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Raﬂwwettonana devolopriont - 4n Pich ore complicoted
pwumaareguxatsd by many inteinsie snd 'éxmmlg Pactorss
_4$§§dﬁ&§ﬁ~émb§yé dovelops oxtornally in watory Yhe ey membrans
“£§E§~;
nanea~and growth of the emkryo ptaj;?f at tha sxpansa of
nuteiants, deposited in the eag duf:ng oogaaasis¢ Buging che
eburso of aarly deualapmant, tho dopoaitod bicmaleeulea are
dagradeﬂ ee au@p;y anangy foF. tho g#ﬂmlng anbeyo and alsc to
supply pneauraata Por $yutha§1a of new biomolecules; Nstaﬁuliem
of verious binmﬁlaaulss vagien o di?earent atagea of devolopment,
vdanand&ng on the requivements of tha ambryo, Thase variations are
brought a@agﬁwhy sggglatinmio? onzyng activities which control
~ the mstebolie poactionsd ﬁtﬁ@?@ﬁtial gsne oxpressien, ot
difforant stadns of aaualnamsn%, ‘largely controls the modulation
1n the lavels of activities of difforant anzynasy Houever,
enuitnumsnt alan pxaya aome important r0ls dn roguleting motabolism
 duping amhrvagmnasla, Naeahgligm in Plah 49 a labilo process and
shows mpanaaﬁo:y nﬁanges with alﬁe:atim& Sn the anvironment s
Albarvation in phyﬁicu-ehmmical anﬂdltinns of matat. in vhich the
emhryo davaisps, Iaaﬂa to alte:atinns 1n :ate o? d@velopmant.

.....

jrméahle-te most of tha biemnlenulae@ fhege?ara, malntes

die dus to-the btaakdamn of matahalic hameaata&iaéﬁﬁstabaxie
adaptation to aursivs in varisblo conditions of the srvironment
varios widoly amon 9 difParont 8P3¢193&‘759‘d@V&lﬂpmﬂntal stages
of soms ¢£auas hava a miaa talsranca *angs uhile’ for soma- others
1t is nazrawh

Comman carp (e‘y yEdnus - catpia) 48 an. example Be Pighas
having o br@ad ranga o? toleraaca eapacity, 1% breeds ond grows
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wsld st low gs well 4% b Godorabely high altitudds; In

 comparisen %ﬁ‘?ﬁﬁﬁﬁﬁ.ﬁaﬁai’f?”]&ﬁdi@ﬁ,ﬁéjﬁjﬂéaﬁpi-&g.ﬁﬁf;§7

. r‘ima); 15 highly a@nauiwﬁté» tho snvironmontal veriationss

{3 geoug wsl). dn tpoploal warn water ohore At brosds il in
naburas Tt faile o biesd asturally 4n emall gonPinad wator

ﬂ#@é&aa@.ﬁdﬁntabillﬁy %0 nature A5_§5f93t§§§7$ﬂ;aiffagant

spasias and s moatly mmmaa by g‘e'aétic' ?\a’a%ﬁﬁew This ia

- - ehssrvad tn. torme of difPopent metabolic svmpansasory changas
.5£ auhncaxxular 1evel; Housvers ahsfhaaﬁc ontogenic pattatna

o metjf;l&c and biocaamtcal chaages in Pishoo, in gonaraly -

angd in thago spsaisa in ﬁat%iculax,ara 1imitad, Yhaxaﬁors,

- the prossat study was unﬂaﬁtqﬁen.ta atudy tho braeding offie
eiemey, énd tate of devaxopment and supvivaly alonguith coptain
&A@¢h§m$§§¥.aﬁﬁ aotatioldc patt;;pf~@uring thaAaazly davaxanMQnt
ﬁﬁkaﬁa1e~#a:§'{afj;g.;, catpy QQ ;£‘nm,na;‘£o,vat».cnwmunxs Le)
énd poho- (an Indian major carp, Libon pohits Heme)d Thoir
foopongs Lo higﬁ &lt4tude aﬁxesa; wﬁth ‘pogard to theso paranstoro
ana the physic'wfhamteal ?aataﬁs of ‘the pﬁnag were also studied,

, The axpsrimeﬁts wara condacted in aanthmsaa:ern Xndxa.
hét Gauhati (ﬁﬁpii‘ﬁ & 91”4?'£) sifﬂff@d at an eltieude of 163 m
A8t and at Shtlﬂong (2505*ﬂ F 9%69*53 at an altttuﬁb of approxs

tmately tBﬂu n nst. and mampun (25°49'ﬁ kA 91°55“£) el&uated at

- an aleituda c? taﬂa ] ASL, Yhe sxparzmental aonds wera Dreparad

and managad; aﬂﬂ@t ldentical cnndl%iona; 1n the. Fish ?arme of
| Gnvexnmef}f c? ﬁ&a&m aﬂd ﬁaghalay&.\fha physlcumchamiﬁax ?actora
of thase aands ac Gauhet& and Shillang m@ta racoxdad for 18

nenths davsﬂg ehe period Qram Sanua»7¢\1979 10 ﬁayg 1980 at
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tegulax monkhly ntarvalay: 16 was obaa:vad that at’ higher altituae,
tampetatuxe and pH msze oway mhile Prae caphon-dioxlde content was
~ highar than those at louwsy alttbudea-1he disgolvad oxygan-d;¢~not
hem-any signt?taant 1ti%ua&aal di??eteaae.

!nduced bxeeﬂing by hypophysation and rate of nvamﬂiﬁgc
;6avslapment and survival.o? tha aahxyna wyre optimum at lowor
alkituda. Ranu shomaa a greatar raﬁa c? davalaamant umth asharter
| 1nauba§1an psr&ad than acale cata. Homave». 1n ‘beth he specios;
aome ataga spaci?ia varietiane waxe aiso shaerv§¢. Yhe afvironment
at higha: aitituda a?faetaé bha :ata sf induced breading and
| d@walqpmaat~of'agaAa‘caxp;anq-gqhqg:m@th rohis dhowing nore damggao«
At iﬁwﬁt’éﬁﬁiﬁudé‘féauhé&i). &édﬁced brooding expétiménts“cundéctad
during f979~8n shousd an apuraniab&e succeds in both sgéale earp
and wohud Homsver. at Shizlaﬂg, out 0? tha tun attampﬁs, oniy once
| (Match, 19&3) the &ndueeﬂ braading c? s¢sla carp was completely
sudtsasfuly Rohu—breedara ware’ Found 40 bs highly sensitive to
Shilleng wators 10 tas oceassians (August, 1999 and June; 1980).
gilgareggare.ﬁiad'aﬁnahiliﬂng'when'tatteduued fram-ﬁauhatsq In an
intosmadiats altitude ab Maupun (1000 m ASL), once in August,
1978, all yohu bresdass survived; but spauning was only
pertiels At tho 9ams place, in tun othor asttempts in the
next year (July & Augusty 1900) all Pemale broeders dieds
Sesides supvival ©f breoders and spauning, the rate of
fortilization, -ﬁﬁ“@i@ﬁﬁ?ﬁt and embpyonic survival wers also
1ams§ at highoe aititude; Buring t979 bxaadlng, thore was
- a high»mnrkality of scale carp emhryna dus to the infegtion of
3a¢§q§qu£a€?7ha$x‘mnxtality was considorably radused during




1983, mith amamuata ma&uws to tmatzel tha paxasi#ie aquatzc
| f'ungua. aam enbfyes wrs hsgmy auau@ptib&a to highor altituds
~ ana tfw auwmax a? ambryas during sha ﬂm;r aucms?m hwading
L m : §1979) wao nagugibw;

sixtam (?6) dava‘ _‘.:L."f:j;.'fi'.;al »tagaa mxa maat:?zed ia acale
: 'eazp; from the fortilized sogo te ahe Fw agagas, chila in rohu,
4hree of those stagsa nmalw S2egalls (stags ;},); 1ato gastrula
- (staggv’m) and baginaing of @ya pigzaamuon (ataga-%ﬁ) sould
nét e, dateota&. The isof:a} %nﬂmhatxm poried wee lax-ger m both

sasaaaa &b M@xw agugm haﬁﬁg 1@» *ﬁmn@%t"*ﬁ a"‘* 1"“’ PHs

ot

: &igher mn mm&ng aemg wags spaci?ig: mlationahip tc em
éﬂs{im;’:‘i‘;ﬁt. \’he survival atudia& wers ecnﬁuetaa in ﬁiﬂa difParont
doveloprontal stagsy Sealo carp gmbxyaa ohouad & Mgher vaty of
rortelity; only. aftee the & um&e (12} stagap et hiahex altzituds
mémaa al) a‘hag;am of i em %ham M or gusceptibility to MQhé‘z’
| alﬁlcudm TMa shousd omy t:eryé ciaaé wlatimahia with the dow
temgaretum., i”%weauhy mass highgr ok Gha naunula (tﬂ stage uhen‘
shiout 50% of the anbryos di@& ot 2@% aﬁd ot pe "j»:,‘_atehing (15&) |
atage wﬂs:h # fw%hgr decraasa in tam;@ urg. to ¥ 562:, ui:wauv |
skl the amn?yeé ﬁaeé inaicatiag gtaga eyaci?&o gensmivity to
. @wirenman%al %?@ C e "

The. a&taz‘fatxm ‘tn"iﬁ&é“t‘é’#@f;;ja#liia‘t}éimﬁﬁiefm’ and supyivel
amf thate. nesmaas to high aitituds ‘are obvicusly gelatod €o the
biachs ﬁ&ﬂ@i and m’eabenc cbangm in tho ambryas& This mighe ba

. zaﬂscﬁsﬂ; wwxh 0 tha quali%aﬁvs ond quantat}ativa cnangea

of ‘vaﬂnua 7;"f‘ff‘_fft‘ff";zaczsfﬁi“ s uhich o aut mmﬁab}.e thwugb tha
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cbaxina&e mambzﬂg;, Therafosa, tho cancentkationa @nd compositions

of amznavacid3p ﬁxataxns and nuuigie aeids and the anzymaa and
aatebolit&es af th:ea mazabalia pathmays (ammnnia masabnllsm,

ﬁauxatxanamiaaiau & ayzasina wxiaaexan) mare studiad as modala,
fron un?@ttilized s8g czzx hatching (a%agsetSB)g at bueh the '
’altituﬂa ia th@ twovapecxea;",

.The: aﬂtaganza pa#tsrn ef changes in vagiaus atamalecuaea
mava:faund %n.hg BORG, OF lass szmilar in zhg aarlv cleevags stagaa
in. tha tma ?iahaa, ﬂamauaz; iu tha lataz atagae ehey ahumsé seme
spaeiaa apaci?le uar&atigna¢ ¥he wat: wadght, of eca!e canp was- J
ﬁlghar mﬁth highar wshesr: and day nattor cnn&ents; Buxxng the
coursy. a? anbryonis ﬁauelopﬂan%, tha mat maighe and water cantent
tnoradsad tub. OWC. Polloved, o zevarse patterns Tho. redustion of
. ong, uhigh, rgntasants hha aatgianﬁa in gne ambxva wag: highov in
oty than sealy carpi. Yhza ‘might, bo.nopassary Por a bighar~energy :
nsaa of the: masgr carp. 9mbrvos fav'thaﬁx faatst rate. cf davalapv
" ment (izys hma.',thau asaia ea:p (98 hraé)¢ Yna tntafy; aaluble-
and eytonlesnis. Pratoing. ahamad a common nattatn of dosgeate,: t111
tha ond of eleavage. 4n the ﬁmn Pishos Xn @&aie sarpy after a .
tampoeary: 1n¢:eas$ at bias%ula&iun (aﬁa‘;g;), thoy: ?urther daczaa-
#sod’ &tii haﬁchﬁng' Hﬁmsvér, in rnhu,~pza§szns again inctaaaad Prom
.hlaaﬁulattﬂnv ?hafmﬁtcchéndrlal pra&eln lovals incaeasad xn
amhrvn&‘o? haﬁh tha F&ahe;**buh & aigni?icant iacraase waa observed
at 3%593»9 Cgaaﬁ%ulatian) tn tahu than etage-iz (ﬁnaomlte) tn scala
carpd Tha avstall inet@aéa 1n mitaehendriel wrotaio mas hlghax 1n
acal@ carp (385%) ln cnmp@rtann to j;hu‘(2935). Tha chaaggs in
botal #ra6 aing (F ‘,_;).-, in g@mral, ?olloursé & roveras patt-
@rn mith %hat e? tﬁﬁal pnotéin in: em&tyae o? both tha apaalaa. The
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camppsi@iﬁn-a?;kﬁajrﬁa in mature dooytas oF the tuo Pishes wsPo
dirferent, &a.scaiﬁ%catw1&1&@9@%&@:.aavéataanfanﬂgin-?ahgfeignn
taon anino aclds were xdanwm Cystodne and cystina in secsle
cavp and throonine in pohe could nut by dotactad ab any ategs of
dnwalnnmanta Butiﬂg ths course QP.amttyantu-dﬂvalopmant, the amino
aeida changsd qual&tativexy ond algo queﬂtitativaay uhich ware
a&sw dt?fe:@at {n the tus spaniaﬁ. Estlmationa of 9&& and RNA in
the‘aneytaa a? the Swo apacts@ shouad that the valnas were appas
rantly asvatal ﬁﬁmuaaﬂd time% highar than thair aomatic valueaﬁ.
Thiq ia aimzlat'ﬁa the ear&iay raﬁnr%a in other cvxpaanus ‘animals
and aﬁms ?&ahss. tha aﬂh ans Rﬂ& eankents 6? embryas did nob change‘
,dutxng the cagly stegas o? daaaxapment, Yha-anhancem@nt govld ba

sgon only ?zam éh@ ia@e mﬂrula faesga»?) and 1ate gasttuia {(stage=
13) akages ?nt ONA and. aﬂm rae_fj
xehu the inecri

;iwaly in soala catmy ﬂemavae, in

ea90 e earliaa~at *6»3911 (5) atagam o

“The- a??aats of: hzghez axeituda on the a&av& paramatara of
cazp anbiyos wars, in gaasxab.,alphaagqqmlgh_eha eleavage stages
aimage'éhawin. Ho offect and: the later atages, particilarly from
gaatrulaﬁian till‘hatchlagg QXhlbLting alteratibua of noymal pattezn
af changaa of binmn@aaulas'ain ‘acale carp, the rata of Ananaaa in
wator cantant and dzy aattaz«aentane was.campaxasivazy alow and
aerlsn ‘the wat weighthtn yohuy Pron nousula (11) stage the water
sontant auddanly 1nw;:;1ea ahnva ‘the normal level Pollowing a
alnuitansous dacreaae 11:Bﬁca Yhis 1nd£aaead a’egvore deplaéxon of
tha-yolk auhaeancas to aié the increaaad rate oP metabolism of the
gnmhizyas undax nttaaaxar higher alt&ﬁuﬁeg The lovels of difforont
typaa of prntaxne~s£gnxficankly dactaaaed 1n tha- poat ‘gastrulation
stages of ﬂoﬁh tha fiahas eugept the mitcchonﬂrial prﬁzain in acale
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-eaga. 1&9 dacrea&e 1ndlcatéd a low 3&&& of aynthaaie a? protein
and/bz highar ﬂegrddation a? yalk at higher alt!ﬁudsm The FAf, in
:gﬁﬂerax. ahowed @ high@r 1awaz ia. ambvyas of bath %he carps ab
<:hig§at altitudey Hamsvar, tn mast cu9as,. highar altituds did not
aitsz the relak&ue aannautraezﬁns of - dtf?arau& -aming asidn excapt
B Pom Thg lsvela a? tatal 'DNA and RYA wore Pound to be lowspod
enly - &nw@r@a the later pha$e af éevalapmsat befnra hatching, at
nigher aitituda. Th&s too waght have begn dua tq thg loy ¥ate of
ehaiw 9ynthmais or @ highsv aaplétian o? tﬁa dapasitaa nuoleic
acids. fﬁf low xaueiﬁ of uclate soids alée 1ad£cata 5 10u rate
of azeta&n @yntﬂeais and 1am gtamah rat@ a? %he embryaa at highe:

altitude,

ﬂ The vaeiatiana ahaezved: in. aba lavexse? di??erant biﬂmols»
cules betusen dev@lepmental Qtagas, ﬁetmaan the two epeciss and
aa%maaﬁ tha &ma alﬁ&tud@a; wight be dug to eltgretions in tho
dl??eraa% mgﬁahalie pathmaya which; in tupn, - ere controllsd by
-enzymea. ammania ‘matabolisn, ueuratxanamiasion énd Syrosding oxie
'daﬁivn‘aathwaya.ane~kn§mn-t@»&hamvdavaigpmantax @na‘qdaatatinnal
¢hanges in ﬁa@iﬁﬂﬁ’ﬁ%ﬁ%ﬁféwﬁupﬁ”éf'aﬁﬁma19957h3~méﬁﬁrerGacytéz6?
both: ths/carﬁ Eﬁeﬁxea centainea & coneidératile andunt of ammonia
and urea mhiah ana %axic pgcduasa o? nxeragan eatabollsm. The
1aveza,u? bath matabviitas ore. atgbar in acale catp pvubably due
ta ite larger aiza»;Ths eoncaﬂttatiéna did rigt vary whon the
ualuae ware expresaed pap gram b maighté Both ammonia gnd urea
1auala inasaased ia nanaanﬁzatiaa with atagr@aa uf davalopmsnt.

Yha—inetaaae was a&aga apatﬂ?ic. Tha eata P iﬁatﬁa&s wes more
.praminant in scals ea:p than ‘eohuy & ﬁ,A
capaﬁity o?*gcala~@&tp embryas»tanammania'ﬁxyygngﬁoxiqity»nYhs

adng 4 bighar tesiatanca



‘ B;, 
on};gaa&c anﬂ specxea agsaifie~VQriaﬁion$ o? thﬁ aﬁmnn&a ané urea
- lgvels might Naue basn an &nd&pend&nﬁ or cambtnaa a??sat of

- tés.ffamnt;_,__jf} rats &P thoir pwdue&tan, anmmauen, or wwexaian_
‘ “"iﬁ;z aumataﬂcaeg v | | o

3tqd£es‘aﬁ Hong anzymes aﬁaaciat&ﬁ miah ammaﬁ&a ms%aboixam
“ (Gﬁﬁ, POG, o8 and j?[’ﬂaaa) ahowed d:rfarane on&ogsnac~patﬁetna.
'3@mﬁ of ths enzyma&-aﬁch an azginasa and GB in bcth tha ‘epacias
&nd P0G in seale carp wore praaaat §n alt atagﬁ,iﬂnlwdtng unfoks
;hzllzad 299y, GOH appasred only after Partilization and POG activity
ELY euhu anp@araa only &t naurulatinn ﬁtagag ?haaa»anzyma aettﬂieiea,
ghioh cefo prasant in tho dgy o ap@aaraﬁ a?tag 9ersixxzation” wsree"
 maiaﬁa£ned during the cleavags atagas<an§ ohowad. the' enhanéamsht
'ef ahai& activity in some atagaa a?ﬁes the- mngphoganatia movamsat
etattad. Ina ?@m'maaea, “the' ag;j'ﬁ activity dactaaasd at '";ff
oular atagaa. The aecumulation o f"-ama afizyuies an aetiva. #8ate and
asug in 1naa&£va ataté duxing aagan;;j” haa baan.anown. 3oma u? )
hy raym "Tf;ﬁu1a5~g@$~aﬁhiuaﬁsd,e§ Qéﬁtllization %o ﬁn'

uuring %ﬂe @a lv a&agas a? da#@;;’fi”f.f;:% f“"f‘**f'"" o abpEaRe
| ma a? sane enzy:aaa at thaaa ati.,f‘jfji A &

enzymas, ﬁha laval of acb&v&kv sﬂnmad snme [f;f?jj[Mfﬁ,mJg
'.a&agaa of ﬂevelapmant dua*tp kac& ﬁ? o of
: actxvity wad ﬂat nacasaaxy Ln a aaxt&cﬂiy? snacisalr.»§aa eamky
'atages of dsvaioamaﬂtp appested éniv aﬁ a later stagdy poaaihzy



_f?due tn Ene axpzass&an of th”ﬁsibiyﬁﬁiékgﬁﬁS»éfﬁﬁha% ﬁarttcﬁiéi fﬁ

- abays 9f dey;ﬁanmanaﬁ Thiaumiéﬁi“hégdfaléﬁfﬁﬁaﬁg&n&ﬁ*f@r‘%ha*;raw
.axwkihg enzynes to bsost their sehivity to & higher lovel from &

o "‘»fifaga ?ha Pluat*ah&awa §n the endogansus emmonia and

utea iavala ﬁa&iﬂg the davaiaémsﬁt of tho geale carp E"ﬂ‘tgh“ and

fiftﬁ@ fka ﬂ? 8 cmrralatisn with thoir cazraaaand&ag anzyms actawi~
fﬂ t£e§, fail taﬁmake any 599&&?&@ cencxuainn ahouﬁ ammnnla matahnlism
fx.nmtaéxﬁ i the tma'wgscisa, Hawsvery epesies specific variations in
';ﬁﬁ;anzyma aettvitxéa and tha annaaﬂbrataeﬂ-n? tha aetabalitea have
boen olaarly sh&mn £7:3 thﬂ utseent studyv ' '

~ ,jxewaz Mmad 5 umas» mlat._:;[ ,:gnip mm\ tha ehanqas an pmeia and
 FRA eantaﬂg oF the»ambzyaa aﬁ a&ghgr alﬁ&ﬁuda and>eo anae axtsnt

with the uaxiagi@ns iﬁ tha agtlniﬁy of the enzymss talated o

’ ammania,astp;w;"” '

autivity o? emmania matabaliaang enzymaa atudied (Gﬁﬁ, Pb:;
s and angsﬁaaa) ahuwad dszaxant;eﬁfecﬁs at. highet aitt%udas The
activitias af Bome anzymas Laareesed 0% dacroadod at some stages
(.14 a@valanmant and %ha appea»anna ax~1nducticn of some enxyme



fﬁ

acriszﬁﬁea ware sxthax anatpangd or Btepbndsﬁ,ak h&gher aiﬁituda¢
Hawﬁyax, tha varlaﬁioﬁs iﬂ gsnanal, wanﬂ more pronouncad duriﬂg
~§&§§;;;,:gaa€tu;akson sz@gas than tha'eleauaga etagaa,

| functiaaai diffarentlatimn dﬁ?&ﬂg ﬂwvalnpmenk has baen

'ififlad mith di??ﬁrantiacinn af speui?ic snzymaa. ACﬂgg is nna
ﬁach sazv iy aaauaiaﬁed m&th hhe ?uﬂgtional dlf?egantiatiun of
narva aﬁd musnl@ colisd In the pseaant Sbudys AChE astivity in
ambtya was dataj;j @t the ensct of gaatzuiaexan in doth the
lsgaaies. 7h£é fa similap to sarlier xepﬁrt "0 amphibiaris shoudrg

8 higﬁar induntina of thy anzyue asbiviby at gasezulatxeng &lthnugh
1% Ao difPloult to axplatn & detinite furctional aignl?lnance of
thu»appaaraﬁsa of “ﬁ;} st gostrulation; it ds ttaa the@ during ‘this
atage the mnuphagenatla novengnts staf% dete»miniag the map af - |
#inal differantlation, Estinations of ACh ovealed fte. sinultersous

rise thh a}{‘j& &% géatmlauﬂné ik can be auggmaa that mhapa

&ﬁfﬁﬁ?fg ?astar Far aﬁhﬁ gana¢ Ths aubaﬁrat@ lﬁduntiaw a?'enzymev
,act&uity has ‘hman kngun 1n anzyme :eaulaticna. In the euhaequsnt
fétagsa, “the aat!vtﬁy ﬁ? achﬁ’inaffaaad m&th~néuxal anﬂ,mnaau&ar
éi??@»@nniae&gna Thte was . elmnsk pa:axxal £n~&a§h spae&ea in@i&ﬁtfng

& aaaaiea aunmsyﬁn&?ie and d&?f}:fntletian «éiataé ganaxantivaeian. -

?he a??@ct of highar alt&tuda nﬁ tha ﬁﬁ&agﬁﬂy a? Rch and
varta@iﬂqs atlhighsr al@ituda ghereas in rahu$.taa h&gh al 1tuda
‘affoet ums preﬁ&aaut duzdng ths 1@%@1 E3 agaa ar dauglﬂpmant¢ The
appgakancsd of ACHE actiuiey alao gat dexayad ?ram gaetrulatinn to
nausulation &n. rohu Lndicatlng hha dalay 1n ?unctiaﬁal di??aranticn
Lion of ncuial and muaculat hissua&, . | o
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| Studiss on-ths developmantal pattorn af TAT; the rele
liniting Snzymé of ty’éwsina axidation, shouad thst the enzymel was
prosant 1a the cytnplasmie fxaatannf(cutﬂr) in all dauelopmeatax
sﬁagaa, including natuze aanyts, in gcale eagp and tohu. In the
a;;e!:;ji":;]jmuexaa fPraction, m activity (eTaT) wes datacted only
at neuxulat&nn 4a Boale catp and at Besonits ataga in vahu ?bll-
owdd by a aigni?ﬁaaﬁt ;f“;eaaa [$33] hateh&ng; ﬂamsuat, tha appear-.
ancs of m~TRT maa anrrelatad»mlth tha aign&f&nant snoresse in the
ambryoniz m&taehanﬂzial protein lovel indicating that this enzymo
night. be p:aﬁuaad by a mitochondtial gana and wgs antivatad uhen
| nam\miﬁashnndvia mawe synthasazad ia ‘tha embtyo. Tha ﬁifferanoaa
An ths nntaganic pattarn o? a»tav and m-?ﬁt suggastad that they
are. tma zaneﬁzyaas of Tﬁf aqd have diffexsnh weguxatovv machanisms.
rhe dévtﬁ;pmaatai pattezn 9? e»IaY gnd m'rnr in aca&e oarp and rohu
wgre also ?aund tn wa di??ezaa$ ?ram thods of memmels. mheze aeti~
vitiﬂa of hﬂth tha isssnzymas gaaaiwad low and mlthuut any ,
»aign£91cant altareﬁi&a t&ll bieth. The di??ezenaas &n the davelop«
néntal paﬁtarn of cnfat and m»?AT in.scala»earp and rehu, aatticua
lariy the late appaavaAce a? m»TaT in the I&tat apecias. suggeat

.di?f@neat :agulatn:y meehaulama fbt bhe tma iaa@nzymaa in the tmo.
carp. spaaiea._,. S '

Thsze-waa ng. alterat&oa at highar altitude Ln tha appearance
of a~7§T ane mnTaT autivitiaa. Hamavar, duxing the lates atages of
dovalopnont a~¢n7 activity 1nu:9asad ‘in scale carp ana muTnt
activittas d@uraaaad in rohu ab htgnax alﬁihuée.

?h@ dsﬁslaaﬁff
fhuud ca shau sama.di?Peranees mi&h tha changas: in genaral

al - paﬁterﬂ of all enzvmsa 1ﬂ tho presont study
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p:@%éinﬂiaueiaiiThé-éhan§é$§£bvganﬁtal proteiny snd the snzyms
éctiéiﬁié&fﬁaiéwnééyiﬁjamiﬂaﬂﬁ ab Portilization of both the sarps.
?ﬁéfaéﬁiﬁihféﬁaﬁ&ﬁ§§&as'dréﬁ£1ﬂ1ify“wéduceafan ?ettilizatiﬂn
wheféaé most. of $he. “jivitﬂas wors ai&har not a??ecteé or
&n@:aasad¢ 5&@1&&2 centraating chaﬂgaa in tatal pcatain and enzyme
aetivialas mare alﬁo onsarvad in othar ata[;;-n? dbvalonmeat.
Thaaa d&??atéﬂcaa tay bs dua tu tho iﬂdaasnﬁaAQ zegnlatlnn of the
anzymas. 9@? apeai?ﬁa 9hysiulog£¢el fnnetlena 1ndapeadant o? the
gaaa:al 9ra$ein turnovet- | ' -

enzyma 8

 '. thara?ore. the wa:phologlsal and biochemiaal changas during
the devalnpmanbal abages of tha tuo carps wae mostly spacies
apacificy Gaaidas, their adaptﬁua eaaabzlitias usre ‘alao di??erent.
peaathly due to thait diffarance Ln gsnaticaxly caatroiled bioeheo
| m&cal teguﬂa!toneq h!f'ff"f* L S

Ane baaxu xn?ormatlon-wbiah easms appaxsne Froa the pzeaant
»study $ 13- thae; the eerly et‘gas af oaeegania dsvalopment a? oarps,'
aumsnatsd hy faat rate o? & isauchpiication ara tess aans&tiva
:-to snviranmantal quaeuatiana;than @be Iater-aeaga n? dsualapmsne,
f.daminatsd by di??e:antiatinn and morphaganeaiew Ihta anuld be, .
»7paaﬂ£hzy, Sue ta the ?act tha& hasidas aupplv of anazgy; ehe dapc-
aiﬁad ynlkvifithe agg eentains nacssaery praoureora and enzvaas '
: ?br campleﬁing tha alaavagas aﬂd d
fitheit slmplarvotgaﬁizatﬁon, eha gasauua exchanga and matabolic

;avlaas number n? calls and

 waaee dszaaian alos teke ﬂlana e??icﬂently during aarly 3tagss o?
dnvainpmanb; ﬂcmavs:, marﬁhnganakxe meuamants, atazted Pron: -gastu=
' Iaﬁian ?nllamad by di??erantiatien and ozganoganea&s, iauolua

‘axprossion of aaveral genaa and. aetivatian of pratein aynthetic '
aechaniem‘ Thaae pzacasssa naed o larga amount of eae:gv sz which



'tha matahollsm ngh& have baan graatly acaaleratad naadlng nore
gassous axchanga aﬁd diapaaal of mebahallc wastas, Tha‘sltuatinn
;;;;4‘a‘fﬁjﬂ“J; ao camplinatad dutiﬁg theso stages ﬁha& the intor=
Fa:ance by tha aitatat&ona &n anvitaaméhtal faotors bacomes aaaiar.
In thaae seagaa, tha yolu pexhapa alays *tha tia jor roxa to provide
onorgy but nnt ﬁha raedymada precurauca, the stock of whxch might
have altsady daplehad¢ Hamavar. an ahauluke cen?ttmatian of this
prepnsittan ﬁ§$63 mora deeallad studigs tegarding the meaa o?
dapasttien q? dl??eraﬁt binmnleaulaa in the egq aﬂd'theit utizia
xatian during davelopmant.

18 could &s gaen Pram khe studisa in rolation to aleltude
that scals carp has hsteer adaptability for development and growth
at highar altituaa ehan rohus It ahowad baﬁtev»apamning petPormance
~ and rates of fartiltzatinn, gramtn ‘and survival. Thess asctivitics

had atgni?tnant Qnrrelattons mtkh ﬁhelv aluchamical~nampaait£ana
‘and aalattuﬁ atabiltbv of ma 7:T1£c-pa€hmaya¢ The genat&b varia~
ib&litv in thai# capaaity of adaptation night ‘b telated to the
presance of axcess amnunﬁ of yalk ‘aubstancas 1ncxud£ng, parheps, :

ssvevai enzymaa. meaaengar ANA and uthaw aa&antial aubstancas in
v%hé agg a? acale sazp. giving it ﬁara indapandanca for. ita motge
‘boxxem and dauelnpmant. Basidas, bianham&aal tegﬂlatory machanisma,
'prehably, epsratea nore effictsntly in ecaxs carp. than rﬂhu..
Hawever, studiea un regulatlan of di??ataat key. mecabnlie epathmays
w&th raxation ta dt??erent environmental factora cen oxplain, for
suroy that out of this multi?ectoria& e??aet which ?actors are
more important and whother they~cauxd ba cant:allaﬂlby eama
axperinental manipulatiaq to 1nduca adaptahﬁﬁﬁthﬂﬂutha home
adaptivg gohu to h&ghae altitudos L ;
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GENERAL INTRODUCTION



Eiﬁhﬂ Qﬁe‘oﬁ>{ﬁa.iérgést vertobrate groups, has‘qanquetéd
all pqéstbie;aquatiqjéybiéésiiﬁ fhgiqorld with their diverse
structural aqd;?uﬁéﬁioqaléadqpﬁaiiéns¢'Vhey'ate an important
faod i&emﬂgéﬁfa‘:iqh source of sasily digestible cheap proteins,
vitanine end many essantial minerals for human beingse A major
portion of the consumable Pishes are obtained Prom ‘capture
?ieheﬁies'g\nowévergfin rocont yséraﬁ the world's total catch
has bean'dédlining at.an;elarming‘ratevmainly due to overe
eXploiﬁétiém..aollutxbd éﬁdrde¢rtnee1n'?ood.fot pish in nature
(Bardach; 1978)¢ A proper control over production of wild éiehésw
18 ptactically diPPicuIt. There?ore. currantly ‘much’ emphasis has
»haen laid on tﬁé 'cultura Piehariee’ mhlch was once: ﬁracticad by
paaple merely as a hobby. Consequantly, tremendous offorts are
being made to oxploit all possible wster bodiss for pisciculture-
and hencag ﬁo abta1n.sciant1?ic knowledge on the various aspacts
of fish life under gontrolled conditions to. deovelop proper
téchnolngy ?¢r‘tncxeasing Pish production. Having so much of
appiléd’imbérﬁénde, aﬁen basic in?otﬁationa'about the adapta=
t&ons at physiological and biochemical lovsl during different

pbases of life ln ?raahmater fishea. are very much 1imited.

?iShy'és‘iﬂ~éﬁy'oﬁhet orgenismiy. 1ives in close interace
tion with its Qhuimbﬁment;TIts‘morphblbgy. anatomy or physiolooy
tsvélmaya‘iﬁﬁldanced by difPerant blotic and ablotic Pactors of
the ah&ixonment& Any deviation of the external ?actors.evokésla
s‘ériés. of adaptational reactions, both visible and invisible, in

the organism to establish a hou .rabproi;hément.fha mor‘phologli;gl or-
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anatomicai charactars are relatively sfable. whareas changes in
physioclogical and blochemical parameters help as the immediate
mediator in the rapprochemant procass. Thse changes in physiolo-
glcal and biaéhamicai procQQSQs tend to take place in the
favourable dirsction uhich ensureés survival of the fish in an
alterod environmental condition. This is referred to as
'physiological' or 'biochamical adaptation'’ or,somatiﬁas,;simply
as 'adaptation' of a specles (Hochachka & Somero, 19733 Prosser, -
1973a3 Smiti; 1980)e The amplitude of adaptation ié a 'genatically
fixed' phenomenon and it varies betwssn apaciés. Ths Qatiatian'in_
tha adaptivse capadity is the resason for dl?ésfential diatr;bution‘f
of numeroué'?iah species in different geographical regidna'oﬁ thé

world with difPerent environmental conditions.

The efPiciancy for adaptation variss betussn the different
stages of the life cycle of a fish. 1n'9a1mon. the adult fish
lives in ses water, but for bresding it migrates to freshuater,
where ¢gas are laid and embryos develop. The juvenile salmon
migrates back to6 ssa wator to spend its adult 1ife. In gsneral,
reproduction and devalopment are the two phases of fish 1lifa
which are very prscisely controlled by the onvironment (Hoar, 19693
Blaxter, 1969; .Jalabert, 19763 Braum, 1978). A Pish does not breed
successfully or its smbryos do not survive, if the extarnal
snvironmental conditions are not within an optimum limit. This
optimum cdnditiona'éra spacias. specifice. Thus, soms fish breod
in spring, some:in autumn, while some othars bresd in winter. Both,
hiotic and abioﬁic Factors,~influanca.the raproduction in fish,
Among the biot1Q ?actors, availability of food is considered as the
prerequisiteé for the development of gaﬁéds (Nikdlskii, 1963, 19693
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Do Vlaming, 19725 Do Vliaming st al, 1978). Howsver, the abiotic
Pactors, primarily temporature and photopsriod,ars shoun to be

the dominant rogulatory factors for the successful reproduction

in maﬂy‘gﬁeciee of Pish (Hoar, 1969 Sundararaj & Vesal, 1976§
Biliéfa‘é Broton, 1978). These tuwo envifonﬁantal factors might

act indopandently brveogoperativély; Tamparature is an important
factor for cyprinids whersas photoperiocd is thes major factor fPor

. salmonida and gaetéroatexgg for reproduction. Howsver, in tropical
fishes, uwhere onvirommental temperature is directly rolated to the
length of thé photnp9§i9dgfbot5 the féctofs?cgmhinadlyhtegnlate
the'reprodueﬁidn. aenér abiotic Pactors have aiso‘bsen obsérved to
influence successful teproduction in some spacies of Pish (HUSain,
19453 Hora, 1954; Khanna, 19583 Ruby g_.gé, 1977, 1978)¢ Tha
environment influsnces thavreptoduetion.in ?1ah through NSUT0BNe
docrine machaniam (Hoar, 1969; tilay, 1969)., Tho signals from the
snvironmont are received through tho axteroreceptors and are
cnnvayad to ths hyputhalamua which in turn stimulates the rolsase
of pituitary hotmones. Tha pituitary hormonas control raproduction
and matabolism in Pish,

All fishes frosly brood in naturs. Soms breed in small
confinad water bodiss in captivity under adequaté'anvironmentaf_
condihions.‘ﬂﬁmsveté.sama atﬁaxs like t&e Indian major capps do
not tireed in captivity even all biotie énd abiotic conditians
being optimume In pisciculture praétices. thess Pishes are induced
to bread by injacting an adequats dosso o? pituitary hormonss, a
methnd called ’hypoph;aatlon' This nsehod was Pirst successfully
employed by Houssay (1939) in Argentina. The method of hyponhy-
~ sation or induusd breeding not only helps to by«pass the
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environmental inhibition of the bresding in captivity, but it
also halps the piéciculturiats to adopt suitable msasurss for

obtaining maximum survival and growth of the Pish,

The onsat of saxual maturation and spauning of fish at a
particular environmontal condition: is of great adaptive

significance. it anSufes the most Pavourable condition for
:dsvelopaant of the embryos and young fighas (3chwassmanng 1971).
Howsver; in nature, a large number of fishss die during their
ontqganic dovelopmant, The cauées of these mortality are predation
by largs fishes or by othar animals, disease and fluctuations in
the environmental Pactors (Blaxter, 19693 Love, 19703 Braum, ¥978).
fMost viable larvae ars producod at an optimum condition of ths
anvironmental ﬁacto#s}‘Tha 'optimum condition' of a particular
envlronmanﬁél Paﬁtory has its upper and lower 'limits of toleranco'
beyond uhich the embryo falls to survive indefinitely. Both the
‘optimum level' and 'toierénca lsvel! gre;spequic for embryos of
a particular specias. Thay also vary betwusen different stagss of

davé;qpmqnt in a giuen‘speciesf(Nikolakii; 1963).

- Variations in.environmental"condltions has baen shoun to
alter biochomical activities at cellulgr and subecellular lsvel.
Such alterations might_have'bean the cause of mortality of
embryas‘dua fova‘shi?t in the normal emvironmental condition,

The davglopmeét'd?:ﬁish, as in any other‘animal. takes place

© through & serieaH6? &1ochsm;ca1 changas. The di??erent-biqchemicél
reactions wh;ch,chmﬁnise the métabolism»as a whole, are strictly
governéd by phy51381 factors. The chgnges in the environmental

- conditions might reﬁult in ccmplefa diéruptibn of esllular
motabolism, causing death of thas developing smbryos im extrame

£asas8.e



The biochemical machanism of devolopment and differentia=
tion is basically similar in all multicellular animals (Grant,
1978) . In géneral, it is concornsd with (a) degradation of organic
maleculaa, like carbohydeate, lipid or- protain, far supplying
~en@rgy to the growing embryos and alao to supply raw matariala for
(b) synthesis of now molacules, primarily nucleic aciasiand
protainse the structural and Punctionsl units of all kinds of
cells,'tiéeuéa and organse Thesg biochémieal changes occur in a
sequential pattorn during developmant. The ssquantial events have
baon shouwn bo bs due to the di??erential activity of appmopriate
gongs (HcClintack. 1967; Gurdon, 19743 Davidson, 19763 Davidson

& Britten, 1979)c Informations cﬁﬁtatﬂed in the DNA molecules are"
~transcribed into meRNA uhich tranalatea the same into speci?ic
proteins in eollaborahion mith r=RIA and t-RNA, Thess nswly '
synthasized pratains ate either struetural Par building of | the
coll organellaa or Functienal proteins eslled enzymesy whlch
- catalyzs diffarsntvb&ochamiqal reactions. The prassence of a
spécific‘sa€ a€ ﬁt§té1ns or anvaaé in a particular ergan of an
sukaryots animéi onables tha organ to parform e specific Punction,
. During embzyonictQQVGlopment, tha differentiation of a particular
group of callakalong a spocific ling, is synchronizad by incorpo=
- ration of a apaéi?&c spectrum of enzymas (whitt, f981a). In fact,
the relationship batusen certain enzymes and mnrphologicalv
diffarentiation i $o good that, often ths appearanca of a .
specific enzyme is coﬁaidenadfas 'biochemical marker® of differ-
entiation of afpatfigular kind of morpholagical structure (Mpnroy.
‘ 1973;'Brﬁchet,‘1§74)g Enzymos, besides giving the Punctional
antity of diuarée k1nda of cslls; also play an important role in

regulation of matsholism of different biomolecules during
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diffarentiation, Ths rate of metabolism uariea during difPersnt
poriods of development (Love, 1970; Moog, 1971; Balinsky, 1978)
in accordange with tha changes in ﬁamadd for enargy by the embryo
and the precursors nscessary for the,éfnthesls of new moleculss.
Thié contzol is achisved through ths pfeeakiating snzyme molescules

and:éiéa%ﬁhtaugh~the synthesis of varieﬁié§fof new enzymes.

| Although tho biochemical process of differentiation is
basfcally similar in all animals, it is mors compliceted in the
oviparous onas inmcluding Fish. In the absence of any direct supply
of nourishment or precursors for sydthéﬁia of nasw molescules, aS-in'
_vlviparaua.anim319;1%he,embryb of oviparous animals depends
"primérily anﬁhé amount of yolk materiéls deposited during
'irvltélldgeneaié-Por its successfuyl devaiépment¢ Neadham (1931)
calls tha extarnally ﬂeveloped 2ggs as a 'closed box' bocause it
13 sealed from any.external aupply of nouriehment and many othar
materials nscedsary Por developmants Studiss on ths biochenistry
of ﬁnhugénasxs in.oviparaus animals have bsen exclusively "
conducted in echinoderms and amphibians with tha sea urchin and
Xsnopua. rsspectively, as typlcal examples (Btachst, 19743 Dsnis,
197453 Gurdon, 19?4, Pauly 1974b). In R&eh, thase studies have
bosn sostricted to only a Femtspacieé such as salmonids, madaka
(0. iatipes) aﬁd'loach (m. Foaailis). 6n tho other hand, Pishas
arg known for thair diverse typs of adaptetione to di??erent |
| aquatic habitata. Thersfore, more informations are required from

more reprasenﬁetiya.graups of Pigh from different habitats.

Tha aauelopmant of oviparous anlmals ptocsads at the
gxpanse of yolk aubstances deopogited in ths egg during oogenesia.

In Pish, yolk matariala conaisty mainly of lipoproteins and
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phospheprotéinéi(ﬂe Vlaming gt al, 1986) and some amount of free
amino acids; fat and glycogen (Balinsky, 1976). Intersstingly,

the sgge oF.oV1ﬂarous-vértabrates also accumulats a large amount
of GNA and RNA during oogenasis (Tylsr, 19673 Danis; 19743 Paul,
19?4b). In fish; tho amount of DNA in egc Par axceads their
;samatic valuss by 103 to 3)(104 timas or more; and RHA valyes are
sgveral times mors than DNA (NeyPakh & Abramova; 1974). The
increase in DONA 4s partly dus to the aﬁpli?icatlon of chromosomes
in the nucleus. Howsver, the major depoaition of DNA occurs in

the cytoplash@-The high BNanaiuea has bsen sheuwn to be dus to
ampli?icatioﬁ of certain genes such gs r-RNA gane and dus to the
incroass in mitochondrial numbsr in schinoderms and amphibians.
RNA increase is mainly due to the accumulation of different types
of RNA (Denis, 1974). Protein synthasis in sea uéchin'(Brandhorst@
1976)) Xenopus (Ballantins ot_al, 1979) and also in soms species
of Pish (NeyPakh & Abramova, 1974) is shoun to be highly activated
only at or aréﬁnd the gastrulation in ths ombryo. Howsver, in
salmon (3. gairdneri), Zeitoun et al (1977) have shown an
immadiate lntenaiue rise of protein content followlng ?artillza-
tion. Thia‘might perhaps indicate a:high.aetivation of the protein
aynthasis at Pertilization in salmon ggos. The yolk protein is-
gtadnaliy-daéradeé with thewpiogrees of development and new
proteins are synthssized. Depending upon the balance of degradation
and synthesis, the protein contont docreases or incroases with
developmant; Tha ?reo amino acids alse change quantitatively and
qualitatively depending upon thaeir production from yolk breakdomn.
new synthasis and rate of their lneorporation into the nouwly
synthesized‘protains (Zeitoun st al; 1977). Nuclear DNA synthesis
begins at the early cleavegezatages.(Denis, 19743 Sarkar Eﬁiﬁﬂ?
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1979), butequanEitativeiy'DNA contont 6F’the eqgq doas hot show
“any increase till the number of cells or in other words the
.Muclear DNA becomes more than the deposited ONA (NayPakh &
‘Abramova, 1974)+ The baginning of the synthesis of RNA in the
eariy dévelbpment varies from the cleaﬁégé stages to gastrulation
in di??erent specias of .fish (Nay?akh & Abramova, 19743 Zeitoun
et al 19773 Chaudhury et al, 19793 Sarkar ot al, 1979)‘

\

The un?artilized egg of oviparous uartebrates contains a
large atara of enzymee of various metabolic pathways (Br chet,
1974). Besides. many new enzymes are also syntheeizad during
development. The actiuity of some enzymes lncreaaa, aoma decreasa,
 geme show Pluctuations, while some remain constant. The bulk of |
such studias during Pish’ deuelopment deals’ mainly with tﬁb anzymes
of glyqplysis@_TCA.cycle or,:eapiratory chain‘(Hiahtda & kano,
19543 Tornar, "3‘968; NeyPakh & Abramova, 19743 Shakles & Whitt, 1977;
whitt, 1981a). InPormations regarding the enzymes of other matabolic
| pathwaya during the developmant of Pish are very 1ittle.

Besides carbohydraﬁe and lipid, protein is an important
source of enargy for developing fish embryo (Hayes, 1949; Smith,
19583 Harmor & Garside, 197?);'Thus, yolk protein is catabolized
by proteolysis, amino acido 80 liberated ars transdeaminated of
ditectiy deaminated liberating sfnketOQlutatéte and émmonia.
cﬁak53091u£aféte, 80, Pormed; eﬁterS'thé-TCA cycls to liberate

enargy. The ammania cantent in the sggs may also be supplamented
| by deaminatlon o? glutamine (mith the help of glutaminass) or by‘
daaminatien;aﬁ nucleotides (uith the help of nucleodeaminases),
which are knoun to ba ammoniatproddcingqreactions in adult Pish

tissuss (Forster & Goldstain, 1969; Watts & Watts, 1974). Ammonia



i3 a very tbxic product and cannot bé rotained in the cell for a
long pariods It has beon raoported in ‘salmon that ammonia could

bs libarated through the chorionic membrane (Rice & Stokas, 19733
Fedorov & Smirnova, 1978), Houwsver, Smith (1947, 1957) observed
that ammonia Pailed to coms out of saluon eggse In the event of
anmonia diPPusion rato is nil or lsss fn the embryo, ammonia is
expabted to be converted sithor to a lass toxic form such as urea
(through ornithine=urea cycls) or to 2 nonetoxic form such as
glutamine (mith tha halp of glutamine synthetaae). The conversion
of ammonia to ursa via the ornithinse-ursa cycle in teleost Pishag
" is still an enigma. In developing embryos of salmon, Rice and
Stokes (1973) reported the absence of a functional O=U cycle. |
However, racently, Ddpeche g&igi_(1979f have shouwn the pressnce
of the pathway- during some aﬁéges of dovelopmsnt of salmon.
Literature»énfthia pathway in ths:déﬁelopmental phases of other
teléﬁst ?ishag,.énd the barticipetidh ﬁ? glutamine synthetic
pathuways in ammonia datoxification during the developmant of any
fish, ars ext:éqeii-limitedQ{: * :

NeUtdfféhSmissian is anothar'imﬁﬁrtant physiblogiealv
process in an animal. Acstylcholine is one oP the important
_neurotransmitters. 1t is aynthasizad with the help of the enzyma
cholina acetyltrans?araaa and dagradad-by the enzyme acetylchOf‘
linestorasg. Rcatylcholinestarasa i3 known as a marker enzyme
for nsural and muscla tissus differentiation (Brachat, 1974).,
Not many repo:tazgna available on ths devolopmantal pattern of -

acetylcholinestégaée in Pish (Ussugi & Yamazoe, 19643 Whitt, 19B1a)o

The induction or inhibition of the activity of enzymes

during davelopment is dus to the activation or repression of
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respective genes (Markert, 1965, 19733 Scandalios. 19793 Whitt,
Ji981a,b), The functions of gaﬁés, in turn, are‘dependant on the

| physiéa1»and;¢hemical stimuli (Mosconay 1972). In sukaryotic
animals, the mechanism of gens rSQulation is quite complicated.
Jome modsl anzymés (Mapkort; 1970, 1973 Davidson,'1§76;0@vidann

& Britten, 1979) having adeptive characters have been used to |
étudy xaguiétion~o? speciPic,geﬁeé. Tyrosihs aminotranaferase

(TA?) ie-cna.sﬁch_anzyme,‘mhich in higher vertsbrates is quickly
inducad by phyéicalrand ¢hemical stresses (Gelehrter, 19713

. Thompson, 1979)@_The induction of TAT duping the stress takes

place through tha relsase of corticosteroids which cause transcrip=
tion of TAT gene (Gopalakrishnan &‘Tﬁpmpson. 1977). Theie?oteg TAT
has bioon exhaustively used as a model enzyme to understand. the
macﬁanism of gens regulation in cukaryotes. It has bsen reported
that the regulation of TA? in gdult fish and othser lowsar vertebrates
is differsnt F:om the mammals. Glucocorficoids failed to induce TAT
in these animals (Chan & Cohen, 19643 Follman st al, 19713 Ohisalo
& Piapa, 1975)¢ In a roport Prom this laboratory, it has been shouwn
that the enzyﬁe was inhibited during hfpoxic gstress in adult

C. carpio, a phonomenon oppasite to that observed in the stressed

- ﬁammals (Raﬁha & Bhagowati, 1981), It is known that the gsne
activity changss during tha 1life time of an animal, Therefors, it
might be intaraéﬁing to see tho ontogenic changes in TAT activity

in Pish to gst some idsa about its regulation in lowsr vertobrates.

The rple_d? extrinsic factors on the rate of development
and survival o? embryc has been-stddled éin a large number of fish
spaciss in both freshwater and marine environments (Alderdica gg.

al, 19583 Forrester & Rlderdice, 19663 Alderdice & Forrester,
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1968, 1§71é:b; Blaxter, 19693 Love, 19703 Braum, 1978). The
embryos have besn shoun to be very sensitive to the ?luctuatidﬁg
in environmental factors. As mentionad earlier, the sensitivity

of Fish enbryoa to ths external Pactors might ba a reflection of
the 1ability of metabolism: taking place at the callular and sub-'
collular lsvels, Thers are some sporadic reports on the gross
changes in mstabolism of ?isﬁ embryos as measured by indirect
mothods such as estimating tho rate o?‘qugen consumption under
difforent environmental conditionss It has besn shown that ths -
 réte of oxygen-conéhﬁption varies inversely with temperature
(Lindroth, 1942; Haliiday et al, 1964). The maximum effPicisncy

of yolk utilization has bgen shown at an optimum'tempaﬁature rangs
(Hayqs & Pollust, 19453 Blaxtor & Hempsl, 1966; Marry 19663 Ryland
&_Nighols. 1976)+ Howsver, there ars some rsports on yd;k utilizae
tion indeﬁendént 6?'temperature.'by emb;yQa oP.aama Pishes (May .,y
1975b;-H0weii, 19803 Johns & Howsll, 1QBGg Johns et al, 1981).+ Low
salinity induces an efficient utilization of yolk in B. icistia
(May, 19755), 1n Atlantic salmon, S, QEEES? reduced oxygsn supply

caused a low rate of yolk translocation (Hapmor & Garside, 1977).

" Studies on adult fishes haue‘éhnwn that metabolic adapta=
tion to the veriations in environmental condition {s a complex
process (Hochachké & Somero,‘1971, 1973; Vernberg & Vernberg,

- 19723 Prosser, 19733) Ouring this, soma metabolic processes ara;

 activated, soma ars teduced, while some others do not shew any

compensatory changa. This is ra?lectad by differsnt pattern of
changss of the metabolxtes and the activity of the enzymes involved
'in different metabolic pathmaya. To spesk in general, studies on
the biochemical adaptations during the developmental stages of

froshwater Plshes are extromsly limited and are vary much wanting.
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Plan of work 3 '

i Cyprinua carpio var. communis L. (common carp or scale

carp) and'Labeo~rohita Ham."(fehu, an indian ma Jor carp) ara tuwo

impertent apecias of culturable freshwater .fishes 1n India. The
former is an 'eurytharmal’ apecias which has the capacity to
withstand auwide tange of envirennantal temparature. It brasds

and groms wall at warmer climate. Howaver, it is also found to
adapt wsell 4n upland waters at modarataly high altitude vhere tha
‘snvironmental tamperakura is compatativaly low. There?ore. oftan
it 19 tatmad as a 'cold-mater ?lah'. On the othar hand. the Indian
major carp, rohu. has - so far bean cultured only at lowsr altituder
in tropical climata. 1t doss not naturally breed under captivity.
But, it can be induced to braad auccess?uliy only at warm ‘ |
temparature. In India, ‘many upland water bodlss are situated at a
medium altitude zone. It is Pelt that such water bodies could also
be sxplaitsd Por»oulture of tha ma jor carps including rohu
(Jhingran & Eehadrai, 1974). R Pruitful way to make such an attempt
is housver dapendsnt on the breeding par?ormanca. survival of |
embryos and geowth of the fishes in the preveiling physicos=
chamical cOnditioﬁs of those &atér bodies;at'higher altitudes It
may be prasumad that 'physiological adaptations' would play a
great role in determinlng the acclimatization capacity of the
adult fishaes or of their embryos to survive and grow under the
‘high altiﬁudlnal,congitions, This capacity is obviously possssaed
by the‘cémmon carps but no attompt has yet bsen made to find out
their molecular mechanism of this adaptations There is practically
very little information availabls on the dsvelopmental physi9logy
and biochemistry in these tws (scale carp and rchu) Preshuater

spacias,
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Keoping thass in view, the praesant work haé been planned

to study the bresding efficisncy, survival and rate of dovelop=

ment of thavambryoa;nﬁ.scale carp.(Cypgian carpio vars communis

| L.)”gqé_nahu (Labso pohita Ham.) ot lowsr and higher altitudo

‘and to corralate these aVents@‘iP=pnaaiﬁleg with some molecular
and bi@chﬁm%@éls.changes in them. The highar altituds whers the
prasent eanzimaﬁta were conducted ware of 1500 metres ASL (at
"Shiliong,}-Q‘B’N & 9109°¢) and at 1000 metres ASL (at Mauwpun,
.25°40'H & 91956°€)s The lowsr altitude was almost at sea level
at Gauhati (25011'n & U9teqrre),

| : The ?1ndings ‘have beson prasanted in ths three chaptera o? :
. this thesis as Falloms to ’

CHAPTQRQI (Breading &‘Develapmant)'prasanté,(a) a comparative
account of the physlcaschemicél-conditisns of managed ?iah‘pon¢é‘
at low and hlghet altituds (1500 m) and (b) observations on
breading perPormance and rate of Fertilizatlon, davelopment end

survival of embryos of scale carp and rohu at diffarent altitudes,

CHAPTER=11 (élﬂdhédical Composition) deals with the pattern of
¢changes in uwat maight and quantitatiba chéngaa in dry matter,
‘water, tptélé,-aelublew, cytoplasmices and mitochondrialé proteins;
Pres amino aoida,ADNA and RNA, and qualitative changes of Pros
amino-acids.during~aatly-dayelopmant (Prom unfertilized egg till
hatehing) of the tuo fishes at lowsr and higher altitude.

CHAPTER-II1 (Matabolic Changes) doals with tﬁs ohtogenic changos

in the activity of some enzymss and concentration of ﬁetabolites
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rolated to ammonia motabolism (ammonia, urea, glutamates
d@h&d&ﬁgenase, ﬁhcéphate dapendent‘glutaﬁlhase. glutamineg
aynthetase and arginass), neurotranamieslnn (acetylcholine
and acetylcholinasterasa) and tyrosine oxidatian (cytoplasmic
and mitochondrial tyrosing aninotrans?arasa). during the early

',devalopmant of the two Fiehas at lowsr and higher altitude.



CHAPTER |

BREEDING & DEVELOPMENT
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NTRODUCTION

Tha fishes, like any other vertebrates, reproduce sexually. \§

They ars, mostly dicacious. The ova and spermatozoa are produced
in eeparate*individuala;and thelfettiIiZGtion and development of
ths zygote are eoxternal. Tho mature gamotss, thus rolgased to the
surrounding water, are subjected to the fPluctuations iﬁ,di??erent
anui:ﬁnmanta; Factprsgincluding a:edation by other animals. If
‘thess conditions ars ﬁot optimum,the succassful developmant of ‘the
next generation gets ssverely a??ectaq (Blaxter; 1969; Nikolekii.
1969). The oviparous fishes, therefore, produce a largs numbsr of
00gs to balance the mortality during development (Hoar, 1969).
Howsvor, in tﬁé process of svolution, fishes have besn guccessful

in rostricting their brosding to a péfticular period of the ysar

whan the canditiqns'éne most favourable Por the development of their
embryos (Schwassmann, 19713 Do Vlaming, 1972§ Crim, 1982)s The dptie

mal conditions required Por their reproduction and breeding varies

considsrably in different speciss (Billard & Bréton, 1978). The fish’

fails to brosd in its normal Breeding pericd of tha year if the
environmental conditions are not optiﬁum (Jalabert, 1976). Tha
effect of different environmental pactors both biotie and'abiotig,

on the reproductive svents have besn studied in different fPishes.

Sufficient GXperimenkal evidances are now available to show
that ths envizénmantal Pactors influencs the reproduction in fish
through tha naurg«cndocring mechanisms agcting primarily slong
.hVpnthelamic@hprphysialngonadal axis (Hoar, 1965; 19693 Liley,
19695 Dodd; 1972} De Vlaming, 19723 Donaldson, 1973; Poter & Crim,
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hypéthalamus through the exteroceptors which in turn influsnce the
pituitary gland to releass the pituitary hormonaes. Colombo and
gelvadera (1976) have roported that the pituitary of teleosts ssce
rates é complement of hormones showing similar functions aé saan

in other vertebrates, Gonadotrcpin Funbtiqns like FSH and LH have
been clearly shown in the hormongs releassd from the fPish pituitary.
Howsvaer, it is still not clear whether these two functions are shouwn
by two different gonadotropins or only by one species of hormonse
The pituita:y hormones, through the gonadal steroids and thyroid
hormonas, control the gametogenesis, matabaligm and the reproduce
tive bahauio?:_ihqluding apawning:in‘?ish. Therafore, in recent |
yaars pitui@ary”extract has bean'midely used to induce successful

bresding even in difficult to spawn species- of fish in ecaptivity.

Induced breeding - |

‘Thg-fishas bread succassfully Qﬁder opiimal natural condie
tions and>prod6ce a'.large numbar of eggs. Hamever, variations in
the anvironmental Factors drastically eFFact the rate of spawning,
and changes in hydrobialogical candltions and predation pressure
result in tha_iess of a large numbse of eqggs or young onas produced
in the natura’(Waglez,;1933; Elster, iéaa; Niimann, 1961; Braum,
1978). It 1é'indead, di??iculﬁ tov&eté:mine.the‘actual cause of
Such‘happeningé, the extent of loss incurred and to adopt suitable
control meaau:és_in the 1arge’aquatic-8y3tems. Howsver, the démand
for fPish as a—ﬁajor source of protein'nutritian for the growing
human pobuiation has beén increasing‘anormously. This has lad to
culture fish undar controlled ccnditions in confined water bodies

like pnnds and rsseruoirs.
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The success of fish culture depedds, to a large extent, on-
the availability of encugh Jood quality fish saeds which are
usually obtained Pzom two sources (Das & Khan, 1962). (1) In the
sarlisr days and even now, for many speciss which fail to breed
in captivity, the sasaeds are collscted Prom nature during the
breeding season, This process is not vory sfPicient because the
aseds collocted are oftan mixed with many unwanted species; and
& large scals mortality takes place during the transport and
-domasticétibn of the seeds during their‘aarly development. (2)’A
The secohd-éduréé»which has been dsvelopsd using scientific
nowiedéé&dn Pish reproduction is by induced braéding of fish ini
captivity with the injactions of pituitary extract (hypophysation)

or dif?erent hormones.

The use eﬁ pituitary injachioﬁ_for induced breediqg of fish
as reportad by Das and Khan (1962) datss back to 1930 when Houssay

1n'Argsn€iﬁa successfully ovulated Cneéterodon decemmaculatus by

intrawpetitoneal injection of pituitary to gravid females. Following
Houssay 8 experiments, Brazilians in 1934 induced ovulation in
P:ochilodua using Pish pituitaty extracts and since then hypophy=
sation has bacame ‘a reqular practice amongst fish culturists of
Brazil (Jhingtang 1982), The Rdésiaha'mete next to introduce
'induced bresding in fish culture with successPul hypephysation of
sturgeon (Gerbilskii, 1938), This technique started in U.S.As when
Hasler et al (1940) éuccassfullyv;nduced spamning 1n Esox
masquinongy,py intra=peritonsal 1njection of pituitary. The

hypophysatian technique was Pirst introduced in Japan by Kawajisi
'gg.g_,(19485,b). In India, Khan (1938) was the first to obtain
succassful breeding by hypOphyaation in mrigal (C. mrigala) in

which mammalisn pituitary was used, Chaudhuri (%955) intreduced
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in Indig ths uss of Fiah,pituitary (€s catla) in induced breeding

of Eaamua dqnt1cué. Nowy tho use of hypophysation technique in

Pish breeding has basn widoly used.
‘:'fna Indian major cerpa and gémé exotic ¢hinase carps

(Co catla, Lo zohita, C. origalay He molitrix, R. nobilis,

L T R

Ce mélttoralié‘and‘ga idslla) do not brecd naturally in ponds.

