyt.a_s of: the later two spacias. However, in tha present 

study ·no ac_~~v.iti· could be deta.c:tad from the agg till gastrulation. 

f"urthe:r, the :shal-p rise of the enzyme activity, immediately after 

ita first appeai'alice at the beginning of gastrulation (stage·'!*9); 

was ·in cont.rast .w~th the :repQli'ta on· salmon· (!~ gai;dneri) and 

amPhibians• In s·aimon, the enzyme activity was significantly 

induced only by th.e eye stags, at about tha 1Oth· day after 
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fattilization. (Uoaugi & Vama~·oo.• 1964 )/Wharaas in \salamander 

(Am~y.sitic,ma P~.tllctatusJ •. the activity of the_ enzyme began to rlao 

at steg$11022t wh$n the opJ..nal cord and btain started to develop 

(Sawyel', 19421. 194J). A simil.at patter.n of ACht o.ntogeny waa .also 

repottsd in x •. le$vie· by lUndi & Knowland (19?9) • HowavE)t; in the 
. . ~ •.. . . .· . 

sama frog, A-therton <and L$a (19?') fou.nd a high activity of AChE 

dUI'in~ Qarl_y. 4nd late gastrula st.ages •. The absence of ACh£ 

ac;tlvtty · duting the p~e'!l!'·gasttula stE.lg~s· 1" t.ha ptesant study 

might be due to the 'irepJr>aasion of its ge"e or due to the presence 

of any spaqifi.¢ 1nh.lbltot. In S:• gaitdneri, the interference of an -
.lA"ibitor, f!'ot th:e low level of AChE: during. the ea,ly developmen•· 

~ ' ' . 

tal stages;, .ha~ -bean .itd.ed out becaus.e addit~on of the _neiwly 

fartJ.llZf,Jd ~ggs to tha aye stage embryos (with a high level of . . 
ACht) did riot Jt&duc;~ ·t.ha enzyme activtty~ (UeJ"sugi & Vamazoe,19~4). 

Such $1tuat1on in eaj'ps is. not kn()wn• However, the appearance and 
. . 

·the sharp i.ncr_eaoe :of the onzyme activity durlng the observed 

st'agas might be ,dt,ta t~· the spsqifie gene $~t1vation fo~ neural 

diffa~antlG~iQn•; 9:t~Ydles o.n ehick (Mc;Gaet .at al 0 1974), mammals. 
. .-..-· . . ; . . 

(Valcana 2! :al,_ 1 ~74) $Ad amphibians (Gindi & Knowland,. 1979) 
. ... . 

have sho\un \hat ACh£ .t;s a marker en~~s for "erv~ and muscle 

. tissue diff49~enttation.: lt~ .~ocs-sase d,uring development is 

connecte.d with the diffarentiatio.n of neuron and neuromuscular 

Junction •. H~stochemlcal studies in asoidlan, Ciona. 1ntestinalts.1 . . ... f d, . I V . . 

showed the locat~()n of ACh~ in th~ p~esumptive muscle cell~ c>f' 

the naurula (VIhittak~li't 197>) ~ Thr;J. p.~esent study ln !JCala carp · 

and ;ohu indi.cate$. that ACht appearance io related with the 

beginning of nf:Jt1i'~l and musculf)r diffe·rant1ation at cellula; leva,l.. 

Th~ J:>s:sponsa o.f' ACh and AChf of scala catp and rohu emb~yo~ 
to the h~gh altitudinal cQnditions was found to be different in 
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tho two carp species•\ Scale cat•p showed almost no affect except 

a little enhancement of ACh£ l~val in developmental stages at· 

higher altitude:) •. Such changes might be compensatory alteration 

as there we.re not much .visible effe~t on the embryos. Rohu 

ambry.o,s showed a s~gnif.icant ra~ponsa to the hig~ altitude from \ = 
gas:~tui;atio~ ·stage onwards. The .levels o't ACti and ACht. are 

altet~d in o.rder to co..;.ordinate a.nd adjust the different physio­

logical or behavioural procas~f of the anim~l under any a.nv iron'!" 

mental ·st-ress (Prosser, 197Jb; Lagerspetz, 1977) •. Therefore, the 

levels of both these compqna.nt$ aerve as sensitive indicators of 

the intensity of physiological streseJ,the animal is undergoing •. 

Hence; the alterations in the ACh and AChE levels in tha rohu 

amb~yoa at higher altitude are indicative of physiolog~cal stress 

which was perhaps not encountered by tha scale carp embryos. This 

supports qur earlier aasump~ion that rohu embryos ware more 

susceptible than scale. carp to higher altitude (Chaptar .. I). 

The alt~urai;ion$ of ACh concentration in the rohu embryos 

at hi.gher altitude 'was first observed onl.y at the neurula. (11) 

E)tageluzhan its level UI~S significantly higher. This was probably 

due to the lata beginning of AChE activity at high altitude (at 

sta~a~1t) and _.also: due to low enzyme acti.v1ty. At the S""'somite 

(stagewio12) stage, the level of AChE returned to its n:ormal level =-
a1ctngwith tlia lavol of ACh. However., in the two. subsequent stages 

(stage.•14 & 15a), tt,ough the ACht activity per embryo was similar 

at bot.h altitud,e:~~· the level of ACh dropped considerably at ths. 

highen• altitude• The specific activity of AChE was significantly 

high at higher altitude in all these stages of rohu embryo. ACh 
\f 

~ynthesis was pathaps below the normal level during this period• 
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Synthasia of ACh requi~es two common matabQ11tea, choline and 

· ,acetyl.~CoA. The lata.l' is a mo~t neu:asaary· compound for enel'gy 

matabQl.ism baing a~ the confluence of tha metabolism of carbohy-. 

· dr~ta,. fat and amino acids and it is connected to TCA cycle • 

. Tnaref.OJ."S, it might' be· possiblE:J that. during the atr~ased' cond1GI!t 

tiona~ the higher alt!tui1a~· Aqatyl•CoA might have been more 

.vigo:rously ;e.d into the TCA cycle to mea~ the ~mmadie)ta. anergy 

demand• rathe~ thQn the synthe'$1s of ACh in rC~hU• This might have 

l'SSUlted ~h . the . fal,lUJ!'9 Of nBUI'~l J.,nt_ag;ation Of phys iolo~ical 

procee~es le~dlng :\Q hi9tl sc~le mc:Urtal~ty of the embryC)s ·in theaa. 

stages of 4avolt)pma_nt at higher altitude. 

Ty~oa.t.no amlnotranoterasa .. (~TAT ~ m•TAT.) activiti.es- 1 
. u· 1~ •. • i • 'a· . · -_- ·• 1 I n·. · · 1 J J' · • . 

The davelopmantal pattarn of cy.to~~asmic; TAT (~;:~1AT) and . 
· · / , r ' . • ~ 1 

mitocho"d:rial tAT (~fAT) tn se.ale carp an.d tohu was observed to 
P.' • ~ 

be quite .differ$n~ •. =c;w.TAT activity was de.tectt;Jd in the mature 

oocyte and ~n a-ll dev~lQpmantal ~tagas stU'dled in the' tuio species • 
• J •• 

In contrast .• m_..TAT aQtivity was do~ected only ffom staga:.11 in 
.· . . 

scale c_arp and etage""-1·2 in rohu. l.n scal.e carp; total Ci!itTAT oqtivity/ 
. ' 

after a slgnlficant decrease at fertilization, did not change during 
' 

the. iatar stages qf development.· .. Howavar., there· was· no Chan~ in 

specific activity of c~TAT even after fertilization •. in rohu, c•TAT 

level gJi'adual,ly decteasad from the oocyte $tage till stags .. a a_nd 

then ohowad s1otit ·anhancemant till hatching. ·m•TAT level was higher 

in scale carp ·t_h~n tohu, and in t;aoi;h case~ the actlvityr(tnc~eased 
• Iin~arly_ ;till hatching •. Subcallulal!' local1-;ation of TAT has b~en 
f'SP~tted in_ the ad-ult catfioh~ .!!•- f.os_ailia (Ratha &,Bhagowati; 

1-980) .and alsQ~ in ~~ala (Litwack at aulJ 1963; t"liller & L.itwack; 

19.69a~b•- 1971) •. It ha$ b$al1 shown 1n .mammalian tissues that the 
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C<ii!TAT and m•TAT differ from each other in their phye~qo•chamical 

cheractarist1¢s (Miller & Litwack, 1969a0 b) and having different 

physiological significance (f"ellman at. al1 1969),. Thus_iit has 
·- ·. \ 

been suggested ·that c"'TAT an~ m~TAT mig!'t ·be two different iso.-

emzymes being controlled by dlfferent regulatory. mechanisms. The 

obso~vE!d ontogenic differences on the activity pattern of c-TAT 

and m•T AT suggestES that ·the regulation of their appearance and 

. lavei of' ths acti.Vity6 are under diffat$nt regul_atory mechanis.ms 

in th$. twt) P.ishes studied. The sequential appearance oP c•TAT and 

mli!'lAT may·be i:nd1C::Eitive of the differential gene regulation• 

Out qbsetvationa on c .. TAT and m.,..T'I\T during the early devel~ . . . ' . ; . . .• ~ . 
opmant- of the two, ca~ps 1s in .$harp contrast to the observations 

earlier r.eported in mamf!1als and in frogs. In mammals c•TAT activity 
• . ~ I, • ' • '' 

wa• t~ported to be absent or negliglblG during the foetal life and 
. . 

reached a.signlf~cantly high_ level within hour~ after birth 

(Sereni et alj. t959J Greeng~rd & Dewey,• 1969). m"'"TAT aq~ivity was 

at a low, ~t.at dq\ectable• level till bi~th and then it slowly 

1ncJI'ea$ed.to reach.the adult level 1" about two days postnatal 
. ,, . 

iif"e (Koller_ !l. a,lt 1 ~69; Hol~ & Olive~, 1971 ~ •. In the toad, 

XenQpus, Qhisa,l.q and Pispa (.1.97~) ~repor#ad that c~ TAT activity was 
. ' ' . . . 

not datectabla_..,til,l· the. neutul~tion st,ge. The .enzyme activity 

which was pr~~e,nt . in a:: Ve~y low level was 'shown to increase 
. . .. . . . . '. . ~ .. -. 

considerably ci.oly $f.ter hat_ching. The present ~eaults on a highly . \ . . ' . '· . . \ . 

detectable level of c•TAT activity and its signific,.nt altaratJons 
. ' . ' 

during the pretoiitha.tching developmental stages migh_t suggest .it_s 

role in tho emb't'Yo.n.ic diff.E;Jrenttation in ·these two fishes •. 
. ' . . . . ' . '·. 

TQtal c~TAT. :!$val was ·maintained; ··in 'general, in a stable· · 
. . . . 

state during the development~.! st.ages studied. However., the ·rail 
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in total activity on fer-tilization could not ba detected When- -·the 

specific activity was consider:~d. This could be due to a. propor• 

tionate deg~radation of c•TAT molecules alongwith the cytoplasmic 

protein loss during fertilization. The appearance of m: .. TAT 

activ-itf in both the specie$ of carp was ob$~rvad af'tet" their 

enhancement qf" mitochondrial proteins at stage~9 •. T"e mitoohondrial 

pzoote'n which was maintainedfalmost at egg lavel~till ataga .. a 
atatted incr~a~ing at, $tagaco!l9 indicating synthesis of ,oew mito• 

chondria. Aft$# this, the ml!\tTAT activity wae cfatectad whi.ch might. 

have come from the. n~wly syntheai~ed mitochondria. 

The$$ diffaranc.ee of the ont,oganlc va,iation of TAT in the 
. ·.·........ . . 

two fishes end .al.4o -.batwsan dJ.ffotent . development stages, might 

treflact a ditPatential need of tyt:osine oxldat1on. TAT has been 

$hown tq be ~ gluconeQganic en~yme and is one of the best studied , 

sn•ymas to unde's~and the mechanism of ~_ne regulation in 

eukEJJ'yoi;~s (Thompson, 1979) • tn .X,e.n~gus,, a sharp increase of. the 

TAT activity has beS.n linked with the sudden increase in its 

substrate,. tyrosine, during development (Ohisalo & Pispa, 1976). 

However, in the·pr$sent study no such substrate correlation could 

be seen with the alt.orations 1-n the en'!yme activity. TAT act;ivit.y 

.is $lso lnvet:s~Jymodulatad ~y glucose level (Ohisalo & Pispa, 

1975) •. lt i$ known that during the. development of fish;. gluqose 

laval of the emb~_yo .shows periQd~c fluctuations (Blaxter;. 191$9) 

and suQh f'luct.uat~_~ns would have, also contributed to the f.luctua• 

tiona. of' TAT ac;tivities in the ca;p embty,os~ 

The ·effec~ of high aititude- on c"'"T/\T and cn-.TAT activity was 

dif.feu:;Gnt in d_iffets·nt $pec1etf· and .also at different stages of -· 

development. m-.T·A't ac~ivity was not detected during the Cleavage 
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st~ges in both the apeciaa and c•TAt aoi;lvity showed no signifi~ 

cant effect C)f hi.gh altitude. In the later stages 'ot development 

in :S• ·catpl_o-ithe specific activ-ity of c.-TAT increased at higher 
' V"-

altituda f.rom tha .stage•12 and total activity at tha p~e.,hatching 

and-:p&lat~hatc=hing s~ageia. Jn "Qhllt ~he tiotal c:•TAT activity 

dec:reasad ftom staga ... 12;whareas the specific activity increased 

at atages..,14 & 15ae In case of. m•TATJthe activity was increased 
I ~ 

in c.· carpio: whereaa it decJ.-eas~d in L. r_ohita at higher altitude. - -
Induction and inhibition of TAT activity with response to 

dit'f'eront envir-onmental sinrasses at d1fft)rent stages of develop•· 

cnant ~ave baefl shown in different animals. TAT activ~ty _is induced 

by different physical and chemicai stresses.ln mammals (Gelehrtar• 

1971 ) • The induction has been shown to be brought about thTough 

the release of giucocorticoid hormones ~hich0 in turn, causes the 

transcription of specific TAT gan~ (GopE~lakrishnan & Thompson, 

1971) • In the lt)wsr \IEn~tebrates• glucorticoid has been suggested 

not to hava .any affect on TAT inductlon (Chan & Cohen• 1964; ... 
F"ellman at. al, 1971; Ohisalo & Pispa, 197.5). Howaver• in the iarval .. -..,.-- .. 

stagets of the f'_~og, ·~hilaut.ua. charrap,a;mJ.ia,e_, TAT activity was · 

indu~ad by hydroccu:tisone with a similar dose of the hormone as 

use~d for m_~mmals: (Ratha !1 ~1~ 1-980) • Ratha and Bhagowati (1981') 
. . 

also observed in .adult scale ca~p that TAT. activity was inhibited 

by a savors hypoxic .stress. Inhibition of TAT activity by any 
. . . ' . . 

stress was not knf)wn in animal$. Therefore,. ·it was sugge$ted that 

the regulation of. TAT gens has been different not only in different 

animal groups but .also during diffel!'ent stages of development .• 

Such phenomena. mi:~,ht~ have been the cause of the different effects 

obl3ervad in the- PJtfisent stud.y.o · · < 
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Ob~~lrV$\1r;ms on the nit:Jtebolitea and enzymes of ammonia . 

matabo.llsrn; neurotransmisaio.o and tytosina oxidation pathways 

iodi~:ate tha~ _the. egg· has accumulated prov-isions- for some 

enzymes,' na~assaJY·. during the early d$Ve'lopment and the produc~ 

tion of oew $nzy·mas star~ a at· dif,ferent stages· of' development 

depend~fig on ~h~ level of differentiation. l.t also gives an_other 

indicatic;m that: th~· ~i)rly cl$aVage stages are comparatively 

independent,, pe'~-~.P$, ~being maintained by the fesatve materials .. ·, 
. ,. : .... - . -~ . . . . ; \ 

in the egg and tt,a ,m.otphogenetl<: movements of t.ha cells naQds .. 
• • -.: !' . 

the syn·th$s.ts :of na_w molacula_s. The high altitude also., ganeiral.ly; 
. ' . . . . 

' . . . 

did not shou, a·ny affect during tha cleavage stages and its effects 
' . . . . 

usre cleaitly seen in tha post.;..gast~ulation stages. It might-be 

that undiff~tent-iated embryo is less susceptible to the envi~on• 

mental· fact~rs: than the d1ffarentiatad stag~s. SimJ.l.ar effects 

ware also seen J.n the s~rvival and chemical changes, as discussed 
I 

in t~e o~rlie~ chaptors. 



GENERAL DISCUSSION 
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The continuation of an animal group with time aAd their 

div~rsi~ication in ap~~~· .papend primarily on their having 

propet adaptations for: succea~ful reproduction and development,{ 

t.~ndet th$ existing erw-ironmantal conditions. The adaptations 

ara brought about th~ough regul.,tions of' different physiological 

and biochemical processes in ·response to the environmental 

chang$t:h T~er rep~oductive Pe:riod ea,d the eaJrly developmental 

stages are most $snsitive to thQ ·J.nt·rineic a.nd axttinsiQ stresses, 

particularly .in oviparous animals •. lo these animals reproduction 
' . 

involves an ac.tJ.v,a .procea$ of accumulation of nutriants in the ' · 
. . ' ~: ' : . . : ~ ~ . . ' 

matu,tng qocyte call.e'd .oogenesis} t'or. th~ early development, and 

the development b.e~n~ external;,_ the ~mbryQa a~e subjeQted to 

onalaugh~s of·envJ:romriental h$zaJds. 
' : . : 

F"ishp. 1e the la~gaat g!foup of' oviparouo aquatic veA:"tebrataa;._ 
' ( . . 

with a vatiatia·~ .of' adaptatiQns to different types of' aquatic 
. . ' ~-

envlltonment.s at. cit·rr$-r.ent· st~gas of' their iiPa. Oiff'$rant speo~e~ 
oP fish J:'@Sp_o:nd dif'te'rently to diffr;Jrent .snv1ronmentai factors• 

d'lpending on t.~oir J:~ng~ of toleran~e and elasticity of adapt$• 

tion. Reproduction a.nd development in fish are regulated by both.. 
. . . 

lntrinsic and e.,tttinsic c~ntl'Ol machanisms. The intrinsic contr,ol 

mechanism incl1,1(fS.t?.:' ,a .ch~in of' bi~c~amical and physiolo~.tcal; · · ' ', ., 
. : ' ... '. ,. .. . 

ptocos$es l·~adir'l.!ll tel, the dapcsi tion of necessary substances. in • ; 

the egg ~uring ~o,g~nesis, catabolism of these substances t.o .meet . 
.. i . ' . . 

.. 
the energy :deman~ cif the embt.yos and to supply precut"sors Pt?,l.', .: ·:'·, ·· 

synthesis qf' netU ~,ol.ec:uleo du,ing emb~yogenf,Jsia .• Studiaa o.o .. :. , . , . 
dif.ferent g•oup:~: ~o~ ;animal$ (Barth, .1!164r Moog, 1965, 1971·:);·: · i · 
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includ1ng sQme spa«;~~e o.f' f'~~h (l.ovat~ 1970} .teve~l that the 

pattern and tate·()f metabolism of biomola$ules vaty l11 

difr'Pe;oent a.tagas of' davalopment. The chorioni¢ membrane of' 
' ' . 

fl$1\ embryo la impetm~able to most of the biomolecules (Blaxter, 

1·969.1• :Th$tafota,, ~he ial:.te~atJ.ona in the concentrations of 

-vatJ.ous blomQlsculas .auch as PI'OteiA1• amino acids.; DNA, RNA; 

C~1!'bohydte~ta ot f'$t giv$ -~ gl:'oss idea about the ut.i;li~atl~n of 

th1doposited aubst~ttc_es_ in the egg ~uring embryogenesis. The 

ohanges J.n the typa 9f m~tabolisrn of' various substQm;es cccut 
· .. ·~ . . 

4ua to the qhanga~ lri ,c:o~tea:pond~ng $11%yme activities. This· has 

been l;'apt>f~~d t"' vati:Qu~ Qli"Ot~pe of liln~mal$ (earth, 19643· MttO!h 

196$,, '1·911) .,r1Clud .. n~ stimo specie~ of fi.uh (Hioh1da & l\lakanot 

1954; Tc;Jrl'1a~ .... · 1·96&#: S"a!(:l:oa &. Whitt,, lp?7). Some enzymes are 

depos.lted in the. Eh$9 J.'n inactiv$ st.ate and some other$ 1n rorm . 

at rno&seng~t ~NA tilcU$Qules fo: thai.-.· ttan$latt.on during early 
• '· • 'cj ; ' 

. syntheaizac;t tcf gtv~ t,ne f-..nct1ona1 entity to the $pacific kinds· 

· of diffaJ."enttatJcj~ lc'~ll~ ·.(Bra,chet, 1974). 
. . - :..: ' ~ . ·:- . i .· . . . 

' . 
. -.. '·; ' . 

The $xt'$vr<lal•facto~s profusely in,l~anca the it1tJ;"ins1c 
:-' 

·contrQ.l msch$rli~ms:•1 .~The vatiatio11s in the erwil"onm~ntal fa~tors .. · 
inflgenc$. \he :.r,ap.io.duction a~. ontogenic development in f'ishi; . 

The optimum .~~ndi~l~~e~ vary in different species (Blaxter, J969i 

HoEUl'o 1.9698' :S&-awQ,. :1J178j Peter & Gl'imp. 1979). ThQ alte.ration$ i,o. . - ... ,. \.- . 
. • -i_ ~ : 

Qnvirof'Ullantai· tactofa beyond the •tolerance level' cause adve*sE;J. 
- ' 

·, eff'act on tl'l:e l'.~i;e ·.of d~veloP.tn.ent a"d sutvivsl. of the embryo., .. 
Tl'laas at's 4ua :tQ·: th_e ·changes ... taking place at cellular and ·S\.i.b~ . ·.: 

- ~ - . . ;. ' . . ·• . . . . ' ·' ~ . .. . . 
:. •; ... · .·· • .. : .· ·. 

cellul·ar levels•;. ~S14eh. s~ydlea on embiyonic ~tagsa of fish are: .. 

llmit~d (Lindroth, :1~94~; HaYG$1. 1949; H~lliday ~- a.l,, 1'964t . · · 
~ . ! . ' 
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'-- ~ .. ' . . - ' 

Ha:-mcnr & Ga~sida'-;" 1975; Ma!'J"• 1966J Blaxter. & Hempel, 1966; M~Yt· 

1'975~,bt Howell, 196.0; Johns & Howall; 1'980; John$ !.t al, 1981) • 

OiffeX"ential J"e~ponse to environmental ·conditions fot 
• ~·.· .l _, r·}<:~--:· -~~ -~ ~~ 

tep~oduetion and devo1opmont of. .various species. of' fish are 

pts$umablY. asaoc).i.ated with tho diffatences in their adaptive 

chatacteri$1;1cs. lt is; thtu·ef.oree· expected t--hat these ditfor~ 

.Gnces· to anv~ronrnental factors may- ·ba reflected in their 

PhY$1ologica1 and ,b.iqchemical process~s •. 

. 
Sqrn~ .spadia$ of' fish show widsr adaptations for raproduc~ 

tion and dav.$iopmant 1 thus eff.J.ciently growing at cliffetent 

envi:tonmental conditions. Howovtn:·, soma other species show vaty 

nal'row adaptatio1'1S to_ live in a iimlted artv·ironmcmt •. S• carpio, 

the common cal'Po l,s a. batter ~daptad $pec1aa which .ie capable 

of ·b'I'Sading and g;owlng both at tropical wal'm water and also in 

colde; .clif!)ateB.1: whsrer;u~(D ~· r.Q,hlt.a,; an Indian major cerpA_breads~ 

an~ gtows only tn the tropical or $Ub•tropical wali'm waters. The 

success of scale C~fi'P .and f'ailul'a of tohu tQ· live in higher 
-:::::-

altitude watet bodies must ba·relat.Qd to their sub•callulat 

regulatory mecharlisme. In the present. study a comparison of the 

response to hypophysetion,. rate of development,. rata of SLiJi"vival 

and soma biochemiqal changes during the early development of' 

scale carP and ]2'chu at both lower and higher altitude was dane., 

The ~eoults indicate that thta normal. pattern of breeding, · 

davEJlopment $nd the bio¢hamica-l change$ during th~ early 

dav~lopmant .of ~a.ch .species war$ fairly specific and dif'ferent 

from the othel' apeciaa. It further revealed that. scale catp wh.ich · 

1s commonty. known as an •eurythetmal species~ is better adapted 
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to ths environmsnt$1 conditions at the high_et altitude than 

~ohtJ•, Rohu ~teedeu:·s• :·emb,yoa. and juveniles showed. a clear 

sueceptibili_ty to the high altitude conditions and correlated 

with -~ _,~lgher ,dintetis~~~ . ~f alterations in various biochemical. 

parameters :$tudied i":the developmental stages. 
. . ::--, . ,: : . · .. ' ·-

Notma.l _patto:rn . of br.aeut~ng _and davelopl\'lef1t. of ~.. carpio. and 
!:.• rohita ·at_ lo,~r alit.itude :under optimal conditions ; 

• . . ~-. . . . . . . . .. • ~ . . •· . . . . l . - • . . 

The irt~~c;od b~:~eding. exp$l,'lments conducted during 1979 c;Jnd 
,· '\ 

1980 showed successP.u.l s,pawning of' both scale carp anr;f rohu upon 
. '. ' : . ; · ... : ' . . 

hypophysation a~ th.e low altituda (Gauhati). However, the tate ot 

f$r\1lizat1.~n and ~av:elopmant ~f~ related to the pr_evailing 

t~mparatute :in ·the •p~nds• Th~ optimum_ tempe~rature ta_nge for .. 
auQcessful btaeding ·and ·developma~t_of scale carp and .,ohu has 

bt:)G.A repotted. to: be 18 to 35°C and 24 to 31°C respectively.- In 

acalo carp, ~hG ·incubation perio·d in 1990 at th$ temperature 

tangs of' 18. S•26°t: tUa$ lower. (sa•~O hrs.) than in 1979 (ao.-aJ 

hrs .• ) at f3. tempe,r~;~tute range of 17~23. S9Q. Incubation period in, 
. . 

rohu, under .a t~rnpet:~ture range of ~5-31. soc wa$ lower (12 .. 14 

hts •. ) in 1:979 than that in 1980 (12.$~14.0$ t1rs.) t;tu"ing which 

period the temperature ranged betwes.n 24-31°C. 8es.1des shorter. · 
' ' . 

incubation period, the rate ot development was also faster in 

rohu than in scale carp (Tab~es"'"6 & 7; rig.). This might be the · 

inherent char~ct_el' of.' this species needing higher water tempera• 

ture during the incubation petiod. It is,, however;. evident that 
. : ; . ~ ~ . ·. . 

the optimum temperature requirement of' the two carps are diff~ 

etent.,, rohu .with a higher and narrow range and scale carp. with .a 

wi«:ter range•: Th~s has resulted i" two breading periods .tn scala 

ca.rp (monsoon & winter) and only. one in rohu (monsoon) • 
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SuJivivsl ~t:tJdles eonduc:ted at. soma atages or development 

(Tables-;2~ ' & 8~ F"1g •. 5) and Pinal yleld of fry of scale ca~p 

and rohu,. atlcswad en ap,p~eo.iable su~ce$s of embryo's deuel.opad 

undef two d1.ff'esrf3nt .. P..?ri~ds o?.~tha ·annual cycle •. Cue to the· . 

high survival· o'f. smb.~y.~s and yqung ottes at Gauhati,. this low 

altitude' was considered as the ncn•mai· environme"t for develop-. 

ment of the two cc,trp~i species studied. 
( 

The d1'-te3;'$rtQe in tha envitonmental conditions and in 

tho J.t-ata qt t;JE!velQpmartt indicated dif'r~rsnt patterns of metE:tbo.o;a. 

l,t.~m of' yol~ . subatanc$$ du,~ng c;intogenesie ot> the two spaeie.a •. 

The quantitativf! analysi$ of" ths wat weight,. watal' content, dry 

mat\GI' content (DMt), protein T{tot.al• $Oiuble, cytoplasnd.c and - . 

mitochondrl.al).,! fi'ae amino acids (F"AA),; DNA and RNA and quallta., 

•ive analys.i$. of F'AA dul'ing the es.1rly development (till hatching) 

,war~ found to ba diVf'erant in the two species •. 

