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ABSTRACT 

The present work on two freshwater teleosts, CyprilliOIl watson; and Ba,.tllII.~ 

l'ugra (Cypnnldae, releostei) was conducted to study (I) monthly steroid profile in 

relation to seasonal changes in ovarian development, (2) relative imponancc of various 

ovarian steroids in inducing maturation of oocyles III vitro as well as the role of human 

chorionic gonadotropin (heO) in this process, and (3) metabolic potential orthe ovary of 

Cypriru'oll watsoll; ill vitro in the presence of selected steroid substrates, given singly ai' 

jointly with heG. 

The study shows that both C. walso"i and B. lIagra are asynchronous spawners 

with a breeding season that lasts from May to August. The histological picture of the 

ovaries of these fish matched the seasonal OS!. The mean GSI in the two species was low 

in the postspawning months, reached a peak in April and graduall y declined during the 

spawning season (May to August) to its lowest values in the postspawning months of 

September to December. Following initial vitellogellic progress that began in 

JanuaryIFebruary and reached its peak in April , the vitellogcnic and maturing oocytes 

coex isted during the active spawning months. 

The detenninnlion of ovarian steroids ill vivo and in vitro was done by solid phase 

extraction of steroids from ovarian samples and the incubation medium, using Sep~Pak 

C I8 and resolution by reverse phase gradient mobile HPLC at 254 and 280 run. The 

steroids idenl ified ill vivo during the year were estriol (E: estra~ I .3,5 (I0)-trienc-3. 16a, 

17P-triol), estrone (E,: estra- I ,3,5 (I 0)-tri ene-3-01-17-one), estradiol 17P (E, : estra-I ,3,5 

(10)- trienc-3, 17P- diol), testosterone (T: 17p- hydroxy- 4- androsten- 3- one), 

androstenedione (AD: 4-androstene-3, 17-dione), IIP-hydroxyandrostenedione (11B­

Ol-IA: 11 p-hydroxy-4-androstene-3, 17·dione), 19-hydroxyandrostenedione (L9-0HA: 

19f3·hydroxy-4-androstene-3, 17·dione), progesterone (P 4: pregn~4-ene·3, 20-dione), 17-

a-hydroxyprogesterone (17-0HP: 17a-hydroxypregn-4-ene-3, 20-dione), 17a-20p­

dihydroxypregn-4-ene-3-dione (17,20~P : J 7, 20P-dihydroxypregn-4-ene-J-one), 11-



deoxycorticosterone (DOC: 21.hydroxypregn-4-ene-3.20-dione), corticosterone (B: 110, 

2 1.dihydroxypregn-4-cnc-3, 20-dione), cortisol (F: 11 p, 17(1, 21·trihydroxypregn-4-cne. 

3, 20-dione) and aldosterone (ALDO: II p, 21 -dihvdroxypregn-4-ene-3. 20-dion-18-al). 

The levels orthe three estrogens increased in para llel with the initial vitellogcll ie progress 

during JfUluary to April, with peak levels in March/Apri l followed by only gradual 

declme III !he spawmng season (May to August). EI appeared as a prominent estrogen in 

both species and matched El both in level and persistence at appreciably high levels 

during the spawning season. The seasonal profile ofT and AD was also similar to that of 

estrogens, suggest ing a role in vitellogenesis as well as maturation of the oocytes. 11 p­
OHA and 19-0HA waxed and waned during the year and were the dominant androgens 

in both species. The concentration of P" was generally low during the year in both 

species. 17-0HP and 17, 20PP showed peak concentration coincident with vitellogenic 

peaks and onset of the spawning season and prevailed at appreciably high levels during 

major part of the spawning season (period of oocyte maturation/ovulation and 

ovipositiOll). The presence of DOC, Band F throughout the year in the two species 

demonstrated that their ovaries are capable of synthesizing these stero ids. In both specie~, 

DOC and B appeared as dominant corticoids. Peak levels of DOC and B in C. watsoll; 

matched the early to late recrudescent phase; while in B. vagra high levels of these 

sterOids occurred 111 the penovulatory and spawning season. The levels of F were 

genera lly and re latively low throughout the year in both species. Species differences were 

evident in that its concentration was slightly higher in B. vagra, whereas in C. watson; it 

persisted for a longer duration. The detection of ALDO was not surprising since it has 

also been identified in a few other species. The ill vivo profile collectively showed a 

patlem that matched the asynchronous ovarian development and affinns the view that the 

estrogens principally support vitellogenic growth and the progestins oocyte maturation. 