Cytological studics on doveloping ovary have shouwn that the Pinal
stage of maturation is nover attained in ponds resulting in the
breakdoun and»ggaéépt;an.p? the egas internally (Chaudhuri, 1976).
The induced brooding of some Indian carps such as L. rohita,

C. mrigala, Cs roba and L. bata was initiated by Chaudhuri and
Alikunhi (1957) using Pigh pituitary hormones. The exotié,chineee
carps were successfully brad in India by hypophysation in 1962
(Alikunhi at al, 1963s,b)e At present, the induced breeding of
ééxpa<afa:f¢utin91y dona by hypophysation all éver this country
{(Mingran, 1982)s

Bgsidos cavps, many other commarcially important fishes 4n
this countpy have besn induced to breed. Some of them are
He Posoilio (Ramaswami & Sundararajs 1956; Sundararaj & Coswamgﬁ‘;*
19693 Thakur gﬁigé,.1977)@ E,_hatrachusv(aamaswaml & Sundararaj,
1956, 1957), He ilishs (Malhotsa st aly 1969) and T. putitora
(Pathani & Das, 1979). |

With tha<rlsing domand Por fish pltuitary gland and due to
the difficultics in thoir mass procurement in rocent ysars, a nsed
for substituting pituitary was increasingly felt by the fish
culBugists, Various mammalian and synthetic hormonss have baon
tried to induce bresding in fish. Human ehorionic gonadotropin
(HCG or CG)y prolan and antuitrine3 have brought about ovulation
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and spawning in saveral speciss (Pickford & Atz, 1957). Khoo
(1974) ohssrved that treatment of gravid goldfish (C. auratus)
with progresterona and eorticosterp;dé‘induced ovulations The
mammalian hormone flavolutan (for ?amégas)'and parandren (for
malaa) ware found $o induce spawning in ths maﬁéaer, I. putitorg
{Pathani & Das, 1979). Liu (1963) euc#éss?ully induced spawning
of some fishea using choriogonin (a-téade namg for CG) and SZhk
{proparsd Frgﬁ_ategnant mara.ssrum)g HCG alons gould not induce
successfull sbéwning in ths Indian:méi§p carps but when a low
~dose of catpépituitéry extrag@l(396 mg/kg +'1 mg HCG) was used,
it offscted sp;wning, Synshorin (a mliture'o? €G and mammalian
'pituitaty extfdst)>wara aqually ina??actiue but in combination

with fish pituitary sxtract it Lnducad spawning in L. zohita
(Anonymous, 1968). Lutocycllne ar avocyclina along did not have
any affoct (Rnonynnua, 1967)e Tho uso. o? synthotic and mammalian
hormenes do not alwaya yield sueeasaful hrecdings Due to the
- uncertain rosults mith pure hormonas, cruds pituitary extract is
atill mors popular and widely used by Fish~eu1turists all over
the world in inducsd braeding dparationa in Pishes to produce
quality sosds in captivity (Chaudhuri, 19763 Haosflgn, 1982; Lam,
19823 Larkin, 1932).

In tha gggggg 3.3u¢gaséFul brasding of fishes can bs obtained
from qgonadially mature and ripel?ishaa. Growth and maturation of
‘gonads and the ovulation ars brought about by various biotic and
abiotic Pactors of the anvironments Nutrition has bsen considersd
as the most important among biotic Pactors (Nikolakiiy; 1963). |

" Dacrease in food availability has resulted in the regression of
gonads (Scott, 19425 Clemans & Reed, 1967; Da Vlaming, 1971}
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De Vlaming at aly 1978) and delayad the orisat of aexual matura~-
tion in'di?ﬁg:ent species of Pish (Alm; 19543 Wilkins, 1967). The
abiotic environmental factors such as temperaturs, photepeiiad;
yH, salinity stes have shown ragulatary e??ecte on the breeding
cycles in Fiah. Thay have bsen ravieuad Prnm time to time by

: dif?erant workats (Aronsan, 19653 Sthasamann. 197 Da v1amiﬁg,
19725. 19743 Jalabert, 19763 Blllard & Braton, 19783 Scctt, 1979).
Photoporied aﬂd temparature, among othsr Pactors have been cnnsl-
dored to be mast impqrtant in the reproduction of taleost fishes.
In~salmonids and gastarosteids, photnpariod axerciae a dominant |
‘rola (ﬁoovar. 1937; Alison, 19513 Carlaon & Hale, 19733 whttehaad}
et al 1978' Eriksun & Lundquist. 19803 Whitehaad & Bromage, 198dL

| _wheraas 1n cyprinids temperature 3eems to be mors importaﬁt A
(auxleugh, 19393 ﬂedlan, 19515 Shrade & Garkinq, 1977). 8oth .

temperature and phoﬁoperiod play important rolas in gonadal
develepmant and spawning in many Pishas in tha tropleel ragions
wha:e Qarm tsmparatura 13 tha consequence of long photoperlod ’
(Yoshioka, 1962, 1953; Baggarman, 19693 Sundararaj & Sehgal, 19703
Kaya & Haalet, 1972; Sundararay & Vaaal, 19735 19763 De Vlaming &
Paquatte; 1977); Sasidas photoperiod and'tempaéatufa, Qatéf pﬁ3hé§
also heen observed to influance the reproductien in some fishas
(ﬁuby et al, 19?7, 19783 Craig & Bakaiy 1977)s In tho Indian maJor
earps. ‘waber pH -3 disaolved oxygan have shoun to have no regula~
tory to,l.a‘i_n gonadal maturation and spauning (Jningran, 198_2).
Howsvar, ﬁhéii.aéiyal maturation and.épamning are shoun to be
avakaed bymods§§&7éipéd (Husain, 1945; Horay 1954§ Khanna, 1958).

S
." )

Induced bresding i Tha sfPects of diPferent environmentsl Pactors

on the inducad'b§eéd$ng:of Pishes have not been clsarly undarstood,
Alikunhi et al (1964) observed successful induced spauwning of
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L. zohita at 28°C and the success was inhibited when the
temparature'inc:aased by 2°C. In experiments conducted by Cantral
Inlaﬁd_Fishgrias Rasgarch Institute, Bartackpora, Indiay 6 sets

of rohu induced at a temperature oP’28331°c spawnad succesafully,

- whereas put of snothor 6 sets induced at 30-34°C, only 4 sets
spauned (Anonymous, 1967). Ibrahim gt al (1968) reported the lack
of corrslation batﬁesn 1nducadfapamning‘and water tompsrature in
Le xzohita, gp catla and €, mrigalae Théir-absérVatinna wore in

the ﬁamperatuﬁﬁ‘jamgs\of Zé;s'to 35°c§gaecent1y, the ovulatory
rasponsg of §, gggg5g§;mas repofted‘eﬁihe enhanced aftor pitultary
troatment at low temparature (Stacey ot al, 1979). Clemens (1967)
suggested that an adequate doéaiof piﬁuitary can overcoms the
impact of any édﬁe:SQ_conditidns of enviromnment. Howsver,
su??ieieﬁt g*pe:lmaﬁtal evidancos aré,}acking to substantiate this
hypothesige Ghaudﬁur? (1978) suggaateﬁ that temperature is an
important Péctbr ?bf-tha Success‘o?’iﬂdUCed breeding in Pishs
Photopericd mav also play an impentant role in the success of
inducsad apamning in ?ish. In Indian major carps; hypophysation
gave bottar rasults uhan done in cloudy days and evoening tims -
(Chondor, 1970).

‘:fi,onm 1t A 11}
The usé 6? inducad breeding teéhniquaa have helped to a
great axtent in controlling the ‘anviranmentally regulated
reproduction® in Pish. Howaver, the survival of thes ombryos and = -
the proper development of the young ones depend largely on tha
environmnental eonditiona. Reports on the population dynamics of
Pish developmant indicate that sometimes heavy mortality, as high
as 100%, occurs betmaen oag to adult stages in some species of

freshwater fishes (Wagler, 19333 Elster, 1944 Alikunhi g&,g&)i?Sgg
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Mﬁhann,'1961)w The éarly.stagas of devolopment are highly sensitive
to the changes in environmental factors. Hence, mortality during
these stages incrsases when the cenditiens deviate from optimum,
It is dif?icult to assign any apeci?ic conditlan as optimum )
veondition for survivsl of the ontogenic atages because, neither ths
developing stages nor the axtarnal ?gcbors are static in nature
(Braun, 1978). Laboratoty expezimeﬁﬁé in recant ysars, are trying
to ;dentifﬁ the unfavourabls condiiigna of the various environman=
tal factora which cause abﬁofmelltiés and death of the daveloping
embryoas This has been reviewsd ‘Peom time to time by Alikunrhi gt al
(1955), Nikolskii (1953, 1969), Blaxter (1969) and Sraum (1978).
The different envirommental ?acthra'atudied can bg broadly groupad

into tuo categories as biotie and éblotic factora,

VBiatie Facﬁors'z Predation‘an&'?ead deficiancy; according to

Nikolskii (1959) are the two most important biotic Pactors
influencing survival and growth during early development. Ths major
predators of the dsvelapmental stages are the larger Pish of the -
eame or different spacies (ﬁlikunhi et al, 1955), frogs (Huet.
19703 Waynatovich, 1975) and aquatic ingacts (Khan & Hussain, 1947¢
Julkas; 1965, 1959), The damage due to predation becomes more during
the praéhatcbihg-atagae whan the embryos are immobile than the

free suinming postshatching stages (Nikolskii, 1969).

Laek ﬁ?’ﬁfoper nutrition influences the survival of both
pro-hatéhing and poetehatchlng atagea (8raum, 1978). Acca:ding to
Nikolskit (1963) sufficient yolk reserve in the egg 1mproue the
smbryonic survivale FabresDomergue and Biétrix (1897) formulated
the torm 'bnihiéai period' for marins fishes when the Pish larvae

ahifrts from yolk td axogenous food. The absonse of suitable external
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nourishment at the end of yolk nutrition causes catastrophic
mortality of thaose pgaﬁ-hatahing stages (Hjort, 19143 Marr, 1956
May, 1974a), . |

Bosides thgse two biotic Factafs, the occurrence of dissass
'(Bauer‘gg,g;;'ﬁ973) or parasitian of the embryos by aguatic fungi
(HoPPman, 19695 Willoughby, 1969) alsé roduce ths survival and

grow@ﬁ of embiyénic étages.

.Rbiggsc ggctogg’a The ambient”tempataﬁ&xe-is the mogt important
among the various shiotic factors, aPéeéting the dovelopmental
-prdcesa'(KtoQQh‘ 19143 Blaxtai, 1969)}jth9 incubstion time, in
goneral, 1s‘p§§10ngad_at low tamp@raté}e'aﬁd accolorated at highsr
"_ﬁemperature (éﬁbady; 19345 Kinne & Kiﬁéa. 19623 Volodin, 1980),
Modarate increase in temparature enhancas the mstabolic rate of
the ambrygs. Howauer, ef?icient yolk conversian oceurs at an
optimun tamperature range within the zone of tolerance of the |
spacies (Johna gL‘g_J 1981). Each saacles has a definite tolerabls
| temperaturs ranga heyand whieh the ambryos fail to survive (Combe,
1965)« The lethal tempereturs variea with the level of their
vadaptation (Blaxtar, 1969).

Dissolved oxygen content plays a critical role in the v;:ff
general metaboliam o? fishas and patticularly so for the embryos |
‘in which tha rata o? metaboliam is high. A richly. oxygenated ':
| gnvironment 1ncreasaa the rate of mataboliam and tha rate 0? yolk
conversion into bady tissues rasulting in the incroase in tha rate
of developmanh (Gataide, 1959g Braum, 1978)4 At low dissolued
mxygan lavel, the respiration rata is gradually lowered leading to
the death of the embryos (Wickett, 1954: Hamdor P, 1961} Shunway‘g_
aly, 1964). The lcw level of dissolvaed oxygan at 2e3 mg/l can produee
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normal larves particuiarly in salmonid species (Anonymoua, 1973).
Some non-aalmonid ‘specles can survive at dissolvsd oxygen content
below 2 mp/le. Howsver, in most of tho nonesalmonid species normal
development roquires a minimum oxygea.igvél of 495 mg/l‘(ddelman &
Smithy 1970);-It-haa élso baén'obsarved that oxygen supersaturation
is also ﬁot favaurable and can be lothal for developing embryos
(Bishal, 1;9610_e‘)- | R

In addition to Eemparatura and'bxygen content of water; pH
also affects the embryonic devslopment in Pish, Dahl (1927)
obsorvad that acid ueter was azima:ily mQSponQQSIe-?ar heavy
‘ mortality‘deéggs and hatchlings of sqlmon and trout in Southern
Nafmayg Many roports have appesrad on the affact of pH on the
embryonic development which have been revicwed by 8ishai (1960b)¢
and Jacobsen (1978). It has beésn shown that smbryonic developmant
takea place at a definite range of pH, spocific to a species.
Particulerly‘at 1ow pH, the acidsbase balance of the embryo gots
disturbed (Bua &ASnakvik, 1972) and the hatehing snzyme chonionaae
is inhibtted raaultzng in dslayad hatéhing (Petereon gﬁ;gﬂ, 19&0)‘

Salinity ig an important Pactor for the development of
Pishes and its affect is associated with osmoregulation in figh
embzyo (Holliday & Blaxter, 19603 Kinne, 1960)e The salinity
 tolerance of the oétqganic stages are extremely high fPor soms
species being 45950%.orfeven/a.highar rangs fPor a short psriod of
exposure (Holliday, 1969). Houwsver, the changs of survival is
maximum near the optimal sslinity which is spacies ‘apecific
(Holliday & Blaxter, 1960)

Deveiopmantal,abnormalities and death may also occur dus

to the adverse oPPact of light and photoperiods Strong visiblae
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light cause eariy-hatching and paor grouwth (Hamdorf, 1960). Ultra«
violet light causaes abnormalities of embryos, aremature hatéching
and high mortality (Bell & Hoar, 19503 Marinare & Bernard, 1966)
DarknaSS'QR’underlighted conditions have shoun to result in poor
sutbibélﬁfata-in grunian (McHugh, 1954) and harring (Blaxtery
1956};;Longer‘photaaériéd has shouwn to induce the rate of growth

but poor éutvigal of sea bass embryos (Borahona=Fernandes, 1979).

Diffarent énﬁironmental ?acters'dd not work indeapendently
in the natura and interact with gach othsr to produge the combined
| effact on the organism (Kinna & Kinna, 1962). Thera?ore, attampts
,ara being made to study the e??act o? combinatien of dlf?erenb '
?actats on tho davelnpmental proceseea (Blaxtar, 1969). Klnne and
Kinna (1962) used ccmbination o? tsmperatura, salinity and satue
ration of air during the davalopmnnt o? the dasert minnow
Ce macularius. Mortality was least at near lothal temparature,

when salinity was held at 50% and 35% of sea water. The lethal

 temperature. waé'lawaﬁad'ét iow axygan:doﬁcaﬂtratien. Brooke and‘.

Colby (1980) uead varlous cambinationa of oxygan concentration and

;'“ temperature. during ths devalopment of laks harringe The hatching

percentags waa highax.at 6°C and 89G¢-than at 2°C and 4°C whaen DO
 was 4 mg/i or'ﬁighéf. Conversely, at DO concentrations of 1 mg/l,
aurvival waa nil at 6°c and 8°C and mas 18:7% at 4°C and 32.4% at

o 2°c. aimilarly, aptimal condition oF varioua combinations o? ,f'

environnsntal Facﬁa:a have been shown Por a varisty of spocies ' 
(Alderdice & rorraszez. 19685 1971a.b; ‘Alderdics & Yolsan, 1971; ‘
Aldordicey. 1972; m@y; 19745 19753 Kwain, 1975; Tay & Garside,
19753 Harmor & Garsiﬂe. 1976; CIarke et al, 19813 Morgan & Rasin,
1981). It becomea avident Prom thess studies that the sffests of
- one factor may be modifiad considerably dus to ths 1ntaractions

of other Pactors 1n the natural envitonment.
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Effect of higher altituds

The environmental condition at'higher altituds is difforent
from that at sea level iﬁ-having reduced atmospheric pressure, low
tompsrature, stroné wind and higher iqtgneity of light (Mani, 1974).
The condiéibns encountered at higher ait}tbde have advorse efPacts
on normal functicning of thoss specios mﬁich are adaptsd to live at
lowsr altitudes (Nelson gt al, 1975). Yot, many apecleg of plants
and animals successfully live at high altitudo. The composition of
the Plora and Pauna ot differant altitudes are different depending
on thair QdaptiVQ characteristics (Mani, 1974), The aquatic
environmant atvhigher altitude is combriasd of mostly streams, lakoes
and manamada roservoirs. The physicoschemical conditions of these
water bodies differ( from each other in their dissolved oxygen
concantration,_nutriénta and valocity of water current (Edmondsv&
Hutchinson, 1934§ Ponnak, 1941). They have in common a low tempora=
ture profile in comparison to that at low altitude. At 3,000 metres
or above,; tho water bodiss may rémain frozen or coverad with ice
for most part of the yeér. Besidas low tompsrature, tho pH of water
is genorally low at Hight sltituds whers the trees are dominatad by
pine and the soil is acidic. Due to low temperaturs and low pH,
the biotic composition in aquatic bodiss are rather sparss (Jhingran
& Schgal, 1978). Fish constitutes a major part of the upland aquatic
fauna. In comparison to that of low altitude the high altitudinal
fish community prasents only a limited number of species. The most
common and relatively abundant upland fishes, as listed by Jhingran
& Sehgal (1978) are brown trout (S. tzutta), rainbow trout

(E, gaigdneni), snow trouts (2: asocinus, §: plagiostomus,

S. curvifrons and S¢ longipinnis), mahsaers (I: putitora, T. tor,

T. khudroe and A. hexggpnolapie), minor carps (E: carpio,

L doroy Le dyocheilus), lesser barils (E: bendélisis);
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sucker=haads (Gar:a‘sps;),<loachas,(Namapheilua sps.) and the

glyptostornoid fishes (g, nsticu@atqm, Gs coniroatris and

Ge poctinoptarus). The adaptive significance of these Pishes to

high altituds is mainly their lowst temperature tolarance for uhich
somotimes they are called as cold water Pishes. The cold water
fishes may be eurythermal - having a broad temperature tolerance
‘rangs such aa'cemman-ca?p'qr,atenothérmal <« having a.nétrom
témps»aﬁu?e‘(éold)‘tole:anca‘ranga ésAin\trout. The grouwth rate

and tho natural yields of cold water fishes at higher altitude is
lowsr than their countorparts at lower altitude. Howsver, sfforts
are being made to use proper tochnology for sueccessful caﬁmerciel
exploitatien-&?'soge cold watar fishose Trout is ons of such
specigs uhich is widaly dispersed in cold waters throughout tha
world, There was little inteorest in eulturs of trout for Poud
purposes till the sarly fifties, The idea of commercial culturs of
trouts gpﬁ a boost with the ?srmulafLOn and davelopment of an
'industrial trout Pood® which wes found to enhance considerably

the grouth rate of Lrouts., In thé récent years, intensive trout
culture has revolutionisad the fish culture in Europe, NortheAsia
and NortheAmaricae Common carp is also anothar commsrcially impore
tanﬁ‘chd water Pish spacies. This spocies includes thrae phenotypss
vize Scalé~qup((gf-ggsgig.var. cammunis), mirror carp (E:»;ap io

vage specularia) and leather carp (E, éarpio var. nudus). All the

throe varistiss can bs easily bred and grown wsell under controlled
conditions.

Both trout and common carp are sxotie in India. Trout was
firast introduced as early as in 1899 from England and commpn‘carp
was brought later from Sri Lanka in the yesr 1939, Most of the high
altituds fisheries comprise of those twd specises in Indias Howsver,
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it has besn supgasted that the bolt of medium altitude zonme in
India may beé tgi&d'fo: culturing the other commarcially important
Pishes such as Indian major carps (Jningran & Dshadrai, 1974).
Sincere a??orts to introduce such fishes in: these water bodiss
have not yet begn done and a few attempta made have proved
unsuccessfuls At Shilleng, which is eituasted at an altitude of
about 1,500 Qakéea ASL. in the NoptheEastern part of India, grass
' was introduced in 1973, Qdat of the introducad

fiohas died and é‘?ﬁm which §ur%ﬁved did not arow properly. Hence,
there is a need to understand the aroblems of such Pishes which
?ailad to adapt to this modarately bigh altitude conditionse. Once
- the problems at qallula: or subncellula: lasvel are undorstood,
attampts-could;bé'méds to 1nduce‘adapﬁébility into these fishssg.
Bosides, such studies will also P41l tha gap in tho present day

kncmledga on the é??ast of higher altitude on warm water fishes.

._sa.a£4£.ia8 o :
Cyps nu‘.gggggw_var. communis (a common carp) and Lahas,
rohita (rohu) an Indian ‘ma jor carp have been ussd for the exparimants.

Both the apaq}es,a:a known to bresd and grow wsll at low alﬁituda :
 in tropical elimaﬁeéa Ce gaxpio is well‘adéptsd to moderately hiéh
altitude but L. Zohita has not so far baen tried in such conditions.
The di??erant aSpects of the work embodied in thig chapter sre. as

follows je

(1) Study of the physico-chemical factors of the mansged ponds,
at a low (§00m ASL) snd modsrately high (1500m ASL) altitude in
order to obtain a picturs of hydrological conditions at the two
altitudes. |
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(2) Observations on the response of bresdsrs to hypophysation,
rate of fortilization, dovelopment and survival of the embryos
£ill hatching of C. cargio;andfgﬁ,:ohita at louwsr and higher

altitudas.

(3) Théimater tempetatdra“and\du:atibd of diffarant developnental
stages frém fertilization till hatching usre racorded at lousr

and highar altitudeu,

. “
N

< .
;
e
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MATERIALS AND METHOOS

Study arsas 1

" i"The experiments were conductsd in the Assam Governmant
Fish Farm at Gauhati and Moghalaya Government Fish Farma at
Shillong and Mawpun in the North=Eastern part of India. Gauhati
ia situated at 26°11'N and 99°47'E€ and at an altituds of approxie
mately 100m ASL in the State of Assame Shillong is situated at
2595'N;énd 9199%E and at an altitude of approximately 1,500m ASL
and Mawpun at 25°40'N and 91956'€ and at an altitude of 1,000m
ASLe Shillong and Mawpun are in the Stats of Meghalayas

The ponds used in the thres altitudes were kaccha nursge
ries. Thoy were maintaining tha.reqbined level of water throughout
the yaar at Gauhatl. Howsver, at Shillong and Maupun, dus to heavy
sespage,. thalponds wsre connggted by a streanm io,maintain the
required water lovel. All thé pondsiwate prapared and managed
under almost identical conditions following conventional methods
(Iningran; 1982)« Thay uwere first dewatered and left te dry. After
asbout two waeks, quick=lime was appiied on ths pond bade Ths rate
of liming was 200 kg/hae ﬁt Shillong and Mawpun a high dose of
liming (700 kg/ha) was applied because of tha acidic conditions of
watere The n@ndé wsre then allowsd to Pillﬁgn~w1th‘watar. Drgan1c
and_iﬁnrgaﬁie ﬁa:tiliza:s werse appligd as cowdung at tho rate of
5,000 kg/ha/yéét aéd'euper phosphate at the rate of 250 kg/ha/year
in equal monthly instalments, At Shillong and Mawpun, a seaond 
- dose of lime (Zgﬁ-kg/ha)‘was applisd to the‘pbnd water in Novgmber;
1979 (after 10 months of the 1st liming). .
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Analysis of physicoschemical factors 1

Tha physico=chemical Pactors of the pond water ware
studied at Gauhati and Shiilong during the period from January,
T}979 to July, 1980 at an intaerval of 3042 days. Air and water
(sugface) tomparatures were recordsd betwsen 9=10 a.m. in the
field by an apdinary morcury bulb thermometer graduated from:
0s100°C, Water samples were collected iﬁ polythans bottles,
immadiataly tgaﬂsported to the farm laboratory and pH was
measured with a pH Mgter. for estimations of dissolved oxygan
- (P0) and Pree carbonedioxide (C0,) surface water samples uwsrs
collected carofully and Pixed separately in 125 ml glass bottles.
The concentrations of D0 and free G0, ware estimatsd following
the methods given in APHA standard method (Anonymous, 1955).

Broeding ¢ - | ‘
--a---—-—. :

(1) Fish & The inducad breeding experiments ware conductad on

the scala carp (Qyprinus carplo vare communis L ) and on an

Indian major cazp,. rohu (Labso rohita Hame)e Fully ripe bzued
Piahea~msra obtaiqadk?rom the Assam Governmont Fish Farm at
Cauhatis Broedefs were kept in a stocking pond at Gauhati and
fod everyday with rice bran and mustard oil cake (111) at 1% of
their body weight Fo¥ 1+2 months prior to breeding. A ripe ?emaie
“~wé$vcbaraeterlzéd%bv;soft, bulging snd round abdoman; roddish
vent and asmooth doraal surface of the pactoral finse The rips
males wore distinguished by Pracly '00zing milt with rough

dorsal surface n?-ﬁhe poctoral Pins,

For tranéportation of the bresders to higher altitudes,
they were caught with utmost care to aveid agny injury and ware
conditioned by keeplng them in a large cloeh hapa for 5=6 hours
without any ?aod in the stocking pond et Gauhatie The conditioned
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bresders ware put singly in polythens bags containing artificially
oxygenated wateres The bags were put in fish carrying tins and
transported immodiately with care in a jeep. Transportation usually
took about 3 hours to Shillong and aboht 24 hours t§ Mawpuns The
polythenae bégg mate first put over thé~3ur?éce*oF the introducing
water so a8 to bring o temparaiure equilibrium betwaen the water
inaide the polythens bags and in the pond. The fishas weore released

into the raapactiug ponds within one Hqur of their arrival.

" (i1) Induced brasding 3 Induced breeding was done at Gauhati in
January, 1919.énd Qéxch,'1980 Ror,scaie carpy and July, 1979 and
Jung, 1980 ?6§~rahue At Shillong, scaia carp breeding was dons in
the month of May both in 1979 and 1980. Induced bresding of rohu

| was done at Shillang during August, 1979 and Juns, 1980 and at _
Mawpun during &ugust, 197? and twice ip 1980 during Julyland Aygust,
In ail casga,'b;éadgég was 1ndu¢edbe§hypophyaation following
~Chaudhur1; 1963. Pituitary glands war9;¢ellectad Prom mature and
Freshly killed tah&‘ét Gauhatl ?ish'markat. They ware kept in |
absolute alcehol For dehydration 1mmediataly after collection and
ths alcohol mas changsd for further dehydtation after 24 hours. The
glands were thsn preservad in o re?rigerator at 024°C in dark
phials containing Prash abacluta alcahol. The roquirsd quantity of
olands wars taken out at the time o? injection to tha~breeders and
tha alcohol waa allowad to evaporateo The glends were weighed and
homugenizad in an all glass homogenizer in double distilled matar.
The homogenate was centrifuged and ths clear supernatant was used

" as pituitary extract for injsction.

Females were given a primary dose of 2«3 ﬁg/piﬁuitary/kg
body weigﬁt and aftar an intervsl of 5=6 hours, a Pinal doss of 5«8
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mo/pituttary/kg body wsighte. Two males per female were also given,
each, a single dose of 2«3 mg/pituitary/kg body weight at the time

of ascond injection to tho Pemales. The Pirst injection was (given zg{VCﬂ“

betwaen 2«3 pems and the Baeond‘gﬁjeccian betwsen 849 peme The
injocted males and females wsre kept for apawning in one set

(1 Pemals ¢ 2 waleé)'in a‘breedingAhaﬂag‘For the attachment of eggs
in scals cerp; watsr hyacinth'at Gauh§£$ and 5ggg;g,méed at

~ Shillong ware used Linside ths hapa. o |

A close métah was kept Par the time of spauning which was

- marked by vigcrous.splashingfo?'watér}due‘to their mating behaviéur. ,
The mouth of the hapa was gently opaqédlmithaut disturbing the
braaders to collact gamples of hapa water for observation. As soon

a9 ovulation occur:ed, somp 0098 were taksn for various developmene
tal studies. Tha brood fishes were geatly removed from ths hapa

after spamnlng.énd tho eggs warse traﬁ#?érred to a hatching,hépa in

ths morning. -

Xeh $ The ?enale breeders of scals carp
wers welghed ba?ove and after spawning, and the loss in their
welght were used to~aa1culate the total number of aggs released.
Tha calculatioq<mas made at the rate of TOu-éggs pgt gram decrease
in weight of Reﬁale breederA(RIikunhi,t196§) and the numbar oP‘éggs

released was ptésanged as the total of all the sats bred ot a time.

In case of roﬁu; the ©oggs ware collected in buckets with 8
mug beforg trans?atting them from breedlng to hatching hapa.‘Tha
number of eqgs. per mug was countsed and the total number of eggs-
released was calculated as fPollows $s

Number of eqgs per mug X Number of

Total "“mbe"°f €883 = mugs Pilled with eggs
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Kinsties of development @

The ?alloming,shudieskmexe conducted in the stale carp embryos
obtainad during 1980 brosding both at Gauhati and 3Shillong and rohu
embtyﬁarobtainadfduring 3une, 1980 at Gauhati and August, 1979 at
Mawp;nﬁ

(1)‘na§c§hta§a oﬁ_?artilizaticn ¥ 3«4 samples of about 100 nogs were

gxamined undor microscope and the numbor of unfertilized oggs
counted, Fertilized ogge wore identified by their swollen nature dus
to the Potmation of pspivitelline space. Percentage of Pertllizatlon
was calculatad as Pellems :-

(Total numbsr of sggs 3tudied -
Number of unfertilized eggs) X 100

Total numbera of sggs studied

Percentage of Pertilization =

(11)‘Petcentggq‘Q?;hatching,and fry abtainad § After hatching, the
hatchlings escapod to the outer hatehing hapa through the holes iIf

- the innar hapae. The inner hapaigontainlng the edgy cases and spoilt
| eggsiwaa‘ramouad aftor the hatching was completa. This time taken
fuxvcdmplaﬁiﬁn of hatching was di?ﬁeéent’ander difPferent conditions.
~ The 9pawns were collected nvér a pisce of wst cotton cloth and
scoopaed into a_épawn maasuring cup of kaown‘cépacitya The total
numbse of spawns ware calculated as Pollouws i= |

Numbar of spawns per cup X Number of

Total number of spauwns = cups Pilled with spawns

The spauns wers releassd back into the outsr haps for 7«15 days
and then released into the nursery ponds at the rate of 1;000/ha.
Supplemsntary feoding was done ueing a mixture of rice bran and oil
caka (131) at the rate of 1% body weight. The fry stage wes charace
terized with attairment of full characteristics of an adult Pish,
They wsre then caught with a Pinc sisved net and the number was
countad, |
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' Papcentage of hetcﬁing:and percentage of fry obtainod were
calculated taking the total numbar of oggs released as 100 percent.
(441) B

collected immodigtely after ?ertilizaﬁion in an enamsl tray

¢ Fortilized sggs wsre

containing rospective pond water and ths rate of development was
studied continucusly till the complatiﬁn of hatchinge. Thexutray
wator was chaﬁgéd with fresgh pond watei every hour. The develope
- montal seagsa,wars déaignated\;ﬁ;agaqucarp as per Varma (1970)
and in :oﬁu‘aqéatﬂing to the<mést,easily visible morphological .
characters ag ﬁé standard table was. aﬁailableo The rate of

_ developmant of individual stages waze recorded in torms of poste

; Partilization time taken Por tha commsncamenﬁ and duration of each
developmanga;;etaga with corresponding temperature in the medium

til1 hatcthQ,\Tha time of haginnihg.gnd completion of hatching

was also recordeds

_ \ K z To study the rate of
survival of a particular stage, samples containing about 100 embryos
of that stage wore taken in a big petridish containing respective
pond water and sxamined undsr a.microaéopes The embryos whicﬁ fPailed
ta'pragtasajtg_tha'ﬁaxt,staga were_aeﬁarated into anothor pet:idiéh.A
The daath-o?isaah‘éﬁbtyoa were confirmed wﬁen they became complotely
opaque in case of scals carp and slowly started rotting with
breawdng of the e0qg case in rohus The survival percentage was

calculated as ?ollaws S

(Numbsr of embryos studied « Number of
doad embryos) X 100

?e:cantagéféurvival -~ : O
. Numbar of embryoa studied

The aveérage survival percentage for a particular stage mae

calculated from 3»5 eets of obsarvations.



y 3 Survival percentags of

hatchlings and fry were calculétad as follows te

; v 4 » of PRv X 100
Survival percentags of hatchlings °‘¥f::? ::ﬁf:: :g,::z;hlgige

.- .Total number of 2-month

Sarvival,pa:centage OF PLY = wawi old fish X 100
Total number af fry

The survival ratos of 1=, 2= and 3« month old rohu brought from
Gauhati and introduced at Shillong were studied., Fishas of the 1979
- brood at Gauhaﬁi mere~cahght and conditioned by putting thaem in a
hapa without Poode The fishes were then put in polythene bags
containing artificially oxygenated weter. Each bag containad not
more than 50 Pishas. They wers then transported to Shillong and
wgra:conditioned to pond water as done fPor bresders. Tha Pishes
wore then roleased in a big hapae The number of doad fishes were
counted till 2 days and the surviving fishes were roleassd in the
managed pond, Suppleomentary feeding was dons with rice bran and
oil cake (131) at 1% body waight. Further; mortality was observed
by searching out every morning ths dead Plshes fPloating at the
aides of the ponds Ths survival rate was finally calculated by
finding out the ectﬁal numbers of fishes living in the pond by
catch method every month as follows 3=

(Number of figh introduced = Number
of fish survived) X 100

Percentage survival = = ;
Number of fish introduced
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RESULTS,

The variations iﬁ the physicoschemical Pactors such as air,:.‘
and water temperature, dissolved oxvgan} free carbon=dioxide and' |
pM of mater1meta recordsd at monthly intervals in tho nursery ponds :
at Gauhati and Shillong from January, 1979 to July, 1980-(15?15@13 |
Fige 1) |

Ienmparaturs $ Alr and water tempersturo, in gsneral; were 5#15°éw3
highor at Gauhati than Shillong. At both the places the tempa:atute;
as usual, were lower during theo winter months (January & February)
and higher in summer (June & July)s The air and wator temperature
variod betwesn 15+34°C and 15=35°C rasbactively at Gauhati and
botwgen 12+24°C and 12.5+24°C raspactiysly at Shillong. At Shillonag,
the circannual temperature changes were at two levels, the lowsr
lovel (12-46°C) bastween Novémber to Féb;uary and higher lovel (19e
24°C) botwean March to Octobers Howsver, at Geuhati the tampersture
range showed a gradual increase from January to February till June
to July when they roached the peak leuél and then gradually docreasad

to its louwer level in January to,?ehrdéiy in tho gnnual cycle.

1 ¢ The concentrations of dissolved oxygen (D0) in

water in differont months were relatively higher at Gauhati in
comparisen to Shillonge. The annual variation was between 7.2+11:6 mg/l
at Gauhati and 5¢2=12.0 mg/) at Shillbng. The oxygen lovel at Gauhatd
was more atablé ﬁhaﬁ Shillong where ths variation range was éompara-
tively more widar.and a Pow sharp fluctuations observed. In July,
1979 thore was a sudden increase in DO at Shillong raaching 12.8 ma/l
and in February, 1980 it decreased to tho lowsst lovel of 5.2 mg/le
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¢ida ¢ The lsvel of Proe carbonsdioxide (CO ) was

much highsr in Shillong pond water than Gauhati throughoot the
study poriod. Tha range at Gauhati wae:mithin 1 mg/l for 6 months
from February to July uhich was than-increaasd suddenly to its
peak of 3.2159/1 in Augusts Later it décreaaed but maintained at s
Pakriy higher lsvel around 2 mg/l. In Shillong pond, the carbone
dioxide concentration was much higher botween 3,0%7.0 mg/l without

any definite annual naﬁterng

BH ¢ Thevpaztggh'gf pH change fPollowsd almest a reverss order to
that of fres cérponediaxide consentragien. The pH of water at
Gauhati pond was higher and more stable betwesn 7.1-8,2 whereas at
Shillqng thefpﬂ':emaineﬂ in the aecidic side for most part of the
years The rango.of pH at Shillong pond was botween 5e8=7:1.

{Cvn - i;v) 3 The results of induced breeding

: exparimenta in _lggggng,gg;ggn conducted at Gauhati and Shillong
 are shown in Yabia%2¢ The temperature-varied botwesn 17+23.5, 19<28,
~ 16#20 and 17=22°C during the bresding in January, 1979 and March,
11980 at Gauhati and May, 1979 and 1980 at Shillong. Each time 3 sets

- of bteedegslwerg.usad-and complete breading success was achisved by
hypcphysatioq. However, the total number of eggs produced were only
50% in the bresding of May, 1979 at Shillong. The rate of fertilis
zation and IateridGVQlopments ware very much successful at Gauhati
than at Shillong. In Shillong. during May, 1980 tha results were

. better than May. 1979,and in both cases the results wers far belem
‘the Gauhati lauel.‘Tha‘percentage of fertilization, percentags of
hatching and psrcentage of fry obtaiﬁad were 90, 60 and 52.5
respectively in 1979 and 94,28, 93.68 and 61,03 respectively in 1980
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at Gauhati. Howsver, the respsctive values at Shillong were 55,

20 and 6 in 1979, and 74, 34.5 and 20 in 1980, In May, 1979 the

eqgys andlembrVOs at Shilleng wet; infectsd by a fungl of

Saprolgania spscies, probably #eshlting in the large scaletnogta;ity;

) 3 Tablg=3 presents the results of induced

breading oP rohu at thres di??erant ‘altitudes (Gauhati, Mawpun and
Shillong)s The water temporature were different at the different
bresding time and place. In each case, “tuwo sets of bresders were
usod except in Gauhati duriag June,. 1980 whon thres sets were used.
The success was completevqnly at Gauhatis All bresders died at
Shillongs At Mawpun the breéeding waa.suécess?ul‘bqu»in August, 1979
and during the two other trials the femals breedors' died. The number
of eggs'producadjméta'10.000 per sat at Gauhati and much lass (7,500
per sot) in the only succsssPul breading at Mawpun. The rate of .
?artilizatiaﬁ'we:e_7d and 55 percent gt Gauhati and S0 percent at
fMawpune Further'deualopments were normal at Gauhati showing about
50% hatching and about 4&% frys obtainsde Howsver, at Mawpun there
was a vary high rate of martality batwaen the dsvelopmental stagee
after ?ertilization (Table=83 Filgs 5) and the percentage of hatehing
and fry obtained were D67 and 0.24 parcent respectiuely.

3valc tages ¢ The faﬁe OF dovelopnent was studied
along with thé{éifafations in the water temperature and different
devslopmentalysﬁages wers identified Qith their aignificant |
morphological ehar$¢£a£s (Toble=53 Figs. 2a%c & 3a=h). In soéle
carpy 15 pré§ha£Chin% and two;boat~hatching stages were identified
till the Pry stage. Howsver; in rohu, three of these preshatching
stagass such as stage=6 (Béacalls stage), stage=10 (late gaattulé)
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and stage=13 (beginning of eye pigmentation) could not be
identified in tho present study. o

(11) Hatching tima ¢ The time required Por hatching was difPerent
during azeﬁeggﬁt brosding and shomad.éﬁﬁé'corralation with the
témperaturegq?;ﬁhé modium (Tables4)e The hatching was quicksr at
higher tomperatures In scale carp, atf@auhati in 1979 and at
shillong in 1980, the hatching time ware similar (about 8085 hrs.)
- with the temperaturo in both the planés-ranging betwsen 17=23.5°C.
Howaver, abfGGUhati,ih 1980, ths»hatéhiﬁg time Por scale carp
aembryos was radﬁced $6 58<60 hrs. mith a highar temperaturs rangé
batwgen 18.5@265c and at Shilleng the time was extanded to 126-131
‘hra. with the tempersture range falling to 16-20°C. Similar
tamperatura’relaﬁéd variationg in habqhing time was obssrved in
rohue But in generely; the hatching time for rohu embryos were much
logsser than thazéeale carpe At Gauhati, rohu embryos hatched
comparatively eatly (in 1214 hre,) both in 1979 and in 1980 than
at Mawpun in 1979 where thay took 18»21 hrse The temperature range
were 24e31°C at.Géqﬁati and 15+25°C at Mawpun.

(£i1) Rats 13 ¢ The rate of

development of individual stages mith corresponding water
temperature has been prasentaed in Tables«6 & 7 and Fige 4. In scale
carp commancemani of ﬁost of the stages were sarlier at Sauhati

‘than Shillong showing a positive correlstion w;th highsr temperature.
- Howover, the deviation was seen in stégea-11 and 12 which appoared
early at 3h111§ngzth6ugh the corresponding tempsrature was higher

at Gauhatie The indubation periods were also lowsr at Gauhati with
comparatively highgr temperature than Shillong. Howsver, at stages=
9, 10 and 11 the rate of development bescams slowsr with larger
incubation time at Gauhati even with higher ﬁemperaturaq
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In gohuy, tha rate of developmant was similar in both the
places and was indicative of its tamperature depandance. During
~ hatching when the temperature suddealv decreased to 15°C at
Mawpun; the incubation time almost became twice that at Gauhati.

R SRR

Sugvival studies 3

(1) Devslopment 1 staces Survival studies were carried out for

. 9 gelsctad developmantal stages (stagas 1,4;7,9,11,14,150,15b &

- 168)s The su:viual pattern of the selacted davalopmantal stages
studied in scale oarp and rohu at the tun different altitudee
are prasented 1n Tablaws and Fig. 5. '

In sgglegﬁaggﬁ:the surviVaL parcentaga was about §9%.ﬁixl
the stago=11{ 1n'ﬁoéh'the altitudes though there mare'considerablé
variations in the mater tempa:ature betmaan 17=27°C, In Shillong
the watop tempataturs was 2=5°C lowar than Gauhati. The surviual
pércentags gradually decreased after stage=i1 at Gauhati upto. 82%
- at stage~16 mith the temperature botwsen 26#2806. Row@ver. ah
Shillong the survival percentage decreased signifieantly and
irregularly upte sz% at stage=16 with matar tempsrature going
up but ramalning botwsen 18+219C,

In rohuy the autvival parcentage wad betwssn 984100%-uptd
the ataga—15h mith water tomperaturs ranging batwsen 24«31°C at
Gauhat is. At ataga-16 the water tenmporature suddenly fell from 31°C
to 28“@~reeulttng in the‘aée;tne‘gf survival percentage to 74%.
Survival of rohu embryos at:ﬂampun showed a clear suscaptibility
to;low temperature and tha‘mORéality was much higher than at
Gauhati at different stages of dovelopment. At neurulation stags,
though thero was not much differsnces in the wster temperatura,the
mortality was observad to be of 49%, A catastrophs took placs at
stage=15a (hatehing) when the temperature decreassed suddenly to as
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low as 15°C rpesulting in a mortality of 93% of ths smbryoss
Tha su;vivai,féte of £he pugt-batchiﬁg’stagas'studiad gradually

improved mith»thaAgradual\improvemént in water temperatures

(11) Young rohu introduced 1hf3hilloqg i Five hundred (500)

hatchlings of rohu from 1980 breeding ware brought to Sbillong
at the ags. of one monﬁh and the same: number of frys bréughtﬁt@
hhe.agalo?'tma months . died within 1=2 dayézofftheir 1nt:o¢uption
in Shilléng pond, Howsvar, ou@ of 500 ﬁayé Srought at the age of
three months only about 200 disd and the rest (60%) was found te
susvive wall in the Shillong pond and were used for growth

studiss.



43

DISCUSSION

The successful existencs and development of an organism
largsly depends on its interaction with the environment.
Adaptatipn anaures the survival of a. species undor the conditions
to which it is exposade All organisms live in a da?inite zons of
tolerance to the eﬂuironmental variables@ bounded by limits,
bayond which the orfganism may not surﬁive inde?&n&tely. There may
be mora rastg;gted zones within the zone of tolerance in which,

. diPforant Biblaglcal processeé ?uncgfqn efficiently. The magnitude
of response to the changing environméntal factors varies hetuwseon
_di??arent spocias of fish and also betmeen various stages of their
1ifs cycles (Nikelskii, 1969) 4 As discussad in tha introduction,
reptuduction and,development are mo:e~precisely controlled by the
~onvironment (Qlaxtaf@ 19693 Schwassménn, 1971)« Any alteration of
the physicoachamiqal.?actors of wateg'can altar the reproduction

and developmental procsss in fPish.

1t waé aeen'?rdm the presant §tudy that the hydrological
conditions in the low and moderately high altituds ponds exhibited
conaidetable di??en&ncaé; particularly as regards to temperature,
fres carbone=dioxide and pH of water. Such differsnces might have
resulted in uariations in the rate of breedingy; development and
supvival of the studied fishes, scala carp and rohuy at the lowet

and higher altitude.'

Physicdwchamical ¢ #toksv:

Analysis of tﬁé physicowchemical factors in ths two ponds
at Gauhati and Shillong for a period of 18 months have revealed
that temperature and pH remained at'a-highef lovel at Gauhati
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while Pree carbonedloxide was higher at Shillonges Dissolved oxygsn,
in general, did not show mucﬁ:Variaﬁian bostwasn tho two altitudes-
(Tablest; Fige 1)e

Temperaturs ¢ The environmental tempersturs graduslly decreases

with increasing altitude (Maniy; 1974). A similar result was
obtainod in the present study with atmospheric temperature being

in a higher level ranging from 15=34°C at low altitude (100 m) at
Gauhati in compakiéon to a lower 1evalrranging'betmean 12=24°C at
higher altitude (15500 m) at Shillong. The water temperature
Pollowsd similar pattern like airetomperature in the Pish ponds
studied in the two altitudss. These ponds wsre shallow water bodies
and. according to Welgh (1952), the water temperature #ends to
follow the'atmosphérip'temperaturs in shal}ow water. A closs
relahioﬁship\betmean air and water temperature has besn reported
by ssveral workers at difPerent altitudas (zafar, 19553 Ganapati,
19603 tunawar, 1970). At lowsr altituds, during most part of the
year, the aif ang'water temperature remained near the higher range
whereas at higher altituds, the samé remained in the lowsr range. '
This study was necessary to sslect nsar optimum time of the yaar
to do induced breading experiments at both the altitudes fPor scale
carp and rohu, Scalé-catp is capabls of bresding at as low as 17=

189C; whoreas rohu ngads tempsrature about 24-259C, -

Dissolved oxygen (DQ)“andA?:qe‘¢arbohadiaxide (EOZ) ¢ In genoeral,

.tha wator taﬁpafatuéé andvcdncenttaﬁions of DO and fres 892 have
an inverse relationship, with decreasing temperature water should
dissolvs more gagses (Welch, 1952)+ This has basn found very correct
for free QQZ with a'very high concentration obsderved throughout the
yeaar at highaf al@iﬁqu (1,500 m).,iﬁﬁcnmparisnn to lowsr altituds,

Howsver, DO qid'not follow this physical law and the DO concentration
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was comparativaly higher at lowst altitude (100 m) in spite of
highser temperaturs throughout the year. The biological activitiaes
liko growth‘of algae or decomposition of organic matters have been
shoun to ragulate the DO and €O, concantrations in water bodies
(Rawaon, 19393 Michasl, 19693 prabhaVathy & Sreenivasan, 1977).
With higher algal population, the 602 19 utilized and oxygen is
produced significantly in water dus to photosynthetic activities.
On the roverse, during organic dscomposition oxygen is utilized

and C0, is produced into the aguatic systems

_ Algai growth has been reportad to be inhibited at lower
temperature (Fritsch, 1907; Psarshall, 1932; Ganapati, 19603 Verma,
1964)+ Vorma (1964) also suggested the most Pavourabls temperature
for algal g:dwthx&ﬁébetwean 24=319C. At tho higher altituds pond at
Shillong, the water temperature was always below 24°C and at lower
altitude at Gauhati it was above 24°C ranging upto 35°C during most
part of the yéar, Hanmce, the low pradgction of phytoplankton at
“highor altitude could be one of the ?éetors for the observed CO,
and DO situatione Kaur (1981) and Thapa (1981) have also reportsd
lesser amount of phytoplankton production in some other water bodiss
at Shillong,.Thig-nght be also due go low pH and acidic water.
Hannon,gghg;,(1979);bave raported thét the decomposition oé bottom
.depOEits and suspsnded materials incroases &t lower temperaturas.
This also eéould be an additional faétdr for lower DO and hlghe:iﬁﬁz
at higher altitude ponds. 902 might also be contributed from other
sources at.&hiiiongm Rain as it pracipitates, absorbs soms amount
of gas ftom,the'étmosphere and dslivers this to the water when it
falls (Jhingfan,_i?ﬁz)w Shillong being situated near the world's
highast rainPa;l}éreaQ.Cherrapunji,'also exporiences very hiagh raine

fall which mighticoﬁtribute to the concentration of fnee~302 in the
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high altituds pand at ‘Shillong. As the pH was mostly in the acidie
range in the high altitude pond, the bicarbonate might dissociate

to release ?ree 602. Such phenomenon has been suggested by

Hutchinsen (1967).

-Theré?éfe.‘tha lowest recorded concentration of free CO, at
higher altituda (1,500 m) was 340 ma/1, which was very closs to
highast level (3.2 mg/l) observed aﬁ lowsr altitude (100 m).

gﬁp: The pH range at higher altitude was much lowsr than that at
lowsr altituds. A large part of this is due tn the higher 602
concenttation ‘which makes the water acidic. The cenicentration of
Proe Gﬂé7caﬁ.aléé indicats the concentration of dissolved 602. At
higher altitude, the pH was so .strongly acidic that heavy liming
and repeatad liming could not make iﬁa water always alkaline.
Bhafﬁa¢haryé (1980) and Thanékhiew (1981) have reported acidic pH.
in other fish ponds in ths samo fish farm at higher altitude.
Thahgkhiem'(1§81)~a186 raeported that even after using heavy dose
of lime (1, 000 ka/ha), the water pH rémained in the rangs of 6.3-
6+9¢ In the present study with a heavy doss of lime (700 mg/ha) in
December; 1978 ‘follousd by another dqae of liming at the rate of
250 kg/ha in‘midémouhmber,'1979‘couldfon1y’make the watar pH
neutral drzaiightly alkaling at higher altitude. However, these:.
shifts'mére short lived, mainly dus to the constant flow of acidic
stroam MQtarsftd the ﬁonds'fo%maintain the level due to sespages
The pH of Ehézstrqam_water has been recorded during 1977-78 to be .
aS'lbm-as 5,8'(Thangkﬁiém;r1981)@ This'lnm'pH of natural streams: .
at Shillong has besn’ attributed to tha Pact that the soil of thisg

place 19 acidic -and the pinea mhich are the endemic plants, praduce
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the naadles.mhiqﬁ‘are highly acidic. Hence, with repeated liming,
pH of high altituds pond could not bg made alkaline which is
suitabla for fish produstion and growthe

Induced breeding ¢

3uceeéﬂﬁu1'brégding of fish acéurs only under appropriate
envlnnﬁmantal canditiohs in ths nature. Induced breeding by
hypophysation has besn suggested to byepass ths adverse effacts of
some of tha'subaOptimal arwironmental conditions (Clomens, 1967).
Howevér. the environmental Pactors have to be maintained within g
.particular m1n1ﬁum'and maximum limit to get the Pish spawnads
Scale catp end rohu have besn reported to bread undar a8 Pairly
wide rangs of pH and DO (Khan & Jhingran, 19758 Jhingran & Sehgal,
1978) Homsuer. their spawning is highly influsnced by environmental
temparature. 8otween theso two specias, sgale carp which is
considored to be aurytharmal, has a wider optimum tempsrature tange
than rohu which apauna within a narrow rangs of tamperature. |
Alikunhi (1966) has reported that the Pavourabla tomperature ranga
for spamning in scalo carp varies in differant parts of the morld
such as, 15m18°c.1n Europe, 17«199¢ in U«SeSeRey 12«30°C in Japan,
19230°C in Indonesia, 26=29°C in Thailand, 23+35°C in Israel, 20=
25°C £n South America and 18+35°C in Indiae. Tho temparature range
favourablas ?d; the brasding GF'Indiaﬁ major carps rohu, has bgen
shown to0 ba betwaen 24=31°C (Khan, 19d5° Chaudhuris 1960). Several
workors have tried induced breeding under differant temperatures
and uonsiderlng these results, Chaudhuri (1976) suaggested that
temperature is an important Pactor Por the success of induced
bréedinge Therefureg induyced b:eeding by hypophysation,mhioh is
now commonly practised in India in fisheries; are done in appropriate

- tims of the ysar with favourable temperatures
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aﬁt of tho four attempts mads tb'Spawn scals carp by
hypophysatiOn;(Tabla32), the two at lowsr altitude (Gaphati) in
ﬂanuar9.19?9;and March, 1980 and one of the two attempts at
N ghor aitiﬁu@s-(Shillong) in May, 19éﬁ'wére,completaly succgssful,
Thae temporature rasnged botwasn 17<289C, Howsver; in May, 1979 the
numbor of-aégavproduced at Shillong in scals corp was only S50%
with tho temperature ranging between 16@20“6.“I§‘may be that the ..
tomperature during this period was oven lowsr than ths normsl ”
lowsr iimit for Indian scale carp (18°C).

In case of rohu, the induced breeding (Tabla«3) petéégmed
twics at Gauhati during July; 1979 ané June, 1980 were complotely
succossful within tho tempsrature rangs of 24«31.59C, Houdver, in
two nceae}nns‘at‘1gsﬂﬂ m‘altitudav(shlllang) in August, 1979;aﬁd
June, 1980, all tho bresders died after their introduction Prom
Gauhati when tho temperature at the time of introduction was 23
and 219C raspectivelys Out of the three sttempts taken at 1,000 m
altitude (Mawpun) tg‘épamn rohu by hypophyéation‘onle once, in
August; 1979, ﬁhe spawning was pertiélly.succass?ul with thé
temperature around 259C at the time of introduction and spawnings
In the other tuo stiempts, the famals bresdars died though the
tomporature was at 25°C and 279C at the tims of thelr introduction.
This indicates that gehu 1a'axtremel9vseneiﬁiva to fPluctuations in
tomporature and particularly the breeders which not nnl; failed to
bresd successfully but also failed to survive undsr slight |
tempersture stresse Though the effects of transport stress cannot
be ruled out for the doath of breedars but that cannot be the only
cause as in ono occagion they survived and responded to hypophysae
tion. Thé complote doath of all brocders at 1,500 m altitude at
Shillong must be primarily due to the lousr tempsrature to which
the breedars failad to adapte
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Bosidss spawningy the rate of fertilization, hatching and
fey qbtainéd“we:a alao rocorded in different sltitudss in scale |
carp and gohu (Yablaéﬁ2 &‘3). From all these results, a positive
carralailnnfwith tamperéture could be clearly seon in both the
species atudied in difPerent altitudes, Both highar and louwsr
tanperature Prom the optinum range ara knoun to affect tha
?ertillzation and devolopment of different organismss It could be
séan in rohu tﬁat. during ths only suﬁcéss?ui partial spauning at
higher altiﬁude'(1000m) at Mampun during August, 1979, the rats of
spauning was not much dl??arent than that at lower altitude, the
ﬁamparatura being around 24“6. Homsver, the hatching rate reduced
to a significantly low level dus to dnastic mortality of the
"ambryos with a sudden docreasa in temperature to a low 1evel at
| 15°C, Apart ?rom temperature, pH vagigtions in water alsa hag R
shoun to affoct fertilization in manyfﬁishea and nsutral or
slightly alkaline pH has bean'récomnendéd for sucecessful fertilis
zetion (Saha g;igh, 1957).. Thus acidie pH might have caused - a
synergistic affacﬁ to raduca Fartilization alonqwi th lcw tempera~
ture at higher altitude. Buring Maygo 1979, the embryos of scale
carp also got 1nfected by a funai of Sagrolagnia spacies resulting
in the catastnophlc dacrease in the 1aruae productions Parasitic-
infection has been reported eazlie:\(ﬁp??man, 1969 ¢ Nilloughby,v,-

J
1969) and they havo also been seen to increase at low temperature.

Tha<ha£chiﬁg time fProm ?ertilization required for the -
seale carp.énd,nohgrambryos (Tabla-&$ varied in different altitudes
uhich was poséibiykinﬁluancad by the variation in tampérature§ The
prolongation in incubation time with low temperature have bean |
recorded for many marine and freshwater fishes (alakter, 19693

Braum, 1978)s Several workers have reported ths relationship
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betwsan the temporature and incubation time in scale earp and
rohus They are 180 hra. at 12°C and 84 hrs. st 20°C (Jhingrén,
1982), 96=104 hroe. at 19.7222,6°C and 4B=96 hts; at 23«330C
{Iningran & Séhgalg‘197§), 78 hrse at 19=23°C (Yerma, 1970) and
62 hrae 30 m;n.‘éf 22.1°C (Nequcke:g 1976) for scale carp, and
15220 hre, at 31°C (Chaudhuri, 1960), 14=17 hro, at 23-289C
(Chakraborty & Murty, 1972) and 17-18 hrs. at 28+31°C (Kaur,
- 1978), Houwsver; our rasults seems to be 1little di??erent ?rom
’hhesa with 58»60 hrs. at 1845+26°C, B80-83 hrs. at 17*23.5°C'
82+85 hre. at 17-219C and 126131 hrs. at 16=20°C for scale carp,
and 12«14 hrs. at 25=31°C, 12.5=14 hr3¢ at 24«31°C and 18421 hrs.
at 15«25°C ?ar rohus ' ' '

Rato of davelqpment 3

The unfertilized agg gots fertilizad to form 3 zygote
mhich divides and difforsntiates to form a small organisme These
diffarent stagaa Qéﬂdevelcpment_are marked by specific conspiéﬁous
morphd;ogical?charecters and roprosented by numbers. In the o
pregsent study, tu.qdmpara the data thé embryos could be dividsd
into 16 dav&l@pmentai stages in scalé carp with specific |
idontification marks of sach stage (Téble-ﬁg Fige 2awe) with
unPértilizéd oqgg as otage=0 and Pertilized eqqg as stagae=l. In
rohy, (Fige 3awb); thres of theso stages (stages=G, 10 & 13)
could not be detected either dus to lack of clear identi?ication

_mark or due to quick developmental process during thase stages.

The time requirement for the attainment of most of ths
dovelopmantal stages in the presant Btudy‘was’in general; more

at higher altituds in both the speciss (Table=Ge7; Figed)s The
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9209§eésioﬁ of one stags to another was also rapid and the
incubatiaﬂ'time was shorter at Gauhati with higher temperature
in camharisen to thoss at higher altituds. Homaﬁer, the nsurula
(11) stage and ths Besomite: (12) stage of scale carp were
observed to appear sarlier and the incubation time of stages=10,
11 and 12 wers shorter at the higher altitudse, inspite of the
fact that~hatsr temporature during the development of the
corresponding stages were higher at }pmar altitude (Gauhati),

: Thiabindicateé stage épeciPic‘relatiodehip of the developmental
stagos to anvzronmental Pactors, Accordlng to Nikolskii (1969)
'_each stage c? development possasses zts oun relationship with the

snvironmant. It may be poasible that higher temperature increases

. tho ratas of developmental process in general, but theres may be

particular atages with breader or tavarse temperature relationshipe
Howeuar, it is;notApossible at this atage to explain satisfactorily
tha deuiatinn& obaerued in tha general pattern of altitude oF~
temparaturs e??ect. In following chaptets, some attempts have bean
" made to correlate ‘them with changes 1n their bioschemical

constituantSand matabelian,

Basides lam temporature, low pH hss also been reportesd tu
cause slow rate of dsuelopment in fish. Runn gt al (19?&) have 33; -
shoun delay in hatching in perch, Pe Pluviatills, at low pHe -
Potorson gt g;;(ﬁgaa) also-obsérvad'that hatching of Atlantic
salmon (S, dgngx) embryos was delayed or prevented when sxposad to
low pH water. They suggastad that the activity of hatching enxyma
chorionase which dlgest the chorionic envalopa was inhibited at.:
low pH causing delay in hatchinge. It was obgserved during the |
prosent study thatﬁ the hatching was severely affacted in the
rohu embeyos at higher altitude during May, 1980 when ths temperéture
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reducad to 159C during hatching.  This might b due to the
inhibition af the activity of the enzyme chorionass. From thase
gross obssruatiens it mé?ﬁﬁé&éssﬁmedrihat the lowsr temperature
~and lowsr pH might.causa the éumulativé effoct on ths developing

gnbryos to pesult in alﬁmsriéata of dovelopmant at higher altituds,

Rata ofvaunuiual H

The rats of survival of nins éélected embryonic stages was
observed during tha deve1opment of scale carp and rohu at both louwer
and higher altitude (Tables-2;, 3 & 83 Fige. 5)e The results indicate
"~ that the embryos of both the specios éurﬁived better at louwer
| altituds. Betwesn ths two spscies, rohu showsd greatsr susceptibility
to higher altitude conditions in terms of survival of bresdors,
embryos and Jumeniles in comparison £q scale carpe The survival rate
not only va:iéd batwean the two spacies, but also varisd botuween

differont atages of development in sach species.,

The diﬁéenentia;'tolaranee of the ontogenic stagas migbﬁ be
dus to their indiuidpal and independﬁdt relationship with the
~environment; as*sﬁgg;stad by NMikolskii (1969). Varfability in the
dégree of suscapﬁibility of the davelopméntal stages to environmantal
fluctuations has baén knoun in many ?ishes. In rainbow trout
(Gottwald, 1965) and laks herring (Brooke & Colby, 1980), the early
developnental stagés ars highly susceptible to reduced dissolved
oxygen leveals Howaﬁéri‘in the present study due to repsated chanéing
' of incubating mater;'tha D0 level was not that low to be considersd
as a serious limitiqg Pactor for the ombryonic survivale The early
cleavage Stages of atlantic salmon were highly susceptible to pH
stress than the 1a§er stages of dovelopment (Days & Garside, 197?).

The detrimental effect of low pH on embryonic survival has besn
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| repcrtéd in aaverél ?1@593 ( kzishna¢'19533 Bua & Snekvik, 1972
Johansson gk al, 1973). Peterson gt al (1980) reported that at

acidic pH tha‘hatehing enzyme chorionase was inhibited resulting in
preventaon of hatehing of the embryas. The failure of regulation of
their intsrnal ion concentration dus te extsrnal low pH has been
reported to be lethal for the dsvalop;ng gmbryos (Brown, 1981). The N
"low pH observed in tha present study ét the higher altituds might
have contributed cither directly or iéditectly to the reduced

survival of the developing embryos aﬁ;di??erent stages of dsvelopment.