The relativa si~e and total weight of the unfe~tiliiad 

&Qg was la~ga' i:n. sr;a·l~ ,c:arp than in rohu. The level of" water 

was 6a.:s9% in scale carp and 56.9% in rohu ~nd the re$t belgnged 

to OMC- At fe,tilization:t tha water content of the eggs 1nc11'eaeed 

due t.o its .imbibition fo1 swelling the chorionic membrane and 

incrf;la&ing m(:!tabolism (Blaxter1 1969) ., t'llat~r as a metabolic 

i;ndics.tor has ·been ~hown ~n $almot1 (P~naz e.t a.11. 1916). The OMC 

which tndicated the amount of depoa.ited nutrients (Johns & Howell_, 

1980), gradually dscr.~aaed wit.h dev$lopmant. Such decraasa was 

stag~ specific and ,v~J'ied bettwsan scale carp and roh~,, Therefore• 

i'Qductiom $.n DMC chJ.t.\ng tt,(r) dSV$1Qpma~t indicating catabolism of 

tha .yolk substances f'ot maintenance and growth of th$ embi'yo was 
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both spac11as and etege .$pec1tic. The decrease in OMC was higher 

J.n tohu (40.3.~) than in acale carp (:51'.45%).'. This might ba due 

to e cQmpatativ~ly higher catabol1sm of inell"t substances and 

h1gheJI' emu:gy l'equirament of ~ohu ~mbtyos for their faster rata 

of dev~lopment t 

Prote;tn is k.nCJwn to be a majoll" sq~tce of energy for fish· 
. . '·· 

developmant (Hayes1 1~9491 Srrflth, 1·9SSJ Harm~; & GarsJ.det 197?) • 

The yolk p:ot.e.in ia ~egra~ad during the course of development 

tC) Pi'ovidtil ene,,gy and ~aw mater.iala fo:t synthesJ.s of naw proteJ,ns. 

It was obsetved ln t.llo. present study th~t th~ patteJ:n of changes 

·in the total, solubl$ (s-,.) and cytoplasmic (c•) pJrotein were 
:· _)/IJ. ·•. . . • . 

dlfferent 1n ·seals· c$tp ·and rohu·. t:xc;ept for a aignif,icant tiae 

at the~ blaai;ul~tie»n 'O'f!' embrYe»s~ the pJrotein contents (total; a.-
' 

& c•) showed a constant decreaa$.ng trend dur~ng scale cei'P 

dav~lopm$nt. Howovaf;, in tohu, attal' an inltial decrease till 

the motulo $\age;. the total,. e~··· and c•· -protein contents· exhibited 

a steady increase· with deva1Qpm$·nt. The incl'ease in protein 

synthesis during lat.e~ stagea of development and lower amount of 

yolk pro.tein in 'oh~ might .ba tho cause of tho specific pattalj"n 

of .changes. In :sc~la ca~p' probably the neutJ!'al yolk Pll'otetns ara 
. _. .. ·:· . 

much mors than the prcte1na e~ynthesized fresh for which theta was 

a gradual decl'e~se 1n protein content with development. The 

mitochondrial (m~) protein content in both the species incra.asad 

rignt from the ti~E.J of fertilization t111 hatching. HowavaJ!'.f: 

theta was a conspicuous increase in its level in poS.t•gastrtJlatlo_n 

stagos. The PormatiC)n of new mito~hondria with the p.rograss. of 

ontogenic developmen-t and particularly with the comm~ncematit of 



morphogan&t1.c movements, mtgh:t t:,ave ·taken place tt) meet the 
. . , . 

Amino . acids ar~ the t)ui.lding blocks of pr.otein,, There­

for~,. ~hanges in the i'$te of synthesis of protein in the 

da~~lop1ng en\btyo is ::~~~~~ted to altcar the amino acid (F'AA) 

poo.l •. Quantitative analysis of f"AA in the early development· 

o, the twm ca:rp~. ·.rev$aled th~t. the total F'AA generally showed 

an inverse 1rolat.ionehJ.p with the total protein content• Hotitaver, 

in scale catp am:bryqs., the F'llA pool exhibited an increase with 

the increase 1n .Prot~ein content. at blastulation and aiso s~o,wed 
' . . . . I 

a decr.easo, parsll:el to· tho decrease· ·of protein at the E!•ce_l~p 

stage.,. early ga$t:rul~tion and in. the freshly hatched larva. The 

1nc.tease ov fi"AA with· ·:the increase in protein content is sug9.~a• 

t·ive of fre~h $ynthfie,t·s o'f' ~mino E;JC:ld$_., The pat~3ie1 decrease · 
. . . 

ot F'AA tuith.Pf.Ot$ir'l may ·be tiltributod to a hi§h catabolism of 

amino acids ·v9~ .a.ncnr.gy. pt-odu~tion•·. 

. Quall~att"v.~. ~ijalya.is o.f.' rAA · '" the mature a gg ehe»wad i;hat · 

itt\. compQ$l.tto'n '~nd ~t,~la.tive p~_op.or~!on of lnd~vidual amino ·a.cid~ 
varied ._n embryos. C.f the twe sps~iE!e.~; tn scala carp,,. and in rQh:u,.· 

. ' ... 

·th·e numbs' of '~"$ri ,amino t]cida identified ware ,iftaen and tou~ . 

\e~n respec~iv~ly·.: · T'"~ mature oocyte of the late:r specf.es la'ck't):d- -
. ·. . . . .. . . . . . . . . . ·.:- ·,- ~ .): 

in threo.nina .., ~iC.li: was detected iN. st;ale carp., Rohu egg ...... . 

conteinod cystebie $~d cystine in addition to othe~ amino acid~ ·. 

ohs.erved ·in seals carp. the .relative proportion of esae·nti~f and · . =- . ·-
non~esa~ntiai: ~m!no -~cida was found to be 47~.62152.:38 in ·sca1e :. 

: ' i '··~ . • • - . • 

c~rp but. in tohu ~t :Utas · 59.4140.6 •• Such differences in the :egg 
of the two cal'ps rnust .be duo to their dif'ferentiai deposition 
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duf.ing oog~Aef)1s,, posst~ly fo!i the specific requirements during 
: \ . ~-

the c:out~e of sarly .embryog$na~~~ .• a._.alitativa v·~riation in the 

depos.lticm caP. F"AA tta$ b~era reported in other species of f'ish 
~ ~ ' 

(K-fi!ttnamQotthit 1·-958). l·t has been obs$rvad tn the present 

s\udy;: that .\.he .1ndi.v1dual .fAA axhib:i.ted qualitative and quan'l!lo 

t1ta.tiv~ vattations with dev~lopmont, some appearing newly, some 
. : . . . 

tnQtaasing in pr~.Poft,ion0• some decreasinll\1 and some others 
. . e 

remain~ng unch~nl,;)ad J.n _their p~_opt;al"ti.on dttf·ing devslopme~t• t.h~ • 
' . 

individual change_$· ,o~ f." AI\ during dev.elopmente as pointed. o~t t?y . · .. 

Z:eit~un at al (1~?77), :is difficult t~ -expl~in precisely• It may· -

ol!lv. btl spEJCule~aJ '~hat ~he vl)rl.a!;iotls ~ the indiVidual F'AA .. 

during the .early ._development of the two carps,-. as obssrvedt· may.· . . . . 

be a not te$~1t, of th-e~r ·liberation ·t_hrough yolk degradation,· ' 
. :. •\ - ' 

iracorporation . tn~d ntfw p1;'o~ei~s_,, t~~ new a-ynthesis •. c;:onveli'alon 
·.· ':'. .. ;, -~ ' .. 

to other products and their dagradat~on. for enet"gy purpose$•: 
~ : 

P~ot~tn sy"tha.sts ·is. acc;ompitshed th~ugh the gens tic·:· 
. '} . 

1nformat~ons locate~ ln the nucleotide sequence in the DNA · · 
. . ' . . 

molecule •. Amount oP :D.NA pa:r· nucle.us of' a somatic cell of a. g1v-~n. 

spaoles 1~ $:constant •. tn fish, the diploid .DNA content is.known· 

t9 'range between O•B ;~o e.ea pg per cali- and the value range 

betll$en 3.04 to. l.SJ pg in catp (White,. 1·973)• However,. the $Qg 

ONA con.tent of' seal$ _catP and rohu ware- P'ound to oxcead these 

values by aeve!''al thousand times. Such high ONA values have been 

al$o repottt1d: in eggs of' echinodel'ms (Tyler..; 1967).1, amphibians 

(.Denis,,; t974). and· al$o in some fishes (Neyf'akh & Abramova •. 1974) • 

tn_echinodelr'TliS 9nd amphibiana, tha high DNA content in tha egg 

haa_baen shown tt» be due to amplif'icatior, or spaoific genes and 

chtomQsomes, and a heavy deposition of mitochondria during 
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The amount qf DNA in t.ne developing embJ'yo was found to 

increase only by i)aat·tulation · in scale carp and at the late 

morula stage ~n tohu.: Even ~hough the number or cells and the 
. . . . ' 

nt.$cle1 stcurtad increasing from the Pitot cleavage staget: 

involving syntha$is oi' nuclear DNA, the ql,fantity of. l)NA did not 

increase p;~poJ:\it.matalyjprobably due to the m_inute increase of 

tho nucleal' OrJA· in co~PaJ'.S.soll to total O~JA. Also., there might 

be some ~mount of' dagJ:'adation of' the cytoplasmic ONA during the 

aa1'1y deVQlopmental ~tages. The l"ise of DNA in the above mentioned 

stages and its qu1c.k increase with development might be due to 

complete Hgtadation of ·the deposited DNA resulting in the 

dominance of the nuclear 01\JA of the fast growing cells of' the 

embryo~ The l.ate riSJEi of DNA content.in scale carp embryo than 
--- . 

in tohu might be due:,to greater synthesis and slower rate of' 

degradation of DNA in scale .carp.· D~dA as an anergy source has 

bG:Jer.t also tapo~ted ins. ga..,tdneri (Zeitoun !l.al, 19??}~ 

Similar ~o J)~~A 0 tho unfertilized egg of scale carp and 
. ' ~ . 

·rohu wero found to: contain a large amount of RNA. This rese.-ve 

RNA was perhaps ac¢umulated duting oogenesis. A large amount ~f. 
• 1 • 

mANA molecules ate known i;o b~ deposited in the egg which remains· 

in masked condition till feli"tilization and starts translating the 

toquired protei.ns in early etagQs or· d~velopmont. The high egg 

RNA ,values and itfl ·.~epo~ition during oogeneois have been shown 

in other animals (Ty.ler, 1967; Paul,, 1974b)• The tUJA content of 

·the scale carp ~mbt.yos incl!'eased on1y at naul'ulation and in rohu 
. . - . - ., 

at the lat$ motvla .stagt!. of the embryo. RNA is the organizer of' . 

protein synthesis. The~afore 0 .. ~t may be assumed that the protein 

synthesis in tha earlier $tag~s of' development took ,place ~ith 

the help of' the accumulated Rti!As in the egg •. The new RNA 
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synthesis started significantly during the later stages when 

~ha egg Rf~A QOt degraded and new pJ"otsin synthesis was necessary 

fqr mo,phoganetic mQvoments and dif>fa.-entiation. The ArJA 

synth~sis 1 . if a~ all was there, might ba at a vary lqw key 

during aarly developm~ntt,tl stages. Lack of new protein synthesis 

duri~~-~arly devalopm~~~~i stages has been shown in other 

animal-s (.Tyler, 1 ~67# O.enis., 1·9?4J B$llantin.e !!.."~ 1979). The 

eaf1Y tiso of RNA co.,tent in· rohu embryo indicated a!'l earlier. 
,. 

beginning of the pro~ein synthesis,. which c:orrslatad wall with 

the a~urliet tise ln the. protein cpntant in this a.paciaa~ 

. : Catabolism _o_f protein, and n~claic at:ids release ammonJ..a 

as a by~product. _Ammenia is extremely toxic and cannot be 

rotained byond a a:;ertai·n le.vel . .ln the. cell~. it was . obsa~ved in· · 

tha p;asent $~udy· tha,t t"e t.Jnt'$rt11ized EJgg of scale carp E)nd . 

tohu contained .a s1g~if1can:t amoun~ of ammon1a4l The level 
I.', : 

' . . . 
1ncrG$StJd tn tha :emb.tYQ with _develqpmant and at the pr(l-hatch1ng 

~tage @ QOn¢entl'a,tion ·was .hJ.ghaJ: o~ · naa, the values in ~heir 
adt.1li; tis~uea. Slmiler bigh accumulation of' ammonia has been 

4):1-so rapolt't;e.d in .$almon (Rica & Stokes;. 1-973 }. It has been shown· 

th~.to oggs and smb'tyoa: ,of' salmQn ar.~ more tesistant to ammonia : 
~ . ' . ; 

.tc>xicity than theiJi~adults. The high· concentration o.f endogenous 

ammt)nia in ca~p embryo might indicate their better resistance 

. capacity to ammon~a ·toxicity than adults. The functional $.lgni.oa 
' 

ficanco of tha accumulation of ammonia might be for recycling. 

of nit~ogan in ifhe: amb~yo bacaus~ of t.he J.mpormaable natu~s of' : 

the egg· .inembran$ to $m1no acids and. ,nucleotide$ (Blaxtert 1?69J 

Neyfakh & Abramova,· -1·974). The overall accumulation of ammonia 

.was found to b$ higher in scale carp tha,n in rohu~ This was 
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pa~allel to the highe~.rate·of' catabolism ~f prQteiA in the 

f'o~mei' specJ.~·s ~ lt was ftt~ther . obse~yed that though.,. in general; 

tf;'le ammonia level .of emt)ryos .. inctaased with development, but at 

c;e•ta1n stl)ges' of· deve~oprpent, ·it decreased or remained c;onstant, 

in :cornpa~ison~ tq t;he~r t~~~diate previous stages of development. 

Such .fluctu.atiQns may; be asso.ciated with its diff'(Jreu1tial rate 

of' p~oductio.rh it.s comfe:Jr$ion to othe.t products and d~if"f'usion 

out. o.f :the amb:n'O•· 

Stu.d!oa. on sf)me enzymes :as$Ociated with ammonia metabolism 

(gt>H; PDQ, QS, $nd arglnasa) shoW$·4 dif'f'erant patteJ:ns •. soma of 

the. f)nzymas suQh ·as. arg,inas~ and GS iA both t.ha specias and PDG 

in scale carp. mare present. ·in all st~gas including unfertili~ed 
' ' ' 

egg, GOH appeaJ:"ed only afte.·r fet.t11J.zatiof1. and POG activity· in · . 

tohu appeared l;)nly at ·neu,~latio~.atags. Thesa on%yme activities . . . ' 

whlch Ul$re pt-csent ·in ~·ha '*99 or .. appf.lafed after fertilization· 

were ~elatlvely mai,ntai,o,ed during the cleavag$ stages and ahomacf 
. . '- . ' . 

the enhanc~ment' of th$:1·1'. ~ctlvity in some stages afte!' the mor• 
. . : . . .. ' . ' . 

:\ ' 

activtt.y dscreased at pa1!'ticular ~tagss •. The accumulation of' some 

EH12:yln~:S in :act~~(l .state ·a·nd ~some· 1n inactive stage during 

oogenesis hll~ tnf'en kno~n (arachat; 1.974) .•. Soma of thE) inactive 
., ..... 1 

enzyme molecules ge.t activated at fe~t111.zatlon to meat the need 

of these enzymee. at the earliest deVel.opsBontal stages. GDH might 
' . . .. 

have activated in the· same · .UISY ~ Be$ ides:; many masked mRNAs· .of' 
_; .· ' . . . . . . 

the. egg also :$.\iuri :tt.anelating. diffa~:ent proteins during t.he 

· · aariy ·atagea· of· d~.v:.~:~.opmant, · contributing to the appea~tanc.a . 

of' soma: Em~yme~ a~· :th~$e stages. when ~ynthesis of' RNA has bean 
; "I • ' ' ' . ' • • • • 

suspsctad. H.s.n.e~·,, .due to gradual ltae.s .,, these mate~nally 

deposited enzymes, tho lavei of ~ctivity was maintained tor: • : 



.. , 
soma1;.1me followed by a decrease; due to lack of" synthesis of 

new molec.ulss. Howavat·•· some enzymes which were not deposited 

in ·the egg or the1:r activity was not necessary. in a pai'ticulal' 

species in the early stages of' develQpment,, appeared only atja 

la\ar :~~age,. possibly ·due ::to the expression of tha embryonic 

g$ne at that particular stage of' development. This might have 

also happened for tho prs•axistiog enzymes to boost the.ir 

activity to a hightn.· levsl from a particular stage. S.1mi1ar 

observations have beQn reported by Shi)klea a.nd Whitt (19?7) 

Pot tho enzymes of .a.ome other metabolic pathways during the 

development .of aunfisfh The activat~on or repression of enzyme 

activity hae bean studied as models f.oJr gene activation and .. 

repi'ession $n different animala ·both in adults and embryos 

(Oavld9ont, 1976; Sq~ndalios,, 1·979). 

The fluctuations in the endogenous ammoAia and urea 

levels dut.ing the development of the scale c~rp and rohu amb~y·o 

and l~ck of a definite co~reia~ion with the corresponding 

en~yme activ,,f.,~ie$ failc'to make any specific concluaion about 

ammo,nia metat,~11sm pattern in tho two species. Howeye~, species 

~psc;"ific va1ria~ior-.s in the en~yme activities and tt:h~. conce·ntrawit 

tion of the metabolites have been clea~ly shown l.n the present 

study.. '-- . 

tunctional differentiation d~ring development has been 

coupled with d.lf'ferentiation of spec$fic an2tymas. AChE is one 

ot' $uch enzymes as~ociated w.tth the f'unctipn~~ differentiation 

o, nerve and rnuscla cells (Srechet• 19?4). In the pres.l)nt study,, 

ACht actJ.vit;y in· the embry9 was detected at the onset of' gaattu­

l~t.lon in both the .$pec1.es ,. This i$ similar to earlier. report in 
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Xenop_ua $hewing a hi~h induction of the enzyme activity at 

gaa\tulation (Athe.rton .& L.ee., 1975). Although it is difficult 

to·::·S>eplairi a. dat'in1t9, :.ft.tnotiona_l. significance· of tha appearance 

ot AChE at gasttau1$tlon, it is true that during this stage tha 

mOJphoganatic; mov~mants st.art datel'mining the map of final 
. ·' . 

d~ff't)rentiat.ion •. tstirnationa ,or .ACh .ravaalad its simultaneous 

ri$~ with Aqh( at gatii;rulat.ion •. It qan be suggested that perhaps 

at this t:JtaQIJ1 ~he J~¢h $ynthesia is also occurred at a latg$ 

scalej pHbabiy ,-as a'i't inducing· ,factor ·f"o.r ACh£ gene. The sub .. 

str£!te ind~ction ·of' :e!nzytBe activity- has been known. in enzyme 

tegulations .•. In the· ·:subsequent' stages;; the activity .of ACht 

inQt~ased with neur~J and muscular dlfferentiation •. This was 

almqst · parallel 'i_n t)o;th spec.ies indicating a species no~ 

specific and ditsctly · diff'etentiat.iQn raiatad gerae act.ivation. 

_Studies o·n .the developmental pattern of TAT, the ~at·e 

limit~ng enzym'l of' ty·~oaina oxidatio'}(showed that the en~yma 

was preson~ .$..n ~he ¢Y;toplasmic fraction (c•TAT) in all dava~p .. 

ma.-.tal sta'ges i,nclu'cUng mature oocyteA_studied in sc~le carP_ a~~ 

t-o.,u •. In the mitQc;hondrial fJaction,:. TAT ac;tivity (m-.TAT) was 

·d$iected only at nauJrulation in scaie catp and at B•sQ!nite;.~ 

stags in tohu followed ·bY a significant irtcrease till hatching.· 

Ho\IJSvar, th~ .appaa~ance of m•TAT was cori'eiatad with the 

sigl11ficant inot~aas in the em.btyonic;, mito¢hondrial pro.tein . . ' . . . 

level J.ndit;atJ.n~that- this en~yme miQht be produced by a mito""' 

ch~ndrial. gene a.11d was ac~ivatod when new mitochondria ware 
' . 

synthesi~ed in thE~ :~mbryo. The diff'erence~ in the ontogenic 

pat.te.-n of c..-TAT ~nd m .. TAT :Sugg$sted .that they ~l'e two 1~oanzymes 

qf TAT and have· dit'fetont regulatory mechanisms~ The devalopment~l 



pattern of ~!liiTAT and m~TAT in scale carp and rohu were also 

found to be·' different from those of memmals where activities 

of both the isoanzymes tema.lrtad low and without any significant 

alteration till birth (Se~oni !!, alt 19598 Kolar !!. .. S\1., 1969J 

·Holt. 4, Q,.ive.-., 1971) ., lh~. 4if"f~.rence in the davelopmantal patt~'" ·. . . ~ . .. : -. . : : -r 
of c"'TAT $net m•TAT in scale ca,p and ,ohu part~cularly the late 

~ppo:atanc$ qt ~TAT i.n the 1·a~er apeacies.,, may suggest a different 

way of ,.egul4ltion :ot the. ·two ,J.$oenzymas in th$ two C$rP species. 

Tha d~volopmantal pattern o.f" all enzymes or the pre$ent 

a~udy was· found to ~how soma ctiffaJ:"ences with the changes .in 

gen~'al Pfoi;eln .lovels~. Tba cttanges in general proteins and the 

anzym" actJ.vitltt$\ wei's very prominent ~t fertilization of b'oth 

the carp$. Tha Pt()t.oin content was drastically reduced on fart1•· 

lization where$a' rno$t of' t"e enaytloa activities were either not 

affected or 1ncteaaod •. Similar contradictory changes in total 

pirotein ~nd' en~yme f!Ctivities UIEUl'Ea: al$o observ~d in other stages 
. . . . 

of deYalopment •. These differences m~y· ba due to the independent 

regulation ·of> th,s e'n~ymas for spar;if.ie physiological tunctiorts1 

independant of the g•ne'ral protein turnovr:n.• •. 

Therefore.•: the morphalogieai and biochemical changes 

dturlng the dEnfelopmantal $tagas of thf) tu.b carps were mostly 

species specific .•. 8Qsld$s,. thai~· adaptive capabilities also were 

different, .possibly• due to their d~ff'el'ence 1n genetically ·· · 

conttolled bioch~mical .r,egula·ttons .• , : 

··.· 

Analysis of ph,ysico.~chemical factors· J.n identically 



manag~d fish pcu1d~ at ·Gauhati (100 m ASL) and at a moderately 

higher altitude (1500· .. ~ ASL) at Shilldng teveale.d that tempera• 

tur:a · a'nd pH_, in· genel:'at;··. ulera lower- and fre~ co 2 was higher Q;!t_ 
the ~ighet altitude•- Oissoived oxygen content did. not shoui much 

difference between ths tuio altitudes., The low water temperature 

at h.._gher altitude was the result of lqw atmospheric temperature 

which is th(J g$netsi · characte.t of the higher altitude. The low 

pH of' pond ·mate~ at higher altitude was dua to inflow of' acidic · 

mat.er ftom a· attearn to ··the exp$r1m~n\al pond to maintain the 

water l~val·. The .ac;i"dic; nature of' the stream water might b~ dua 
. . - . 1.1" 

tl) the· general acidic natute of the soil and fal.llling of' pine 
/ - '-""· ' 

,needles which. are ~;nown to be acldic in natura •. The high co2 
contr)nt c:Jf ·s·hillong wat;(3r was attfib~ted to an independent .. or 

. . ' ' . . . . . . . 
. . 

coJtibinE!d affect ()f' ·ldw ·E;tlgal. :prcu:iuct.J;on; highat rainf'all C)t 
. . . . . . ' ; . -: '·· 

h.$.ghe1r ptQductiQn l)f '¢o2_ at ~ow pH~t; .· .. 
. . ' . . _. 

Attempts. 'to. b;E:lE.i~ tahu at Shill.ong ·was not successful 

because none. or ttl's tltead$rs brQu9ht · from the Gauhati survived.· • 
'. :! . ' . . . 

. . . . . ' . ~ . 

HoW$ver, .. wh~:J~ tt.~ed: ~at ~· cqmpa;ratively lower altitude ~t Mawpun:' ·. 

(1000m. ASL), ther·~ :w~~. soma s·&.~c;ce$s• ·All breeders sur.vived c,nly. 
. •,' ·" \ . ; .. : 

on~a .._, 1979., Ho;weve~ .• ~h~· fl'~m~l$ breeders brought from Gauhati · 
' '! :: ' • 

v·ailsd to a&.~rV.iv,e ... n :all ot~er attempt$. In contras~ to rC)hu,. 

the seal~ carP bre~d&J!'S ~rought f'tom 14a~11eti under identical 
. ·, • . • I • " 

oondJ.,tions f)f" transport.!;lti~n,, ~urvivfid even at Shillong• Thus, 

it was a.v,ident .that. the capaqity to adapt to higher altitude 
, I . , . 

wEJ\et was pre_e~:nt i_n aem~e earp. bl'~6lders a.nd was lacking in 

1-onu• Ttis ~~~cqp\.U~ility ·or tohu b~;~d~ts in~t9$aed with 

incr$a~s in altil~ds~ the tolef~nc$ c~pacity to withstand the 
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high altitud& st~ess was leas in the females. Tha weakness of 
-

ths females a.nd their phyid.¢a1 exhaustion due ~o large energy 

axpenditu~;o iii maturation ·of' eggs have be~n reported to make 
~ . 

the female bteed$rs highly .sansitivc:t (Love, 1970). 

· ~The taeponae tQ · hypophysation, rata of' fertilitation• 

}J'at,~. of' development and survlva1 ot both scala carp and rohu 

·wata found to be dif'fen:·ent from the normal pattern at higher 

altitude. The i-ntensity of such affect was more profound in 

l'ohu than tn "scale carPt· th~ugh the f'ormer was bred at about. 

$00 m below the h!gh altitude laval f'or scele carp (1500 m ASL). 

T~e spawning of' the two cai'PS at hi.gher altitude was generally 

pattial exc;9pt ·for· e3nce in scale cal'P in 1·979 •. This might be 

due to the exis.t.tng 1()WGJr tempsratuJ:e of the water which was 

oi~har bslow tnt "aat tho low~r limit of the optimal range. The 

'oqtd.rsment of opt.imum temperature f'or successful spawning by 

hypophysation ·has b.aan stres'sad by sav$ral workers (Alikunhi 

!!,.aJ.;. 19641 Anonymous" 1967; Chaudhuri•· 1,9.76). Beside~ 

spawning; the rate Clf f'artilization and development of the two 

c.atps a~ higher altitude wel'e also ,low. This might be the 

c:cmblned ef',eci;. of lo.w w"tet- temperature and low pH at higher 

altitude• It has. 'been shown that low pH impat-is the fertilize-., 

tion of fish egg (Saha at a,lJ; t957# ~ralg & Baksi, 1977). 

Blaxter (1969) t1as taportsd that low tampeu;-atura and .lo.w pH 

retards the rate -of development in fish embryo. Therefore• the 
I 

advel:'se 1;1ff'act of hi~ altitude on the two carps must be the 

cumulative. effect. of' more than ona factor which were different 

at high~r altitud~J. 
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): Surv.lva.l ·~f' b,oth .scal(l. carp and rohu werQ considerably 

lowar at higt\~11' alt..,tudE;h • The e~fect was .more pronounced i, 

rhhu Partic:ulariy dutlru;;f the ·later s~agas of' development 

' ·. including the pl'qdt,~ction ;of' hatchlinga. and f'tys. Susceptibility 

of ·e.mb.ryos ·t~ high ~l:tit.ude! conditions in both the carps was 

$taga 'specific.J .ln :scale· ca~p., l'l)ortality of' embryo started only 

fJ"pm th,e .$tag~ with tha :~ns~~ -"of blood circulation:, whereas all · 
'I . .. ' 

stages o~ dave;J;opmont': in. :rohu~\l{Ste. vulnerable to higher altitude. · 
. . . 