The androgens appear to be associated with both vitellogenesis and maturational 

progress. There is need to experimentally detemline the precise physiological 

significance of 11-oxoandrogens and the corticoids identified presently in the two 

species. It is further noted that a more precise definition of the association between the 

ovarian steroids and the ovarian stages may be achieved by analysis at shorter sampling 

intervals than has been possible in this study. 
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The results of the ill vllro work 0 11 oocyte maturation revea ls that 17~ 20PP is the 

most potent MIS 111 the two species. While the estrogen:1 tested itl vitro were entirely 

ineffecti ve ill causing significant GVBD, both the and rogens !1nd progestins caused 

.,ignilicant GVBD. the response being both time and dose-dependent. However, only 17, 

20f}P causeu the earl iest GVBO and with near physiological dosage (0.01 ug/ml. 24 hr 

incubation , C. watsolli), In B, vagI''' . evell DOC had a significant GVBD effect but again 

17, 20PP turned out to be the most polent MIS, Human chorionic gonadotropin (heG) 

also caused slight but significant GVSO in both species and strongly promoted the 

GYSO response to all exogenous steroids, especially the progestins. 

Treatment of the ovarian follicles of C. watsoni with heG alone or jointly with 

the various s teroid substrates and recovery of metabolites in the incubat ion medium 

uemonstrated ex istence of a repertoire of enzyme pathways in the fully grown ovarian 

folli cles. Whereas the ill vilro and ill vivo analyses support ex istence of at least 

cytochrome P450aromatase, 17-hydroxysteroid dehydrogenase (17-HSD), 20p­

hydroxy, teroid dehydrogenase (20P-HSD), II-hydroxylase, 16-hydoxylase, aldosterone 

synthetase (P450aldo) and sulphuron.yJ and glucuronyJ transferases, the presence of a 

lIumber of unknown peaks in the chromatograms suggests ex istence of olher enzymes as 

well. Further implication of this latter observation is that while 17. 20PP appears to be the 

Illast potent MIS ill vivo and ill vitro in the two species, definitive conclusion in this 

regard must be deferred until further work has been done to ident ify these as yet 

unknown steroids, some of which may be trials or tetral s. 

The presence of conjugated estrogens, androgens and progestins both ill vivo and 

III vifro not only reflects the ability of the ovaries to intramurally deactivate and excrete 

these steroids but also invites attention for future investigations to determine whether the 

conjugated s teroids have other biologically important functions, pheromonal or other, in 

fish reproduction. 
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The presen t study was undertaken against the background of total neglect in th is 

country of a very fundamental area of reproduclive physiology of fishes . It thus 

represen ts a "ground~breaking" efTon to overcome technicill handicnps {lnd paves the way 

for further in-depth work on these two species and other local commercially imporlant 

specIes 
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INTRODUCTION 

Reproductive cyc les of fishes and til e underlymg physiological 

mechanisms have beet I of {)l'Ofolind itl leresi t() fish biologists the world over All 

undcrswnding of these is not only crucial from a comparat ive point of view bllt 

tdso for developing metlluds fClr controlling reproduction of I!conomlcuJly 

lI11porta11l species of teleosts. In Pakist<lll , Illuch of the Ibcus of research in this 

field has been confined to descriptions of seasonal reproduc ti ve cycles. instances 

nre rare where envirorunental and honnonal fac tors that govern reprodl lclivc 

seasonality in local spec ies of fish have been analyzed in vivo (Shaikh and Hafeez, 

1993; Shaikh el ,,1.,1991) or ill vilro (Haider, 1985; Gh.ffar, 1988; Zuberi, 1990). 

The ill l ,jlro studies by these latter workers have been largely of a prel iminary 

nature. In fishes, as in other vel1ebrates, the gonads respond to envirolmlentally 

mediated hypothalamo-hypophyseal influences and sequentially pass through 

stages o r gametogenesis and matumtion of the gametes, culminat ing in spawning 

episodes. Gonadal steroids thaI also constitute the focus of the present 

invcstigat ion regulate these sequential events. A voluminolls body of infonnatioll 

cun'cntly exists on steroid profiles. steroid biosynthes is !md the temporal 

relationshIp oftllc steroids with breeding cycles o f fishes III general and rcleosts In 

particular. Several comprehensive reviews of the work done on both testicular and 

ovarian steroids dudng the last several decades are available (Idler, 1972; Colombo 

and Belvedere. 1977. Colombo el al.,1978,; Kime, 1991, 1993; Goetz, 1983; 

Foslier et al .. 1983. 1987; Scott and Canario. 1987; Scott el al.. 1998; Nagahama, 

1994a; Nagaham3 et al., 1982, 1994; Borg, 1994). The present work reported 

herein was undertaken to examine the seasonal ovari an steroid profile of two local 

fi'cshwater cyprinids. Cypriniofl walsolli and Bori/iliS vagr(l with a view to relating 

it to their breeding seasonality. Also included in thi s study is analysis of steroids 

that may mediate maturation of the oocytcs ill vitro and in vivo. 