The high mortality of the ambéios at highsr altitude in the
'i~presant atudy has shoun some cloge carrelation with tempsrature -
fluctuations. The eritical role of mater tompesrature on the embryonic
. developmant has baan dosumanted in many fishes (Blaxter, 19693 araum,
;;~1978) which hava claarly shouwn bhat a pracise control of temperature
within a carta&n 1imit, specific ?or.a species, is most 1mpartapt
~ for obtaining ﬁaxinUm survival and pﬁbduction. Combs (1965) Podnd
‘fpaci?ic aalmon eggs were moxe tolerant to low temperaturs beyond the
- '128+c8ll atags. High moptality peior: to eye plgmentation, and

. developnent of resishance capacity afPteér this stage has been rehﬁrtsd
 in the atlantic salmon (Petorson g ;g_gn, 1977)« The relationship of
‘ watar temperaturs to suruival was meat evident in rohu ambryos in

‘the praesent study. Its different stagas showad apprecigble suruiual
’  at 24°C. At the neurula stage, which is a stags hypersansitive to
environmental streas (Qatten & Carlson, 1958), a raduction o? .
‘temparature to 23.5°C coincided with 49¢ mortality of the embryas at
higher altituds. It uwas observed that prier to hatching the matsr'
_:tsmparature suddenly dropped Pyem 25¢C &0 15°C resulting in ' '
catastrophic daath o? rohu embryos. Such ahort Fluetuations o? “

temparatuna 1s:not qncommon at Shillong (Kaur, 1981) and also at |
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Mawpun (Thangkhiow, 1981). ﬂccozding to Braum (1978),; tha suddan
chango of temporature is most lethal for the daveloping smbryos,
This was-trus 4n the présent study as the sudden temparaturs
reduction had killed virtuaslly all the embryos of rohu at higher
altituds,

Thore was a large scale mortality of scale carp smbryos at
higher altituds (Shillong) during the bresding of May, 1979, This

coincided with ths time of an external appsarance of Sabtolegnia on

the egg surface. Saprolegnis causes the Saprolegniasis diseass

resulting in heavy mortality of Pish and their eggs (HofPman, 1969}
Bauer gt al, 1973; Waynarovich, 1975)s The growth of Saprolsgnia is

favoured at low temperature and acidic pH of water (Bausr st al;

1973)s Suzuki (1976) found that the pgodugtion of qu:olagniavin a
Japanegs laka was at peak when the wgtef tempsrature was 16=20°C
and pH was 4.9 to 6.0, Moreovor, rasistance of the host to
Saproleogniasis maytdec:ease at low temperaturs. Obssrvations on |

large mouth basé;(ﬂi@:adterususblmniqaa) have shouwn that Saprolegnia

invasion causss a high mortality only at lowsr water temperature,
due to lowor resistance of the host (Inslea, 1974), Therefora, it
may bes assumed that tha low tamparatuié and low pH might have made

the conditions Pavourable for the infaction of Saprolegnia to causs

mortality of deﬁsloping embryos along'with the unfavourable physico-
chomical factors at highasr altitude,

‘Survival of young rohu introducad .fn Shillong @

In the present study, nona of the 1= and 2-month o0ld rohu
survivad on ;ntpodUQtion in shillong weter from Gauhati, whorsas 60%
of tho 3enonth old fisheés survived under similar coﬁditibns.

Although; transportation acts as a stress te the fish sesds



. 55
( Jhingran, 1982), in our experiments maximum care was taken to
minimise the stross during carriaée@.ﬂnly the healthy énd condie
tioned fishes waers tranépartad‘in'arti?icially oxygenated water
~ and overstocking was avoided by putting only limited number of
Pishes per catrying containesr, Thore mae no mortality or sign of
: exhaustion during transportation or immediately -after the introduce
tion to uwster, This may indicate a hqglthy condition of ths fishes
during transpert, The physicaéchamiaal conditions of the intfoducing
water which was differant from the conditions at low altitude at
| ‘which thay wsré~adapted, night haﬁe éctad as the méjet atreass The
N'rGSDOHQB of .the Pishas to adjust undég~such atress might be
dependentvanzéga, it is gensrally known that young Pishes areAmaré.
.fuulnsrabla ta‘ény‘anvitanmental stress than the older Fiehes (Caiins
& Schueir, 19583 Smith & Oseidy 1974). Thorsfore, the mortality eP '
and 2emanth old ruhu at higher altitude might be dus to the lack of
an adjustmant. capacity to the high altitudinal conditions and thia
' ,capac1ty night have appeared in the ?iah as it grow older.

Not only thafsunvivaltoﬁ'embrjoa but also the survival of the
"jbxeaders at Ehé'twa-altitudes varied bhetuwoen the spaciss (Tablagé &
3)., The scale café’breaders were found to be more resistant to the
high altituda as evident by thedir absolute survivael at 3hillong.
Hamever, rehy breadera showsd greatsr auaceptibility which was more
~ Por females than males to high altitude. It has bean suggested that
duringlthe-breading t;ms fishes become physicelly weak due to the
élarge dehletion of the chemical subétances for the preparation of
the gbnads'(Lovgg 1970). At this stage; fishos bscome mors vulnerable
to any types~a?'physical or environmental stress. In the present

study; it was not clear whether transportation had any role in
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' martaliﬁy’q? brégders. Maximum care Qas taken to minimise the
‘ﬁrahqurtatiOn.a%rées. Perhaps the enuirénmental conditions at
highor altitude was the majoi'detérmiﬂing factor Por the survival
of the bresderg. Fﬁrthatp transported under similar conditions all
rohu bresdors survivad in 1979 at Mauwpun, which is situated at
about 1,000 m ASL. This indicated that the survival of the rohu
brosders decroased with the increass in altitude. The tolersnce
capacity iﬁ,tham was found to vary betwsen the two sexes. At
Mawpun, ths feﬁaiéa wsre more vulnerable than males. This might be
related to a comparatively highsr dopletion of reserved enargy and
a physically waak étate af the female breedsrs. Higher dapletion
of chemical substances and a physically wsak stage of Femalés over
the males; have bsen shown £n many other Pishes during the breeding

periad}(Laua, 1970).

The'pzeéenﬁ study on the breeding»perfcrmanca. dévelophental
rate and survival of scale carp and rohu has clearly shown the h
advaﬁse'efféct of higher altitude on these Pishes, Howaver, |
assessment of the bilochemical and bhysiological paramétars,Awhich .
modulate the adaptive capacity of an organism, may be more ssnsitive
indicators to explain such aé?ects of higher altitude. There?ore;
studies on the altgrations of some biomolecules and metabolie |
pathways ware carried out during the smbryonic dsvelopmental stages
of scale carp and rohu at higher and lousr altituds. These studiss
ere discussed in the following two chapters to find out the
posaible biochemical or physiological effects of the higher altitude

on the embryonic dsveleopment of Cyprinmus carpio and Labeo rohita,



CHAPTER 1l

BIOCHEMICAL COMPOSITION
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INTRODUCTION

~ The dsvolopment of a multicsllular animal takes place from

a fortilized egg through a seriss of complex changes. The zygote
uhdargaas rogular and extensive cell division accompanied by

‘atructufal and functionmal difﬁeremeié@ion involving histoe and
organogenesis (Balinasky, 1976). Tha‘ﬁéchanism by which sueh drastic
and orderly changes occuy durin§ hheidavelopment is mors or less .
similar in all gukaryotes, and is knﬁﬁn to be blioshemical in nature
(Granty, 1978). Hawsver, the mechanism ia mors complieated in tha
oviparous.anima1$ in comparison to that in the viviparous ones. Iﬁe
ambryo in thévviviparous animals develops internally under thei
. complete protaction of thes mather.'ﬂémauerg the davelopment of the
oviperous animals is oxternal and: therefors, romains under the a
direet influsnce of the variaﬁie cenditions of ths environmantél
factors, Some oyipétaus species'have-deueloped parental cars to
protect their déuaianing enberyos wheteas'in most others, the aembryonic
'davalopmant takes place at the mercyiéf the nature. In terrestrial
oviparous animals, the oggs in genetéi, are with hard outer covering
called egg shell and the eggs in some are incubated by ths parents
to givae eptimuh-codditions for hatching. In aquatic oviparous animals,
particylarly in Fishes, where both ﬁeftilgzatian and dsvelopment arae
axternal, ﬁhé eﬁuifanmantal factors play a major role in ragulating
the embryonic dsvelopment, The regulation of the embryonic dsvelopment
in the oviparous animals can be divided into two broad categories such

as, intrinsic regulation and extrinsic regulation,

"Intrinsic pagulation' denotes tha control of development at
the molecular level inside the sgg or smbryo in accordance withif::
inherited pattorn. This includes ths regulation of the gens activity,
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and synthesis and dsgradation of various biomslacules. On the other
handy the 'extrinsic regulation® refeors to the modulation of the
oxpression of the inhesrited pattern by different external environe

mental factors (Frisancho, 1977).

| Intrinsic regulation 3
The intrinsic ragulation of tﬁa davalapmental process 1s

basically similar in both oviparous and viviparous animals (Grant, »
1978), The davalaping embryn is a living crganism and tequires
nutrition for its vital functiuna. The nscessary food materiols in
" the egq ara depoaited in the form of yolk during oogenssis. The
davelaping embpyos of tha oviparous animals got very littles exogenous
supply of the necassary subatanqes. Thair development depends, t0 a
 lafge axtont, on ﬁhe amount of yolk depbsited during oogenesis. The
process of oogenasis has bean divided into tuwo maJOf'phgées.suoh as,
preqviﬁsllogenio bhasé and vitellogédfc.phase on the basis of |
hiataldgical and electron microscopic studies (Ravan, 1961). During
the first phase, tho diameter of the oocyte incroasesy the nucleus
enlarges and the cytoplasm bacomas alnost entirely frea From
andoplasmic reticulum, qolgi Bodies and ribosomes 1n amphibians
(Balinaky & Davis, 1963). Hitochondria ls the only typs of organellas
which is abundant in small ococytos (Salinsky & Davis, 1963). Ouring
ths asacond phase (vitalloganasia), the oocyta becomss progressivgly
loadod mith ribasomes and various k1nds of inelusions, yolk plata-
leta,_pigmant grains,vail drqp;ats and glycogen granules (Denis,

1974), R fsmale'apaciPic sérum protein, vitelloganiny which contains
| phosphorus, 1;pid,'cé:bohydratag, oaieium and iron has baen idahtified
&s the agg yolk pnaéubsnr in am;hibians and some other vertebrates
(Wallace, 1978). Vitsllogenin, synthesized in the liver {n response

to estregen sﬂimulation, is reoleased into the circulatien and comes
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into tho oocyte cytoplasm through piﬁacytasis (Gapp st al, 19793
Hori gt al, 1979), Vitellogenin sccumulates in the crystalline form
as yolk platelets in amphiblian oocytes (Brachat, 1974), In a mature
amphibian sqg, yolk constitutes 45% of the dry weight and only 20%
of the dry wsight in active cytoplasm (Barth & Barth, 1954)s In
echinodarms and lowsr chordates (amphioxus, tunicates), the yolk
is rolatively small (Kerr, 1919). In the sea urchiniAtbacia, ths
.yolk granules take up about 27% af'thé totsl volume of ths egg
(Harvey, 1956). In addition to tha‘ydlk.platelats, the amphibian egg
containg lipid, in tha form of llpochondria (Holtfreter, 1946) and
glycogen (Barth & Barth, 1954) ¢ uhich primarily serve as the enoragy
 source for devoloping embryoss Besides these macromolecules, a large

amoynt aP.amina‘acids are also depositad duping oogenesis,

Dns of the most intaresting auanbs during tha cogenassis of
the oviparous animals ia the accumulation of a largs amount of
';nuclezc acids, DNA and RNA, along with other biechemical substancas
in the ococyta. The ﬁatureé 60cytefo? ﬁany OViparﬁus animals have
shown far more E&A:eﬁntent than that 5? a somatic cell nof the same
speciegs (Tylex, 1967). The DNA contont in a matungﬂ’achinqdarm oocyte |
has been reported to be 8 to 37 times of the haploid amount by
- different workers (Ho??ezorgansen, 19543 Sugino gt al, 19603 Baltus
gt al, 19653 Piko & Tyler, 1965). In amphibians, ths DNA amount has
been shoun to be 500 times as much as in a diploid cell (Dawid,
1970). The nuclesr DNA in an amphihian’oocyte is only Se10% highér
| than that c? DNA of a somabic ecsll and‘the rest of the oocyts DNA
is located in the cytoplasm (baWId,.1966; Denis, 1974), During -
vitellogenasis,;thg cgcthIChromosoméé pxpand coensiderably and taka
a paculiar lampbrush shape (Braéhet, 1972),.Thasa lampbrush |

chromosomes are madse of two chromatids, sach made up of a sinile
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glant fibre of DNAY the DNA Pibre is reopeatedly coilsd at the
chromomere rogions ahd'CDndansad into granuler forms (Gall &
Callan; 1962). They contain 4 timss the DNA contént 6f a haploid
¢28ll in amphibians (8rachsty; 1974). Fu:thef, during ths pachytsne
stage‘of méinsis, 8 conspicuocus mass of exirachtamasomal DNA
appears in the nucleus uwhich condenses in the form of crascente
shapaed ‘cap! (Gall, 1968). In the léta pachytens and sarly diplece
tane stagd, a few nucleoli begiﬁgfto appear inside the DNA éap.
Soon after, ths DNA cap disperses and the nucleoli become free in
the nuclear sap (Brachet, 1974). R mafureﬁfamphibian cocyta contains
more than 1,000 nucleoli and sach nucleclus is shoun to contain RNA
and some amount of DNA originally p:eaantlin the cap (Gall, 1968).
.Tha axtra ehromosdmal'BNA, which is oftan knoun as the ‘amplifisd
ONA®, has bean shoun to be a product of amplification of reRNA
gened. There?ﬁga,~th@y are also callad as r=DNA, In a maturad oocyte
of xaqopus,‘tbese genes may be 2x106 in numbsr in comparison %o jdst

1x103 number in its somatic coll (Brown & Waber, 1968).

The subastantial portion of extra DNA in the matured aocyté
is contributed by the mitochondrias which accumulate during oogonesis
(Tylar. 19673 Danis, 1974). Maturg;(egg of Xenopus contains about
1x10% eimas as much mitochondria as that of e liver cell (Chase &
Damid, 1972)+ Tho mitochondriazl DNA in this amphibian is 65% of thas
ﬁmﬁ_ﬂresent in ths egg (Dawid, 1966). Ths rest of the cytoplasmic
DNA is locatod in tho yolk platslsts (Tylar, 1967). In the sea
urchin, Lytchinnusa, about 8310 yolk granules are present per eqg,
oach cgntaining 2s3x10° «17 grams of OVA. The origin of the yolk ONA
is still nnt,glaarw‘arachst (1974) suggasts that thé(yolk DNA

probably ariginateé Fgom the liver of ?ha Femalq. than the liver is

most active in the‘$vnthesis gPVvitallogenin,'many nucleated red
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blood celis and liver cells slong with the blood stream coms to
the oocyte and thefe DNA is probably taken up by pinocytosis into
the growing oocyts and incorporated into the yolk platslets.

' In comperison to DNA, the RNA sccumulation in thg oocyte” of
oviparous animals {s exceedingly high., In a single sgg of Xe laevis,
the RHA content is about 3)(1:!4
somatic call (Brouwn é Littna, 1964), This large amount of egg RNA

times highor than the amount in its

Ls-méinly peR A wh@ch is about 95% in the amphibian ococytes, Ouring
,vitelibganeaia, a heavy synthesis of tha 283 and'183 RNA tokes plg#a
in the nuclaar sap which move into the nucleolus._?hay Pinally ‘\
becoma sggregated into the larger ribosome subeunit at the end of
tha aasembly process (aenis, 1974), The accumulation of rlbcsomas

in this way i3 as high as 3X136

times as in a liver cell in X, 522!22
(Denis, 1974), t=RNA and ONA like RNA (d=RNA) also accumulate during
vitellegenasia. The teRHA ameunt in anphibian cocyte corresponds to

a ratio of about 10 molscules psr riboaome and accounts fPor about

2% of the total RNA present ih the maburqﬁ(aacyte (Mairy & benis;
1971) d=RNA i rspoxﬁéd to account for 2-5% of the total RNA in an
amphibian égg‘(bavidson & Hough, 1971). The true nature of this ONA
l1ike RNA is yet to.bo properly understood (Denis, 1974). Some
e#idancaa;indicata that these are noﬁhing’but'mBSSQnger RNA uhich

are present in'g_maskad form (mm RMA) (Tyler;, 1947)., mm RNA in. the
sea urchin oodcyte is\ahomn to contain the informgtions reqdited for
'the<synthasiS:a?'savegel proteins and enzymes involved in the process
of DNA replication, eoll divisien and embryonic metebolism at a vary
e4arly stage o? dauQIOpment. In the snail Ilyanasa obsolata. cleavags

A

and gasttulatian scecur in presance of actinomycin-D which is a

protain synthatic inhibitor at t:ansc;iptional stags (Feigenbaum &
Goldborg, 1965). ln‘insect aggs too, development procesds upto
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gaStrUlatien aftar injection of Rctinémycinsﬂ into the sqg
(Lockshin. 1966). Similar results have also basn reportad o~
vnamatodas (Kaulsnas & Fairhairn, 1966) and in amphibians (Danis,
,197a). Howsver, tharse is no diract gvidence convincing the true

meRNA nature of the d=RNA in thase animals (Dsnis, 1974).

The mature/!oocyte with its réaérve yolk materials remains in
a dormant sﬁata~till fartilization, fertilization induces many
physidal and physiologiéal mani?eshaﬁions making the zygote highly
active (Balinsky, 1976). An immediate viaible morphological change
uhich ocecurs ?ollowing Fertilization is the smalling of the eqg dus
to water 1nbibition which might be neaded to accelerata simultes
n30usly5 ths ambryonic metaholiam. Rapié cell division and drastic
hiochemical changes have been reported by saveral workers in
different oviparous animals. Yhe wat weight and dry matter content
(OMC) during tha davelapnant 1ndicatat§tha gross constitutional

changes in the developing embryo due te metabolism,

The metaboliém of deposited food materials takss placs partly
by its degradation to relsase snergy and partly utilized in the
aynthosis of gi?ﬁérant biomolaculss aﬁd cell organsllas, The total
protein conééngiatinn temporarily daétaasas after fortilization due
te-prdtQQLVSis‘o? tha,yolk in the sea. urchin (Metz & Monroy, 1967).
Protain ia the ﬁuildiag block of all kinds é? biclogical structurés
and also acts aé»biolégical catalysts in Porms of enzymes to‘acdaleﬁ
rate-bﬁachemical #eactions. Hance, among the various substancesg
synthasized during development, protsin occupies a central placs
 (Paul, 1974a). The lavel of protein synthesis increasgs significantly
after Pertilizatibnfin séhinodérh egé (Epel, 1968). Howsvery in
“amphibians, p:qﬁgin éyntheaia begins at the onset of cleavags
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(NayPakh & Abramova, 1974). Synthesis of nsw proteins bsgins enly at
gastrulation inm ssa urchin (Brandhorst, 1576) and Xenopus (Ballanting
gt aly 1979). In the sarly stages of development, protein synthesis
involués:only translation and not transcription. This has bsen
ovidont Prom the fact that udsae of specific transeriptional inhibitor
ceuld not gtcp.the development at thé'ééély stagas (Paul, 1974b). The
mm RNA accumulaﬁedVGUriﬁg‘OQgeneais porhaps gets activated and
translotes the peotoins in the sarly stages of dovelopment (Brown &
Gurdon, 1964). o

Synthesis of chromosomal DNA Segins soon after Pertilization
and continues in theo further stages of davslopmént (Brachet, 1974).
DNA polymerase romaine present in the cytoplasm and moves to the
;ucleus at sach cell division to bring about the replication of DNA
(Srachat, 1974). Mitochondrial DNA (m=DNA) is also reported to bs
synthesized during the sarly cell divisions in the egg? of Xenopus
(Chase & Dawid, 1972) and sea urchin (Brasch, 1973). An extremely low
level of RHNA synthesis has besn deotocted in unfartilized gchinodsrm
agg (Levnar, 1974) and the synthesis of this bocomes measurabls only
after Partilization (Mizuno gt al, 1974). The thres typss of RNA
(r=RNA, t=RNA and m=RNA) synthaosis commances at diffarant poate
fertilized stages. Activation of r-RNA synthasis doss not occur during
¢leavags in sea urchin and amphibians (Brown & Littna, 1964). The
ribosomal gones becoma active at the beginning of gastrulation {Abe &
Yamana, 1970) but the total r-ANA goncentrétien inersases only after
the end of nourulation in aschinoderms (Brown & Littna, 1964§ Denis,
1974). In Xonopus, ths r<fNA content doubles only by ths time of com=
mencement of feeding of tadpoles (Brown & Littna, 1964). Synthesis of
t=RNA begina a fow hours after the synthesis of E=RNA (Brachet, 1974).
Now m=RNA synthesis in amphibians starts during—éérly cleavags. Howsve
in sea urchin alonguwith the synthosis of now meRNA aftor 4«cell atags,

tho oxisting opocios of m=RNAS sre also synthosized in the dsveloping
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embryo (Tyler, 1967). The.gradual synthesiS'bf different typss of
RNAs aro necessary to synthesizs the spactrum of differant proteins
neadad for diffsrentiation after gastrulation. Calls which difforens
'tiata-along a specific line areiapparantlxﬁcharacterizéd by the

’ spectrum of specific proteins they synthesize (Paul, 1974a).
ptedominant-synthesis~o?*hemaglobin takes place during erythrocgyte
differentiation and muscle proteins such as actigland myosin ara
salectively synthesized during myogenasis, Therefore, differantige
tion is vigwed at”ﬁhe molocular lgvel, as an ordsrly appearance>o?
diffPerent spacies'o? proteins. The sequential appearance of differsnt.
proteins has bgen known to be due taisequantial activation of ;
specific sstae of genes during di??erént gtagss of embfyonic dovelope
ment (gbrdon. 1974), Besides the synthesis of proteins, the

syntha;is of‘qétbohydrates and llpidaAara also important for the
ambryonic deuef%pment (Love, 1970). Houwsver, Balinsky (1976) considers
the synthasis of carbohydrates and lipids less important than the
synthasis o?»pgotein and its machinery, becauss synthaesis of
carhohydratés,aﬁd lipids gcour undarlﬁhe control of enzymss which

arse /7 protein in naturs,

‘ The patterns of intrinsic regulation during ontogenic
development of the oviparous animals have besn elaborately discussed
in the schinoderm,_seaeurchin and the amphibian,.Kanapus.laevis’

(Tyler, 19673 B;acﬁétg 19743 Donis, 19743 and Paul, 1974b). The

informations available on the intrinsic regulation of the davalob&
mgntal process in-fish ara comparatively much lssser than echinoderms
and amphibians. Tha bulk of the study so far dons, has basen confinad
to the salmonid épacﬁasg modaka (Oryzias latipes) and the loach

(Misgurnus fossilis) (HeyPakh & Abramova, 1974).
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The fish egg is & closed systenm (Needhah, 1939) and its
developmont is dapendenﬁ on thé yolk-and other materiasls deposited
during oogsnesis, The deposition of materials.ih;the devaloping
oocyte takes placo at the expesnse of the materials from other tisaueé,
such as 1iver~and_muscls. Tha dapl@tiﬁn of spaci?ic~cowponanta liks
glycogen, protein, lipid, nucleic acids'and amino acids in Iiuér and
nuscle tissuass of various fPishes have been establishad during the
period of sexual maturation (Love, 1970). The major portion of the
deploted substances are mobilized Lntd’the serum and subsaquantly‘
dsposited in_ﬁhavdeVQloping oocxtes;tﬁ part of the depleted substances
are also utilized for ensray production during maturation, Yolk
Tcomprises the major bulk of the matura;)oocyta in fish and consists
of mainly phoaphoprotsin and lipOproteina (Campbell & Idler, 19763
Hara & Hirai, 19785 Hori QE;EL;;1979)' The' mechanism and site of
synthasis oF'yélkjlﬂ fish have béen-ghomn to be similar to amphibians,.
Vitellogenin is tﬁa yolk pracursor in the goldfish, C, gunatua‘(De
~ Vlagming gg,gg,_jaae) and in the catfish H, fossilis (Nath &
Sundararaj. 1981§ Sundararaj & Nath, 1981) and its synthasis occurs
in liver 1n.§espohsa to gstrogen stimdlation. It is transported by
~ blood to ovary where it gots deposited in the socytes in form of
..yolk platelats. Tha yolk platelets are ?nrmad inside the modi?ied
mitochondria (Yamamoto & Gota, 1967). The deposited yolk gots
ssgragatsd P:om the cytoplasm and concentrates in the inﬁ apior of the
2909 in teleoats, while most of tha cytOplasm forms a thin surface
layer covering the yolk (Yamamoto & Oota, 1967). Fat also gots
deposited in the form of large droplets inside the yolk mass
(Balinsky, 1967’. |

Accumulation of a large amount o? DNA and RNA has also baan

reported during OOQenesis in ?1sh liks other oviparous vertebrates
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(NeyPakh & Abramova, 1974). The amount of DNR deposited varies Prom
183 to 3X104 timos highe? than the DNA content of a diploid cellAin
loach and sturgeon, Still highsr lsvel of DNA content has bsen
roported in oocyte(S of trout, 2: gairdneri and E: trutta (Hagenmaior,
19693 Zeitoun g% al; 1977) and in the Indian catfish, He, fossilis
(Sarkar g&ig;g 1979). The tOtal»émouqt 6? RNA in matupegﬁoocybe has

bsen reported to be 2.6 = 2.8 pg in loach (Neyfakh & Abramova, 1974)
and 77.2 po in rainbow trout, S. gaiiﬁhsri (Zsitoun st al, 1977).
Ths bulk of RNA in loach helongs to féRNﬂ whareas t-RNA makeé upto
about 1.5% of the total RNA. The rest of the RNA is DNA like RNA
(NoyPakh & Abramava, 1974) '

The parmeébiliﬁy oF‘the chnrigﬁic membrane changss on fortie
lization allowing only uater. urea, glucose, salts and cartain dyas
to snter the egg (Blaxtar, 1969). Fertilization also initiates
ssveral matabolic;agtivities rsau%tiqg in changes in the water
- content and Qﬂﬁ'in-khé'davelopingvambfyo of all animals (Balinsky,

- 1976). Obéarvatiqns on varioug:apeoiés o?'?ish, such as C. c5rpio_i
(Pefdz ot al, 1976; Moroz & Luzhin, 1976), 3. salar (Hayes, 1930),
Se geirdneri (Suyama & Ogino, 1958) and 0, keta (Yoneda, 1977)jahdmad
4that the wst wsight of the embrvea ihcreases significantly at N
fortilization and at hatching it docreasas. This increasa and
decrease are, to a large axtent, dus to the Pormation of the peri~
vitelline membrang at Pertilization and its elimination at. hatching1
respactively. The water contant is genarally increassd with d90910p=
ment except for the loss at hatching‘(Love, 19703 Pefldz st al, 1976).
Such increaéeAhaa}mefabolic implicaﬁibns. Water is an eésential
cnnatituent o? a living cell prouiding the aquatic media Por
metabolic reactions to occur (Harper gt al, 1979). The DMC, on tha

other hand, follows & reverse pattern than the water content,
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decreasing with development (Faustov & Zotin, 19655 Pedsz ot al,
19763 Moroz & Luzhing 19763 Johns & Howsll, 1980), The DMC in the
embryos mainly repressnts the vast yolk reserve of the egg (Johns
& Howsll, 1980), The altsrations of Qﬂg during development indicate
the rateé of yolk utilization and synthetic activitieos in the émbngs;

 The available 1h?ormétions,on}the changes in total protein
content of ths dsvalopiné Pish embryos do not Pollow any definite
patterns In ona;epaciea of salﬁon'(zf'gai:dneri) the protein content
increased at ?extilizatian and thon réhained coﬁstant till tho proe
hatching stages. At hatching it declinsd significantly (Zeitoun
33;93,11977). In anothar spscies of salmon (Se trutta); the protain
content graduslly daclined with davelbpﬁenﬁ till hatching to halP
. the concentration prosant in the sgg (Phillips et al, 1958; Suyama &
Ugino, 1958), The protein contant in tha common carp (C. 535232)
drastically decreaaed at Pertilization and was maintainsd at/gn
unstabla»lével till hatching when igiinq:eaaed sigbi?icently (Magnz
& Luzhin,,1976). Sarker g&hga‘(1979).aéported in Indiaﬁ catfiah,
H. Pesailis, a continuous incrsase in tha protein content during
dovelopment, Protain synthasis and utilization of ths yolk also
‘shows wide" variaticns in the developing stages of dif?erent specias,
Protedin synthesia in loach sgge is ngt activated gt fertilization or
during sarly cleavagse. It starts afblastulat;on and becomes intense
during late gastrula after which it ?alls. It increases again during
pre=hatching stages (Ney?akh & Abramova, 1974)+ In salmon
(s. gairdnari), the pattern of protein synthesis was diffarsnt but
similar to ita péttern of protein content during developmant
(Zeitoun ak al, 1977). The synthesia of protein is mostly accomplished

in blaatodarm cells and can alao ba detscted in yolk mitochondria
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(NeyPalkh & Abramova, 1974). In the-early.stages of development,
£ill the late blastula (Nayfakh & Abramova, 1974) or till the
beginning of blastulation (Sarkar gt al, 1979), the synthasis of
protein is suggested to be indapandan} of nuclear control
(transcription). It procesds at the expense of templates (DNR like

RNA or mm RNA) stored during oogenesis,

The ontogenatic pattern of the individual amino acids also
‘does?not.ghom’uni?ormity in different fish species (Lova, 1974)
The biggsst allfrohnd'change of the fPrea amino acids takaes placs
from tha 8gg to the larva. The 1ncreése or dscreaase of ths fres
.amino acids may be the not result of the yolk dagtadation and
protein synthesis (Zeitoun et al, 1977).

“Iotal.QNA content per embtyo‘ddes nﬁt increase linsarly with
qellvmultipL;cétianm Thisihagpana maihiy dun to the highar accumyes
| ;ationiof DNA.#n the cv@oplasm of egé during ébganesis. The rola:oP

tﬁia'DNA haé hqt.baaﬁ slaétly undersfpo¢ (Dontsova ot al, 19703 :
Zeitoun gt g;; 4979; Sarker ot al, 1979). Howsver, the nucloar ONA
steadily increases mith deuelopment. Synthesis of new DNA has ﬁaan'
shown to bagin at the earliest cleavage stags (NeyPakh & Abramoua,
1974). Phelaomycln. a potent inhibitor of DNA synthesis,. blocks tha
_davelopmant oP H. ?ossilis at early cleavaga stage indicating that
new DNA ayntbesis 19 easential for cleavaga during early deuelopment.
Differaent apecies.aﬁ_ﬁish, howsver, show differant patterns of

alterations 1n;t0£gl ORA content im the dsveloping embryos.

Accuniulation of .a large amount of RNA in the maturg egg has
basn known in figshes. This RNA population consists mainly of r<RNA
and mm RNA or DNA like RNA, Synthesis of naw RNA starts from the
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cleavage to blastula stdge iﬁ.differ@ht spaciss of fish (Timofeva
& Kafiani, 1964; Nayfakh & Abramova, 1974; Choudhury gt al, 1979).
The sequance of synthesis of difforent typas of RNA also varies
in diﬁ?ereﬁt Pishes. In loach, t=-RNA synthesis begins first,
followad by meRMA synthasis at the sarly and mid=blastula stages,
wﬁeraaaqin‘ttout. r<RNA synthesis starts first (Neyfakh &
-Abramovag; 1974). Ths changes in totai‘RNA content per embryo alse

varies in different species of Pishe

Extrinsic rogulation ¢

In axeefnally doveloped animals, the 'intrinsic control!

. is Purther regulated by the axﬂe:nal,éactors of the environment.
The ganomiclax@:essicn in fish is knﬁ@n to be very plastic in
nature and it §itgraELin rGSponse‘to'changes in the environment
(Hochachka & Semero, 19733 Vhitt, 195t9¢ The various metabolic
procesass which comprise ths '1ntrinéie control' are basically |
.ehemiéal in nature_and are govgrnéd-by the physical lawse. Altera=
tions in di?fété§£ éﬁv1ronman£;1 ?aoﬁors influence the rate of
dovélopmaent and’aUrQiVal of the ?1sh?§mbryo (Blaxter, 1969grLova,
19703 Braum,; 1978). The metaholic-activity is also shown to alter
with the change iﬁzanuironmental conditions, theraby influencing
the chémical-consﬁiﬁdénts-OF the dewélap;ng embryo. The rate of
oxygen consumpt@ﬁnvhas been usad by mén§-workers to show the
metabolic va:@aéipns-undat di??erent‘snﬁironmental conditions . -
(Blaxter, 196%). Direct studies on metabolism of different chemical
substances during fish dovelopment under variable conditions o?
environmeant are limited. Studiss on the adult fishas, howsver,
show that metabolic changes with variations in snvironmental
conditions ars more complex (Vernberg & Vernbsrg, 1972; Prosser,

1973d« During the biochemical adaptation to snvironmsntal changss,
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someﬁmaﬁabolic.pracesses are activated to a large sxtent, some
roemain uﬁchéhgedwand some others ars reducsd in activity
(Hochachka & Somaro, 1971)+ There are a few informations auailable
on the yolk utilization of the fish embryos undar different
snvironmental conditions \hinne, 1970, 1977), Yolk is most
a??iciently utilized at cartain optimum temperaturs which Palls
someuhere in the middle of the thetmal‘tcisrance range. Above and
' balow the optimum temporature, metabolic utilization of yolk is
ptoportionately greatsr than its utilization for tissue foermation,
resulting in smaller larvas. Houwsver, there are reports of temper=-
ature independent yolk utilization during development of soms

- ?1ahas. Johns.aﬁd Howell (1980) noticed that in wintsr flounder,
P. dentatus, degradation of yolk and yolk utilization did not vary
at two éxperimental tamperaturgfof.16°-and‘21°c. Hood (1932)
reported temparature iﬂdepsndant.yolkfutiIIZation efPPiciency for
trout (§, fario) embryss when incubated at 3°, 7°, 10° and 12°C,
Similarly,-hha gmbryos of B. icistia (May,.1975b)‘and yellowtail
Plounder,Ls ferruginea (Hows1l, 1980) do not show any temperature

/\
dopendence on yolk utilization within the zons of tolerancs. The

possible mechanism for such temperature independsnt yolk utilizae
tion has been related to some physiolégical ad justments, resulting
in an equilibrium between the rate at which yolk is degraded for
energy rtequirsments and the rate at which it is converted for
synthesis of othor substances (8laxter & Hempel, 19663 Johns &
Howell, 1980; Johns ot al, 1981). The efficlency ef yolk utiliza=
tion has baan sesn to be different under different salinities (May,
1975b) and variabla oxygsn suaply (Harmor & Garsidas, 1977) in
differant Pishas. Therefors, the watsr content; DMC and concentra~ '

tions of different chemical constituents in the agg not only



changes with developmant but also varies with environmental

changaé and also in different species,

Plan of work §

~ In the earlisr chapter it has bsen reported that the rate
of davalopmeﬂﬁtand:sdrvival of tho two carp speeciss (C. carplo &
L. rohita) were lowsr at the higher altitude. The intensity of

the impact of high altitude was more in rchu than in scale carp,

' Besidesy the informations on the blochemical alterations during

ontogenssis and ths offact of snvironment have been very less in
froshwatsy fishos. Therofore, the present study has bean planned
to find out the pattern of changes in some important chemical
constituents during the early development of the two carps species
at a favourable low altitudinal (100 m ASL) environment at Gauhatd,
and at highar altitudinal conditions at Shillong (1500 m ASL) or
Mawpun (1000 m ASL).

~ Ths following atudiss have baén conducted.

1) The wet weight, water content and dry matter content of the

developing embryos have bgan estimated.

2) The concentrations of totals, total solublee; cytoplasmice and
mitochondrial= proteins have besn measured during the process

of dovelopment.

3) Quantitative and qualitative alterations of Pree amino acids

have been followsd in the developing stages.

4) The concentrations of total DNA and RNA psr embryo have bean

estimated in different developmental stagss from egg to the y -
freshly hatched larva of the two spescies at low and high (}
altitude,

~
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MATERIALS AND METHODS

The eggs and émbryos obtainsd from the 15duced breading of
scale carp (Cyprinus garpio) during March, 1980 at Gauhati and
May, 1980 aﬁVShillnng and of rohu (ggggg,roﬁgtgd during June, 1980v
at Gauhati and August, 1979 at Mawpun (Chapter<1) wsre used in
the following studies. .

Fixation of atages 3 ,
Unfartilized eggs wsre obtainsd by stripping thse Feﬁales
~ immediately after spawning, Fortilized eggs were collected within
1015 minutes after Pertilization. The subsoquent developmental
stages of bqﬁhvﬁhewapscias were ?olloﬁed as describead in Chaptere{.
About 500 émbﬁyoa:of sach stage merevgapidly removed from water,
4 Pput ssparately in chilled bottles andiplaced inside ice in a
?.thermqs flaske Eﬁe éollacted Samples ware brought to the laboratory
" and kept at =15°C t411 the snalysis was made. The neuly hatched
embryos (sﬁage&ﬁsb) @ere collacted aftpt about 2 hours of the Pirst
gccurrance o?:haﬁchibg. In rohu,.emb:jos of this stage (stagaé15b)
could not be ¢ollactad from high-altiﬁﬁde becauss oniy a few
numbers of gha_posﬁéhatchéd larvae wore obtained in the only

succassful brsading at Mawpun as describsd in Chaptorei.

Samples‘of 10215 deap frozen eggs or sesmbryos of each

developmental stsgs ware thawsd at room tegmperatures The water
sticking td the outer membrang was removed by rapidly drying on a
filtor paper. The wot uwsight of the whole sampls was dotermined by

using a single pan electrical microbalance (Ko Roy ModalﬁK.16){
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The dry matter content (DMC) was then determinsd by drying it at
60°C, till o constantrweight was reacheds DMC mas substracted

from the wet weight to obtain the water contents

56&6@ 699p fpozen 8gqs or embryos of each dovelopmental
stage were thawed on ics and 29% homoganetes of sach sample were
prepared in. tcewcold 04012 TriseHEl buffer (pH 7.4) using a pra-
'cooled &all glass hand operatad Pottar £lvsh jem type homogenisar.
Total protein, DNA and RNA woro sxtracted Pollowing Schnaider
(1957). |

. The schematic sepresentatioﬁ.o? the extraction proceduro

~ ia givaen below.

Homogenéte (20%) in ice=cold 0,012 # Tris=HEl buffer (pH 7.4)
#—1cgqce;d HGIG4 (60%) (1(H)210) kept in ice ?or 30°¢

Centrifuged at 2,000 X g for 157
at 0¢2°C

Residus - Supernatant
B e n

+ 1ce-co1d Hee, (6%) (1(H)1245)

Centrifuged at 2,000 X g for 15!
at D+2°C

ZJEW"‘ e - i H~;tj |
Rosiduse Supernatant
| )"

* athaﬂﬂi (95%) (1(H)32.5)
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Centrifuged at 2,000 X g for 15'
at 042°C

, — 7 L -
Residue , Supernatant
. - (35
"» athanolnather (1:1) (1(&):1)
warmad at 60°C for 15' S

Centri?ugad at 2,000 X g Por 15¢
at 03;2“(: '

B - }1 ——
Rgsidug - - Supernatant
s ,34

+HC194 (10%) (1(3):2.5)

Heated with occasinnal stirring with a glass rod at
9o°c Por 15

Cenﬁri?ugad at 2,000 X g for 15!
at Gg?“ﬁ

Raesidue " Supernatan
pRee - | 50

+ H6194 (5%) (1(H)s1)

Cantri?uged at 2,000 X g for 95'
|at 0+2°C

Reéidué;s' . - Supetnatant

(5,)

* SUOTFBLTISE YNY
pue yyg 304 pPeYooy

diaso vad in KOH
(1N) 1( 1)31)

used For agtimation
o? total protein,

Bs Extraction o?rtoi“

The soluble protein was estimated in a 20% homogenate of
about 100 egos or émhryoa of sach dovelopmental stage made in
fce=cold 0425 ¥ Sucross solution.



. cs) and Mitochondrial (ms) protofn$
A 20% homogenate of ebout 100 =gge or embryos of sach stage

was preépared in icescold 0.25 M Sucrosaes The 20% homogenate of

sach stage mae»éahtriﬁugad at 608 X g at 022°C for 15 minutes and
the residus was discarded, Tha,supaxnétant'was again centrifuged

at 14,000 X.g for 30 minutes to sediment mitochondria. The
éuparnmtant thﬁs obtainod was used for the estimation of cytoplasmic
.protein. The mitachondrial sedimant waa suspendad in 0.25 M Sucrose
;sulution;to make 20% suspansion with the help of a glass homogeniser

and mitechondrial protein was astinated.

free amind%aeida wara oxtracted Foilnming the method of

; Buslow'(196?)qv49;50'qggs or smbryos éP each developnental stags
werse homagnﬂiséd‘in’iéﬂs%'ethanol and 041N HEY (131). Aftor the
sampls was cdqied in ice for 30 minutés; it was centrifugad at
2,000 X g Por 20 minutes. The clear supsrnratant was used for

qualitative and quantitstive estimations of Prse amino.racids.

Tﬁtalg‘aﬂiUblé‘(S!), cytoplasmic (c=) and mitochondrial (m=)
protains were estimated following ths method of Lowry gt al (1951)
using Bavine Ssrum Aiquin (83A) as the standarde A linsar standard
araph was obtaxﬁad using 10 to 70 pg of B83A. |

Bf Eati tiqn of fraoe a ino acids

-Falloming ths mathod deoscribad by Spiss (1957). Glycine 4in S/ug to

30/ug concentratiens was used to prepare a linsar standard graphe



'8 Ascending twosdimentional

paper chromatography was employed for the qualitative detection of
amiﬂoéacids. Extracted dsmples containing shout 100/pg of free
aminosacids wers applied as a compact spot on Whatman Paper Noe 1
using a mibgggéjpatta. n»butanol@glacial*acstic acidewater (4:135)
was run a? the .Firet solvent for 10 héuzs and water saturated phenol
was run for 8 hours as the sacond.salﬁant at room temperature (23
25°C). Ninhydrin solution (0.25%8) in'ﬁﬁ%_ethanol was ugsed as the
colouy develébing reag@nt. Different éﬁinaéacids were 1denéi?ied'
- by comparing the RP values of the 1ndividual amino*aclds with the
fgstandard chrcmahogram. The standard chromategram -was prepared in-
;:tha same. way as described abova using standard aminq/acids (8DH,
England). ﬁf”“f |

1, : \B_\Quantitative) 3 Quantitetive astimation
| }"o? the different amino acids idantified by paper chrnmategraphy

: wore quantifigd.;nd;vidually.falloming the method as describad by
| Habibulla'(iéfd)'”ﬁech aminmuacid Spotg'a?tar identification, ﬁés
cut and sluted in 2.0 ml of 95% sthanal containing 0.1% Cus0, (5 1)
The elution was done by centrifuging. at 1,000 X g for 3 minutes. Tha
intensity of the colaur was measured gt 610 am ‘in a double beoam
Spec‘ttaphotq'métsr (Baskman Modalvwzé).:fhe quantity of the obtained
E.Xndividualaaéiho gc£d~mas caleulated:érem a standard graph.&y
“spotting 10, 20 and 30 ug of sach standard aminoCacid (80K, England)

and amployxng.similar treatmaqta‘as described for the unknown sampleoe

C‘sfstim‘t n of DNAﬁg_p RNA ¢

DNA and- RNA ware estimated by diphenylamine and arcinol
method respectively, Pollowing Schneider (1957), Calf thymus DNA
in ccncantraﬁioné réhging Prom 50+200 ug and yeast RNA in
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concentrations ranging fron 10a50/ug were uspd to prapare the

standard graphs whiéh wsre linsar.

Chemical~and biocheéicals S

All chemicals and bzochemicals used uwsre of analytical
arade, purchased from either Glaxe Laboratorias, Indiag BDH,
England; Signa Chemicsl Company, U S. A., €+ Merck, Germany}
Cantron Leboratories, India; LobasChemie, Indis or C.8.1.R.
Centfe for Biochamicals, India, Double,giass~disti119d water

was uszed fat’allfaskimations.

Exprass;on of data 3

Wat meight, dry matter. contant, protein and total free
aning acid‘of.eachwdevelepmental stages wore pressnted as mg
par embryd- waﬁer gcontent was axpreséed as psrcentage. of the
wat‘waight‘c? the ambryo. The individual amino acid was prasented
as pesrcentage of total fres amino acids. Nucleic acids were shouwn

88 pg ONA or RNA per embryo,

Statlistical analysis ¢ .

Tha data thained from 4=5 sats of observations yers
statistically analyssd according to Sailey (1965). The mean and
standard deviation ($.0.) of the mean. Por each sot o? data. and
the lavel of significance botuwsen 2 sets of data were calculatsad,
p valuas at S-peréenﬁ or lowar for 2 sats of data wsre taken as

significant.
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RESULYS

The results on the altsrations in the wet weight, dry |
mattor and.petceng water content of the smbryos of ths two specias
of carps.athdiﬁ?arant altitudes are prosentsd in Tablese9=11 and
Fins. 6=8,

It could bo sesn that the wet Qéight (Table=9s Fige 6) of

g and L. rohitg wers between 146
147 mg and about D.87 mg, respectively. There wes no significant |
variation in their woighta at the two altitudes studied. In scale

the unPertilized ogg of G gagn

carp, the met-meightfo? the»egg*suddeniy.incteaaed after

| Portilization (25%) and this econtinuad significantly at Gauhati
till tho stage=3 after which tho level reachod a plateau i1l the
proshatching stage (153). At Shlllong, the inerease. in the wst
weight of the scale carp embryas was biphasic in nature. Once 1t
increased (18%) at Pertilization and again (about 10%) after stage=
11 till the pre<hatching stage (15a)e Between the stage=2 and 13,
the wat weight of ﬁhs scalo carp embryos ma:s_significénhly higher
“at Gauhati in ébmpa:ison to the high altitude; and aftor that ths
difPorences ware insignificant till hatchings In rohu, there were
significant increase in tho wst weight of the embryos after
fertilization ﬁill stage=3 in béth tha altitudes, It remained
almost constant till the preshdtching stage (15a) at Gauhatie.
Howaver, at Mawpun; the wet weight of the embryos started

dacroasing significantly from astage=11 till hatching.

In ali ¢aéeg@ the wat weight suddenly decreased on hatching

to g level betwsen the weight of unfertilized and Partilized eggse
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The dry mStter content (DMC) (Table=10§ Fige 7) was 31.6%
and 33% of the wst waight of the scale carp at Gauhati and Shillong
rospectively. In rohu, the DMC was comparatively higher than the
scale carp eqgs anﬂ was about 43% at both the altitudes. The DMC
gradually decreassd after Portilization in all cases showing
ganaraliy a biphasic pattern. One signifieant decrease wad observed
aftar fertilization and another generally took placoe aftsr nourulae
tion (staga¢11)@ Thore was not much variation batwsen ths rohuy
embryos at twp altitudes whereas in scale carp the DMC of the

embryos at Gauhati wore generally higher than those at Shillong.

The overall Jactaase in the DMC from the unfertilized egg
till:ﬁatching was 3032% in scale carp and 40«S4% in rohu at both
the altitudes.

The pereéntagé'mater content (Tab19611g Fige 8) in the
unfortilized og9g of scale carp produced at Gauhati and Shillong
wore 68.39% and 66.,98% rospectivaely. In case~af.rohu, the valuss
- wore about 56.9%-ae~b§th Gauhati and Mawpuni.fhe:e was a Sudden
increase in.the-parcent.watér content in all cases after fPertili=
zation and then a véry slow increass continued till tharpreéhatéﬁing
stags (stags=15a)s At hatching, the water content significantly
decreaassd, Homavs:; in rohuy smbryos, there was a sudden increase
(10.24%) in porcent water content at stags+10 at Mawpun which
remained significantly highor than the correspobding valuss at
Gauhati. The increass at Pertilizatidﬁ was in the order of 10=12%
in scale carp and about 9% in rohu at both the altitudas. Excaept
betusen the stags=11 to 15a in rohu, thers was no significant
altitude related differance in the percent water content in the

embryos of the two species studiad.
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'Pratein,content $

‘The levels of total, soluble; cytoplasmic and mitochondrial
protein were astimated at different gtages of dovelopmont in scale
carp and rohy at different altitudes (Tablese12«15; Figs. 9=10).
in all.parametéfs and in all casssy ﬂﬁé‘érotein content in scale

carp embryos wers higher than the tahu..

The paﬁtérn of changs in total, soluble and cytoplasmic
protein lavels, in genéral, follound similar pattern of change in
scale carpe There were significant sharp decreasse in protein
lavels in all cases of Pertilizatioﬂ»mhidh were follouwed by a slow
decroasing pattern till stage=7. At stage«8 (Blastual) there was
an-enhégcement in the concentrations of the proteins which started
decﬁeasing égain till the neuwly hétchad larval stage. There was
not much differencs in these protein lovels in the sarlier
dovelopmental stages of scale carp at the two altitudes studied.
Howsvar; the total protein level bacame signifiecantly lousr at
pra=hatching (15a) and early poat=hatching stage (15b) at the
higher altitudes The lovels of soluble and cytoplasmic protein were
gignificantly lowsr from stage=12 till the early postﬁhatéhing
stage (158) of the scale carp embryo at higher altituds. The
dacrease in cytoplasmic protein was more prominent in comparison
to the dacreoase in total and soluble protain 190919 in tha later

developmoental stagss at higher altitude.

In rohu, the thres protein levels also declinad very
gsignificantly immediately after fertilization and continued to
decreasa slowly till stages? at both the altitudes. Tho protein
lavels started increasing in sll cases botween stage«8 ard 9, This
increoase continued significantly Por total protein at Gauhati till
the preﬁhatching stags (15a). Howsver, for soluble and cytoplasmic



proteins the conecentration showsd an incrsasing trend only till
tho stage=14 aftaer which they remained almost unalterseds At Mawpun,
the concantrations of ths three groups of proteins again dseclined
at neurulation (stage=1t) whicﬁ=weréfréstored in case of total and
éoluble proteins. However, the cytaplasmic'ératein level declinad
.continuausly till the stage~15b. Thusy the concentrations of the
three groups of proteins mare aignificantly lower from stagesi1

- onwards in rohu smbryos at higher altitude (Mawpun) than those at
Gauhati., )

The mitochondrial protein lovel, on the other hand, went on
incpoasing from the‘zygoté stage tiil tha*GOmplation d? hatching‘
in the embryos 6f both the species at diPPerent altitudes studied.
The level significantly incroased at étages-12, 15a and 1Sh at
Gauhati and stage=13 at Shillong in scale carpe Housver, the
mitochondrial protein levels in,rohd'embryos significantly increased
from stage¢9 dnwatdém There wore "°§:W“¢“ differsnce in the -
mitochondrial protein,ccneant:ationé«cf tha embryos at the two

altitudas in scale carpe. Howsver, the same became significantly

lesser at higher altitude in rohu after neurulation (stage=11)
t111 hatching.

. _ _ ; $ The concentration of total free amino acids
was found to:ba.ﬁigher-in the different developmaental stages of
scale carp than‘tohu (Table=163. Fige 11)+ On fertilization, the
total freéee amino acid level increassd at both ths altitudss in the
tuo speciss. This enhancemant was more proninent in pohu eggs than
gcale carqig In-rahu, the increase was about 67% aﬁ Cauhati end 31%
at Mewpun.fﬁuwéveé, in scale carp the increase was much lgsser as

about 6% at Gauhati and 9% at Shillonge.
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TilljstqQaas,igp both- the spscies, the total fres amino
acid lsvels in the embryos were eihﬁsr aimilar or more at Gauhati
than at the‘highép altitude. Thae pattern got roversed from stage=9
onwards %han the levels were higher at higher altitude than that
at Gauhati. In both thu speciss at Gauhati, thors was a eignificant
docrease in froe amino acid lovel bstwesn stage«8 mhich’contihqéd
to decraase slémly in rohus In scale carpy the level ment‘ua.aggin
at Gauhati Prom stage=12 upto stage=15a (preshatching stage). At
Shillong; the amino acid lévele? scale carp embryos went up very
g;qmly upto stage=10 after which it éhomed a very quick increass
upto the pra=hatching stage (15a)e In rohu, the level was higher
at Shillong than Gauhatd with‘téo much fluctuations from stage=7

onwards.

At hétchiﬂg, the total frae amino acid level decreased in
all cases. This docrease was significant (24+28%) in scale carp
both at low and high altitudese.

Indiyid. y acids § The free amino acids mare qualitatively

sepatated by two dimsnsional paper chrometOQrephy and quantified in
di??eraﬂtvdevelopmental stages of C. garplo and Le rohita at both
low and high altitudes (Tablas=1720), |

Duyring difParant developmental stages altogethsr ssventeen
anino aclids could'ba detacted in scéla carp and eightean amino acids
in pohu. Cya.‘éhd @ys.a%ySo eouid not. be detected in scale carp and
thre could not be datected in rohuy embtyoa. In un?artilized agq of
acale carp, his. and trp. could nob be datected and only appaaraed
aftoy Fertllization. 1n rohuy his,., proog-ala», and trps could not
be dotected in the unfertilized ©gge Hisé and proe. appoared after
Partilization and alas and trp. appearéd at stage=2 (2-cell stags)

onlye This pattern was same in both the altitudas.
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Glutgmic acid mgé,one of the bradominant amino acids in
both embryos wiﬁh aspe. in scale carp and arge and ileus in rohus
Lyse, loue, alae and pro. wors present in a moderately high
concentration in scale carpfsmhryos onlye The relative concentras
tions of the Prés amino acids varied censiderably betwsen the two
species but not much botwsan the two altitudes. Different amino
acids changed diffarently during the process of davelopment in
the two fishes at the two altitudas., Some aminﬁ?acids cbntinued
to increase, soms gtadually decrsasedg some did not change and
some other Fluctuatad with the pragtass of development. The
changes were apparent at thras-ahaaes_o?.davelapment«a at
fertilization (stages=1=2), GUringlblastulation and gastrulation
(eﬁagea»7~1o)aand at hateching. ' |

At Pertilization, his. and trp. eppeared in scale carp at
both the‘altitudag;wharéas vale and=§§p,‘decreased enly at Gauhati.
In rohu, hia;,‘prﬂty alas and tepe éﬁﬁééred after fPortilization and
leval of arg. went up both at Gauhati-and'mawpun. Ilgus incroased
- at Geuhati but deetéaaad at MQWDQﬂolAﬁ Gauhati, there were decreasse
in the proportion of aspe, sere, glysy, lyse and cys. whereas st

higher altitude nons of thesa;gxcapt'aya. decreased.

At the middle stages of development (etages—7»10), most of
the amino acids ahowad some variationa in their ptoportiuns which
could be marked Fron the tables. Again at hatching (stagese15a-15b),
gsvoral amino acids ghowad definite 1ncreasea or decraasas in their
proportionse Pro. ehowad aignificant incraase in both scale carp.

_ and rohu embryos at buth altitudas, Hnuevar,vat Gauhati the. increase
was more significant than at higher éltitudeaa Basides pro., led;.

also showed significant incroase during hatching in rohu at Gauhati,
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In scale carp besides proe, ileuey mate, lyse, phae and gly.
increoasad and arge; Sorey th?., Valig loue, ty;,, hise gnd tepe
dacreasad at Gauhati. At Shillong, the proportion of ileue, 8lye,
Phee, his. increasad besides proes in scale cerp whareas aere,

arQe;y thr«iﬁaiéig‘uai., loue, tyre Anaiérp. dscreassde
“In pohu, the changes involved less number of amino acids
during hatching. Besides pros and lau., the amiho acids whose

proportions 1ncreasad at Gauhati were gluey argsy tyr. and cyss, .

" whereas at higher altituda the increase inuclved ileusy lyse,

‘tyr., trpey cya' and GySseCyse baeides pros The proportian of
ileu-. glyep vale and phes decreased at Gauhati and gluep 8erey
“met., lou. and phee dacreasad at high altituda. It is aignificant
l'to gos that at hatching olus. and leu. increased at low altituds
and decreased at higher altituds. Dn the other hand, ileu. which:
decreasad at low altitude increaeed at highar altitude.
" DNA '8 TR B
. The DNA gontont per smbryo of different doevelopmental
atages of scals éﬁfﬁ and zahu:ai;bdthélowar and higher altitude
have beenfpreaehtéd Ln Tablow29 and ?{g. iZa The pattern of change
Cof the DNA cantent per embryo was apacias spocific and aimilar at N
both altitudas. thikude showsd no aPPect except in the last thrae.
stages studied (atages-14, 15a & 15b) where in Hoth the specieaa -
~ the ONA contant was signi?icantly lnmer at higher altituds. The
| ONA coneenhration in the un?ertilizad eqg was more mith 0.593‘pg
| end De 613 pg in rohu ‘than scale carp. with B.462 49 and 0,477 Pg

at carraspanding 1awar and highet altitudaa.

The DHA cnntent remainad stable upto stage=6 of develapment

after which it started increasings In scale carp the inqregae"@aé 
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continuous with the rate becoming Paster at later stages of
davolopmant. Hémavaf,'in rohu; the iﬁcreasa was stepwise, once
Prom stage=5 to 9, next from shagewii to 12 and finally from
ataga=14 to 15be In this caaé,alsd,-fhs rate of increase was
faster in later phasaes. The éveralliincrease in the DNA content
per emb:yovinéreasad from unfertilized eqg to pre-hatching atage
(15a) by 28 and 21 times in ecale carp and 24 and 18 timss in
rohu at lowsr and higher altitudgﬁtagbactivaly. -

RNA 3
Tha total RNA contant per embryo dyring devslopmental

stages of scale carp and rohu at lomer and higher altitudsﬁ3ha¢4~
been shown in Table=22 and Fig. 13 The changes in the RNA content
we:a Spagies spaci?ic and the altitude had no effect on this

,.pgttetn of #hanga.

The RNA content in the unfertilizod egg was about 3,8 to
349 pg in E. ggsg&g‘and 245 to 2. Glug in rohus There was no
:significant change in this concantratiun till stage=10 (complotion
of gastrula) in scole carp and stages5 (16-39119 stags) in rohu.
The RNA concéntr;tiOn was higher 1n~£he.embryos at lower altitude
than highar altitude in bath fishea and these differoncas wers
.'significant generally in the last Pour davelopmental stages studied.
In acale carp, the RNA contont 1ncreased from stage=11 and in rohu
from stage=7. The ovarall increase 1n RiA content from the
unfPertilized sgg to tha pres=hatched embtya (stage—ﬂﬁa) was abnut
5 and 3% 5~t1mes in scale carp and 17 and 13 times in rohy at low
and high altituda rBSpectively. The increase in the RNA content
of the enbryus during their development was mors significant 1n

"tohu than sealé carp at both the altitudes. [
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D1SCUSS 10N

'Tha dévelopmont of teleost ?ishea. as in other animals, takas
place ?ram the foptilized agqg through a. natmork of sequential
biochemical and physielogical changes. The yolk material in the eqg
is dagradad,to provide anergy to tha grawing embryo and also to
supply zaw naterials Por the synthasis»d? now melscules during
davelopmentvand,d;ﬁ?areﬂtlat;qnq Béggada&ion'or synthesis of
' 'd£F?arant hiqmﬁle@ules éutingxgha.déhGLOpment is genastically

\programmed;‘ln:a given spacies, a speéific biomolacule is degradéd

. or syntheaized only at a specific staga of davelopmont, Thoreforao,

the altarations in 8hs different biachsmical ¢onstituents during
the early devglepmgnt-o? scale_carp.and rohy can give a gross idea
about thé‘cﬁéhgés.in matabolic'-ctiﬁities and molecular'mechanlsﬁ
- of dif?erentiatlan 1n these two Fishea. The two specles of Fishyu,
l.c.‘ggsgig'and L. rohlta. are well edapted to the altitude neater
to sea lavel whera they shouw- batter surviual. growth and ontogenic
devalopmant. Rt highar altituda, both the fPishes have shewn elther
increased mortality ar inhibltiun in their rate of davalapment ‘at
di??e:ent amb:yqﬂic.atgges CChaptarai). The studiscs on tha variations
 ’ruF different biochéﬁical coﬁstituenﬂé in the devaloping embryoa o?
| the two spacies at lowsr and higher altltuda are sxpected to throm
gsoms light on the Laterruptiona in the normal phyeiologieal and
.biochemical procesaas et the higher altitude uhich might have
rosulted 1nha-§ha.a§vegse offocts on the smbryonic devalcpment and'
survival, éajﬁépuftéd_in the previocus chaptor.
- Wet woight, dry mattar and parcent matet contont ¢
'TTrbles~9¥113_?I§s. 6+8) |
The wet uaight of any 1iving o:ganism represents the tntal(‘i}
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tiona o? these thraa paramaters generally indicate ths gross
changes in aynthasia or degradation of substancss in ths organism.
Pa:biqularly in deﬁalepmantal stagas of aguatic ovibatous animals;.
meaaurementa of these componants coﬁldAhelp to Pind ocut the rate
of utilization of the yalk for enargy production or its conuersion

ts other biomolecules.