. However., maximum. mo~ta11ty occul'red at .naull'ulatio.n and before .. 

hatchi.ng ln ·i'Qhu.: :Oiff'erence i~ t.ha. to.ler~nce capacity of 
( · .. 

amb;yos to envl~onmsntal stress has beE!n reported in various · 

·speci~$ of f-iah: ·(~Qtt:wald; 19651 Comba1. 1965J Peterson !l .a.l,~ 
1911; al"Ook~ & .Ccla.v .• ;. 1 980) '• taon-sv~ilab111 ty · of an C)ptimum 

tompe~a~ure a~d. :pH ~--e pJ>ob~bly th:e obvious leading conditior:ts 

f~r rtiol't~;~l.f.ty •· :l:n $.c;ml.a c;arp, during a partJ.culaJ;" breocling in 

1979 at Shillo~g, .. :~,be. highet' moJ>~ality of' embryos occur,ed due 
, I . . . . ~ 

to the att-ack ~f.~ s·~:~J:olagnia.. which is known to causa. cata$.tro• . 
' \ ·:._. . 

ph~c infoc;i;i()n :i'n ·'titih em~t-yos (Bauer ·!i. al,, 1973). Low tempera .. 

tur$ and low, p!i'1_~13 .'o.bserved ~t higher altitude jars 1;\hown to 
. " . . . ~ ' .· . : . . . . . . . . 

favour t~a gr~~h .. ;G.f .thi~ f'·ungi (Sua&,al<11 1.9?6) •. ln g~nara11 seale 

carp ha.d l~sscir:'~~blems than ~o.hu a,t higher altitude. ~n ~ohu, 
• • • • ~ '·; ' •• : ' • ~ •• • ' ·: l • • ' ., • ' 

. <..: •I ., •'' 

the rate ()f st!r\(J.v.~.l: .shouiad a cleal:'"!!tCUt relationship with wat.~r . 
.... '·:. :· •! . . 
. . .. 'i . ~ 

tempera.tt.l~e w4tt\ :\~ia embryos .showing ~etter aurv ivai at or al;)ove 

24°C. tt is k.n:o,w" ·~h~t a drastic change in anvironmenta.l cond1•. 

tio.n deprives th~· :o,·ganiam ·f>~om compansatiog $0 efficiently it~s 
'< 

mataboll$m, and ·th1,;1~ become~ dreadful fe>r st.trv.iv al (Braum, 197BJ · 

Srnit, 1980) • Ttu.as;~ :during the,t dSV$1Qpmant of rohu;. a sudeten 

1-eductio,n of wat.a, temperatute t':rom ~~°C tC) 1'5°C had been found 

tQ ktll virtually all the embryos at pre-hatching stage at higher altitude. 



194 

sutvlva.t studies of yqung I'Qhu at highel' .altitude 

showed ·that 1'• and 2fiir montl) old juveniles failed to adapt at 

Sh11long wate-t ·and ,.,. month old l'ohu showed bette~r (60%) 

au~vivsl .. ThJ.a J.ndicetes a gradual development ·or adaptiv~ 

capacity in ,ohu with. increasing age .• Higher susceptibil-ity 

of your\gor fl$hee- to;$ttes$ than their adults haa been reported 

in somo species (Caitns. & Sc:;heir.1. 19588 Smith & Oseidt, 1974) .. 
' ' ~ . .. . t 

The Qhaogas1. ~b~:~ryed ln the t:t\!te of development and 

surviv~l of scale .ca~p a_nd rohu at higher altit~;~de •. may be 

reflected at· bioch~mt~ai and .phyeic:>logical levels . .- The present 

study o" tht;i :biochemical .components-during the eaJ!'iy development 

of the seal~- .;~at,p and fOhu revealed ·~evet'al variatiQns from the .. 

normal pattE):rn e~ highe~ ,al~lt.ude• fha magnitude of such change~ . - = 
were mo~e in those st.age$ which ·ehouiad a h£.,gh~r ~ate of morta~ . _ . . . . . . . . . . . . . . . . . 

. ' . ' 
·. : :: :: l' . -~ ' ~- . ' ' 
.•. : : \- -~ t : ~ ' ;_ '. • 

Tho 'iow ;~a.1;~~: ,,content a.nd DMC. of the embryos at high.er _., : 
' ,, • .- r . 'l"- . . ~ ' . ' . ~ . . ' ~. . 

altitude wet,) J:~aJ.·c'~i.ive of a. iow i'ata or matabolism and a·._;J;o_~·' ·~. 
tats ot conV:~~~l~Q'~;·~~f ·Y.Olk aub$t.a~c~$~ This was refl$cted :b_.{·:~ :::: 

low rate .of daJei,~p~ent ~f embryo$. :o:; scale carp at hl9her : i /_:_ :.: •-- · 

- altltuda• I~ ·,o;n.J,\}$~ neurulation $~~ pr~"i"hatching stageatt~h~·-
. ; ·:· • -:· J r ·) •. ·.. . 

embtyos s.howod ·~; ;.s;ud_de-n -ti.s$ · i.n water content and a simultanEjou~. 

fall in OMC.•· ThJ.~-·~ig.ht be suggest iva or sudden acceleration ':J.n . 
·' . . .. . ·. : "· 

degtadat.lon. o; .:.a.:~.~~~ 'substances f'or eno~gy production wlth.out' )·.· .•. 
• ' ' , ~ ·; : ?. : _. •: ·. I ,_ . • • . 

any consf.detable: :~n.c~eae~ in the ;ate of synthesis. Aa a r~st.ttt. ·· 
_; . ) ·l ;·_ . ~ . . ~ : . i . . . ' . 

more wat~r was ·pJ:>ob~bly imbibed f"f~m outside to avoid .a stn~J.n• , -: .. 
. ·..... ~ . . . . . 

kage in the $gg.: _'th~ :rise in water and decline in or4C at nauru• 

lation and pra'"'l'ha~ching etag$ of l'Ohl.l indicated a phyaiolo~~,'cai.: 
at~eas ·which· mf.ght. have resulted into the h.ighar mortality du~ing 

these .sta•gef3'. · 



Studies c;)n the Pl"Qtein cQntent$ showad no appreciable 

aiteratiqn$ in scalo C:ajp embryos• The changes ln rohu embrYo$ 

at the higher $ltit.ud$ was mota significant• lhe total, a•, c-. 

and m~ proteJ.n exhiblted a 1oUI9r lov.el than normal from 

neutulat1on onwazodfi!• tn scalo qat'Pt· tn<!isprotain &lhowad no 

alt'~~a.i;~on at highs~ :;,~-~~~udEh This may be suggestive of a 

mo's physiological v~lnerabllity or the rohu embryos than that 

of .$cala cai'P•: the lQ.wating of p~t;ein qontants of embryos or 

the two carps may -b~ .attributed to a ·higher :~rat$ of degradation 

of. .yolk p,o·tein and/or a concurrent lower rate of synthesis of 

new pr-oteins undel\' the effect. of higher altitude. This has been 

a"'pportad b·y the findings on F"AA and_ RNA content of the embryos • 

.. 
The l(:JveJ. of rAA ia ~nown to be a sensitive indicator for 

as$$Gstng phy,si9,1ogJ.ca1 atl'atil:!l .tn fish (Athel'ton & Aitken, 19?08,. 

Knapp c1l Wi$P~r,t, 1'9SQ)'. Thotefote, the obaerv~d fluctuation$ in 

F'IM level might indit:.ate a phye.dological diaordel' of the carp 

·ernbryos~dsveloped at h~gher altitude~, D~J"ing these stages eit-her 

·F'AA might t.avo bean catabolized e)(te_l'l~iv.aly to meet the high 

em).-gy dom$nd of the embryos OJZ> protein synthesis might h~va 

been inhib,ted •. Studies on individual r~A also showed that the it 

1r~i.~tive propor'tion in the rAA pool was cons~datably changed at . 

some develop.mantal stages at the higher altitude. All these 

indicated that tha- norm~l i'at~ of yolk degradatior'\1 $ynthasis 

of n£Jw proteins and amino acids,,: and cataboli$m of trAA were 

different at higher altitut1e• 
' ' '; 

The lavel of ·RmA became signif'icantly lower during the 

later stages ·of devoi.opmant in both the species at higher 

1:1ltitude•; The laval of' RNA indicates the rate oP protein 
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ay,n~h~~·~~ ·and gJrolllth ·(~ui~wt · 1970f Hains, 1980) .• Thetoef>oJre.t.. 

th~ low level of RNA in the diff~rent1at1ng embryos could be 

lntesrp~ete~·aa th~il': low-l:'~ta ·ot protein synthesit\·and. growth· 

1n the two :~peci,.e$ .at higher altitude. SesicJes R-NA~ DNA content 

has .al$o b~en known. t,o be an l.nde)(. of· growth rate (Bulow, 19701. 

Hain$ 0. 1980) ~ ON~\ cqntent al.$0. became· s1grd.f1cantly lower at 

the $tages-neapr hatching in both the species at higher 

altitude~ Tnis might have teEu,alted due to less number of> calls 

1nd1cating·slow gt13Ulth of the two carps at h1gheraltitude. In 

s. gaitdnari1. Zeitoun at a.l (1977) reported ~ large ·decline of. .... . . •· .......... 
DNA .content duting early development which they explained to 

be due to its oat.~bolism to lnat;Jt the enel'gy demand of embryos. ,, 

Catabolism of DNA fo:; procull'etnsnt .of energy. might have been one 

of the taaaons fo:- the decline in DNA level in the embryos at 

th$ higha,l' al.tit~tt~. H()waV9JI':1. ·this eonclusion look to ba little 

fa·t fetched., 

The ·changes. in th$ PfOteln and F'AA content i11 the 

emt:t·ryos at highEUi· altitude have indicated a possible alteration 

.in the annnonia ¢~etabolism. t:·stimations of' ·ammoni~ and urea 

concenttation$ J.n $cale carp and tohu embryos rav.ealed that the 

f:lndc»ganous laval of' ~mm~nia changed at certaln stages of 

development. wha,~as Ul'ea showed no significant variation ftom 

t.hsir raapectivo no,mal iavel$ a~ lowat altitud$• tn ;ohu, tha 

1'~c:el.l stage and Eill stages t~m neurulation till pra-..hatching 

contained significantly highal:' level. of ~mmorliia. Scale carp 

showed bett!!ir tol.~i'ance to fluctuations in·tha concentration or ' . - ... 

ammonia during the developmental stages and survived wail, evan 

·with abot.~t ' times highel:' concentrations of: ammo11ia than .-ohu. 



The altaretione in -ammonia lavsl showed a cloae relationship 

with the c;hangaa in prote.in and F'AA content of> the embryos at 

higher altitude and t:O: some extent with the variations in the 

$Ctivity e»f' ammo·nJ;a metabolising enzym.es studied• 

Activ.ity of ammonia matabolising enzymes studied (GDH, 

PDG, GS and .aJ:ginaso) showe.d different ef.f'ects at higher 

altitude. Tht;J, activities .of .soma enzymes increased or decreased.( 

a~ soma stages of dQvelopmantt:and the appearanee ot induction 

qf so~e en~yme a·cti-vitios w_te ·either :postponed or preponed at 
hj;gher altitude• Ko~ver,. the variations in general,. were mora · 

. ('-: ' 

pro·no.unced dutl~g \he- post•gastrulation stages t.han the 
! 

c~~$lr~ge stageQ;·· 
,. 

Th$ eff'eqt of higher altitude on the ontogeny of ACh· and 

AChE was also sp.ec;.ias specific. Scala carp did not show much· 

·Vel'iationa ,at ·f\t.gha~ ·altitude wheJreas· in r·ahu the high altitude 

'effect was pr:ominent during the lat$r stages of dsvelopment. The 

appa(lra,.ce of AChE activity also got .delayed from stage~9 to 
$ta.gs~1l in fOhu indicat~ng the deiay in functional difPerantia• 

tion of neural and muac;ular tissues • In c-.T AT and m-T AT actlv lt!!t . 

ties •. there was no alteratiO·n in the appe$tenqe of' ~tle· ·enzyme at 

higher altitud~•: HC)U~Sver;. da.uring ttle later stages of development 

clii!ITAT ·activity lncfeas.ad in scale QeJ;"p and m~TAT activitie$ 

decreased in rohu at highs~ altitl.lde. 

One basic; information/which seems apparent f.~om th·e 

~bservatlons stated .t.n the f.o.regoing chaptersjthat during the 

ontogenic development of carp~ studied., the early stages of 

development, c;tominat.ad by fast tate ·or cell multiplication,, is 
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lesa sensitive ;f;t.J_ envii'Qrtment.al fluctuat-ions than the later· 

stages of' developnuJnt• dominated ·by dif.fere~tiatio" andRHU LIBRAR'! 
· ·• · · .: cc No ,1( 

motphogenesis. This c'ould be possibly due to the fact · ~::,..·b~Y:._......-fM~""' 

b.asides supplying e"~'gy; the deposited yolk Ln the egg.~~-:~---:zM"'L'H'W: 
~~~-.............._ .... _....__..,..~,,. .. -..: ~ 

containa -nacassal'y pta cursors ~nd ·enzymes for complet·i~~~:~~.:__:::::_. , -·· ··- · 
En+.e~ .. >··,. . 

cleavege1• an~g'due to less number of cells and their aim~~~----'~.·-·: · __ :_~- . 

organization,. the ga~eous 'Sxchaoge and metabolic waste · 

diffusion take plac·e ef'ficiently ~· However, morphogef'\etic 

movements stt;u:ted fl"On'J ga~trulatJ.on f'Ollowad by d~fferentiation 

andotganogene$is in~olvlng f;JXPraasiQn of several ·ganef,) and 

activation of' pi'otain synthetic mechanism. These ptocossas need 

a large amount o, -~n;~gy· f"o1: whiCh· the mataboiism might have 

bean grsatly acqeler~ted ·n~~dlng mor~ gaseous exchange and 

-dieposa~ or rnatab~lic .tpas-~ea• The. situ"tion !!3. vivo becomes 
• ! ' ' . ' • 

ao c;omplic;ai;E:Jd that 1:>Jle int~tf'al'ence by the alte1:ations in 

~nvi1:q~gntal facto;& becomEiS easieJ-• In the$e stage$, the 

. yolk pe*hep$ plays th$ maJoi'- role to ptov.ide enet.gy but not 

th• taadymada p·l'acu,sora,, .the stoc~ .of which migt'\~ have already 

dep'letad •. Howaver,,· an ab~olute confitmat.ion of' this proposition 

needs mot~ detailed studies r~garding the mode-of deposition· or 
. . ~ . . . . . . ' 

diffe~ent ~i.omolacules in the egg and their ut._111zation during 
. ; 

development~ .-. . ' . . ~ ~ 

It could :b&. seen ftom the atudies in relation to alt.itude 

that scala ca~P baa better adaptability f'or de.\!elopment and 

growth· at bighE!r ·altitude tha" l"Oh4.• · lt showed bett;el' spawning 

R~i'fox-manca ~u1c1 1'~\es o·f' f'srtilizat.i:oJl; growth. and su::v 1val• 

. 1'he$a actl\1-~ti~s had $ignlfi.;ant correlations with their· bio+ 

charn.icai compo_sitiqn& and relative at.ability of metabolic 
: .> ·. 



pathways·!~ The. genet!~ variabilityl in their capacity of adapta~~ 

tionjrnlght be ·related to the .pt;"esen¢e of excess amount of y.olk 

.subst'ancas .t:ncluding1: perhaps1; seve~al enzymes, messenger RNA 

and .ot·her essential nutrients: in the egg Qf' scal;e Cai'P giving 

it :mora indt'fpen.dence :fo:r- its mertabolism and development • 

aea!das:~ biochemic:;c;ll regulatoty me.cn'anisms,, probably;,; ·operates· 

mor.$ -efriciently! ln seale carp than ~ohu*. Howev.er,, regulation 

o, d!t>f'eront key matabolic pathways with relation to diffarant 

·envito:nmental f~ctors can explain, for sure, that out o·f' this 

m~l'tlfact·orial ·effect which factors are mOl'S important and 

'Whether they could: 'be controlled by some axpezoimental manipu~ 

lation to lndtice 11daptability in the non-adaptive rohu to 

higher altitude. 
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Tabla 1 i Seasonal variation of physico•chamical factors of the man­
aged nursery ponds at two different altitudes (Gauhati& 
,oom and Shlllong, 1500m). 

Jan. 

~1ar. 

Apr. 

tJJay 

Jun. 

Qul. 

Aug. 

Sap. 

Oct. 

Dec. 

Jan. 

F'eb. 

Mar. 

Apr. 

P1ay 

Jun~ 

Jul. 

18' . 19.5 

'17.? 17 

29 25 

26 25 

29' '27.5 

34. 35 

32 . 34.5 

31 

28 

27 

29 

29 

28 

24 •. 5 24 

25 24 

17 

25 

28 

. 29 

:31 

32. 

32· 

15 

24 

26 

27 

29 

31 

1'2 ' 12.5 

~·' o~4 7.B 1? 13 

1o.o o •. 2· a.2 21 19 

21.5 20 
' 

~2 . 21 

7.~2 0.9 7.6 22.5. 21.5 

22 

7.6 1.1 7.6 23 

2·0 

24 

22 

19 

s.e 2.1 7.3 17 15 

9.4 1.8 7.4 16 16.5 

7,8 2.1 7.6 15 15.·5· 

10.4 1.2 7.5 14,5 15 

11e2 o~a 7.8 20 19.5 

11.6 1.0 7 .a 21 22 

1o.e o.6 1.a 21 19 

1.2 o.a e.o 22 23 

a.a o.4 7.5 24 22 

' 6'.8 

6.08 

7·.2 

9.6 

a·.6 
.12.8 

11.6 

4.9 7.0 

5.0 6.3 

s.o 6.6 

4.0 7.0 

4.0 7.0 

6.4 7.0 

6.0 7.1· 

.e.a 3.9. 6.1 

6.08 3.4 5.9 

6.8 

7.2 

6.8 

5.2 

9·.6 

8.8 

3.0 ' 6.0 

4.6 5.8 

5.6 6.6 

6.0 6.4 

4.9 5.9 

s.o 5.8 

5.6 5.8 



Table 2 : Results of' induced breeding of £.• ccarei.o. at two different 
altitudos.(Gauhati, 100m and Shillong, 1500m). 

location 

Year-month 
I I J 1 

TemJ?erature 
.{oc) range 

.Beta of bree• 
.Qe.rs used & 

· wt. ·of the 
·remales 

.. Percentage 
success 

NC?• of ~ggs 
released 

Percentage 
fertilization 

Percentage 
hatching 

Percentage 
fry obtained 

.. 

3 
'2SOg, 225g 
& 390g 

. ' 

.. ~· ' 
• .. • ' ~ '.i 

100 

;20~000 ·. 

'90 

60 

52.5 

19-28 '17•22 

.,, ,, 
' ·• 

225g,. 230~·- ' 220g, ·230g 250g, 270g 
& .2'8:09 & . 270g ' 

& 270g 
., .. ·' 

100 100 100 

. 19,000 10,000 20,000 . .. ' 

94.28 55 14 

7.3. 68 20 34.5 

61.05 6 20 

(% fertilization, % hatching and % fry obtained were 
calculated taking total eggs released as 100%). 
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Table 3 1 Results of induced breeding of b.• rohita at three different 
altitude.s (Gauhati, 100mi Mawpun, tOODm & Shillong, 1500mh 

.I ·_ I , 
' Locatio.n Gauhati (100m) ' Mawpun (1000m) ~hil~ong (1500m) ' ' - ' I • I 

' ' l 1979, '* 1979, 
t . t 1980; 1979, r19ao, Year, · tri_onth ' 11980; ' 1980. I r July 1 June I Aug. I July · ' Aug. I Aug. · ! June· 

t 

lem)erature 25•:31.-5 24•31 15...:28. *25 *27 *23:] *21(; (tJC range ' ... ., '-' . . ~ .. 
: - . . ··. ,, '· ... 

. ;~_EJ,t:s- .of bra• 2 ' 2 '2 :, 2 2 2 
450g & 450g, 500g & 450g;-& ISOOQ & 600g·. & 500g &" :a·d,ar.s used & 500g 

.. 455g & 520g 50U~f 690g 700g 70Dg wt. -of the 
: .fama_les 50Qg 

... ~. ·. '· 

.. 

Per_cantage 100 .. 100 100 · .. ·~o. ft*Q •••o ··-~Q--· success - .• 

,'!· 
.. 

)• 

No. of eggs 20;000 - 24,0.00 15,000 
·"""" 

·:• - .. released 

Percentage 
fertilize•- 70 55 50 - ... - -tion. 

Percentage 
.hatching 50 52 0.67 

""" - .. -. ·-·· 
Percentage 
fty obtai• 40 38.5 0.24 ... ... - .... 
ned 

• Temperatu~e at the time of ~ntro~ucing the breeders into 
the pond.· 

•• All female breeders died;. 

•** All br$ed~ra di~d. 
(5& fertilization; % hatching and .% fry Clbtained_,. were calculated 
tak:ing total eggs released as 100~). 



Table 4 : Time raqulred for hatching of £.• C§\rpi~ and !:.• tohita at two 
diff'al!'e.nt altitudes in rEflation to water temperature. 

'' 

·, 

Sp ci $ . e e '. 
C caroio ;.a• ' 

'' 

Loca·tlon Gauhati(100m) 
: '' 

'·· 

Yoat.1 mon.tt1. 1 JanuarY:t .. March,, 
.: . ' . 1979: : ' . 19eo: 
. ' . . .j . i· ... 

_.Wa_~a,t: :temp._· 17•23 •. 5 ··. ta·.:5•26 
.. ·' {fi.C) ·-

.-·f· .:-·.' .:·· _:,_;1 ·. •' • 

' • Shillong (1'500m) 

·-

tl!a.y,, • flllQY•· 
1979 1980 

.. 
. ~ . .. . ' 

1 ~io . -: .17,~21 
:~: ·:· ;·:_.,·;_ ... _::,:~ :?::: 

t 

.i 

1 r • 

L r·ohita_ -· I 

Gauhati (100m) I r1awpun 
(1 on om) 

' July ' June;.· August,. . • I 1979 1980 1-979 . 

.. ._., ___ ~, --....... ----~---------....... ~ ............ !""' .. -------------------

·Time tequ• 
ired for 
hatching 
_(haura) 

. ; ' . . . . . 
'I.,, •' ., 

c : 

·' . 

. . ... -~ '· : 

'·.'; . 
. .i 

:~. •. J 



Table 5 a The d~veloP.· mantel $tagas of c. carnio and ~· rohlta 
.. I' ~If I .. 

7 

8 

9 

•10 

11 

12 ..,, 
14 

1$a 

1Sb 

16 

Unt'ert1ll%Gd ~gg 

F'ertill ~ad ,egg 

Two calls 

P'our calls 

Eight cells 

Sixteen cells. 

Thirty two c;el.ls 

Late morula 

Slastul.a 

£arly gast~ula 

Late gast~ula· 

Neul'ula 

E:mbr yo wi th ei ght-somi tes 

Seginning or eye pi.gmentation 

Onset ~, blood circUlation · 

Pt~~tchad embiyo 

F'reshly hatched larva 

F'x-y 

• could not be observed in L• rQhi ta. 
. ·-' 



Table 6 • Rata of development of c. carpi6 and the corresponding 
water temperature at two·dlfferent altitudes. 

I .· Gauhati (100m) : SMillong {1500m) 
~ (March, 1980) . I (11-1ay, 1980) 

o:v: J Water t Time taken f'o; l Duration t Water i Time taken for i Duratio~ 
9 a i temp• : commencement : of each _' temp• 1 commencement 1 of each 
gas I era-. 1 of each stage J stage i era• 1 of each stage i stage 

ture ' aft~r fertili• ! I ture 1 after fertili• , 
I zatJ;on · 1. 1 zation 1 

} (°C) 1 hr. min. j hr •. mi.n.J(°C) J hr. min. 1 hr. m,i:_• 

0 

1 

2 

' 
4 

20 

20 

19 . 

19 

19 

5 18.5 

6 

7 

B 

9 

10 

11 

19 

19 

19 

19 

23 

27 

12 21.5 

13 19 

14 19.5 

15a 26 

00- 00 

00 00 

00 44 

01 05-

01 25-

01 so 

02 00 

02 45 

03 30 

04 00 

10 00 

12 00 

18 00 

28 00 

30 10 

58 00 

00 00 17.5 

00 44 17 .s 

00 21 

00 20 

00 25 

00 10 

00 45 

00 45 

00 30 

17 

17 

17 

17 

17 

17 

17 

06 00 17.5 

02 00 

06 00 

10 00 

02 10 

27 50 

00 00 

20 

22 

20 

21 

10 

20 

00 00 

00 00 

00 50 

01 16 

01 40 

02 05 

02 30 

04 10 

05 10 

05 55 

10 50 

11 30 

17 05 

31 00 

33 05 

82 00 

00 00 

00 50 

00 26 

00 24 

00 2~ 

00 25 

00 40 

01 00 

00 45 

04 55 

00 45 

05 35 

13 55 

02 05 

48 55 

00 00 



Table 7 : Rata of development of k.• x:oni,t;a. and the corresponding 
watar temperatura at two different altitudes • 

. t G~uhati (100m) ! Mawpun (1000m) 
Dav. i \ J,une., 1980) .. .. • ! _ ( Augu,a.t,. 1979) . 

sta- ! Hater i Time taken for J Duration I Water i Time taken for f Duration 
gas 1 temp• l commencement • of each J temp .. ~ commencement J of each 

t era• i of each stage I stage : era• : of each stage : stage 
1 ture , after fertili- f : ture t after fertili• I· 
• • zation · • ' 1 zation • i c.oc) ·! hr •. min.. i hr •• min. 1 <,oc> 1 hr. min. !hr. min. 

0 

1 

2 

3 

4 

5 

6 '1 

25 

24 

24 

24 

24 

24 

7 24 

8 24.5 

9 24.5 

10 ? 

11 

12 

13 7 

14 

15a 

24.5 

25 

26 

31 . 

00 00 

. 00 00 
"' ~ 

oo ·so 
{!1 00 :· 

. :. . . . . ~ 

1. ''1'·:{:·:····· 
.. 

1. 20·: 

1 50 

2 12 

2 17 

2 50 

4 no 

4 55 

12 30 

~ '•r . , 

DO 00 -~.·.21.5 

00 . so.. 23.5 

00 10 

00 12 

00 08 

00 30 

00 22 

00 OS 

00 33 

01 10 

00 55 

07 35 

00 00 

23eS 

23 

21 

22 

22.5 

24.5 

24 

24 

25 

2f? 
1·5 

? stage could not ba identified. 

00 00 

00 00 

00 so 

1 10 

1 20 

1 30 

1 45 

2 16 

2 22 

2 55 

4 13 

5 00 

18 00 

00 .00 

00 50 

00 20 

00 10 

00 10 

00 15 

00 31 

00 06 

00 33 

01 18 

00 47 

1' 00 

00 00 



.. 
Table 8 I Rate of> au~vival of the embryos at some davelo,pmental 

Dev. 
staoiio 
gas 

I 
1 

4 

1 

9 

11 

14 

15a 

15b 

16 

stages of' £.• c.a,rpi'!_ and ~· tohita at di f'ferent altitudes 
1-n relation to water temperature • 

.. 

c. CSlrPi.o t . ' L. rohita I ...... -.. 

aruh'att. ; srillonf Gr.uhatf f raw&un) 
! 10Dm ' 1500m_ 100m 15 Om . . . . . -

wr l Surilillal Wr i S u.r\1 i'val 
t 

WT I Survival WT Survival 
percantag~ . . (Per_centage percentage 1 percentage 

.. 

20 ·96e5 _:,_ .. 17~5 99 25 98 24 85 
. . 

19 99.5 17 99 " 24 100' 21 18 

19 99.7 17 98 24 100 ·22.5 93.5 

f9 99•'5. 17.5 99 24a5 99.5 24 94 

27 99 '22 9.9 24•5 99 24 5.1 

1;9~.5 99.5 18 91.5 26 100 25 9s.s 
26 95.8 21 61,5 )1 97.5 15 7 

28 85 21 84 31 98.5 16 24 

27 82 '20 52 ZB ?A . 24 '6 

Sutvival ~etcentage or a stage haA be~n dalculated as Pollowa t 

(N ~· N ) x 100 
Survival percentage = · 1 ' ... , .. 

N 

where N = known number of embryo or a particular stage 

ru1 = numbar of embryos which failed to proceed to 
the next stage 

WT = water temperature in °C 



Table 9 : Changes in wet wt. (mg) of the embryo dwring early development 
Qf £.• 'i_a~pio and k.• rohi,ts at different altitudes (values are 
expra~si~ as Mean ~ s.6.), 

0 
1 

2 

3 

4 

5 

6 

7 

B 

9 

10 

11 

12 

13 

14 

15o 

15b 

1. 68!,0 .11 1. 62!,0 .1 
2.1•0.1~ 1.91+0.17 
(+25.0 ),.... { +17':"9)* 

2.28+0.14 1.94+0.21 
N.S". td .5". 

2.41+0.17 1.96+0.16 rv.s. fd~S'". 

2.4!.0.01 1.97+0.11 
N.S. . N.S". -

2.4+0, 02 
ri-;"s. 

2.4+0.02 
N"';S •· 

2. 4±.0. 003 
td.S • 

2.46+0. 2 
N.s. 

2.39+0,06 
i~~J. 

2.41+0.1 
N.s. 

. 1.99+0.06 
~~~~-

1.99+0.04 
N.S'" •. 

2.01+0.04 
N '!!:" . .;;; . 

2.01+0.02 
N.~ •. 

2.4+0.07 2.04+0.03 
N7s. · N.s. 

2.41+0.02 2.12+0.01 
. tJ .s. . ( +3 .92 )** 

N .s. 
N.S • 

(-1.4.:91) 
* 

' 

( ... 17.92) 
*** 

(-17.08) 
. .... .,. 

(io!>16.25) .... 
(-18.29) •• 

2.41+0.01 . N.s. 2.25+0.03 (•6.64) 
(+6.13)~·* ...... 