ProgressIve development of ovanan fo llicles involves several steps 

(reviews: Goetz . 1983; Selman and Wallace, 1986; Nagahama, 1983, I 994aj 

Nagahama e l (11., 1994). initially, the oocyte passes through periods of primary and 

secondary growth during which its surrollnding envelopes o r thecal cell s, granulas" 

ce ll s and chorion are added, sequestratioll of hepatically synthesized vitellogenin 

lesults in marked increase In the size of the follicles . Until this time, ule oocyte 

remains arrested in the first meiotic prophase. The postvitel1ogenic oocyte now 

enters maturation phase during which reinitiation of meiotic events, migration of 

the gennina l vesicle (GY) to the oocyte periphelY and its ultimate breakdow'l1 

(GVBO) occurs signaling completion of the meiotic prophase-I. The oocyte 

progresses towards metaphase-2. increases further in size by hydration and 

becomes a fertilizable egg. It is ovulated and the fish is ready for spawning, 

environmental condi ti ons pennitting. 

These developmental events in the ovaries of tcleosts are regulated by 

s teroids that are synthesized therein under the direct innuence of two 

gonadotropins, GTI-I·I and GTH· I! (Ng and Idler, 1978; Peter, 1981 ; Idler and Ng, 

1983; Suzuki at 0/., 1988; Swanson, 1991; Schulz, 1995; Bass in ef ClI .• 1995; 

Mylonas el al., 1997). Updates of the earlier studies on gonadal sh.:roids (reviews: 

Idler, 1972; Kimc, 1979, 1980; Fostier er al. , 1983; Goetz, 1983) by Kime (1993), 

Nagahama el (11. (l994). Borg (1994). Scott et al. (1998) show that a wide range of 

estrogens, androgens and progestogens, both "classica'" and "noIlMclassicaJ", are 

Gyn thesized in the ovaries of fishes. According to the classical view, estradiol 1713 

regulates the synthes is of hepatic yolk that is then sequestered into the oocyte. 

GTH-I has been shown to activate the enzyme P450 aromatasc that converl s 

testosterone to eSlradiol 17P and androstcronedioll,e to es(rone~ the. entire process 

occurring, respectively, in the thecal cells and granulosa cell s of the follicle (two­

cell salmonid model : Kagawa e/ al., 1982a, b, 1985; Young et (II ., 1984; SCOIl and 

Canario, 1987; Kimc, 1993; Nagahama el al., 1994) or ent irely in the granu losa 

cells (non-salmonid model : Wallace and Selman, 1986; Pelrino c( al., 1989; Kime 

z 



(993). On completion of vitellogenesis. GTH-U stimulates synthes is of maturation 

indllcinu hormone (MIH/MIS) vin 20p-hydroxylstcroid dehydrogenase (20P-IISD), 

which In most species appears to be 170., 20B-dihydroxy-4-pregnen-3-one (17, 

201iP) (SCOIt (11 (II., 1982; SeoU and Callario; 1987. 1990, 1992; Scon and Turner. 

1991; Kimc, 1993; Nagahl:tmu 111 (1/. ,1 994). This seqllence of steroid biosynthesis 

and regulation of oocyte development in fish ovary principally based on work on 

salmon ids has been subjected to critical analysis by examination of several other 

major groups of teleosls, revealing great variety in steroid biosynlhelic pathways 

and seasonal correlations (Horvath 1978, IUme, 1979, t 990, 1992; Campbell ef (II ., 

1980; Bohemcn, 1980; Godovich el al. , t 982; Bromage ef al., 1982; Kagawa ef aJ., 

1983a, b, 1984; Scott el a/., 1980, 1983 ; Scott and Canario, 1987; ScoH and 

Sumpter, 1989; Scott and T urner, 199 1; Scott and Canario, 1990; Scott and Baynes, 

1982; Scoll el al., 1982, 1998; Ki me and Haider, 1983; Fitzpatrick el al., 1986; 

Varon and Levavi-Zermoll sky, 1986; Matm ing and Kime, 1984; Petrino et ai. , 

1989; Rinchard (1J al., \993; King el ai., 1994a, b; Malison el al. , 1994. 1997; 

Mananas ef aJ 1997; Asturiano eJ til., 2000; SU5ca el al., 2001). In view of the 

diversity of the teleosts and the reproductive strategies adoplt:d by individual 

species models based on a s ingle group of teleosts can hardl y be considered of 

universal app li cat loll. This constitu ted one of the additionn l considerations that 

compelled the present work on the selected cyprinid species ;1\ Bn attempt to 

con tribute to the wealth of infonnation already available on the seasonality and 

biosynthesis of ovarian steroids. 