‘The eggs of scale cafp'and :aﬁ@’cnntained about 32% and 43%
af drv matter, and the water'contggt.ﬁaé~higher_migh about 68% and
57% teépagtiuquq'fhe dé? méttet represants mainly the-laiga amount

~of yolk présant in the matur@i/ooeyta;'fhe~wat weight and total BMC
- of acale carp agg ware much higher than<:j) rohu 8qgg indicating the
| large amount oF yolk present in acale carp than rohu. The peried of‘
entogenic development is also largar in scale carp than rohu with
total hatchlng time as about S8 hrse. and 12.5 hrse respactivaly
(Gauhati, 1980). Higher yolk contant could be the reason for better
‘_adaptability of acala carp embryos to stressful snvironmsntal factors
than rohue Tha signi?icanﬁ inicreass 1n wet weight and water contant
aftar Pettlligggion.and-decraase4at.hgtchingahas bean tepprtad in
aaverallPish.aﬁﬁryoa (Hayes, 19303‘Suyama,& Ogiro, 19583;99352;3&
gﬁ,»ﬁ??ﬁ; ﬂordz“&;LUzhin. 1976} Yonada, 79?7). The Pormation of thg
fertilization membrane and imbibition o? water immediately after
Pertilization are the main causas of increasa in wat meighQiand tha
eliminatioq o? th91chorion£c msmbxang alonguwith the perivitelline
fluiﬁiduring hatehiﬁg is ths main cédsa of decrease in wet msighto
'Fettillzation is knewn ho 1nduca anégarray of molecular eventa Ln

tha agg for mobiliaing the yolk materials to maet the heavy demand

of mebabolic energy and also to start saveral bioaynthatic processes.
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Thia has resulted in a sudden and aigﬁi?lcant loaa of yolk resuls
ting in tho docroase in DMC aftor fartilization, though tho wet
weight of ths embryc incroased due to the large scale imbibitien
of water. Somo amnunavo?iehia*mater.mtght have bgen utilized in
 helping tha high rate of metabolism fn the postefartilization
ombryo, Thouéh,;thére ware uariatlahs in the wst weight of the
 postefertilization stages in the two Pishes, the psrcent water
contont remained fPairly stable with éiﬁthudinal variation. This
indicatas that the smbryonic development nesds a particular pro=-
partion of water to b maintained for normel metabolism. This, more
or teesvéonstant-levgl of wator, migﬁt have baen &atntalned by the
tegulatidn.of'the,aermeability of mafer through mambrans, Thé ?iéh
égg manbrans 1is permoable to wator (8laxter, 1963). The bME
dectsased'aiamly during the claavage:atages and signi?icanh1y 
aftor gastruiétian-(stages»?éﬂﬂ) and further stagas of development
uhich 1nvd1ve:ac&xva§y in d;f?ereﬁtiation.and organoganasis, In.the
sarlier phasss, the yolk materials might have got converted mainly
o now substances and during later stages, the,catabolic processas
to'zglaéea snargy for diffarentiation and complex dsvelopmsntal
process might.have‘daminatad ouver the synthetic processes. The wst
waight'o? the embrys did not show muych variation in rohu ana in
scale carp at lﬁmét altitude whore ths development was normal.
Hanca,'to compénéata‘tha docroased DML teotal water contont might
have 1ncraasad?ta,maineaih tho wet wsight of the embryc. Calorimo=
tric méaSurementa\carriad gut by Faustov and Zotin (1965) on the

aaggs of gb;fpas£L15@‘ﬁf astollatus and ﬁf QQLGQQ§tadt§§ showad that

tho calopific valus of the egng declinss steadily from the time of
fostilization to the point of hatching, The DMC of the eggs also

slouly decroasaed in concentrationes Similarly, in the summer Plounder
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(P. deﬂﬁatus), Johns and Howsll (1980) showsd a significant decraége
1n the yolk raeserve of the egg From ?ertilization till the late
larval development, That they attributed to itéy utilization as an
enargy aource. Studiea on the cammgn carpy B. EEEE&Ef"a"e shown
that the nswly hatched smbryes lose as much as 23.92% (Poridz ot als
1976) or 28.47% (Moroez & Luzhin, 1976) of DMC from tho level in its
un?ertilized oocytas In the prasent atudya the docreasing level of
- bHe F:om-un?aatilgzed agg 411 hakching in scale carp (C. 5353&3;
. communis) was found toﬂba\31.¢5%¢;a€dviﬁ rohu it mas'AG;BZ%.rThe
. comparatively highoe reduetion-a? tﬁé\DMé in rohu is indicative QF
the high enargy axpenditure of the embryo which developed at a
faster rate in 1245 hrse Lhan that c? the scale carp (58 hrs.) and
;; also, contained less amount of yolk‘ At ‘hatchirig, scale carp lost
3t more wet maight than rehu but,+he BNC and percent water content did
.not alter much. The scals carp might haue 8 thicker chorionie mem—
| brans and nnra periuitelline ?luid than rohuy which are lost during"
:£~hatching. ’ L |

At higher altitude. the embryos dld nst sihow much variations
in uwst waight. DMC and percent mater cantant till tho neurulat:an
(11) otage axcept in the total wet maight of scale carps Some ‘
f; signi?icant variations wers seen after the ataga~11 in the hwa '

altitudes. The wa& waight of scale carp at lomar altitude temained

 almost constant Fram staga~3 ti11 tha pre=hatehing stage. Howevar.

at higher altihude, it shousd a very slow increase from atage-1
t111 stage-10. A si
(atage=11) till tha prawhatching (158) stage when the altitudinal

gnificanﬁ 1ncrease astarted fFrom nauvulatian

diffaeragnce became insignificant. Thus, thers was a biphasic: mater
imbibition in acale carp at higher altitude uhare temperature was

comparativaly lnm. The DME and percent watsr content wsre not
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<significantlyfdifﬁer9nt at the tuo altitudes though the levsls,
in genoral, ware louer at'highét altituda dUring the cleavage
stageses This might have resulted dus to the highar rate of energy
releasing metabolicsdegradacioNS of the yolk at higher altitude
as ah“adabtation to ﬁha low tenperaﬁure»and other metabolic
activiﬁiea. Increasa in anesgy production has baon reported with
variations in enviromsental factors by measuring the oxygsn

conaumptiqn in animalsﬂ(LOVei 1970);;

Rohu shomad almost no e?Fect o? altituds tlll the gastrulation
(10) stags. From neurulation (stage-11), the e??ect of altitude
became sign;?icaqt, The water ecnten@ incraassd at higher altitude
though the QMC»déqtéasedaign}?lcéni;y in all stages after neuru-
lation (stage=11), rosulting in a de#:aase ih the wet weight of the
enbryos. 7he'1ﬁ¢réaaed mortality of ﬁhe rohu embryos were also very
conspicuous ?rbmvﬁhe neurula (11) stage at higher altituds (thQ»S).
- Thers might bs a gavers deplstion o? the yolk to anhance;thél
motabolism in these stages undsr the inPlusnce of the adverse

environmontal conditions at higher altituda.

Protain content §

Among di??e:éﬁt macramoleculaaiin the cell, protein is most
predomlnant-having bﬂth-structu:ai énd Punctional roles‘to.pléyg
The chorionic membrane being impormeable to nutrdents (NeyPakh & -
~ Abramova, 1974). the complete deveiopment.o? Pish embryﬂ*ﬁill
hatching depends on the amount of yolk deposited in the eqgge The
majer constituant of the yalk is protain, besidaa some amount o?
lipids, carbohydrates and nucleiec acids. The protein content in
tho maturqﬁ”oocyta was about 58% and 36% of the dry weight in scala

carp and rohu respectively. Scale carp sgg with higher concenbration



9%

of protain, showsd longer‘incubation:petiOd and hetter tolerance
to environmental fluctuations thgp rohu, The total amount of
ﬁ;otegnﬁpgr :ohuzegg was about SO% of<§cale carp valuaﬂ. In the
ogg ond during tha early stages of dsvelopment, the total protein
consiated of mostly the cytoplasmic proteins. A small part was
contributed by mitOchondrial-proteiné énd insoluble protains,
Unlike amphibians, thaore might not héva been excess of mitochon-
driasl accumuligtion during uitelloganasis. Howaver, it is dif?icult
to make g8 cloar statement ofi this subjact mith tha aVailable

1n?ormat10ns.

At Partilization, a sxgni?icéﬁt}decrease in total, soluble
and cytoplasmic protain ?rantions_@céurred:in both scals carp and "
rohy to the axﬂantwbetmsan 39@43%; Howavsr, mitochondrial protein ™
did not change ‘significantly. This significantly decreasing protein
loevel might bé&ﬁb'ﬁo sudden uﬁilizaﬁlon of tho proteins aftér -
Afertllization;:?he'éltératlons in pfbtain leval during fertilizae
~tion and during tha garly davelopment have been reported to be
variable in diffarant species. Iq@ Se trutta; a continuous
dagradation of tha protsin 1lsvel has ‘been reported by Phillipa;;g
al (1958) and Suyama & Ogino (1958). floroz and Luzhin (1976)
shousd a signi?icanb decreass (69%) of the protein content of
N C. nggig.egg on Pertilization which - Kncreasad again in thse pree _
hatching staga a?ter an inharmadiate unstable pariod. In H. Poaailis_
(8arker st al 1979) and in S, gairdnari (Zeitoun et al, 1977), tha
protein lsvel increased after fertilization which continued 1n :

»:H' Possilis throughout the devalopnsnt till hatching. |

In the prasent study, C. carpio and L..zohita showsd almost

a common pattern till the end of cleavage and then the patterns of
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protein content wore dif?erent. Yhs protain cancentraticna were
maintained at a low laval or decreased slomly a?ter Partilization
to reach a low level at morula or blastula (stage=7+8) staga. The
mltechondrial protein lavel ramainad Fairly unchangsd in both the
‘apecles during this peried. '

?hera‘was'a significant incréaSQ in the lsvel of total,
' soluble and cytoplesmic proteina ln C. carpio at stage=8 which
‘ ;gradua11y decreaaed to a lomar 18Ve1 in the freshly hatched larva
-(1Sb). This rate of decrease was more conspicuous in cytoplasmic
protsin Pollowed by solubla and totel proteiqﬁ. The trand in rohu
© was vary much dlf?erant with the protein concentrations gradually
sincreaslng Prom stagena to the poeak at pre-hatching (15a) stage..
Houwavar, tha cytoplasmic pratein did not tncrease that signl?icantly
~as total protein. Tha increasa in tha total protein in rohu from ‘.v
the lavel at Pertilization till hatching was about dS%. mheraas the
increase in soluble protein mas about 10%. This might be due te the
increass in tha 1nsoluble proheins which mainly belongs to the, f
group of structural ﬁroteins (Zaitsev et al, 1969)+ When ths sixe
‘and number o? the calla in the ambryo increases, more structural
~ proteins might haVe baan syntheaizad. rasulting in an increase in

| tha insnluble Praction o? tha total protein.

Tha'mitﬁéhondrial'pfotsln'in both the spscies showsd a
. gradual eﬁhancemanh Prom gastrulation (stage-9) onmards till tha
Preshly hatched embryo (stage=15b). The ovarall 1ncraasa in

mitochéndpial pratains was abavs,Bas% in scale carp\and 293%71nﬁtbhu,

Thess alte:atians 1ndicate that the protalns are utilizod
duping ths aarly cleavage pariod to supply the necessary anevgy

for the active mitpais,.ﬂrotain has.been considered as the vital
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souree“of energy for devalopmant in fish (Blaxter, 1969; Love,
1970). The prasanca of proteass actiuity in the agg has bsen
coxrelated with tha degradation of the yolk protein (Nayfakh &
Abramoua, 1974), The protein content change indicates the
l'predominanca o? p:ogein synhhaaia or dagradgtion at differant
étég@sroé'deﬁeiopmént. Excopt for blastula (8) stage, there is
predaminance of protein degtadation than synthesis in C. ggag&sy

‘Hougver, 1n Le £ohita, the protein synthssis 1ncreaaingly dominates

} ;ov9r the protein degradation. a?ter the blastulation (stage=8). The

}.aynthasis of new proteins in dif?erent fish has been reported to
‘._start sometima during lata claavage phaae and intenaified aﬁ
astruletien during dévelopment (Nayfakh & Abramova, 19743 Zeitoun
et al, 19773 Sarkar et al 19?9). The andunt of total protein in
:‘.C. ggsgig_and L. ggﬁazg'ambryos at hatching are similar though the»:'

';.egg of C. cargio centained twica the amount of protexn prasent in

- Le rohiha. This high emount o? protein prasent in soala carp might

 have sarved as the enargy source throughout the davelopment and in
rohy, tha anargy aource might have changed Prom protain after tha
blastula (8) atage.’

Tha increase in mitochondrial protein from gastruletion

- (stage‘B) 1nd£cates tha synthsais of Fresh mitachondria to help

- the high energy nead for the di?ﬁerentiation and organogeneeis A
during lates stagas of dsvelopment. Tha rate of raspiration duting
 Pish davelcpmant has baen shomn to increase by many folds (Neyfakh
& Abrameva, 1974) and this might have some correlation with the

' increase in mitochandria. At hatching@/(stage-1Sb)/there was a
significant decraase in protein contont oxcept mitochondrial ‘

protain- which might have been dus to the: loss of the proteins prege
sant in the chorichnic membrans which 1s throun off during hatching.
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TheAvariatians~in the alteration pattern of protein contant
of the devsloping embryos of the Pishes are species speeific and
might have somo corrolation with tho protoin comcentration in the
eg0. D .
" The a??ect o? ‘higher altituds was different in the tue
spocies and was alao'danendant~on thg stages of deovelopments It
is quite iﬁteresting§tb~note tﬁét éhé‘aarlier stages of davelopment
411 gasirUIatioaffsfégauin) was not é??ectad by the highar alflé
not a??ached-by thevhigh altitude during these stagsss The sffact
wa9 aigni?icantly clear during the later stages of development '
after neurulatian (staga-41). The concentrations of differant typea
of protglmanggudiadlin the tuo specias significantly decraaesd
duping thess sgaées éﬂ development except the mitochondrial protein
in séglevcarpa Thg~yé§k u£1l1zat1on mhich-ﬁas bsen pwedominanﬁ‘w
during the ear;i ¢1eévdgeiatages in soma species of fish haa-gaen
:shomﬁ toibevindepsndenfféf ehuironmental tompsraturs within the
toletanee'zoné-(ﬂay. 1§7Sb3 Howsll, 19803 Johna & Houwell, 19883”'
~ Johns et at al, 1981). In the present study. the developmsnt was
~ carried out within the optimal temperature 20ne and that might
B have,helpad,in-the.Pcoperfutilizat;on of the yolk rosulting in
| paraliel;alférétiadsginzprotéin'cqncgﬁtrations at bbth the |
~ altitudes a;_{hé-égr;y stages of dgvélspmant.

Gasttulaﬁiaﬁ:ééd latar stages of dsvelopment, involving'
di?ﬁenéntiation "and organogenesis, nsed a large numbor of
now prdteiné»to-ﬁé;syﬁthegixed and also a large amount of
anargy to be produced. Thus, these stagss 1nuol¢e tha activitios

-»of'ssva:al,shzymas which are knoun to alter with altorations
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in the'environméntal»cdnditions (Hochachka & Somero, 1971, 1975);
Thorofore, the soluble cytoplasmic protein levels which showsd
greater inhibition at higher altituds might bo dus to the losser
amount of motabolic proteinsd The atructural protein part which

is comparativsly more stable with environmental Pluctuations, might
have maintainsd its level, thereby lowsring the intensity of
dacrease in the total protein concentration. The synthesis of nouw
proteins neseds a Iarge numbsr of enzymses and a large ampunt of
snergy e Therafore, it‘eauld be possiblo that due to louwor tompsra=
ture at higher al%ité&eg the protein oynthesis might have been
inhibitsd and yolk éttlization activated Por metabolic adaﬁtations
resulting in 13w8:1ﬁéaéeIQMcanaantraticﬂ. The dacrease in the
mitochandrial protain lsveliin_tehu gmbryos at higher altituds
indicates that syéthééis of frosh mitachondrial might have been
inhibited at highor altituda. Alterations in protein synthesis
rate has bson studied in adult ?1ahes with relation to temperature
(Das & Prossar, 19675 Haschemoyor, 1968, 1969a,by Hilmy ot al,
1978) which havs shouwn snhancemant of protein synthesis with

7

decroasing tempatahu:a. Hem@uer, the mechanism in adult animals
might not bo aimilar in embryos.

The decreasing lovels of protein at difPorent stagas of
‘dsvolopment injbgth:écale_carp and rohu colncided with those
stages uhers tho mortality was seen to bs greator (Chapterel).
Thorofore, it makes one to balleve that the alterations in the
prdtegn 16V91§755Qé imbottent role in the motabolic process of
the doveloping embryos Detailsd studios on protsein synthesis and
v~dagradation:nétfarﬁléould axplain this clearly.

Among the two apeciesy rohu was found to be more suscepti-

ple-to‘highqr alti&udg with greater mortality rate of developing
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embryos than Scale carpe. This was péfallél with the greater
inhibitinn of protoin lovel of the later devolopmantal stages in
pohug Particularly, the mitochondrial protein level which did .
.nat changa in scals carpy decreasad signi?icantly 4n rohu, This
: might haue resulted ‘into the Failura of the rohu embryes to mest
. the matabolic ensrgv ‘need in higher altituda embryos, resulting
 into their daath. R |

Fres amino acids {iJ.

‘Tatal_?ree amino aeidaQ FAA).

Free amino acids s0LVe mainly as the praeursors Por protoin
aynehesis.vﬂesides, they ‘also serve as energy source undar apeci?lc
~conditions and ao precursors for the synthesia of aevaral.matabolic
or physiological ragulators, The level of total free amino acids
vary greaﬁly under different environmantal -gonditions depanding on
the xalativa-abundancs of protain aynthasia,.amino acid syntheais,
degradation of aminp acids For»engrgylraleaae and their convngaipn .
to othsr-ma;ta.ﬁalifas- or rogulator mci;,liegdles. During viteil,bgéneféia,
FAA accumuiaﬁeg£d tﬁé-9g9‘0? Glgh-(ﬁéglennikcvag 1970) end its
1 pool size var&as-;iri difforant :a‘peci‘é's;,. The FAA concentration in
the =299 o?‘acaléfcétﬁ was Pound to Sé significantly higher than
that of xoﬁu@iiﬁé*level incnaaéed aiéﬂi?icanﬁly on Pertilization.

' Hdméuér, %ﬁe’increaSS was abﬁuh-67%Ain‘:bhu and only 6%71n'scale
carp at lowsr altitude reaulting in a near equal level of FAA 1n,
 tha Parcilizad egg of the two speciaa. Brstrdéh (1941) reportod an
| incroase in tha FAR lavel withln 10 minutea of Partilizatiun dua
to the spli&t&ng of yolk proteins..the FAAR pool in the deqeloning
embryo wés inithe ¢euersa order of the total protein alterétian 
 pattern, The docreased protain-level coincidad with ;ucreaséd ?QR
pools This might B2 dus to the Pact thaet amino acids are méinly-'



97

L

contributad in the dsvaloping embryo of these fishes prom the
degradakion of proteins, The depletion of FAA level at specific
stagea of develepmant might be due to the utilization of the -
amino acids for onsrgy production, Sqeh mobilization has baan
répogﬁéd?ﬁn pish (Atherton & R&tkeﬂ, 197Q3 Knapp & Wiesers 1989).

‘af-hatching.-scale capp showé& a gignificent decroase
(about 25%) in the FAA concentration uhereas no significant
changs couyld bo obssrved in fohue Thia shows that a auhstantial

‘~, amount of amina acids might be assoclated with the chorionic

membrans and pariuitelline fluid of seale carp embryo which is
lost at hatching. N |

The FRA level has bsan knoun to be an important 1nd1cator
of phyaiologi¢sl strass in Pishos, Rlberations in FAA level o
undar di?faxaqtienu&ronmanzal conditions have boan raported‘1n17
~ flsh tissuss (Atherten & Adtken, 19703 Love, 19703 Forster &
| Goldstain, 19763 Squlres et al, 19793 Knapp & Weiser, 19680)« In
the ptaaent study, tha higher altituda did not alter signi?lcan-
t1ly 4$hs changing pattetu of FAR concentration during development.
- Howsver, ths leval was cnmparativaly 1omar during clesavage -
stages and signi?ieantly higher during later stagess of developé
mant at higher altituda in both the species. These changes were

invarsaly telated to the variations in protoin lovels

'Individual freg amino acids.:

Ptopontions o? various amino acids vary in diffsront
Pishes and et di?ferent stages of dovelopment. The amino acids
such as arg.g his.. lau.. 1louey lysis met.; phoes thre, trps

and vale are-not avﬁthaaigad in fishy; and therofore, have been
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considered as ﬁsaenefél amina'écidé (Watts & Watts, 19743 Ketola,
1980) « Rsports on thé~amiﬁo acid composition in different fishes
shousd that the‘hanégégehﬁial‘aminb acids are usually more than
thé'esaential-ahinu ééidéc‘HOmBV823 their individual probortiqns
varied bstmean apecles. In the rainbom trout (S. galrdneri),
 Zoitoun g~_g‘,(1977) roported nine essential and eight non= |
sasontial amino acids. Cya.acys. mas not identifisd at any stage
of davelopment¢ The relative concentration of the nonesssontial
amino acids waaAhigheg (72.26%) than the essential amino acids
(27&?4%)&‘16_dhum'eaimdn, 8. norka, éhe free amino acids extrace .
ted with‘TCA'shdwéd ﬁﬁe ptésenca of only seven easential and eight
non=assential amino acids (Yeneda, 1977)e Hisesy Cy8sp and cye.—
cys. usre not identifiad t111 the 50 days of developmant. -

In gheipqueng stuqy, tha:e-waré,significanﬁ dlﬁ?erencaQT
..batmeén‘thé“pﬁﬁbﬁtti&gs and 6ﬂmpbsitiens of essenﬁial and'hdn6  :
:eaaential amino acids in the two Pishes, In scale carp, exceptl
his. all othar aseential amine ‘acids uere. idontified in the .
unfertilizad egg. Anong the nonuessantlal amino acids; cys. and
'fcys.écys. could not be identi?lad through0ut ‘the dauelopmant. |
Quantitatlvely, “the relativa cantribution of the essential and .
nen—asaential amino acids 1n the acale carp egg was found to be
47.62% and 5%,38% respactively. The acidic amino acids (glue & -
,esp.) were most abundant. Among the neutral anino acids ala..A
leu.a Pro. and the basic amino acid lys. were present in modsrate

concentrations. I rnhu, thraa essential aming. acids. (thre, his.

& trp.) and two non-essential anino acids (alae. & pro.) could not

' be datactad in tha egg. The cancentratians of the essentxax amxno
acids was higher (59.6%) than the nonéessential amino acids '_'w
(40.6%) in :ohy egg,jan the other hand, the neutral amino actd‘i"
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1lsu. and the basin aminn acid arge accurred in much higﬂE?» :
preportian& in the FAA ponl of matutggarohu egg. The concentraa 
tion of sulphut containiﬁg amino acids (mec., cya. & cys.ocys.)
wzre higher in rohu than in scale carp egge Such spaciea }'
opscific and staga epeci?ic variations in the prnportions o?
di??erenh amlno aclds have been raportad 1n mary other fishes
(Love, 1970)+ The number of amino acids in matures’ egg was
saventeen in 8, boddaerti, twelve in L. ?imbriatus and éleuan

in M. seenghala (Keishnamoorthi, 1958). The consticuants of the
FAA pool ware diP?etant 1n di?farent spacies and also at diP?erent
stages of davalopment. Tha varlations among the amino acids 1n tha
tmn speclas studied were quita significant during Pertilizatlon
.whlch initlates a high. level of metabolic actiuibiqu aQ
gaatrulaﬁion mhen mnrphogenetic movements oP the cells Iéading

to di??erantiatiun atarts reguiring variaties of new protelns to
be aynthesized and highet amount of enargy to be rsloased, and
during hatching whan the embryu comes out- of ths chorlonic

membrane ?3r an indapandent life.. |

¥

In general. altituds did not alter the relative concan- '
trations of difParent amino acids, axcept in a ?ew casas. |
Howsver, it ia di??ioult to praciSely explain the phenomanan .
with the axiseing 1n?ormatians. '

.gﬂﬂ $ :
N ‘fﬁe:pfeaénce o?'largé amauntlaP"DNA. many'times higher‘
than that o?‘a diploid somatic call, haa ‘bagn repurted in tha
maturg%,egg of savaral oviparous animals including Pishes
(Neyfakh & Abramova@ 1974 Denis, 197@). The ONA content of a

dibloid'écmétic nucleus has bean reported in 1arga number of
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fishes %0 be botwson 0.8 to 8.8 pg‘aﬁd in carpy the valus ranged
botwosn 3.04 to 3,83 pg (¥hite, 19735@ Tha total DNA content per
egq of scale carp and rohu obssrvoed in tha present study are
savaral thousand times highor than thé-values for a diploid
somatic nuclouss Hence, thaere must ba a largs amount of DNA
accunulatad in the yolk and in the cytoplasm of the maturqﬁfégg.
The information gbout the cytoplasmid'ﬂﬂn in fish i3 very much
limitod (Sarkar ot et al, 1979)¢ Howaver, it has been established
in othor aquatic animals that a 1arge amount of DNA accumulation
takes placs in cytoplasm in form ofkgmpliﬁlad genas, increasod
nunber of mitachondria or/and as some granules in the yolk
(bawtdy 194663 Btachéﬁ; 19743 Donis, 1974). Indirect evidonces
have been prasented to show a larga émount of DNA associatod
with yolk d?'dbme Plah agg by aatimaéiag the DNA content in
~ normal and yolk fres embeyos (Shmerling, 19653 Hagenmair, 19693
| Dontaaua'gg;g;ﬁ‘i276)¢'ﬂowaverg the oxcsas amount of cytoplasmic
DNA in scatefﬁaép.and\rohu eag canvnéither'ba assigned any
spocific aite in the agg cvtaplasm nor any function could bas
| dofinitely attached to L%, Yhe otxgin, location and ?unction -7;
'fﬂ of this exceaa DNQ 48 yet to be understood 1n fishosg.

8etwseﬂithegtwo.apacies._zohu;sgg contained much mnéa'dmﬁ
than tha scale ¢arp, ‘sven though the wst woicht of the tohu eg‘g’."_,

. wad much leaaer khan the scale carp, Therefora, not only the o

nuclaar DNA level ia diffarent in diPFerent species but alao the.
accumulation o? eytoplaamiu DNA 6ur1ng oogangsis varies ln §<
different spagias. Timo?eeva and Ka?iani (1964) suggested that
probably the resarue DNR in tho sqgg mas to construct ths genetic:

material of tha newly formed nuclei during early ¢lecavages.
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The total DNA contont did not éhanga £ill soms late
clagyaga atagos in both the sgeciaag»though tho numbar of cells
and;éhe nuc19$ inoreased étueach‘cleavaga stagee Such nones
linear ﬁﬂcréése §n DNA level has beah‘éepertad in aspvaral
Pishes (Dontsova at al, 19703 Zeitoun gg_g;, 19773 Sarkar ot a _&,
1979)+ Howaver, in S» geirdneri, a sharp doclino in ONA lsvel
was raported during the early cleavage stagos of devalopmont
due to fast degtadeﬁiun of the Dﬂh (Zéitoun et al, 1977)+ The
synthasis of ONA has Bosn shown from the sarlior cleavage stage
by uéiﬁg\t8310actiﬁéfbwé pracursors in lcaéhlégg (Aitkhazhln .
| et1§£§'1954)5 1t has alsn'béan‘ﬁonfifmad that £his DNA synthesis
- 18 assantial For claavege to continua. SpeciFic DNA synthosis
inhibitor skeppad the deuelnpmant in the eatly cloavags stages
Ho fossilis (Sarkar et ai 1979). This incroase of nuclear ONA
waaAaa nagligl&la in telation eo the hesvy load of cytoplasmic.
ONA that the maehod used Por eatimation was not sensitive oenough
to dotect them 1n the prosent study duting the early developmanw
tal stages. In the later stagos when tha nunber of cells
1n¢reaae¢ gzaggly-and.tha cytoplasm£c~DNR might have basn |
~deoradad, thajiﬁéﬁaéss in tha DNA content of the émbryo could
ba\abaarvadiwith 9?@@2@95 of davelopmont, ‘

' Higher altituds had-ﬁé:é??ect en the total DNA cantent
per embeyo of both the sbeélaé Por most part of the»davelupmaﬁtal
3tagas studied. Row@var, during ths later davalopmental stagea
around hatehing (seageseta, 15a & 15b), the DNA centsnt per .
enbryo was aignificantly louar at higher altitude in both the,fm;

spacies, The di?farensa was more ptominsnt in scale carp thanéiﬁ
zohu. The DNA' content notmally dess not change in s Somatic celd:
under environmental stress (Hotchkiss,; 1955). Howsver, the
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ﬁeituation’tn'the'emhryqéf@é§ differont, having a lasge number
of eytoplasmic DNA which @ight-bﬁeakdawn to moat soms matabolic
rised of tho embryg. Eesfds$ﬁ<q1€?aten&‘tissuaavand.at difParant
stagos of growth; the DNA contents have besn shouwn to vary
significantly (Bulow; 1978 Love, 19703 Jafei & Mustafay 19763
Satoni & Ishida. 19763 FMustafa, - 1977; Bhagowati & Ratha, i9az).
Therafore, the vaotistion in the DNA content at higher altiludes
might b6 the result of docroeased Dmn.synﬁhesza dus to roducsd
cell grouth or increased motabolism of stored DWA.

RNA .3 . _ ,
‘-‘ The concantration of RNA in"aféakﬁicuiar coll or tissus
gansrally, indicatos its nrntéin ayne&§tic,potanﬁial (Hains,
1980), In d@éelﬁpiﬂg-émuryo, the‘synthsaxa of a largs amount oé“
proteins o? di?farant types is necasaery to moet the domend of :
the fast rate of growth and differontiation. In most of the _
oviparous animals, thereforoy o lerge amount of differant RN35 1§
aro dapasigadaduzing oogenssise Thass RNAs remsin quiescent\t&{?f
fe:tilizatiﬁﬁlwhaﬁQﬁhay gat aativatad'to synthesize proteins gy.‘
tranaiat§on, ﬁﬁaua01é%£on of oxcess ANA in the eag and its ible,_
in the protein éydtheais-du:ing tha-eérly cloavage staqges of

the embzyos have héan shoun in echinodatésg amphibians and Some
Pishas (Ritkhazhin ot aly 19543 Tyler, 19673 Dania, 19745 Paul,
1974b; Ballantins at st aly 1979; Sarkar at aly 1979)+ Tha RNA
-eoa#entration in tho ego of scale carp, observed in ths prosent -
atudy,; is comparatively higher (about B;GWEQ) than rohu (abeut‘
246 Eg)g This might help the scale carp embryo in synthesizing.
new proteins, independant of transcription, for longer period
during deVelcpmant;fPagt&ciéation of reserve ANAg¢ in the protein
synthosis and the.iack of nsw RNR synthesis until gastrulation
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has baen goportsd in the loach (Aitkhozhin st als 1964) .,
£lactron microscopic study in the loach sag showed the presance
of donse sggregations of ribosomos betwsan the yolk granules.
The dsveloping ombryo during cleavage and blastulstion does not
ﬂeynﬁhéatza'namvriboaomss. Transfer oﬁ@yglwfama into embpyonic
ANA has also Been shown elschtron micﬁascapically in zebra fish,
8, rorio (teyfakh & Abramova, 1974) and cytochamically in trout
(Ragén@aiar; 1969). In loach (Timc?aéﬁa~& KaPianiy 1964) and
sainbow trout (Dontsova gt al, 19703 Zeitoun gt dl, 1977), the
total RNA contant docreased from the eime of Pertilization to
blastulation. Howaver, in the presant study, no significant
changa o? RNR content was detactad in acale carp until etageaﬂﬂv
{ond of gastruletiou) and in rohu until stagaws (16colls)e In -
' -9:519 carp egg, the hlghar aecumulatinn of RNA might have beenf_w
anough to carty On_ h9 developmant to complets gastrulation o

without Byﬂth98£zing_naw RNAs, mheraaa in rohu e9g due to 1aaa7“‘

amount of RNR da: sitad in the agg, synthesis of Prosh RNA wasffg
roquirad from th lata cleavaga stagﬁ; (stage=7)s Furthor, 1t‘Tﬁ;
could bo thatvthﬁ degradatinn_o? RNA was faster in rohu; aquﬁf-f

the RNA moléééléé‘ﬁéd longer half 1life in scale carp. Detaiiédf}:-
,studies on tha varietles of RNA mnleculas and their hal?-li?e
can only giva a da?inite angwar to thls problems Such species

" spocific variations in the concentration and aynthesis of thia

macromolecule are ccmmon in biolog&cal asystems 1nc1ud£ng Flahes.u-

In trout, S. gaitdﬂari, tho RNA contant shouwed slgni?tcant o
- m

increase ot gastrulation (Dontsova at aly 19703 Zeitoun et al

1977) uhereas in cha Indian catPish the riss has hean obaerved N

right from the time of Portilization with the paak eoncentration

at blastulation (Sarkar ot al, 1979)
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In both the species, tho RNA leval mentvén.inaréasing
significantly &n the lator stages of developmsnt. However, the
rato of incraase was differsnt at differont stages of dovelops
maﬂ@,:iadlcating that each dovelopmental. stage hes a difforent
raquiiemsnt of RNA, '

The high altitude had‘ho effect on the ANA content of
tﬁa'@mbryo during the early dovelopmental stages when it remained
constant initha‘tmo spacies, The affect of altitude could only bs
sean}a?tei'aﬂa level §§artedfincteasing,mkt highar altituds the
RNA lavel hacamé'aigngfiéantly lower than that at lower'altitude
during the I;taz.stagee of dgvalupmanﬁ; This differance became
nore and NOtéiéppatéat ngater to hatching. The lowsr lovsl eof
RNn‘cﬁnﬁenﬁ‘mighk indicate 2 lowsr rate of RNA synthasis orp
higher rats‘QP}RNk’degradaticnuat.highar altituda, Whatever bo
hhs'reason, ghe~ptotain:synthgsis mugt have been affsected
resulting in g louwr level eF'pratgid'cuncsntration during thé
later stages of dovelapment at higher altitude. These stages of
dauelapmenz showing deviations in RNA level also coincided with
the stagss showing highar rate of mortality at higher altitude,

Tha atudias on the altesa&ions in wat welght and differant
chemical constitusata of the developing scale caip and rohu
ambryos indicated that scals carp egg with higher wet waight and
hxghér'aﬁéunt of macromolecules, was capaﬁie of sustaining the |
devalopmant to a Pairly later staga than rohu. The concentrations
of important mgcramoleculas such aé DNAy RNA and protein startéd
1hcraasing much aafi1ar, probebly due to their high eynthéaia,

causing an additional mstabolié load on the cmbryos of rohu than
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/facale carpe Thorofora, ot higher altitude with slight
daviationﬁ~£n tho environmental ?actors, rohu smbryo showsd

"gsaatar nortality whoereas scale carp embryo shouwsd bottor
adaptability. Bosides, the desvelopmental stagss also shousd
two clear phases au#h as the early cleavage phase till
bléatula vhon the mitosis is very fast and the later develope
&ent stages with dif?arentiatiod and organogeneéis. Ths
formor phase showsd better adaptsbility, ptébablv dus to
suf?iciant availability o?;ngtiienta and having comperatively

-~ 1less complex motabolie processes than the later phass which

showad highat sugcepttbility to envirenmental variations,



CHAPTER I

METABOLIC CHANGES
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“INTRODUCT 10N

- The living organism exists in a dynamic aquilibrium state
with regulated metatelic Pluxes The metabolic flux varies
qu&nﬁfﬁ%ﬁlvety and qualitatively in'di??5555ﬁ animals, during
diffarent étages of dovelopment and in iespanse to Pluctuations
in environmental conditions. In‘evipardusfanimala. tha maturewf(
ococyte géts loadsd with a large amounﬁ-aé different nutriants
during VitellﬂgaﬁQQiS@ needod ?ar'the;émbtyentc development, but
remains in a quisseent stéta with little metsbolic activity till
- fortilization, Fertilization not only adds a set of haploid
chromosom;s into the oocyte, but also induces a sudden explosion
of mitotic activity in the pesultant diploid 2ygotée The fast rate
of mitoaieyvin‘tha'eatly stages of development, requires a large
amount of enerqy and the synthasls ofﬁéegaral biomolecules in
different concentrations. The fish aégrheing impermeabla to most
biomolecules, thQ'nutrients.dapesited in it only gots utilized
for thaaarﬁu:paaéa,till hatching, when the embryo comes out of the
899 membpanavanﬁ‘communicatas with the oxternal environment. Thus,

the paried Erom-?ergilization till hatching ahowszQany important

changss in mstabaiic\processéa for the repeated cizavage followad
by mprphogane§i¢‘mavement'e? éells leading to differantiastion and
_organogeﬂasis;'fhe total flux o?_mataboiism during ontogenic
dovelopment 15 gonetically programmed and thus, maintains an
efficient hemaqstaais of nutrient degradatlon; synthesis of néw
species of biohqlecules during differentiation, and management 6?

the waste.products‘oﬁ\matab01£9mg

 The matabolic pathways are multistep processes, aach stap

being catalyzed by an snzyme, Therefore, the actiuitias,o?‘aéva;el



107
enzymes control the functioning of a éé:ticuiar motabolic pathuway
ang tha'regulat;on-af.a metabolic paﬁhmay takes plaece by requlae
tion of tho activitiss of its enzymes. Enzymea are a group of
functional protains which catalyze biochemical rasctions in the
bislogical systems. Each anzyme'uaué;iy'catalyze only a saingle
reaction. Quﬁfcolléﬁtivelyg_théy maintain tho homeostatis of the
animal ag a'whole¢ Tho role of enzymes in bringlng out the
complex biechenical changes during emﬁcyohia developmant has
baen wsll rzecogniseds The relationship betuwsen aenzyms activities
and davelopment is oo good that often development is considered
as a state of di?fagéntiation.o?'enzymés,and metabolic pathﬁéya
(Noég.xtﬁés). Each §all typs and tlssué, contributing to a
sgacific oggan,ycantains 8 apeaific;éet»a? gnzymase This eéablas
the various Qrgans»te maintain their specific metabolic role.
Therefare, it is svident that differentiation, comprising of
histo= and organogenssis, must be assoclated with the di??ereﬁal
tiation of anzymes in ordar to acquire the fPunctienal character»
istics of tha tiasuas and organs (Moog, 1971, Monroy, 1973). Tha
opecific apaearance or increase in activlby of some enzymss ara |
so tightly enuplad-mith the specific morphogenstic events that |
oftan, thay aré rePorred to as marker enzymes (Monroy, 1973).
Glutamine synthotase is tegardsd as a'marker enzyme for the
functional differontiation of the naugai ratina.(Chadér, 19713
Moscona, 4972)« AChE is also considerad as a biochemical marker
Por the Punctional differsntiation of typicael naurons and muscle
calls??orming synapsas and myoneural junctions (Brachat, 1974),
The spaciflc di??erenﬁiatien of enzymes with spscific morphoge=
notic evants during smbryonic devslopmsnt has also been described

with the help of isozymes (Markert, 1970, 19733 Whitt; 1981a,b).
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LEnzymee being proteins'are'the~preducf-of genas,. Hance,
appearance, disappearance and alterations of: particular enzymse-

activity 1ndicete the alterations in the actiuity of the

7expreesion during development and diFFerentiaticn hee been
clearly shown (Markert, 1973; Davideon & Britten, 1979' Whitt,
.19B1a) However, this varies eubetantially in di?Perent “animal
epeciee due tc their diPPerent genstic programming, and under
different envzronmental conditione dues to thedr differant
reguletory mechanieme ?or expressions The gg.uivo reguletion of.
oxpression of diffsrent genes by differsnt modulator molecules,
;thtough the expreeeion of epeciﬁic enzyne‘activity during the
-deuelepmental stagee, hae been exteneively etudied in higher |
vertebrates (Meog, 1971~ Moecona. 1972); Such etudiee in fish.
are rare. Howeuer, Whitt (1981a) euggeste that the mechenieme |

operating in hxgher vertebrates may aleo hold good in ?1sh.

The metaboliem of different organic or incrgenic substan-
cses. variee matkedly in dszerent developmental etagee depending

on the presence or absence or reepective enzymes. The mouse .
occyte in viuo undergoee maturetion and the zygote 1e cleaved
once . 1n the preeenoe oP pyruvate or oxaloecetate ‘and not if 4:'
lactate, phnephcenolpyruuate or glucose are preeent (Briggere ;_
Qet al, 1967) Hewever, lactate and phcephoenolpyruvete eupporte
the development from the 2-cell etage (Brineter. 1955a.b). o
Other'intermedietes cf the glycolytic and Krebe cycle ate |
ineFFective at the 2-cell etage, but ellom development to
proceed Promcthe B—cell etage to the blaetccyet (Brineter & | o
Thcmpecn, 1966) The rabbit embryo can use pyruvate, lactete Y

end phosphoenolpyrUVate to support deuelcpment Per 24 hours
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?:om thé‘zwceil stags, but abpaféntly cen'nat util&ze-gluéoes ‘
or TEA cyele intormediates until the beginning of blaatulation
(Frldhandlét. 1961; Daniel, 1967). Slmilat athting of the
pattern of matabolism has béen also reported in amphibians
(Batﬁ&g'f964)‘éhd ?ishés-(hqvé, 1970)+ In salmon, S, irideus,
carbohydrate is Ehé ma jor enaray source from the ensot of blood
circulation in the embryo ti11 hatching but in the posts

| hateching poriod lipid%takeé over this task (Smithg 1952).

Changes in enzyms lovsls during fish dovslopment 3

t‘The:un?éftLILZeregg o?’?iéh'ﬁﬂntalns a large store of most
essential éntymea‘of‘ths various metabolic pathuways (Hishida &
Nakanoy 1954; ?srnsn, 1968; Kusen' & 0loshko, 1974; Ermolaava &
Mil*man, 1975).§Theae aazymea are kept ready for use at later .
stages of development. During the course of embryonic dovelopmsnt,
the lavels of aeveral enzymes alter as a reault of the differen=
tiation of csll types and altered lavel n? motabolism (Bhaklea & :
whitt, 1977) . ?ha levels of some enzymas inctease; some othara
docraase, mharaas somo others remain at o constant level. There
is still another group of enzymss which show fluctuations in

thoir lével4dut£ng'ﬁeuéiopmaﬁt;

The activlties of suacinoxideaa and c¢ytochrome oxidase in
m@daka. 6. atlgea (Htahida & Makano, 1954), Pructose dlpheapho¢
-f tasé. eteatine phosnhekinasa, glucoaeas phosphate dehydtogenase.
phoaphoenalpVFUVate earboxylasa. malate dehydrogenase in trout. o
$o gaipdnezi (Yetnen. 1968), lagtate = dshydrogsnase in tnout,:‘f'
loach (94. f‘osauis) and madaka (wakano & Haassgawa, 1971}
Philipp & Whitt, 197?), phoaphn?ructokinaae and pyruvate =
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kinase in loach (Yurovltzky & #il'man, 1971). acid ribonuclease
in loach (Kusens & Dlashko, 1974),. acid DNAase in loach
(0leshko & Kusan', 1974) ara reported to shouw a constant increass

with development.

The activitias o?'&RDHqcytochrﬁma~c~raductase, fructose
1»6 dtphosphataéég glucosa=d~phosphate dehydrogenase and phos=
phoenol pyruvato dahydr@ganaéa in loach are reported to decrease
from the émbryonic to the adult levels (Nayfakh & Abramdva,ﬁ1974).

The levels of cytochrome oxidase and all snzymes of the
HMP shunt pathway except glucose=&ephosphate dehydrogenase and
fructose diphqapﬁataéa ih loach renained more or less at a
constant lovel thtnagﬁout the conurse of embryonic devalopmeﬁt
(NoyPekh & Abramova, 1974)e In warmouth and green sunfish
(E, gulqsus & ﬁ, czaﬁallus', Shakles and Whitt (1977) reported
rolatively cdnstant~lavéis of adenylate kinase; glucosge=6w
phasphatevdehudrogenaée{&QIUcOse phosphate lsomerase, lactate
dehydrogenase, malaté'deﬁydrOQQnase5 pyruvate kinase and
phoaphofructokinase éctivittBS'bill hatching.

Fluctusting cﬁangas in agetivities have been reported for
aldolase in laach (Kusakina et al, 1976) and creatine kinase in
g:vggsﬁg;(Pontiet & Hart, 1979)e The. activity of phosphorylase
kinase increased,shaiply, roaching tho peak at blastulation
Pollowing which ii_ramatned at a constant leval (Neyfakh &
Abramova, 1974) in 1daehJ Alkalino ribonuclease activity decrea=-
sod at the end of blastulation and gradually increased ?rom:ﬁhe
beginning of gastru}ation‘reaching the highest lavsl in the last
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hourarpfﬂaarly.devéloﬁmént (Kusan' & Dleshko, 1974). The
alkalins DNAase acﬁlvity in loach gradﬁélly decraased till the
onset o? gastrulation Pollaming which the 1eve1 gharply
1nczaasad (0leshko & Kussn'; 1974). In warmouth and green sun=
fish; creatine kinass and ﬁructoap~biphoaphata aldolasse gotie
viﬁies showad decrease in the aar1y»émb:yoganasig~?ollawad by a
marked incresss at hatching (Shakles & dhitt, 1977).

ﬁi??ﬁfaﬂ;ial'axpfésslanadf éhaﬁiéozymie forms of some

' enzymes'hava besn studied during deyglﬁpment‘oP some species

of fish, fhavmoah extensively sﬁudied‘is‘tha isozymic Porms of

~ LDH+ Besidos; ﬁhetiéézymlc forms of agme other snzymes euéhma9@§ﬁ
craatlne-kiuaseg1308,7éstexaeé.<aldq;éseg amyiase@ phosphoglu=
cose isomerasé énﬁﬁélucase-ﬁubhosphaté dehydrogenass have bean.
atudicd during aavelopment o? di??erent Pishes (Whitt et al,
19734 Champian Eﬁiﬁg@ 19763 Philipp_et aly, 19793 Whitt, 1981a,b).

The actiuitiea of different enzymes and isocenzymas are -
located in di??erent cells of the devaloping embryo depending
on their Punctional requirement. This has bsen demonstrated
histochemically for some enzymss and iédzymes in different cé;l
typos of ths deﬁelopihg embryo of a fow spacics of Pish
(Kysakina et al, 1976; Roubaud ef 9_1_, 1976; Boulekbache ot al,
19773 eaaiakbacha, 1981). ‘ |

E?Fect af environmsntal Paetora H

The metabolic pxocasa in Pish is readily altsred by any
modification in ths conditions of the ambiant environment.
These a;éargt;ons; which take place. through the alteratdions in
tha-aniyme agtiﬁiﬂiea, enablgﬁ’the-Pish to rssﬁora its
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phVSLOLOQlcai gtability for survival (Rochachka & Somero, 19733
Smitﬁ@ 1976)s The changes in gnzyme activities under variable
envirnnmantai~cenditions might eceur in threes ways, either by
changing the congantrations of the enzymas or by modulating
their aetivltiea or by modi?ying the 1nharent catalytic offic-
tency ay‘p:oduclng a Qbetter catalyat“'(Samaro, $975) .

Tha regulatlon af thoe concentratian of ths eonzymes as
measured by their aotivities 13 most common in biochemical
adaptatien o? fish to enuironment (Hazel & Prosser, 1974). It 19 '
sasn in many,apee&es of Pigh that di??aggnt anzymaggrep:esenting
vérlous matabolie batﬁmayé}bhéﬁge their activity due to the
altarationa in the éhviraé;antal conditibns such as temperaturs -
(Smith, 1976; Pcaseer, 1973a; Hochachka & Somere, 19733 Precht. :
1973), diaaolved gassa (30rgensen & Muata?a. 1990; Ratha & .
Bhagowati, 1981), pH (Hochachka & Somero. 1973), salinity |
(Bashamohidesn & Panvathasmararao, 1979) or hydrostatic pressureV'
(Low & Somero, 1975). B | |

A1l enzymee are not regulatory in nature. A numbar oP‘.
enzymeefplaying key roles in anergy matabolismfsuch as SDH
which shaumd changes in activity with acclimation tamperature"-
in hittarling. Homavar, in the same fish LDH did not show any
'changa (Krugar. 1962). Many such nonnadaptive enzyme2 have baen'
~ roported in fish, The 1imit of alteration of enzymes to |
| environmantal variation is elso genstically determined and mayl |

vary betuwsen species (Wilson st al, 1975).

The studleéjon the effect of snvironment on fish enzymes

have been mostly carried out in adulﬁ fishes. Not much is knowd'
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about t’;‘z‘he" game during their embryonic Alfif-’e except soms aporadic
roports such as inhibition of chorionase at low pH (Peterson st
al; 1980). Metaboliam in doveloping fishes is mors labile and
sonsitivé to environmental alterstions as observed by the sharp
alﬁerétions in the rate of di??efantiaﬁion and survival of
embfyo%iyqdar Variéeions in édvironmanﬁéi'conditionég It is
there?ure; thGUth that the enzymes cedtralling various metabolic
pathways in the doveloping embryo mould also be subjected to

altarations with changas in the envirnnmental conditions.

‘Thé'ptgsent chapter dsals with/the norﬁal éattatn of

" changas and the ePfact of high'altitﬁdé-on some key enzymes and
_matabolitiaa o? three metabolic pathways during the early |
dsvelopmont oF scala carp and rohue The pathways studied wara
ammonia matabolism, neurotransmission and tyrosine oxidation,

Al; these pathwgygigre.knqwn-to shom,davalqpmantal and adaptaf4 '
tiénal'ehangaa iﬁfdiﬁf@rent'animals,and theréfura.aslected~as

modeLS_fODgthe{pﬁésaht study.

Aﬁmonia'metahﬁlism>£4

Amhbhié is.prﬁduced‘as a by=product of the catabolism of
variods'dltpogeﬁaus‘hiomnledules in tho cell., Ammonia being
highly toxic is éithér immediately excretsd out of the body or
gets coaverted to some less toxic products which are excreted
" ‘out or used as a stored nitrogen (N) source., Three major N
waste producta excteted out of animals ara ammonia, urea and
-uric acid. Tha nature of these waste products varias in
vdi??erent groups o? animals dapending mainly on the availability

o af water, Most o? the Prashwater ?iah are ammoniotelic, excretlng



114 |
ammonia as thoir major nitrogen waste product (Watts & Watta,
1974)+ In marine fishes, ammonia is converted to urea for
osmoregulations Excretion of N in the form of ammonia accounts
fo?-$§~80% OF.ihe totalsH excrotsd in fPish (Frommy 1963)e The
major part of ammonia is produced in liver (Pequin & Serfaty,:
4963; Va!iaé‘& SerPaty, 1974) and excroted primarily through
the gills (Goldstein et al, 1964) in adult fish.

AmmonieAhas ﬁﬁny advantages a8 an end product of nitrogen
motabolisn (Campbell,; 1973)¢ Some of the reactions involved in
the pvoductibn'of ammonia;such as deamination of glutamate
through GDH activiﬁx{yltimately produces enorgy (Bsssman &
Basaman, 1955)e In additiony; the small size of the molscule and
its higher partition coefPicient permits its sasy elimination
by diffusion (Forster & Goldstein, 1969). Howsver, the disadvane
tage of ammonia, for which it cannot be satored in the body as
such, 1is its high toxicity. This poaaefno problem to the fish
which being aquétic readily dispose off the highly soluble

ammonis into ths surrounding water (Mastz, 1972).

Oeigin of ammonia $

In mammals, ammonia is producad by deamination of amino
‘acids; amidea; amines, purines, py:i@idinas, Aucleosides and
 nuc1eét1d93 (theh~&_8:amn, 1960) H@waver,~in-Fish, protein and
amino acids are thg;major souress of qépxeted nitrogsen (WaltOn-&_
 Cowdys 1977), althéhgh amides, nucleosidess and nuclsotidss have
also bean.idenfifiéd.as the prescursors of ammonia in many |
species (Watts & Watts, 1974; Forster & Goldstein, 1969). Transs
daaminatiun‘aad doamination are tha main reactions producing

ammonia in cells.
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T:&ﬂsdaaminat&on»: The chisf sourcs offabeut'90% of tha total N

liberated is the~df~aminaﬁ& of-eufalu§ amino acids (Baldming
1970). In sone. instances, as 1n case of serine and probably of
histidine and cysteing, the améﬂa group is diractly daaminated
to form anmonia (Watts & Watts,\1974). But in cass of most of

the amino acids, the amino group\ds transferred to another kato:,:
acid Porming a now amino acidﬁ In\moet animals, the dissociated

. amino group tands to be channeled,\girectly or indirsctly, to R
the ?ormation oP glutamlc acidy which undergoas an oxidatiua '
 .deaminat1on catalyzed by tha enzyme glutemate deshydroganase
(GoHiEC 1.4.1.2),yieldlnq ammonia. The overall reection of N
liberation of ammonia from amino aclda via aglutamate ?ormation f;

s known as transdeamination (Braunstain, 1939) which may ba

LN e e

\

summarized in the follaming reactlons.i

nap*. o NADH + H*

. Glutamate

'7*;dehydrog9naaé

Glutamats mgﬁketogiutatata + Ammonia

Transaminase

Keto acid. ~ Amino ecid

The zoaction catalyzed by GDH is reversible and it functions
in the roductive or oxidative direction dapsnding wpon the
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substrate being utilized (Ghamélaun & Tager, 1970). Therafore,
GDH has basn conaldered to hold the ragulatory link betwsen
anaragy pgoduction‘and nitrOQQA matabolism (Hochachka & Somero,
1973). The enzyme from mammalian aod:cea has bsen shoun to
utilize NAD* or NADH equally well in vitro. although it has
been claiméd-that the enzymej in vivosy Pavours the glutamate
(spscific for NADH) formation (McGiven & Chappel, 1975). In some
invertabrates also, GOM {s shouwn to Pavour glutamate oxidation
(Goldin & Friedan, 1971; Smith gt al, 1975; Storey gt aly 1978):

YA In Pighggt the activity of GDH has besn dotected in a
variety d? épéciQS_(Farster & Goldstéing 19691 Watts & watts.A
19743 waltén & Coway, 19773 Arva;'1979) with liver showing thel
highastilavél‘aﬁkaﬁtivityg It~plays-£he important role for »
amﬁonia ?Qtdaﬁidﬁ (Fo:aetern&vﬂoldsteing 19693 Walton & Goway,v
1977) | | | |

Dsamination ¢ Since tho experiments of Van Slyke et al (1943),
it is known that glutemine, an amide, acts for temporary storage .

and transparﬁ-a?;éhqoniag Glutamine is deaminated through hydro=
o i
€ o

lytic removel of ammonia catalyzed by the enzyme glutamin

* 320

- Glutamine Glutamate + NH;

Glutaminase
The actlvltjvéf glutaminase exists in the form of tun
isoenzymes in vari§u§ organs (Curthoys & Lowry, 19733 Kalra &
Brosnan, 1973, 1974)5 Ong of thase iabanzymes 1s_ph§s§hate B

. depeﬁdanﬁ glutaminase {PDG or glutam;hésa-i) which raquifes
phosphate for iﬁs'activitys The othsr iscenzyme is phasphats
independent glutaminase (PIS or glutaminasa=11) which is |
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activated by maleate. In most of the fiah, 80 Par studied for

glutaminase actlvity, only POG activity was detecteda alton A4nd
D\ Couny (19?7) triod to asaay PIG activity in difforent tissues
of tainbow trout, Thay fPailed to detace tha enzyme in any of

~ the tissues'qxamined (livargkﬂdnawgﬁgillé & muscle).

Direct deamination of dspartate; cysteins and histidine
may also contribute to the production of ammonia. These deamina=
tion reactions are ‘catalyzed by respactive deaminaaea (Salvatore
et al, 1955; Janlcki & Lingis, 1970). |

/

Mucleo—dsaminatibq z NUclaodeaminases catalyze the deamination

of nucleosldésland»nUéleatidea to libarété ammonia as follows

H,0
. N S SO - : ,
Guanylic acid <—wiiescoimstmmeeeaemsy Xanthylic acid + NH3
Guanylic acid ‘
desminasg
L ET LTS 1T e ra— e fnosine + NH5

Adanosina daaminaae

Hydrolysis 0?' parﬁicularly, adedosina monophosphate (AMP),
may be ultimatoly utilized for deoamination of amino acid as

Pollows.
’"/ ’ - Amigo acid pool

Transaminass

o ‘ Aspartic acid ‘ '
| l ;um%xic acid
JHP ettt liitirmamararemsirirtraee> {13
T e
(1nosine NH. AMP
monophasphats) "3 deaminase
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In gsome fishes, the role of AMP deaminaae has besn shoun
to be mére important in ammonia production than glutaminass
(iMykarewicz & Zydowo, 19625'ﬂnnkavamiczg,1963)¢ Howsver, in
some fishes such as 16':ainbom trout, ﬁha‘éctiuiiy‘of gluﬁami~'
nase is mors than AMPgaaminasa~in'th§;hajor ammonia forming

tissuss (Walton & Cowsy, 1977),

Detoxifidatinhﬂo?,ammphia,1n,ﬁiah,hiesd§svz

In ?1ah,vthrge ma jor pathuays haﬁé besn known for detoxie.
Pication of ammonia. They aré*gluﬁam;né synthaesis, urea cycla,

and uric acid cy¢le and uricolysis.

f Glytamine synthesis ¢ In thls»detox;fiéétion pathway,vammunia ;5 3'

converted to a H6n$tuxic amide, Qlutéﬂina. using the amino'acidif‘
glutamate. Tha reaction is catalyxed by theo enzyms glutamine L
synthetass (GS.EC 6.3 ,1e2)0 :
P

L»Glutamate f-Ammcnia + ATP ~ "SS ey Glutamine + ADP 4 Pi
S el / N

The ﬁréﬁgncé £f glutaminé syniﬁetasenhas baen datectédiia :
. a mida variety of fish species (Forstar & Goldstein, 19693 uatts
& Watts, 19743 wabb & Brown Ires 1976, 19803 Arya, 1979; wgbb.
1980). The anzyme ahows the hlghest actlvity in brain dus to high
sensitivity o? naural tissue to ammonia toxicity. Glutamine is l.

~ also used aa a nitrogen souroe.A

Ures cyele & In’ most of the terreatrial animals, ammonia 19

convartsd to a rslatively lass toxic form, urea, via ernith1n9~
urea (o-u) cycle (Krabs & Hensaleit, 1932). The 0=U cycle involves
fivae enzymatic 3teps,each atep being catalyzed by a apecific

. anzyms (Bromn & Cohan, 1959a) and noeds metabolic energy.
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> Carbamoyl
phosphate

Citrulline -

N

N R
LeArgining

Rmmania\ ATP
Carbon”” 1
dioxide Carbamoyl
| phosphate
synthetase
L=Opnithine.
N
Ornithine
carbamoyl
transferase
'.ia
Upeag | §| L=Aspartic acid
S o T
)
8. Arginine
| 8 | succinate
synthetase
L.Arginine/ S

L4

[Arginina succinats lyase

succinate

Rmongst Fiah, the presence oF a ?unctional DU cycle has

baen demonatraﬁed in most of the marine ?ishas (Campbell. 1973).-

Although teleoat Pishas contain a significant amount of urea,

_ which in aame apacias may account Por 20% or more of the total

nitrogen excgated (Danis, 1913143 \ood, 1958), they are repo:@eq:

to lack in ﬁhe:full.complgment of enzymes of the 0=U cycle (Krebs.
& Henseleit, 1932; Brouwn & Gdhen,AJQGQ; Mayhall & Brown, 1967;
Wilson, 1973).*nawavar, Huggins ge al (1969) detected all the

five enzymas o? the G-U cyeles in a number of ?reshwater

telaostean Pishes.
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Although, the existencs of a functional 0=U cycle in
toloosts has bsaen controversial, the different tissues of
thesa fishes are found to contain an appreciasble activity of
arginase (E£+083.54:3+1) which ia the tarminal anzymeigatalyzing
the converalod of arginine to urea and ornithins (Egrster &
Goldstein; 1969~ Watts & Watta, 19743 Patnaik gt al, 1976;
Aryas 1979). In absence of a Punctional oY ¢ycle; the urea
produged in ‘thesa Fishes m&ghﬁ have come FProm the breakdown
oPﬂdietavy,arglhina'by argsnaaag o

Urie acid eyéle'and urico;ysia'z The uric acid pathuway, in which

',ammonia is convextad to purins via glutamina formation and sube.
sequant raleaee of uric acid, wass first demanatrated by Brunel
(1937). Xn;tsleqsﬁ Pishas and also in some amphiblanss degrada=
tion.gg urig‘acid'(uricelysia)'ﬁas4baen proposed to be ong of
the ,se-;rcqs 'eqxs' tissus urea (Brunsl, 1937y Cvangara, 19693
Forater & Galdsﬁeidg 1969)« Brunsl (193?) proposed uricolysis

as a thrae step enzymatie process.

Uricasa + az
} Uric acid e ~> Allantoin

‘H20~ Allantoinase
Allantoic acid
2320 -l Allentoicase

Ursa

Ho Purbhor éuggaéﬁed that in some ﬁeieosté éllantoicasa was
lacking and henca, tha end product of purine cataboliam was
allantoic acid instead o? ursae Ihis propasal was challenged by
Goldstein & Forster (1965) uho detected the activity of allan=

toicase in vaginus groups of fishas by !improved assay techniquea;

oo
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The'uxicolytie ﬂathwéylin teleosts has not yot received adequate
attontion and thére is ample scopas of exploring the role of

uricolytic pathway in the production of ‘urea in Pishes,

Adaptive naturo of ammonia motabolism ¢

Anmonia metabolism has been zéga#ded as ons of the most
adaptiva m3tébo1Lc pathways during changas in environmental
conditioﬁag(ﬁordon, 1970)+ In fish; the primary Pactors influen=
_ cing the Forﬁatian and exciation a?_vafious nitroganous metabolis
tiaa are availebility of water, Pood aﬁd changss in ambignt

tempetatura.

‘ The.&hi?t of ammoniotalism-té unéae'or driccteliam;@lohglf
with the transition of animals from water to land in course of =
avolution, is thé bestzéxamplarbf thaiédaptive natura of nit:ogén
metabolism to watex aVailability (Brown & Cohen,, 195%a,b) ¢ ;>i
Furthsr, short term deprivation of water as obseruad during the
aestivation o? lung?iehes (Smith; 1930; Jangsens, 19643 Janssené
& Cohen, 1966, 19683 Goldstein et gﬁ, 1967) or transfer of some |
amphibious ?1shes ‘Prom wator to land (ﬁorii et al, 1978), shi?ts '
ths usual ammanctalic nature into ureoteliam. Urea as well as-
glutamlna are important osmoregulators in elasmobranchs,
chondrichthyes and coelocanths (Foldstein at al; 19673 wbbb,
19803 Wabb & Brown res 1988). The concentration of these organic
metaboltt;;s dacreaaed uhen thass Fishes are transferred to

Prashuates (Smith,'1931; 8ittner & Lang; 1980).

f&e-ﬁaﬁe of nitrogen excretion 16 fishes has bsen shown to
be correlated with the Pood intake_(nabling, 1981)e Following

feeding, rate d?_nitzogen.excretion bacomes highe Howaver, direct
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moasurements of ammﬁnia (Guarin~&ncey; 1976by Rychly & Marina,
1977) or ursa (GuerineAncey, 1976b) in some fishes have shoun
that their exéreﬁien rate beéamea'highar.dufing starvation;<
indicating a highar broakdown of amino acids to mest the energy
demands, Howaver, in ¢at?£8h; Ce batrachus@ the level of urea
has bean shown to decreass during atarvatinn (Tandon & Chandra,
1979). Changas in ammonia formation and excration may be dependent
on the aemount and nature of the food intakes Cvancara (1969)
reported that in téleosté’the availabiiity of arginine in food
may cantribute substantially to arginase activity and urea

production.i ;;

Tha fatas‘éf-émmania and ursa axdratian in ?igh have bean
shoun to be pro?oundly in?luenced by envircnmantal temperature.- 
GuerinsAngoy (19?6a) raported a very high rate of ammonia and |
urea excrstion 1o paQS:(Qb,gggggﬁ) at 24°C which decreassd with
the decrease in temparature. Similar direct correlation betusen
ammonia and uéeé‘éxéretion and temparaturse,; has bssn shamn;iq“
many other ?iéhéé'ﬁﬂéy & Modda, 19765 Fauconnsau & Luqust, 1979;'
«PaulsOH,wigau). SDﬂ activity,in.p1asma of ﬁench,,I}‘gjggga;L
inceaases with the increase in a thormal shock from 12-28°C
(Parrisr at, & _&g 1988). In rainbow trout, GDH level showsd a
complex couras of #ise and fall with e rise in temperature ?xom

3.59C to 23°C (Perrier st al, 1980).