2.41+0.21 
N.s~ · 

2.42+0.11 
N.s. 

?..~7!.0.22 N.S • 
r~ .s .. 

2.36+0.12 N.s. 
N .5". 

N.S. 

l 
' ' 
' 

Gauhati 
(100m) 

l I 

0.875+0.01 5 -0.913+0.009 
(+4.34}*** 

0.933+0.007 
(+2.19')* 

0.951+0.009 
(+1e9Y)«Ht 

0.951+0.009 
ill.~· 

0.96+0.005 
( +o. ?"s )~ 

? 

0.959+0.009 
r-J .. S'". 

o. 963+0. 01 
N.S'. 

0.966+0.003 
. N.S". 

? 

0.969-ot·O.OOB 
r~~~.. -

0.977+0.01 N.s.-

L • ro.hi ta ... ~~ 
., f • 

t r"lawpun i (1 DOOm) 

0,87 6!.0 .004 
0.912+0.006 
(+4.1f}*** 

0.9,1+0.008 
(+2.08)•• 
0.949+0.005 
(+1·e 9f)-»f•H• 

0.95+0.003 
N":"S. 

0.9$4+0.006 
. N.S". 

7 

0.954+0.006 
r11.~. 

0.958+0.004 
N.s • 

0.961+0.003 
N.g'". 

? 

0.962+0.002 - .. 

? 7 

I 

' t 
' 

G/M 

N.S • 
N.s. 

N .S • 

N .s • 

N.S. 

N.s. 

N.s. 

N.s. 

N.S. 

-

0.978+0.006 0.965+0.002 (-1.33) 
N.S. N.S". 11>• 

0.981+0.011 0.961+0.009 (•2.04) 
· N;~. N.S". • 

.. 

--------------------------------·---------------------------------------
7 stage could not be observed; • embryos were not enough for estimation; 
• p<0.05; •• p<0.01; ••• p<0.001; N.s. not significant. G/5 and G/M col­
umns show the percentage change ond level of significance of the data 
between Gauhati ~nd Shillong and Gauhati ~nd Mawpun respectively for 
each developmental stage. 



T~ble 10 s Changes in dry matt~r content (mg/embryo) during early dev­
elopm~nt of c. catpio and L. •oh!ta at dWferent altitudes 
(va~uee are exp;essed ~s Mean ~ s~o~>• . 

Dev. 
$tal!' 
gsa 

0 
1 

4 

5 

6 

a 

9 

10 

11· 

1.2 

,, 
14 

£•- careio 
Gauhati t .Shillong ~ G/S (100m) (1500m) 

_i ._1_ 

o •. 5l1t.Ol!ots o.s35±0.a1 ~ 
o.494+D.Of& 0~501+0~021 
(.;..6.97)*•. ' ( .. 6 .. 3'6)'* -

o.49)!,0e01 $' 0.461,!.0,082 
ru.s. . - - N.s. 

0.491t_0.005 0.468!_0.044 
N.s. m.s. ~ . ' 

o.494+o.oos · o.469!Jl~07 rJ.s! . ru.s. . .· . -N.S;'. 

0•498+0.024 -Oe43B+0.066 N.s. N.i. · ·· · · r~.J~ . 
o.so1+n.o1e o.-4sl~o.o:Ja\ N~s. 

. N•S• N.,s~. 1-
. \ . :·I 

o.47l+o.o11 o •. 4s.4:.o.o31· N.s. 
c~s.sV>•• · · ru;r. 

! 
o.51+D.o17 o.425+0.o75 N.s. 

ro-;'s ~ - N.s. · 
I 

o.4B+0.101 o.415+,b.096 ru.s. 
- ·. N-+¥• .. 

o.s~o.oa 
N,S. 

0.436+0.009 
(~12.ir)*** 
o.432!,0e008 

N.s. 
Oe421+0.003 
(~2.SS)••• 

0,40S+OeD1) 
(•3.aT• 

. . ! { 

o.41.9.-+-o .• oa.6 N .• s .• 
-N.W. ' 

Oe423!,.0e025 
N.a. 

o.403t,0.026 
N.s. 

0.429+.0.065 
· r-1 .i. 

o.:s?s~o.os5 
ru.~. 

Pd•S • 

N,S. 

.N.s. 

15a a.:sa~o.014 
(•4.6f}••• 

0.399~0.01:J 
N.s-, 

N.S. 

Gauhati 
{1 OOCm) 

o_•:s:J5t.Qe001 
(•2.33 }*** 

Q,))9j;.O,D1 3 
. N,s. 

Q,:J:J+O.D07 
(""'2.65)* 
o •. 31+0.o1·2 
(-6.06)* 

? 

0.286+0 •. 003 
(•7.?4)• 
0.278~0.005 ( .. a.ar•• 
0.261+0.002 
(~6.-1'2)••• 

'l 

0.246+0.003 
(~5.75}*** 

·- ., 

L. [Ohits_ -
I 

..1. 

Ma\Upun 
(1000m) 

Q,377,t.O,OO:J 
o.J45+0.004 
(•8,491••• 
il.JJ2+0.009 
(•3.77)••• 

0.342+0.014 N,S',. 
0.322+0,005 
( ... s.aS'}*** 
O.J17+0.D12 . N.r. . · 

? 

0.29+0,03 
N:'"s. 

0.294+0.028 
tJ .S'". 

Oe273+0.01 B . ._., . 

0.242~.002 0.205+0.018 
(~1.6~~··· -

? ? 

0. 24~0 •. 008 ' N.s, 
0 • :tJS+O • 002 

N,§". 

0.199+0.007 . N.S". 
0.175+0.009 
(~12.0'6}•• 

N,s. 0.225+0.008 
<~a.sf)• 

0/M 

N.s. 
ru.s. 

N.s. 

N.s. 

. N·.s. 

N.S • 

(•17. 5) 
• •• 

'1 stage couid not be observadt ... embryos ute~e not enough for estimation. 
• p,<Q,OSj •• p<Oe01'J *** p<0,001 J tJ .s. not significant, G/S and G/M col• 
umns. ·show. the percentage change and levE!l of' significance of the data 
between Gauhati_ and Shillong and Gauhati and Mawpun raapactively for 
each developmental atago. 



Table.1~~ $ Change~ i~ percent water content or the embryo durihQ early 
devel~pment ·of !• ca,rpi'o arid ·h.• 'roh,ita. at di ff·erent al ti tu•· 
de_s (llalyes .a·re expr~essed a·s Mea·n .!:. s.'b.). ·. 

' C~ carpi~ • L. rohita 
Dev .; J..J ~-~~....;....;-:-~-~-:: =::-:=-:_: ..... ..-..-~.;...;;._;t~~----...:-~.=:=:=:...._~_........, _ _._ 
sta•: 1 Ga14hati ··I . Shillong I i Gauhati i · Mawpun t 
gee 1 (100m) 1 (1500m) I G/S J .(1oom) 1 (1DOOm) · i · 

• • ,J ' - -

0. 68~ 39+0 .• 52 66 .• 98+1.42 N .s. 56.~91 +lle-72 56 •.. 96+0 • 62 
' . ~· '~ . - .. \ .... . - ' 

1 76o'48+1·~7~2. 73.77!,.1.43 N'~S., 62._4)+1o14 62.17+1~09 
C+t1 ~a'> .. •• (+10.14)*** · ._ .. (+'9~.7r··~ C•9.fs).~f*. 

2' -78 •. 38+1 •. 0·5. •, ' 
... N~·~ •. :·.: .. 

3, :7:9~62+0 .• 15:: 76•12t}.BB ·l'hS~ '· .6.~•36!.1.4.4 
.... ' · . · N •-S •' ·. : · · · N •'S·•' · · · ·: : N • S •· . 

· .. 63'o96+0.,65: 
~ N .§"'. ,': , 

. 4' ' .79.42+1l.l9·· 
· N .• s. · 7'6. 2+4 .• 05 

· N7s. 
N.s. 65i·J4+.1. 7:5 ' ', 66.11+1.66 N.r. · · · · · NeS•· 

s 

·6' 

8 

9 
" I'' 

10 

11 

79. 25+0.~ 58 N.s. . 
17e99~4,.44 , N ,s., 

N~S • . 

79.13>+0,42 .. 77'.,2:4;+2,.46 . ,· ~~·.; . .. -
N •• s., . ·· · .. N .s.. . .·. N .S • , 

6?.-71t,1.85 
·N.s. 

? 

ao .2+.o •56 · · 
(+f,]"s)•· 

17~·41-+3•05. N.s •. 70,18+1•95· · · N •. s. · · ·N.s. 
79~27+0.1'2 

N.s~ 
19. 92+ 6 .•. 1 4 

. : N.S~ I. 

78 •. a 6t,4,-59 
N.s .• 

79·.4'6+4.-62 
·' - ; ..... · N.s .-

· N .s·. 

"19.-25+0,:54 7'9.36'+0 .• 59 N.$, · . ·N;s. . ·. .' · N.s .. · · · 
81 •53+0 .:48 79 •27~~56 N •$ •· 
(+:ha6):'**: · N.-s.. · ... 

7.t .13+1 .44 -.. N.s. 
. 72;;>98+0.,59 

. 'N .s. 
•. ,, 

'' 
?. ' 

69. 61 +t •. 5:3 
'(+4 .25)• 
69 .31+f~87 

• . i~ ~ 

?' 

-:'<' 

G/M 

N •S• 

-N .• s. 

N.s-. 

N,s. 

N.s. 
l 

N .s .• 

N .s-. ,· 

.. : ', 

(+5.:18) 
-·~.:* 

82.08+'0o:48 SO .-99+2·.59 N• .. s •. · N,·s~· - (+2.17)•. ·. ·. · _ 
75.23+0 .42' .. <·-~.s... . 78. 69+1}. 65 

N.,·s.· 
. (+4;.59) 

• • •• 
1:5 82.5:S.+.Oe-29: .. 80o.93-+4.D2 N.·S • 

N .:f;. . . ,N ,,s• . '1 ? . 

1'4 83.2+0.69. B3'. 48!}.-.11 ·N jS ·• 75.46!_0·.49 79.38+0.69 (+5.2) - ' N.r. N.s. (+2 •. 67 ):~ ... ; . . N.s. \ • •• ... ., 

15a 84.0.5+0. 78 83. 09+1·. 28 N.s. 7,6.05+0.14 81.79+0.-62 . ( +7'~ 55) - ·. N.i~ ·.N.s. · · (+,3. 04)'~.• N .s •.. *** 
15b 79.78+0.59 77 •. 69+1· 55 N.s. 75~·11+0e24 -( s o8")••• (.6.94)···· (-0.45)* 

' -.. ··· .. 
?. stage could· not. ·;,e- Ob$e:tvedJ- - embryos ware not enough f,or estimation, 
• p<0 .• 05; •• p<O.o1; •*' p<0.001; N.s. ·not slgnificant. G/S and G/M col­
umns show the p·ercentage. ~hangs _and laval of si gn-i fican~e·. of the data 
between .Gauhati. a'nd Shil1ong ~lid Gatihati and Mawpun respecti.v._ely for 
each developme~tal stage. 

;'.<p 



Table 12 ;. Chanoa$ in Total {TCA ppt.) protein content (mg/embryo) x 102 
durlng ~~J!'ly development of _§;• caJLeio and b.• :tohi,t! at diff• 
$J!'~~l •ltitudea (veluas ijre expressed aa MQan ~ !. ~>• 

I i I ; 

J rohi:t£ 
' ' c. caltnig l ()ev •. 

,_ .. 
sta·· I 

- .. ' f r· ::·t·, • II 

I 
"' 

I I • W I 

Guhat1 $h1llong ' G/S Gauhati Mawpun ge$ C10Dm) - ' (1 StlDm) I (1oom) (1000m) ' G/M 

f) 3ll.Q-3 :,0'·.:~4. 30 ·6,t.1 .72 N~S • 13.67.~1·5 1 ' • 95!_0 j 57 N.s, 
1· 20.31+0.:2,4 20 .. 64:.1.78 . N .. s •. · .• :. 8e89+1 .42 9.1+.1.85 N,s •. 

{"!iJ4.f2)*** (~32.5$}**4t .· ·_ ( ~,4;97 >··~~ (~3,..33)*• 
2 18.2~0.34 . 20~11j1.23 N.s. ·'8.82+0.23 e.a:s+o •. 23 N•S, 

{•1D~24)~4t• . :N•. • . N";'s • N-;§• . 
- ' - , -. .., '' I 

' .18.14t~'4 19 .4St.,1 ~03 . N.s. 8.89+0.13 ·a.79+0.42 ro.s. 
r~. • . rJ.~s. . N-:5~, . N';"s • 

4 18~t14+0.39. 18.88+0.75· N,s. ~·'~·o;os a. 6Bt..0.47 ru,s. -N.r ... .......... 
~1.46 .. ' · N~~h N•s. 

5 18.0~0 .. 4 •·.la.S2+1.7'J N.s. a.l2+0.16 ~h,1!,.0.41 ru.s. 
· N.s.· . . N.S'; . (~s.oa)t.•. N.s. 

6 1?.?3+0.44 17~41j-;1.37 ru.s. 1 ? · N-.s,- , N. t~' 

7 16.:J1~.2j 16.SJ~O.S9 r~.s. 8.49+0 •. 32 a .41!.0•48 N,S. 
(-.7.67· •• - -N.s. N,s. . NoS• 

$ 19.69:,0.6$. l[) •. 4,t,.0.41 : N.s. -~·94~.13 ;:a.91+0.14 N~tS• 
(+20.~8)•··· +23 •. ?1 )••• . -+5.3 • ' N.s~ 

9· 1B.28+0.2G 19.67tJ).7 N.s. 9.45+fh2 9.42+0)18 N.s. 
(•7~ 16')•...::. • N •. s~ (+s.7")•• (+5 .• 72 •• 

10 18.52+0.34 18.99+0.96 . ~.s. . ·.. -1"-J-.,r. 
N.s. '1 ?. 

11 18.78+0.32 18.·27+8.35. ro.s. 1 0.11+0.:24 a .44+t:J.36 (•16•52) 
. N .5" •- . PJ.t~~ .. (+6.98')•• .· (.,1 0';4)*** ••• 

12 18.82+0.44 17· ?1t.,1.34: N,S, 11.19t,0.31 8.76+.0.27 (~21.?2) 
N .S", N.s. (+10.68)**.*- · N:"'s. • •• 

13 1B.4J+0.74 -;,a.26+0.51 N.s. ? 1 N.r. · · · . N~S'"~ 
1·4 

1.7 ·''·~·'~ 16··'i2·~5 N.s. 12.68;0)37 9.55+0.13 (•24.69) 
<-~s .. 9f • (c.;.9.. 4) (+1 , •. 2 ·~ (+9.~2)*• ••• 

15~ 11 •. 27•0 •. 22 14.J?f().7B (<liii'16.B9) 1 3.36+0·1·6 9.61+0.66 (-29.07) 
N.T. p~. • ~"'·· (+5.36)••• N7s. · ••• 

15b l $. 6B+O., 61 l2~72~0.97 (.-1B.BB) 12.87+0.24 .. 
11io9.Jf)•• · ~11• B)* t•• N.s. . 

? stage could not.be observed; -embryos wars not enough for estimation. 
• p<D.D5J •• ·p<0•01; ••• p<0 .. 001J N•S• not significant. G/5 and G/M in 
parentheses show th$ parc~ntage ~hangs and level of significance of_the 
data between G~uhat1 and Shillang and Gauhati and Mawpttn respectively 
for each developmental s.taga. 



Table 13 : Changes in Total (soluble) protein contant (mg/embryo) X 102 

during early development or £..• cgar,eio and b.• rohi.t5- at d~ff-
erent altitudes (values are t!XPreasad as Mean + s. ,). -

' 1 I • 
Oev. I c. c!!reio. ' 

L. rohita -· sta-C!" Gauhati • Shillong G/5 t Geuhati ' Mawpun I G/t'l gas (~OOm) ' (1500m) I ' (100m) • (1000m) ' l ' I 1 I • 4 .. • • 

0 30.09+2.59 30.131;.1.66 N.s. 13.42:_1.24 13.18+0•97 r~.s. 
> -

> -

1 19.78:,2.0 20.54~ .19 N •S • 8.73+0.94 8.37+0.36 N.s. 
(•35.26)0 ~ .. (-31e )Qoo • (·34;'95) 0 *0 (-3675) .. 0 • 

2 17. 34+1 .,25 19e88t,;2.63 N.s. 0. 67+1 .22 8.86+1.65 N!S • .... ~.' N.s. · N.S'" • rJ.s.. · . flfoSo 

3 1 8.03+1.49 .19.4~1.35 i.J .s. 8.67+0.62 8.57-+0.97 N.s •. 
r~·S" . · N.S. r~.S". N.'f~ I 0. 0 

4 18.06+0.59 18.19+1.93 N,s. 8.48+1.06 8.48+1.42 N.s~ 
- > ru.S'. N.r. N.s. N.S • 

5 18.06+1.91 1 8.34+.1. 5 ru.s. 7 .8.2+2.43 7.54+0.79 N.s. 
N.S". ru.S"~. N.S" •. N.S". 

6 1? .82+0.96 17. 54!_1.82 NoS • ? ? N.S" •.. r~.s. 

7 16oS1+0o21 16. 74+1.07 I'J.$. 7,54+0,32 7. 54+0. 23 N.,So - N.S"~ . N .S' • N.~. ro.s. 
8 19o62;:1• 53 20. 63+.1 • 43 N.s. 1 .a:h·O.Ja 8.67+0.77 N.s. 

(+16. 2)• (+23.24)~* rJ.s. (+14:-99)0. 

9 18.2!,.2.52 19 ~ 48!,2. 21 N.s. 8.51+0.21 8 .9+0.34 N.S • 
ru.s. ro.s. (+a.=n~ . N:S,. 

10 18.06+1.93 18.04t,O. 97 N.s. ? ? N.s. · N.s. 

11 18.29!_1.52 1 8.04!,.0.67 N.s. 9.2+0.39 8.02+.0.26 (-12.83) 
ru.s. N.s. (+8:1 f)4> ( .. 9.9}*• •• 

12 1S.J2+0.J8 16. 63±_1.3 (-9.22) 9.49t,.0.34 6.56+0.39 (c;~~Jo.aa) N.s. ·· N.s. N.S • ( ... 17794 ) 4 .. * Of) 

13 . 17 .52+0.24 16.02+0.86 (<!i>B • 56) ? ? 
( 4.37)*• . N.~. .. 

14 16.14+1.03 14.0:St_D.35 (..;.13.07) 9.9ag.o.e1 7. 73+0.89. (-22. 55) 
(-?.sa)* (q,12.44) 9 * ... ~J. • ru.s. •• 

15a 15.79+1.46 12.07 ... 0.66 (-18.4) 9.73+0.15 6.26+0.81 (-)5.67) 
N.s. (.a. 27)• · 0 ·N.s. N.s. - .... 

15b 13.83+0.59 10.98~0.53 (-20.61) 9. 65+0.36 -(.-12.41 )* (•14o 9)*<Ht .. -· 
? st~ge could not be observed; • embryos were not enough for estimation. 
~ p<0.05; ** p<0.01J *** p<0.001; N.s. not significant. G/S and G/M in 
parentheo~s show the percentage change and level of significance of the 
data between Gauhati and Shillong and Gauhati and Mawpun respectively 
Por each developmental stage. 



Table 14 
. 2 

:Changes in cytoplasmic protein content-(mg/embryo) x 10 
during early development of ~· q~rpio and h• rohita at 
different altitudes (velues are expressed as Mean~ s.o.). 

0 ! c. ev. i -
sta-- 1 Gpuhatli I r 
gas • J. . ( 1 O~m) ' 

Shillong 
(1500m) t G/9 

' 
0 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

1.5a 

15b 

28 • G7+0i. 03 -· 
19.79+0.69 
(-30.9'7)*0~ 

1 6. 9.8+0 •. 93 
' {41!114.2) 0 • 

17 •. 52+0. 92 ., 
- . N.S"~-- -
16 •. 74+0.74 

N.S'". 
16.86+0.43 - ' N.s. 
16.68+0~85 

N.r~ 

15. 66!_Q~39 
N.s. · 

18.3+0.99 
(+16;86) 00 

16.8+1.15 
. N-;'s ~ 

17~04+Q,79 
N.s. 

17.1 !_1.19 
N.s. 

1 6. 7 4±,0 ,,48 
N.s. 

15. 79+0.57 
(-5.68)• . 

13.63+1 ~29 
(•30.6'8)~ 
13.39+1.08 1\l.s •. 
10.63+1 .-26 
(~20.6'1 )• 

29.65+0.603 -19.78+0.99 
( .. 33.29)*'** 

1 9 • 1 2j;.O • 9 4 
N.S • 

19.2+1.22 
_ N-;'s. 
1 a •. 22+0. 77 

~J.s. 

17.48+Q.99 
N.s. 

16.34+0~85 
- N.S"'~ 

. 15.36+1 ~oj N.s. 
19.27+0.99 
{+25e46)tHtO 

'18.44!:,0. 68 
N.S • 

'.1 7 • 64!,1 ~ 1 7 
N.s. 

16 •. 84±.0.98 
N .s-. 

,15.53+0.51 N.s. 
14.15+1.1 
·(..,.a .a9')'•-

N .S • 
N ,s. 

_f'l•S • 

N.s. 

N.s •. 

N.s. 

N.S. _ 

N ,s • . 

1t.94+0.3~ (•12.4). 
(41!115. 6'2)~H·* O 

10.32+1.08 (-22.99) 
< (-13.57)* . 0~ 

a.oJ+0.74 (~24.46) 
(--22:"'1 )'••• * 

(1OOm) 

L. rohita . r ~awp~ 
: (1 DOOm) 

12.88+0.24 13.03+0.71 - -
8.1+0.68 

.N7s. 
8.15+0. 54 
(.;.7,48 )* 

7.54+0.44 
(~7.4'8 )* 

1.02+0.54 
N .5". 

?. 

7.02+0.54 
. N.J.-
7.11+0.75 N.s. 
7.54+0.55 

N .S'" • 
?. 

9.04+0.69 N.r. 
8e22+0e2B N.s-. 

? 

8,12!_0.35 
N .S • 

7.68+1..25 
rJ .s. 

7.44+1..17 N.r. 

8.13+0.66 
N:"S. 

7.98+0.58 
N:S • 

7 .49i-Oe61 
N:"S. 

7.1+0,62 
"Fr.s • 

7_ 

6.57+0.28 
- ~J:-s • 

7 .46+0.47 
(+13-;'55 )* 
?.38+0.59 

N7S • 

?. 

7.01+0.24 
N7S ~ 

5.58+0.31 
(•20:"39)* 

? 

5.39+0.61 -N.S • 

4.88+0.55 
N7S. 

--

! G/fJJ 
J 

N.S. 

NoS • 

N.S. 

f-3. s • 

N .s. 

(-28.17) 
** 

? stage could ~ot bo observed; - embryos ware not enough for estimation. 
0 p<D.D5; ** p<0.0.1; **C~> p<O.QD1; f'II.S. not significant. G/S and G/M in 
psiarithasas show the percentage change and level of significance of the 
data between Gauhati and Shillong and Gauhati and Mawpun respectively 
for each developmental st'age • 



Table 15 : Changes in mitochondrial protein content (mg/embryo) x102 
during early development or g,. ca,rpio and !::.• rohi,tq at 
different altitudes (valu~s are expressed as Mean~ s.o.). 

Oav. 11-__ __;£.~· •:.._:P~::!~::?:;:i::;~:,_~---1~--· _· --~b.::•:_:r::oh::l:::t:::a:~----
sta• I Gauhati I Shillong I G/S ·,1. Gauhati I Mawpun I G/N 
ges i (100m) J (1500m) f (100m) I {1000m) I 

.. t .I I I I 

0 

1 

2 

4 

6 

7 

a 

9 

10 

11 

12 

13 

14 

15a 

15b 

o. 62±.,0.15 

0.79~.05 
N.~ • 

0.73!,.0,08 
rJ.s. 

0.72+0.06 
N'";s. 

o.7B+o.o9 
N-:"s ~. 

0.0+0.12 
liJ" .s. . 

0.77+0.38 
fif:s. 

De89+0.11 
N-;'"s • 

0.09+0.11 
ro;s. 

1o05+0e17 
N-:"s • 

1 .14+0.12 
N- ... . :;, . 

1.2)+0.03 
N:'S. 

1·54+0.19 
{+15:2)* 

1.62+0.19 
· N";"s. · 

1.9+0.27 
r1.s. 

~·12+0.13 
(+11 :-sa)* 
3.01+0.31 
(+41798) 0 * 

0.78+0.07 -. 
0.77+0.09 

r~:-s. 

0.74+0.10 
t~J';S • 

o.e1+0.oa -. N.s. 
0.79+0.11 

N';s. 
0.75+0.06 

. N-;"s o 

o. 79+0.16 
~J7S o 

0.88+0 •. 11 
. N:'So 

0.9+0.19 · rr.s. 
0.96+0.21 -N.s. 
1o12j;.Oo16 

N.S • 
1.14+0.22 
. N7S. 

1.13+0.37 
N";S •. 

1.81+0.23 
( +12:"71 )* 
2.04+0.17 -· N.S. 

2.39+0•27 
~J-:5. 

2.59+0.34 
N-;'"s~ 

N .s. 

N.S • 

ru.s. 

N.S ~ 

N.s., 

N.s. 

0.56+0.15 ·-0.57+0.06 
· N7s. 

o. 6+0.05 
1\l".,s • 

a.ss+o.o6 
· N7s. 

0.6+0.13 rr.s. 
0.61+0.18 

. N~! 

? 

0.66+0.25 
. N";"S. 

0.66+0.03 
N':'"s. 

0.56+0.05 -
0.56+0.12 

N7S. 
0.58+0.07 

N'.s. 
0.69+0.12 

N7s. 
o. 61+0.07 -N.s. 
0.61+0.07 

N";'S o 

? 

o. 6+0.08 
N'.s. 

0.63+0.08 
N':'"s. 

N.s. 
N.s. 

N.S • 

N.S • 

N.S • 

N.s. 

N.S. 

N.S o 

0.83+0.04 0.8+0.11 
(+25~6) 0~~ (+24.11)* 

N.s. 

7 ? 

0.89+0.04 
(+7.2'3)* 
1.06+0.08 
(+19;'2)** 

? 

1.73+0.09 
(+63:2)~U·tt 

~.0+0.11 
(+15. 61 )•• 

~-. 2+0.07 
(+10.0)• 

0.76+0.05 
N7s. 

0.91+0.08 
(+19:'74)00 

? 

(-14.61) 
• 

1.06+0.05 (-38.73) 
(+16:48) ** ~H~* 

1.57+0.15 {-21.5) 
( +48;11 )**0 •• 

... 

? stage could not be observed; ·• embryos were not enough for estimation. 
* p<o.os; ** p<0.01; <uHt p<0.001; N.s. not significant. G/s and G/M in 
parenthoses show the perc~ntege change and level of signlfieance of the 
data between Gauhati and Shillong and Gauhati ~nd Mawpun respectivelyc 
for each developmental stage. 



Table 16 : Changes in the total free amino•acid content (mg/ambryo) x103 

du~ing early development of. £• c~tpio and b• rohita at diff• 
atent altitudes (values are expras$ed as Mean ~ s.~.). 

0 

1 

2 

4 

6 

7 

9 

10 

11 

12 

13 

14 

15a 

15b 

l I WCd • 

Gauha·ti 
(100m) 

~· carpi~ 

G/S Shillong t 
(1500m) I 

' ' 
19. 57+0.29 ·-20.72+0.27 
(+s.e8)~H• 

21.28+0.34 
N.~. 

22.68+0.39 
( ... 6.SB)* 

21.63+1.0$ 
(-4.61)• 
~3.95+0.72 
{+10.7"3) 6 

24.03+0.34 
i~.s. 

24.69+0.29 
r~ .s-• 

27.6+0.)5 
(+1276)*** 
22e48+0.t61 
( .. 19 .14)~•tt 

22.44+0.42 .f'll.s-. 
21.7+0.73 

N:'"S~. 

20.99+0.89 
~l.s. 

22.6+0.44 
( +7 • 6'7 )0-!Ht 

24.94+0.46 
(+1 o.Js)<HH) 
24.66+1.59 

N.s. 
17.8+0.45 
("'!"27":82 )*tt* 

20.04+0.34 -
21.91+0.38 
(+a.a!')•*• 
22•21+0.85 N.s. 
21.14+1.06 

M.s-. 
22.04+1.15 

N.'g'. 

22.·31+1.19 N.s-. 
21.78+1.7 

rJ • 5'" • 
23.-68+0.52 

. . fd .'§". 

24.16+1.36 
N.!f •. 

24.48+0.1 
N.!". 

24.12~.0·87 
N • .;, • 

25. 6+1. 57 
N:"S • 

M.s. 
N.s. 

N.S. 

f~ .s. 

N.s. 
" 

N .S • --

(-13..09) 
«)& 

(+8.9) 
~-· 

(+17~97) 
CHt 

28.56+0.99 (+36.07) 
(+11oS6)**~ iHHt 

30 .46!,.~ .• 71 
CJ .s • 

31.17+.0 •. 99 
tJ .s-. 

32.15+1.17 
r~.s. 

~4.63+1.59 
f-23.Y9)~*tt 

(+24.96) 
. ..~. 

J Gauhati 
, {100m) 
• 

r-'lawpun 
I\ (1 DOOm) 
• 

11.5+1 .1 
. - . 

19.2+1.1 
(+66;96)·~~ 

17 o5+1.1 
N.s. 

16.6+1. 7 
N.s. 

18.4+0.9 
N.g".-

19.9+0.7 
N.~. 

? 

20.5+1.0 
N.s. 

19.6+0.8 
N .'§'" • 

14e3+1.1 
(•27704)*** 

? 

16.0+1.3 
N.g'. 

13.6+1 2 
("'"1s:"o)• 

7 

12.4+:2.4 
N .5'". 

9.3+1.3 
(-2J.o)~ 

8.97+.0 .24 
tJ .s-. 

10.8+1.3 ·-

15.2+4.7 
N eS • 

? 

18.5+1.5 
N.~. 

16.3+1.2 
N.S". 

7 

16.3+2•1 
N.s. 

14.6+1.5 
N.~. 

-

... . 

N .s • 
(-26.04) 

*** 
(·15.43) . ,,, 

N.S. 

N.s. 

N.S. 

(+1 5.63) 
• 

(+19.85) 
0 

(+31.45) 
<l 

(+56.99) 
• 

1 stage could not be observed; ... embryos tuera not enough for estimation. 
* p<0.05D ** p<0.01; ••Q p<0._001; N.s. n.ot significant. G/S and G/M in 
parentheses show the percentage change and level of significance of the 
data between Gauhati and Shillong and Gauhati and Mawpun reepectively0 
for e~ch developmental stage. 



Table 17 : Qualitntiv·a
3

and quantitativa % individual free amino~.;;acid and total free aminor-"':lacid (mg/ 
embry-o. x 10 ) changes o.f free amino acids during early development of £.• carpio at 
Gauhatl (100m). 

~: OEUELOPf.1ENTAL STAGES 
A.rnino acid 1~------------------------------------_ _ _ l n 1 2 3 4 5 6 7 e 9 1 o 11 1 2 13 14 1 5a 15b 

Glutamic ·acid 

Isoleucine 
Aspartic acid 
Argi,nine 

Sarine 
Glycine 
Threonine 

Alanine 
Proline 

\/ali. no 

Nethionine 

Lysine 
leucine 

Phenylal~nine 

Tyrosine 
Histidine 

Tryptophan 
Cysteine 
Cystine 

Total amino 
acid (mg/ 3 ofl'lbryo) x 10 

1 '. 9 1 4. 1 1 1 • tS 1 '. 9 14 .1 1 4 •. 6 1 4. 6 14.1 14. 4 1 4. 1 1 5. 9 1 6. a 11 • 2 17. 2 11 • 3 1a • 1 11 • 2 
. . l ' 

4.9 5.1 
10.7 8.2 

6.5 6.3 
So6 5o9 
2.1 2.2 

5.3 5.2 
8.6 8.6 
a., a.J 
4.3 3.8 

'·' 3.3 
8.9 9.1 

a.6 a.s 
5.9 5.a 
3.1 3.1 

ru.o. o. 6 

r~.o. 1.1 

5.0 ·4.8 
a •. 7 .a. s 
6.2 6.6 
5.6 5.6 

2.0 2.1 
5.0 4.9 

8.6 9.4 

8.1 o.o 
4 •. 1 4·.1 

3. 6 3. 5 

a.:. a.4 
a.s e.6 
5.a s.a 
3.0 3.0 

1.1 1.0 

2.1 2.2 

4.9 
a.s 
6.7 
5.6 
2.2 

5.0 
·8.4 

a.o 
4·.1 
3e5 

a.4 
8.3 
5.6 
2.9 ... , 
2.2 

5.3 5.3 

a.3 8.2 
6.6 6.6 

5.3 5.6 
2.1, 2.1 

4.8 4.9 
8.4 8.3 

7.9 7.8 
4 •. 0 4 •. 0 

3.5 3.5 

8.4 8.4 

8.2 8.3 

5.9 6.0 
3.0 2.7 

1.1 1.4 

2.2 ·2.2 

5.2 

8~1 

6.5 
5.5 

2.1 
4.8 

8.1 
7.5 
3 •. 9 

3.3 

8.2 
a.o 
5.9 
2.2 
2.0 
2.8 

6.4 
9.5 
5.7 
5.4 
1.8 
5.8 
7.1 

6.6 

3.7 
3 •. 5 

7.1 

7.3 
6~0 

2.2 

2.1 
3.1 

a.o 1.a 7.6 6.4 
9.6 t0.4 tn.& to.o 
6.5 5.7 5.4 5.1 
s.s 5.7 5.0 4.7 
2.1 4.0 ~.2 4.5 
5.1- 5.1 5.2 5.1 
a. 1 a.a 9.o a •. ? 

7.8 

3.8 
3.7 

3.4 

6.0 

5.3 

2.0 
2.4 
3.0 

6.2 4.9 
3.8 3.9 

3.6 3.6 
3.9 4.6 

5.9 5.a 
5.1 4.9 

2~2 2.2 

2.4 2.5 

3.7 3.8 

4.6 
4.2 
3 •. 4 

5.5 

5 •. 5 

5.6 
2.6 
2.7 
3.6 

5.8 
9.6 

5 •. 0 

4.6 
4.8 

5.1 
a •. a 
4.5 

4.1 

'·' 8.1 
5.3 
4.5 
2.5 
2.8 

3.7 

5.8 
9.2 
4 •. 9 

4.3 
5.0 
5.0 

6.4 

8.9 

4.7 
3.6 
5.1 

3.9 

6.9 

9.4 
3.9 

3.7 
5.5 
3.1 

5.1 6.5 7.2 

4.4 10.1 12.6 

4.0 2.0 1.0 

3.2 4.3 4.3 
8.4 10.6 11.2 

5.3 s.o 3.5 

4.4 

2.5 

3.0 

4.6 

5.1 
2.2 

t.s 
1.0 

5.8 
1.2 

1.8 
0.9 

N.D. N.D. W.O. N.D. N.D. N.D. N.D. N.D. ru.o. N.D. N.D. N.D. N.D. N.O. N.D. N.D. N.D. 
ru.o. N.D. N.D. N.D. N.D. N.D. N.U. N.D. N.O~ N.O. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

t9.6 20.7 21.3 22.7 21.6 24.0 24.0 24.7 27.8 22.5 22.4 21.8 21.0 22.6 25.0 24.7 17.8 
+0.3 +0.3 +0.3 +0.4 +1.1 +0.6 +0.3 +0.3 +0.4 +().6 +0.4 t+.i0.7 +0.9 +0.4 +0.5 +1.6 +0.5 
...... . .... ... ._, ...... ' .._, • ._. 41181 ._, ._. .... ... .-a ..... .... ... _. 

tJ.D. = not detected 



Table 18 : Qualitative and
3
qua'!titative % indiviqual free· amino··,acid and total free aminQ<..-=,acid 

(mg/embryo x 10 ) changes or free amino aci-ds during e.arly development of £.• car_eio 
at Snillong (1500m) . .-:.. · 

~------~ 0 E V E L 0 P f'IJ E N T A L. S T A G E S • 
Amino acid , 0 1 2 3 4 5 6 7 a 9 1 o 11 12 13 14 1>5a 1 5b 

• I . . ··~ • • . 
Glutamic acid 
I $Olaucine 
Aspartic ·acid 
Arginine 
Serine 

-~----

Glycine 
Threonine· 
Alanin& 
Proline 

\/aline 
f-1eth1 onine. 
lysine 
leucine 
Phenylalanine 

Tyrosine 
Histidine 

Tryptophan 

Cysteine 
Cystine 

Total amino 
acid . (mg/ . 3 embryo} x 10 

' , \ ,' '• . ' . I ' . t) • ' • 

13 •. 8 13.0 13 .• ·4 13.9 14.1 14•3 14.0 14.-1 14.2 14.6 15.9 1'6.0 '17.0 17.-6 18·•9 19.0 18.··5 
' •! "\ • 1 ·\" • . • • 

4. 9 4. 9 s. o 5. ~ .s:~ o . 5. o. 4. a 5. o 5.. p 5. 3 5. 3 s. ~ . 5 ~ 5· 5. 1 · 5 •. 1 ? • 2 6. 2 

·9.9 1o.o 1o.o 10 •. 1 10-.1. 10 •. 2 1o.o 1·o.o. 10.1 10~-1 9.9 ··9.9 ·. 9.a 9.:'8 9-.7 10~6 9~"o : ,· . 
' 

6.s 6.4 · 6,., 6.5 6~8 6.7 6.a 6.e 6.o 6-.o 5.6 5.4 s.2 . 4.6 4.8 s.~o 3~8 

6 •. 2 6.1 6.o ~.o __ -~-~~·- ~-·o 5.9 5.9 5.9 s •. a s.7 5.6 5.6 5.5 4.3 4.1. 3~.9 
~· 

2.2 2~1 2.1 2.1 2~1 J.o ·3.1 J.t 3.2 3~2 J.2 -3.3- 3.5 s~o 5.1 .5. 9 ·., 6~,8 

s.1 ·s •. o 5;.'o 4 •. 9 s.o 4.8 4.'9 4~8 5.5 . 5.1. 5.1· 5 •. ·1 5~2 5.1 . 5.1 ' 5. 2 '4 .• 0 

' 8 .• 9. 6 ·• 2 6 ~'9. 8.7 
'B.> 
4.0 

3.9 
a.9 
8.9 
5.3 
3o2 

N.D. 
N.D •. 

8.6 

8.3 
4.1 
3.5 

9.1 
a.s 
5 .• 7 

3.2 

0.5 

1.1 

8.5 
a.:, 
4.1 

3.5 

8.4 
7.9 

4.2 
.3.4 

a .• s 
7.9 
4.1 
3.4 

' e.4 ;B.4 8.4 B.5 
1.s 1.a a.o 7.9 
4.0 4.1 4 •. 1 . 4.2 

3.5 3.4 '·' 3.4 
8.s·· 1.0 

,. 

7.7 

a.a 
7o7 

4.5 
4'.5 
2·.o 

9.9 . 9:a .. 9·.8 

a:.9 
5.9 

8.5 . 7.0 

5.0 5.2 

\4.2 ·4.6· 4.6 

. " . : ·.,....._ 

/~ "'7 6~ 5 8'~ 6 

4.1 4~2 ·.,,2.5 

4.0 .3.1 4•.2 

5.o -5.0 " 5•2 a.J a.4 8.4 e.5 
a.6 ·a.4 a.4 a.6 

,. .. 

"2.5 

5.5 

3.s· 3.9 

5.2 ·~.b 

a.9 
6 •. 7 

4.1 

4.4 

3•6 
5.1 6 •. 0 8. 4 8. 2 7 ~J~~ 6. 9 

s.{7.::<··so"6 ·!f:6· 5.a 5.1 5.o. 4.8! 4;..5, 4.3 

4.'4 

4.2 

4.9 

5~9 s.s 5.6 .5.7. 5.6 
3.0 

1.0 

1.1 

3.0 

1.1 

1.1 

3.1 
1.1 
1e0 

2o'9 

1.0 
1 .1 

3.o 2.9 2.a 3.9 2.9 3.0 ~.7 4.0 · 4.1 4.2 o.s~ 
. !J' ,' l. '·-'is ... ,,_.....- ~ 

1.1 

'1.1 
1·0 
-f·~o 

1.0 
1.0 

1.6 1o6-'"·2.2 2•1 2.2 ;2.4· .. i:.·2·';tf;t 2.9 ' .. , ... > ... ' ,! .. .~;. ·~-.;..~""' l ' 

2 .1 . ::l(_j ..• 1 2. 1 .' .2 ~ .. 2 ...-..: .. 2 .• .3:~·. 3 • 3 3 • 5 2 •. 1 

N.D. N.D. N.D. N.D. N.D. N.O. N.O. f~.D. N.D. N.D. N.D. N~-~ N.D. N.D. N.D. N.D. ,N.D. 
m.o. N.D. rJ.D.N.D. N~O •. N.D. N.D. N.D. N.D. N•D• rJ •. D. N.D. N.D. 1\f •. o. N.D. IIJ.D •. JN.'o. 

20.0 21.8 22.2 21.1 22.0 22~3 21.8 23.7 24.2 24.5 24.1 25.6 28.6 30.5 31.2 32.~~24.6 
+0.3 +0.4 +0.9 +1.1 +1.1 +1.2 +1.7 +0.5 +1.4 +0.1. +0.9. +1.6 +1.0 +1.7 +1 •. 0 +1.2 +1.6 
.... ~ c-. - ' . ._.. . ._. ,._ . . ._.. ... . ._ ~ ' ._. -- .._. ..., ... .... .._ 

N.D. = not detected 



Table 19 : Qualitative and juantitativa 5t individual free amino~acid and total free aminO<:=>acid 
(mg/ embryo x· 1 a· ) ·changes of free amino acids during early davalopmant of !:..• rohi t2 
at Gauhati (' OOm). . · 

--. ~-----------~---- ----

' D E V E l 0 P M £ N T A L S T A G; 'E S t 

Amino acid 
1 I 0 .2 3 4 5 6? 7 8 9 10? 11 12 131 14 15a 15b 

• . • -.. -
Glutamic acid 18.6 1a.2 ta.t ta.o 16.2 1~.8. 14.·8 13.4 14·. 5 ,f5.4 16.6. 18.5 18~9 19.2 

I aol·euci ne 13.2 15.3 15.9 15.6 15.0 15.2' 15• 2 1 6. 5 1 6.9 ·16.5 15 •. 2 14.-5 ·13.1 10.5 

Aspartic acid 4 .• 6 . 4 •. Q 3.5 '3 .• 1 3.,8 . 3 •. 6 2.9 3 •. 6 ' 3 •. 7 - 3,.6 3.5 3 .• 1 3.1 '3•0 

Arginin:a 19.5 23 .• 2 23.8· 23.9 23. a 24 •. 3· 24.4 21 .• 2 20.1 19.5 20.9 20 .• 9 21,.5 23~2 

Serine 2·.? 1 .• 8 1 ,.6 1 .• 5 1.8 1.2 1.6 1 •. 9 1,.8 1.6 1'.4 -1.2 1~5 1.1 
Glycine 4 .• 8· 3 .• 5 3 .• 4 3.3 3e.2 3 .• 2 3~2 3.2 2, •. 2 2,.1 2,.0 2 .• 0 1 .• 2 1 .•. 2 

ThJ:aonina N.D. N.D~ N.D. N.D. N.D. N.D •. N •. D •. N.D. N.p. filoD• N.D. N.p. N.D. N.p. 
Alanine tv.o. r~.o •. a •. s 0..6 0.6 0.6 0.6 1 .• 0 1.3 1 .• 5 1,.4 .. 1.9 1 .• 5 1,.9 

Proline N.D. 0.6 o~.El· o .• a 0.9 1,.o v.o 1.0 1.0 1 .• 3 1 .• 2 ~ ~J1 5 .• 9 6 .• 2 

Valine 5.2· 5.2 4.6 4 .• 4 4.9 4·6 4.7 5.6 5 .• 5 5.6 5.7 5 .• 8 3 .• o 2.2 

fllethi oni na 5,.5 5.4 5 .• 2 4.9 5~t2 5 .• 1 4.9 4 .• 8 4 .• 5 3.5 3 .• 3 3 .• 1 3 .• 2 3 .• 2 

Lysine ~ .• 9 '! .• 2 2.5 2.4· 2~· 5 2.~4 2 .• 3· 2 • .5 2.8 2.6 2 .•. 4 2 .• 6 2 .• 1 2 .• 9 

Leucine 5·.6 5.9 5~8 5 .•. 7 s. .• ·6 . 5.5 5.4 5 .• 3 5.6 5 .• 2 5 .•. 1 ~.5 t1;:3 .• 1 10.5 

Phenylalanine 6:.5- 6-.·5 6~4 6.4 6·.4 . 6.1 s .• a 5 •. 7 5 .• 5 5.6 5.1 3.6 3 .• 9 0.3 

Tyrosine 4.2 4 •. 2 4.1 4 •. 5 4.6 4 .• 6 6~0 5 •. 5 5.9. 5 .•. 1 5 .• :2 . 5,.9 6 .•. 2 6.9 

Histidine N~.o. 0.2 0.2 1.0 1·.1 2·.1 2.3 2·.5 2-.5 2 .• 4 2.3 2 .• 5 2 .• 4 2 .• 6 

Tryptophan N.D .• N.D. 0.3 0.3 0.4 o.s 0.6 0.9 1 .• 0 1 .• 6 1 .• 9 2.1 2 .• 4 2 .• 8 

Cysteine 2.:5 2· •. 4· ·2.5 2·6 2.7 . 2.7 3.2 3.3 3.2 3.3 3.3 3.1 2 .• 9 3.5 

Cystine 2.5 1.1· 1.0 1.0 1.0 1.0 1.1 1.6 1.4 1.5 1.9 2.4 2.9 2.7 

ro;al fr~= ( I 11 .• 5 19.2 17.5 16 •. 6 18.4 19.9 20.5 19 •. 6 14.3 16.0 13.6 12.4 9.3 9.0 
ambno )c · 10~g +1.1 +1.1 +1.1 +1.7 +0-.9 +0.:7 +f.O +O~.B +1.1 +f.J +f. 2 +2'.4 +1 .• 3 +0'.2 
em ry o x ·- - ·· - · - - - · - · ...... ·-· -·· - ·-, -. ..... . .-. 

N.D. = not detected 
? = stage could not be observed 



Tabl(t 20 : Qualitative and3quantitative % individual free aminocacid and. total free amino,.,acid 
(mg/embryo x 10 ) changes ·of free amino acids during early development of b.• .rohi ta 
at f4awpun (1000m).. · 

--~-- -- -----------. ---~------------- -·---·- --------------------~----- ~ ------------------- -~- --'-- -~ 

-----------.-~-----------~-- 0 £ V E L 0 PM . ..:E~N_T.;..·...:A~L;;.... __ .:>_c_r_A_G_E_s_· ________ _ 

' ---Ainino ac,id : J . 0 1· 2 · 3 4 5 6'1 7.B 9 . 107 · 11 . 12 13? 14 15a 15b 

Glu.tamic acid 

I aoloucina 
Aspartic acid 
Arginine 
Serine 
Glycine 

Threonine 

Alanine 

Proline 
Valine 
Methionine 
lysine 
Leucina 
Phenylalanine 
Tyroaina 
Histidine 
Tryptophan 

Cysteine 
Cystine 

18.4 19.0 11.·9 17.6 17 •. 6 HJ.3 

13.9 12.5 12.1 12.0 10.6 10.0 
4.3 4~2 4.1 4.2 4.1 4.6 

19.1 22.5 '23.5 2::S.5 23.6 24~6 

2.S 2.4 2.2 2.1 2 •. 1 2.0 

4.9 4.a 3.5 ~~2 3.2 3.3 
rJ.O. N .• D.. N .,0. ~J. O. N.D. N .o •. 

N.D. N.D. 
N.D. 0.45 

$.6 5.2 
5.9 5.6 
4.2 3.8 
5.3 5.4 

~9 ~5 

J.9 3.5 

N.D. 0.2 

N.D. N.D. 
2.4 2.3 

0.1 o.7 
0.5 o. 5 

5.2 5.6 
s.7 s.s 
3 •. 5 3.2 

5.5 5.7 
6.7 6.6 
].9 4.4 
0.2 1.0 
0.4 0.3 
2.2 2.4 

1.5 
0.6 
5.9 
s.o 
3 •. 1 

s •. 7 

6.9 

4~6 

1.2. 

0.3 

2.6 

1.2 

OCI!7 

5.7 
4 •. 2 

3.2 

5.6 
6.5 
4.9 
1.3 
0.4 
2.5 

2.5 1.9 1.7 1·0 1.0 1.0 

18. 5 18 ., 9 1 9. 2 

9.5 10.2 10.7 
4.5 4.2 4 •. 5 

24.2 22.'2 20.6 

1.9 1.9 1.9 

3.2 3.2 3.1 

N.D. r~.o. N.D. 

1.5 1.8 1.6 

0.9 0 .• 9 1.0 

5.8 5•7 6.2 
4.6 4.7 4.3 
3.1 3.2 3.5 
5.5 5.6 s.a 
5.2 4.6 4.9 
5.2 5.3 5.7 

1~5 1.5 1.6 

o.4 o.2 o.a 
2.9 3.0 3.2 
1.0 1.0 1 .o 

19.3 20.2 

11.6 10.0 

4.1 4.2 
19.1 20.3· 

1.6 1.8 

3.0 3.0 
tJ.D. N.D. 

1.9 1.9 

2e2 2.9 
6.2 5.7 
3.2 3.1 
3.2 3.8 

5.7 5.8 
4.5 3.2 
5.9 6.2 

1.6 1.7 

0.9 1.0 

3.3 3.5 
1. 5 1 •. 6 

18.6 18.5 -

12.8 12.8 

4.2 3.9 

19.5 19.7 

2.0 0.9 
2.8 2.8 

r~. o. r~. o. 
1.9 2.0 
2.9 3.2 
5.5 6.5 
2.2 1.9 

3.5 4.2 
5. 6 4. 6 

2.1 2.0 
6.5 6.9 
1.6 1.7 

1.1 1-3 

4.2 4.5 
1.8 2 •. 2 

!:r~! :~:~ 10.a 14.2 14.B ,5.5 16.9 18.5 20.1 17.2 15.2 18.5 16.3 16.3 14.6 
{mI. b ) 101+1.3 +1.1 +1.8 +1.4 +1.9 +0 •. 7 +0.9 +1.2 +4.7 +1.5 +1.2 +2.1 +1.5 
· g am. r-yo x . - - - - - - - - - ,_ ·- - -

r~.o. = not detected 
1 = stage could not be observed 
- = embryos were not enough for ostimation 



Tabla 21 : Ch~ngas in DNA content (~g/embryo)x 10 during early develop• 
mant or c. catJ?Jo and L. rohlt.§. at different altitudes (values 
are expressed as-·Maan !: s :o:r. 

Dev.f c. c.a.rp;i:g., 
t 

L. rohita ' -· t - : :. ! I : 
J ! • ' 't sta• Gauhati Shillong G/S ' Gauhati ' Mawpun : G/M ' gea (1OOm) t (1500m) ' (100m) I (1000m) t ' • 

0 4.62+0.83 4e77+0.BB N.s. 5.93+0.72 6.13~1.43 N.s~ - -. -.1 4.64+0.68 4.52+1.98 N .So 5.81+0.98 5.69+0.72 N.s. 
N7s, ·. · rf:s. N7S. N7s. 

2 4.8+0eB5 5.0.5+0.46 N.S. 5.54+1.26 5.77+1.34 ru.s. 
N.s. N:"s. ru-;"s. N";'s. 

3 5.05+0.78 5.04+0.46 N .s • 5.63+0.43 5.72+1.02 N.s. · r~-:s. . N7s. N';S • N:S • 
4 5.0+0.89 4.73t,0.91 NoS. 5.81+0.97 5.86+1 .11 t~ .s. 

N'.s • N.s. N75. ~J7S • 
5 5.0+0.5 4oBB+Oo73 N.S. 5.71+0.34 5.91+0.42 N ,S. 

N'.s. ,.~-a N:'s ·~ N7s. . ·t .OJ 0 

6 5.3+0.83 4•82+1.08 N .S • ? ? 
· N.s. -. u.s. 

1 6.3+0.78 6.73+0.48 N .S. 11.58+0.49 11 .2+.1.09 N eS • 
N,S. ru-:"s. ( +1 o2':-a )** * (+89;'51 )»•tt 

8 7.29!,.2.07 7.04+1.04 N.s. 20.63+0.75 19.66+0 96 N.S • 
N.S • fJ-:'"S ~ ( +78. fs) ~,it (+75. 54>·~· 

9 a.2+0•85 7.7+1.29 N.s. 25.2+1.88 24.99+1.75 ru,s. - . 'N.s. (+22:15) 0 *tt> (+17 .11 )*** N.s. 
10 9.77+0.82 

(+19-:"1 S)* 
9 .. 7!.,0.:33 
(+25.91)* 

N.s. ? ? 

11 17.86+2.17 
(+82.81 )** 9 

17.66+2.09 
(+82.06 )*** 

N .s • 29.29+2.03 ~8.31+1.55 N .S • 
(+16.23)* +13.29)* 0 

12 32.24+2.03 32. 61+.2. $8 ~J .s. 55.54+3.38 55.27+2}23 N .s • 
( +80. 62 , .... (+B4e6"6)**tt- (+89. 62)*** (+95.23 *** 

' 
13 58.39+4.76 52.39+4.13 N .S • 7 ? 

(+81. f1 )*** (+60oG6)iHU• 

14 83.89+1.39 62.98+1.57 (-.24.93} 70.29+1.94 61.33+2.14 (-12.75) 
(+43.67 ) 0 ** (+20 .21 )~· *** ( +26. 5"6)*** (+10o9'6)*fHt ** 

1.5a 128.75+8.81 98.78+9.2 (•23.28) 140.9+3.87 111.3+6.41 (•21.01) 
( +53.4§') *0 * (+56.8'4) 0 ** * (+100-:"5)*** ( +81.48 )*** ** 

15b 148.61 +2. 67 110 .92+2.41 (-25.43)., 188.58+5.61 -(+15.43')** (+12.f9) 0 *** (+33.84)*** 

? stage could not ba observed; ,_ embryos ware not enough for estimation. 
* p<0.05; 0 * p<0.01; tuH• p<0.001; r-J.S. not significant. G/S and G/M in 
parentheses show the percentage change and level of significonce of the 
data between Gauhati and Shillong and Gauhati and r.JJawpun respectively·.~ 
for each developmental st~go. 



Table 22 : Changes in aNA content (~g/embryo) x 10 during the early 
daveloP.msnt of £.• g,are.io and b.• r,ohits at different alti• 
tudes (values are expressed as r1aan t. S.D.) • 

I • .£.• caro io b.• rohi t.s. 
Dav.~----------~------------~------~-----------r-----------,-------
sta• Gauhati Stiillong I Gauhati , Mawpun 
gas {100m) I ( 1500m) : G/S f (100m) I (1000m) ~ G/M 

0 

' 1 

4 

6 

7 

8 

9 

10 

11 

12 

13 

14 

38.79+0.68 
. -

38.5+0.99 
· N';s~ 

38.63+0.79 N,s. · · 
38.35+1.18 

N.J'. 
38.24+1.57 

~-J.S'.: 

38.54+1.27 
r·J .s. · 

38.96+.0.903 
'N.s. · · . 

39e1+0.67 
r~:-s. 

39.65+1.48 
N.s. 

40.1 $+1.25 
N.'S:. 

41.15+5.73 ru.s. 
49.45+1.67 
(+20.f7) 0 

76. 52+6.02 
(+54.74)* 00 

96.21+2.31 
(+12.!6) 0 

132.77+4.32 
(+54.01)*** 

15a 183.63+7. 74 
(+JA.Jf)Ooo 

38.52+0.76 -38.69+1.03 
N.s. 

37.29+3.54 , · N.s. . . 
38.7+1.28 

N-:"S • . 
38.35+2.12 · · N.s. -
38.64+3.15. . N.J. . 
38.69+3.26 N.s. · 
39 .29+3. 21 

N.s. 
38. 25+0.·63 N.-s. , 
41 .42+2.·82 

No·So · 

41.5o+1.29 N.r. 
49.38+4.03 
(+18.82)* . 
69.31+7.09 
(+40.J'6) 0 fl'-

71.13+7.1 
N.!f. 

89.51+5.92 
(+25.84)* 

134.51+12.32 
(+50. 271***-

va.s. 
N.s. 

N.S ., 

N.S. 

ro.s. 

N.S. 

N.S • 

rJ .s. 

N.S. 

N.s. 

25.74+.0.58 
. -

25.91+0.75 
N':"S. 

25.82+0 .82 
N7s. 

26.35+0.49 --N;.S. 

44.2+0. 63 
(+65:-98)•~• 

65.51+0.54 
(+48.21 ) 0 *0 

91.88+2.05 
(+40.25)*** 

? ' 

25.86+1.5 N.B. -25.69+1.68 N.S. 
N7S • 

25.82+1.65 ru.s. 
. . N:S. 

25.79+1.2 N.s. 
N7s • 

26.17+1.08 N.s. 
N7s. · 

26.56+D.a4 N.s. 
. N7s. 