'Ehzymés:df‘ahﬁbnla metabolism may also be modulated by
saxual mafurity of Pish, Onishi gt al (1974) reported GOH activity
- to increase iﬂ‘0§éi§us spacies of galmonids during the maturation
pariod¢~1he.hapa§ic arginase activity in them is shown to increase
in mals and decféaserin female with maturation (Onishi & Murayama,
1969). o |
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Developmantal studies on ammonia metabolism in fish

| The ontogenig etgges of alasmobranchs and the viviparous

teleoats are uraatellcvaé their adults (Read, 1968; Depecha &
Schéﬁ?éﬁials, 1975)s Tho activity of éfginése along mith.ether

enzymss of the GuU cycle are detected evan in the esarly stagss

of davalopment in alasnobrancha which slomly increassed with

devalapment (Read, 1968). R very high activity of the 0-U cycle

enzymes have bosn Pound in embryos o? the viviparous teleost,

| P rebiculata, which dacrsased with tha progress of development

(Depar.:he & cmapeuo, 1977). |

Ammania‘metabolism during the'daﬁalopment,o? ovipsrous |
Freahmaﬁer‘teiébsta may be considered és one of the most fasci=
nating area POr resaarch in biochemical evolutlon, in view o?
the 'gene dalation' thaory put ?ormard by Cohan and Broun (1960.3
| 1963) and Cohen (1966). According to tham, tho ancestors of theA
_tsleosts possassad tha ?unctional O=U cycle and the structural :
genas ?or hham might have baen daletsd in courss of svolution.'fl’

It has bean«suggeated that in such a caae of* ~gene delation, the"

'5; devalopmantal stages of the present day teleosts might pnssess fr

:HA tracss o? the urea-cycle (Huggins et aly 1969). Homevar, thsrefif
.19 littla work dona to asgess auch e posaibility. fForster and
soldstain (1 969) assumad that bacauss the eqgs of teleosts |
deuelop 1n watar. tha embryaa should be abls to disposs o? -
‘ammonia by dif?uaion. Howevsr, omith (1947, 1957) reportad that
the end products GF nitrogan matabolism, ammonia, was unable to‘
ascape through the chorion. Rice and Stokas (1973) measurad tha

- ammonia, urea and uric acid concenttations in egg and aleutns of
rainbow trout and showad that all these componsnts ware permeable

through the sgg membrana. Ammonia and urea,; besides being excreted
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out, were Found to accumulste in the ambryo but uric acid ahowadg
little accumulation. They furthor observed that out of the five
onzymes of the O=U cycle, only tuo namaly, ornithine transcarbe=
mylase and arginase werse presant in the egg and ambryos. Theorge
fore; thoy presumsd that the production o? ursa in the
»dévalopmenhalgsﬁagas-might have taken place from the dagradaiimn
of arginina pkeaent in the yolks Inggecent report in the same
Pishy using radioisotopic msthoda&fbébache ot al (1979) obsQrQed
that at least in some developmantal stagas urea was prcdueed via

the Os=U pathmay.

»Meurotranamission :

Acatylcholine (ACh) and acatylcholinestarase (AChE) 4 The impulae

from one fauron to another nsuron or from the nsuron to ‘the
affector organ ie'cpnvayed'by the release of chamical transmitters
or mediators (Ecclas, 1964)¢ Acetylcholine (Ath) ie ona sueh |
meortant tranemitter. which was First identifiad by Dale (1914).
1t is prasent in the cholinsrgic synapsea in neromuscular Junc~
tions (Prpsaer;~1973§g Rubin et aly 1979) and nerve free end=
plates (Weinberg & Hall, 1979). The synthasis of ACh takas plaéa
f:dm Acstylsﬁqa and choline by ths enzyme choline acetyltransfarase
(Mcllmain'&»aeéhelard. 1971) ACh‘may»be removed by simple
diPﬁuaion'ecrdssithe‘mémbranq but tﬁé hoat efPective removal is
| échléued through the inactivation of ACh by hydrolysis into
choline and acetate (Keels & Nail, 1972)« The hydrolysis of ACh
iévcatalyZed'QV‘ﬁhé:aggyme acatylcholinesterase (AChE, E.C?
3e1¢147)s This éﬁéfhg has baen'isolatéd Prom different tisaues
in a wide vatiety of spacieé ranging from insects to humans
(Rosenbénty, 1925). In Pish,. it has a wide t;ssua diatribqtian:

and show a highef activity in comparison to that of maﬁmalian
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species (Close & Serfaty, 1957). Basides their important role
in nerotransmission, ACh and AChE are a part of the basie
oxcitation unit of ragulsting ion flow across the cell membrane

(Kamemoto, 1961)«

Adaptive naturs of ACh y_and RChE ¢ The nervous system is ths

coordinator o? the different phyaiolugical _processes in an animal,
Thetafore,. 1n any type of environmental stress narvous system is
the initial target to be afPected. The level of ACh in brain has
baen shbwn to‘véty‘mith‘di??stent naural stimulation and
inhibiting conditions in mammals (Saito, 1971). The level of AChE
activity is correlated with the gena:a; state of activity o? an

| anipal (vijayélakshmi ot sl 7979). Tha enzyme is infPluenced by
diffarent phyaldlogical and physical Fécta:s like asstiuaéion
(Murald Mahan:gg;giﬁ 1977), photoperiod,; light intensity and moﬁdr
activity (Wbod‘& Rosa, 1979), hydrostatie prossurs (Millar'et g;,
1974), temparature and pH (Ngo & Laidler, 1978), Xo:ad{fhpn;i.
(Valcana st al, 1974) and habitat (Ramanujam & Ratha, 1981).
Differant toxic substances also inhibit the AChE activity

- (Corbatt, 1974: Olgon & Chriatansan, 19803 Ramanu jam, 1981),. The
enzyme exhibits compensatorv changea in Pish to adaptation
temporature. Hauas (1975) observad that in Re amarus, the activity
of AChE is 60% highar at 10°C than compared with at 299C, In golds
fPish (C. auratua) brain, three formas of AChE exist of which the |
323 ﬁowm dacreases with rising tamparature (Guillon & Massoulie,
1976)s Baldwin and Hochachka (197@) and Baldwin (1971) have |
examined tha E~S a??inity of AGhE Prom the central nervous ayatem
Avaf various species of Pishfi. In 2ll cagses oxaminsd, the Km ?or

ACh ramained relatively constant at tha optimal biological
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tampsrature range for each spacies. As the tempsrature dropped

bolow this rangs; the Km increased.

Davelopmental studies in ACh and AChE in fish : The ontogeny of

AGhE in So gairdnari-has:baen roportad by Ussugl and Vamazoe
(1964). AChE activity was detectad from the 10th day after
fortilization roaching the psak in the eye stage which coincided
with the development of excitable tiasues. In the Salamander,

~ Ambystoma punctatum, AChE activity could be detected in the

maturgﬁ!oacytea which began to rise when the splna1 cord and
brain startaq.davelopings The activity doubled uwhaen the embryonic
_movement-bqgaq and it progressively increased with dovelopment.
 The Ontageny-bf AChE in Xenopus is similar with the salamander
(Gindl & Knowland, 1979). In_chick, Aﬁﬂﬁ in the Opticvtéctum and
forebrain hehiapheres showad avsignificént incrasase apparantly
around tha-tima;of hatching (Harchana éﬁ.ﬂlﬁ 1977) «

Tyroasine oxidaﬁion ]

Tyrosine aminotrans?erase (TATS E.C.-z;é.t 5) ¢ Tyrosine 12 an

aromatic amino acid with a wide Variety of physiological functions,
Bagides being a precursor for protein synthasis. it is matabaliz-d
to produce thyroxine. dapamina, noradrenalina, adrenaline and
melanin (west et _5, 1974). Tyrosina is alsa oxidised to ?umarate
and acetoacetatefinunlving a number oP biochemical steps. First{
tyrusina is transaminatsd with ketoglutarate to yield pehydroxy=
phenylpyruvate (pHPP) and glutamate. Thie is the rate limiting
step of oxidation oP tyrosins and is catalyzed by the enzyme
tyrosins aninotransferasa (TAT) (Knox & La May=Knox, 19513 Lin &

: Knox, 1957). TAT plays an important role in gluconaoganesis

(Feigelson & Faigelson, 1966)+ In mammals and fishes, the anzyma
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15 primarily located in liver (Miller & Litwack, 1969a Ratha™ ..

& Bhagowati, 1981). In mammals, it is locatod in cytoplasmic,
mitochondrial and nuclear Practions (Litwack et al, 19633 Miller
& Lituwack, 1969a,bs Ratha &,Kandngc,e19?7). These differsnt sube
collular YAT vary in some c?'thait physicoechemical properties
(ﬁillég‘&ihiﬂwackg 1971) and ragulétionst(ﬁatha & Kanungo, 1974),
?or4mﬁich ﬁhaf ate~eonsideredga$ different isoenzymes. The '
molecular béégsrtias of TAT has bosn considsrably explored in
manmals (Rossnberg & Litwacks 19703 Iwasaki ot gl, 1973) and
in Progt (Ohisalo & Plsps, 19763 Ohisalo st al, 1977). |

Aqap&iya:naﬁunaﬂﬁﬁ TAT ¢ TAT is ons of the most adaptive anzymos

 in mammals. IQ gét:;ivetg TAT rapidly adjusts its activity through
the pituitaéyﬁéﬁggqéi.pathmay,in response to different phyaigal'
and gﬁgmical,strassﬁa (Galohrter, 1971: Ratha@ 19753 Thompson,
1979). The~anzymg ha5 a de?in;@e;&ircadied rhythm in rat dﬁich"
1s:dependent-on-thé;?eeaing cycls, distary protoin and photoporiod
(Yatanabe et al, 19683 Fuller & Snoddy, 1968 Zigmond ot al, 1969).
It has heen‘ahown~that duping any stress the level of the gluco=
corticoid hnrménas enhaﬂcé‘¢ausing‘increaée»in TAT activity |
(Rosan & Milhollandy; 1971)e The iﬁducﬁion of TAT by glucocortiw |
coidS-has‘been-uéad as a model system for studying tho gane
requlation in oukaryotic cells (Gopalakrishnan & Thompson, 1977).

Studies on TAT in lower vertabratos are very limiteds
Whiting and Wigas (1977) reported that prolengsd starvation (40
days) induced hepatic TAT in brook trout (g,.ﬁﬁﬁtinalla). Thay

have further shown a circadian rhythm of the enzyme. §he-paek
activity being influenced by food intske analogus to that in zat,
Ramanujam ot al (1981) also observed a definite circadian zhythm
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of hepatic TAT in the catfish, ﬁ. ?ossilisyand noted that the 7
pattern could be mndulated by altering 1ight conditioms. Reports
on glucocorticoid madiated inducation q? TAT iqf?ish and other
lowor vertebrates ig.controve:aial.'Chﬁﬁﬁéﬁﬂ Cohen (1964)
| suggaéﬁa& that glucocorticoid mediated inducation of TAT did
not oceur below the phylogenic level of reptiles, Houwsver, soms
roports have shouwn the induction of TAT by hydrocortisons in soms
rish (uhiting & Wiggs, 19763 aaviQ»ggfégp 1980). In a report from
this laboratorys ws have shoun the inhibitien of hepatic TAT
during hypoxic etress in C. ggsgig'(Ratha & Bhagowati, 1981).
Inhibition af TAT is not observed during any kind of stress in |
,;§mammalg,‘Hancag_w§ have suggestad that the regulation of TAT in
fish might he;diﬁé&zant from that in mammals.

Developmenﬁal"ééﬁects of TAT : There ia no information available

on tha ontogany oP TRY in ?1sh. In mammalian liver, cytoplasmia :
TAT (c=TAT) activity was almost undetectable till the time of
birth at which 1t induced significantly (Litwack & Nemath, 1965).
The mitachendrial TAT (m=TAT) activity was detectable in the
Postal liver and was induced at. about 2 days after birth (Koler
et al, 19693 Holt & Oliver, 1970)s In Xenopus laavis, TAT actlvity

could notvﬁg deté¢ted uneilAthe age of about 1 day and it appesred
aftér conpletion of neurulatien reaching the peak at the sgs of
2«5 days (°h199¥9;§ Pispa, 1975)« Thers has bsen no study on the
activity of rgr.du:ing the ontogenic developmant of fieh.‘ |

Plan o? ‘work s'

In view o? the fact that very littls information is available

on the matabolic changes in ganeral and enzymatic studies in



particdlar, during the davelopment of érsshmater Pighes@ the
prasent work was plannad to~study the activities of some of ths
koy enzymes and concsntrations o? eoma matabolitss of threa
model matabollc ‘pathuays mantionsd abaua and also to sea the S
afPPect of high sltituds on these paramcters during the»antmgenio”

dovelopment of scals carp (Cyprinus carpin) and an Indian maJor

carpy .xohu Qﬁgggggggéggj. The Fallowﬁng estimations wers done
in the smbryos starting from unPertilized sag till hatching in
diffaront devélbpmsntal stageas as mentioned in Ghapteral, bhoth
at lowsr and highar altituds. |

1) The endogapoua 1avels of ammonia and urea, and ths activity
lovels of glutamata dehydrogenase (GOM), phosphate depsndent
glutaminase (PDG),; olutamins synthetass (GS) and arginase

from agmmonia matabolic pathway wars estimated,

2) The concengratianafoP acetylcholina (ACh) and acetylcholinsse
torase (AChE) activity level wsre determined.

3) The activities of cytoplasmic (c=) and mitochondrial (me)
tytoaine aminotransferass (TAT) in difPerent developmental

stages were assayed.



130

 MATERIALS AND METHODS

The dsvalqpmental stages o?-scéleACarp (Cyprinus carpio)
and rohu (Labao»réhitg) used in the praesent investigation wers
the sams as described in Chapter Il. In all of them, the

Pollowing estimatibns'were dono as descéribed below.

Propanation of soxtracts @
Deap frozen eggs and embryos of eaéh developmental staqe
wars thawsd oﬁ‘ice and the adhsring Mater wss slowly blotted with
a filter paper. About 100 embryos of sach stage wers weighad in a
single pan micrﬁbélanca (Ke Roy Model=Ke16) and a 20% homogenate
was prepared in 1ce§cold‘a.25 M Sucrose using a pra=cooled all
glasb hand-oparated Potter Elvehjem type homogeniser in ice. The
homogenats was thantcentriﬁugadi(Remi Modal K<24) at 600 X g at
8£2°C for 15 minutes to sodimont nuclei. A part of this
supsrnatant (31) was kept in ice fPor the estimation of ammonia
and urea concentrations, and for assay of glutamate dehydrogsnase
(GDH), phosphate dependent glutaminase (PDG) and glutamine'
synthetase (GS) activities. Tho rest of ths supernatant was
centrifuged at 14,000 X g for 30 minutes at 0$2°C to sediment
mitochondriae This supernatant (32) was kept in ice for assaying
arginase, acetylcholinesterase (AChE), cytoplasmic tyrosine
aminotransforase (@anT) activities and acetylcholine (ACh)
concantration, Th;-mitochondrial pellot (m) was suspended in
0«25 M Sucrose solution to make a 20% suspsnsion using the _
homogenissr and was used for the assay of mitochondrial tyrosine

aminotransforase (meTAT) activity.
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Homogenate (208) of aggs/??ggygglﬂ?dgoigtgggs M Sucrose
{.]

Centrifugaed at 500 X g for 15
ninutss at 0+2°C

. o ]
Suyparnatant Pollet (discarded)
(s4)
 |Contrifuged at 14,000 X g for 30 minutes
at 0+20C |
{
Supernatant Pellet (m)

(s,) . | (mitochondria)

‘Est;mggiggs‘:‘

Estimatio of_ nia t Anmonia was ‘estimated foklowing the method
of Chaney and Marbach (1942) with 15 minutes incubation time. A
portxen'or'sf‘ezggtian-maé trested gi@n.1a% 2030, and 0.6 N Ba(OH),

in the.proéartion of 43131 by volume and was centrifuged at 7,000
X g at 0#£2°C for 15 minutes. This suparnatant (33) was -ysed for

tha astimation o? ammonia and ureae

0.2 ml of the supornatant (S;) was diluted to 1.0 ml with
double distllled'wéfér. 1t wae treated with 1.0 ml of alkaline=
hypachlorite solutian (320 mL of 1N NaOH and 21 ml of 5% Sodium f
hypochlorite diluted to 1 litre with double distillsd water)
follownd by 1.0 ml phenatse pentacyanitroaylc?errate solution (62 g
phenol a2nd 0. 25 g o? sodium nitropruaside diluted to 1 litre with
doubls distilled water). Tha con&ents were mixad thoroughly and
incubated at ‘40°C ?at 15 minutss. Tha optlcal density was then
measured at 640 nm using a Spactraphohamater (Backman Nodel-Zé).
The concentration of ammonia was calculated using a standard curve
preparad with ammoniﬁm'chlonida (NHaEE) and wa3 linsar betwoen the
concentrations of 0.2 to 2.0 uge
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Estimation o?.g:ag;s The method of Afchibald (1945) was employed

to deteormins the urea lsvel in ths supernatant (33). To 1.0 ml

of undiluted aupérnatant (83)y 340 ml acidemixture (90 m1 H,80,
and 270 ml HyP0, diluted to 1 litre with double distilled water)
and 01 ml of diacetyl monoxime reagent (3% diacetyl monoxime
preparad in absolute alecohol) ware added. The contents wsre
thér@ughly mixed, the tubes ware douétad with marbles and placsd
in 2 boiling water baths After exaétly boiling for 30 minutes ths ﬁ
tubes were éoolad-in dark Por 10 minutes and the optical dansity
was measured at 540 nm in a Spectrophotometer (@eckman Modsle26).

~ The concentratioﬁé oP urea were calculatsd from a stapdard graph
pteparad using different concentrations of ursa within the range

of 3.0 to 30.0 ug which uas lineats

Assay ofgg}utamate dohydrogenaas_ (GDH) activity 3 GDH activity

was assayed in the s1 fraction Pollowing Olson and AnPinsen (1952).
The assay was done spactrophotometrically by measuring the decrease
in optical density at 340 nm dus to tho oxidation of NADH in the

dirsction of glutamate formation in the following reaction,

COOH * COOH

| |

C=0 HC1H,,

én + NH* & NADH—02H ‘éﬂ NAD* & H.0
' 2 4 SAAY ‘ 2 + + 2
COOM COOH

o4 = Ketoglutarate L - Glutamate
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The assay mixture (pH 7+6) in a2 final volums of 3.0 ml

contained?
Potasasium phosphate bu??én~ T 370.0 ‘pmalas
Amonium chloride | 450.0  pmoles
Sodium o =~ketoglutarate 04282 pmoles
NADH | o 33.4 pmoles
Eniy@a-sourca-(31) - 0.2 ml

The édiution‘maé added directly into the cuvette, nixed
quiékly and tha ﬁecraase in optical density g@zBAO'nm was recorded
in a Spectrophdtqmetetv(Beckman.ﬂodelﬁzé) atmgb sscond intervels
for 3 minutes or till fhe;rage‘of'change'wae linear. The activity
of the anzymne was calcqlatad eonsgdexing the decrease in opticelA:.
density o?fﬁqzlequiualént'to 1qﬂjumoia'o? NADH oxidised (Olson & -
Anfinsen, 1952), One unit of the asnzyms was defined as that
amount which catglstd the axidahion}o? 1.0/uhe19 of NADH per

hour undor tha.aésay conditions described.

Assay of phosphato dependant ﬁlut‘amnasa (PDG) activity ¢ The

assay of phosphate dependant glutamiﬁése (PDG) activity was done .
_in 8, Praction Pollowing the Pixed tims ‘assay method deseribed

by Mékarewicz and Zydowo (1962), but the Pinal ammonia sstimation
was done following Chansy and Marbach (1962)e To a portion of 54
fraction an equal volume of KCi~Borate solution (0.1 N KCy
contalning 31039 ﬁvBQfate at pH 747) was éﬁdadm The contents

were mixed in chilled'homogenisez and ussd ag anzyme’sburce

for PDG¢
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EN

am A

C = MY, C « BH

2 |

Fﬂz ' PDG FHZ

?HZ * H29, T FHZ + NHy
Ra?aN&2  ﬂyfomﬂz

COOH  COOH

~La81utam1n9” ‘Lnﬁiutamate» ammania

The Pinal reaction nixture of 2.0 mi (pH 7.7) containod:

Sod4um phosphate buffer 1000 ymoles
TriséHcl buffer - ai 50+0 umoles
Glutamlne X A‘f 1 20.ﬂ‘pmoles
NaCl - . “'7' 30.0 pmoles

Enzyme gource ' 0.2 ml

Tha reactién was carried out iﬁ stoppered glass centrifdgéz
tubss, The raaction mixture was preincéubated at 30°C Por 10 _ 
minutaa be?ora adding the enzyme, The reaction was initiated by
addition of tho . enzyma source and incubated at 30°C in a water
bath Por 15 minuteagej ml of 15% Tgﬁ-lmas added to stop the
reacﬁioﬁ énd_}he b#eéipitated prdteiﬁﬁmes romoved by centri?ugatioﬁ
- at 2,000 X g”§ai:10fminutes¢ The emount of ammonia Pormed dutiﬁg,
tho raaﬂtion-@é& eétimated in 1.0 ml of the supsrnatant as
described sarliers Ons unit of the eo?yme was defPined as thatrl.
amount which éatglyzad the Pormation of 1.0 umole of ammonia»peg

thour under the asaay conditions describods .

Assay of glutamina synthetass (GS) activity i A portion of S, was
treatsd with 1% triton X«100 (131) end centrifuged at 14,000 X g
for 30 minutes. Thigltreatmant was optimum to get maximum GS
activity. The cleéf suparnatant was used as the enzyme source for
the assay of glutamine synthetase (GS).
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Glutanine synthatase (53) has besn shown to catalyze the
follouing thres reactions (Webb & Srown Jfe, 1976).

e

’ Mo .
1¢ Glutamate + ammonia + ATP o ds > Glutamine + ADP + Pi
Mg** or Mn**t
2. Glutamate + WH,0H + ATP e \»1’~ lutamylh droxamate
B GS, (aHa) + ADP « Pi
an**  As0l”
3+ Glutamine + NH,OH + ADP oo 4. Y =glutamylhydroxamate
GS ()

+ ADP o gammonia

The assay of GS was dons ?011§w1ng the Noe2 reaction
montionsd above using & Pixed time assay procedure by Wilson and

Fowlkas (1976). The reaction mixturs of 1.0 al (pH 7.2) contained ¢

Imidazole=HCl bu??gr 500 umoles
ﬂgélz ’ 20,0 umoles
2emércaptoethanol 25.0 umolss
Sodium Leglutamate ,  S0.0 umoles
Hydroxylamine hydrach;bride 100.,0 umoles
Sodium ATP o 10,0 umoles
4Enzyme;sourca : 0.1 ml

The reaction mixture without the enzyme was preincubated at

| 30°C for 10 minutes in 15 ml glaas eeﬁtri?uge tubese. The reaction
was started by the addition of the orizyme source and was incubated
at 30°C for 15 miﬁutesg The reactian mae stoppad and the colour

was doveloped by addition of 1.5 ml of Ferric Chloride reagent
(0.37 ™ FaGlB, O;67‘N*H31 and Q.2 M Tta) to sach tube with shaking.
The precipitated‘bfatein was removed by coentrifugastion at 2,oan7x 9
for 10 minutaes. The optical density was read at 500 nm against a

reagent blank in a2 Spectrophotamster (Bockman Modele26). Ona unit
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of the enzyme was defined as that amount which catalyzed thes
formation of 1;0}ym919 of GHA per houre The amount of GHA was
calculated from a standard graph prepared using different
concentrations of Y -qlutamylhydroxamate (8.5~5.u,pmoles) which

was linears

Assay of q_g;nasa activity H Rrginaéérmas assaysd following the
fixed time assay of Schimke (1970) with incubation at 30°C, The

: jurea produced by tho catalysis of arginine by aroinass was

' ostimated colorimgtrically (A:chiba;§, 1945) as described earlier.

i

"",*.2'.: ‘ |
hpoi S CHoeH, WM
. . - PRty '
CHZ': o M0 R:ginasq;;§ é_z R 2 0
Hi,-‘f-vNH’-_zj - : o _ H’F‘NHZ
goow .. S CODH

L - nggiﬁxhq - S ?Qge Brnithins Urea

The final rsaction mixture oP 2.0 ml (pH 7. 6) centained 3

Learginine hydrochloride 250.o,pmole‘ :
MnClz "fﬁl ' 1.0 pmole
Enéyma source ($,) 'i{f o 1.0 ml

The substfaté-Leargihina hydro&hloride and MnClz were
prapared in Trls~glycina buffer (0 125 M, pH 746)e Learainine and’
the supe:natant with MnCIz were preincubated in two separate glass
cantri?uge tubss at 309 4in o water bathe AfPter 10 minutes, the
contents in tha tuo tubes ware mixed together and incubated for 15

minutas at 3&06. }he ‘reaction was stoppsd by adding 2.5 ml of HChBa
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(0.5 M) and the precipitated prctein wés removed by centrifugation
at 2,000 X g for 10 minutess The urea which was formed during the
reaction was determined in 1.0 ml of the supernatant. The blank
was prepared taking sgme amount of boiled 32,1qetead of enzyme
source. Ono unit of the enzymo was defined as that amount which

catalyzed the Pormation of 1.0 umole urea per hour.

Eatimation oP_acetylchclinQ_ﬁﬁtn) ¢ The concentration of acetyle

cholina (ACh) in S, was estimsted following Augustinsson (1957).
, The method is‘ﬁased upon the reactti pfAACh with hydroxylamine .
- to form acethydroxamic acid, Acethydééxamic acid forms a goluble
red»pdrple cuﬁple# with ferric ions iﬁiaéid soluﬁlpn. The colour
intensity of uhich is proportionsl td'tbe concontration of ACh
presont. This cOmﬁlex absorba 1ight§m581mélly at 540 nm.

acid

(cns)3 acnzcaznncacﬂs + NH20H cu3)3 -cazcuzan
: { \Choline ) .
. +-GH385~ﬁHGH
ARcetylcholineg Hydroxylamine . Acethydroxamic
IR - ‘ _ acid -
. o o o ’ 4‘ 0 ---‘.FQ/B
CH3C0=NHOH i};ﬂ+‘Fecl3 - ‘fi;p - CHBC// ' ,
A S \\NH---0
Acethydrcxamic o ~']jf rod-purple complex

2.0 ml oF'alkélins hydrexylamine reagent (2 ¥ hydroxylaminéa_
HCL + 345 N NaOH- mixad in squal volume Just bePora use) was eddad
to 140 m1 of the eupasnatant (52). AFtar 1 minuta, 1.0 ml of 4 N :
HCL and 1.0 ml of FeCly (0437 M in 0.1 N HCL) were added to the
abova and the nixture was centrifuged for 5 minutas at 2,000 X Qe

The optical denaity of the supernatant was road at 540 nm in 3
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Spectrophotomater (Beckman Modele26). ACh concentration uas
calculated us;ng a standard graph made with di??erent concentrge=

tions (D._~1,B mmoles);o? acetylcholine iodide which was linsar.

L

Assay of acetylcholinesterase (AChE)Lactivity(: AChE was assayed
folloming thefsﬁéétraphotometric,mathéd“o? Ellman gt al (1961)
uaing acetylthiocholiﬁe<iodide as the substrate. The enzyme
activity was measured at 412 nm in a dipitsl Spectrophotometer
(Bockmen Models26) by following the ia#a of increase in optical
density dus to the ysllow colour cénplax formed by the reaction
of thiocholine. produced by the anzyme activity, with diethioe -
bis~n1troben205te (bTm). '

- AChE AN +
(cn3)3m cnz zscocus + Hza ' - (cu )3N cazcuzs
Aoatyleh;ochnline , Thiocholina
| + CH4CO0” ¢ 2H*
. o ) N\ L J
(cu3)3m CH cazs + RSSR e (cn3)3w cazcuzssnoas
Thlocholine (oTNB) o sathxoazonigrobenxoxc

-

coo

The final reaction mixturs of 3.12 ml (pH 8.0) containad 3

Phoaphate buffer 83g33)umoles

Acatylthiocholine iodide 0432 pmoles

DTHB o 0532/pmolea
- Enzyme source (8,) - D1 ml

The blank contéined all oiher‘feagents excopt tha enzyme

which was replaced by buffer. THG»QRZVMQ was added to start the
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. reaction and the increase in optical dsnsity was recorded at 30
sscond intervals for 3 minutes or till tha rate of change was
linoer. The linsar rate of increase in opticel density, usually
for the first. 2 minutes, was used for. calculating the enzyme
activity. Tha calculation of activity was done following Ellman
at al, (1961) using the following ?urmula.

' o 1
1.36 x 104 ~(a00/3120) co

o AC
‘.=.= 07 X‘l €0
uhere R = moles of substrate hydrolyzed/min/g,
A = change in ahsorbanca/min,
CO = original concentration of egg%/embryo
homogenate (mg/ml)e ,

~Ona unit of enzyme activity was defined as pmolas of

S/

substrate hydrolyzed per hour.

Assay of cytoplasmic (c=) and mitochondrial (me) tyrosine aminoe
transferase (?"T) activity T TAT activity in cytoplasmic (Szi'and

mitochondrial (m) fﬂactiona wsre assayed follouwing the methods of
Ratha and Kanungo (;;77). Howsvaer, the incubation temperature
used here was 30°C instead of 37°C used by them. This is a Pixed
time assay which dépends on the oxidation of pehydroxyphenyle
pyruvate (pHPP), one of the products of TAT cataiyzed reaction,
by molecular oxygen to p=hydroxybenzaldehyde (pHB) and oxalato.

pHB:absbrbs light maximally at 331 nm in alksline madium.
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COOH COOH caoH coo
a l

| NeCalH,y e=0 Ca0 HeCafiH,,

Ly | TAT & | LH

tHy e == 2 ¢ 2

oM Loon oM caou
LeTyrosine o =Ketoglutarats = pHPP Glutamats

coo o

c=f] T H

? ’ KoH fonu

' R > =0 ¢ o

£ %2 | - COOH

oH L . OH

pHRR . pHB Oxalic scid

The Finélﬁﬁéactian mixture of 3.0 ml (pH 7.6) contained : .

Ttiathéd@lémine buffer : 240.0/umoles
Lﬁtyrosiha ' 27.0/um0183

‘d =ketoglutarate 27.9,Pmolesﬂ"
pyridoxal phosphate
£0TA

DT 1’3&{)

0.2%pmcles
3.0/umoles
3.0 /umolea

Enzyme source 0.2 ml

(32 or mitachondrial suspension)

The enzyﬁe was added to the :éactinn mixture after 10
minutes of pnséindubation to start thé_reaction at 30°C in a
water bath. RPter‘10“m1nutes.ofvincubétion, the reactionjwasg
stopped by adding 04 ml of 10,0 N KOH with immediate and
vigorous mixinge Ths-optical density was read at 331 nm against
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a reagent blank in a Spectrophotomster (Backman Model«26) after
30 minutes of the addiiion of KOH. A standard curve was preparsd
by taking different concentrations of pHPP (0.05=0. S/umolas) under
the same conditlana{as that for the assay of the anzyme/and was
linsare. One unit of tha enzyms was taken as equal to that amount

which catalyzed tha formation of 1.0/pm019 of pHPP per hour at 30°C.

Exprossion of date 3

Data Por all estimations and enzyme assays weare obtained
Prom 3«5 sets of axperiments. The sources of chemicals and
biochemicals, and the statistical analysis wers same as describad

in Chapter II.

Ammonia and urea concentration havs besn oxpressed as
'/umoLes per embryo. Acetylcholina concentration has besn expressed
as mmoles per embryo. The snzyme activities have been presented
as total activity (units/embryo) and specific activity (units/mg
protein). '
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RESULTS

Ammonig §

The alterations in am@&nia concentrations during the
~ontaganic dsvolopnent of scaié cérp and rohu at lowsr and higher
‘alt1§uda haye_baen presented iﬁ Table=23 and Fig. 14, Ammonia
| conéqntration in the egg of s:aie carp was about twc times higher
than.that of rohu at both tha altitudese. In all casas, there was
a sudden increase in ammonia level after fertilization and the
highest amount of ammonis per embryo uwas observed in prashatching
(15a) stagse On hétching tha snmonia concentration dscrsased
significantly in all cases, Rmmbnia concantration was found to bs

much higher in scale carp than thu.

In scale carp, the amﬁon}a concentration per embryo went
on 1ncraasing till the stageigxét both the altitudes. At atage-s,
tho level decrsased in both tha places/but significantly only at
Gauhatle The lgvel again went up till stage=10 and remained more
or loss stablo till stage-12 of development. A Purther incteass
in ammonia levélitcak place from stage=13 till tho pask level at.
preahatehing (15a) stagee. At highor altituds, the ammonia level
1ncraased~?:dm'9tage»7 to stage=12 which was maintained till stagee
153 It was significantly highor (65.36%) only at stage=6 and
significantly lowss (17.8%) oﬁly at stage=15a embryos of scals
carp at ths higher altitude.

1n rohu, thers was a éigni?icant decreass in ammonia level
at both the altitudes from fertilized sgg (stage=1) to stage=2.
This decrease continued gradually to its lowsst level at Gauhati
at stages=5 and at Mawpun at stage=4. Then the level dacreaséql

gradually till the highest level at the pre=hatching (15a) stage
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axcept a signiffcant sudden Pall at neurulation (stages11) ot
Gauhati« At highsr altitude the embryonic ammonia lovel in rohu
was higher than thosas at louwesr altitude which was significant
at stage=5 and‘Pnom stage=11 til; 15a.
Urega 1
The urea concontrations of the embryos of scale carp and

rohu observed at lower and higher altitudes have bsen presentsd
in Tablo=24 and Fige 14. There was not much variation in the _urea
concentration of the unfe:tilizéd eag of scele carp and rohu at
both higher and lowsr altitudes. In the later stages of develope

ment, urea level increased from the unfertilized egg to its peak
| in the pré=hatching embryos by 440 and 3,5 times in scale carp
and 2.5 and 1.5 timss in rohu embryos in lowsr and higher altitude
respectivslyq There was no significant altitudinal difference in

the urea level of the embryos of the two speciss.

On Pertilization the urea level increasad in scals carp
which wes maintainad at an insignificantly variable level till
stago=8 at both ths altitudss. Thers was an increase from stagoe»8
to stage=9 which was gignificant only at higher altituda. This
increaSQ continusd sléwly till its highest level in the pro=
hatching (156) stagee

In rohu, thore was no incresass in the ursa level after
Pertilization till tho stage=8 of development. A significant
increass was obsarved from stage=«8 to 9. There was a slow increase
in the urea concentration after gastrulation in the developing
ambryos of rohu at both the altitudes to reach the peak at the
preshatching (15a) stage.

In all cases there was decreasa in urea lével per smbryo
aftar hatching.
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Glutamate-dehydneggnaeedfGéﬂliactiuity H

The total aciivity (uﬁite/amb:yo) and specific activity
(unita/mo protéin) of GDH in the embryonic stagss of scala carp
and rohu at lowsr and higher altitude have been prasented in
Tables=25 & 26 and Figse 15 & 16. GDH activity could not be
dotected in the unfertilized egg and it appearsd only after
Portilization. The pattern of change in both total and specific
activity of GOH were similar at both the altitudes. The total
eativiﬁy was lowsr in rahu“add higher in scale carp whersas the

specific activity was lowsr in scale carp and higher in rohus

In'scalémcarp,‘tha activities did not éltér significantly
from Portilization till the stage=7. During blastulation (stagéaeki\
thero appoared o aigni?icani &ecreasé‘in both the activitiese. They
started incrassing agaln Prom stagews onwards to feach the peakd’
in the stage«?Sb. At gauhati, the increass was continuous with the
progress of developmsnt, rosulting in 5 and 9 fPold increase in
total and specific activity. reépectively at stage=15b in comparison
to stago=B8. Housvers at higher altitude (Shillong) the ?luctuations
- wére more and thé inorease was in tuwo stgpss once from stage~8 till
‘stage~11 and again from stage=14 till stage=15b, During the last 3
stages (stag99-14, i5a & 15b) only, GDH activities wore significantly
lowsr at higher altitude than the lowsr asltitude embryos: B

Rohu depicted a different pattern of GDH activities than

' scale carp; The initial levei detocted after fertilization was
maintained till stagee5 and stage=7 at lowar and higher altitude
raspectivelyo Aftor this, the pattern of °“3“Q3P in the total and

' spacific activitiaa showed variations. The total activity incraaaed
uptﬂ stage=? in both the altitudes a?ter which ths level was



145

maintained in the ombryos at higher altitude onlys At lowsr
altitude the total acbxvity started increasing after stagew-i2

til1l reaching.its'peak in stage=15be. The spescific activity of

GDH increasad continuously Prom stage~7 till its peek in stagee
15b in rohu embryos at higher altituda. Housver; at louwerx
altitudqgﬁtha spgcific activigy went up Prom stage=5 till stage=9.
This was decreased signi?icaqﬁly by.sbage¢1i£follom9d by a gradusl
increase to reach the psak in stage=15b. In the last stgges.of
developmant (éﬁagée?é & 15b%é§ﬁ§:9paci?1c activity was signifie

cantly lowsr at higher altitddg!in rohu embryos,

Phosphate dependent glutaminase (POG) activity

' :;The-ﬁctal_and apecificéggtivities of PDG have besn pressnted

in Tables—Z?l&‘ZB and Figs«'17”&;18; There ware species spacific
and altitude relatad uariations in the POG activitiss during |
davelopmant oF both acala carp and rohu ambryos. POG activities

| could bo detected in ell embryonic stages of scale carp starting

| from un?ertilized egg upto stageu?ﬁb. However, in rohu, the

'enzyme activity could only be deteoted ?rom stage=11 onwards.'»
'Even though it started lats 1n rohu, the total activity of PDG ,5

" became similar. te that of carp in the pre-hatching (15a) stage,

| atleast at the higher altitudec The apecifie activity of POG

became similar to earps at lowar altitude at. ‘hatehing, However, B

it incroased by about 100% in rohu at higher altitude in |

comparisdn to sca;e carpo

Both totai'and specific activity Pollowad parallel pattaid;
almost thtoughout tha developmantal stages oxcept at stagessti, 6.
7, 13 and 15b in scale carpe On ?ertilization, the spocific
activity of PDG signi?icantlyvincreased and then the activitiaes
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did not alter significantly ﬁill~the stage=-8 at Gauhati. Housver,
at highar altituda;lthere was 8 signi?iéant incéroase from stages5
to 7 which returnasd back to theo lavel of lowsr altitude at atage-B8.
Thefe was again a significant increass at stage=%9 which was
followed by a significant decreass till stage=11 at both the
altitudss. Frnm:z;aga—11'the PDG activities increased significantly
till their peak at pte&hatchiﬁg (15a) stage followsed by a‘sudden
and significant decrease at hatching {(15b) at Gauhati. Howaver, at
higher altiﬁﬁda, ths actiuitiés want on increasing from stage=11
~ till hatching oxeept a significant decrease at stage=13. In general,
Prom stagew9 till. pre=hatching (15a) étage, PDG activities ware
lowsr at higher ait&tuda than at Gauhati.

In rohu, PDG activ1t1s8 @eta datected only in the amgryoa
from stage=11 onwards and thg activities wsre significantly higher |
(about 3 times) et higher altitude than at lowsr altifuds Pollowingf‘

a parallel devalﬁpmeﬁtal patterne

Glutamine synthotase (G3) activity $

The total and specific activities of glutamine synthgtase
(GS) in diffarent developmantal stagss of scale carp and rohu at
lower and higher altitude havs boen presented in Téﬁles~29 & 30
and Figse 19 & 20« The enzyma activity was detected théoughout the
dGValopmental';tagea studiadﬁstarting from the unfertilized eqgse
till hatching in both the Spéeias and at both the altitudea"Thé
unfortilized egg had, in general, very low lovel of G5 activity
which increased significantly on fartilization. Howsver, tha‘GS
activitios marq:eigni?icantly higharé}n general,; in rohu than
scals carp at both;élﬁitudas thrdughogt their davelopment.

In scale carp at Gauhati, both total and specific activity
of GS slowly and gradually increased from stage=1 £ill stage+15ae
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Though, the increases betwssn individual stages werse not
signzeicant,g/t the cumulative increase by the preshatehing (15a)
stage was more than twicea tha activity level at the zygote (1)
: stagee At higher altitude (Shillong), the GS activities wsre very
similar to thosa at lowsr altitude till the stage=6 aftsr which
| the activitics decreased signi?icantly to 2 lousr level at stage=
| 9. There was significent 1ncf§ase in the activities from atagéé9
to stages1% at highor altitude to reach the level of lowsr altituds
which was maintained till-staégQiA. There was s significant
increass in both total and aﬁsci?ic activity of GS only dupring
hatching at Gauhati .. However, thia increase started sarlier from
the pra»hatching atage (15a) at higher altitude and was also
~induced %0 a compatatively highar lovel than that at Gauhati.

In rgohu, the GS actlvitiea were maintained at the level
observed in the zygote (atagaéf’ till ths stagse8 of developmehﬁ"
gt both the altitudes. At Gauhati, the enzyme sctivities decressed
significantly at atagea9;?ollomed by a significant incrsass by
stage=11. Then there mas a uary slow inereaaing trend till the
proshatching (15a) stagse At the higher altitude (Mawpun), the
specific activity of GS increéééQfsigni?icantly from stage=8 till
. tho pre-hatching stage (15a)e The specific activity was almost
oimilar at béth thé altitudea.ddring davelopmental stages of rohu
- except at 9tage~9 whars it was significantly highar and at stage«
11 uwhere it was aigni?icantly lower at higher altituds than at

- Gauhatie The total activity also incraasad significantly at stagse
9 which was higher;than the same at Gauhati. The lovel was almost
maiﬁtained tiliistaga§15a‘excépt that ths last two stagas showsd a
compératively iaaafsignificant.inereasa. Howsver, the total écti&ity

were aigﬁi?icéntli”iawer betwsen stags=11 to 15a at higher altitude.
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There was a sudden and aharp'increasa:in the B3 activities on
hatching at Gauhati bgt:bhis could not be verified at higher
altitude dus to lack of obsérvations for stage=15b.

S ﬁgginaaa activity ¢

The total and speeific aetivifies of arginase during
dsvelopment of scale carp and rohu studisd at lowsr and higher
altitude have been presented in Tables=31 & 32 and Figs. 21 & 22.
The enzyme'activity.cobld be detacted in all ombryos studisd and
the lovel of total activity, in geneorsl, was similar 1n-b§th the
species at both the altitudes. Howsver; the specific activity of
arginase was higheé.in rohu embryas at both tho altitudes in
comparison teo thﬁée of aCala‘carp,AThe pattern of ontogsnic changes
were épeciea‘speciFic but was not affected much by variation in
altitudo. Tho unfertilized egg had a lows? level of arpinase
activity and this was enhancod significantly after fertilization.

In scalé carpy after the,initiél induction of the araginase
activity at stage=1 (zygotae); thare was a gradual decrease in beth
total and specific activities till stage«7. Aftar this, there was

a sudden and significant increass in bdth'the activities from
}staga»7 to 8. The total activity was maintainsd almost at that
level with wids but insignificant variations upto the pre-hatching
(15a) stage/at both the altitudas. Howsver, tho specific activity
of arginase was docreased after stage=8 and then g:aduglly pickod
up to-reéch ﬁ%e highast level at the p:euhatching-(isa) stage at
Gouhatie At higher altituds, the speciPic activity incressed slouly
from stage=8 6nwatds,with a relatively higher lavel than those at
lowsar altituda and feachaﬂ the peak also in the pra=hatching stage.
In all cases of scale carp, thers was a significant dacrease in

the arginass activity on hatchinge
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In'rthgnthera were some altifddinal'variations.1n arginase
activities during the éaily dovelopmental. stanges. and at stageei4..
The laﬁel of total activity did not change on fertilization but in
the following two stagas it went up significantly to a peak at
stago=3, Héwaﬁét, the specific activitv»inézeaaed on fertilization
to a peak algso at stage~3i In both the caass, the peak lovsel at
higher altltuda was higher than the lower altitude. The peak level
at stagee=3 wags docroased by’stageaa. Both total and . speci?ic
activity levels ware maintainedﬁ?airlypconstant from atages4 till
stage+11 after which they incivased te .another peak at. stage~12a
This was follound by significant dectease in ths embryonic
argxnaae actiuity till hatching. '

Acetylcholine (ACh) concantrationa 3

The alterations in acetylcholins {ACh) concantration during
the ontogenic davelopment of scale carp and rohu studied at lower
«and‘highar-altitdd@fhave~been presenﬁad in Table~33 and Fige. 23,
The ACh lav§1(1n gewa:alg was higher jnrscale carp than inArohu
embryoss There was not much altitudinal variations in ACh
concantration in the two spaciss except during the later stages of

' dovalopment in rahdcl

_ AIn Sealé égrpg the ACh concéné%atiun did not change Prom

the un?ertilizad‘egg till siagedQ; Afﬁet tha%{the lovel significantly
décreased to itéilomest level at sta§§~12 followsd by a significant
and sharp 1ncreasa to reach the peak at tho pro=hatching (15a)

stagee Hatching resultad 1n szgni?icant decrease in ACh concentra~

tion of the scealo carp embryos.

In rohu, tho ACh level was also maintained with insignificant
Pluctuations from unPertilized egg till stage-B of dsvelopment.
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After that, the lovel decrsased significantly to its lowsst lsvel
at stage=12 at the lowsr altitude (Gauhati). This was increased
again to a paak at ths pre<hatching (153) stage which significantly
decreassed on hatchings Thigs pattern was almost similar to scale
carpe. Howsver, at higher altituds the pattern was almost opposite
with the ACh 1aue;§increasing Prom stage=8 till stageei1 and then
decréasing gradually till the pres=hatching (15a) stages Ths levsl
was highor at stags=11 and lowser at étage-14 and 15a of réhu
davelopment at higher altituda than thoss at louwsr altitude.

Acetylcholinasterasa (AChE) activity 3

The total and specific actiuities of AChE studisd during
the dovelopment of scale carp and rohu at two diffopent altiﬁudee‘
have bean presented in Tablos«+34 & 35 and Figse 24 & 25. The
enzyme activity ecould be dstectod enly from stage=9 of dsvelopment
at both the altitudss in scalelﬁarp and at lowsr altitude (Gauhati)
in rohu. At higher e}titude, the'enzyha activity in rohu embryos

was detected Prom staga=11 only.

The tota1 achivity of ACEE in écale carp increased gradually
: and 3igni?icanﬁly'from‘ataga-9vtill the stage=15b without hauing'
any efPécﬁ.o?ialti€099o Howsver, the épeei?ic activity which .
Pollowsd almost & similar pattern as Ehat of total activity, showed
significantly higher lgvel at highar ‘altitude during the later

stages of developmant.

In-:ﬁhu; ét stage~i1, the total and spascific activities of
AChE was significantly lowsr at higher altitude. Howsver, thay
:'inctaaSed‘sharpiy during the later stages to show a higher lsvel
at higher altitude and this was significant Por specific activity.
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The altitudinal difference invépéciFic activity of AChE tn
both the species, indicating higher activity st higher altitude,
becams more pronounced with the progféés of development. Both
total and apecific activity of AChE wete higher in scale carp at
both altitudas’ than those of rohu.

Cytoplasmic tyrosine aminotransferaséf(c~TAT)-activity 3
- The total and specific activitzes of coTAf studied during
the davelopmant of scale carp and rohu at lowsr and highar altitude
have bsen preaented in Tablag=34 & 3? and Figs. 26 & 27« The c=TAT
gotivity cou%dfbeAdetected throughouﬁ_the development starting Prom
“-thé unfPertilized enge The onzyms actéﬁityw in general, was higher
in scale ca;pxtﬁan_in.rbhu aﬁ& did not show much variation with

altitude excopt duéing*a Paw aﬁagea baFore hatéhing-

In scale cerb; the total actiJity of ¢=TAT decreased - -
significantly an Fé§t§1izatiqn1at.bo£H the altitudes and then it
was maintaiﬂéd a§,a fairly constant'iével throughout the devslop=
mental stagea{atudied at Gauhati, At Shillong, tho activity was
maintained at the samo level as Gauhati till the stage=14 of |
devalopment and then it increasad signi?icantly during hatching.
The sneci?xc actiuity was maintainad at both the altitudes at the
samg lavel as in un?ertilizsd agg tlll the naurulation (11) staga.
-APter thisitha activity was maintained in a slightly higher lovel
at lowsr altitudq and increased gradually reaching the peak at a

‘_significantly‘h;gbaﬁ lavelj at the higﬁer altituds]at stage—isbwv

in rohu, tha pattern was di??erent than scale carp. The
'uotal activity of c=TAT was higher in the unfertilized sgy and
docreased gradually to about half 1&9 activity by stage=8 and thisﬁ

was mgintained at higher altitudse Houwsver, at lowsr altitude the
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total activity incraased Prom-Stageeé to 9 and was maintained in
a signi?icantly highazﬂlsvel Prom-stégeﬁ12 onwardse. Thas specific
activity pattern was still differente. The spacific activity of
c=TAT significantly increassd on PerﬁiliZation (stage=1) and then
gradually decrsasad till stago=-8 ét both the altitudes. After this
tha Spacific act£9ity showsd an 1ncréé§iﬁg trend with developmente.
Howsver, this incroase was more pronounced at higher altitude
resultinQ.in gigni?icantly higher level of c«TAT specific activity

at stage-14 and 15a in comparison to tﬁe sams at lowsr altitude,

Mitochondrial tyroéina aminotransPérase (meTAT) activity s

The total and specific actlvxties of mnTAT observed during
the devalopnantal stagas of acale carp and rohu at both lower and
higher altitude have bean presanted in-Tablas—BB & 39 and Figs. 28
& 29. It wasfaAs1gni?1cant point to-noﬁe that the enzyme activity
could nét be datééted till‘the-staged11 in scals carp and stage=12
in rohu at both tha altitudes. Tho meTAT activity was comparatively

much higher in scala carp than in rohu.

In agale earp; bbth total and‘épacific activity showsed a
similar pattorn o?_deualopmant'at both the altitudes. They went
on incraasing paraiggiy and showsd no altitudinal variations
exéept at stage=14 and 15b where the activities wers higher at
highez altitude. Hdwaver, at stage=15by the differance wss more
significant than stagé~14, resulting in a total increase in
activity‘of about 800% at higher altitude and 20078 at lowsr
altitude. | |

Ih tahu;'the total activity was'éignificantly;luwer at
higher altituds with an insignificantly inereasing trend., Howsver,
at lowsr altituda, tho m=TAT total activity incroased significantly
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from stégéu12 till stagp-iSb,\Tha apecifféfactivity of m=TAT of
rohu gmbryons showsd g decregsing trend at highsr altitude agnd
an increasing trand at lower altitude from stagee12 onwards.
‘Neither thase.changes wore significant nor there was any

9igniﬁicant-altitudiﬁal variations.

~
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. DISCUSSION

Tho drastic transformation of a single csllad zygote to ,-'
diversa types of colls, tissues and organs, involves varicus :
motabolic changes, Metabolism of differsnt biomolecules such as
protgsn,‘catbehydtatag;auclaic acids and lipid varies in
different aﬁages~o? developmant in different specles 6? animals,.
Alterations in enzyms activitios control the motabolic processss
in an organism. Many snzymss have shown significant qualitative
and quantitatlvé-qhangaa during tho development in various qgroups
of animals (ﬁba;iq 1948¢ Wallacae, 1961; Moog, 19713 Brachst,
19743 Neyfakh & Abramova, 1974). Such changses in the éenzyms
getivity have boen explainad-as altsrations in gene expression
{Davidson,; 1976; Whitt, 1981a;b). Therefare, ontogenic variations
in the aetivitié&-gﬁ enzymes not only give an idea of the
ssquontial métabdiic alterations at different stages of develop- ‘
-msntg but alss thay provide valuagbls informations onvthe

rogulation of geéa~éxpresslon»during antogenic deveiopmenta

Anmonia ¢
The mature oocyts of séale carp and rohu containsd a

considorable amount of ammonia (Tablo=233 Fige 14). The total
‘amaunt bﬂ\ammoﬁia por embryo in scale carp was twice as much as
in rohu in sha unférﬁi11zed agge Howavaer, when axpressad per

aran (g) mét‘ﬁsigﬁﬁg‘ammaaié éoncantration in the egg of both the
spﬁeies wore yéry.ﬁuch-aimilaz. The scéla carp ogqg with bigger
size and muré‘protgin might have contained more ammonia, byt the
concantration was tﬁa same in both. Tho ammonia concentration |

;significan£;y>£né§éassa at fertilization in both species and this



coincidos with the drastic dscreass of tha total protoin in the
Portilized egg. Both total emmonia por ombryo and ammonis o
concantration por g wat weight gradually increased with devalop-
mont in scale carpe. In ganoral, this increase was showing direct
corralation with dacreass in protein concentration in the embryo.
Hommuar, “‘in scale carp, tho incraaae was not very significant
excapt the lgst Pow stages of devaelopment in uhich dscreass in
protain ¢onconiration was aiéu aignifieant. The highor rate of
protein degradatien in scale carp might have resultsd into higher
lovel of smmonia. It could also be that tha aomonia utilization |
was higher ia=rnhu»than in acale"carp. Rgmoval of ammonia Prnm:."
the smbryo ghrauéhithé @09 membrane is étill a contfoversial
aspect fha Défméability of chorionic mombrane for smmonia has

not yot besn cleatly establisheds Smith (1947, 1957) found that
salmon smbryo did'nnﬁ«&llcm.ammonié"tcipéss through the chorionic
mambrana. Later, Ricg and Stokes (1973)'10 3. gairdnori and |
Fadorov and Smirnova (1978) in pink salmon (0. gorbuacha) reported
that abouﬁ 90% of ammonia produced in tha embryo was eliminated
out., Héwévqb,_ﬁheﬂaiﬁuation.ie not very clear in éarps. It might
_be that the diffusion of ammonia might be more efficient in rohu
embryos than scals carp,iresulting in its ihighar accunulation in
the later spscies. The rate of ammonia excretion has also-basn'ﬁ'
shoun to be~di??@taaﬁ at different stages of dovelopment. In
whita fish, atlantic salmon and sea trdutitha rate of ammonie
oxcrotion was found to bs higher during tﬁe later stages of daVélﬁ
eprnent (Nﬁmaqﬁ;Ai953a»Gh13tqqa & Shirokova, 1971) whersas in
rainhowﬁtrquﬁifﬁhe tate was highsf‘during the early stagss of
development (Yé:zhﬁébsk & Maslennikova, 1971). Such a.situatien in

tha carps studied cannot be ruled out as the reason for the
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variable ;oneengratia;sﬂghough it_canndf be coénfirmed with the
present datas A sizable amount of total ammonia might be
accumulated in the perivitellins space which being sliminatad

on hatching caused a loass of shout 26+28% of the total ammonia.

'“hf59 ﬁ;ghest lovel of total emmonia in rohu embryos was
near the lowsst velus for scale carp. Thig indicates that the
tolerance Por ammonia toxicity might be highsr in scale carp
ambryos thaartohq; Tolorance to toxicity varies not only with
species but also with age of animale In rainbow trout,

3. gaipdneri, Ehétémbnyos wore found to be more tolsradw;_to
A Al b, . =

ammonia taxicihy’thhn their adﬂlté (Rice & Stokes, 1973).

. Nigh altitude snhanced the ammonia level in scale carp
:embryas during bhe garly stages but it stabilized during later
stagos oF developmant. resulting in a signiflcantly high leval

at stagea& (32 ¢o11s) and significantly low leual at the pra=
hatehing (15a) stagde In tohu; thers was almost no effect of

high alhitude_ggég_neurulation (11) atags in ammonis concantration
excapt at 9taga~5 (16 colls) where the lovel was signi?icantly 3
higher at higher altituds. However, from neurulation (stages11)
onwards, tharé:waé<a'sign1?icantly high level of aﬁmonia at

higher altitude anﬁJﬁhia coincides with sigﬁificantly lower leﬁel
of protein invtheicorxeapondtng embryess The higher rate of protein
degradation is also evident from the Pact that amino acid lovel

was also highérAduting these stages when piotain lgvel was lbm.
Lowar prevai;iaé tomperature at higher aitiﬁuda, particulgply
during the 1atér stages of rohu dovelopment, might have resuited
into incraased accumulation a? ammoniae Dacreasad temparature has

been shoun to; raduca the rata of ammonia excration in adult bass,
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D, labrax (Guéfihannﬁay, 1976a)e Arya (1979) also reported that
ammonia excrption in E} pungtatus?is‘iﬁﬁluanced by.seéson and
thermal acclimation. At higher;tempetature, anmonia excretion
rate bscame higher. Baesides, dhé-td lowsr avelilability of
mstabolic energy at 1ou tamperature. ammonia utilization for
biosynthssis mighh have also baan a??ected. Tha eleuated level
of ammoniqégﬁ/mnaurulation (staga~11) onwards at higher altitude
in rohu embryoqépoincides with high mortallty of the ambryoa as
stated in Chaptar-l. This might indicate that 1ncreased ammonia
iavel 1s at laaat ona of tha causas of the murtality abservad in
rohy embryoa at higher altituda. Basidaa, the highsr lovel of
endogancus anmonia at.higﬁer elﬁiﬁuda in rohy embryos was only
slightly highai than tha louwsr levelrand about ong third of she
higher level o?faMhﬁnia Obsétvéd in thae scale Eaip gabryos, This
again con?irms a greater saensitivity of rohu embryos to ammonia
toxicity than scale carpe
Urea ¢

In-eompariaqn_tb ammonia, uraa‘ia laas toxic but sti;l
harmPul to fish (Erf??ith at al, 1979)/and is freely bermaable
across the égg mémbréna'(§lax%erg f969). Inspite of these, urea
was found to accumulata in the ambryos of both scala carp and
rohus Accumulation e? urga during develapment has been reported
in S. ﬁairdne:i.;._(ﬁ#c'e & Stokes, 1973; Dspdche at al, 1979), 1t
wasg suggssted:tha§ this accumulated urea might be usad for
: racycllng'o?.nie£6966 by the snzyme ureass for the synthesis of
diPFarenﬁ biamolacules. Brookbank and Whitelay (1954) reperted

the preaenca oF uraaas lnrstar?iah agga and suggssted its role
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in recycling of nitrogen Por matsbolic nsasds. The pressﬁce of ures
might also bs for the oamotic balance of ths developing embryo to

'/retain the required water lgvel in the cytoplasm.

Urea waa-datactad in all gtages of davelopment and its lovsl
,gmaé>siﬁilai in the egg of both the species at both the altitudos.

" 1ts concéﬁﬁratioh incressad on Pertilization in all cases and this
was gozreiq§9§ with an ;ncrease‘in?prgingée activity, incroase in
aminﬁ.acids”ané'alsa-dacteaae_intpfdyeiﬁ level. As the pressnce of
urea cycle is not knoun for sure in the Preshuater talsosts, this

- urea might have come Prom the breakdoun 5? argining by arginase.
Howsver, the corrslation did not look very sound bocause the
proportion qﬁjarg;nina was about twd times more in rohu than scale
carpy mhéreasfurda was nore £n 9ca1e carp than rohu (Tabloa=17=20

& 24;-Fig.-15)¢'7ha lovel of total urea was comparatively higher

in séalo carp than rohu, oven though the arginine level was much
higher in the former speciss. Howaver, the congantration of urea
por o wat weight was not much different in the two species and in
the tuo altitudes. 1t showad a gradual increasa upto ths gastéUlao
tion (stagaé9) whan the level showed a significant enhancsmant,
The lsvel again increased to its peak at‘the pre=hatching (15a)
8tage. Thus, thére wore again two differant types of responsgs, one
 duriﬁg ﬁhs.qleavage~stages and the othar during the differentiating

stages as shoun in the garlier chapter.

‘Gtgtamete.qehydroganaaé (GDH) activity 1 S
The‘actfgity of GDH Eoﬁld'noﬁﬁbe dotectsd in the unfertilized

egg of both tho carps and it appsared only after Pertilizagion;-

Bevafél angymea‘aée’knomn to bo ‘depositad in the oocyte dq:ing

opgeonasis in'an inagctive state“for dtilization during tha garliser
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sgtéges'o? development (Hishida & Nakano, 1954; Terner, 1968}
Ermolasva & Mil'men, 1975; Shaklee & Whitt, 1977), Many of these
enzymés got activated on ths stimulus of Partilization. GDH
might be ons such gnzyme to'ahom such immediate activity after
fertilization, GDH has been shoun. to beiinhibited by ATR, GTP and
GOoP (ngadgn,‘1963. 1971) and activatad by ADP and lsucine (Goldin
& Friedony; 1971) 1n'animai tissuee“ﬂltgrations in tha concentrae=
tions of thuso regulatory moleocules in the egg might have taken

“place to»activaﬁe tha inactive GDH molecules on Pertilization.
Howsver, Ao such regulation has yeh-beeé shown in fish eggs, It
could aléo ba that the mRNAs for GDH might have been deposited
alonguwith ﬁhe.high RNA deposigg du?ing vitellogenesis which would
have startad translating immediately after Partilization. Pressnce
of a large amount of such masked mRNAs which translete during the
early stages of deovelopment has basn reported sarlisr in the egg
of savaral OVipatous'animals (Tyler, 1967 Danis, 19743 Neyfakh &
hb:amovagx19743 Sarkar st al, 1979); It has also beon shown that
no new mRNAS arc synthssized during the early phasss of develope
mant of oviparous animals (Davidson,; 1976; Denia, 1974). Thsrefors,
Shakles and uﬁiaa (1977) have suggestad that ths enzyme activity
till the gastrulation stages might not be dus to the direct
activity of their ganes. Hence, acﬁivation of the GDH gane ét this
garly stage might not be a possible reason for the appsarance of
GOH activity.

The total activity of GDH was comparatively highsr in scale
carp than rohu, uhorsas the spscific activity was highser in the
latar.specias. This, besidos being a species specific variation,

13 alse dus to lowor protsin concentration in rohu smbryose The

3 .
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anzyme a@@iyitywdéé&baintainad at the same lsvel till 555 éééé;;’
7 ;n §ca1e carp at both the altitudes and only in higher altitude
1n r6hu, wvhoreas at lousr altitude tha\échiuity was much increased
from stage=5 to 7 in rohu. This variation could alsoc bs dus to
the_lﬂnge:,hal? 1lifg of the maternal GOH molscules or its mRNA,
which pbsgibiy'pas;coqkributed to the snzyms activity during this
-parioq,.In fohu, £he aynthesis_y? new GOH molecules might have
ataptéd,little earlier than scals carp dus to esarlier gens acti-
'Vationjtésultlng in enhancament in ths activity. Thesevstages also ‘
qoiq;iﬁe w;th_tha time of enhancement of proteins in thgiembryos
of both the species. Such differential gena activation in
different apscies and under different conditions ars known in

animals (Davidson & Britten, 19793 Scandalios, 1979).

The Pall of GDH activity in scale carp embryo at blastula-
ﬁion»(stageés) might be dus to a selsctive degradation of the
.enzy&a mplacules. Shaklee and Whitt (1977) Hévé reported such
abruﬁ&fdecfeasewq?_craatiné»kinaae and aldalasa activities during
tho development of sunfish. In ease, tha initial observed activity
oP‘GDH'mas the rasult of mateinal<cod€ribution in stored form,
'Hdegtadétioq of the original molecules without a cencurrent now
syﬂthaaia'digﬁt ba responsible for the drop in the enzyme activity
at'the'blastulatién'(a) 8tags. It is also known that high
endogenous léveié oé“ammonia may. act as an inhibitor of GOH |
activity‘(ﬁcaeaq.gghgi, 1966)+ Houwsvar, the levels of sndoganous
smmonia du;;pglpigégulation or earlier stages in scale carp was
not as high'as iﬁ iha-later stagaes. fhete?ore, such faadback
inhibition might:nét.ha invblued in the obssrved drop @? GOH
activity. o '



161

- In the subssguent davélopmental otages, tha"aéétﬁityﬂéé B
GOH graduaily inCreassd in scale carp, in tha opposite pattern
‘0? ths general fate of ths euluble p:otain, This might bs due
to continuous activation of the GDH gens. Howsver; in rohu, the
. 1ncrease was &n tuo phaaea. onca from staga-s to stage-9 and then
m?rom staga-12 till hatching (stage~15b). Betmeen staga~9 and 12,
tha epacific actlvity ramained constant whereas the total
activlty.dacreaaedg Theseavariatians-could be due tp-the demand“

of thae embryo at a particular stage for specific metabolism.