43.2+2.07 N.S. 
( +62:-as-'*** 
63.27+3.87 N.s. 
(+464146 )*** 
88. 54+18 •. 22 
(+39.94)* 

? 

N.S. 

N.s. 128.75+3.43 108.57+4.41 
· (+4o.f2>•*• - · N.s~ 

thS. 199.15+19.15 179. 74+'2.21 
(+54. 68") 00* ( +65 .~ss) 0 ** 

(-17.49) ?· 7 . ... 
(-32.58) 281.44+10.09 

o•tt . (+41.J2)fHttt 

(-26.75) 434.52+23.92 
..... (+54.3~) 0 ** 

(-49.48) 511.17+9.32 
..... (+17~64')*** 

231 .41+12.62 
( +28 .?5) .... 
334.2+14.6 
(+44.42)*** .. 

N.s. 

'. 

(-17.78) 
. .. .. 

? Stage could- ·not be observed; ~- embryos were not enough for estimation. 
* p<0.05; •• p<0.01; ••• p<0.001; N.s. not significant. G/S and G/M columns 
show the percantage change and level of significance of th8 data between 
Gauhati and Shillong and Gauhati and f1awpun respectively for each develop• 
mental stage. 



. . 3 
Table : 23 • Chaa,ges in ammonia content (_}J moles/embryo) x 10 during • 

early development of £.• carP,io and L. roh,i t.§. at different · 
altitudes (values are expressed as Mean± s.o.). 

l I 

' ·. C·. CaiQ..i.o ' l-. roh1 ta 
Dav. - -
at a• ' I t 

Gauhati Shillong ' Gauhati Mawpun t 
gas t G/S I ' ' G/M {100m) t (1500m) ' (100m) I (1 OOOm) ' I I I l • 1 ' 

I .. 

0 '3.55+1.18 - 3.68+0'.45 - M·.s·• 1 .88.±.0 .1·6 1.89!,0 .34· N.S. 
1 '6. 72+1.0 5·.94+0.32 N-.s. . 2.9+0 .23· 2.83+0.17· N.s-. 

(+89::'"3)** (+61:41 )it*~ .. (+54.26)~~· (+49;74')*-~P~ 

2 6.99+1.61 6. 59+0'.32 N'.S"o 2 .1·3+0.1·2 2.12+0.34 N .5·. 
' N:'S • (+10:"94)it (-26:"55)~· (J112s:"o9·)** 

3 '8.46+1.22 a·. 08+·o. 63 
· N:'s. ( +22-:61 , .. ., 

~~·.s • 2.19+0.1·1 2.11+0.25· 
rJ7s·. · "· N7S. 

4 8.96+'1.76 9'.B6+1·.o N·.s. 2.15+0.07 1.98+0.12 
. N:'"S • (+22:"03)a N7s··. N7S •. 

5 11.48~0.95 11'.11+1'.38 rJ .s·. 1.67+0.22 2.11+0.05 (+26.3$) 
(+28 .13) 0 N'.S'. (•22:"33 )·itO N:"S o • 

6 6.61+1.05 10.93+0'.84 (+65.36) ? '? 
(-42,.4"2}*lfct N·.~. *** 

7 7.28+0.84 10.29+4'.47 M.s·. 2.1·5+0•29 2.36+0.25 N.s. 
t~7s. M7s. fJ:'S. N:"'S. 

B '8.82+1.26 11.51 +3.15 tJ·.s·. 
N7s. N7s~ 

2.31+1.42 
N7S. 

2.35+0. 27 
N7S. 

N.s·. 

9 1'2. 6+2. 26 14·.67!,1' .• 49 N~s~ 2.59+0.33 ~.89+0.26 N.s. 
(+42:"86)* N.·s. N7S~ +22:"98 )• 

10 1"6.95+1.82 17.24+1"'.95 t"II.S. ? ? 
(+34.5'2)* ·N7s. ... --.... 

11 1'5.95+2.92 10.2+0.'95 N.S • 1.88+0.1-9 2.83+0.09" (+50. 53) . N7S. N;'s. ,., .. 
(•27741 )•• N7S·. *** 

12 16.77+3.23 19.29+1'.48 N .s·. 2.89+0.19 4.37+0.17 (+51. 21') 
N7s. N.s~ (+53:"72)•* ( +54742 )*** ••• 

13 10.06+4.91 
r~:-s. 

19.17+1.41 ru.s. 
N.s. ? ? 

14 25.05+4.6 19.31+0.63 NoS. 3.76+0.36 4.76+0.14 (+26.tS) 
N7s. N.s. (+30:"1 )** ( +8. 92 )*<t *** 

15a 29.6B+2.9a 19.51+1•1 (-17 .81) 4.12•0.41 7.13+0.602 (+73.06) 
N7S. ·N.S". GttO N7S. ( +49779 >·~· • •• 

15b 21.11+3.33 17.35+1.18 N.s. 3.02+0.07 ... 
(•2B. aa )~• (-11.0"7)* (-26:'7)*** 

? stage could not be observed; • embryos were not enough f'or estimation. 
• p<0.05; * 0 p<0.01: ••~ p<0.001 f N.s. not significant. G/S .and G/M 
columns show the percentage change and lev~l of' significance of the data 
between Gauhati and Shillong and Gauhati and Mawpun respectively f'or 
each developmental stage. 



l l ' I ' . .• I I . • • F ., ' I ~ I I I) t .• F I b I I 1 

oav. t.' - ...... -~·.:!;!:..=c::a:,~p~·=io::·:;.· _......, ......... _...,J_;;_.......,..,..........,..,.:h::•_· :tt::o:h::t_:::ta:· ~ .............. --. 
at~ Gauhati . ! Sf}il.long ! G/S Gpuhati ! Mawpuf\ i G/M. 
ges (10Qrra.) j. ( 1500m} f . \-100m) ! ( 1000m) o 

0 
l 

4 

1 

9 

10 

13 

15a 

1 .s6!SJ~~s 
2.74+:1 •. 22 

N;$ •. 

'2.51±.0~65 ...... . N.s. ·. 
2.47+0.?2 

· ·N':s. 

,,~o~'' • s, 
3.11!..0~45 

~J.s.-

2.S4+o.9s . . N":s• . 

3.19~.18 
. N•S• 

J.1+0.9S · · W.s •. 
4.3i:!P.11 

l\lo$.-

4.$±0 •. 18 
1\T •. s. 

4.88!,1.34 
:r~.s •. 

s.a9tf).~9· 
M;S .• 

6e17.t.O.SS 
ru.s .. 

·s.s9~·'2 ro.:s. 
6.17,!.0.95 

N.:s. 
4.9~1:•0 

1.&?t.0.94 
2 •. 21~0.78 

N.s. 
2.21+1:,0 

-~~ 
2.4az.a. ?1 

. M•s· 
2.-1-M:J,.SS 
· ·11,s. · 
2.1•o.ss 

t·~s. 

· ;.,~.• ~·sr 
IV.;, • 

. 2.7•1.05 · · ·11.s. 
'··1stP.4!i 

r~.s.· · 
4eli8+0.4S 
(+4&7P?')** 

4.4~fl.6.7 .s. 
4. 7_2z.0.84 

NoS.- · 

5.66+0.49 
. N"Z§ .-

s.~o.6J .s. 
s.a~~o:.56 

iii•S• . 
&.47+0.;84 

.. -·. ru.s. 
4.6kne97 
. N";s • .. 

ru.s. 
N.s. 

ru.s. 

1 •. 1'!P.45 
1.55+{1.63 
· ... N~~·· 

1 • 95-+0. 63' 
N":s •• 

1•·3%+0.45 . !l;s. 
1e33!.fl.4S 

rJ.s • 
1 •. 33+0.45 

M":S •. ' 
? 

1 ~'JJi.<h71 
N.~. -

1.Js~_.1a 
N.::;.· . 

1.94+0.1:J 
(+J:t:'J. J·) ** ... 

? 

1.a~o5· ._11 
llh:. 

a.J+o.?a 
. W'.s. 

'? 

1.~a~.ss 

1.47*-f.J.71 
~t;s • 

1. 56+!J.J2 
. l\1-:"S • 

1.SS+0•6l 
. 1\f;S • 

1.11!.0,)2 
. N.s. 
1.SS,t,0.63 

fli'.S- · 

? 

.. ' 

1 •. 77+o·.ss 
. · ~l~S~ · 

1.SS+0.12 
r~";s ~, 

1.sa•o.15 
(+17-;42) -~ 

1 

1'··84!,.0e6l 
N.s.-

t.a4_j'P.63 
r11•S•- ·. 

'1 

N.s. 
ru.s. 

N.S • 

r~.s. 

ru.s • 

'1 $taga c;ould ·not be obeetva·d;: ·• embt:yoa ~ra ·not enough f·or estima• 
tiona .. p<(l.:os; •• p<o.or; "*' p<0.001; m.s. not. ·aJ.gn1f'icanta G/S 
and G/M columna $t).ow .. ~a percentag$ change and lavel of' .significance 
of th~ "ata bat\UeO.n Gaunat.i and Shlllqng and Gauhati and f•1awpun 
J:espoctively ~OJ: ~acm davelopmentl;ll EJtQ9t3• 



(; . 
·rabla 25 : Changaa in tho total activity (units/embryo) x 103 of Glutam•te 

dehydrogenase (GDH) during the early development of £.• SA£Ii~.S 
and !:..• rohita at different altitudes (values are axpresse~d ~:as 
t4aan .!. S .o.). 

0 
1 

2 

4 

5 

6 

1 

8 

9 

10 

11 

12 

13 

14 

15a 

1 Sb 

N.D. N.D. 
15.97+2.39 ·-

19 .18+3 .98 . 20.14;!:.4• 35 
t-J"s. td.S. 

1 8. 58-+: 3 .1 5 . 
N .s-. 

21.09+3.76 N.s. 
21.58+4.74 

N.g". 

21.39+3.91 
N.s. 

19.24+2.96 N.s. 
19.23+3.95 

.. N.~ •. 

19.19+5.99. 20.9+4.16· 
N .s-. . r~;s. 

20.92+2.61 '18.29+3.24 
r'd .5. ~t~s •. 

15.90+2.32 13.07+2.03 
(•23.61)~ (•28eS4)ft 

30.99+5.76. 34.6+8.19 
( +9). 93 )•.,. . (+164 •. 73 )**; 

35. 2!,5.06 ' 37. 7'+7. 57 
N .s • . N::S. 

38.4!.) .68 
rJ.s. 

51.15+8.12 rJ. 5". 
57. 54+.9. 83 

N.s. 
69.7!.,15.04 

N.S • 

79.9v6.14 
N";'s. ~ 

90•61+5.22 
(+1).4)• 

47.9+11.46 
. N:'s. 

. 40. 65,t.6.12 
N.s. 

53.14+10.82 -N.;;. 
44. 28!_9.42 

N.s. 
55.76+4.25 N.s. 

. 63. 71+4. 67 
(+14.26) 

G/9 

N.S. 

t~ .s. 

r~ ~s. 

rJ.o. 
13.46+1.3 -
14.45+2.05 

N.s. 
13.71+1.18 

N.s. 
15.05+1.76 

N.s. 
15.05+1. 76 N.s. 

? 

13. 7+2.07 -
13.3+1.34 N.s. , 
15.1+4.62 

N .5'". 

17.61+2.17 
N ('!-

·~. . 
7 

. 
N~S. 27.65+1.76 16.90+4.46 

c..-a3.73)**4) N.s. · 
N .s • 

N~~·s .. 

ru.-s. 

N.s. 

rJ. s. 

44.4+4.11 
(+60":58)~·· 

58.0+7 .82 
(+30:63 ) 0 

? 

53.61+1.48 
N.s. 

51.4+4.89 
N7S. 

? 

(-35~55) . ~0.~+7.12 
ft (+37:'35)** 

(•30.21) 75.9+9.73 
0 ** N7s. 

· (•24e38)' 76.6+7.16 
••• rJ7S. 

42.8+5.37 
(+152'.06)0 *a 

54.9+7.14 
(+28;27'){t 

? 

53.6+9.04 
. N:"S. 

55.08+14.07 N.s. 
? 

60.36+14.37 
N.s. 

60.37+16.43 
N.s. 

... 

G/r-1 

c:=~ 
fJ .s. 
N.S. 

N.s. 

~J .. S" 

N.S • 

N.S • 

N.S. 

N.S. 

7 stage could not ba obsarved~ • embryos wera not enough for estimation. 
~ p<0.05; *0 p<0.01; *00 p<o.qo1= N.D. not detected; N.s. not significant. 
G/5 and G/r1 columns·shotu the percentage change and level or significance 
of the data between Gauhati and Shillong and Gauhati and r.!/awpun respect.-
ivaly for each developmental stage. · 



Table 26 : Changes in the specific activity (unita/mg protein) x 102 

of Glutamate dehydrogenase (GDH) during early development 
of £.• caxei.o and !:.• rohit§ ·at different altitudes (va~ues. 
are expressed as Mean+ s.o.). ·-

Dev .~ i.. ----~£.:;··~:..;,;·~c:!:r:· g:i:o~. _.....,_ ....... _......;~J---:;.---tb.:::•:.....:r:o::h:::i::t::a:.· _..,. ___ _ 
sta.;. I Gauhati I· Shillong I I Gauhati J f4a,wpun i G/M 
ges j (100m) ; (1500m) i G S ! (100m) , (1000m) : 

0 

1 

2 

4 

8.78+1•25 '7.17+1.4> - - ~· 

-10.99+1.57 ,. ·10.78+3.76 
: · ~J':-s • • ., · ·· N:S.. . 

10.41+2.07 ~f0.95+2.2 
N7S; · ·. ~J7S ~ . · 

11.69+1.99 ·10,74~2.3 
r~:-s. . N .s. 

5 11.91+2.18 10.69+2.12 
N7S • · ' .. . N7S ~' 

6 10.B9t,.4.72 12 .• 29+3.66 
~J.s. · rf:s. 

7 

8 

9 

10 

11 

12 

13 

14 

15a 

12. 79+2.0 
N7S ~. 

9.04+2.04 
(-29.32)* 

16. 9+3. 71 
(+68:"33)* 9 

21 •. 17+3.0 
N73. 

11 • 0 6+ 2. 3 2 . 
N7s • . 

6.31+2.49 
'(.D42.95)4t ';, 

18.19+5.62 
{ +188727 )*~ ' 

26.49+6.0 
· N7s. 

28.76+3.31 24.49+3.61 
(+3S.B5)* N7S. 
33.69+8.45 32.93+3.64 

N7S • . -. - N7S ~ 

42.95+6 .. 49 
N7S • 

N. S. , 

N.:s • 

N .S. 

N· •. S • 

N .S • 

NoS • 

N.S • 

N .. s. 

N.s. 

(-11 .02) 
0 

thO. 
' 

17.55!:_6.29 16.76!,4.21 

11.05~3.48 15.03+1.4 
N7S •. l\l7'S •. 

16.08+2.01 17.74+5.16 
N7S. N75 • 

17.95+2.67 17.87+5.39 
N7S ~. •N7S. 

21.65+7 •. 91 23.59+2.8-3 
~~-=-s • N7s ~. 

? ? 

39.83+10.35 23.11+7.28 
(+83 .§? )* N7S. 
56 •. 89+2.49 49.6+6.58 
(+42.83)~ '(+114'.63) 0 ** 
73.18+2.56 62.99+11.5 
( +28 .63 )* N:'S. 

? ? 

I 

59.85+7.71 8'8.17+9.89 
N7s .·- ( +26.54 )* 

? 

7.1.99+7.69. 79.22+12.07 · - · ,, N-.s. ·-N.S. 

85.29+14.81 
· N7s. 

\ 

N.s. 

.N.S. 

. N.s. 

-N.S. 

N.S • 

N.·S. 

(+47 • .32) 
** 

· N.S. 

(+23.57) 
0 

7 stage could not b~ observed; • embryos weTe not en~ugh· for estimation. 
,. p<0.05; fa p<0.01; tttt• p<D~o.ot; N.o. not detected; N.s. not significant. 
G/S and G/M column.s show the perco.ntage change and level of signi fica nee 
of the data between Gauhati and Shillong and Gauhati and Mawpun respect-
ively for each developmental ~tag•• · 



Table 27 : Changes in. the total activity. (units/(:'::1 embryo) x 103 of 
phosphate dependent Glutaminase (PDG) Huring early deval­
opment of £.• call'pif.t and ·L. !\,..Ob,i,ta at different altitudes 
(values aro exptesaed as ,_lean·.~ S .o.). 

I ) I . ' • 

Dev. ~·----------~·~:· ·~c=a~,!R~·:i:~:·---+--------~~~----~~~=·~r~p~h=i:t:~:·--~-------
ata• v Gauhati Shillon,g I Gij.Uhati f1awpun l 
ges J ( 1 DOm J , ( 1 50Dm) . t G/S •• , I \1OOm~- ! ( 1 OOOm) I 

0 

1 

2 

7 

8 

9 

10 

11 

12 

13 

14 

15a 

1Sb 

27 .9~11.65 
N .S • 

32.2+6.77 
· r~-:s. 

32.11+11.24 ru.s. 

34.75+6.06 
N.S*. . 

37.81+4.59 
N.S'. 

54.9+10.05 
(+4$;2)00 

)6.76+5t03 
(•33.02} 0 

34.34+6.21 M.s. 
60.34+6.21 
(+93.97)~0 

66.61+15.6 
t•J .s-. 

79.19+18.3 
r.J .S". 

86.8+1 3e89 
N7s. 

61. 76+8.06 
( .. 2a .as>f) 

27 .67+6.38 ·- . 

32.71+6.38 
r~.s-. 

37 .16+8.01 
N.s. 

33.31+3.48 . r~.s. 

30.29+5.7 
. -N • .s. ,·s. 61+10.o7 
N~~!t 

50. 56+23. 2'1 
•tf ·~ ' -~ .• :t.' 

~ . - . . . 
67'.S+Se'41 

N7s~ 
.38e 64+7'e09 
( l!lt42. 7tS) iti) 
47 .1.$!,7. 71 

.tJ .s, •. 
29e28+5eB8 
(•40.02)*0 

25.14+4.97 
r~ .5" • 

51 e45+Be7 
(+1 04;65)00 

41.84+7.39 ·N.s. 
76• 75+12 .• 3 
(+83.44)*0 

69.49+10.02 
N.s. 

83 • 25+.Se91 
~ 

th~. 

~1.S. 

f'II.S. 

N .s • 

N .S • 

r~ .s. 

N.S • 

N.S. 

~J .s. 

~J .s. 
N.s. 

N .S • 

N.S. 

(+34.8) 
00 

N.D. 
r~ .o. 

N.D. 

·.N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

? 

5.02+1.64 -
9. 27+2e66 
(+84';'66) 0 

? 

NeD• 

N.D. 

N.D. 

N.O. 

N.D. 

N.D. 

? 

N.D. 

r~.o. 

td .o. 

1 

12.74+1.23 -
21.99+3.52 
(+72 o 61 )Of)ft 

? 

24.69+2.61 38.6+8.24 
(+166':34)•u (+75:'53) 00 

37.04+4.76 69.05+3.35 
(+50.02)*0 (+78.89)0°* 

36.1+10.35 -N.S. -

G/M 

(+153~79) 
*•• 

(+137.22) 
~c. 

(+56.34) 
Oit 

? stage could not be obse;ved; - embryos ware not enough for estimation. 
* p<O.D5; Oft p<0.01; 00~ p<0,001; N.D. not detected; N.s. not sighificant. 
G/S and G/fll columns show the percentage change and level of s~gni ficance 
of the data batwaen Gauhati and Shillong and Gauhati and i'-1awpun respect• 
ively for each developmental stage. 



. 2 
Table 28 : Changes in the specific activity (units/mg protein) x 10 of 

phosphate dependent Glutaminase (PDG) during early develop• 
ment of ~· sarRi~ and h• roh~tA at different altitudes (values 
are expressed as Mean :!:. S .o .. ). 

o-av. ·I : : : : 
sta-
ges • Gauhati 

0 

1 

4 

5 

6 

7 

B 

9 

10 

11 

12 

13 

14 

15a 

15b 

l (1OOm) 

9e28+1.39 -
14.03+2.13 
(+51.19)** 
18.69+3.45 

N.s. 
17 .85+3.42 

~J.s. 

17 .69+5. 71 
N.s. 

19.02+3.02 
N.S'"-. 

17.17+3.77 
N.s. 

20.78+3.37 
N.~ .. 

22.83+2.61 
, N .§'". -

31.01+4.64 
(+35.8'3 ) .. 

20.54+2.81 
(•33.76)* 
18.84+4.41 --N.s. 
33.91+11.53 

N.!r. 
38. 56+11·· 92 

N.S". 
49.27+12.1 

N.~~ 

55.13+6.49 
N ~§'". 

45.54+4_.41 
(-17.4')"* 

ll Shillon9 I 
, (1500m) J 

1 F 

9.88+1.79 ru.s. --16.52+2.94 N.s. 
(+67.21)* 

19.65+6.13 ru.s. 
. N .§'". 

16.98+1.86 N.s, 
N .5" • 

16.2+3.55 N.s. ...... 
NeS • 

19.86+6.75 N.s. 
N.~. 

29.39+3.96 (+71.17) 
(+47.99)~ ~-

• ' 

41.77+5.63 (+101.01-) 
(+42.i2) 0 ~·~ 
18.92+4.35 N.S. 
(•54e f)«HHt 

24.3t;,5.19 N.S • 
N.s. 

15.63+2.66 (•21.77) 
(-Js.6a)~ o 

14.08!.).35 
N,s. 

31.09+5. 61 
(+120:-81 )* 0 

26.55+5.45 
N.S". 

N.S • 

54.31+6.37 N.s. 
( t1 04:-56 )iHH> 

57.48+9.02 N.S. 
N.~. 

82.49+10.01 (+81.14) 
( +43. s1 )~* ooo 

l t 
Gauhati _ r4awpun I 
( 1 0 Om ) I ( 1 o o Om ) I 

N.D. 

ru.o. 

N.D. 

N.D. 

N.D.-

? 

N.S • 

N.D. 

? 

. ' 
r-J .o. 
r~ .o. 

N.D. 

N.D •. 

N.D., 

N.o. 

N.D.-

: . :: 
G/fVf 

b • 

(+195.66) 
..~4) 

11.93+2.79 
(+115-:'73 )** 

'6. 27+13 .as ( +204. 02) 
{+70.44)**& O* 

? 7 

(+94.16) 
*** 

25.53+4.57 49.57+6.92 
< +114:o>** N.s. 
40.32+11.16 112.39+-11.66 (+178.75) 

N.s. (i·126.7~)*** •oo 

40.59+9.91 ·-N.s. 

? stage could not be observed; • embryos were not enough for estimation. 
• p<0.05J *0 p<0.01; ** 0 p<0.001; N.D. not detected; N.S. not aigniPicant. 
G/S and G/M columns show tha percentage change and level of significance 
of the data between Gauhati and Shillong and Gauhati and Mawpun respect• 
ively for each developmental stage. 



Table 29 : Changes in tha total activity (uni ts/ambryo) x 1 o3 of Glutamine 
synthetase (GS) during early development of £..• c:.arpio and 
~ roh;tA.at different altitudes (values are expressed as Maan • s.rs •• -· 

·' F I Oev.~'----------~~~·~·~c:a:r:p:i:g~~---J~~~--------._~~h~·-· ~r=o=h=i=t=a~r----·----
sta•, Gauhati Shill ' gas • · ong • G/S 

1. <, oo~ >. ! <, ~??~ ~ 1 · 1 

Gauhati 
(1oom) 

: Mawpun 
j (1000 .. m) ' • I 

G/M 

0 

1 

2 

4 

6 

7 

a 

9 

10 

11 

12 

13 

14 

1 Sa 

1Sb 

21.93+5.68 -
31.46+6.41 .N.s.· 
36.06+6•21 N.·s.· . 
37 .19+6•41 

·N.S.· 
37 .18+9.·48 

·.N.·S'• 
35.75+8.46 

'td .5'" •. 
4'4.4+ 6.1·8 

·N:-s; 
45.77+7 .. 08 

N.s.· 
52.·73+14. 94 

N.·S"~ 
57 e·2+1 Oe·84 
· N-;"s. · 

68.7+14.:44 
N7s.· 

69 ··92+14. 65 ·N.s. 
64.44+13.05 rJ,s. 
64. 85+11 .82 

~J.s. 

68.64+14.58 
r~.s~ 

96.72+13.6 
(+40.91 )* 

26•72t,1 a .45 
40.56+18.45 

N.~. 

JB .8+1 2o·6 
N7s. . 

32•21!,5.64 
N .. s. 

41•4+11 .. 27 
.N";'s., 

32. 76+7 ··39 
N.s~ 

34.32+7•95 N.:s. . 
14 ··04+ 1 .. 1 5 
(~59.·09)** 

I 
.\ 

N~s·. 

N.s. · 

N.s. , 

· rJ .s. · 

··r~ .s .. · 

N .S • 

35.1+2i68 \ 28.6+5~04 . ..... ... 
82.3+~2~63 ·~5.08+t5.59 
(+134.47)~-Q (+162;52) 0 * 
8'1.12+10.1 

N .S'" • 
76.61.-6•37 N.s. 
7 6. 61 t.7 •77 

r~.s. 

77.74+'10~26 N.r. 
7 

78'. 9+1'2. 66 
N'";s. 

76~6+7.14 
r~7s • 

75.5+7o25 
N:"'s • 

\ 
81.13+17.77 ru.s.· 
94.51+1'4.04 

· rJ .s. 
1 

78.9+7.09 
N7s • 

90.1+14.6 
N";s. 

N.s. 
NoS. 

N.S. 

N .s. 

N.s. 

N.s. 

N.S • 

117.03+5.98 (+47.02) 
(+29.89)•• ••• 

44.11+15.58 
(<-362;37)** 

66.·73+11.2 
N .S" • 

67. 6+14 ··24 
N7S • 

63 .St_1 6.1 
~J .n. 

52.88+9.14 
M.s~ 

ru.s. 

173.1+11•09 
(+117:'"59 )*** 

180. 2+12. 61 
N.a. 

? 

? 

126.3 6+7 .44 
r~.s-. 

11 2. 9'+ 14 • 2 5 
~r:s. 

? 

ao.5+11.·81 N.s. 205.93+12.71 153.5+10.19 
(+52:'"23)* ra.s: (+11.18)«> 

126.31+1:3.27 (+:30.59)342.03+21.51 •. 
(+56.9l)e•G ~~· (+66.48)*** 

? stag.e could not ba observed; • embryos wre not enough for estimation. 
()· p<0.05; oQ p<0.01; 0*~ p<0.001; N.s. not significant.· G/S ·and G/M 
columns show the per~entage change and level of significance of the data 
between Gauhati and Shillong and Gauhati and Mawpun respectively for each 
developmental stage. 



Table 30 a Changas in the specific activity (units/mg protein) x 102 of 
Glutamine synthetase {GS) during early development of 

f 

' Dev.J 
cha•l 
n.gasJ 

0 

1 

2 

) 

4 

5 

6 

1 

8 

9 

10 

11 

12 

13 

14 

t5a 

15b 

£• M.r.eio and b.• roht~ at different altitudes (values are 
expt-assed" a~ Maan !. .o.). 

I I I 

I 
.. ~ 

• .;.£.•~ ,c,ir~:!:o: !:.• r,ohi t! 
Gauhati ! Shillong 

I . I I r····: . •••t 

' G/S : GrrBeit , Mawpun ; G/M (100m) J (150~) I (10,.0.~m) I I '' ' 
I ' 

9.72+.1.89 - 9.61!;.1 .52 N,;S • 26.55!,4.32 23 o46!_3 .14 N.S • 

17 .?4+5.97 19 .67t}.29 ~J .s. 95.79+13.85 90.83+20.64 N .s • 
(+82.51 )* (+104.68) 000 ( +260:"79 ) 0 *0 (+286;32) 0 tHJ 

18,4+4.67 18.18+3.7.3 N.s. 95,37~16.95 89 .8+18. 64 NoS • . 
N7s • ··ru.s. ·· · N. • · N":s. 

19.96+2.76 19.6+6.07 N.S ~ 89.37+13.28 89 • .59+15.8) NoS • 
r~.s. N-:"So N ,.g". - N.s. 

20.65+(..89 17.~2f: .. 73 NoS • 91.45+13.24 96.05+14.24 rJ.s. 
N. • N •• N.~~ N.r. 

20.85+5.58 22.27t.,4.1 a N.s. 110.65+40.04 111.98+19.15 N.S • . N.S". N.s. ,. N.s':' · N.s; 
20.12j:.S.06 18.89f·'2 N.s. ? ? 

N.s. N •• • 
26•46~.93 21 .• 29!fo,25 N.s. 119.24t,.?o96 106.39+13.39 N.s. 