The réacﬁibn détélyied Sy‘GDH'ié‘réﬁersible and an equilia
brium was considared to arise in g&ggé’in mammals (Krabs & Veach,
1969). Howaver. the transdaamination schame in the direction of
ammania formahlon in mammals haa hean later challengad (McGiven
& Chappel, 1975) ané it was advocated that GDH Pavours glutamate .
formation for the sto:égavo? nitrogen, So far, sqch évidance is
lscking in ?iah;EWalton.amd Coway (1977) have reported in rainbouw
troutfthat'tha.GDH‘?évoureﬂ mors the formation of ammonia. A 4
direet corralation betwsen, the endoganous ammonia level and GOH:
activiﬁy was not found in'moatggf the stages in the present study.
Such lack of corrélation could alaomme'due to tha complicatoed .
ammonia metabolism péthmay for ammonia synthesis and utilization,
and the rate of its eliminatigng,‘-\

4‘ The higher altituda did not show any ePPect on tha total

' and speci?ic activity of GDH in both the specias ?or most part oP
development. In rohu, the 1nduction of the activlty was delayed
from stage*? to stage~8 and the spacific activity was slgni?icantly
highar‘durimg atagas~10-11 instaad of the decrease seen at lowsr

altitudo. In-Sceletcafp, though the total activity was lower during
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the last 3 stagos bofore hatching (stagas-13-15a)/khe spacific
activity was noat signiPicantly lowsr. Tho exact mechanism of
variations in GDH getivity dus to the higher altitude is difficult
~ to akblalng'whetheﬁ they are due to modulation of the gene .

function or allosteric regulation of the enzyme activity.

Phosphate dépondont glutaminase (RDG) aéﬁiviﬁy :

Tho appearance of glutaminagse activity has been reported
in‘othsr animals to vary during ontogenic davelopment. In'iata,'
PDG level was quite low in foatal liver but suddsnly 1ncrsa§ed on
the 18t day aftor birth and rapidly reached the adult lovel |
(Katunuma et al, 1973). The enzyme activity in chick increased by
27% totwsen 10th hr and 4th day aPter hatchihg uhich was Pollowsd
by a2 decreass by 30 days (Nehlig & Lehr, 1978). Similarly, in the
present Sfddﬂg PDG activity was detectad in all the developmental
-stagaé including the unfortilizad egg in scale carp, but the
actiﬁity'started only at neurulation (stage=11) in rohu, This is
an interesting Pinding of spscises spacific difference/that in
scala carp the POG gane has remained active throughout or there
was suPficlent accumulation of PDG molecules and/or its mRNA in
ths oga which maintaibed its activity during the sarly developmens=
tal stages gill'thé embryonic gene started Punctionings In rohu, -
thareimaé-probably NOEééoumulation of the enzyms molecules and
its activity Qta:baq only whon the embryonic gene was activated.
This stage (11) coincides with tho protein anhancement stage
indicating that égash protein synthesis might have resulted the
beginning of PDG activity in rohu,

PDG‘ca&aiyzes~thé roaction converting glutamine to glutamats

and ammonia (Kalra & Brosnan, 1973, 1974) and thus regulates the
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balance betusen glutamate and glutamine in the cell (Berl ot al,
1975).A81utama€e'is a ﬁ;jor neurotransmifter 1h fish (Watts &
'watt§€g5974),'?hére?éﬁs, during and after neurulation (stage=11),
PDG éqtivitywmas found to*ehhanee, possibly to produce more
glutamata. fﬁqp@aﬁa,in glutamats and ammonia concentration has
beeﬁvraportad during the later stages of development in the
prosont study (Tables17-20 & 23; Fig. 14). Some of the fluctua-
tions obsorved at some particular stages could only be dus to the
variations in the rate of synthesis and dagradation depsnding on

ths requirsmenta of thase stagess

High altifude did not have much effect on ths goneral
ontogenxc pattern of PDG activity. Howsvar, in scale carp, thera
’mas a significant induction of the total and apeciflc activity in
the late morula (7) stage which decreaaed significantly at |
blastula (8) and gastrula (9) atages. IQ was followsd by fluctuge
tions in PDG activity at highar altitude. In rohu, the activity
};of PDG was induced to a significantly higher level from the
.beginning at nsurulg (11) stage and continued to increase till
- hatching (s@égé&iSb); Thesazvariatioﬁs.5ée§phe effect of high

 31£1tude ?actnrs{more likely.of the lnwét temporature. Louwer
:gtampetature has been known to influence the level of enzyme .
activity (Hochaehka & 3omero, 19733 Pracht st al, 1973). The .,4»
-  highar lauel o? activity at highsr albituda eorrelates with | o
: Lhighsr ammonia levelo This might havs caused the lethal stress on;
:: the devaloping smbryo. The rasponsa of high altitude was mora

- apparent in terms o? enhancement in PDG activity in rohu than in

scale carp embryos 1nd1cating tha higher sansitivity of rohu to

& anvironmental Fluctuations.
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Glutamine synthotase (G6S) activity 3

Lt

The pressnce of glutamine synthetase activity has been
associated mainly with ammonia-detoxif;catianiby glutaﬁine A
formation (Wu, 1953; Lund & Goldstein, 1969; Webb, 1980), This
enéfﬁéwmasjfﬁund in all stages of davslopment starting from the
unfortilized agg in both the species and at hoeﬁ the altitudes.
The énZyméfactiuitvvmas higher in rohu than scals carp and this
highb have%?asulted_}n a higher levelroﬁ ammonia in embryos of
ﬁhefiaiar'éhecias; Ths increasse in activity wasrverj slow but
ateady wlﬁh-brogréés’df development in scalsicarp. Ho@eﬁer, in
rohy, thers wers spacific stages o? inductian. At fertilization‘
(stage~1)z§here was the first aigni?icant increass in as activity
and ths lsval was nalntainad till eﬁaga—9. The actiuity mga
again inducad signl?icaﬂtly by nsurulation (stage-11) mhichomas
maintained $ill the pre=hatching (15a) staga. On hatching (stage=~
15b) the Gs‘actiwity was induced significantly in a1l cases. ,

" These tuo patterns of spacies specific variation 1n~thé“vl
two cétps indicate that (i) ammonié tolsrance is more in;écale |
'carp ambryos snd (i4) GS might not be piéying a major rols in
ammonia detoxification, Howaver, in pohu thers are some correlation
of the GS éétiﬁity.qhanga with ammonié'and also with ammonia produ=
cing enzyme 1éVelé; ?9G~mas'indueed‘ta a very high level at |
~n6u§u13€10n (staééiii) vhan ammonia laval-wéa enhanced. Inereaaed
ammonia lavel might have caused an inducing influsnce on the Gs
genaago produce mnra -anzymes to maet the demand of detoxi?ication.
. Beaides, ammonia dif?usion might have baan an oasier process in
early developmantal gtages when the cell ars less in numbar‘and

also.artangad“in‘a Sphericai fashione With matphoganetic'moveménta
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and differentiation; the diffusion might be difficult from the
intgfﬁél tissuss or cells. Therefore, after gastrulation (stags=
9, SS geng miébt‘hava'been activated to take up the ammonia
detoxi?icé@inn process which it continuss throughout the life of
tha fish, Qomeya:, the behaviour of GS gsna in the two spacies

are quite different during the ontogenic development.

High aiﬁitude-héd aimoét'no e?faét during the early stégss
~ of developmant. In scale carp,. the GS activity docreased from
atagae7 £411 ataga-Q, possibly dus to the degnadatlon o? the pro=
xisting moleculés bofore the synthesis o? new anzyme molacules.
Freah enzyme aynthasis possibly took place Prom stage=10 to‘
tacovar the activity level by stage-11. The prashatching induction
"also took placo from staga-14 inatead of staga-15a. This ¢ould be
due to a continuously h;gha: ammonia lsvel in high altitude scale
carp embryos. Hawaver; in rohu,. the inddétlon‘at staga~11 was at
a low kay than normal and the total activity remainsd at a lom
lovel resulting in the higher amount of total ammonia. Thia might
‘b dua to-dégradétion of GS molecules with cytoplasmic protaein
which also decreased simultansouslye Thos/there was not much
uagiaﬁlon 1n,épacifiq sctivity. Highar altitude, thorefors,
a??pcted GS aeﬁivity only by random degradation of the protein.

'Rrginase activity 3

The detactxon o? arginase activity 1n the unPertllizad
egg 1nd1catas the activity of arginase gana or accumulation o? '
pre=formed enzyme molecules in the egqg of the two carpss The total
» activity wasg . mostly similar during differant davelopmental stages
'-in the tmo species. However. the spseific activity maﬁlhighar in

TN

rohu, probably due to the less amount of proteins. The significant
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induction on Portilization (stage-1) of both total and specific
activity wad in contrast to the signi?iéant decrease in both
tatal.and.éytoplaamic‘ptbtein concontration during these stagas.
This would msan a salacﬁiva retehtian-oe arginase molacules,
besides thair syntheais, if at all any. The pattern of alteration
was also spaaias.gpeqific. In scale carb,,tha incroasa on
Pertilization (sﬁagsv%):was ?nllowéd»by a slow decreass till the
lowsr lovel at stage=7 which might bg due to gradual loss of
~ex;sting molpcuteé; It was fPollowed by a sudden induction at
stage«8 yhich was mope or leas maintained till the ptaahatching'
(15a) 8tagae In rohu, the increase in activity after fertilization
(staga~1) continued till the 2nd cleavags (3) stage aftor uhieh 1t
ramainad stable till the stagea12. Tha arginaae activity dacreaaea
only at hatching (stagen153) in scale carp and after stage=12 in
rohiue. Both total activity and specific activity was also much '
lowsr in :ohu.than scale carp in the nowly hatched larva (15b).
The dscroased levels in rohu coincide mith the increase in protein
~ levsl 1ndicating seloctive breakdown of the arginase mblécul@s;d
These different patterns indicate difforent ontogenic regulation

of arginase in the tuo spacies,

In amphibians, the activity of the-anzyme remained at a low
level throughout the davelopmant (t411 hatching) and then sharply
incraased during mstamorphosis (Bromn & Cohen,, 1959b), In glasmos
branchs, Raad (1968) observad the enzyme at a low leval in the
emhryo-butfga_daualqpment procasdad, 1t gradusglly increased 1n
actiﬁiﬁyb In ék.géiﬁgﬁetig it has pégh shown that the actiulty of
arginaso is-npt_deﬁéctable uptii somoatime before hatehing ?q}loming
_whibh it gggqgally'inétaaasd:in actiuity (Rice & Stokes, 1973);:
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This is in shaxp-cdﬁtrast to our observétions in the ambryoéq;;‘ |
scaie'earp and réhu. The activity of arginase observed in ths
praaent study during the developmental stages of scalse c¢carp and
rohu wore several times higher than the spacific activity of
hapatic arginass (14;6:9.5) repo:tad in adult scale carp by
Cuancara (1969)« In one of our unpublishad ohsgrvations, it was
also found that the arginase activity in the liver of ths 3=month
old rohu was also very low (sp. activity, 1.2840.24) in compariscn
to the embryonic stagss. The ancestors of the teleost fPishes were
capable of uresa Pormation through the O=U pathway (Brown & Cohen,
19603 Cohen & Broun, 1960) which Qgs supposed to be lost during
svolution of these Pishes. Hugpins st al (1969) suggssted that, in
auch case, thelﬁeu cycle enzynms activitiss should be detectable
during ﬁhe'ontOQQny!bF the prassnt day teleostss The present
results Prom the ﬁmo barps roveal that{at loast for aroginase,
there is a3 clear tendsncy of the transition from ths high level aof
the onzyme activity in embryos towards a louwsr level in the adult,.
Howsver, it does not necesssrily mean the presence of 0«U cycla

and tho "gane daeletion theory" in thasa'?ishes.

The high altitude again did not show much effect on the
arginase activity in the tuo apecias. In the later stagss of )
devalonment only the specific activity of arginasa was comparahivaly
higher but the valuea ware not significant, Only some variations 1n
tha level ofwtha enzyme activity in some stages of davelopment.
could be seen. This could bs due to the local effect of the environ-f_
ment. regulating tha synthesis and deqradation rats of the snzyme
moleculas. HomBVO34 during tha pro-gastrulatien stages, scals carp :

showsd batter ﬁolé:ance than rohu.
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Acatylcholine (ACh) concentration and acetylchalinaaterase
’(Acns) activity ¢

ACh was dotected in the unfertilized egg of both scale /
carp and rohue Existence of ACh in mature oocyte has been rgportad
1nkamph;bians,(auznikqu et al; 1964). 1t was suggested that
besides being involvad Lnvnautotranamisstoeiwhich~commancas at a
later stages of development (alonguwith the differentiation of
noural and muscle tissue), ACh might parform certain other
important matabolic functions during the sarlier stages of develop=
ment, Thase iﬁcluda its participation iﬁ cell division and morphoe
genatic movement of cells as wall as in grouwth and maturation of
neurons (Loh, 1976)+ Studiea on adqlt animals have shown;that'RCH
alongwith cholingsterases has been Qsaociated with the 10513 |
conductapcefoﬁ the esll ggmbrana by ragulating_Naf transport
(FléminQ §Ei§$a 1962)+. ACh has been reported to be prasent in a.
renarkable boncentfation in mammalian placental(Rama Sastrf'ggyg;,
1976)+ There, it has been suggestad to ‘control the permeability
of placentgl mamgrgﬁe~which separates the matsrnal and ?oatél_
blood stteamsv(ﬂa:bisbnigg'ggv 1975).’Ths-preaence of ACh invthe'wA_
un?ettilizad‘égg_might be tha:;eady'atbck,to perform similar

functions during the sarly developmsnt,

Ths:battéiﬁ o? ontOQéﬁic changes of Aéh and ACHE ware
apparently eimilar 1n ‘gcale carp and rohue The lsvel of ACh in
both scalo carp and rohu remainad without any aignificant
- alterations during ths cleavage and blastulation (8) atageé. This
' might be due tp the lack of its,synthasis, as its degradation was
not possible iﬁ abé@ncé of the hydrqiyaing enzyme, AChE,'duanéz‘
these stagaaa‘Iﬁ_ﬁé very likely that the synthesis of ACh started

around gasttulaﬁidn»(staga~9).staga‘showing a slight increase in
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ACh lsvel. Thls coincidad with ﬁhe sudden appaarance. e? AChE.

Tha laval of ACh docroasad after ataga-9 reaching tha lowsr

lovel by stage=12 in both the carps. The activity of AChE

rapidly incressad during these stages and probably the rate of
‘degéaéation of ACh was higher than ths rate of its synthesis for
which ACh level declinad in the embryoa. Howaver; inspite of a
continuous riss in the AChE till the pre=hatching (15a) stage,
the level of ACh increased.aﬁtar stage+12 in gmbryos of both

the carpg, This indicates a higher'ratatof synthesis of the
neuraﬁ:aﬁsmittetg The presence of choline acetyltransforasse (TAT),
' 'the snzyme associated with the synthesis of AChfand its dramatic
changes alongwith tha changes iﬂ_nchﬁ'ahd ACh have bsen reported
'in'Pnogﬁ (Loh, 1976) and insects (Prescott st al, 1977). Houwever,
the synthesis rate of ACh was perhaps lowsr over the hydrolysis
at the onset of hatching (stage=15a) which might have resulted

in a:sxgnirzcant‘dacline of ACh level in the nowly hatchsd -
ambry (stagaudsb) of both the apacies studisd.

| ThE'pattarn o?‘ontagenic development of AChE in ths scals
carp and rohu was Pound té:ﬁa dié?exénﬁ thgn that reported in
- 8» gairdneri (Yasuod & Yamazoe, 5964).and in X lasvis (Gindi &
Knowland, 1979)- A low activity OP‘the enzyme was detected in
maturd oocytas aﬂ~€hg lator tuo speciss. Howsver, in the present
study no activity could bs detected Prom the sgg till gastrulation,
‘Further, thavshéfp~ii§é of the enzyms activity, immediately after
its first abpearéncé'ét the;ﬁaginniﬂg of gastrulation (atagau9),
was '4in contrast with the reporta on salmon (S, gairdneri) and
amphibians. In salmon, the enzyme activity was significantly
induced qnly»by the oys stages at about tha 10th day after
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?ettiiizatida.(uaaug;.& Yaﬁa;ba; 1964L{whéreas in salamander
(Amgyétﬁma>ﬂuﬁctaeué)g tha‘getiﬁ&ty'o? the enzyme began to riso

at stage=22, mﬁan the aﬁ;nai cord and bpain started to develop
(Sawyor, 1942, 1943). A similar pattern of AChE ontogeny was also
reportéd ingﬁ,ﬂggggigjbv Gindi & Knowland (1979). Howsver, in the
same Prog, Atherton and Lae (1978) Pound a high activity of AChE
during early and late gastrula stages. The'ébsence of AChE
aéﬁivitdeqriﬁg’&hevpreegastruia.stagaavin the present study
’might'ba ﬂua,t§rthe»kep:aasian of its gene or due to tha prasonce
of any apaci?ié‘iﬁhiSitog. In S, gairdnori, tho interference of an
inhibitei, for the low levé;iaf AChEvdujing'the‘early dsvelopmoene
tal ehagéag haé~beéﬂ ruled out because addition of the nouwly

| Pertilized eggs to tha eye stags ambryos (with a high leuvsl of
AChE) did not raduca the enzyme activity (Uesugi & Yamazoe,1964),
Such situation in carps is not knoun. Homevar, the appesarance and
the aharp increase of the anzyma activity during the ebgerved
.stagas mlght be due ta the apsc&?ic gane activation for nesural

. differentiations Studies on chigk (Mcﬁaer et al, 1974), mammals

' (Valcana et al, 1974) and amphibians (Gindi & Knowland, 1979)
have shouwn that ACKE is 4 marksr anzyme for nerve and muscle
tissus di??eranﬁiatlon. Its 1ncraase during development is
connectad with the di??sranﬁiation of nsuron and neuromuacular

. junction, Histochomical studiss in ascidian, Qiona intest4na1is;

showsd the location of AChE in tho presumptive muscle cells of
~ the naurula (Wﬁiﬁtake#, 1973)+ Tho prosent study in scals carp
-~ and rohu indicates that AChE appearance is related with the

baginning o?:neutal'and'musaular di?fereﬂtiatiﬁn at ééllulé:.lemel.

| thévréépqnée of hch and-AéhE'oP scals carp and rohu embéyoa
to the high altitudinal conditicns was Pound to be different in
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the tun carp 35535555\3cale carﬁ-showed éimost no e??éct-égéggém
a little snhancement GPVAGhE-Ievel in dsvelobmental stages at
'highar altituda. Such changes might be compsensatory alteration
éa thers wers not much visiblo effect on the embryos. Rohu
amti@s’ahomed a significant regponse to the high altitude fProm
gasffﬁlakioq'etaga onmards.‘Theilavelsxgﬁidéﬁ and AChE are
altered in order to co-ordinate and adjust the different physioe
logieai or behavioural process; of the animal under any environe
mantal atress (Prossar, 1973b; Lagerspetz, 1977) « Therefore, the
lavals of both thase cnmpqnenés.SerQe as sensitive indicators of
the intsnsity of phystologicél éeressiﬁhe animal is undergoinge.
Honca, tho alterations in the ACh and AChE levels in the rohu
embryos at higher altitude ars indicative of physiological streass
which was perhaps net encountersd by the scals carp embryos. This.
supporta our sarlisr assumption that roéhu embryos uwers more

suscaptible than scale carp to highor altitude (Chapter=I).

The alterations of ACh concentration in the rohu embryos
at higher altitudéawas first observed only at the nsurula (11)
stage, mhan its lovel was significanhly hlghat. This was probably
dus to the late boginning of AChE activity at high sltitude (at
stages=11) and also due to low énzyma activity. At the B=-somite
(stage=12) stége,‘tha level of AChE returned to its nprmal level
alongwith tha lével of ACh. Haweue:, in the tws subsequent stages
(stage=14 & 15a), though the AChE activity per embryo was similar
at both altitudes, tha lsvel of ACh dreopped considsrably at the ‘
higher altituda. The spacific activity of AChE was significantly
high at higher_altigpde in all thess stagas of rohu embryo. ACh

synthesis was perhaps balow the normel level during this period.



172

Synthesis of ACh requires tuo common motabolitss, choline and
uacétyi-ton. The later is a most necésaaff compound for ensragy
metahaliam baing at the conPlusnce of the metabolism of catbohy-
fdrate, Pat and smino acids and it is connacted to TCA cycle.
'Thersfors, it might be possible that during the~streasad condie
tion at the higher aitituaag'&qety1¢66a‘might have'beén more
vigorously fad into the TCA cyels Se mast the immadiata-enetgy
démand, rather than the syntheais of ACh in rohue This might have
resulted in the Failure of nsural thagration of physiological
proceaaes laading gqphigh‘acale‘maxtality of the émbryos in these.
stagas of déuelaﬁﬁaq§ at.h£ghér altitude,

Tyrosine aminotranoferase (csTAY & nTAT) activities i

The developmantal pattorn of eytoplasmic TAT (c=TAT) and
mitochondrial TAT (mnfnT) 1n scale carp and rohy was observed to
be quite diffarent. c=TAT activity was detected in the mature
oocyte and in all davalopmantal stages atudied in the tuo spacies.
In contrast,; m»IAT activity was detected only from stago=11 in
scale carp and atage~12 in rahu. In scala carp, total cTAT activit%,
a?ter a signi?icant decrease at Fertilization, did riot change during
the later stages‘qf devalopmant,ﬁﬂamavar, there was- no changs in
'spécific acti@ity of ¢=TAT aven aPEér fortilization. In.rohu, c=TAT
level gradually décreééad from the obcyté stage till stage-8 and
then ahowed slow-anhancemant till hatching. meTAT lovel wss highor
in scale carp ehan rohu, and in both easeav the activitwjﬁncreased
linearly 411 hatching. Subcellular localization of TAT has been
‘roported in the adulh catfish, H. fossilis (Ratha & Bhagomati, |
1980) and also in msmmals (Litmack et al, 19633 Miller & Litwack,
1969a,b, 1971). It has bean shown in mammalian tissuss that_the
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 ¢eTAT and m-TﬂT differnfrom7each other in their physic$~chemical
charactariatica (Miller & Litwack, 1969a,b) and having different
physiological significance (Fellman et al, 1969). Thuskit has
'baen suggaated that c=TAT and m=TAT night ‘be two differsnt iso=
anzymes being conttolled by diFFsrent regulatory mechanisms, The
obsorved ontogenic di?ﬁerances,on the activity pattern of c=TAT
and m=TAT suggests that the téguxation of thelr appearance and
lavel of the actiuiﬁ%é’are under dif?etaht regulatory mechanisms
in the two Pishes studied., The sequantial appearéqca of ¢c«Y¥AT and
meTAT may bs indicative of ﬁhe-difﬁerantial gsne regulations

Our gbsepvations on c=TAT and mgﬁ&? during the early dovel=
opmont of the tuwo carps is 1n~9harp conéfast to ths»abseruatibhs'
sarlier reported in mammals and in Froga. In nammals c-TAT activity
‘was reported to ba abaant or negligibla dﬁring the Poetal 11?9 and
reached a. aignificantly high level within hours after birth
(Sareni ot al, 1959; Gresngard & Deway, 1969). maTAT aotivity was
at a low, but detectabla, level till birth and then 1t slowly
increased to :aaqh,the aﬁult‘level 1n_abput tmn_daya postnatal
life (Koller ét ai- 19693 Hélt é Dliﬁer;'{97ﬂ).‘ln the toad,
Xenopus, Ohisalo and Piapa (1976) raported that c~TAT activity mas
not datectable till the. neurulation stage. The anzyme actiuity
~ which was presant in 8.very 1ow level was ‘shoun to increasg
considarably only aftar hatching. The preaent raaults on s highly
detectable 1evel o? csTAT activity and 1ts significant altaratlons
durlng the pra-hahching dovalopriental stagas might suggest its |
role in tha ambtyonio differentiation in thees tuo: ?ishea. o

Total eqAtffEVél wasfmaidtainsdg‘1n‘génera1; in a sﬁabléi’

state during Qhaldévelopmental~stages studied.'Hawaver,.the'Pail
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in total activity on Peftilization could not be detectad whan the
epeci?lc activity was considored. This could bo dus to a propore
tionate dsgradation of ceTAT molecules alonguith the cytoplasmic
protain loas during fertilization, The appesarance of m=TAT
activity in both tha speaciss of carp was ‘sbsarvad after their
enhancemant of mitochondrial proteins at stage<9., Ths mitochondrisl
protein which was maintained{almost at egq levaliﬁill stage=8
startsd incraasaing at stage=9 indicating synthesis of new mito-
chondrias. APtor this,; the meTAT activity was detected which might

have coma from the nowly synthesized mitochondriae

These differences of the ontogenic varistion of TAT in the
two Pishas and also betwsen diéééféﬁ&-deualopment stagas might
refloct a»di??eréﬁtial nead of tyrosine oxidation. TAT has besn
ghoun to be s glucoqsgganic enzyme and is one of the best studgéd=
onzymss to undarstand the mechanism of gane rogulation in
.gukazyOﬁes (Thompsoa, 1979). IQ.Xanq us;;a sharp increase of the
TAT activity has baon linked with theo suddon increase in its
substrate, tyrosine, during deualopmane‘(Ohisalo & Pispa, 1976).
Howsver, in the present study no such substrate correlation could
be soen with the‘alteratlons.in the snzyme activity. TAT activity
is also inverssly modulated by glucoss level (Ohisalo & Pispa,
1975)s 1t i3 knouwn that during the devslopment of fish, glucose
laval of the ambryo shows pariodic Pluctuations (8laxter, 1969)
and such Fluctuations would have also contributsd to the Fluctua-

tions of TAT agtiuitias in the carp ombryos.

The'af?e¢ﬁ of high altitude on c=TAT and m=TAT activity was
- different in differant Species and alao at different stages oP
davslopmant. muIRT activity was not dotected during ths cleavags



175

 atgges in both the apeeles and c-TAT ctiviey showsd no eignifia
cant afPect of high sltitude. In ths later stages of development
in G, EEEEEE&?“Q specific activity of céTAT increassd at higher
altitude Prom the staga=12 and total activity at the pre-hateching
an&{ndé€éhatching:stagea. In rohuy, the total ¢=TAT activity
decreased Prom stage=12 whereas the épeéific activity_incregaad
at stages=14 & 153? In cass of m=TAT,/the activity was increased
in C. corpio uhercas it docreased in L. rohita at higher altituds.

Induction and inhibition of TAT activity with response to
different anvironmantal strasses at di?éarent atages of davslop=
mant have boen shoun in difforent animals. TAT activity is induced
by different physical and chemical streSseé_in mamnals (Gelehrter,
1971). The idductloﬂ has bean shoun to be brought asbout ﬁhrough
the release of glucocorticoid hormonss whichy in turn, causes the
tranéctiption of épeei?ic TAT gons (Gopalakrishnan & Thompson,
1971). In the lowsr vartebrates, glucortieoid has besn saggested
not to héué 9ny»aFfect‘on TAT inductien (Chan & Cohen, 19643
Fellman 32.213‘19715 Ohisalo & Pispa, 1975). Howsver, in the 1ar091

stages of the FrOQ,%PhLIautua~chattapun31ae, TAT activity was -

induced by hydrocorkiaone mihh a aimilar doge of the hormons as
used for mammala (Ratha g, al, 1980)s Ratha and Bhagouati (1981)
also absa:ved in adult scale carp that TAT actiuity was inhibited
by a savere hypoxic atress. Inhibition oP TAT activity by any.
stress uas nn#_knawn in animals, Therefors; it was suggested that
the regulafidh o?‘TAf gens has besn different not only in diffsrent
fniﬁal gfoups but‘élse during different stagsé of deVelopmeﬁt._
Such phantmena might have been the cause of the di??erent e??acts

observed 1n the prasent study.
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Obgorvations on the motabolitses and enzymes of ammonia
mataholism, neurotranamisaion and tyrosine oxidation pathuays
indicate that the. sgg has accumulated provisions for somg
enzymes; naqeasaxylduring the sarly development and the produce
tion of new:enzyneévstarts at«di??erent'stagaa~oF davalopment
dependlng on the~lavel of differentiations It also gives another
indication that: ths oarly cleavage stages are comparatively |
1ndapendant, perhaps being maintained by the ressrve materialsfﬁzu
in the 6aq and tha marphogenetic movemsnts of the cslls naads |
tha synthasis a? nem molecules. The high altitude also, genevally,
did not show any a??sct during tha cleavage stagaa and its e??ects
were clearly aeen in tha postngastrulation stagea. 1t might be
that undi??arsntiatad embryo is lass susceptibla to the environ-‘f
mental ?actors‘than the di??erantiated stagasa Similar efPects
were alao seen in the survival and chemical changes, as discussed

in the oarlier chaptara.
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GENERAL DISCUSSION

- The continuakiﬁn‘o? én animal qroup with time and their
diversi?ication in 8pacey ﬁspand primarily on their having
propey adaptatlnns Por successful reproduction and development
undeg tho existing environmantal conditions. The adaptations
aré Bgought about through regulations of difPsrent physiological
and biochemical péacesses in~raspdnss to the environmental
changee. The' zeproductive period and tha early developmental
stages are most sanéitivé'tdZthe*intilnsic and extrinsic stresses,
particularly in aviﬁétous animals. In these animals reproduction
invelves an actiue praceas of accumulation of nutrients in the
- maturing oocyte callad oogeﬁasislfar the sarly devalopment. and
the davelopmant,be;ng externalt_the ambryos are subjected to

onslaughts offenuiroﬁﬁénﬁalAhaZaxds,

Fish, 1s the 1argest group of ovipaeous aquatic ver tebtatési
- with a uariaties of adaptations to di??erenb types of aquatic
anvlronmsnts at di??erant stages of thalr 1ifPes Diffgrent species
of fish raspond di??erently to di??erent snvi:onmental Pactors,
dopanding on thair range of toleranca and elasticity of adapta-

‘ tion, Reproducblon and development in fish are regulated by bath
inteinsic and extrinsic control machaniams. The intrinsic control
mechanism 1ne1udss a chain of biochamical and physielogical

procasses leading to the depositian oP nacaasary substancaes. 1n j 

- the eag during ooganesia. eataballsn of thesa substances ta meet

aynthesis o? naw moleculas during embzyogenaaia. Studias on

diffsrent groups oP animala (Barth, 1964; Moog, 1965; 1971)
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iﬂé;ad;ﬁg:same~spéé&&&-ﬁf fish (Love, 1970) reveal that the
pattérn and pate of motabolism of biomolecules vary in
different stages of &euelapmaﬁt. fha ¢horionic membrane of
fish-embryo is impermeable to most of ths biomoleculss (Blaxter,
1959)é“The§éPo&®; thé‘éfﬁéﬁatiché in the concentrations of
various blomoleculas such as protein, amino acids, DNA, RNA,
carbohydrate op fPat givs 8 gross idee about the utilization of
tthdapoaitsd aubatances in the sgg during enbryogenssis. The
¢hanges in ths typa a? metabolism of various substances cccur

- dua tq'eha‘ghangaa.lnicegzaapondiag gnzyms activitias. This has
Abeénltsﬁﬁﬁtédilﬂ'uaffﬁué groups of animals (Batth, 19645 Moog,
1965, 1979) lncluding soma epscies a? pPish (Hishida & Nakano,
 -19543 Torner, 1955; Shaklee & whitt, 1977). Some enzymes are
deposited 1n tha égg in 1naet1va state and soms others in ?orn |
of maasangar RNA molacules for their translation during sarly
deuelopmsntal stages. Beaidea, many.now sAzymas and proteins are .
N synthesizod tc give tha ?unctional antity to tho apecific kinds
. of di??erenttaﬁiaggfalls (Braahet, 1974).-

The extermal Pactora pro?usaly inPluance the intrinsic

eontrel meéﬁédﬁéﬁ The variatlons tn the envirenmantal ?actora:;

wi.inPlusnce the reproductian and ontogenic dovelopment in Fish.»-?r

~ The aptimum cenditiona vary in diffarant speciea (8laxter, 19693
:i‘Hoar, 19693 Braum, 19783 Pator & Crim, 1979)+ The altarations in.
- environmsntal Factors beyond tha 'toleranee lével' cause adverse.
. effect on ﬁhe tate o? developmant and sutvival of the embryo.iﬁ?l
Theas are due to the changas taking placa at callular and suh-‘

_cellular levals. Such atudies on embryanic atagos of fPish ara
limited.(Lindroth, 1942: Hayesy. 19493 Helliday et al, 1964;
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Marmor & Garside, 19755 Marr, 19663 Blaxter & Hempel, 1966; May,
1975a,b3 Houwall, 19833 Johns & Howell, T980;.30hn8 ggrg;,.1981);'

. Di??areﬂtial 0y aponss to anvironmantal conditions Por

rsproduction and develoﬁment of uarious specles of fish are
presumably associated with tha differences in their adaptive ;
characteristics. It is, therofore; expacted that these differs
ences to environmental factors may be reflacted in their

physiolonical and biochamical processes.,

Jome spacies of fiéh show wider adaptations For'teptoﬁueé
tion and\deﬁélnﬁmeaﬁi thus efficiently growing at diffeorent
enviranmeﬁtai'cdnaittena. Hamnverg seme other specise show very
narrow adaptations to Live 4in a limited snvironmmont, c. cerplo;
the common carpa is a,batter aaaptad speciss which is capable
of breeding énd gfdwing both at tropicsl warm water and also in
colder climates, uhereaqg Ls zohita, an Indian major carpl?reeds
and grows only £n the tropical or substropical warm waters. The
success of scale carp and Failqgg 6f rohu to live in higher
altituds water bodiss must be -related to their subscellular
regulatory machaﬂismé. In the pxesedt study a comparison of the
rasponse to hypaphysétioﬁg rate of dovelopment, rate of survival
and some biochami@alcchanges during the early developmant of
scale carp and rnhu at both lowsr and higher sltitude was dona.
The resulta indicate that the ngkmal,pattern of breeding, -
devalopment énd the bioéhamical changes during-ﬁhg sarly
development of sach species were fairly specific and different
Prom the other speciea. It Purther revealed that scale carp which

13 commonly known 2s an 'surythstmal species' is better adapted
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£0-the,anvirgnmentalnconditlons at the higher altitude than
gohue Rohuib:aeders;.éhbgyoa_and Juveniles showed a clear
susceptibility td thé ﬁigh altitude conditions and correlated
with a higher,pintensity of alterations in various biochamical

parameters studied in the devalopmental stages.

'Nugmal pattetn of braading and davalopment of C, cargio and
Le : g at lower altituds pnder optimal condltiona ? '

The 1nduced breeding ‘experiments conduetad during 1979 and

hypuphySatian at tha luw altitude (Gauhati). Homaver, the tate of
?artil&zation and davalopmant ware velated to the prevailing
ftemperature An the ponds. The ‘optimum temﬁaratura range Por
succesaful brsading and developmanﬁ of scale earp and rohu has
been roportod to bo 18 to 35°C and 24 to 31°C respoctively. In
scalo carp, thejtncubatIOn pariod in 1980 at the temperature
range of 13.5-.-25;0‘@ ;masf i}bwar. (58‘;:-‘:6_6 hra.) than in 1979 (80%83
hroe) at altednera€0£é range of i1323.59c. Incubation périedfint
rchq;-undér,a‘témpetétura range of 25%3?.506 was lowsr (12-14
‘hrs,) n 1979 than that in 1980 (12,5514,05 hess) during uhich
peﬁied tha‘ingetatuée tangédAbatwean 24+31°C, Besidas shorter
incubation pe:iod; the rate of dévelopment was also faster in
rohu than ;h acélevﬁarp (Tables=6 & 7§ Fige)s Thie might be the
inherant charactarﬂbF this species needing higher water temperae
ture during the 1ncubation period. It is, howsvef, evident that

the optinmun tamperature raquirament of the two carps are diffe -
etenty rohu with a highsr and narrow range and scale carp with a
wider ranges This has resulted in tuwo bresding periods in scale

carp (monsoon & winter) and only one 4in rohu (monsoon).



Survival studies conducted at soms atages of davalopment
(Tables=2, 3 & B; Figs 5) and Pinal yisld of fry of scale carp
and rdhuy-aﬁowed an'éparaciaﬁls'amccQSS of embryos daveloped
undér tuo different perinds ocﬂthe annual cycls. Dus to tha
hlgh survival of smbryas and young ores at Gauhati, this 10m
altituda was considerad as the normal environmsnt for dovelop-

mant oF the twa carpu specias astudisd.

The Q&?féreﬂaé»in the environmental conditions and in
the rate éP deve1q§ﬁ56£i£nd£cateﬂ different patterns of metaboe
lism of yolk SUbstanées duriag ontogenasis of the two spocies,
The quentitativa analysia of the wet wolght, water content, dry
matter content (BMC), protein atotal, soluble, cytoplasmic and
mttochondrlal), Pras amino acids (FAA), DNA and RNA and qualitae
tive analysis of FAR during the sarly development (till hatching)

wsre Pound to be different in the tuo spacies.

The relative size and total usight of the unfertilized
agg-was larges in'sgaié,éarp~khan in rohue The level of water
was 68439% in sﬁaleréa:p and 56.,9% in rohu and the rast belanged
to DMC, At Pertilization, the water content of the eggs increased
dus to its imbibition for swslling the choiioﬁic membrane and
increassing metabolism (Blaxter, 1969). Water as a metabolic
tndicator has been shoun in salmen (Penaz et al, 1976). The OMC
which indicatad &ha aﬁounk of deposited nutrients (Johns & Howsll,
1980), ggadually;&ec:éaaad‘with dovelopmant, Such decraase was
ataéa.spa¢$?1c and'yaried beewseé'scale carp and rohu, Tharafore,
toduction in 6&@r&Q§ing the dsvelopmant indicating cataboliam of
the yolk aubstancés‘?ar maintenance and growth of the smbryo was
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both spasciss and étéga épaci?ic. The decreass in DMC was highsr
in gohu (40,32%) than in scale carp (31,45%)s This might bs due
to & comparatively highor catabolism of inart substances and

highér energy roquirement of rohu embryos Por their faster rate

of dovelopmants

Vrotain is knoun to be a major soqrce of energy for Pish
developmant (Hayes, 19493 Smith, 1953; Hagmor & Garside, 1977).
.The yolk protein is degraded during the course of developmsnt |
to provida anergy and ram materiala fur synthesia of neurprotains.
It was obsexved in tha present study that the pattern of changaa
in the total, solgblev(sv) and cytoplasmic (c=) protein wsre
diffeorant in:acaf; cérp‘aﬁq_tohug Eicapt for a significant rise
at the blagtulgtiqn:q? embrypsg ths piateia contents (total; S
& ce) shouwsd a constant decrsasing trénd during scale carp
dovelopment, Hp&eva#@ in pohu, aftor an initiasl decrsase tiii
the morula stags, the total, s~ and ce protein contents exhibited
a steady increass mithfdévelﬁmeQt.vfha increase in protein
synthaaia~during léﬁer stagea>o?'devalupment and lowsr amount of
yolk protein in rohu night bo tho causs of the specific pattern
of changas. In scale carpy probably the noutral yolk proteins are
much mors than the proteins synthesized Presh Por which there was
a gradual dacrease in protein content with developmente The
mitochondrial (ms) protein content in both the species incraasad '
right Prom the tims of Pertilization till hatching. Howsver,
thers was a coﬁéﬁi&uous increase in its level in postegastrulation
stagese The Pozmétioﬂ of now mitochondria with thevprog:ess_dé |

ontogenic devalopméﬁt and particulatly with thes commencement of



183

matphogenst;¢-movéméﬁts. might have taken place to mest the

anergy requiremonts of ths ambryo,.

ﬁmlno'écidé a;é thetbuildlng'bloeks of protsin, Therge
?oreg changee in the rate of svnthasis of protein in the
developtng embryo is sxpected to altar the amino acid (FAR)
pool, Quantitative analysie of FAA in ths sarly development
of the two carpa ravaalad that the total FAA generally shouwsd
an invegse nelatianahip with the tqtgl protain content: Housver,
in scale cawp embqug,-ths FAA pool exhibited an 1ncraasa'w1th
the increase idfb:a&ein content at blastulation and also s&qméd
a decxaase..pér51591 te~the'dacraase:bf prbtain at the asee1¥¢
atage, oarly gasﬁtulétion and in the frashly hatched larva. The
inctrease of FAR with the increase in protein content is suggas- '
< >t1ve of Freah Synthasis o? amino acida. The parallsl decrease |
of FAR mith,pxotain;may‘beAattributad to a high catabolism o?

anino acida'?nt‘énatéi‘prcductian;,"

Quallkativa‘if»lysls o? FAR' in the mature agg shousd thaﬁj.

,'1ta compoaition énd relative pxoaortion of" 1ndividua1 amino acids
veried in embryoa o? ths two species. In scala carp, and 1n rohu,
the numbsr of P:se amino acida identi?ied ware Piftesn and Pourw
taan reapectivsly. Tha matura oocyte of the later species lackad
: in threonlna - which was detected in scale carp. Rohu egg
containad cystaine and cystina in addition to other amino acids
‘observad ‘in scala carp. The relative praportion of esaential and
‘ non-assantial amino acids was found to bs 47462152438 in: scale
carp but in rohu 1t was 59.4140.6. Such difPerences in the egg ‘
‘oF the two carpa muat be dus to their difPerential deposition
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during cogenesis, pessibly for the specific raquiremants during
‘the'courée 6?.ear1y émbfYogenasiam fAyalitative varlation in the
depasleion oP FAA has baen reported in other spscies of Pish
(Kriahnamnorthi, 1958). It has bean obaerved in the present
etudy; that tha individual FAA exhibited qualitative and quan=
titative variakions mith devalopment, soma appearing nowly, soma
inoreasing in p:opntticn, aome decraastnn and some othars
remaining unchangad in their prOportion dutlng dauslopment. The .
individual changea a? FRA during deuelopment, as pointed out by ]'
Zeitaun et al (1977) 13 di??icult to explain pracisely. It may.
only bs spaculafédlfhat the variations dn the individual FAA

. durlng the early davelopment of the two carpdy as obsarved, may .
be a not result of thair liberation ‘through yolk degradation,
incarporabian;@n@o qem p:oteins,Qggﬁg;nam synthesis, convanaionfl '

to other prddd¢talénd ﬁhairféeéﬁadét;on for ansrgy purposas.

ﬁédtéin synéﬁééis'is'éecnmpiiahed tﬁmugh the genetid5f"
1nPormations located in the nuclaotide aequence in the DNA ‘, 4
molacula. Amount o? BNA per nucleus o? a aomatic cell of a given'
| apscies is a canstant. 1n Pish, the diploid DNA contant is knomn‘
to ranga between 0.8 to 8.88 po per coll and the value range
batusen 3.64 to 3,83 po in carp (White, 1973). Howsver, the egp
ONA contant of scale ‘carp aﬁd rohu were Pound to axceed these
valuss by aevetal thouaand tlmea. Such high DNA valuss have bsen
also reportod 1n eggs of echinoderms (Tyler, 1967)s amphibians
(Danis@$1974) and 6150 in some fishes (NeyPakh & Abramova, 1974).
In schinoderns gnd'amphibians, the high DNA content in the sgg
. has bsen shown £ﬁ~be duo to amplification of specific genes and
.ghrﬁmnaﬁmaa, and a heavy deposition of mitochondria during

PPIGSRPIPP PPy S
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The amount‘ngﬁmh in tho doveloping embryo was Pound to
increase only by gastrulation in scale carp and at the late
morula staga in rohue Euan though tha number of cells and ths
nuclei started increasing from the first cleavaga stags,
involving synthesis of auclagr ONA, thas quantity of DNA did not
incraase.p;qnaxﬁibnaﬁelx{probably dus to the minute increass of
the nuéloar ONA in comparison to total DNA. Also,; thore might
bo some agmount of dsgradation of the cytoplasmic DNA during the
sarly developmental atages' The risa o? DNA in thes above mentioned
atages and its QUIQK{iﬁbfsaaa with dovelopment might be due to
¢omplate degradation of the deposited DNA resulting in the
dominance of the nuéiaar"DNA of the Past grouing cells of the
ambryoy The lats ris% of DNA content in scale carp embryo than
in rohu might be duewﬁo greater aynthesis and slower rate of |
degradation of DNAgiﬁ scale ¢arp¢'§NA as an anargy asource has

bsan also reported 1n;§y gairdneri (Zeitoun et al, 1977)

Similar to ENA, tha un?ertilized egg of scale carp and
rohu weie Pound to cantain a large smount of RNA, This raserve
RNA was perhapa accumulated during oogenasis. A largoe amount of
mRNA molecules are known to bo deposited in the egg which remains
in masked condition till ?ettllizatian and starts translating the
required proteina 1n garly stages aF development. The high egg
RNA valuses and ibewqeposition during oogenesis have baen shown
in other animals (Tyiér. 19673 Paul,, 19746). The RNA gontent of
the acale carp enbryoa increasad only at nourulation and in rohu
at ths lgte morula stage of the embryoe. RNA is the organizer of
protein synthaesis, Thaga?ora@ it may be assumed that the protein
synthaais in the-aarlier stages of dovelopment took place with '

the help of the accumulated RNAs in the sgge The now RNA
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synthesis started significantly during the later stages when

the agg RNA got degraded and now protain synthesis was necessary

' for morphogenetic movéﬁénts and difforentiation, The RNA

synthaals, iﬁ aﬁ all was thore, might be at a very low key
during early davalopmental stages. Lack of new protein synthesis
during parly developmsntal stagas hag boon shoun in other
animals (Tyler, 1967 Denis, 1974; Ballantine et al, 1979), The
early riee'e?vama conﬁent in rohu ombrye indicated an aarlier B
baginning of the protein synthesis, which corrslated well with

the sarlier riae 1n the protein contant in this species,

Gatabeiism“b? protein and nUcleic acids releass ammonia -
- .as a by-product. Rmmmnia is axbtemaly toxic and c¢annot bs o
retained byond a cartain lovel in the eell. It was obaerved in
the praasnt study that the un?erkillzed gqg of scale carp and
rohu containsd a slgni?icant amount of ammonia. Tha lovel

incroassd in ﬁha embryo mieh dauelapmant and at ﬁha pra-hatching

3 eencantration was highar or noar the valuss in their
adult tiasuas,. Similer high accumulation of ammonia has besn

also raportad in salmon (Rice & Stokes, 1973). It has been shoun

‘ '~ﬁhat eggs and embryes of salmon are more resistant to ammonia

toxicity than their adults. Tha high concantration of endoganoua
| anmonia 1n carp ambryo mighﬁ indicats their better rosistance -
capacity to ammonia’ toxicity tﬁan adulta.‘The ?unctional gigni¢
ficance of thelacégﬁu1@tion of ammonia mighﬁ be for reeycllﬁg'A‘
o?‘nitfﬁgen 1n‘€ﬁé eﬁbryo bécause of the ﬂmbermeable nature'ef-
- the egqg menbrana ta amino acids and nucleotides (Blaxter. 19693
NeyPakh & Abramova, 1974). The overall accumulation of ammonia

was found to ba higher in seale catp than in rohus This was
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parallsl to»ahe-higheruraté‘o? catabolism gf‘protein 1n;the»
Pormar spaciés. It was Purther observed that though, in general,
thé ammonia level of smbryos. incrsased with deveslopmant, but at
certain stagas of dsvelopment, 1t decreased or remained constant,
in. comparison to their immediate provious stages of developmont,
Such fPluctuations may be asaooiated with its differentisl rate
of production, its conueraian to other products and ditfPusion

gut of the emb:yo..

Studies dn.sgmg:éhzymea:aasociated'with‘ammonia metabolism
(GoH, PDG, Ggfaﬂﬂ'atgiaaaa)‘ghomsd di??exéﬁt patterns. Some of
thé_énzymes‘Suphwaéwa:g}nase~and G3 in both the species and PDG
in scale ga:p ﬁar9~ptas§nt;in all stages including unPertilized |
agg, GDH appaarad only aftér Peftiiizaticn and. PDG activity in
rohy appeared anly at neurulation stage. Thase enzyme activities
which weras present 1n tha egg or. appoared aftor fertilization
wareg relativaly naintaiﬂad during the cleavags stages and showsd
tho enhancament oP thair activity in soms stages after the more
phogenetic movemant had atartad. In a few cases; the enzyma
activity decreasad at particular stagaa. The accumulation of some
enzymas in active state and some in inactive atage during
ooganesis hag been known (Brachet, 1974). Seme of the inactive
. enzyma moleculas get activated at Pertilization to meat the need
of thesa enzymaa at the earliest developmental stages., GOH might~
have activated in the aame ways Besides, many masked mANAs o? '

 the sgg also atara translating di??erent proteina during the :“fi

':'early atagaa a? davelopmant, contributing to the appeatanca

of some anzymas at theaa stagas mhen -synthesis of RNA has baen
suspactad, Hence. due to gradual loss of these maternally ‘

-depositad enzymas. the 1ave1 of activity was maintainad For
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somatime followsd by‘a docrease dup to lack of synthesis of
now molecules. Howsver, some enzymes‘which ware not daposited
in the 209 or their aétiuity-wes not necessary in a particular
specias in the sarly stages of dovelopmont, appeared only at%a
later stago, poasibly dus'to the expression of the embryonic
gane at that»pagticulatvstage-o? dovelopment. This might have
also happened fPor the pre-oxisting enzymés to boost thedr
activity to a higherulevél from a particular stagas Similar
obsorvations have bsah reported by Shaklea and whitt (1977)
for tho anzymes of some other metabolic pathways during the
dQVQIOpmant,o? sunfishes The activation or ropreassion of enzyme'
acﬁivity-has'béan‘stddied as models fPor gens activatlon and
sepression in different animala both in adults and embryos
(Davidson, 19763 Seandalios, 1979).

Tha’?luctuatidné in the sndogenous ammonia andvure;
levels during the dedalopment of the acala}carp and rohu smbryo
and lack 9? 8 de?inite correlation with the corrasponding
snzyms activiﬁles Fail ‘to make any opecific conclusion about
ammoaia metahp}ism.pattsrn in ths tmn spacies. Housver, species
spacific vaniétiansviﬁ the enzyme activitiss and the concontras
tion of the metabolites have bsen clearly shbwn ;n'the preasnt
studye i | E

| fuﬁétlénal differentiation during development has baen
coupléd with dLP?ggentlation of specific enzymas, AChE is one
of Suchlenzyﬁés associated with tha.Punctiéhzi diffarentiation
of nsrve and muscle colls (Brachet, 1974). In the present study,
AChE activity in ths embryo was detected at the onset of gastrue
lation in both the specles. This iz similar to sarlier report in
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_Xenopus showing_a-higﬁ ;nduction of the enzyme activity at
gastrulation (Atherton & Led, 1975). Although it is difficult
tdwggplé&ﬁ a‘deﬁihiﬁé@@uqot1onal s1gniP1canca-oP ths appsarance
of AChE at gastrauléflbn; it is ﬁrue that during this stage the
' morphogenstic movements start datermining the map of final
r'dif?erentiation. Estimaticns of ACh revaalad its simultansous
rise with.Rth,at gaatrulatlon.klt.can bo suggasted that paerhaps
aﬁ this.szagég'bhegﬁﬁh:gynthasis~is also occurred at a large
acale, ptobably;aazéﬁ inducing Pactor for AChE gens. The.aubf

- atrate 1ndycticﬁ~9?ﬂ@nzyme activity has been known in enzyms
tegulation;,.ln thénéﬁbgaquantﬁstagéa,;the activity of AChE
increased with néﬁgaﬁ_énd muscular differentiation. This was
almost parallsl 1ﬂ.$ﬁ£ﬁ specios indicating a species none

epocific and digectiy~differentiatian related gane activation,

Studlea-anxtﬁe devalopmantal pattern of TAT, the‘iaté
limiting enzyme of tyrosina oxidatioq(shomad that the enzyme »
was present in the eytoplaamic Praction (c=TAT) in all dsvelop=
mantal stagas~inslud1ng mature oacyteéstudied in scale carphagq :
rohu, In the mitochondrial fraction, TAT activity (m=TAT) was
'-ﬂaﬁeéted\cnly‘at«neurulation in scale carp and at aasqutgﬁ
stage in rohu Followad by & 8ignificant increase till hatching.
Howsver, tha\apnéarance'of m»TAT was correlated with the
aigni?icantvtaéﬁeasgfin‘tha embryonic mitochondrial protein
lovel lndiﬁatinﬁlﬁhég th19~anzyma,mighﬁ be produced by a m1§09 ,
chondpial genéAén& ﬁaé aétIVated when now mitochondria wéte
synthesized in tha enbtyo. The diffsrancas in the ontogenic
pattern of chAT and m=TAT suggasted that they are two 1soenzymas

of TAT and have differont regulatory mechanisms, The developmental
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pattern of ¢=TAT and m=TAT in scale carp and rohu usre also

found to ba diffarent ?tom?thqser? mammals whare activities

of both the isoenzymas‘temaiﬁsd low and without any significant
alteration till birth (Sereni et al, 1959 Koler gt al, 19693
Holt & Olivers 1971). The.difference in the davelopmental pattern
of ééTAfvand‘MQfﬁT in.écaléica:p and rohu particularly the late
appsarance of awTAT in the later spsciaes, may suggest a difforent

way of rogulation of the tuwo isoenzymes in the tuo carp speciles.,

The deueldphental patﬁarn of all enzymas of the present
study'waafféand to:$bowﬂéoma-diﬁfarencas with the changes in
gengral protein lévela.:The cnangeé.in gansral proteins and the
enZymg:adtiﬁitiaékwéra véry prominent at Pertilization of both
the carps. The Ptﬁﬁain content was drastically reduced on fPortie
1ization whezeaagﬁdsf of thﬁ enzymaa.activitiea wore aithar not
affected or increased. Siﬁilar-cantradlctory changas in total ,
protein and‘enzymeiactiviﬁieé ware alsa observed in other stages
of developmenn@'Theée»ﬁiffarencea»mgy be dus to the indepesndent
-xegulatian-oPAtﬁe~qngyﬁés for specific physiological Puact;ons,

indepandent of the gensral protein turnover.

Therafﬂ#éy the mdrpholbgicai and biochemical changes
during the devolopmental stages of the tuo carps were mostly
spocies epocific. Besides, their adaptive capabilities also wsre
,different;Epoasiﬁly. dus to thair difference in gsﬂﬁﬁfcally"

controlled biqdhamaeal roegulations.

Effect of highar altitude 3

Analysis of physicoechsmical factors in idantically
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managad fish bodﬁs‘aﬁAGauhati,(iﬂoim ASL) and at a mndérately
higher alhitude (isﬂﬁ«ﬁ ASL) at Shillong revealed that témpsraé
- ture and pH, 1n'gend£éi; were lowsr and free C02 waS-highergaggw
the higher altitudé;‘oiééaluad oxygen content'did_not show much
difference beotusan ﬁﬁa two altitudes. The low water tahperatqte
at higher altttude‘maa the resulﬁ of lom atmospheric temperature
which is the gensral’ character of the higher altitude, The low
pH of pond ‘water at highet altitude was dus to inflow of acidic'
water from a atream to the exparimental pond to maintain the
watér lavsl. The ac1d1¢ natura of the stream water might bs dus
to the qeneral acidic nature o? the soll and ?aLlling o? pine
nogdles mhich are known to bs acidie in nature. .The high C02
contont of Shillong water was attributed to an independent or
combined afPect o? low ‘algal. production, higher rain?ail or
higher prcductlon n? CBZ at lom pH.ic

Attampta to breed xahu at Shillcng was not succaessful ‘
Ibecause nona o? ﬁhe breaders brought from the Gauhati survlved.{g
Homaver, mhan tried at a comparatively lower altituds at Mawpunjy'
' (1naom ASL), there mas some ‘sugcesss All breeders survived only

once ln 1979. Hawsvar, tha female breedsrs brought from Gauhati )
 Pai19d to aurviue in all othar attempts. In contraat to rohu,
ths scale carp braaders brought P:om ‘Gauhgti under identical
oanditiona o? ﬁransportation, suruived even at Shillongs Thus,
it was evidant thaz the capacity ta adapt to highor altitudes :
.‘mater was preaent in ecale carp. breaders and was lacking in
«.rOhUo Tha suscspt!bllity of rohu. braedsrs increaaed with

increaas in altihudeo The tolerance capacity to withatand the
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high altituds stress was loss in ths females, The woaknasss of
the ?émalee:and thaigfphyaicai oxhaustion dus to large enerqy
axpenditu:a'gi maturationvq? aggs hava been reported to make
ths Female‘b;eéders highly sensitive (Lovs, 1970).

- The response to hypophysation, rate of fsrtilization,
rate of developmant and survival of both scals carp and rohu
WOrE Pguna to be di??erenk Prom the normal pattern at higher
altitude. The intensity of such effect was more profound in
rohu than in'scale carp, though the former was bred at about
500 m below the high altitude lsvel for scals carp (1500 m ASL).
The spauning 6f the two carps at higher altitude was gensrally
partial axcept for once in scale carp in 1979, This might be
dus to the existing lowsr temporaturs of the water which was
eithsr bolow or neer the Jowsr limit of tho optimal range. The
roquirement of optimum temporature for suceessful spawning by
ﬂhypophyéation.haa‘heen stressed by several workers (Alikunhi
ot al, 19643 Anonymous, 1967; Chaudhuri, 1976). Besidess
spauning; the rate of Partilization and devslopmant of ths two
carps at higher altitude wers also low. This might be the
combined afPect of low water temperaturs and low pH at highor
altitude. It has baen shown that low pH imparis the ?ertilizaﬁg:
tion of Pish egg (Sahavgg_giy 19573 Cralg & Baksi, 1977). |
Blaxter (1969) has reported that low temperaturs and 1ow pH
retards the raté\oP dovelopment in fish embryo. Therefore, the
adverss efﬁectfo? high altitude on the tws carps must be the
‘cumulatiue.af?éct of more than ons factor which were different

at higher altitudo,
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2y Survival of ééth scale carp énd rohu were considerably
lowsr at ﬁigher aléiﬁﬁda"fhe offact was more pronounced in
»rohu particularly during the later stages of dovalopment
including the ptoduction of hatchlings and fryse. Susceptibility
of embryos to-high altitude conditions in both the carps was
stage spsci?icé In scale carp. mottality of embrya started only
from the stega with tha onsaﬂ o? blood clrculation. whereas all -
stagss of davelopmant in rohu/ware vulnarable to higher altitude.‘
Houwsver, maximUm mortallty occurrad at neurulation and before .
| hatchlng in rohu. Bi??etance 1a the tolerance capacity of |
anbryoe to anvironmantal atrese has baen reported in various -
-species of ?1sh (Gottmald, 19653 Cambe, 19653 Patorson gt al
1977; Brooke & Colbyg 1980) . Non—availabiliky of an opt&mum
tomporature and pH wate probably the obvious leading conditions
'?or»mortality. In scala-carp, during a particular breeding in
1979 at Shillong, the higher moptality of embryos occurred dus
to the attack o? '

pnolegnla. which is known to causa oatastro-l
phic 1nfaction 4R ?iah ambryoe (Baua: et al, 1973). Low tempera-
tura and low leaa obsarvad at highar sltitude /ars shouwn to
. Pavour tha growth e? this Fungi (Suzuki, 1976)¢ In general, scale
carp had lasser problems than rohu at highar altituda. In rohu. -

the rate oP surqival shomsd a clearacut relationship with matsr

temparatura mith tﬁa ambryos showing bettsr survival at or aboue,
24°C, It ia knomn that a drastic change in snvironmental candi-_
tion deprives tha arganisw from compansatiag so efficiently its
notabolism, and that hecomes dreadful Por autvival (Braum, 1978;

~ Smit, 198&). Thus, during tha devslopment of rohu, a suddeﬁ
reauctan.of water temperature from 25°C to 15°C had besn Pound

to kill -\!-ir‘tual;lv: all the ambryos at pro-hatching stage at higher altituds,
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Survival studies?ef young rohu at higher altitude
shouwsd that i#wand 2= month old juveniles failed to adapt at
Shillong watsr and 3= month old rohu showsd batter (60%)
survivals This indicotes a gradual development of adaptive
capacity in rohuy with incressing ags. Highor susceptibility
of yeungsp ?iahes‘tdfstrass than their adults has been reported
in somo species (Gaiéﬁs‘&Lschéizg 19583 Smith & Oseid, 1974).

The changes, observed in the rate of development and
survival of scale carp and rohu at higher altitudeo, may be
roflaoctad at biochamical and phyaislogical lauals. The praesent
. study on the biochemical cnmponants during tho oarly develonment_

K of tho scale carp and rohuy revealed several variations from the‘

- rato of canvers_fn

normal pattern a? highar altitude. The magnitude of such changaa}
wers more in thoss atages mhlch showad a higher rate of morta-;l ,
51‘ 1ity and mas gensrally mcre signi?icant in rpohue

Th@ﬁlﬁm;@a content aad DNC e? the embryos at highar

altitude‘waréfiﬁ“ lve o? a low raea of motabolism and a lom;?;'

.yolk aubstaucas. This was rePlected'by a;‘
. low rats of develupmanﬁ oP embryoe e? scale carp at hlgher
altitudes In roh

ﬁat naurulation and pre<hatching stages[the N

enbeyos showed ”dden rise in mater content and a almultaneous:'

Pall in DMC. Yhi' m!ght be suggsstlva of suddan acceleration in.?
;:3ubstances For enargy production mithaut

i any conslderable inereaee in the rate of synthesio. As a result;”

more water waa pro fhly 1mbibed ?ram outaido to avoid a shrina,f”

kags in the egg. Tha rise in water and docline in DMC at neuru—_:

lation and pre«hatehing stags o? rohuy indicated a phyaiologicaI':

- gtress mhich might hava resultad into the higher mortality during
those atagas.' '
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Studias on thé protein contents showsd no appreciable
alterations in scaie'carﬁ embeyos. The changes in rohu embryos
at the higher altitude was more significants The total; s«, c=
and ms protein éxhibited a lowsr lovel than normal from
naurulation onwardsas In scale carpy meprotéin showad no
altaration at higﬁs:;§;§QQQd95'ThIs may be suaggestive of a
mozé'pﬁﬁsieiogical uéiﬁérabiiity of thenrohu gmbryos than that
of scale carpe Tho lowsring of protein gantsnts of embryes of
tho tmﬁvcarpS»méy'ba}atttibuted to a highsr rate of dogradation
of yolk protein,andlﬁr 5 concurrent lowsr rate of synthesis of
now protains-under théAe??ect'o?-higher altitudes This has been
supportad by ﬁhé‘finﬁings on FAA aéd RNA content of ths embryos.