N.so r\l.s • N .S • N.s7 
27 .61+3.95 

N .S"' .• 
6.73+1.62 
(-68.19)~** 

(-.r!r75.62)112.08+26.03 
· tHH~ N.s-:- 102.93+12.7 N.s. 

N.s:-
29.91+9.75 4.83+1.48 (•83.85) 88.24+13.66 133.05,t.11.74 (+so. 78) - . · rJ ·s rJ.s7 N.s. ** ru.s. ** • • 
33.78+?.79 24.09+7.49 N.S. '1 ? · ru.s• (+398;76) 000 

37.47+6.77 37.04+6.16 u.s. 191.67+7.96 160.12+7 .27 (~66.46) 
. N.S". (+53~76)• (+1 89.~2 >·~· (+2D.i5')** ~-

34.45+.7. 79 41.42+.11.33 N.S. 209.94+12.49 204.54+7.49 t~ .s. 
N.-~. tJoSe ~J.s:- (+27. 74)••• 

35.69+9.99 
N.S". 

40.78+14.34 
N.J. 

ru.s. 7 ? 

40.47+4.96 31.39+3.35 N.s. 199.99+37.71 211.88!_14.3) NoS. 
N.!". N.s. N.s:-· N.S. 

43.06+5.?1 66.57+20.01 ~J.S • 221.15+9.29 199.08+5.55 N.S. 
N.S". (+78.04)~ N.s; N.s-:' · 

70.66+11.53 120.65+24. 63 (+7035)305.68+28.65 -(+64.f)*. (+81.24")* 0 * c •74. 4 r·~· 

? stags could not be observed;_ .-. amb;yos were not enough for estimation. 
-~ p<0.05; •• p<0.01; *** p<0.001; N.s. not significant. G/S and G/f1 
columns show the percentage change and level oP significance oP the data 
between Gauhati and Shillong and Gauhati and Mawpun respectively f'or each 
developm.antal stage. 



Table 31 ; Changos in the total activity (units/embryos) x 102 of 
arginase during the early d~valopment of ~· c~rpio and 
b.~ £-Ohita at different altitudes (values are expressed 
as Mean '!.. s •O~) .-

Oav~: ~----------~~~·~c=_g=r~p=i=~~---r----~----------~b.~·~r=p=h=i=t=a~--r--------
. sta• · Gauhati Shillong I Gpuhati , ~awpun 
:es l (100m) ! .~15,00m) i G'/S J l100m) j (1000m) I 

I 

G/M 

0 

1 

2 

4 

5 

6 

7 

a 

9 

10 

11 

12 

13 

14 

15a 

15b 

56.3+10.32 . - ' 
71.81+6.23 
(+27 .55)~ 
65.08+10.28 

N7s. 
68.44+15.34 

. N-:11 • 
67 o32+13 o46 

N":s • 
62.83+11.44 

N7s. 
57 .22+6. 64 

M-C ,,. o.d o 

53.86+11.44 
ru7s. 

88.64+8. 61 
(+64. SB )fHt 

63.96+8.62 
(-27.84) 00 

68.44+12.84 
t~7s. 

78.54t,21.17 
ru.s. 

74.05+14.37 
N;'s. 

76.3+16.18 r:r.s. 
70.69+13.97 

~J7s. 

86.39+12.29 
ru:-s. 

56 o85t_4o 61 
76.03+4.84 
(+33.,.4)-»•o 

74.26+5.73 
rJ-:'s • 

68.48+5.37 
N';"s. 

64.87+9.27 
· N-;"s. 

61.27+8.55 
N7s. 

53. 7+6. 54 
N'.s • 

49.57+7.89 
rf:s. 

82.62+9.09 
(+66.6'7)&~· 

78.54.t,10.49 
N.s. 

76.67+5.91 
N';s. 

80.41+6.87 
N7s. 

19.56+3.53 
· ru7s. 
89.22+15.39 

N~o-. 
ao. 89+8.17· "f':s. 
80. 51!.11 .41 

N .. s. 

N.s. 
N.s. 

N.S o 

N.S. 

N.s. 

N.S. 

NoS • 

N.s. 

M.s. 

NoS. 

M.s. 

N.S. 

~J.s. 

50~39+9~92 tJ.s. 
53.04+13.52 

ru.~. 

65~ 64+6. 57' 
N,~. 

53.7+11.?7 
N7s ~. 

53.7+11.77 
N7s •. 

? 

58.35+3.66 
N.s. 

57.84+11.68 
N.~. 

59,9-o-11•87· 
N:S, 

? 

74.36:t,.11 .69 
N.s. 

35.8+6.16 
<-s1:-a6)tuu• 
30o29of!'6o16 

N • s-. 
20.81+6.36 

N.s. 

4S.B1+5.99 N.s. -
45~02+5.99 N.s. 

. N.S". 
73.49+7.98 (+38.56) 
(+62.Y'7)** <0 

'72.49+3.26 N.s. 
N.~. 

' .56.8+6.34 N.s. 
(-21':-64)*~ 

53.04+10.23 ru,s. 
. N.~. 

? 

57.46+8,43 N.s. 
N.s. 

57 .46:t.7 ,34 N,S. 
N.s. 

·55.54+5.41 N.s. 
N.S". 

? 

62.88+5.25 N.s. 
N.§"'. 

60.13+5.25 ru.s. N.s-. 
?· 

36.26+8.14 ru.s. 
(-39. 7>** 
19.74+4.38 (~34.83) 
( •4 5. 56 ) • ft . * 

--

1 stage could nQt be observed; - embryQs ware not enough fer estimation. 
• p<O.OSJ •~ p<0,01J ~~· p<0.001; N.S. not significant. G/S and G/M 
columns show the perc~ntage change and laval of significance of the data 
between Gauhati and Shillong and Gauhati and r1awpun respectively for each 
develop~antal stage. 



Table j2 • Chsngas in tho specific activity (unita/mg protein) x 10 It 

QP. arginE,Jstl du~ing tha· early development of £.• camio. and 
~- .. s.oh;ita. at different altitudes {valu~s are expressed as 

ean + s;o.). --. 
g_. · ·nio L. £Ohi~·· I SA!- •. ·-Osv. 

sta• Gauhati shtllanf Gauhati f4awpun ' G/M gas (1 OOrn) (1500m (1OOm) t (1 OOOru) 
<;;;. 

t 

0 19.8+4.39 19.15+4.6' N.s. 35.34!.,6.35 34.27+5.54 N.s. 
~ ..-.. - ' ..... -· 1: l6. 5-9+1 a. 54 

(+84.'§)·~ 
:lJ9.22+5)03 (+104-;'8 .• (t;. N.s. 61.09+6.88 

(+72.8"4)** 
56.27+7.,!3 
(+64.2)• 

N.~ • 

2 38.69+7.5 :!JSo99+4.49 N.s. 73. 5!_12.75 90.31+4.04 (+22 •. 87) · t~.s~ N.r. N,S • (+60.4'9)*** * 

' ,~.49+8.59 3S •. 69t_2.49 N.s. 80.63+7.24 91 • ~!r!,o. sa r~ .• s. 
N.!r. ~.t.s·. 1\t .S". 

4 40.19t.9o23 -3 .s. a 5+"6 •. 23 N.S • 71.93+18.04 76.49+14.89 N.s. 
. N.s. r&.s. N .'S'" • ru.r. 

5 ,.., ·27+6. ?1 35 04~ 08 .N.s. 7.6·~:f'! 1.1 a. ,76~1 8+20.07· . N.S. • 0 I N.s.· · · ru. • N.S'". 
6 34.53+5.17 32.flB+J.?1 ru~s~ ? 1 N.s .. . N.J •. 
7 l4.,2i..G•95 3-2··24+5.46 N.S. B2.2'7t_4.9 86 •. 64~~·5 rJ.s. 

ru •. s. . ru.r. rJ oS • · N• • 
a 48.29+6.58 42.89+4.31 ru.s ~ 73.76+14.86 77 •. 61:.12. 76 ru.s. 

(+40• 71 )• (+3).Ji3)• . N-.5 •. .. r~.s •. 
9 38.44+6.9$ 42•Sj;,.~•82 ru.s. 19. ~!r-:1 • 53 75.47+7.51 ru,s. 

N.i •. N.S • ril.s. 
10 J7.0%,,.57 43.66+4.:J3 ru·.s. ? ? .... ·. ru.s., N.s. 
11 46.04+11.92 48.12+6.59 ~J •• s • 82.55±,1?•61 90o.S5+9e66 N .• s. 

ru.s. N.s~ · N.s. (+19.98)* 

12 4Se64+11.a5 51.9+8.03 NoS • 90.8~+15.62 1 oa. 54+9.11 I'J.S • 
N.s~ . . N":S. r~.s. (+19.87)• 

13 48. 64!.11.85 62.55~6.06 rJ.s. ? 1 
N,s. N.s. 

14 '-'•1!.14· s, 68.99+12.02 ru.s. 44.S2t,B.91 66.35+5.45 (+49.03) 
ru~s. ru~s. (•50.99)* (•38.8'7 )*** •• 

1.5a 63.96~8.69 79.41 +16 •. 4) r~.s. 37.94+9.56 40.04.f.07 NoS. 
NoS. rJ.s. N.S'". (•)9 • $)tHHt 

1$b 47.07+7.53 5?.·0+6.86 r~.s. 28.05+8.9.1 -~ 

(•26.41 )* (~2Q:"22)* ru.s. 

? stage could not ba Qbse~vbd3 ~ embryos were nbt enough for estimation. 
·~ p<0.053 ••~ p<O.Q1; **Q p<O.Q01; N.s. not significant. G/5 and G/M 
columns. show the pe:,centaga ch1:1nge and level·of signiftcanc~ of the 
data between Gauhati andShillong and Gauh(Jt~ and Mawpun ~espactively 
for aa~h developmental stage. 



·-· 

Table 33 ; Changes in .acetylcholine (~Ch) ,content (mtnol/eml:r~yo) X. 1 o3 

dUfing $arly c;tevelopment Q.f S.• _ earqio and !:.• ~ohita at· 
di ffert!mt alti tud£J·s ( va.luea are exprel:)eed as ~ ean !'., S. o.). 

f L bit oav. i 
c .• ca.reio .;..• £0 @ ..-, ... 

' .-
~t_a .. ! Gauhati ~hillPng 'G/S. Gauhati Mawpun G/M ~e$ I (10Bm) (15DDm.) (1 ODm) (1000m) 

0 ., ,04+0. 97.·· 
. . , ·~:·.· 

2e59+0e42 
. - N~s .• .1 •. 6~0't.28· 

. - 1 • .$7+0-.37 .· .... N.s •. 
1 J •. 48+0e:S8 

fil7s. . . ' 

2.94+0.54 
N-:"S • 

l\J•S• 2.2+0.48 
. JT~s. 

2.f02+0.4B 
· · lit7s. 

N.s. 

. 2 3··44+0 •. 66 3 .06+0.~71 N,a • 1 •. 77+0e26 1 •. 65+0··'' N~s ei -.-. -N7s.·- N7s~. · · N:"s. · N.S' 
3 3.04+0.13 2.64+0.51 L\t.s •. 1.77+0 •. 35 1 .53+0.26 N.S • . . ..- -' . N:-s. . · ru-;s ~ N7'S •· . N .• s.,. 
4 '. $9!_0. 5.6 ) • ,,2!,Q.61 ru,s. 2.1B+lhS2 1.65+0.37 1\J.S • 

N.s. · N,s_. . N7s •. N7S• 
s 3e29t_Oe.37 2.64+(1.61 N .. s. 1.47+0.31 1 • 88t.fl. '7.5 N.s. 

ru.s~ . ·. H7s; ·· · · i\f:"s • N•S.• 
6 2e99+De76 2.9J+·0.89 N.s. ' '1 

. N";S. - .. ._. 
. ru.s,. 

1 3.1&tfl •. 92· 2.9l+tl··73 N •. a. 1.-BBi_O-.j? 1·.88+0 •. 29 £Q.S + - N7S~ 
-· ........ · · N7s.~ . N!!S• N.$. 

8 J.59+0.89 3e42+0e51· N.s. 2 •. 2+0.52 1.88+0 •. )1 N.s. 
r.s-:-s • --. 'fl~s. N7s. · N.S, 

9 4 .. 0~(1 •. 56 :J ~- 24t,O • 42 N,.s. 2.08+0.21 2 .• 59+9.53 N~s. 
ru •. s •. ru,s. · N;s-~ N7S~ 

10 2.)9+;0.47 . 2e.49+0.J9 ro!s. '1 ' '(~41';'"13 )*'* ( - )* -~2Je.1~ 

11 1.19+0.42 1·9't.0·~31 N.s. 1.47+0.46 3•42!_0._)2 (+132.65) . N7S •.. N.s. . N:S• (+J2.D5)* • •• 
.12 1.5+0.41 1.25+0.31 N •. s. 1 .• 3-5!.0 ~-- 44 1.96+0-.52 N.s. - r.r •. s. . . N";"S •. N.s. (•41:"69)•• 
13 4.,.4e!.a•92 '·'2+0.39 ru.s •.. '1 ? 

(+198. 67 _)"* (+:11$'5:. 6) ••• 

14 4.48+0.76 5e2.S+O •26 · ru.s .• 2.2+0~29 1e11+B.17 (•22.27) ·· ·N-;s,· :(.s8';'1 j·) ••• (+62~96)* . N';'S,. • 
15a s.oa.o .• s2 5.51+0.35 ·N.s. '•42+0.46 1.84+0.36 (·46.2) 

rC"s~. ro:s. '(+55;'45)*• N;s. •• 
1Sb 2.82+0.47 J .1.9+·0. 87 .ru.s. 2.61+0.29 ~ 

(•44749)*** (•42;11 )*• (··~3768)* 

? ~tage coul.d not be 9baervedj • embryos were not enough for estimation. 
• p<o •. o~; ~· p<0.0·1; •·~ p-<O.D01·J N.s ~. not signi f'icant~ G/S and G/M 
columns sh~w ~he pe,centaga change and laval of significance of the data 
t;aetween Gauhati $nd Shil.lang ~nd &auhati and Mewpun re.spectivel y for · 
Qach developmental stage. 



Table 34 

0 

1 

2 

3 

4 

5 

6 ., 
8 
9 

10 

11 

; Changoa in the total ~ctivity (uni ts/ambryo) x 1 o3 of . 
acetylcholineaterasa ~ACh&) during early develo~ment or 
£.• s,.arp,io and b.• rohit,a at different altitudes (values 
ore expraased as Mean ~.s.o.). 

t b.· r:o~;ita 
t i 9 
t Gauhati Mawpun ' G/t!J t (100m) j · (-1000m) I 1 

I 

N.D. N.D. 
N.q •. . • . tJ. o • 
N.D. . . N,.D • 

' . ~~o.- N,.Q·e .. 
ru.o. N.D. 

N~D. N.D. 

N .r> .• rJ.o. ? ?· 

N,O'. N.D. N.o. N.D. 

N.o .• ru.o. N.D. t~.o. 

1e84+0e64 - . 
· 2e0:t,Oo $~ N.s. 0 • S_t.O • 15 N.O, 

. a .• ?1·!;.1• 64 . a •. ot-~·~4 r~.s, 

(+373.37)*** (+,oo.o)• 
'? ? 

a 

12.14_t.2.04 14. 6%,2.93 r~ .s. 5.02+0.6 1.62+0.32 (-67.73) 
, (+527o5)G<tG . - .. --~ '(+39.38 )* (+92.s)• ' 

12 ·1S.9~2 .• J9 1'7o0t,2o 76 N.s. 6.9~0.81 Qo3.t.1•6. N.s. 
·(+37~45) 0* (+2aa.o9)** N.s .• 

13 19.3.t.2o26 
· · N.s.. . 

14 

15a 

15b 

· ·ru.s. · 

20e$-o-3,56 
· ·rf:s. · 

61.9~10.0 
. N.s. , 

N.s. ? 

N.s. 

N.s. ·-

? catage.cduld not bs observed;- embryos ware not enough ror estimation. " 
~· p<O.OSJ .•• p<Oe01; · •*·* p<0.001; N.D •. no.t detac~ed; N.·s. not signif'l• 
cant. G/5 and G/M columna show the percentage change and level of signi~ 
flcance a.f the data between Gauhati and Shillong and Gauhati and f·1awpun 
respectively for· each, de,velopmental stage.• 



Table 35 : Changes in the ~pacific activity (units/mg protein) x 103 
of acetylcholinesterase (AChl) during early development of 
£.• _carpio and b.• rohi t§. at different altitudes (values are 
expressed as Mean~- S.D.). 

D • £.• ,cfrP:io . · 1 L. rohit! ev. 1 • -· • : 1 I 
: : . 

' 
! 

sta•. Gauhati t Shillong Gauhati Mawpun 
ges ' I G/S : ' t G/fJJ l (1OOm) j . (1500m) (100m) ' (1000m) t 

I J t • I J ! 
' 

0 r~.o. il!.o. N.o. ~J.D. 

1 r~.o. N.D. N •. o. N.p. 
2 N.D. N•D• r~.o. N.D. 

3 N.D. ~J.O • N.D. r~. o. 
4 N.D •. N.D. N .• o. N •. o. 
. 5 N.D. N.D • ., N.D • N.D. 

6 N.D. N.D. N'lD. 1 

7 N.D. N.o. N.D. N.D. 
B ~.J.D. N.D.· ' . N.D.· tJ.D. 

9 10.94+3.61 10.39+3.11 N.s. 10.0+3'.42 N.D. 
1 ...... - ·.-

10 51. 24:,10.88 65.37+11 •. 62 N.S. ? ? 
(+36B.37)**f) (+S29;"16)G~* . . 

11 71.02+13~44 B7.01+10.01 N.s. 62.69+9~19 23.5+3.02 (·62.51) · N.s.· · · (+33.1')* . . . (+526;"9)*~* 
, ...... 

*** 

12 95.07+13.54 111 • 29!,18 .13 N.s. 83.95+6.17 136.27+23.26 ( +62.32) 
( +3).1f6)* N.s. ( +)). ~1 ) 0 * (+479.87) 0 lttt 

13 . 122.22+1.5.33. 147 .46+39. 75 N~S !> 7 ? 
(+28.56)•· - . N.s. 

14 207. 73t..27. 21 266.52+84.86 N .. s~ 131.71+13.4 267.15+51.45 (+1 02.8:3') 
(+69.96)"'~ (+80.74)* . ( +56.89 )·-·· ( +96 •. 05) 0 ... 

15a 366.92+46.79 528.62~10.77 (+44.0'7)206~·:;7+58.13 389 •. 83+54 •. 27 (+88.72) 
{+76.6)) 0 * (+98.3 ) 0 ** "~ (+56.84)* (+45.92) 0* ... 

15b .... 

? stage could not be obset:ved; • embryos were not anovgh for estimation. 
* p<O. 05; · ·~ p<O. 01·; "'~* p<O. 001; N.D. not detected; r~.s. not sign! fi• 
cant. G/5 and G/M columns show the percentage change and level of signi­
ficance of tht9 data between Gauhati and Shillong and Gaunati and Mawpun 
raopactiv~ly Por ~ach developmental stage. 



table Jo ~ Chang~s !n the total activity ( unite/embryo) x 102 oP 
cytopla~mic tyrosine amino transferase (c•TAT) during early 
development of §.• s.wig and b.• rohi~£1 at differant altitu .. 
des (values ara ~xprossad as Mean t.. S.o.) !t' · · . · 

~~ I £Oh! t~ t c. L. ' DelVe f ·- -· I f i i t I 

' 
; 

a tall!> G(.uhatf I Shillonr ' t Geuhati Mauipun l gsa ·J. 1 ODtn l (1 500m .. i G/S I (1OOm) L (1 DOOm) G/f1 

' ' u 

0 32e93+2e09 ,,,33!.,2.23 ru.s. 12.06+0. 52 11.9j;_0.43 N.s. -·. ·-
1 19 • B.t} e32 ~2.16+1.67 N.s. 11o1?t_.1e44 11.92+0.84 NoS • 

(•39.eB7 )<tflie .,,.rs>••u. ~hS. · . t~ .s-. 
2 19. ~8t,4. 48 20.92~1.32 ~J .s. 8.82+1.31 9.87+0.69 N.S. ·- .. NoS'"o ro.s. . r~ •. • NeS. 

3 20'.48+4.44 1Be98+1.18 J,t.s. ·?.98;,1.01 8.4+-0.19 N.S • 
N.S". N.r. N.u • N:"s. 

'4 19 .• 46+5.7:3 19.7!.2.36 ru.s •. 7.36+1.54 7.51+0.84 No$ •. 
. N.J •. , ru.s. . N,!i. ru.s. 

5 20.413+4.2 20 •. 70+1.25 N.s. 6.33+0.75 6.92+0.76 N.s • . N.s. . ,· N.s~. . ..... - N.s. ~J,.s. 

6 20.03!_2t~26 21.29+1e59 C4 .s • ? ? 
' ....... 

N.s. N.s .• 
1 21.49+3.7 19·''r1.76 N~S. 6.52+1.38 6e·75+0.76 NoS. 

ru.s. - .. 

N. •· . r~ S" . N.s • 
• • • 

' . 
a 19.58~.73 22.20t_2e1) N.s. 5.41t,1.19 5.99+0.45 N.s. 

N. • . ru.s. N.s. _ NeSo 

9 20.4!_2.95 '2.4. ~~~~·11 N.S ~ 7 e1'B;t:.O• 71· 5e96+1e68 NoS • 
N.s. N.s. rJ.S'". 

10 19 .• B S%,2. 17 22.12:,4.68 ~v.s. '1 ? 
r11.s. . N.s. · 

11 22.28!,?.85 22.12+2.31 N.s. 6.56+1.03 6.28+0.47 N.s, 
ru.s. ~J.s .. N.s. N.s. 

12 23.29:,2.47 23.73~.64 N.s. 6.82+1.09 5.15+0.83 (-24.49) . ._ .. ill:s. · · . NoS. N.s. N_.s. . • ,, 23.4t.4.:36 24.54:,2.12 N.s. ? ? 
~~ .• s. N.s. 

14 23.4!,3.61 24.7$+3.66 N~S. 8.38+0.99 6. 53+0.81 (-22.08) 
t~ .s. ~J.s. . N.s. . N.S.. * 

15a 20.48+1,87 26.18+4.89 N.s. 6 •. 92!.0.54 6.03+0.17 (•12.86) 
N.!'. . . !\feSo N.s. N.s.· • 

1$b 21.39+1.91 2.,. 56!.3 .12 (+28.85) 8.35~1.33 .. · · N.s.- N.s. Ott N,s·. · 

? stage could not be observed; ~ embryos were not ~nough for estimation. 
-~ p<0.05; *() p<O,Q1; f)it~ p<0,001; N.s. not significant. G/S and G/M 
columns show the percentage change and laval oP aignificance of the data 
between Gauhati and Shillong and Gauhati and Mawpun respectively for each 
developmental stage• 



Changaa in tha specific activity (units/mg protein) x 102 of 
cytoplasmic tyrosine aminotransferase (c•TATQ during the 
aarly .daveloJ')mmnt Qf £.• carojo, and k• r,ohi t.§.. at different 
altitudos (values are expre.ssed as ~ean !. s.o.). 

Dav •.. Ji-----~~;:...a· .=~::a;t::;ii::l::o~ ....... -~~~~----.... ,~·b.::·~r=:.o::.~:.:·it::~a:..~ .... ,,_ _ _...._ 
sta- t Gauhati 1 Shil .. lC>n,!] ! G/S I llauhati , Mawpun I G/M 
gas ,I' (1 OOm) t ( 15D0m J .J : (1OOm) I ( 1 DOOm) I 

,_ . t ' i l t I ! 

0 

1 

2 

4 

5 

7 

a 

9 

10 

11 

12 

13 

14 

tSa. 

15b 

11.55+1.69 . .._. . 

10~94+0.91 
N.s. 

10.98t.4.66 
N.s. · 

11.63+4.88 
rJ.s •. 

11.61+3.36 N.s. · 
12.17+2.5.5 . N.s •.. 
11. 9U,t.O• 92 · 

N.s. · 
1 3.69!,.2·17 

il·hS• 

1 ().71 :t,2. 01 
N.s. · 

.,, .• 25+1.1? 
.... -
. N .• s. 

10.99+1.21 . · N.s. · · 
9.93+0.94 

N.s. 
10.79%,1 ·'' . 

ru.s~. · 
11 •. E$!,5.66 
· N.s. · · 

13.05+0.99 . ·. · t~.s ... 
12. 64+1.45 
. N~!"•: 

11'.59+1.1.3 · N.s. 

N.S. 

N.S • 

rif .s • 

12.06+2.54 · 1~.22..--o.a·4 · N.S.: ru.s. · tJ.a. · 
11.6$t.1o64 12.18+0.35 N.S. 

N .s • N • §" o , 

13. 04!,_2~03. 'jl~11 t,.0.76 N •S• 
N.s. · . · N.s. · 

13.94~1.24 . 16.86+1.47 (+20.95) 
N.s. (+za.6}~~ • 

14.77+2.19 ·17.49+2.18 
ru.s~ · · · N.s. N.s. 

17·26+2.67 21.03+4.0 N.s. . N.~. 
N.s. 

9.36+0.24 -
13.66+1.48 
(+45.J4) 0 tt 

10.98+3.26 
I'll.§". 

9.9+1.85 
N;"s. 

9.4+1.89 
r~':"'s. ·· 

9.82+1.93 · N.s. · 
? 

9.15+0.47 
~ ., 

15.26+1.06 
(+66.78)~·· 

12e19t.,Oe67 
N~S. 

1 o. 56+.0. 68 
N.S'". 

1 0.07+0.82 . , N.s. ··. 
' 

9.89+1.72. 
N.S •. 

? 

9.35t,.2.3'2 10.15+0.86. 
· N.s. · -N.s! 
7.63t_1.63 a.2l+Oe43 

. N.s. · (e~~19.f1l* .. 

9.6,+1•54 0.12+0.11 
· NoS• "· . r~.!f •. 

7 ? 

8.13+1. 08 9. 03:t_O. Sj · ro.s. (+11.2,, ... 

a.s+1.45 e.a6.o.97 · r~-:s. · r~.s. 

1 ? 

15.45t,2.05. (+68.41) 11.85+-0.49 '12.71+0.31 
** N,s. · N.S". N.s. 

(+18.28) 11.13+1.96 ~ 
••• N.s, 

N.s • 

td.S. 

N.S. 

ru.s. 

N.s. 

N.s. 

N.s. 

(+ 7.26) 
* 

7 $tag~ OC'Uld not be 1 

obse.rved; .O· embryos were not enough for estimation. 
• p<o.osp •• p<D.01; i)lt~ p<0.001; ru.s. not significant. G/S and G/M 
column$ show tha percef1tage change and level of· significance of the data 
between Gauhati and Sh1llong and Gauhati and Mawpun respectively for 
oach devalopmental ~ttaga. 



Table 'a a Changes in the total activity {units/embryo) x 103 of 
mitochondrial tyrosinaaminotransfarasa (m•TAT0 during 
early davalopmant of~· ca;eip_ond h• tQbit~ at 
dif'tarent altituctes (values are expressed as f"lean + s.o.). -

' I 

' c. £@.1".2,i.q L p,oh,i ta, 
Dev.· '- -· 
sta•- Geuhati i Shillong G/S t G(.uhati I Mawpun G/M gas· (1 DDrn) (1500m) 1 • 100m) I (1 ooom) t 

.i • 1 

0 N.D. N.D. ru.o. N.D. 

1 Oc;; N.D. N.o. rJ,o. N.D. 
2 N.o. N.D. ru.o. N.o. 

' N.D. N.o. t~.o. ru.o. 
4 ,_·N.·o.- ru.o. ru.o. N.D. 
5 r~.o. ~J.o. N,D,. N.D. 

6 N~D• N•D• 1 ? 

1 ru.o. N.O. N.D. N.D. 
a N.o. tJ.o. N.D. N.o. 
9 ru.o·. N;D. N.D. r~.o. 

10 r~ .o. N.o. ? 
"' 11 2.82+1.23 2.35t,0.71 N.s • N.D. N;O. . . ~-

12 5.63~1.38 4.4+1.07 N.s ~ 1. 74t,.0.35 1.5~0.31 rd.s. 
(+99. 5)• . (+87':"'23 )* 

13 8.44+1. 67 10.4•'·'5 ~hS. ? ? 
(+49.9'1)• (+t31r.36)t)**· 

10 
9eO~o.a9 t5·1C~D.96 (+67. 78) 2.42+0.19 (•3B.02) 14 1.5+0.38 

t~.s. +45.19)~ ••• (+39.08) 0~ N7s. •• 
15a 12e11i-:e02 14,75!}.16 ru.s. 2.99+0.52 2e2+0e55 N.s. 