. The lsvel of ERA is knoun to beo a sensitive indi{cator for
assaaatng.physiﬁlogiééi‘atress in fish (Atherton & Aitken, 19704
Knapp & Wissar, f?ad?; Tﬁeﬁe?ére, tha obsarved Pluctuations in
FAR level mtght.indidate a physiological disorder of ths carb
smbryogidevaldpedfaevﬁighatvalﬁitudaq During these Stageé.éither
FRA might havsfbeén-éatabulized extensively to meot the high'
gnérgy domgnd of éﬁe-emb:yas or protein aynthesia might have
been inhibited, Studiss on individual FAA also shouwsd that thois
telative-pgapartion 1n the FAA pool was considerably changed‘etAA
some deuelopménﬁal.étagas at tho higher altitude. All these ,
indicateod that ihe normal rate of yolk degradation; synthasis
of naw proteins and amino acids, and catgbolism of FAR ware

differant at higher altitude.

The lsvel of RNA became significantly lower during ths
lator 8tages of dovelopmont in bath the spacies at highar
altitudes The lavsl of RNA indicates the rate of protsin
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synthasis and ggdwﬁQ (§ui3m;-i97ﬂ;»Héinsi 1980). Thorafore,

the low lovel of RNA i{n the differentiating embryda could be
Lntstpreted‘aé thoir low rate of protein synthesis and growth:
{n the tup apeciss at highor altitude. Besides RNA, DNA content
has.aiso baen knouwn to bs an indsxvo?~gr0mth.gaté'(Bulom, 19703,
Hains, 1980). DNA éqntént’also became significantly lowsr at
the atagaevnaérer»hétching in both the spaciss at higher
altitude. This might have taaulied due to less number of colls
indicating slow gfumﬁh of the tuo carps at higher altitude. In
gy_gairdnet;, Zaiteuﬁ”gg_gi (1977) reported a largs declins of
DNA content during sarly development uwhich they aexplained te

be due~tu-iﬁsl¢éﬁéb0118m to moget tho energy demand of smbryos. .
Cataboliem of BNA>Fdr'procuramant of ensrgy might have bean ono
oP the roagdons ?ot the decline in DNA 1eve1 in the embryas at
the higher alticude. Homsvar, this conclusion look to be littla
far Potchad,

The changes 4n the protsin and FAA content in the
embryos at\higﬁaé-éititude have indicated a possible alteration
in the ammonia metébaliam. Estimations of ammonia and urea
concentrations in scale carp and tohuvambryné revealed that the
endogonous level of anmonia changed at certain stagss of
~deualopm9nt‘whe:aas-uiea showsd no significant variation fProm
their respsctive normal levels at lower altitudes In rohu, the
f6<cell stago and all stagss from naurulatianrtiti,praéhatchzng
céntéined:aigni?icantlylhigher lsvel of gmmonth;‘Scale cafp
showad bettar tolerance to Fiuctuations.1nf£ha‘concen£zgtipn of
amnonia during-tha devalépmental stages and survived well, evsn |

with about 3 times higher concantrations of ammonia than rohu.
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The alterations lnlahmonia lsvel showad a close relationship
wiﬁh'the changas in protein and FRA content of ths embryos at
higher altitude and to some extent with the variations in the

activity of ammonia meotabolising anzymes studiede

Activity of ammonia motabolising snzymss studied (GDH,
PDG, GS and arginase) shouwsd dipfaront sfPPects at higher
altitude. Tho activities of some enzymes increased or decreased/
at same-stagaé o? déV@lopment(and the appaaranea or induction
of some enzyma activities ware aithar postponed or preponed at
highar altiﬁude. Howsver, the variations in ganeral. were mors
pronouncad during the poat-gaatrulation stagas than the

cleavage stages.

The S?Fégt 0? higher-é1tituda on the ontogeny of ACh and
aChE.més'alao-spegieé apacifice Scale carp did not shdm much
:vetiatians'at'higﬁér altituds whereas in rohu the high altitude
‘efféct was pnominantfauring the later atagas.o?-devalopﬁant.‘tha'
appoarance of AChE activity also got delayed from stagee=9 to
atageéi1‘invtphu indicating the delay in Punctional difPerentiae
tion of neural and muscular tigssuese In c=TAT and m=TAT activie
ties, there was no alteration in the appsarance of the. enzyma at
highar altitude, Howaver, during the later stages oP development
-c-TAT activity incteasad in scale carp and m=TAT actlvitles
 decraased in rohu at hlghar altiﬁude.

One basic in?dr&atiOﬂthich seems apparent from the
obsarvations stated in the foregoing chaptsrs[that during the
antogenic dsvelopment of carps studied, the early atages of

dovelopmant, QQminated by fast rate of cell multiplication, is
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less saensitive teo enViruﬁméntél Pluctuations than the later

contains neecassary pracursofs and aenzymes for complstlnéﬁggé;3§?7“
claavage. and due to less number of cells and their simqgﬁﬁw;ﬁ
organization, tha gasaous oxchange and metabolic waste
diffusion takéiplaca efficiently. Howsver, morphogsnstic
novemsnts started from gastrulation Pollowsd by differentiation
and,atganagsﬁésis;inﬁoiﬁxﬁg oxprossion of sevaral ‘genes and
activation oF-ptoﬁsiﬁ“eynthééic mechanisme. Thess processaes noed
a largé améun§~o?-ehé§gy‘?dr which tho motabolism might have
boan g:eatly,acaélérated5nagy1ngrmara gaseous exchangs and
dieposal of metabolic @gsﬁésq Thajsituaiiwn ig{g;gg;bedomeaA”
ag»gampli¢aﬁs§-thaﬁ #ﬁa 4htat?arance’bv the alterations in
anvironnental Pactors becomss sasier. In theose stages, the

. yolk perhaps plays'tﬁa>major.rqle,tu p:pvide snergy but not j
the roadymade péecur§6:$, tha,sto6k-oFAwhich might have already
;»dapletadw'ﬁﬁmava:,'aﬁ.abgoldte~con?1rma§40n'of this proposition
naede‘mora‘detailad‘éﬁudiaa tegarding the mods. o? deposlti@n'n?
difforent biomoleculaa 1n the egg and thair ubilization during

dovelopmente - } - ,’,

‘It could be sesn Prom the studies in relation to altitude
'thét’scais‘cé:§ hé§JBettar adaptability for development and
growth at higﬁéf‘gltltudé thanftghqi‘lt showad battér‘Spawning‘
performancs adQV:éﬁaévof Ra;@i;izak;un,'gﬁowth and survivale

: Thasé aetiﬁitias7had‘élgnl?igant correlations mith”thelt'biﬁﬁ
chamjcai.compﬁaltiqné and relativa«éﬁability of metabolic
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pathwayse The ganstic vgriabilitg{in their capacity of adaptae
tiongmight-he':elated to the presencs of excess amount of yolk
substances including, pérhapSy‘sevatal enzymas,.messanger RNA
and other essential nuteients in the sgg of scale cerp glving
1tamore'1ndependéneaz?dr tts\mstaboxism and development.
Qaéidas,'biochamicai,xagulatcfy'machbnisms,fprobably,aoperates
more efficiently in scale cérp thaé ﬁahu.-Hnmsvei@ regulation
of different kay.metabollc.pathmays“ﬂfth‘relatian to differant
anvircnmentélAPadﬁor§-can-expla1n, for sure, that out of this
‘multifactorial effact which Pactors are more important and
whother thsy could be controlled by some exparimental aanipu-
lation'to~indﬁce.adaptabili£y in the nonsadaptivé‘rohu to
higher altitude. |
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Table 1 ¢ Seasonal variation of physico=chemical factors of the mgne

aged nursery ponds at two different altitudss (Gauhati,

100m and Shillong, 9500m).

Gauhati (100m)

Shillong (1500m)

Air<‘Water 3Dissol-rFree

S ol

Month | Air ! Water ! Dissole Freel
- tenp.;Temp., ved | CUzva tamp. temp, ! ved , CDZ i pH
‘ .Bxygen H g Oxygen {
{("C) ; {(eC) g(mg/l) t(ﬂg/l) ! (°C) (°C) ! (mg/l) '(’ﬂgll)}
e o B
“Jan. 18 19,5 7¢9 242 Tel 12 12,5 6.8 4.9 7.0
Fobe 17.5 17 B.5 0.8 7.8 15 13 6,08 5.0 6.3
Mar. 29 - 25 10,0 0.2 8,2 21 19 742 5.0 6.6
APFe 26 25 9.6 0.6 746 21,5 20 9.6 4.0 7.0
May 29° ° 27,5 C 9.6 0.5 7.4 22 21 86 440 7,0
Jun. 34 . 35 702 0.9 7.6 2245 2145 1248 6ed 7.0
Pul. 32 36,5 - 11,6 0.4 7.7 22 20 1.6 6.0 7.1
Auge 31 29 7.5 3.2 7.0 22 24 BeB 3.9 641
Sepe 28 29 7.6 1.1 7.6 23 22 6,08 3.4 5.9
Oct, 27 - 28 7.2 0.9 7.6 22 19 6.0 3.0. 6.0
Nove 24,5 24 BoB 2.1 7.3 17 15 " 6eB 446 5.8
. Dec. 25 - 24 9.4 1.8 7.4 16 16.5 7¢2 5.6 646
. 1980 | | | _
Jan. 17 15 7.8 2.1 746 15  15.5 6.8 446 6.8
Febe 25 24 10,4 1.2 7.5 14,5 15 5.2 5.2 6.7
Mar . 28 26 1142 D.8 7.8 20 19.5 946  6aD 6.9
Apr. 29 27 1.6 1.0 7.8 21 22 946 6.0 6ub
May 31 29 10,8 0.6 7.8 21 19 BoB 4.9 5,9
Juns 32 31 7.2 0.8 B.,0 22 23 642 5.0 5.8
Jul. 32 33 8.8 0.4 7.5 26 22 7.2 5.6 5.8




Table 2 : Results of induced breeding of C. carpio ot twn different
altitudes. (Gauhati, 100m and Shillnng, 1500m).

t

Location

Cauhati (100m)

Shillong (1500m)

Yoar-month |

Tem.eratufe
(®C) range

- : -— :
1979, Jane .4 1980, flar.

C 1 17=23.5 © 19=28

1979, May ! 1980, May

16«20 ' 17222

Sets of bres-
.ders used &

3 : 3.

'250q, 225g 2259, 23093

3 3

2209, 230g. 250q, 270g

fry obtained

“wte of the ~ & 3909 = & zeug T & 270g . & 2709
- 'fPamales ' _ . R : :
~Parcantage 100 400 100 100
success - ST - * o
No. of eggs o o , " . on onnn
. o 20,000 19,000 10,000 20,000
Parcentage ﬂ'aéaiff 04 23' 55 | 74
fertilization " e :
Percentage 60 73.68 20 34.5
hatching . e ‘ *
Percentage 5245 61.05 6 20

(% fartilization, % hatching and %

fry obtainsd were

calculated taking total eggs relsased as 100%).



Table 3 ! Results of induced bresding of L. rohita at three different
altitudes (Gauhati, 100m} Mawpun, 1000m & Shillong. 1500m ).

nead

Location | Gauhati (100m) !  Mawpun (1000m) { Shillong (1500m)
... 1979, {1980, ! 1979, } 1980, |198a, | 1979, |1980,
Year, month i 5,,.° gJuna' ! Aug, ' fJuly. gAug.' Aug. " 3June’
_Tem erature | 4. - - ; e
§ range 25+31,5 24«31 15-28  *25  °27 *230 . 21
e 2 3 2 2. 2 2 2
:;§§§§é°zsg§°& 4509 & 450g, ~ 500g & 45004 600g & 600g & 500q &
“wk. of the =009 .. 4559 & 5209 500q° 690g  700g 700g
. females . 3009
Percantage  ggq- .- oo et #ag
 809¢633 : 10Q e 100 100 - ’,9. #ag easq f»Qg,
.ENd; of 8988 L5 ann - , _.si - .
roleased - 204000 24,000 15,000 = . - -
Parcentage . ) ‘ " . .
fortilizae« - 70 58 . S0 - - - -
tian.
Parcentage ; ao Cam . )
Parcentage . . .- | : :
fPry chtai= 40 3845 0.24 - - - -

* Temperature at the time oP‘int:oducing tha breeders into

the pond.

#4  p11 Pemale breeders diads

A28 4

All breedars died. ' '
(% Portilization; % hatching and %

taking total oggs released as 100%)

Pry obtained. wars calculatad



Table 4 Time required for hatching of L. carpig and L. rohita at two
- diffarent altitudes in relation to water temparature.

Spacies 7 X | Ca earg io o 7 Le rohita |

. N g . L , ‘
Location . | Gauhati(100m) |} Shillong (1508m){ Gauhati (100m) f?ggﬁg3

June, August,f

i S ' Y
Yaar, month ] Januarys} March,. H . -
FE SR 1979 } 1980 : 1979

1979} 1980 |

Ao 5T 1742305 1845426 25+31,5  24=31 vysazﬁ,z

;Iimg roqu- Ve R : S
hatching = 80837 [ 58460  126-131°82+85 1214 12.30-14.05 18-21




Table 5 ¢ The davelopmental stages of C. corpio and L. rohita

Stago fo,

~ Dgscription

W b W N e

*10
11
12

°13
14

1%a

15b
16

Un?ertilizéd;agg
Fertilized :egg‘
Two cells

Four cells .
Eight cells
Sixteen cells
Thirty tuwo cells

Late morula
' Blastula
Early gastrdla

Late gastrula

Neurula i

Embrye with eight«somites
B8eginning of ays pigmentation
Onset of blood circulation
Pro=hatchad embryo

Freshly hatched larva

Fry

* could not be obssrved in L. pohita,



Table 6 ¢ Rate of development of C,.

cagolo

io and ths corresponding

water temperature at two diffeorent altitudes.

- Gauhati (100m)

(March, 1988)

L )

Shillong (1500m)

(May, 1980)

Deve 3 yotor § Time taken for § Duration | Water Time taken for § Duration
sta= temp= ¥ commancenant of each | tomp= { commancenent io? sach
998 {1 orae of sach stage 1 stage ! aras {0of pach stage ¢t atage
ture ! after feortili- ture !after ?artili-!
(eC) zati:T nine hr..Miﬁar(;C) Zati:? mine ; hre min.
: , iikiig PAIE 4
8 20 o0 oo bo‘foc"fiv.s onD 0D 00 00
1 20 00 g0 00 44 17,5 00 0o 00 50
2 19 B0 44 o0 20 - 17 00 50 Y
3 19 01 05- 00 20 17 01 16 00 24
4 19 0 25 00 25 17 01 40 00 25
5 1845 0 50 0o 10 17 02 05 00 25
6 19 02 00 00 45 17 02 30 00 40
7 19 02 45 60 45 17 04 10 01 0o
8 19 03 30 00 30 17 05 10 00 45
5 49 04 00 06 00 17.5 05 55 04 55
10 23 10 00 02 00 20 10 S0 00 45
11 27 12 00 06 00 22 - 11 30 05 35
12 2.5 18 0O 10 00 20 17 05 13 55
13 19 28 00 B2 10 21 31 00 g2 0%
14 19.5 30 10 27 50 18 33 05 48 55
15a 26 58 00 g0 oo 20 82 00 00 GO




and ths corresponding

Table 7 ! Rate of dovelopment of L. rohit
watar tenperature at twn difPsrent altitudes.
uhati (100m) Mawpun (1ooomg
Dave ?June, 1980) (August, 1979 |
sta~ Water ! Time taken Por i Duration } Water  Time taken for | Duratian
988 3 tomp- 1 commencemant of oach | temp= { commencemsnt of each
arag= 10f each stage {stage era= ! of sach stags ! stage
ture !after fertilie | turs after fartiliet
zation _ » zation

(og) 'hrf‘m miﬂo ’ thre min, . (oc) hre mine hre. min,
o 25 b0 0o 00 00 " .23.5 60 00 00 .00

T 2 ‘oo oo 00 50 . -23.5 00 00 00 50
2 24 00 S8 . 00 10  23.5 00 50 00 20

3 2 1. 00 00 12 23 1 10 00 10

4 24 112" 00 08 21 1 20 00 10

5 24 1" 20 80 30 22 130 00 15

] C o

7 24 1 50 B0 22 22.5 1 45 no 34

8 2445 2 12 g0 05 - 2645 2 16 03 0s

9 2445 2 17 0o 33 24 2 22 00 33
10

11 2445 2 50 DT 10 24 2 55 01 18
12 25 4 00 0D 55 25 4 93 00 47
13

14 26 4 55 07 35 2(8 5 00 13 00
15a 31 30 03 00 15 18 050 - 00 DO

? stage could not be idantified.



Table B ¢ Rate of survival of the embryos at soms davelopmantal
stages of C. carpio and L. gohita at different altitudes
in relation to water temperature.

. Ce catbip — ' o T Le rohite.
Deu. : L, eebbtuGeieh L . L S St )
sta®sf  gouhat Shillon " Gauhat " Mawpun
9es ¢~ (100m)  § - (1500m) f%anmf (1500m)

of | survival 1 o1 Survivel | o | Survival | o1 Survivel

N parcent_a_g&i~ | pe:pentags” ‘pggcantage ’ pg:qentaga
1 20 jgﬁ{s 1745 99 ,_ff,zs-- . 98 24 85
419 ?5;3' 17 99 24 1000 21 ' 78
7 19 %97 17 98 24 100 22,5  93.5
9 19 9945 . 17,5 98 24,5  99.5 24 9
1M 27 99 1;5 22 99 2445 99 26 5
14 19,5 99,5{5fi“ 18 8145 26 100 25  95.5
152 26  95.8 21 61,5 31 97.5 15 7
156 28 85 21 B4 31 98.5 16 24
16 27 82 20 . 52 . 28 74 .24 36

Survival percsntage of 2 stage has been calculated as follows

(- n,) x 100
e

Survival percentage =

‘whera N = known number of embryo of a particular stage

Ny = number of embryos which failaed to procesd to
the next stage

WT = water temparature in °C -



Table 9 ¢ Changes in wet wt. (mg) of the embryo'dgring'early(degelopment
of Ce caggio and Le rohita at different altitudes (valuss are
expressa,'as Mean 3.5.5.)- .

o C. carpio T L. rohlts
BV o ~} ° e v . e, .
stas i gauhati | Shillong |  Gauhati " Mawpun |
e §  (100m) ! (1s00m) { S5 ¢ (100m) (1000m) G/M
0 1.6840.11 1,622001 .5,  0.875:0.015 0,87640,004 .S,
i 2.940,13.  1,91+0:17 NeSe . 0.993+40.009 0.912+40.006 NoS.
(+25.0)*** (+1779)% (+4.30)%%  (+4,1T)0ee
2 2.2840.14 1,94$0.21 (~14.91) 0,933+0,007 0.931+0.,008 = N.S.
NeSe ONGS, * (+2,19)° (+2,08)%e
3 244120417 1.96¢0.16 («14.78) 0.951+0.089 0.94940.005 NeS
| NeSs NoF. ‘ B (#1,93)%%  (+1.9F)0ee
4 248001 19720411 («17.92) 0.95140.009 0.9540,003 NeS .
NeS. . MeTs e He3, N35. ,
5 2.4+0,02 1,9940.06 («17.08) 0.96+0,005 0.95440,006 NeSe
" HeSe “‘39'5?0 huld (_*D .§'5 )E NeF
| NeS . NeSe we s
7 26440.003 2.0120,08 (=16425) 0.959+0.009 0,95440.006 NeSe
NS, Ne5s soe T 1P
8 2046#0.2 240140,02 (=18429) 0.963+0.01 0.958+40.004 NeSe
- NeF NeS .o N.5. NeF
9 203940406 240220406 («15.48) 0,96640,003 0§.96140,003 NeSe
WeSe 1a8 s ase . Nbg'o Nogo
10 2,41+0.1  2.03+0.004 (=15.77) ? ?
NeSo NQSQ Gun
11 204+0,07  2,04+0,03 (=15.0) 0.969+0.008 0.963+0.004 NeSe
N,S‘. NOSQ" aow N.g-. eSS
12 2041+0.,02 2,12¢0,01 (=12,03) 0.977+0.01 0.96240.002 (=1.54)
NeSe (+3.52)%¢ 4o o NeS. »
13 2.4140.01 2.25:0,03 (=6.64) ? ?
Ne8o ('*501,-3)#&” ‘ YY) .
14 2.4140,21 2427+0.22 NeSe 0.978+0,006 B.965+0.002 (-1,33)
NéSo NOSQ N.S. NoSo ®8
152 2.42¢0,11 2.36+0.12 NeSe 0.98140,011 0.961+0.009 (-2.04)
NeSs NeSe © NS, NS *
15b 1.85+0.1 1.73+0.08 N.S. 0.885+0.005 -
(._9..‘76'){?“&

(=23755) %24 («2677) 00

? stage could not be obssrved; = embrycs were not enough for estimationg
® pdl.N5; ** p<0,01; **9 p<B,001; NeSe not significant. G/S and 3/ cole

umns show the percantags changs and 1lsvel of
between Gauhati and Shillong

~each developmantal stage.

and Gauhati and

significance of the
Mawpun respectively for

data



Table 10 ¢ Changss in dry mattor content (mg/embryo) during sarly deve
glopment of C. carpie and L. rohita at d fPPerent altitudes
(values are expressed as Mean & S.D4)s

Dév Eb,carg;b - L; goﬁitg'
sta= t  Ggaunati | Shillong | Gauhati | Mouwpun
gas (100m) (1soom) {%/° { (f00Cm) { (1000m) 6/M
0 0.53140,015 0.53580.016 NoS5. 0,377s0.012 0,377+0,003 NeSe
| 0.494+0.0%6 0.50140:021 NeSe 0¢34340,007 0.345+0,.00 NS
R oS P S+ R oHar St oot T
2 0.,493+0.015 0.46140.082 NeSs De335e0.001 0.33240.009 - NeS,
- HeBe .- NeSs o (w243F)mee (43,77)ene ‘
3 0.49140.005 0.46840.044 NeS. n.sg9§p.a13 0.342+0,014 NeS e
+S o NS . . S NeSe ‘
4 a.agazp,mas=jo,4g9§p907" NeS e ?.;3€gsgu7 ?.3zz§%;ggs NeSe
JeS o o c’ﬁ:‘o “2e =5.,85)% ‘ :
5 o.Aga;p.mza ,0;438§p.056 NeSe ?.31gpsntz 0.317§p.012 . NeSe
- < HNede . =5,06)* NeSe - T
6 0.501+0,018 'uqusép.axa* NeSe ? ? et
NeSe . '\ N.‘"z o )
7 0.473+0,011 0.45420.031' NS¢ 0,28640,003 D,29+0.03 NS
(#5.59)% N5, (+7.73)* NTS.
8 n.s&:g.aav 0,4§5+u.nvs NeSe ?.gvg§g;aus a.ng§p.aza NeS e
- L 4 ~.Ag,. »le ' Jed e
9 0.4840.101 0.41520.096 NeSe 0.26160.002 0.273+0.018 NeSe
. E N“. (@5._1‘2')9«»5 ‘
10 04510402 . . 0.419#0.086 N3 ? ?
ﬁqSo N.'S-.
11 0e436+0.009 0.425+0.025 NeSe 0.24640.003 0.20340.017 (=1
(iayeee OORE CRESHNP Iraan <Y
12 04432¢0,008 0.40340.026 #eSe 0.242+0.,002 0.20540.018 («15.,29)
MeS NeSe (=1 05?)*” *9
(=2.55)0e» NeSs
14 0.40580.013 0,375£0.055 NoSe 0424+0.008  0,199+0,007 (~17.08)
(=3 ay NeS e N NS Réo
15a D0.386+0.014 :a.399§p.o13 NeSe Da23540.002 0.175:0,009 (=25.53)
(=4,65)%20 L Mo, (=12.06)** *oo
155 D0.364$0,006 0.37640.001 N.S. D.225+0.,008 -
(#5477 (=5.76)* (=8.57)*

? stage could not be observedy =« embryos were not enough for estimation,
® p<D.0S5; *% p<O,07; *** peD,001; N.S. not aignificants G/3 and G/M cole
umns show the percsntage change and level of significance of the data
botwsen Gauhati and Shillong and Gauhati and Mawpun respectively for
each dévelopmantal stago.



Table. 111: Changes in percent water content of the smbryo during sarly
~development of C. carpio and L. rohita at dinerent altitu-

,des (Valuas are expressed as Mean ¥ S.b.)
Deve. C. carpio B Le rohita -
sta=y Gauhati B Shillon . 1 Gauhati - Mawpun

ges -} (100m) | (1sanm)  8/8 1 “(100m) (1000m) 6/m

0. 6843930452 6649841442 N.S. 56,91s0.72  56,9640.62 NS
1 76.88+8572 . 73.7741.43  NiS. . 62.4341.14  62.17+15.09 NS
| ﬁ'.(+q1 83)“”“ (+10. Ta)yror o (+9.7]%0e (+9.15) 0%
L2 78438+, 205 . 76424+8,29 N.S. 64,0940, .56 ' 64, 340,52  N.S.
ST NG NGB o (#2.68)% .(+3 49)* o
3. 79.62+0.35 7 76,1263.88 NiS, © 6%.36+1.44 6349640, 65 NeSs
S NeBe e e NGEe s N INGE. S
U4 79.42+0,39°  76,234405  N.S, 6563441475 6661121466 NeS.,
NeSe NeSe | NeSe NoTs
5  79.25#0.58 77 99+4,44"N.s@ 67.71%1.85  66.77+1461 NS
NoSe - NG : NS N.T. !
6. 79,1320, 42 . TT42482446 NS, ? o2
TNeBe T T NGSe 9 | o 4
7. 80.240, 56 . 77,4133, 05 « NeSs . 7041841:95  69,61+41,53 NS
S '(+1 35)% . NS, . ‘NeSe (+4.25)*
8 79:27¢0.72  78.86:4459 NeSe 71.13+1.44 | 69431:1.87  N.S,
.. No So ‘ NeSe L ‘ NQSO ‘ ’ ' C
WQ‘,‘79 92+6.14 . T9446+4. 62 NoS, < 7249820459 71, 5942421 NeSe
UL NGS. T NGSY - NS LE gy
10 79.2540,54 79.36+0.59 NeS.- ? ?

. . Nogo T NbSo ' ) . S R
11 B1453+0.48  79,27+3+56 N.S. 74.61+B 56  78,92+1405  (+5,78)
. (...3:,23)&0: R NeSe. SRR (#2 2‘3‘)4 C (+10424) 400 ese

.12 B2,08+0,48 B80,99+2.59 NiS.. 75.23+e.42 7846910465  (+4, 59)
g NoSe ' (+2. 17 Moo T NS e
13 82.53#0429  80.93+4.02 N.S. ? ?.
o NS. _,‘-‘  NSO_‘ : . e o : .
14  83,2+0.69  B83,48+3,11 NiSs 75,4640 49 79,3840, 69 (+5.2)
: N'S.' ST (*2.67} :" L N So A Nog’o v A "-’ :
15a 84.05+0,78  83,09:%. 28- NeSs 76w0519,14 B1.79+40.62 © (+7,55)
N,-Sg ' NeSe . NS, , (+3 DZ')“ , Rt
156 79.78+0.59 = 77,6941455 NsSe 75.71+0.24 -
(=5:00) %% (-s 94)'** _ («0445)*

? stags could not be obaerved: - embryos were not gnough ?Or estimation,
® p<B.05; ** p<D.01; *** p«D.001; N.Ss not significante. G/S and G/M cole
umns shnm the percentage change and level of significancs of the data
betwesn Gauhati and Shillong and Gauhati and Mawpun respsctively for
each developmental ‘stagee



Yable 12 1 Changes in Total (TCA ppte) protein content (mg/embryo) x 102
during early dovelopment of L cazpio and L. rohita at diffe
erent altitudss (values ars axpressed as Mean ¥ gﬁ%v)i

otos b~ = S —
; Gauhati Shillong | ./ Gauhati Mawpun
398 100n) ] (1500m) | /5 1 (100m) ,_i (1000m ) G/
D 30.8340434 30.681.72  NuSe  13.6741.5  13.6580.57  NiS.
1 20,3140,24  20.6441,78 NeSe - 8.0941.42  9.12£1.85 NeSe .
o (=38,T2)%%e (<32,55)%%% 7 (=34,97)%%0 (-33,33)%° 3
2 1842380,34 . 201121423 NeSe . 848240.23  8.8340,23 NeSe
o c*18b24)’?fﬂ' ‘NeTe W?Eifﬂ" NeS . . Ne3s )
3 18.144D.34 19.4821.03  NiS. | B.8940.13 8:79+0.42 NaSe
NeSos - NeBao NTS, NeS .
4  18,14+D.39  18,88£D,75 NS, «7620,08  B8,6840.47 NoSe
N ¢§oﬁ= o ’ N‘es. L4 : - "'1 03.65 . Ns3o
] 18Q92$§94 f518552*1973 Ngsg 8.32:p,16 8631zpp41 N,S.
‘NeBe Ne3 e - .o (=5.82)%°. MeSe
C 0 NaBe . o NeBe S o . , V
T 1643740023 1645520459  NeSe  8.4940,32 8.4140.48 NeS.
(27,67)%» NeSe o NeSs . NeSe .
8 19,6920.65 20.4580041  NeSs  8.9420,13 B.91+0.14 NeSas
< (+20.28)%%% (423,71)%°% . . . (+5.3)* NS,
9 18,2820.26 19,6740.7 NeSs  9s4580.2  9.42+40,18 = NeSs
T (#7.18)9% . N.F, S (e5.7)%% . (s5.T2)%e
10 18452+0,34 18099:ﬁ695 NeSoe ? ?.
R - NeSe . . o L
11 18,7820432 18¢2763.35. . NaSoe 101140424 8.4440:36 (=16.52)
- NoTe TR S (+6,98)%% («10,8)%s eke
12  18482¢0.44 17.7781.34. NS, 11194031 Ba7620.27 (<«21,.72)
- N-ogq NS . - (010.,63)'—‘-'@ e3e - God
13 18+43¢0,74 1892506.5* NaSe ? ?
- Nggu Ngﬁk : .
14 17.33+0.35 16.5¢0,95 NeSe 12.6840,37 9.55¢0,13 (=24.69)
| (@3‘9?%* cqa.zﬁ)* (+13.32)%*  (+9.02)%° wee
158 17.27e0.22 1a,37§p.7e («16,89) 13,3680.16 9.614¢0.66 («28.07)
. S NeSe soe (+5.38) %% 5. s
15b  15.6840.69 12.72¢0,97 (=18.88) 12.87+0,.24 -
2:—’5.33')"-’ («11.38)* sed .ngo‘ :

? stags could not be ¢hsarvedj =« embryos wers not enough for estimation,
* p<0.05; ** p«€0.01; *2* p<«0,001; N+Se not significante G/S and G/M 4in
parenthesas show the parcentage change and level of significance of the
data batwsen Gauhati and Shillong and Gauhati and Mawpun respesctively
for sach developmental stage.



Tabls

13 3 Changes in Total (soluble) protsin content (mg/émbryo) x 102

during early dovelopment of C. cars
erent altitudes (values are sxpressed

carpio and L. rohit
as Mean + S o)o

at diffP-

T

Dev. C. carpio N L. tohlta
sta= 1  gauheti | Shillong | Geuhati Mawpun |
gos (100m) (1500m) 6/ 1 (100m) (1000m) § O/
D  30.09£2.59 30.13£1.66  NeSe  13.42¢1.246 13,1820.97 N.S.
1 19,7822.0 2005421419 NeSe  Bu73+0.94 8.37+40,36  NS.
‘ (=35.26)7° (=31.83)°0° ~ (+34795)°e% (=3605)%%° -
2 17.3481.25 19.8822.63 M3 - B8.67+1.22 8.86¢1.65 NeSs
N.S, ';. - Noso ) N.S_. Nog'o' :
3 1840331.49 19.4+1,35 MeSa 846740462 B.57+0.97 MeSs -
HeSe " N8 | NeS, R
4 18.0640,59 18.19%1.93 NeSe 844841.06 B.4841.42 NeSs
No5e NéSe « NeSe NeS.
5  18406t1.91 18434%1.5 NeSe 7824243  7.5440,79 NeS.
NeSe  NeSe NeSe NG,
6  17.82+0.96 17,54%1,82 NeSe ? ?
NeSe oS
7 164813021 164743107 NS 705420.32  7.54+0,23 NeSe
NeS, NeSa _ NeSe NeSo
8  19:62+1.,53 20.6341,43 NeSe 7.8320,38  8.67+D.77 NeS.
(+16.72)*  (+23.28)°® HoSe (¢14599)°
9 18.22_2052 19.4812.21 NeSe 8051+0021 8.9‘:0.34 NeSo
NeSe oS e (+8.7)* NS
NeSe oS
11 18.29¢1.52 18.0430.67 NeBo 962+0439 B8.02+0.26 (=12.83)
Nedoe NeSe (*80?1)" (‘"905)”“ i
12 1843240438 16063+1.3 (=9422) 9.4920.34 6.56+0.39 (=30.88)
NeSe NoS o NoS e («17584)0e» 89
13 17.52¢0.24 16.02¢0.86 (=8,56) ? ?
( 4.37-)‘“’ Nng b
14 16,14+1.03 14.035£0,35 (=13.07) 9.9840.81 7.7340.89 (=22.55)
("‘7088)“ (ﬁ12.44)“’ ® No 'S NaSo hafd
158 15.7921446 12.87tDe66 (=18.4) 9.733D.15  6.2640.81 (=35.67)
| NeS. («8.27)° ® N.S. NS. M
158 13.83+0,59 1959329.53 (=20.61) 9.65¢0.36 -
(=12:31)%  (=14.69)%°* @ :

? atage could not be
¢ p<D,053 ** p<0L,013
parsnthesss show the
data botween Gauhati

for each developmental stage.

observedj - embryos were not encugh for sstimation.
%% nd0,001; NoSe not significant. 6/8 and G/M in
parcantage change and level of significance of the
and Shillong and Gauhati and Mawpun respectively



Table 14 ¢ Changes in cytoplasmic protéin content - (mg/embryo) x 1B2

during sarly dsvslopment of C. carpio and L. rohit

at

different altitudes (valuss are expressed as Misan * S.De).

‘L-.o o Oh;i ta

Dov. L. carpio
sta=1  gayhati ! Shillong Gauhati Mawpun »
ges 100m) ! (1s00m) ! O/® (100m) ! (1pooom) ¢ OV
0  28,67+0.03 29,650,603 NS, 12.88+0424 13.03+40.71  N.S.
1/’ 19079"’0069 19.7810.99 N _030 NOSO
(«30.97)#5% (233.29)"** | (=36.64)%** (~38,37)%%°
2 164982093 19.1240.94  NeSs  8.1+0,.68 8413+0.66  N.S.
T (=14.2)00 NeSe Ne5e eSe
'3 17452¢0.92. 19.2¢1.22 NeSo Be15¢0,54  7.9840,58 NeSe
;‘4' . _ ngr . NeSe. ' (97.48)” NeS .
4 16.74$0.74  18.2280,77  HeS.  7,5420,44  7,49$0.61  N.S.
2 NeSe NeSe (=7.48)* NeS .
5  16.0640.43 17.4840,99 NeSs .  740280.54 | 7.140.62 NeS o
y HeSe Nggo NeSe H.S ®
6. 1646820485 16.34+0.85 NeSe . ?. 7.
- NeSe T NeS. ~
7. 15.6620:39 15.36+1.03 NeSe.  7.02+0,54 . 6,57+0.28 MeS o
NS, NS, NS NTS. ‘
8 18,380.99  19,27#0,99  NeSs . 7.1120.75 . 7.46£0.47  H.S.
(+16486)2% (+25.,36)%2® NeSe (+13755)*
9 164841015  18.48440.68 . NeSe. . 7.50+0,55 . 7.38+40.,59 . NS,
NeSe NeSe NeTe NS
10, 17.0820,79 17.6421.17 NeSe ?. ?.
th-t NOSJ
11 17.141.19 16.8440.98  NeSe = 8.0440.69 - 7,01+0.24 (=12,81)
Nésé) Nt_‘ . Ncg.o ) N-So d
12 16.7420.48  15.53£0,51 (=7.23) 8.22+40.28 | 5,58+0.31 (=32,12)
NeSe NeS e ® NoG. («20339)%
13 15.,79+0.57 14.1521.1 (=10,39) ? ?
(“"50 68)* ("8 08?)“‘ 4
14 13.63+1,29 11.9420,39 (=12.4) 8,12+0.35 5.3920,61 (=33,62)
(«30.88)% (=15,82)4° o NeS. NeS o #ae
152 13.394£1.08 10.32+1,08 (=22,99) 7.68+1.25 . 4.88+0.55 (=28.17)
Noggl b (“13057)» a9 NeSe NeSe *o
15b 10.63£1:26 B8.0320,74 (=24.46) 7.44$1.17 -
("2201 )’“’Q @ Nog‘o

(=20.61)*

? staga could not be
® pLB.NS; ** p<hl013
parentheses show the
data betwesen Gauhati

and Shillong and

for each developmantal stags,

observed; - embryos wers not enough for estimation,
@*28 n<0,0093 NeSe not significant. G/S and G/M
percentage changs and lovel of significance of the
Gauhati and Mawpun respectively

in



Table 15 § Changes in mitochondrial protsin content (mg/embryo) x102

during early desvelopment of C. carpio and L.
different altitudes (valuss are oxpressed as

rohita

ean + S5¢D.)e

at

Dey C. carpio L. rohita
stas | Gauhati | Shillong § - Gauhati | Mewpun |
ges 1 (100m) | (1500n) ! 5/5 1 “Cro0m) { (1000m) | o/m
0 0.6220.15 0.78+0,07 Ne5. 0.56£0.15 0.5650.05 NeSe
1 0079i9005 Bo??ﬁpoﬂg NeSo 09573p006 0056:9012 NeSoe -
Nqbo NeSae : i NeSae NeSoe
2  0.73+0,08 0.74+0.18 {eSe 0.6+0,05 0.5840,07 NeSe
NeS . oG o WeSe N.S.
3 0.72:9696 . 0081:pp08 NeSe 0;55:9.06 006939.12 NeSe
ﬂqSo N‘SQ N‘SQ NQSQ
4 0.,78+0,09 0.79¢0.11 NS 0.6:0.13 D.61+0.07 NeSe
S *Se WeSe NS o
S 003*90’2 0@7529.06 NeS o 3061?0018 006129.07 NeSe
NeSe e5 o N3G o NeS o
6 De7740.38 0478016 NoS, ? ?
NeS o NeS
7 B:89+0.11 0.88+0.,11 NeSoe 0A66tp 25 O0.6+0,08 NeSe
RGN PN, " NeB. TS
8‘ 0069&p;11 0Q9*0Q19 NQSQ 0.661p.03 0.6339.08 NQS.
NQSO .3- NOSO NQSO
9 1005:9617 0.962?021 NeS e B083*0004 008*001 NeSs
NeS e NeSe (+253756)%22 (+28.11)°
10 1,1420.12 1.1240.16 NaSs ? ?
NQS. ‘.SI_
11 142340403 1,140,422 NoSe 0.89£0,04 0,76x0.05 (=14.61)
NeSe N3G o (+7.23)® NeS. ®
12 }.54:9.19 1.9380,37 NeSo 1,06+0,08 0.91+0.08 (=14,15)
(+1572)* NS5, (#1972)%¢  (+19774)%* .
i3 10.521‘_0019 1.81¢0,23 NeSo ? ?
NJS o (+12°71)®
14 1.9+0.27 2.0420,17 NeSs 1.7320,09 1,0640.05 (=38,73)
- W.Se NS (+6372)%2*  (+16.48)%® S0
15a %s?239.13 243940627  NoSe %,o+o.11 145740.15  (=21,5)
+11.,58)* NeSe +15.61)%* (+48,11)2%® Ll
15b 3.81+0.31% 2.593p.34 NeSe %O2+QQ07 @
*:‘1.6.00)9

(+41598) %

NeSe

? stage could not be
* p<0,05; ** p<0.,01g
parenthases show ths
data bsotwsen Gauhati
for sach devslopmental stage.

obgerved; <« embryos wers not enough for aestimation,
@2 0<0,0013 MeSe not significante G/3 and G/M
percentage change and level of significance of the
and Shillong and Gauhati and Mawpun respectively.

in



Table 16 ¢ Changes in the total free amino=acid content (mg/smbryo) x 10°

during sarly devglapment of L. C

orent altitudes (values are expresss

io and L.

rohits at diffe=

=ity

as Maan + 5.0,

)e

Dave : e g_o ca!Ein ‘ - L-_o rohitﬂ
933; Gauhati --Shillong f' , | Cauhati Mawpun
ses { (100m) | (1500m) § O/8 (toom)  {-(1000m) &/
0  19.5740.29 20.04:0.34 NeSe 11.5¢101 1048+1,3 NeSe
1 20.72¢+0.27 21.81+0.38 NeSe 19.2+1.1 14.,2¢1.1  (~26.04)
(+5.88)2*  (+8.8%)0¢e (+66.96)°%® (+31,4)* sl
2 21.28+0.34 22.21+0.85 NeSe 17654141 14.8+1.8 (=15.43)
' Nogo NeSe ’ N.§. \ tho , LA
3 22.68?‘0039 21 6»14"'1.06 NS 16e6+167 1\5.54’1 o4 NaSoe
('Q' ¢ o 58 )“ N og'o N .go \N L) go
4 21063*’1 005 22004&1 015 NeSe 180&"'099 160\5Q1 e NeSoe
(=4.63)® S ‘o NeS, N}\S\.o o
5 23,9580,72 2263121419 NeSe ™ 19.9+0.7  18,540.7 = NeSe
'010'?3)6 el o ngao N.g.o N '. ’
6 24,03+0.34 21.78+1.7 (=9.36) ? ? =
NQ [y Nogp ! .
7  24.69+0.29 23.6840.52 (=4.09) 20.5+1.0 20.1+0,9 Y on.s.
HGE, oS ° NeSe (+8.85)°
B 27.820.,35 24.16¢1.36 (=13.09) 19.6+0.,8  17.,221.2 (=12,25)
(+1276)7°* NeS o uo NeSo - (=14743)® @
9  22.4B40.,61 24.48e0.1 (+8.9) 14.3¢1.1 15e2+48,7 NeSo
(«19.74)%0e Me3e aas  (L27704)%%* .5,
10 22.,4420.42 24.12+0,87 (+7,.58) ? ? o
NeS, NeSe @
11 21.740.73 25462157 (+17.97) 16.0+1.3  18.5¢1.5 (+15.63)
NeSe NS oo NeBeo TR0 ®
12 20.9920.89 28.5690,99 (+36.07) 13.6¢1,2 1643¢1.2 (+19.85)
Mog.o (*11936‘)“*“ #ao ('-1 5.0 ® NeS o L4
13 22.6+0,44 3B8.46:1.71 (+34.78) ? ? *
("’7.67 )Qﬁ'(} NaSe aea :
14 24.9440,46 31.17¢0.99 (+24.98) 12.4+2.4 1643421  (+31.45)
(-0'1 UQ?S)GQQ MeS e oda Ncgo Ncg-o d
156 24.66?_1059 3241 5“"1 A7 (*30.37) 934163 18.6+1.5 (+56099)
Nos [ N égp ”e (“2-5'00)“ Nog.n A
15b 17.840,45 846347 059 (*38;22) B.97+0,24 -
N_o [

(=27382)2%¢ (=23,70)as0

? stage could not be obssrved; < embryos wsre not enough for estimations
* p<B,05; #* p<0,013 *%*° pd0,001; NeSe not significant. G/S and G/M in
parsnthsses show the percentage changs and level of significance of the
data bstween Gauhati and Shillong and Gauhati and Mawpun raspectively;

for esach developmental stage.



Table 17 @ Qualitativesand-quantitative % individual free aminowsacid and total free aminocacid (mg/
embryo x 10°) changes of free amino acids during early developmant of Ce. carpio at
Gauhati (100m).
Ly DEVELOPMENTA AL STAGES
Amrino acid
E D i | 2 3 4 5 6 7 8 9 10 11 12 13 i4 15a 15b
Glutamic acid 13¢9 1407 1306 137 14e1 1406 1446 16T 1448 14.7 159 16.8 17;2 17,2 173 18,7 17,2
Isolgucine 409 5061 500 48 4.9 543 5.3 5.2 644 8.0 7;8 Te6 6ol 5.8 5;8 Bed 6a9
Aspartic acid 1007 Be2 Ba? B85 B8Be5 Be3 Ba2 Bet 9.5 9.6 104 10.6 10.0 9.6 9.2 8.9 9.4
Arginine BGeS 6o3 Be2 BB BT 6ol 6.6 605 5e7 665 5¢7 5S¢4 501 540 4.9 4.7 3.9
Sering 5086 569 5o 566 56 563 5406 545 5e4 545 5¢7 5e0 4e7 446 4.3 3.6 3.7
Glycine 26T 262 260 2e1 262 2T 2e1 201 18 2.1 4.0 342 405 4.8 5.0 5.1 5.5
Threonine 503 562 5e0 409 5.0 4e8 4.9 408 5.8 5.1 541 5.2 5.1 5.1 5.0 3.9 3.1
Alanine Beb Beh Boeb 8e4 Bel Boed 843 Bel T7el Be7 BeB 9.0 847 848 5.1 645 762
Proline Be3 B8e3 8ol Bl Bal 749 T8 765 686 Te8 662 4e9 GG 4.5 4.4 1071 1246
Valino 4e3 3.8 4el b1 4ol 8.0 4.0 3¢9 3.7 3.8 3.8 3.9 4.2 4.1 4.0 2.0 1.0
Mathionine 363 343 38 365 365 365 345 3e3 345 3.7 36 3.6 348 3.3 3.2 4.3 4.3
Lysine BeY Fel Bel 8Bed Boed Bod Bed 8Ba2 761 3e8 349 448 505 841 8.4 10.6 1142
Laucing Bob Be5 Be5 Beh Ba3 Ba2 Be3 Bel T7e3 6e0 5.9 548 505 5¢3 5.3 5.0 3,5
Phanylalanine 5¢8 58 58 5.8 5.6 5¢9 660 5.9 660 5¢3 5¢1 4e9 566 445 444 5.1 5.8
Tyrosine Fel 3a 300 30 29 30 2¢7 262 262 2.0 262 242 26 245 2.5 l2-2 162
Histidine [leDo NeB TeT TeB TeT 11 1484 2.0 2e1 28 2¢4 2.5 2.7 2.8 3.0 1.8 1.8
Tryptophan‘ HeDe TeT1 2e1 262 202 202 262 2.8 3e1 3e8 367 368 366 3,7 4.6 1.0 0.9
Cystoins fHeDe NeDe HeDe NoDe NeDe MeDo NoDe MNaDo HeDe NeDe HeDe NoDe NeDe MaDe HeDe HoDe Q.D.
Cystine UeDo HoDe NoeDo NeDe NeDe NoeDe oo MNoDe MoDe NaDe NeDe NeDe NeDo fHeDe NeDo NeDe WeDe
Total amind 49,4 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 2447 17.8
g;;gyé“)‘g,/‘ o7 403 £0.3 2003 £0.4 21,1 0.6 £0.3 £0.3 20,4 20,6 30.4 £0.7 £0.9 £0.4 20.5 £1.6 0.5

NeDe = not detected



Table 18 : Qualitative and quantitative % individual free amino-acid and total Pree amino<acid

(mg/embryo x 107) changes of free amino acids during early development of C. carpio
at Shillong (1500m). .

3 DEVELOPMENTAL STAGES
Amino acid ! » — ’ ‘
| { 8 1 2 3. 4 S5 6 7 8 9 10 11 12 13 14 15a 15b
Glutamic acid  13.8 13.0 1344 13.9 14.1 14.3 14,0 14.1 1422 1406 15,9 16.0 17.0 17,6 18:9 19.0 18.5
Isoleucine 449 4.9 5.0 5.0 5:0 5.0, 4.8 5.0 5.0 5.3 5.3 5.4 5.5 5.1 541 5.2 6.2
Aspartic acid 9.9 10.0 10.0 10.1 10,1 10.2 10.0 10.0. 10.1 10.1 9.9 '9.9° 9.8 9.8 9.7 1056 9.0
Arginins 605 608 6e3 645 6iB G6u7 6B 6eB 60 6.0 5.6 5.4 5.2 4.6 4.8 5.0 3.8
_Serine 642 6.1 640 6.0 6.0 6.0 5.9 5.9 5.9 5.8 5.7 5.6 5.6 5.5 4.3 4o 3.9
Glycine 2¢2 2.1 2.1 2.3 2.1 3.0 341 34T 342 342 32 -3.3. 3.5 5.0 5.1 5.9 6.8
Threonine 5e1 5e0 5,0 4.9 5.0 4.8 4.9 4.8 5.5 5.1 5.7 541 5,2 5.1 5.1 5.2 4.0
Alanine 847 Be6 Be5 B8u4 0.5 Bud ‘Bod Be& Ba5 BeB 9.9 9.B. 9.8 B9 B.9° 6.2 6.9,
Prolins Be3 Be3 BeT 7eF TeT 7¢5 7e8 B.0 7eF 747 8.9 8.5 740 6.7 4.7 6.5 8.6
Valine 6e0 441 8ol 402 8ol 4.0 4.1 8.1 402 4.5 5.9 5.0 5.2 4ol 4e1 4.2 2.5
Methionine. 349 3.5 3.5 3.4 3.4 3.5 3.4 3.3 3.4 4.5 442 4e6 4.6 4e8 4.0 3.1 452
Lysing Be9 9e1 B3 Bus Bad B.5 8.5 7.0 7.7 2.8 2.5 3.5 3.9 3.6 5.0 5.0 5.2
Leucine Bs9 Be5 846 Bad Bad4 8.6 Bud Bu2 748 6.9 5.5 5.2 B.D 5.1 6.0 8.4 4.9
Phenylalanine 5.3 5.7 5.8 5.6 5.7 546 5.7-7556 5.6 5.8 5.1 5.0 4.8, 4.5 4.3 4.2 5.9
Tyrosine 302 3.2 3.0 3.0 3.1 2.9 3.0 2.9 2.8 3.9 2.9 3.0 3.7 4.0 4.1 4. 2 0.5
Histidine . NeDe 0e5 140 1¢1 1e1 120 1.1 120 1.0 1.6 1.6 2.2 2.1 2.2 /2, azaz.' 2.9
Tryptophan NeDo 1ol 141 121 140 1.1 141 150 1.0 2417581 2.1, 2.2 2.3 43 3.5 2.1
Cysteine NeDe NeDe NeDoNeDe NoeDe HaDe NeDo HoDe NeDe NoDe NoDeo NiDY NeDe NoDe NoD. N.D. N.D.
Cystins HaDe NeDe NeDeNeDe NeDe NoDe NeDe NeDe NoDe NaDo NeDe NoDo NeDe NoDe NoDu HoDo?NoDo

Total amino

aoid  (mof 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 32.2 24.6
onbryo) ¥ qp3  £0e3 2004 £0.5 4101 #1091 £1.2 21,7 3005 £1.4 £0.1 0.9 £1.6 £1.0 21.7 £1.0 £1.2°21.6

' N.D. = not detected



Tabls 19 ¢ Qualitative and guantitative % individual frees aminowacid and total free aminowacid

(mg/ embrye x 18

at Gauhati (100m)e

) changes of fPree amino acids during sarly development of L. cohita

DEVELOPMERNTAL

H STAGES
Amino acid , . . ,

_ o 1 2 3 4 5 6?2 7 8 9 10? 941 12 13?7 14 15a 15b
Glutamic acid 1846 18.2 18.1 18.0 45.2 15.8. . 1448 1344 1425 . .15.4 1646 1845 1849 19,2
Isoleucine 13.2 15.3 15,9 15.6 15.0 15.2° 1542 1625 1649. -, 1645 1542 14.5 1341 10,5
Aspartic acid 446 440 3.5 341 3.8 3.6 249 346 ' 3.7 3.6 3.5 3.1 341 3.0
Arginine 19.5 23.2 23.8 23.9 23.8 24.3 2444 21,2 20,19 19.5 20.9 20,9 21,5 23,2
Serine 269 148 146 1.5 1.8 1.2 1.6 1.9 1.8 146 1.4 12 145 1,1
Glyecine 4e8 345 3.4 3.3 3.2 3.2 362 3.2 2.2 2.1 2.0 2.0 1.2 1.2
Thrsonine NeDs HeDs NeDe NeDo NeDu NoDe. NeDe NoDo HeDeo NeDe N.D. NeDe NeDe NoDo
Alanine HeDe HeDe Do5 Do6 0.6 Dob De6 140 1.3 105 148 1.9 1.5 1.9
Proline HeDe 0u6 0u8 0.8 0.9 1.0 .0 1.0 1.0 1.3 1.2 1ol 5.9 6.2
Valine 542 542 446 beb4 4.9 4.6 447 5.6 545 Se6 547 5.8 3.0 2.2
Methionine 5.5 504 5.2 4.9 5.2 5.1 4.9 4.8 4.5 3.5 3.3 341 302 3.2
Lysine 309 242 2.5 24 2.5 244 2e3 2.5 2.8 246 204 2.6 2.1 2.9
Leucine 506 S¢9 548 5.7 5.6 5.5 5S¢4 5.3 5.6 5¢2 5ot 5.5 $3.1 1065
Phenylalaning . 65 645 6e4 Ged God - Gol 5.8 5.7 5.5 5.6 S 3.6 3.9 0.3
Tyrosine 462 442 4ol 4.5 4e6 446 6.0 5.5 5.9 Sel 5.2 5.9 642 649
Histidine NeDe 0e2 0e2 10 141 241 2e3 2.5 2.5 4 243 2.5 2.4 2.6
Tryptophan NeDe NeDe 0.3 0.3 0.4 0.5 0.6 0.9 1.0 1¢6 1e9 2.1 2.4 2.8
Cystsine 2¢5 2484 2.5 2.6 247 - 247 3.2 3.3 3.2 3 3.3 3.1 2.9 3.5
Cystins 2.5 1.1 1.0 1.0 1.0 4.0 1¢1 1.6 1.4 15 1.9 24 2.9 2.7
Total free 11.5 1942 17+5 1646 18.4 19.9 20.5 19.6 14.3 16.0 13.6 12.4 9.3 9.0
amino acid <§9/_:3.1 et £101 21,7 £0.9 +0.7 +1.0 +0.8 #1.1 +1.3 +1.2 2.4 $1.3 +0.2

embryo) x 10

NeDe = not destected
stage could not be obsarved

o—

P~



Table zbr: Qualitative and,quantitative % individual free amino=acid and total free aminowacid

(mg/enbryoc x 107)
at Mawpun (1000m).

changes of free amino acids during early development of L. rohita

STAG

- DEVELDBPMENTAL £3s
Rm1"° a°1d 0 4 2 3 4 S5 6?2 7 8 9 407 11 12 137 14 15a 15b
Glutamic acid 18e4 18.0 1749 1746 17.6 18.3 18+5 18.9 19.2 19.3 20.2 18.6 18.5 =
laoloucine 139 12.5 121 12.0 10.6 10.0 9.5 10.2 107 11.6 10.0 12.8 12.8
Rspartic acid 8e3 842 Ge1 442 441 o6 4.5 442 4.5 el 442 4.2 3.9
Arginine 191 2245 23.5 23.5 23.6 24.6 28.2 22.2 2046 19.1 20,3 19.5 19.7
Sering 2e5 248 2.2 2.1 2.1 2.0 1.9 1.9 1.9 1.8 1.8 2.0 0.9
Glyeine 4.9 4.B 3.5 342 3.2 3.3 3.2 3.2 31 3.0 3.0 2.8 2.8
Threonine HeDe NoDe NeDe NeDe NeDe NeDe HeDe MeDe NaDe HeDe NeDe NeDe HeDo
Alanine NeDs WMeDe 0¢7 0e7 145 142 1«5 1.8 1.6 1.9 1.8 1.9 2.0
Proline NeDe 0e45 0e5 0o5 06 0.7 0.9 0.9 1.0 22 2.9 2.9 3.2
Valina 5e6 542 5¢2 5.6 59 5.7 SeB 547 642 602 547 5¢5 645
Methionine Se® 5¢6 5¢7 5¢5 5.0 4e2 8e6 447 443 3.2 3.1 2.2 1.9
Lysing 402 3.8 3.5 3.2 3.1 3.2 3.1 3.2 3.5 3.2 3.8 3.5 442
Leucine 503 504 545 5.7 5.7 5.6 5.5 546 5.8 5.7 5.8 Se6 4o
Phanylalanins 6e9 605 6e7 646 6.9 6.5 5.2 446 4.9 4.5 3.2 2.7 2.0
Tyrosina 3.9 3¢5 349 8.4 4.6 449 S5e2 5.3 547 5.9 62 65 649
Histidine NeDe 062 a2 1.0 1.2 143 145 15 1.6 Te6 1.7 1e6 147
Tryptophan NeDe NeDe Ded 0o3 0.3 0.4 D.4 0.2 0.8 0.9 1.0 1¢1 1.3
Cysteine 204 2.3 242 244 2.6 2.5 2.9 3.0 3.2 3.3 3.5 4.2 4.5
Cystine 2¢5 1.9 1.7 140 10 1.0 1.0 1.0 1.0 1.5 1.6 1.8 2.2
;;gﬁﬁ ggfg‘ 10.8 14.2 14.8 15.5 16.8 18.5 201 1742 1542 18.5 1643 16.3 14.6
(mofemboyo) x 105813 Z1+1 £1.8 £1.4 21,9 +0.7 +09 $1.2 24,7 2945 £1.2 +2.1 +1.5

leDe = not datected
= gtage could not be observed

?

= gmbryos were not gnough for cstimation



Table 21

mant of C. carpio and L.
are e@xpresse

Lo pohit
as Maan ¥ S5eDeje

Changes in DNA content (pg/ambryo)x 10 during sarly develop=

at difPerent altitudes (valuas

Ces carpio

-

Dave . , L. rohita »
sta= Gauhati |  Shillon Gauhati | M i
9 auha awpun \
ges (100m) § (1500m) | G/S (100n) {  (1000m) | G/m
1] 4.62&0.83 4077?_0.88 NeSoe 5.93&0072 . 6013&1 43 NeSoe
1 40:64&0. 48 49‘ 52‘!_1 +98 "NeSa 5081_4;0098 Se 69:0072 NeSoe
. NaSp_ " N.So ed o N.S.
2 4.,8+0,85 - 5085"“0.46 NoSp 5054_t1026 S5, 77+1.24 NeSoe
WeS, NTS . S e NS5, e
3 5,0540.78 5,0440.46 NeSe 5.63+0.43 54724102  NiS.
NOSO N’OSQ NOSQ NoSo
4 5.0+40.89 4.7340.91 NeSo 5.81+0.,97 5.8641.11  H4S,
WeSoe NeS, NS, NeS o
5 5.0+0,5 4.8840.73  N.S, 5,71+0.34  5.91+0.42 N.5.
N‘QSQ . 'ﬂoSo NTS. NeS e
NoB. N'SQ :
7 60340.78 6+7340,48 NeSe 11.5840449  11.241.09 NeSa
NeSo NeS e (+10258)#* ¢ (489,51 Jpo*
8 742942.07 7404+1,04 HeSe 20.63+0,75 19.66+0,96 N.S.
NS NeSe (#78.T5)#2%  (+75,54 )0
9 8+2+0485 7e741429 NeS e 25.241.88 2844994175 NoSe
NeSe We5e (#22715)27%  (+17.71)%=e
10 9.7720:82 9,7+0433 NeS e ? - ?
(+195715)% (+25.97)*
(+82.81)2%% (+82,05)%"e (+16423)% +13,29)%e
12 32024"'2003 32.61+2,58 NeSe 5545443 ,38 550271“2 23 NeSe
(+80.82)7%¢ (+84,86)%%® (+89.82)%5% (+95.23)%o
13 58e3944.76 52,3944,13 NeSs ? ?
(+81.71)7%*  (+60.68) 2 =
14 83.89+1439  62,9821,57 (224.,93) 70.29+1.94 61.33+2,14 (=12.75)
(+43.67)°** (+20.,21)%® = #o0 (+26.56)7%2 (+10,96)#2% »9
152 128.75¢8.81 98.78+9,2 (=23.28) 140.9+3,87 111.326,41 (=21.01)
(#53.48)7%%  (+56,84)°%* ®  (+10075)***  (+81.48)%¢ e
15b 14B46132.67 110.82+2,41 (=25.43). 188.58+5.61 -
(+15.43 )% (+12,79)*= #00° (433 /)00

? stage could not bes observed; - ambryos were not snough for gstimation.
% p<f,05; 2% p<0,071; **® p<LO,001; N.S. not significant. G/S and G/M in
parenthesss show the percentage change and level of significance of the
data betwsen Gauhati and Shillong and Gauhati and Mawpun respectively;

for each devslopmental stagse.



Table 22 ¢ Changes in RNA bbntent (/ug/embryo)x 10 during the early

development of C.

tudes

carpio

and L. rohitg
(valuss are expressed as Mean £ 3eDe)e

at differant alti=

Doy C. cargis Le zohits
sta- .G' ‘ . N
gl guhati Shillong Gauhati Mawpun
ges (100m) (1500m) 6/3 (toom) § (1000m) &/
0 38,79+0.68 3845240,76 HeS. 25.7440458  25,86¢1.5 NeBo
~1 38.520.99  38,6941.03  N.S. 25.9140.75 25.6941.68 N.S.
. N939 . Nogd - " ) HeS e NeSs ‘
2 38,63+0.79 37.29+3,54 NeSe .. 25.82+0.82 25,8241.65 NS,
N ng S Nogo : e R NaSoe ' N:.So ‘ s
3' 3843581418  38.741428  NoSe - 25,7740:95 25.,79#1.2  N.S.
NeSos NeSe - - NeSe NeS .
4 38.24+1.57 384354212 NeS. 26435+0449  25.,17+1.08  N.5,
Nogg S \NoSo : i - NeSe o NeSe- ‘
5 38.54+1,27 3846423,15. NS, 26463+0.36 26.56¢0.,84 NS,
. NeSe “ L Npg,.q : B : oS ’ "Nedoe
; "Nlést' v, NOSO . , . .
7 39.140.67 39.2943.21 NeS, 44,2+0.63 43,2+2,07 NeSe
NeSe NeSe - (+65.98) 94" (+62563)%0n
B 39.6521.48 38.25+0463 fleSe 65.51+0s54  63.27+3,87  N.S.
o NeSe . NeSe . (+48,21)2%%  (+46,46)20%
9  40.15+1.25 41.42+2.82 NeSe 91.8842,05 88.54+18,22 N.Se
o NoSa ‘ NeSoe - (+40.25)%*%  (+39.54)* .
10 41.1585.73 4145641429 NeSe ? ?
NeSe NeSo : ’
11 49.45+9,67 49,38+4,03 NeSe  128475+3.43 108,57+48.41 (=15,67)
(+20.77)° (+18.82)* - (+40,12)%0e - NeSe eao
12 76452+6,02 69431+7,09 NeSe  199.15+19.15 179.74+2,21 = N.S.
(+54.74)%**  (+40.36)2" (+54.68)°2* * (+65,55)0%» .
13 86.2142,31 714132721 (=17.49) ? ?
o (+12,86)* 3 e
14 132.7744.32 89.5145,92 (=32,58) 281.44+10,09 231.41+12.62 (~17,78)
(+54.07)##*  (+25,84)° o0 . (+41.32)%2%  (+28,75)0%e eve
158 18346387474  134.51212.32 (=26,75) 434452+23.92 334,2+14.6 (=23,09)
- _(*38 ’3‘1’)0‘“& (.,.50./2‘-'7‘)omy e (*54,33’)4»04 : (.,.44.3‘2)0»& oo
15b 355,01+#13:05 179.3747.46 (=49,48) 511.17+9.32 -
(+93,33)%20 . (¢33.35)%%e »oe

(+17.68)¢=

? Stage could not be observed; - embryos wers not‘enouéh‘?or estimation.
* p<B.05; #¢ p<0.01; 2#* p<0,0013 NeS. not significent. G/S and G/M columns
show the percentage change and lavel of significance of the data between

Gauhati and Shillong and Ga

megntal stage.

uvhati and Mawpun respectivaly for each develop=-



Table 3 23 3

Changes in ammonia content (

moles/embryo) x 10° during

early dovelopment of C. garpio and L. rohita at differant
altitudas (valuss are expressed as Mean & SeDs).

™3 T Lo € . |
Deve | - Co carpio i L. rohita '
sta= | . T ‘ot 9
Gauhati Shillong _ Gauhati Mawpun §
s 1 “(100m) (1500m) | /S (toom) | (1000m) ¢ O/

0 3,55¢1.18 3.6840445 NeSe - 148840616  1.89+0.34  N.S. -
1 6.72¢1e0 5.9440432  NeSe 2,9%0.23  2.83+0.17 NS -
A (+8903)*¢  (+61.41)%** - (+58,26)**% (+49774)%%¢ |
2 6099:1 o61 6.59‘;"_0032 : Njosko 2013:0012 201 2’?_0.34 ' N‘S‘ ’
' NS . (+10794)* (=26.55)** (-25,09)%¢

3 Be4681.22  8,08+D.63  NeSe  2.19+0.19  2.11+0.25
' N'QSQ (‘922.61 )‘”’ NQS. ' \‘. N.S.‘
4 8.96¢1.76 9e86+1.0 MeSe 2154007 . 1.98+0.12
T NeS e ("’22003)0 NQS'Q ’ NeSoe -
5  11.4840,95 11.11+1.38 HeSe 16674022  2.11%£0.05 (+26.35)
(+28,73)* P («22733 )" NeSe - »
6 6e61¥1.05  10.93+0.84 (+65.36) ? ?
(=42,22)%00 WeTe se e
7 7.2880.84  10,2944.47  HN.Se  2.1580429  2.36£0425 NS
" NeSe ] NeS o NeSe eSe
B BeB2#1.26 11.51+3,15 NeSe  2e3131.42  2.35+0,27 NeSe -
' NQSQ‘ No‘So NQ'S- NoS'o
9 1206‘_*_2026 1406?11049 NQSP 2059_t8.33 %.89_4_;0.26 NeSas -
(+42786)" NG NTS. (+22798) %
10 © 16.,95%1,82  17.2421,95 NeS. ? ?
(+34.52)° WS o
11 15.95$2.92  18,2¢0495  NeSe  1.8820.19  2.83+0,09 (+50,53)
; NOSQ Ngs- ) (-27.41)“» el e ane
12 16477%3423  19.29+1.48 NeSe 248940619  4.3720.17 (+51.21)
5 o NeS.e (#53,72) 9 (+54‘42)e»9 ase
- F‘J.S. NOS!
14  25.05+4.6 1963140463  NsSe  3.76+0.36 4.76+D0,14 (+26.6)
ON3H. NeS (+3051)%%  (+8.92)°¢ aee
15a 29.68£2.98  19.51+147  (=17.81) 4.12¢0.41% 7,13+0,602 (+73.06)
NeSe ‘NeSo soo NYS . (+49779 )20 Bo»
15b 2101113.33 170354’1.18 No‘SO_ 3.02*0007 -
(=11.07)® (~2607)0%e

(<=28.88)%*

? stage could not be observed; - embryos were not snough for estimation.
® n<0,05; *° p<BL,01; %% p<0,001; NeSe not significante. G/S and G/M
columns show the parcentage changs and lovel of significance of the data
between Gauhati and Shillong and Gauhati and Mawpun respectively for
each developmantal stage.



Table 24 t Changas in urea content ()Jﬁoiaa/ambfyo) x 10? duzing
oarly dovolopment of C. cazpis and L. pohita at diffe
erant altitudes (valuas ore oxprossad as aan * Se0)

3

iy >Glﬁhé§i 
o/s % “(100m)

“C. carplo L. zohita
Gauhati ! shillen |
(106n) 1 ?asgam:

Daﬁp
atge
ges

Rawpul

(1000n) /M

10
19
12
13
14
15a

15b

156380455

274+3:22
NeSe

,'2i$7$§£65'.

iSQ

2,4740,72

NeSe

169740,95

NeSe
3.1120.45

f‘jnﬁ:o’

2.5840,95

NaS e’

 343980.78

Nbﬁo
3e120495
W~§{
43520471
R
¢00f3@78
03 *
4.85821,34
ﬁ6307

saszzg.as"
641720,55

Ntﬁm
5489
N# *
6017:g0g5

QSQ

+0,32
fg.

1.87+D.84
.2&2‘:9078
NeS e
202%%%:0
2.,48+0.71
*Tiies.
2.?§g§fs'-

2,740,559

Wes o

341500457

P

2474105

“Lﬁw

3158045
e

'ﬂ?.éagp;4s

#43&57)““

40456087
NS,

'4072:9084

Med e

5_55¢Gi69
) N?E;

.659529463

leGo

5481400056

o8

5047&9534
N Q‘rsvtf

846540.97

Ngsi"'

HeSae

ﬁpg§

e84

PY-
N 05 [
4%&39

| NOSQ ‘

Ns8s

H'QQ

WS
NQQQ-
tﬂqS;
NeSe

:ﬁOSO

NeSe

‘ Négo

1913&9;45'
10554063
 Nede
1.55+0.63
{eS e
132406.45
s
?ﬁ33:9945
NeSe

143320.45

35

?

.1933ﬁ§b?1

Noso'

1.38+0,18

NeS o

108420413
(¢33733)%e

?
2.85¢0611

(38

2‘34ﬁ178_

FLSw‘
?

2.39001

’ ﬂgﬁg
23752?-39

NeSo
2.45‘9063

1958&9055

14470671
oG e

145680.32

NeSe

145540463
’ oS e

101920432

NeSo

%c55§§w$3

HeBs:
?

1.772055

eS8 -

“

“10552§b%2

NQS&
148260415
(*17Q ’

?

148420463

NeS s

148430463

NeSw
’

20360645
° ﬁogv? ’

245340445
NeSa

-

‘42)1

NeSe
P2 Y

NQSO

NeSe -

Néso

"NeS e

‘NeSe

'&.Sa

NeGe

HeSe

{'NQSO

NeSoe

NeSe

- 7 stage could not be ohbservod) - ombryos wore not eonough for estimge
tiony ¢ p<0.0%5; #® p<0.013 9% p<0.0013 NeSs not significants G/S
and G/H columns show the percentags change and lavel of .eignificance
of the data botwson Gauhati and Shillong and Gauhati and HMawpun
reaspoctively for sach developmental stago.



¢ o
Table 25 3 Changss in the total activity (unita/embryo) x 10° of Glutamats
dehydrogenase (GDH) during the sarly development of L. carpisc
and L. pohits ot different altitudes (values are expressed -as
Meam t SeDe e -

Dav. C. carnio Le rohita
sta= Gauhat Shillong | . Gauhati fMaupun i
ges 100m (1500m) § G/S 100m) (1000m) &/
0 NeD. NeDe T NeDe Fale s
1 17.04%3.5 15.97£2.39 NeSo 13.4641.3  13,7+2.07 HeSe
2 19018'&3098 ' 20.14i4.35 NeSe 1‘30451‘_2005 13¢3+1.34 NeS e
HeSo o He5. | - NGS. N, 7
3 18.58+3.15 21.39+3.91 HeSe  43.7141.18 15,1¢4,62 NeSe
’ “305‘. i N.go N.S. Nt .
4 21.09+3.76 19.24+2,86 NeSe 15.0521¢76 11435¢9.26 NeSe
NQSQ _ a5 . NeSas - NeSoe
S5  21.5884.74 19.23£3.95 NS, 15.0541,76 17.61+2.17 NeS e
8. . . N.F. . HeSa - NeST o
6 19419+5.99 ° 20,9¢4416 NS, ? ?
HeSe b P . .
7 20.9242.61 18.29:3,.24 NeSe 27.65¢1,76 16.98+4446 (=38,59)
_ HeSe T NeS. (+83,73)#0e NeSe ase
8  15.98+2.32 13.07+2,03 NeSe ' 44.64%4.11  42.8+5,37 MeS e
(«23.81)% (=28.54)% (+60758)22* (+152.06)%*°
9 30.9925:76 " 344528419 = NeSe 58.0+7.82 54.9+7.14 NeSe
(+93.93)°%  (+168.73)%> (+30763)°  (+28727)¢
HeSa NeS e
11 38.4£3.60  47.9¢11.46 NeSe 53,61+1.48 53.6+9.04 NeSe
NeSe . NJS, NeSo NeSe
12 51.15%8.12 " 40.65+6.,12 NS, 514444489  55,08414.07 NeSo
NeS o NeS o NTS. N.S.
13 570544-9083 53014110.82 NQSQ T v ?
. NQJO N-QSQ
14 68.7£15.04 44.2849.42 (=35,55)  70.647.12 60.36314.37 NeS e
oS e NeS. (+37735) %0 NS
15a 794926414  55,7624.25 (=30021) 75.889.73  60.37+16.43 MeS e
N.So'\g ?\‘Q“q Wi ode NeSe
15b 90e6145.22 63.7124.67 («24.38) 76.6:£7.16 -
(¢13.2)* (+14.%26) ane - D

7 stage could not ba obsarved; = embryos were not sndugh for estimation,
¢ p<d.05; *® pdD,01; *** p<0.001; N.D. not detected; N.S. not significant.
6/8 and G/M columns show the percentage change and level of significancs
of the data batwesn Gauhati and Shillong and Gauhati and Mewpun respecte
ively for sach dovelopmental stage. '



Table 26 : Changes in the specific activitg
of Glutamate dshydrogenass (GDH

(units/mg protein) x 102
during early developmant

of C. carpio and L. rohita at different altitudes (values
are expressed as Mean ¥ SeDe)e '

Dev., ; -- — — ?l&' rohita .
sta~ Gauhati } Shilleng | . Gauhati Mawpun |
ges (loom) | (1s00m) 4 O/8 (loom) ! (1o0om) 1 O/M
0 NeD. NoD+ C HeDs NJD, |
A Bl7841425 . 7.9781,43 NeSe 1755526429 16.76+4,21 NS,
.2 10.9941:57 10.7843.76 - N.S.- 17.05s3.48 15.03+1.4 NS,
. . . R N.S;,Q S PN N.SQ‘ led e B
3 1044142,07 10,95+2,2 ‘NeSe - 16.08+2.,01 17.74+5,16 NS,
.N‘SO . iA v NQSQ o N§90 . t
4 11.69£1.99 10474+2.3 NeSe o - 17.95¢2467 17.87+5.39 ‘NuS,
NTS . NS o NSG. T NGB,
5  11,9142,18 10.6942.72 N.S. 21.65¢7.91 23.59+2.83 ‘N.S.
NoSo ’ . N.S [ ‘ ¢ NQSQ ' ' ‘NOS‘, ’
6  10.89$4.72 12.2943.66 = N.S. ? ?
NeSe o NTB. ' - \ | ‘
7 12.7922.0 11.06+42.32  N.S. 39,83+10,35 23.11+7.28 (=41.98)
NeSe - NeSe (+83.,57)*  ° NJS. | @
8 9.04+2,04  643142,49 . NeS8s - 56489+2.49 49.6+6.58  -N.S,
(=29,32)* (<42.98)%. = (+42,83)% (+114,63)%*% =
9 164943.71  18,1945.62 - NeSe  73,1842,56 62,99211.5 NeS,
(+68,33)*°  (+188,27)%*. = (+28.83)* = NS,
10 19.75#3.52 20.99+#4.59 N.S, " ?
NOS. i * MQSO : _ } i .
11 21.9743.0 26,49+6.0 NeS, 59.57410.48 69.68+10,86  N.S.
NeS. T NGS. - (=18.8)* NS, ,
12 28.76+3,31 24,48+3.61 NeSo 59.85¢7.71 88.17+9,89  (+47.32)
(+35.85)* = NS, o NeSe  (+26.54)* B
13 33,69+B.45 32,93+3.64  N.Se ? Tl 7
NQSQ "7 HeSe ) Z ‘ A . ' ‘
14 42,956,488 32.0244,29 («24,21) 71:99+7.69 79.22+12.07  -N.S.
NTSe - L NTBe » WS Y NS, 4
153 50089+2938 450283’-3.6 ("11 002) 80.01&11 .QB 98 .873‘_10015 (“'23957)
(+20.35)* NeSe - @ NS.  (¥24,8)® e
15b  65.45+3,31 59,48+2,7 - (-9.12)  85.29+14.81 -
(+28.81)#*2¢ (+431,36)2> @ NS,

? stags could not be observed; ~'embryos'were not e

\

nough Por estimation.

? p<0.053 ** p<0,01; #** p<0,001; N.D. not detscted; N.S. not significant.
G/S and G/M columns show the percentage changes and levael of significance

of the dats betuwsen Gauhati and Shillon

ively for sach desvelopmental stags,

9 and Gauhati and Mawpun respecte



Table 27 3 Changss in the total activity (units/t 2\ embryo) x 10° of
phosphate depsndent Glutaminess (PDG) during sarly devsl-
opmant of C. carpio and L. pohits at differsnt altitudes
(valuss aro expressed as Mean & 3.D.).

Doy | Co camale | L. tohita
ata= ;  gayhati Shillong ! GCauhati | Mawpun |}
ges (100m) § (1500m, _§ G/s ?1oom) i (1000m) | G/M
0 27.45:5.43 27.6786.38 MoS e NeD. NeDo
© 1 27,9211.65 32.7126,38 NeSe NeD. NeDs
f.» MeSe Npg-o _ _
T2 32.07+4.23 37.1648.01 NeBoe - HNeDe NeD.
' T NeSs . . Nngo
3 32246477 33.3143.48 NeSs ~ " NeDs NeDe
’ @050 :- A Nog‘i A A
LA 32411411426 304294547 MeSo NeDe NeDe
L NQSo 7 - NQSO
‘5 33,98+4.79 35.61+10.07 NeBo  NeD. NeDe
| NeFs  NeB. ' .
6§ 30.28+5.43 50.56423.21 NsSa 7 ?
NOJ. : fi!.. ..
7 3447546,06 6745¢8.41 (+94.25) NoD. NeDs
NeSe B non ‘
'8 37.81+4,59 38.6447,09 NS NeDo HeDe
NeSs (=42,76)%°
9 54,9+10,05 47.15¢7.79 HeSe NeDe NeD.
(¢#45,2)%¢ oS
10 36.7625,03 28,28+5.88 NeS, ? ?
T (33,0200 (=a0.02)%°
11 3403&3“5021 25.14#4697 M QSQ 5002:1 * 64 1297&1‘_1023 ("1 53079)
MaSs NeSe | *#o
12 6043446421 51.45+8.7 NeSe  9.2782.86 21.99+3,52 (+137.22)
(+93.97)2* (+104,65)7¢ (+84766)%  (+72,83)°%* *0
13 66.61+15.6 41.88+7.39 (=37.19) ? ?
' “og’o N.S,; 4
NeS . (+83.44)¢% (+166734)%* (+75,53)¢0e o8
15a 86.8+13.89 69.49+10.02 NeSe  37.04+4,76 69.05¢3.35 (+86.42)
NeSs NeSo (+50.02)%*% (+78,89)02¢ a0
15b  61,76:8,06 B83.25¢8.91  (+34.8) 38,1£10.35 -
oS oo N3G o

("28 o§5)o

? stage could not be obsarved; = embryos were not onough for estimation.

® n<B.05; 2% p<D.01; *7° p<0,0013 NeDs not dotectedy N.S5. not significant.

G/S and G/# columns show the percentags changa and lavel of signiPicance

- of the data botwsen Gauhati and Shillong and Gauhati and Mauwpun respecte
ively for each davelopmental stage. >



Table 28 : Changes in the specific activity (units/mg protein) x 102 of
phosphate depsndent Glutaminass (PDG) during early develop-

ment of C.
are sxpressed as Mean # 3

carpio and L. rohit

at different altitudes (valuas

ng,§ Ce+ carpio L. rohitg .
sta=! Gauhaty | 9hillon G/s Gauhati ! fMawpun |} G/M
9 lL (100m) g (1500m {  (100m) g (1000m ) g
0 9.28s1.39  9.88:1.79 NS, NeDe 4.0,
1 14,03+2,13  16452+2,94 oS s NeDo NeDe
(+51.79)#*  (+67.21)" o
-2 18069?_3.45 ’ 190654‘6013 NQSQ : NeDo NeDo
. NeS, NeSe .
3 17.85+3.42 16.98+1.86 NeSe NeDs NeDso
NeTe NeSe |
4 17.68+45.71 . 1642£3.55 NeSe NeD. NeDs.
Ne3 . ] NaSa ) X
5 19.02+3.,02 19.86+6.75 NeSs. NeDe NeDs.
el e N."§
6 17.17+3.77  29.39+43,96 (+71.17) ? ?.
NS, (+47.99)° L
7 20,78+3.37  41.77+5.63 (+101.01)  N.S. HeD.
NoSe (+42,T2)° 200 |
8 . 22.83+2.61 18.92*4.35 NeSe NeDa NeDa- .
ReF (=54,7)90e
9 . 31001?‘4064 24.3";5.19 NeSQ e NeD o MeDo:
(+35.83)% NeS.
10 20.54+2,81 15.63+2,88 (=21.77) ? ?
('33.76)0 ("35028)” ' # .
11 18.84+4,41 14.08+3.35 WS, 545341467 16.35¢3423 (+195.66)
No.é!g . NQSQ - - X2
12 33.91+11.53 31.09¢5.61 NeS. 11.93+2.79  36.27+13.88 (+204,02)
NeS s (+120781)*e (+115373)22  (+70.34)00 o8
13 38456211.92 2645545445 NeSe ? ?
NeSe Ne5,
14 4942741241 5443146437 NeSe  25.53+4.57 49.57+6.92 (+94.16)
NeS (+104756) 200 (+11470)2* N.S. see
158  55.,13+6.49 57.48+9,02 NeS e 4043241116 112.39+11.66 (+178475)
e - NS . Ne§ o (4.126.73)&60 200
15h  45.54+4.41 82,49+10.01 (+81.14) 4D0.59+9.91 -
weo MeSe

(=17.8)*

(+43.57 )=

? stage could not bo obssrved; = smbryos wers not snough for sstimation.

@ p<0. 053

*% nd0,01; **® p<0.001; N.D. not dotected; N.S. not significant.

G/S and G/M columns show the percentage change and lovel of significance

of the data batween Gauhati and Shillon
ively for each davelopmental stage.

g and Gauhati and Mawpun respect-



Table 29 : Changos in the total activity (units/embryo) x 10° of Glutemins
synthetase (GS) during early davelopment of C. carpio and
Lo goh%tg,at diPPorant altitudes {valuss are expressed as Mean
+ SeDs)oe . .
L .\@ .
pevel __ Cogamde | 1 Lo zohite
sta=y Gauhati ; Shillong ) ay | '
: 0 Gauhati Mawpun
9ea {  (ioom) | (1500m) | O/ (toom) ~ } (1000m) G/
0 27.9345.68 2647241845 . 8.5,  35.942.68 ° 28.625.04 NeSe
1 3343246478 40456418445 NoSe - 82.3#12.63  75,08+415,59  N.S.
MeSa NeSe - (#134,47)7%°  (+162752)°°
2 3144646441 3640743416 NoS. ' 81.12+10.1 76.6+7.14 NeSe
: NeSe L NG NeSe NeS o
3 3640646421 3B48+1246  NiSe - 7646146437 75¢5%7 625 NeSe
- HeSe NvSe S NGE. NTS;\ :
4 37.1926441 - 3242145.64 NS, 7646157577  81.13+17.77  N.S.
N.‘So‘ ) Nc‘-Sd . MQSQ ) NQJO
5 37.18+9448 4144411427 - MaSe - 77.74¥1026 84,51414.04 NS,
S s NS NeS e . NS,
6 3547528446  32,76+7+39 NS ? ?
N .g_s N‘go .
7 QQ.A'_’.&Q“G 34.32*7‘0‘ 95 N 98 ° 78 093120 66 78 09‘;7 009 N S
NTSs NeSe 5o N3
8 45,774¢7¢08  14,0427:15 (=69,02) 55.,5+9,7 90141446 NeSe
NeS o (=55,09)¢® a0 N3G NG
NeSe NeS, ao NeSe (+29,89)%2 e
10 5742410484 4411415,58 NaSe ? ?
NS (+362,37)%¢
11 687414488  66473+11e2 Ne3s  173.1+11,09 126.36+7.44 (=27.04)
NaSo Nogo ("’1170 59)“»* Nogo aue
12 69¢92¢148465 67462144248 NuGe  180.2+12.61 112.9+14.25 (=37.35)
NQ‘S}O S NeS s - N S ol
13 64.44+13005 63 0531 661 NeSe ? ?
oS oS o
NoSo N Ogo NOSO ("‘2202‘9_)9 hae
152 68.64+14.58 B80.5:11.81 NeSs  205.93+12.71 153.5+10.19 (=25.46)
NeSe (+52.23)* HeSS (+#11.78)* »o0
15 96,72213,6 126,31213.27 (+30,59)342.83:21,51 = =
(+40,51)* (436,97 )2% o2 (4+66.48) %0

? atage could not be observed; = embryos wesre not enough for astimation.
® p<0.05; *® p<B,013 °*? p<O0,001; N.S. not significant. G/S and G/M
columns show the pesrcentage change and lesvel of significance of the data
between Gauhati and Shillonp and Gauhati and Mawpun rospectively fPor esach
devalopmental stage.



Table 30 ¢ Changas in ths spaci?ic activity (units/mg protein) x 102 of
Glutamina synthatase
o} t io and L,

exptassa

roh%tg
as Naan +

QD‘ [ ]

(GS) during early davelopment of
at difPerent altitudes (valuss are

Dave | G+ carpio L+ rohita ;
cha=y  gauhatl Shillong e Mawpun
nges|  (100m) (1500m) G/S 1 Caphety | (1poom) | O
1] 9.72+1.89 9.6141.52 NeSs 26455+4.32 23.46+3.14 NeSoe
1 17474:5.87 19.6743429 NeSe 95.79+13,85 90.83+20,64 oS o
(+82.51)*  (+104.68)%°* 4 (+260‘?9)““9 (+286,32)79%
2 184424467 18.,1823.73 NeSe 95¢37+16.85 B9,8+18.64 HeSe
N.Sq Nu’ NeS s NoSo
3 190964‘2.76 18 6“'(3.07 NOSO 89637"'13028 890594‘15083 NQSO
Ncgo NQS ) N o'g'é N.g.o
4 2046543,89  17.9243.73 NeSe 991.45+13.24 96.05+94,24 NeSo
Nr Y No ”0 Nog.i Nbgo
5 2008545,58 22 2?44.18 NeSe 110, 65+40.04 111.98£19.,15 MeSe
No ® N S)Q * NoSo N.S. '
6 20,12+45.06 18,89 s 32 NeSe ? ?
NbSQ N
7 26:4642.93 21.29+s 25 NeSe 119.24*7 96 106439+13.39  N.S,
N.Si NQSo 03. NQSQ
8 27.6143,95 6734162 (-75.62)112 08426403 102.93412.7 NeS e
Non (uéB.?‘J)"” NeSe NeSe
9 29.91+9.75 4,8321.48 («~B3.85) 88.24413.66 133.05211.74 (*59.78)
NQSQ J. ® LA ?Ja 3 No.}o
10 33.7847.79 24.09¢7 49 HeSe 7 ?
' NeSa (*398.76)“””
11 37e4746:77 3740416416 NeSe 191.6747.96 160.1227. 27 (266, 46)
NeSe (+53.76)* (+189.82)20e (+20.3§)
i2 3444547.79  41.42411.33 NeSe 209.84412,49 204.5447.49 MeSe
NeSe HeFe NeSo (+27.,78)05e
Ned e NeS.
14 40,47+4,96 37.39+3.35 NeSe 199.99437+71 211.88+14.33  N.S.
%o?d ) ”ogo 930 N So
15a  43.06+5.71 66457¢20.01 NeSe 2211529429 199.08¢5.55 NeSe
HeS o (+78,04)% NeSTy NeST
156 70.66911653 120.65+24.63 ($7075)385,68+28,65 -
(+84.T)% (+a1.23) ae (

+74e 47%««

s

? staga enuld not be observed; < smbryos were not enough for estimation.
? p<0,85; ** pLp,01; @0 p<0.001° NeSe not significant. G/S and G/M
colunnsg show the percantage change and lavel of significance of the data
batwoen Gauhati and Shillong and Gauhati and Mawpun respectively for sach
davelopmental stagao.



Table 31 :

Changes in the total activity (units/embryos) x 102 of

arginase during ths sarly dovelopment of Cs carpio and

("29.?8 )Q(’

L. zohita at difParent altitudes (valuss are expressed
as Mean + SeD4)e -
Dave , C. cazpio Le rohita
. stage § } Py ) 1 ,
3 Gauhati Shillong Gauhati Hauwpun
1998 1 (100m) ] (1500m) | O/S 100m) | (1000m) G/M
D 5643210.32 5648524461  NeSe 45.5328.22°  48.8145.99 NeSo
1 71.81£6423  7640344,84 NeSe 50,39£9.92 45.02+5.99  N.S.
(+27.85)¢  (+33,74)2%* S oNeSe NGE.
2 65.08410.28 7842695.73 NeSo 53.04+13.52 73.49+7,98 (+38,56)
" NeSe Ne3s . «3e (""52.?7’)““ bt
3  6B.44$15.34 68448+5.37 MeSs 65.6426.57 72.49+3.26 NeSa
Nedo NeS o NeSo NeTe
4  67.32:13.46 64487+9.27 NoSe 53.7:£11.77 .56.846.34 NeSe
- NeSe N3,  NOS. (=21764)%°
5 © 62e83+11.44 61.27+8.55 NeSe 53,7+11.77 53.04210.23  N,5.
Je S N:-S. ’ ' Nog.o
6 5742226464 53.7+6.54 NeSoe ? ?
NeS e WS L S
7 53.86£11.44 49.5787.89 NeSe 5843583.66 57.46+8.43 NeSe
NeG e NeG NeSe NoSoe
B  88.6438.61 82.62¢9,09 NeS. 57.84+11.68 57.4647.34  N,S.
(+64.58)2¢  (+66.67)22@ NoSa NJ5.
9 63096:.3062 7805“&10049 HeSe 5909&11087 55054+5-41 NeSoe
(=27.84)0° NS . NeS e NeSe
10 680&&3’32084 760672.5091 oS e 7 ? .
N.Sq NQSQ .
1 78.54&21 o 17 8004115.87 ; NeS, 5601:13006 62.8845.,25 NeSos
NeSe NS NeS o N.5.
12 74.05£14437 79.5623.53 NeSs 74.36211.69 50.13£5,25 NeSe
- NeSe NeSe NoS.
13 76.3+16.18  89.22+415.39 H.3, ? ?
S N3S..
14 70669413.97 B80.8948.17 NeS. 35,846415 36.2648.14 NeSe
NeS, NG (=51.86)%2* (=39,7)%®
15a B86439+12.29 B0.51$11.41 NeSe 30,29#6.,16 19.7444,38 (=34.83)
NeS e NeS e N-g.. (eas.gﬁ)“@ -3
15b 63.,95611.16 44.74+11.13 NeS. 20,81+6.36 -
(=44,53)2 NeSe

? stage could not be observed; = embryocs wore not enough for estimation.
% p<0.053 ** p<O0,013 *** p<0,009; NeSe not significant. G/S and G/M
columng show the percentage changs and level of significance of the data
between Gauhati and Shillong and Gauhati and Mawpun respectively for each
developmental stago.



(=26441)*

Table 32 : Changss in ths specific sctivity (units/mg protein) x 10
3? argigasaﬁduzégg thg eiily geve%opment of C. carpio and
Lo nohitg at different altitudes (valuss are expressed as
Modn ¢ SeDe)e -
o ? " C. garpio ‘Lo rohita -
6Vey : ‘ : . ‘ ' >
sta={  Gauhati | Shillong | Gauhati Mawpun :
ges i‘ (160m) (1500m gG/S (100m) § (1000m) 6/M
0 19.8£8439  19,1524.66 NoS. 35.3446.35 34.27:5.54  NoSe
1 350594‘13054 39922:503 ) N_oSg 61.08¢+6.,88 56 27&7035 NeSe
| (+84.8)2 = (+1047B)0%e (+72.84)**  (+64.7)®
2 38469875 38.9944.49 NiSe 73.5%12.75 90.31+4,04 (+22.87)
NeS'e NeSe NoS (+60.45)2*e o
3 39,4848.59 354694245 NeSo 80.63+7624 91.51+10.58 NeSe
NeT o '_m 's;'z NeSe HeS e )
4 40019?‘9023 35.85+6.23 NeSe T1.93+18.04 76.&9*‘4.89 NeS e
. NeS e MsSa S No‘go '
5 37:27+6.71 35.04§§.aa, NeSe 7603921718 76,18220,07 . NeSo
NeSe P NaS» ' fde P
Nogq Nés’o
7 3443246495 3242825.46 NeS. 82.2744.9 8646402645 oS
Ne3e . NeSe : NoSe - NeSo
8 4802946458  42.89#4,31  NoSs 73.76814.86 77.61212.76 NS
(+40.71)°  (+33.T3)* NaSe | - NeS,
9 38.44"“6.95 42‘8&6082 NeSe 79.64 21 e53 T75.4747.51 NeSe
N»ogo, NQS ® Na%‘o Na.gf
10 37.043.57 43.66+4.,33  N.S, S ?
NeS o NeSe , .
11 4640441182 4841246459 NoSe B2.55$17:67 90.55+8,66 NeSe
NeSe NeSe NeS (+19.98)*
12 45.64+11.85 5149+8.03 NeSe 90,854£15.62 108,5429.11 NS,
Npgaa NeSe NO . (4‘19.8?)“
13 4B.64+11.85 62.5526.06 oS ? 7
Ned e NeSe
14 53.9214.51  68.98212.02 NeSs 44.52¢8.,91  66+35¢5.45 (+49,03)
NeS o NeF (=50.99)*  (=38.87)%%* ee
158 63.9628.69 79.41216443 NoS. 37.9449.56 40.04§5.u7 NeSe
NeS e NeSe NeSe (=39.65)4°%
158  47.,0747.53 57.046.86 NeSe 28.05+8.99 -
('r=?253022..’-)°t NeS»

? stage could not bs uvbssrved; = osmbryos were not encugh for estimation,
® ped,053 *¢ p<0,0; 2%® p<0,001; NeS. not significant. G/S and G/M
columng show the psrcentage change and level of significance of the
data betwsesn Gauhati agnd Shillong and Gauhatl and Mawpun respactively
for sach dovelopmental stazgs.



- Table 33 3 Changas in acetylcholine (ACh) content (mmul/embryo) x 10°
. during early development of C. carpio and L. rghita at '
difPerent altitudes (values are expressed as fMean ¥ S.D.).
bgg,,w C. cgrgia | L. pohita
C2aeT Gauhati Shillong }nse § Oauhati Mawpun
- 4989 (108m) { (1500m) /% & “(yoon) ! (1000m) | O/M
D 3.0480,97  2,5980.42  N.S. 1.6930.28  1.5740.37  N.S.
1 3@48*6‘68 2(94*3&54 NeSo . 2@240@48 2092+004B N!SQ
'iSo Nt,m‘ ' FLSQ. . N $¢
2 3.44+08.66 3,0600.71 NeSe 147740+26 1.6340, 33 NeS
' : N Sp -NeSs “Ne8 o We 50
3 3.04+0,73 = 2.64+0.51 NeSe 147748435 1.5340.26 NeSe
N.S. N:§9 _ NoSo NTQ. K :
4 3.59¢0.56 3:12+0.61 NeSs 2.1843.82 14654037 NeS.
.30 ’ Noﬁo % Y o3
-3 3:2940e37 246440461 NeSe 144740439 1. aa:p 75 NoSs
N'OLS@ N-SO 639‘, Ne St
6 2:99¢0.76  2.93+0.89  N.S. ? ?
“ >9 . N.So
7 3.1660492  2.9380.73  N.8. 1.8840.37 1.ea+u.29 -
NeS NeSe ’ NeS e NG S
8 3.59+08.89 3 4240451 NeSe 2e240,52 1.88+0.37 NS
feG o NS e F.8. NoSe
9 4.06t0.56 3.2420.42 NeSe 2,08+0.27 2059+8,53 NsSe
. N So N 50 N.S. .50
.10 2e3940.47 2:4940,39 NeSs B ?
(~41.13)“* (=23.15)*
11 ‘ 079_*_',00_42 1.993‘3.31 NeSs 1.47*0.46 3-42""3.\32 (4132 55)
o Ne3s (234 NeS.e (+32 ps) e sse
242 10580047 1,2520.31  NeS.  1.35:0,44 09640452  NoSo
R N.S% NS, NeSe (»42.69)**
13 4,4840,92 32+a 39 HeSe.. ? ?
(+1sa s7y~* (*16 .6)‘”'
14 4,4B#D.76  5.25t0.26  NeSe 24240.29 1:7120,17 (=22.27)
NeSs (+sa.13)°** (+62.96)' N .
15a  5.0840.52  5.5140.35 NeSe 3,42+D.46 1.84+0,36 (~46.2)
NeSe NeSs (’*"5504'5)*""‘ 15 o
15b  2,8240.47 3.19¢0.87 NeSs 246140429 -
(»44.49)**' (-42 11)** " («23768)%

? stage could not be cbaarved; - embryos wore not enough fPor estimation.
® p<0,05; ** p<B.01; *** p<0.001§ N.S. not significant. G/S and G/W
columns show thg percantaga change and level of significance of the data
- between Bauhatl and Shilleng and Gauhati and Mawpun respectively for
gach developmantal atagée. :



Table 34 : Changes in the total gectivity (units/embrys) x 10° of .
acetylcholinsstorass ?AChE) during early devslopment of
Ce gaznpio and L. rohita at difforent altitudes (values

" are expresssd as Mean * SeDe¢)e

Dave §___ _ L. caxplo %A | [ «-—»—-‘3-’."‘“& ' ,
o | Thben f Splleno Yois | Gphett | feweus o om
a NaDo 7 NeDe . NeDs L MeDo
9 L NeDe .. MeDe. . . . . .NeDe. = % .NeDe
3 NeDe . NeDe NeDe WD,
3 THeDe . MeDe . CMDe T NaDe
4 HeDe  NeDs NeDe  NeDo-
5 THDe - NWBe T T UMDY T Ry
6 HeDe . . HMiDe ? K
7 CMaDe  HeDe 0 NeDe  RuD.
) 1.8430668  2.040455 NoSe  0.840.15 = NaDy
18 87721464 B.0g3.74 . NaSe 7 7.
: (+373.37)°%* (+300.0)*
1 1209482008  140652.83 Moo 5.026006  1.6240.32 (=67,73)
(+39.38)%  (+B82,5)% = = '(a527.5)00¢ aow
12 15942439  17.042.76 NeSe 6.940.81  6.341.6 NeS e
CeSe L NeSe T (+37.45)°% (+288.89)%°
13 19.342.26  204563.56 .S, ? ?
T NeSe | NeSe =~ T
16 28.002.19  30.644.95 NS, 10,0247 }f;;§§§$§69“ NeS.

(+45,08)7%9 - (449527)%e-

158  4B,043.62  53.446.58 NeS. 16.0s1e3  18.8621.82  N.S.
(+71743)%2e  (274751)%% - (+4B315)%**(+33.75)%*

156 66.0148.09 63.9210.0 N.S. }7.7:p.9 -
R T P 615

7 atage could not bg observed; = embryos were not enough for estimation.
® pdD 05§ *° p<k0,09; ®%% p<hD,0071; NeDo . not detacted; NeS. not signifie-
cants G/S and G/M columns show the psrcentage changs and lasvel of signi=
ficance of the data beatween Gauhati and Shillong and Gauhati and Mawpun

rospectively Por cach, deavelopmental stage.



Table 3% ¢ Changes in ths specific activity (units/mg protsin) x 10°
'of acetylcholinesterase (AChE) during sarly dsvelopment of
carpio and L. rohit at diFferent altitudes (values are
exprasse as Mean +: .D. .

Dov. | C. carpio L. rohita
‘Sté" H G
' auhati { Shillong Gauhgti ¢+ Mawpun 1
98 {  (100m) (1500m) 6/5 1 “(y00m) (1000m) G/h
9 N
0 NeD s o NoDe NeDs NaDao
1 N.DQ ‘N'DQ NgD& NiDo
2 NeD. NeDo ' NeD. NeD.
3 NeDs . NeDs . HeDs NeDe
4 N.Do. E ) NQDQ v s ; NDDC NQDQ_
5 NoDo NeDe “ NeDe NeDe
6 NeDs NeDe - 1 NZD. ?
7 -, NeDo N;Do ) NeDe ) NeDo
8 . N.D, NeDe' . '~ NeD. NeD.
9 10.9443.61  10.3923.11 N.S. 10.0¢3.42 NeD.
10 51+24+10,88 65.37+11.62 NeSo ? ?
(+368 37)*”m \+529 16)“”“ ‘
11 71.02+413,44 87,01410.01 NeSe 62.6949,19 23.5#3,02  (=62.51)
NeSe (+33 ) (4525 g)uas sas
12 95,07+13 .54 111.29:j8.13 NeSe B83.95+6,17 136,27+23.26 (*62.32)
(+33,86)* NeSs (+33.81)2* (+479, g7y
13 122,22$15.33 147.46£39,75 N.S, ?7 ?
(+28.56)* NeSe
14 . 207.73¢27 21 266.52+84.86 N.S, 131.71+13 4 267.15+57.45 (+102.a3)
(+69.,96) ¢ (+8n.74)* (456,89 )*60 (+96 05)°

15a  366.92446.79 528.62+10.77 (ma.m)zoe:snse 13 389.83+54.27 (+es.72)
(+75 63 )2 (498 53)0*6 =3 (458, éZ)° (+as 953**

15b  488.11474.64 759.04+28, 5395&51)237 57#18.05 -
(+33.,03)° (+43 59)**o 12 NeSe

? stage c¢ould not bes observed; = smbryos were not enough for astimation.
® p<0,053 *° p<0,01; &% p<o, 001- NeDe not dotacted; NeS. not gignifie
cant. 8/5 and G/M calumns show the percentaqge change and level of signie
ficance of ths data betwesn Gauhati and Shillong and Gauhati and Mawpun
reapectively fPor each dsvelopmental stago.



Table 36 § Changas in the total activity ( units/embryo) x 102 of
cytoplasmic tyrosine amino transferase

(c=TAT) during early

development of C. end Lo pohita at difforent altitu-
dos (values are expressed as Moan + SeDs)s :
v C. campio L. fohit
atae Gauhat} Shilleon , Gauhati FMawpun
ges | “(ioom) | (1soom) |%/% ! "Coom) | (Todom) § /"
0 32693:2@39> 33?33:2’23 NQ$. 12006&?052 1109:9043 NQSO
1 19.843¢32  22.1641667 NeSe  11.1721644 11,92+0.84 NeS o
- («39587)%00 (=33,45)%e N, NeSe
-2 1945844448 20,92+1.32 NeSe 848241437 9.8720.69 NeSe
NeSo HWFe MeTa RN o
3 200484444 18,9821.18 .MeSe  '7.9841.01  B.420,19 NeS,
NeS e ngg NeS o NeSo
4 1904635.73 19.7+2.36  HeSo.  7.36+1.54 7.51+0.84 NeSe
o NeBo -~ *  NTSe ' HeTo NeFo ,
5 20,4824.2 2047841425 NS, 668320.75 = 69240476 NeSe
NeSe " HeSe WaTe - NeS
6  20,0322.26 29.2941459 NS ? ?
. NeSo» NeS.e . .
7 2148923.7 19334175  NoSe = 645241.38  6475¢0.76 NeSe
NeSe NeSs HeSo - NoFe
8 1945843473 2242042413  HeSe  5e4141.19  5.990.45 N.S.
NeS s . NeSe ) ' NeSe NeS s ‘
9 2044822,95 2445722411 ' NeSe 7¢1840.71  5.9641468 NeSe
N.S. No L3 Nobo Négq
10 19.8542.17 22.1244:68 NeSe % ?
HeSe NeSe -
11 22928:?.85 22912*2031 HeSe 6056:J003 6.282p047 NOSQ
NeSo NeSo NeSe NeS
12 234294247 23.7325.64 leSe 6.82¢1.09  5.15+0.83 (=24.49)
: NeG s NeSe. 4 , NS NeT. o
13 230@2&.36 ) 24056ﬁ2012 NaSe ? 7
Mgso N§So ‘
14 23.4:3.67 244758366  NoS. Be3820.99  6.53+0.81 («22.08)
NeS e NeSs : MeTe NeS.e ®
958 20:4821.87 26.1824.89  N.S. 6.92+0054  5.03+0.17 (=12.86)
NeSe NeSe ’ NeSe S ®
155 21,3941.91 275623012 (428.85) B.35¢1.33 -
S ’

N-Si

NeS -

? stage could not be obhserved; = embryos weras not anough for estimation.
2 n<0,083 ®2 p<0,015 27 p<B,001; N.S. not significant. G/S and G/M
columns show the percentage change and loavel of significance of the data
botwssn Gauhati and Shilleng and Gauhati and Mawpun respactively for each
developmontal stages



Table 37 § Changss in the specific activity (units/mg protein) x 102 or
cytoplasmi¢ tyrosime aminotransPerase (c=TAT) during ths
garly developmont of C. carpio and Le rohits at diffsrent

altitudes (valuss are oxpressed as

ean :,S.D-).

| €. catpio 1 L. zohita
Deve = . : — .
sta=§ Gauhatdi Shillong | Gauhati § Mawpun
gea | (100m) | (15000) | /% (100m) | (1000m) &/M
0 11.55£1.69 11.1121.91 N.S. 9.36t0624  9.1520.47  NeSe
1 1009840491 112581417  NeSe  13.6641,48 - 15,2606 NeSe
NeSe . NoS. (+45.54)°%  (+66.78)%%®
2 109844466 1099+1¢21 NHe3e 1049843426 121920667 NeS.
N'SO- . I NQ 0. ' B :i * -N;So ‘
'3 11.6344488  9.9340.94  NoSe 9.9¢1.85 10,56¢0.68 HeSe
NeGe NeSe NeSe NeSe
4 110612?'36 16‘79§J033' NeSe 904$3089 ) 10637:p082l MeS e
NeSe - Ne . ' ' NQS.{H " NeSe
S 1261742455 - 11962?&66 - NeSe 9¢82+1.53 9.893ﬂo72. fleSa
' Nég;" . NCSQ' : ’ ’ N;gii ' N'S.'
6 1109840492 - 134054099 ©  N.Ss ? ?
: NeSs - ' NQ:S‘-O ’ ‘ )
7 13069ﬁg§17‘ 12064*1045 eSS 9.352?032.'1GQ1529086' . NoS o
NeSe Nede " NeS. - NeS.
8 QB&71i2091- 11‘58*1.13 Ns3e 7.632J063 " Be2120,43 NeSoe
NeSe B ' ‘HeSe ' (=19,T7)ee
9 12006*2054 '13022*0094 © Neloa 9.63*135“ ’ 8912*0.11 NeSoe
NeT 0 NeSe ' - NeSe " NeSe
10 11.65+1.648 12,7820,35 NeS s ? ?
NQSQ i N' 6\
11 1300422&93Vi13:112p076 Négv 8.133j.08 ) 900329053 NeSe
NeSe - . ' NeBe - ; " NeSe {(+11.21)%
12 13.9441.24  16.86¢1.47 (+20.,95) B,5t1.45 BeB8640497 °  NuSo
NeSe (#28,8)°e - @ NeSe " NeSe
13 1407722019 '1704912018 NeSoe ? ?
NeSe - " NeSe ‘ } : _
14 17.26+2.87 21.0324.0  NeSe.  10.3440.76 12.3740,63 (+59,.62)
NeSo NeSa NeSe (+39,82)¢n0 o
158 15.4562.05  26.02+3.08 (+68.41) 11.8520.49 12.7140.31 (+ 7.26)
NeSe NeSe o NeSae "~ Nee °
15b  15.6621e21 34.2941.64 (+18.28) 11.1321.96 -
NoSe #a0 3.

(+31.78)°#

? stage could not he observed; = ombryos wers not snough Por astimation.

® n<0,055 °° p<0.013 °** p<D.001; NoS. not significant. G/S
columng show the percentage change and lavel of significance of the data

boatwaon Gauhati and Shillong and Gauhati and Mawpun respectively for

tach dovelopmental stans.

and G/M



Table 38 § Changss in the total activity (units/embrye) x 103 of
mitochondrial tyrosing aminotransferase (m=TAT) during

early development of C. carpig and L.

rohitg at

different altitudes (Values are expressad as Mean * S«Du)e

Ce garpio L. pohita
Dove Gaunati ] Shill ) | 1 1 Maw |
sta= auhati illeng : . Gauhati Mawpun § .
ges (10om) - § (1s00m)” | 6/s 1 (100m) 4 (1000m) G/
0 NeDe NeDs NeDe NeDa
1 o NeDs NeDeo NeDs NeDso
2 NeDa  NeD, NeDe NeDo
3 NOQQ NQDQ' Nboo NODQ
4 ~“NeDeo- NoDeo NeDs NeDe
5 NQDQ NQDO NQDQ N.D.
3 NeDs NeDe ? ?
7 Nogo &030 ﬂ.Oq N.DC
8 NeDe NeDe NaDeo NeDo
9 NQD; NQDQ NoDo NQDQ
10 HeDe NeDe ? ?
11 2482:1,23  2.3520.71 NeSe NeDe - NeD.
12 546341038 44441.07 NeS o 17420435 1.540.31  NeS,
(+99.85)® (+87.23)*
13 Bed8+167 10e443.35 NaSe ? ?
. (+49.91)* (+138.36)2°2
14 9,0+0,89 25.acgp.95 (+67.78) 2.42+0019 1458038 (=38.02)
Hedw +45.19)* aoe (+39.08)°° NeSe a8
15a 125115}.02 14475¢3,16 NeB o 2994052 2,2#0.55 NeSe
NeSs NeS o NeS ot NeSe
5B 1442#1.18  43.0610.12 (+202. 345740439 -
NeSe (#191053)”” NeGs

7 stags eould not be observed; » embryos were not snough for sstimation.
2 p<0,053 ** p<0.015 *#¢ p<D,001; MeDse not dotoctods NeSe not signifie=
cante G/S and G/M columns show tho porcentans changs and lovel of '
significance of the data between Gauhati and Shillong and Gauhati and
Mawpun rospectively for sach developmental stagse



i\

Changes in the specific activity (units/mg protein) x 10
of mitochondrial tyrosins aminotransferase (m;TAT) during
tha early dsvelopmant of C. carpio and L. rohita at
differsnt altitudes (values ars oxpressad as Mean # SeD.).

Table 39 @

Dev ! - Lo cappio Le rohita
sta= Gauhati | Shillong Gauhati AE Mawpun 1 -
ges (100m) (1500m) 15/3 t (100m) ' (1000m) iG/M
0 N.DQ N;Do NoDo NQDO
1 " NeDo Welo NeDo NeDo
'2 ‘N{Dq’ N.DO . Nng s ,Nqu
3 . ﬁ,Do . N-D? NQD. N.O.
‘4 ANQDJM NQDW N.Dg _NODQ_
5 . NODQ Nbo} N.DQ l NQDQ
6 NeDeo NeDe : ' ? ?
7 NeDeo NeDo NeDo MeDe
8 .Nﬂot. &QD% . NQDQ ‘N.DQV
9 NpDa NQD} ‘ Nogo NeDos
10 NeDe WD 72T
11 2.8481.01  T.9640.67  N.S. MeDe NeDo
12 3,0242.88  3.35+0.35  NeS.  1.3940.16 1.6640.16 H.5.
NeSe  (+#70.92)9ee
13 5023#0.81  5,65+1.14 - NeSe 7 ?
NeB.  (+68.86)%°
14 4.534+2,26 7.4i9086 NQSO_ 1q41tp925 1.@3*091] NeSa
WeBe  (#7.5)%0e ' ‘ NS o NTB.
15a 54712128  641740.88 (+63436) 1.5140.31 1.37+0.16 N.S,
. "NeD s T WeDo @ NeSe 25 »
150 8.76£0.75 16.55£2.88 (+247.69) 1.63+0.12 -
NaSo was No [

(+168523)*

7 stage could not be observed; = embryos wera not eriough for estima=-
tion, ? p<0,053 ** p<0,013 #9% n<B,001; N.Ds not detected; N.5. not
significant. G/S and G/M . columns show the pesrcentage changs and
lovel of significance of the data betwseen Gauhati and Shillong and

Gauhati and Mawpun respectively for ezch davelopmaental stage.
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FIG. 2a. DIAGRAMATIC REPRESENTATION OF DIFFERENT EARLY DEVELOPMENTAL STAGES

~~

AP=ANIMAL POLE; B=BLASTO DISC;Y

VITELLINE MEMBRANE; V.P: VEGETAL POLE; BM: BLASTOMERE.
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FIG. 2b. DIAGRAMATIC REPRESENTATION OF DIFFERENT EARLY DEVELOPMENTAL STAGES
- (0-15b) OBSERVED IN C.CARPIO. BL:=BLASTOCOEL ; GR= GERM RING6; ES: EMBRYONIC
SHIELD; NK=NEURAL KEEL, NP=NEURAL PLATE; YP=YOLK PLUG; S=SOMITE; OL=

OPTIC LOBE, PE=PI6MENTED EYE, H=HEART,; YS=YOLK SAC.
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STAGE 15b

FIG. 2c . DIAGRAMATIC REPRESENTATION OF DIFFERENT EARLY
DEVELOPMENTAL STAGES (0-15b) OBSERVED IN C.CARPIO.
PF=PECTORAL;: FIN; MY= MYOTOMES ; T=TAIL; E=EYE
H=HEART; YS=YOLK SAC.
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Fi6e. 3b. DIAGRAMATIC REPRESENTATION OF DIFFERENT EARLY DEVELOPMENTAL STAGES
(0-15b) OBSERVED IN L.ROHITA. ES=EMBRYONIC SHIELD; GR=CERM BAND/

NP=NEURAL PLATE . S=SOMITE ; H=HEART: YS= YOLK SAC,E=EYE, M=MYOTOMES ,
T=TAIL. :
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Inhibition of Tyrosine Aminotransferase Acitivity during Severe Hypoxic
Stress in a Fish Cyprinus carpio

B K RATHA & A K BHAGOWATI
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Shillong 793014
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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 total and specific activities of the hepatic enzyme whereas the activities of the other two
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?®.
Physical stresses like starvation®, exposure to cold*,
laparatomy and partial hepatectomy® have also been
shown to induce hepatic tyrosine aminotransferase
activity significantly. 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 gene®. 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”® suggest that glucocorticoids fail
to induce the hepatic enzyme in animals 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® and hydrocortisone in frog
tadpoles'®. 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,
155-170 g; length, 16.9-17.3 ¢cm) obtained from Assam
Govt. Fish Farm, Gauhati, were brought to Shillong in
artificially oxygenated ,water in polythene bags and
“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 — 15°C. These tissues were thawed and a 109,
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'! and protein'2.
The enzyme activity was expressed both as total
activity (units/g wet wt tissue) and specific activity
(units/mg protein). ‘

The results obtained (Table 1) 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'?, 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®. Increase in
cortisol level has been reported in fish during
stress'*!%. 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”8.

The enzyme activities were not affected both in the



INDIAN J. BIOCHEM: BIOPHYS., VOL. 18, DECEMBER 1981 -

Table 1—Effect of Hypoxia on Tyrosine Aminotransferase Activities and Protein Content in Liver, Brain and Muscle of
Control (C) and Hypoxic (H) Cyprinus carpio

Total activit)} Sp. activity Protein
(units/g wet wt x 10) (units/mg protein x 10%) (mg/g wet wt)
o c H c H o H
Liver ) .
552.3+108.7 314.51+£83.3 399.5+58.2 1 239.8+55.8 137.49+10.56. 130.43+7.49
(~43.06) (—39.98) NS , -
P<0.02 P<0.01
Brain
16.03+4.95 17.951+7.58 15.9+5.1 17.8+6.2 100.86 +7.89 99.99+15.67
NS NS NS
Muscle
3.6310.97 396+1.3 45109 49+1.5 80.54+13.41 78.36 £14.86 .
NS NS ' NS
Figures in the parentheses indicate percentage change.
NS, Not significant.
brain and muscle during the hypoxic stress though the been shown in mammals that norepinephrine

hepatic enzyme was significantly suppressed. Such
tissue-specific responses are 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®*.

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 animal. Tyrosine is a non-essential amino acid in
fish!® and is synthesized from an essential amino acid

- phenylalanine by hydroxylation!’. 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!®. It has also
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suppresses hepatic tyrosine aminotransferase activity!®
This decrease has been attributed to the formation of.a
complex due to competitive binding of norepinéphrine
with pyridoxal phosphate cofactor and thus decreasing
the rate of apoenzyme synthesis?’. During hypoxic
stress the liver glycogen is catabolized resulting in
elevated blood glucose level?!. Decrease in the enzyme
activity with enhanced blood glucose level has been
shown in mammals®? and frogs?? :

Grossman et al.?* have proposed that tyrosme
aminotransferase  being a gluconeogenic enzyme, the
ratio of tyrosine and glucose would be of importance in
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 (AK B) thanks the Council of Scientific &
Industrial Research, New Delhi, for the award of a
junior research fellowship. '
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Ammo-acld composition of haemolymph of the crab, Paratelphusa (Liotelphusa) lews
Wood-Mason during*healthy and pathogenic conditions

-

, . :

It is well 'e'stablished that the compo-
sition of the haemolvmph of insects and
other groups of arthropods varies mar-
kedly in relation to different environmental
conditions' as well as during various
pathogenic conditions?’3, such as starva-
tion', fungal infection®, ultra violet redia-
tion and others
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-
“pated the free amino-acid constituents of
the haemolymph of the fresh water crab
Paratelphisa (Liotelphusa)
Mason during normal life and during star-
vation as well infection by the aquatic
fungus, Blastocladiales sp. and the results
are presented here.

' The fresh water crabs, Parateiphusa (L.)
“levis were collected from the local streams
and cultured in aquaria in the laboratory.
The crabs, infected with Blastocladialis 8p.
were also collected in nature and utilized
for our study.

Alive carbs (intermoult stage) were
anaesthetised by keeping them' at 4.5°C
in a refrigerator. Haemolymph was col-
lected by gently puncturing through the
body cuticle and subsequent aspirating
in small glass capillaries. The collected
haemolymph samples were poured in clean
centrifuge tubes and centrifuged. Free
clean serum was collected and submitted
to descending paper chromatography.
Whatman No. 1 chromatogram paper was
used with the solvent system n-butanol:
acetic acid; water (4:1:5volvol).
Chromatograms were run for about 4-5
hrs. at room temperature (28°C).
dard amino-acids (BDH) were also run for
comparison. Detection of amino-acids was
done by spraying with ninhydrin dissolved

In comparison to other

levis Wood--

in n-butanol and subsequent - heating in
a. hot oven at 100°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 Puratelphusa (L.)
levis is straw coloured and viscous. The
clear serum was directly spotted as the
sample on the Whatman No. I paper and
chromatography was carried out. The re-
sults presented in Table 1, show that
five' amino-acids, namely methionine, ly-
sine, cysteine, cystine and arginine were
presentad in the ‘normal healthy haemo-
lymph. ‘

TABLE | : Free amino-acid composition of the

Stan-

serum of Paratelphusa (1.) levis during
normal condition, starvation and
fungal infection
Name of the Normal »Starvation Fungal
amino-acids condition infection
Methionine- + 4+ +++ +++*
Lysine +4+ + .+
-Cysteine ++ +4 +
Cystine +++ +++ -
Arginine +++ + ++
* Key: -4 : very intensively present

.+ : intensively present
4- : present
— : pegative

Perusal of Table 1 indicates that the

.amino-acid composition of the haemolymph

of Parctelphusa (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 crabsand



( 2)

Professor R. G. Michael for e‘nco'u‘r’agement‘ © I F. Ircevers and L. Lavenbook, Biochim. Biophys.
and interest in this work. : Acta., 8, 358, 1960.

AJIT KUMAR BHAGOWATI - »

A. RAGHU VARMAN* G. Duchateau and M. Florkin, Arch. lmern Phy-

Department of Zonlogy, N ‘'siol. Biochem., 66,573, 1958.

icgﬁglﬁzfs';;,fi %::ﬁn(‘}eswersny 3 J. Moens, Odontologica, 4, 169, 1978.

21;25:579;20,‘%§’M1e;;0a feye). A 4 A, Sannasi, J. Invert. Pa/hol., 13, 11, 1969.

£ PreVlously called as A. Sannasi, T ) S A, Satnnasi, J. Invert. Pathol., 16, 65, 1969.
VRN

| i
‘.d‘ B E /

‘Published by Sdmarjt Kar, on behalf of the Indian Sciénce News Association, 92, Acharya P, €. Rodd,
-Calcutta-9 and: printed.at Farihat Press.  93/2; Sitarams Ghiosh Street Caleutta-9



Proc. Indian natn. Sci. Acad. B48 No. 1 pp 67-72 (1982)

Biochemical Composition and Nutritional Value of Three
Species of Hillstream Fish belonging to the Genus
Garra from North-Eastern India

A K BHAGOWATI and B K RATHA
Biochemical Adaptation Laboratory, Department of Zoology,
School of Life Sciences, North-Eastern Hill University,

Shillong 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. lissorhynchus). 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.

K'éy 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

for the people

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
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 & Tyagi 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
thiree species of Garra (G. gotyla gotyla,
G. annandalei and G. lissorhynchus)
from North-Eastern India.

Materials and Methods
Fish
G. gotyla gotyla (length 11~14 cm; wt.
16-19g) and G. annandalei (length
9-10.5 cm; wt. 13-16g) were collected
" during April 1979 from Pagiadia river, a
torrential stream at Uttarkuchi (26°51°N
and 91°25’E), Assam, at an altitude of
about 265m. G. lissorhynchus (length
6-7.5 cm; wt. 8-10g) were collected
during May, 1979 from Umkhrah stream

at Shillong (25°34'N and 91°56’E),

Meghalaya, at an altitude of about
1400 m. The fishes were collected between
7-10 A.M. when the water temperature
was 17-18°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—15°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 12-15

fishes.

Analytical procedures

A 109, 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 ninhydfin
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 KHsPO, as standard. DNA and
RNA were estimated by diphenylamine
and orcinol reagents respectively follow-
ing Schneider (1957), using calf thymus -
DNA and yeast RNA as standards. Pro-
tein was estimated by Folin-Ciocalteau
reagent (Lowry et al. 1951) 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 expressed as mg/g wet wt of tissue.

Results

The concentrations of various chemical
components studied have been expressed
in mg/g wet wt of muscle, liver, kidney,
brain and gill of G. goryla gotyla,
G. annandalei and G. lissorhynchus. The
concentrations of total , protein and
free amino acids have been shown in
table 1, 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 Tissue protein(P) and free amino acid (FAA) contents* (mglg wet wt) in muscle, liver, kidney, brain and gill of G. gotyla gotyla,

G. annandalei and G. lissorhynchus

A}

Muscle Liver Kidney Brain s 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 1+0.019 +24.26 +0.034 +8.02 4-0.04 +6.34 4-0.802 +4.04 3:0.025

G. annandalei 166.3 0.93 151.73 1.6 106.56 1.12 61.41 0.625 37.39 0.32

+14.56 40.13 +14.01. 4-0.018 +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 10.015

+5.11 +0.036

*Values are mean o standard deviation.

Table 2 DNA and RN A contents (mglg wet wt.) in muscle, liver, kxdney, brain and gill

G. lissorhynchus

of G. gotyla gotyla,

G. annandalei and

p

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. annandalei 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 +0.011 +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
+0.016 +0.035 40.01 =+0.04 +0.019 +0.03 +0.019 £0.19

+0.014 =0.14
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Table 3 Inorganic (Pi), labile (Pl), bound (Pb) and total phosphate (Pt) contents® (mglg wet wt.)
inmuscle, liver, kidney, brain and gill of G. gotyla gotyla, G. annandalei and G. lissorhynchus

Muscle Liver Kidney Brain Gill
“G. gotyla gotyla
Pi » 30.0 45.0 37.33 25.66 63.0
+4.0 +5.0 +7.64 +4.1 +14.36
Pl 4.0 7.33 4.0 3.33 3.66
+0.5 +1.18 +0.5 © 40.95 +1.07
Pb 27.33 " 24.66 18.0 16.0 20.67
+4.5 +12.9 £8.5 +5.6 +7.25
Pt . 61.33 77.0 59.33 44.99 87.33
+13.06 +13.42 16.42 £11.0 £21.52
G. annandalei - :
Pi 29.66 43.0 36.66 22.33 66.0
+4.22 +12.65 +4.73 +£2.13 +14.0
Pl 2.83 75 3.83 5.17 216
+0.6 +0.5 +1.27 +2.24 +0.79
Pb 29.18 20.5 17.83 16.5 15.5
+5.4 +6.0 +6.9 +2.2 £5.54
Pt 61.66 7.0 58.33 44.0 83.66
+12.0 +8.0 +9.53 +4.36 +18.03
G.' lissorhynchus
Pi 33.6 47.0 39.0 25.0 70.0
+4.73 +8.54 +14.35 +4.0 - £10.0
Pl 3.5 6.0 3.83 3.83 1.66
+1.0 +0.59 +0.61 £0.79 +0.79
Pb 23.5 17.0 11.83 19.83 1.67
+5.5 +8.0 16.5 +6.9 +2.26
Pt 60.23 70.0 54.66 48.66 79.33
£13.24 +14.35 +9.56 + 5.6 +9.65

*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 andminimuminG. gotyla
gotyla. However, these differences
between the species were not significant.
The tissue distribution of DNA was in

the order of brain >> muscle > kidney >

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 deﬁmte
order in other tissues. ‘



Biochemical Composition of Three Species of Garra 71

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 their
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 amino acids observed in this
study, might be due to the structural and
physiological differences among the
tissues. Muscle contains a large dmount
of structural proteins with low turnover
rate whereas liver and kidney 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 Jevel 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 lével 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 have 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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