N. • N •. s. N.~.• N7S. 

1.$b 14•2+1.·18 43.0+10.12 (+202.92) 3.57:,.0.39 -- . (+191.53)***. **· iu.s. ru.s. 

1 stagq could not be obsox-ved; .,. emb~yos were not enough for estimation. 
• p<o.osa. ~~ p<0.01; ••• p<0.001; N.D~ not detected. N.s. not s1gnifi• 
cant. G/S and G/M colu~fns· show the per-centage change and laval of 
significance of tho data betwaon Gauhati and Shillong and Gauhati and 
f·1awpun x-atipoctively for each developmental stage. 

-·: 



\ 
\ 

' 
Table :S9 : Changes in the specific activity (units/mg P.rotein) x 10 

of mitochondrial tyrosine aminotransferase (m-TAT) during 
the early davr:lopmont of £.• c.aJ:pio, and b.• rohita at 
different alt~tudes (values are expressed aa Mean ~ s.o.) • 

• I c. c'arpio ': L_. rohib~ 
Dav. '~•------~--~¥~~===~-==~---rv------~~~--------~,~~:::=:·:m~·-.9 ____ __ 

sta• f Gauhat! : Shillong f G/S , Gauhati ; Mawpun I G/1\1 
ges 1 51 OOm), 

4 
j ( 1 ~?~m) , : , i ( 1 D?~) __ :_ ( 1 ~OOm) J ..... 

0 

1 

2 

3 

4 

5 
6 

7 
8 

9 

10 

11 

12 

13 

14 

15a 

15b 

~J.D. 

N.D. 
N.D. 
r.J .• O o 

N.D. 
ru.o. 
N.o. 
N.o. 
N.D •. 
N..o. 
N.D. 

N.o. 
·ru .o. 
f\1.0. 
N.o·. 
r~ • o-. 
ru.o·. 
N.D. 
N.D. 

ru.o .• 
N.D. 

N.o .• 

2.44+1.01 1.96+0. 67 - -
3.02+2.88 3.35+0.35 

N~S. (+70.~2)~** 

5.23+0.81 5.65+1.14 
. N';S •. (+6S.66)* 0 

4.53+2.26 7.4+0.86 
· N";s o · · (+7.-5)*** 

!h 71 t,1. 28. 
· N.S • 

N.D. 
r-a.o. 
N.D .• 
N.O, 
t\!oD.• 
N.D. 

? 

N.D. 
N.D. 

N.D. 

7 

N.D. 

N.o. 
N.D. 

. N.D .• 
N.D. 
N.o ... 
N.D. 

? 

N.D. 
N.D, 
N.o. 

7 

N.D. 

1.39t,0.16 1. 66±.0.16 rd .s. 
? 7 

1.41+0.25 1.43+0.11 N.s. 
. N7S ~ . . N7s ~ . 

4.76+0.75 16.55+2.88 (+247.69) 1.63+0.12 
N7s. (+168:'"23)* *** rJ:S. 

.... 

7 stage could not be obs~rvedJ - embryos were not enough for astima• 
tion. * p<0.05;· *0 p<0.01; ~•~ p<0.001; N.D. not detected; N.s. not 
significant. G/S and G/~1. columns show the percentage change and 
laval of significance ~f.tho data between Gauh~ti and Shillbng and 
Gauhati and Mawpun respectively for e~ch developmental stage. 
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CYTOPlASMIC TYROSINE. AMINOTRANSFERASE (C·TAT) OURINB 
EARLY DEVELOPMENT OF ~·CARPIO (A) AND. l..·BQHITA (8) 
AT DIFFERENT ALTITUDES. 
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Effects of hypoxic stress on tyrosine aminotransferase activity in the liver, brain and muscle of a fish, Cyprinus carpio, have 
been studied. Of the three tissues studied, liver exhibited the highest activity followed by brain and muscle. Hypoxic effect 
resulted in a significant decrease in the to!al and specific activities of the hepatic enzyme whereas the activities of the other iwo 
tissues were not affected. It is suggested that regulation of this enzyme activity in fish is different from that in mammals. 

Tyrosine aminotransferase (EC 2.6.1.5) is the rate 
limiting enzyme catalysing the first step of tyrosine 
oxidation pathway'. This enzyme is known to be an 
adaptive gluconeogenic enzyme which is quickly 
induced in mammalian liver and in tissue cultures in 
response to different .. hormones and substrates 2

. 

Physical stresses like starvation 3
, exposure to cold4

, 

laparatomy and partial hepatectomy 5 have also been 
shown to induce hepatic tyrosine aminotransferase 
activity significaf!tly .. It is reported that various stress 
factors induce the hepatic enzyme through the adrenal 
gland by releasing glucocorticoids which, in turn, 
cause transcription of specific gene6

. Thus tyrosine 
aminotransferase has served as an excellent model to 
study the mechanism of specific gene regulation and 
metabolic adaptations during stress in higher verti­
brates. Information on this enzyme in lower verti­
brates is limited and to some extent conflicting. Some 
earlier findings 7 '

8 suggest that glucocorticoids fail 
to induce the hepatic enzyme in ani'mals lower·than 
reptiles, in the phylogenetic series where they serve 
only as mineralocorticoids and do. not show any 
gluconeogenic activity. However recent reports have 
shown the induction of hepatic enzyme by starvation 
and cortisol in fish 9 and hydrocortisone in frog 
tadpoles 10

. The present study was undertaken to find 
out the effect of severe hypoxic stress on the tyrosine 
aminotransferase level in different tissues of a fish, the 
scale carp (Cyprinus carpio var. Communis L.). 

Ten-month old and sexually mature scale carps (wt, 
155-170g; length, 16.9-17.3cm) obtained from Assam 
Govt. Fish Farm, Gauhati, were brought to Shillong in 
artificially oxygenated .water in polythene bags ~md 

· were maintained in the laboratory. Fishes in one 
aquarium were aerated to keep the oxygen level 
optimum and were used as control. In another 
aquarium, experimental fishes were left without 
aeration. The fishes in both the aquaria were not given 

food during experimentation. The oxygen level in the 
experimental aquarium decreased from 8 to 2 ppm in 
two days and the fishes started gulping water at the 
surface due to severe hypoxia. At that stage, 4-5 fishes 
from each aquarium were killed by _,decapitation 
between 14-16 hr of the day. The liver, brain and 
muscle tissues were immediately removed and deep­
frozen at- l5°C. These tissues were thawed and a I Q% 
homogenate for each tissue was prepared with ice-cold 
0.25 M sucrose with an all-glass homogeniser. The 
homogenates were centrifuged at 14,000 x g for 20 min 
at 0 ± 2°C. The supernatants were used for the assay of 
tyrosine aminotransferase activity 11 and protein u_ 
The enzyme activity was expressed both as total 
activity (units/g wet wt tissue) and specific activity 
(units/mg protein). 

The results obtained (Table I) show that amongst 
three tissues studied liver exhibited the highest activity 
followed by brain and muscle. Hypoxic stress resulted 
in a significant reduction in the total and specific 
activities of hepatic enzyme. However no significant 
alteration was observed in the brain and muscle 
enzyme activities and the cytoplasmic protein content 
of the three tissues. 

The pattern of tissue distribution of the enzyme 
activities is similar to that of mammals 13

, indicating 
that liver is the major gluconeogenic tissue in fish with 
higher level of the enzyme activity. It is known that 
during a physical stress the level of circulating 
glucocorticoids increases manyfold and they enhance 
the hepatic enzyme level in mammals 6

. Increase in 
cortisol level has been reported in fish during 
stress 14

' 
15

. However the hepatic enzyme could not be 
induced in the present experiment with the severe 
hypoxic stress to fish, thus lending support to the 
earlier suggestion that glucocorticoids do not induce 
the enzyme, at least in the adult -fishes 7•

8
• 

The enzyme activities were not affected both iri the 
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Table 1-EtTect of Hypoxia on Tyrosine Aminotransferase Activities and Protein Content in Liver, Brain and Muscle of 
Control (C) and Hypoxic (H) Cyprinus carpio 

Total activity 
(units/g wet wt x I 0) 

Sp. activity 
(units/mg protein x 103

) 

Protein 
(mg/g wet wt) 

c H c H c H 

Liver 

5~2.3±108.7 314.51 ± 83.3 
( -43.06) 
P<0.02 

399.5±58.2 . 239.8 ± 55.8 
(- 39.98) 
P<O.OI 

137.49± 10.56. 130.43± 7.49 
NS 

Brain 

16.03±4.95 17.95±7.58 
NS 

15.9±5.1 17.8±6.2 
NS 

100.86±7.89 99.99 ± 15.67 
NS 

Muscle 

3.63±0.97 3.96± 1.3 
NS 

. 4.5±0.9 

Figures in the parentheses indicate percentage change. 
NS, Not significant. 

brain and muscle during the hypoxic stress though the 
hepatic enzyme was significantly suppressed. Such 
tissue-specific responses ar-e. not uncommon in animal 
systems. Induction of the enzyme in liver by 
hydrocortisone and· glucagon without any effect in 
brain has been reported in rat 2

.4. 

The inhibition of hepatic enzyme level in the stressed 
fishes, in sharp contrast to the reports on mammals, 
has been quite puzzling because this is perhaps the first 
report of stress-induced inhibition of this enzyme 
in an animaJ. Tyrosine is a non-essential amino acid in 
fish 16 and is synthesized from an essential amino acid 

. phenylalanine by hydroxylation 17
. All the reactions 

for synthesis and degradation of tyrosine other than 
transamination are dependent on the availability of 
molecular oxygen. Therefore in a.hypoxic condition 
the oxygen-dependent pathways are likely to be 
affected, resulting in the inhibition of tyrosine 
synthesis. Thus the decrease in the level of the substrate 
in liver could be one of the factors responsible for 
decreasing the hepatic enzyme activity. In a stress 
condition, hormones like norepinephrine and 
epinephrine are synthesized at a comparatively higher 
rate and they are known to concentrate melanin. Thus 
there is a need for tyrosine to be channelized more in 
these pathways. Variation in the enzyme activity and 
hence · the amount of tyrosine metabolized via 
transamination may influence availability of tyrosine 
for these pathways. Therefore the decrease in the 
enzyme level might be a metabolic adaptation in fish to 
make the tyrosine available for the excess synthesis of 
norepinephrine, epinephrine and melanin. The levels 
of norepinephrine and epinephrine have been shown to 
increase severalfold during stress in fish 18

. It has also 
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4.9± 1.5 80.54± 13.41 78.36± 14.86 
NS NS 

been shown in mammals that norepinephrine 
suppresses hepatic tyrosine aminotransferase activity 19 . 

This decrease has been attributed to the formation ofa 
complex due to competitive binding of norepinephrine 
with pyridoxal phosphate cofactor and thus decreasing 
the nite of apoenzyme synthesis20

. During hypoxic 
stress the liver glycogen is catabolized resulting in 
eleva ted blood glucose level 21

. Decrease in the enzyme 
activity with enhanced blood glucose level has been 
shown in mammals 2·f and frogs 23

. . 

Grossman et a/. 24 have proposed that tyrosine 
aminotransferase being a gluconeogenic enzyme, the 
ratio of tyrosine and glucose would be of importance i~ 
regulating the enzyme activity. Therefore it will be 
premature to· assign any specific reason for the 
inhibition of this hepatic enzyme during hypoxic stress 
in fish. However it is clear that the mechanisms of 
regulation of enzyme activities in fish are different 
from those of mammals. 

One of us (AKB) thanks the Council of Scientific & 
Industrial Research, New .Delhi, for the award of a 
junior research fellowship. · 
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(Reprinted from SCIENCE AND CULTURE 
. Vol., 47, p 225~6, SEPTEMBER, 1981. ) • 

,Amino-acid comp.Jsition of haemolymph of the crab, Paratelphusa (Liotelphusa) levis 
· Wood-Mason duri_ng~healthy and pathogenic conditions 

'• 
r 

It is well established that the compo­

sition of the haemol1·mph of insects and 

other groups of arthropods varies mar­

ked I y in reJa'tion to different environmental 

conditions 1 as well as during various 

pathogenic conditions 2 ' 3 , such as starva­

ti:)n ', fungal infection 6 , ultra violet redia-

tion and others In comparison to other· 

groups of arthropods very little work has 

been done on the haemolymph of crus­

taceans especially in relation to pathogenic 

conditions. Recently the authors investi­

gated the free amino -acid constituents of 

the haemolymph of the fresh water crab 

Paratelph''-~a (Liotelphusa) levis Wood-· 

Mason during normal life and during star· 

vation as well infection by the aquatic 

fungus, Elastocladiales sp. and the results 

are presented here. 

The. fresh water crabs, Paratetphusa (L.) 

·levi, were collected from the local streams 

and cultured in aquaria in the laboratory. 

The crabs, infected with Blastocladialis sp. 

were also. collected in nature and utilized 

for our study. 

Alive carbs ( intermoult stage ) were 

anaesthetised by keeping them· at 4SC 

in n-butanol and subsequent ·.beating in. 

a. hot oven at Ioo·cc for. 3-5 minutes. 

Identification of the amino-acids was carried 

out by comparing the Rf values. of the 

. amino· acids of the haemolymph with those 

of known amino-acids. 

The haemolymph of P,tratelphusa (L.) 

levis is straw coloured and viscous. The 

clear serum was directly spotted as the 

sample oil the Whatman No. I paper and. 

chromatography was carried out. The re­

suits presented in Table I, show that 

five amino-acids, namely methionine, ly­

sine, cysteine, cystine and arginine were 

present_, in the ·normal healthy haemo­

lymph. 

TABLE I: Free amino-acid composition of the 
serum of Paratelphusa (L) levis during 
normal condition, starvation and 
fungal infection 

Name of the Normal Starvation Fungal 
amino-acids condition infection 

Methionine -t+ +++ +++· 
Lysine ++ + ·+ 
·Cysteine ++ ++ + 
Cystine +++ +++ 
Arginine +++ + ++ 

in a_refrigerator. Haemolympb was col- * Key: 

lected by gently puncturing through the 

+ + + : very intensively present 
, -t + : intensively present 

body cuticle and subsequent aspirating 

in small glass capillaries. The collected 

haemolyrnpb samples were poured in clean 

centrifuge tubes and centrifuged. Free 

clean serum was c;:ollected and submitted 

to descending paper chromatography. 

Wbatman No. 1 chromatogram paper was 

used with the solvent system n-butanol : 

acetic acid;_ water ( 4 ; I : 5 vol.j_vol. ). 

Chromatograms were run for about 4-5 

hrs. at room temperature ( 2s•c ).. Stan- . 

dard amino-acids (BDH) were also run for 

comparison. Detection of amino-acids was 

done by. spraying with ninhydrin dissolved 

+: present 
-: negative 

Perusal of Table I indicates that the 

. amino-acid composition of the haemolymph 

of Parutelphusa. (L.) levis is very unique 

in having only five amino-acids, namely 

methionine, lysine, cysteine, cystine and · 

arginine. During starvation lysine and 

. arginine seem to be immediately metabo­

lically utilised by the crabs. Similarly du­

·ring infection with Blastocladialis, cystine 

seems to be totally utilised by these animls. 

The authors are thankful to Dr. A. K. 

Ghose for identification of the crabs and 
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Biochemical Composition and Nutritional Value of Three 
Species of Hillstream Fish belonging to the Genus 

Garra from North-Eastern India 

A K BHAGOW A TI and B K RATHA 

Biochemical Adaptation Laboratory, Department of Zoology, 
School of Life Sciences, North-Eastern Hill University, 

Shil/ong 793014 (India) · 

(Received 20 September 1981) 

The biochemical constituents like total protein, free amino acids, DNA, 
RNA and phosphates were estimated in muscle, liver, kidney, brain and 
gill of three species of hillstream fish belonging to .the genus Garra 
(G. gotyla gotyla; G. annandalei,· G. /issorhynchus).· The fishes were collected 
from different localities and showed tissue-specific variations in their 
constituents. Nutritionally, these fishes are as good as other important 
fishes. These wild fishes have served the people of this hilly region as a good 
source of protein nutrition and may be exploited for commercial purposes. 

Key Words: Biochemical constituents;. Garra species; Adaptational and 
nutritional value 

Introduction 

Fishes are one of the major sources of 
protein nutrition for human beings. 
Therefore, efforts are being made all over 
the world to exploit both the marine and 
freshwater bodies for fish production. 
Besides culturable fishes, the wild fishes 
also provide a major bulk of fish protein. 
Hence, studies on different sources and 
nutritive values of wild fishes are neces­
sary. North-Eastern part of India is 
particularly rich in hill streams whose 
major fish fauna consists of the Garra 
species. There are about eight species of 
genus Garra reported till now in these 

hill streams (Menon 1974 and Majhi 
1980). Some of them occur in large 
numbers and grow to a moderate size. 
They have been serving as a staple food 
·for the people of this region. Some 
reports on the biology and ecology have 
appeared on a few species only (Hora & 
Mukerji 1936, Hora 1937,\ Fraser 1937, 
Jones 1941, Agrawal & Tyagl 1969, Som­
vanshi 1976, 1980 and Somvanshi & 
Bapat 1979). However, no informa­
tion is available on the biochemical 
composition of these fishes to assess their 
nutritional values; 
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The present report deals with some 
preliminary investigations on some bio­
chemical constituents like the total pro­
tein, free amino-acids, DNA, RNA and 
phosphates in different tissues of the 

\ 

three species of Garra (G. gotyla gotyla, 
G. annandalei and G. /issorhynchus) 
from North-Eastern India. 

Materials and Methods 

Fish 
G. gotyla gotyia (length ll-I4 em; wt. 
I6-19 g) and G. annandalei (length 
9-I0.5 em; wt. 13-I6 g) 'were collected 

· during April 1979 from Pagladia river, a 
torrential stream at Uttarkucbi (26°5I'N 
and 91°25'E), Assam, at an altitude of 
about 265m. G. /issorhynchus (length 
6-7.5 em; wt. 8-10 g} were collected 
during May, I979 from Umkbrah stream 
at Shillong (25°34'N and 9I 0 56'E),. 
Meghalaya, at an altitude of about 
I400 m. The fishes were collected between 
7-10 A.M. when the water temperature 
was I7-l8°C in both the places. The sexes 
could not be distinguished in these fishes 
because the gonads were not developed 
and there was no other morphological 
difference. The tissues (muscle, liver, 
kidney, brain and gill) were immediately 
removed after collection on the spot and 
were transported to the laboratory in ice. 
They were kept at-l5°C till the analyses 
were made. All the estimations were done 
within a week of collection. Some tissues 
like brain and kidney were very small in 
.size and therefore, tissues from '2-3 
fishes were pooled for each set. Six-seven 
sets of estimations were done from I2-I5 
iishes. 

Analytical procedures 
A 10% homogenate was made for each 
sample with ice-cold 0.012M Tris-HCI 
buffer (pH 7.4). The tissue fractionation 

was done following Schneider (1957) for 
estimations of different. biochemical cons­
tituents. The cold acid-soluble fraction 
was used for free amino acid and phos­
phate estimation and the final residue 
after nucleic acid extraction was dissolv­
ed in IN KOH for protein estimation. 
The DNA and RNA were ·estimated in 
the hot TCA soluble nucleic acid extract. 

Total free amino acid was estimated 
colorimetrically following the ninhydrin 
method of Spies (1957), using glycine as 
standard. Inorganic, labile, bound and 
total phosphates were estimated by the 
method of Fiske and Subbarow (1925) 
with KH2P04 as standard. DNA and 
RNA were estimated by diphenylamine 
and orcinol reagents respectively follow­
ing Schneider (I957), using calf thymus 
DNA and yeast RNA as standards. Pro­
tein was estimated by Folin-Ciocalteau 
reagent (Lowry et a!. I951) with bovine 
serum albumin as standard. 

All chemicals and biochemicals were 
of analytical grade and were obtained 
from either Sigma Chemical Co., USA 
or Glaxo Laboratories, India. The data 
were expressedas mgfg wet wt of tissue. 

Results 
The concentrations of various chemical 
components studied have been expressed 
in mgfg wet wt of muscle, liver, kidney, 
brain and gill of G. gotyla gotyla, 
G. annandalei and G. /issorhynchus. The 
concentrations of total • protein and 
free amino acids have . been shown in 
table I, DNA and RNA in table 2 and 
the phosphates in table 3. There have 
been variations in the concentrations of 
different components in different tissues. 
However, in general, there were no signi­
ficant interspecific · differences among the 
three species studied for a specific 
component in a particular tissue except 
for DNA. 



Table 1 Ti!sue protein ( P) and free amino acid ( FAAi content!* (mgfg wet wt) in muscle, liver, kidney, brain and gill of G. gotyla gotyla, 
G. annandalei and G. lissorhynchus 

Muscle Liver Kidney Brain ,Gill 
p FAA p FAA p FAA p FAA p FAA 

G. gotyla gotyla 168.8 0.975 150.33 1.785 109.45 1.37 62.28 0.677 38.37 0.49 
±14.19 ±0.019 ±24.26 ±0.034 ±8.02 ±0.04 ±6.34 ±0.802 ±4.04 ±0.025 

G. annandalei 166.3 0.93 151.73 1.6 106.56 1.12 61.41 0.625 37.39 0.32 
±14.56 ±0.13 ±14.01 ±0.018 ±7.56 ±0.02 ±5.59 ±0.02 ±5.06 ±0.01 

G. lissorhynchus 164.89 0.908 149.45 1.48 107.5 1.03 51.73 0.542 37.16 0.265 
±15.38 ±0.044 ±13.96 ±0.24 ±7.05 ±0.19 ±5.89 ±0.015 ±5.11 ±0.036 

*Values are mean ± standard deviation. 

Table 2 DNA and RNA contents (mg/g wet wt.) in muscle, liver, kidney, brain and gill of G. gotyla gotyla, G. annandalei and 
G. lissorhynchus . 

Muscle Liver Kidney Brain Gill 
DNA RNA DNA RNA DNA RNA DNA RNA DNA RNA 

G. gotyla gotyla 0.983 1.81 0.718 2.36 0.851 1.86 1.07 1.64 0.789 1.399 
±0.05 ±0.13 ±0.013 ±0.07 ±0.01 ±0.14' ±0.02 ±0.025 ±0.014 ±0.127 

G. annandale/ 1.017 1.79 0.729 2.37 0.867 1.85 1.112 1.72 0.808 1.59 
±0.01 ±0.12 ±0.03 ±0.025 ±0.05 ±0.07 ±0.Ql1 ±0.019 ±0.03 ±0.16 

G. lissorhynchus 1.04 1.81 0.795 2.48 0.91 1.87 1.16 1.72 0.823 1.55 
±0.014 ±0.14 ±0.016 ±0.035 ±0.01 ±0.04 ±0.019 ±0.03 ±0.019 ±0.19 
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Table 3 Inorganic (Pi), labile (PI), bound ( Pb) and total phosphate ( Pt) contents• (mgfg wet wt.) 
in muscle, liver, kidney, brain and gill of G. gotyla gotyla, G. annandalei and G. Iissorbynchus . · 

Muscle 

' G. gotyla gotyla 
Pi 30.0 

±4.0 

PI 4.0 
±0.5 

Pb 27.33 
±4.5 

Pt . 61.33 
±13.06 

G. annandalei 
Pi 29.66 

±4-22 

PI 2.83 
±0.6 

Pb 29.18 
±5.4 

Pt 61.66 
±12.0 

G. lissorhynchus 
Pi 33.6 

±4.73 

PI 3.5 
±1.0 

Pb 23.5 
±5.5 

Pt 60.23 
±13-24 

Liver 

45.0 
±5.0 

7.33 
±1.18 

. 24.66 
±12.9 

77.0 
±13.42 

43.0 
±12.65 

7.5 
±0.5 

20.5 
±6.0 

73.0 
±8.0 

47.0 
±8.54 

6.0 
±0.59 

17.0 
±8.0 

70.0 
±14.35 

*Values are mean ± standard deviation 

Among the tissues, protein concentra­
tion was highest in muscle followed by 
liver, kidney, brain and gill. Free amino­
acids were maximum in liver followed 
by kidney, muscle, brain and gill. DNA 
level, in general, was maximum in 
G.lissorhynchus andminimumin G. gofyla 
gotyla. However, these differences 
between the species were not significant. 
The tissue distribution of DNA was in 
the order of brain> muscle > kidney > 

Kidney 

37.33 
±7.64 

4.0 
±0.5 

18.0 
±8.5 

59.33 
±6.42 

36.66 
±4.73 

3.83 
±1.27 

17.83 
±6.9 

58.33 
±9.53' 

39.0 
±14.35 

3.83 
±0.61 

11.83 
±6.5 

54.66 
±9-56 

Brain 

25.66 
±4-1 

3.33 
±0.95 

16.0 
±5.6 

44.99 
±11.0 

22.33 
±2.13 

5.17 
±2.24 

16.5 
±2.2 

'44.0 
±4.36 

25.0 
±4.0 

3.83 
±0.79 

19-83 
±6.9 

48.66 
± 5.6 

Gill 

63.0 
±14.36 

3.66 
±1.07 

20.67 
±7.25 

87.33 
±21.52 

66.0 
±14.0 

2.16 
±0.79 

15.5 
±5.54 

83.66 
±18.03 

70.0 
±10-0 

1.66 
±0.79 

7.67 
±2.26 

79.33 
±9-65 

gill > liver. The concentration of RNA 
was higher in liver and there were not 
much variations among the other four 
tissues studied. The tissue distribution of 
different phosphates was .as follows: 
total and inorganic phosphates: gill > 
liver> kidney> muscle> brain; labile 
phosphate; liver > kidney > muscle> 
brain>gill; and bound phosphate showed 
highest level in muscle and no definite 
order in other tissues. 
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Discussion 

The wild fishes constitute one of the 
major sources of cheap nutrition for the 
rural population. The nutritional value 
of different fishes depends on their bio­
chemical compositions like protein, 
amino-acids, vitamins, mineral contents, 
etc. The protein concentrations in diffe­
rent tissues of the three species of Garra 
studied by us are well comparable with 
those of many commercially important 
fishes (Zaitsev et al: 1969 and Ogino & 
Takeda 1978). Thus, in spite of tlleir 
relatively smaller sizes, these wild Garra 
species have served the hill people of this 
region as a good source of protein 
nutrition and could be exploited 
commercially. 

The type of tissue distribution of pro­
teins and free ami rio acids obseryed in this 
study, might be due to the structural and 
physiological differences among the 
tissues. Muscle contains a large amount 
of structural proteins with low turnover 
rate whereas liver and l<:idney are highly 
active metabolic tissues rich in functional 
proteins with higher turnover rates. 
Hence, these tissues had higher concen­
trations of protein. The total free amino­
acid level in these species seems to be 
lower than those reported in carp muscles 
(Yudaev 1950 and Siddiqui et al. 1973). 
This indicates that the amino-acid pool in 
these fishes might have been depleted for 
either a higher rate of protein synthesis 
or used for energy production due to 
poor feeding. 

DNA content of a tissue might indicate 
the cell number (Goss 1966), as the DNA 
content per cell is a constant factor for a 
given species. It has been earlier reported 
that these three species of Garra have 
same number of chromosomes (2N=50) 
(Majhi 1980). The DNA concentrations 
per unit wet ·weight of tissues are different 
due to their variable cell sizes. Such 

tissue-specific variations have been repor­
ted earlier in other fishes (Love 1970, 
Jafri '*-Mustafa 1976 and Mustafa 1977). 

The level of RNA reflects the rate of 
metabolic activity of a tissue (Leslie 
1955, Bulow 1970). The RNA content as 
studied by us shows a higher level than 
that of carp muscle RNA concentration 
previously reported by Mustafa (1977). 
This may be an indication of higher rate 
of metabolism in these fishes. The meta­
bolically active tissues like liver, kidney 
and muscle ha.ve also more RNA than 
other tissues. 

The total phosphate content in 
tissues was similar in the three Garra 
species. This may be due to their similar 
feeding pattern. Ogino and Takeda 
(1978) have shown a direct correlation 
between the tissue phosphorous content 
and dietary phosphorous level in rainbow 
trout. Most of the phosphates in these 
tissues are present in free or bound form. 
The labile phosphates contribute to a 
lesser amount. The free phosphate level 
indicate the metabolic state of the tissue. 
But a very high level of free phosphate 
observed in the gill may be due to the 
accumulation of phosphate from sur­
rounding water. Such accumulation of 
phosphorous has been shown in develop­
ing embryos of carp by Moroz and Luzhin 
(1976). The highest level of labile phos­
phate with a fairly higher amount of free 
phosphate in the liver of the three species 
studied, indicate the higher metabolic 
status of this tissue. 

Taking into consideration the observed 
higher levels of protein, RNA and 
phosphates with a depleted free amino 
acid pool in general, it may be suggested 
that ·the Garra species have a higher 
metabolic rate as an .adaptation for life 
in the fast-flowing streams, and they 
could be developed as a source of protein 
nutrition for the people of this region. 
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