1" vitro bioassays have been of universal value in evaluating the relative 

effect iveness of gonadal steroids in inducing final oocyte maturat ion, hornlonal 

regulati on Ilnd ovulat ion in a variety of Ideosts (Id ler el al., 1960; Schmidt and 

Id ler, 1962; Fostier eI al., 1973; Jalaben and Brelon, 1973; Jalaben, 1976; 

Sundararaj and Gosw3mi, 1977; Goetz and Bergman, 1978; Iwamats ll, 1974, 1978, 

1980; Duffey and Goelz , 1980; Campbe ll ef al., 1980; Nagahama er al., 1980, 

1983, 1994; Sower and Schreck , 1982; Scott and Baynes, 1982; Ymlng el al., 
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1982, 1983a, b, 1986; Yamauchi er al. , t983; Nagallama and Adachi. 1985; Goetz 

and Celtll. 1985; Canan o ~nd Scott. 1987a, b; Scott !tnJ Canario , 1987; Thomas, 

1994; Scott ef al" \998). 17, 20UP is known to be lhe most potent Mn-l in grt~<tt 

nlfljorily of teleos(s, particulurly the sa lmonids. However, a Humber of other 

ovnrinn steroids including corticosteroids and deoxycorticosterolds have been 

found 10 have equal and 10 some cases even gretHel' potency as MIS in vitro ill 

several species (Goetz, 1983; Modesto and Canario, 1993; Trant and Thomas. 

1988; Schoonen etal., 1988; Kime et (1/.,1991; Asuhina et ai., 1992; Kime, 1993; 

Scott and Canano, 1987; Nagahama et al., 1994; King et al., 1994a, b). This 

observed diversity ofMIH activity on species basis provided suffic ient grounds to 

investigate which of the ovarian steroids may be the final M IH in the cyprinids 

selected for the present study. There is also evidence that the rully grown oocytes 

or somc teleosls do nO( hove the requisite competence to respond to MIH unless 

they have been primed by GTH (Lambert e( al., 1982; Kobayashi e( lIf. 1988b; Zhu 

ef a/., 1989; Patino and Thomas, 1990 a, b; Kagawa et 01.,1994). Exposure of the 

rollicles to human chorionic gonadotrophin (heG) ill vil'o or ill vitro enhances their 

competence (Epler. 1981a, b; Epler ttl a/., 1987; Zhoa and Wright, 1985; Khne amI 

Bicniarz, 1987; Patino and Thomas, J990a, b, c; Thomas and Palino, 1991). The 

effect of hCG in promoting MOi activity by itself as wet! as in combination with 

di frerer'lt steroids was also tested ill vitro in the present work on C. wolsolli and B. 

!lagro. 

Elucidation or steroid biosynthesis has also been greatly faci litated by if' 

\'ilro studies. incubation of ovarian follicles in the presence of radio labc1ed steroid 

substrates has yielded infonnation that has enhanced our CUITent l1nderstanding of 

the attendant enzymc pathways (fishes: Kime, 1993; Mammals: Gore-Langton and 

Annstrong, 1994). Progesterone (P4). originally derived from cholesterol, is the 

first biologically important steroid. which is convertcd to 17n-hydroxyprogesterone 

(17-01-11') by 17a-ilydroxylase. 17-0HP in tum yields androstenedione (AD) by 

cleavage of C-I7~ 20 carbon bond by the activity of 17. 20 desmolase (also called 
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lyase). Both 17u-hydroxylase and desmolase 'Ire part of single enzyme, cytochrome 

P450-cl1. 17-0HP is also converted 10 17. 20PP in the ovarian granulosa by the 

cnzyme 20p-hydroxysteroid dehydrogenase (20P-HSD). Testosterone (T) IS 

derived rrom dchydroepiandrostcrone (DI-IEA) or AD by the activity of 17[3-

hydroxysteroid dehydrogcnase (17P-HSD). AD ul1d T are then irreversibly 

converted, respectively, to estrone (Ed and estradiol 17[3 (E2) by aromalase P450, 

while AD and E, are reversibly metabolized to T and E2• respectively, by isozymes 

of 17B-I-ISD (Gore-Langton and Armstrong, 1994). Besides the above enzyme 

systems other enzymes have also been identified in teleost ovaries sllch as 

reductases and hydroxylases that are responsible for inacti vation o f biologically 

act ive estrogens, and rogens, progestogens and co rt icosteroids to their less active 

f0I111S, These steroids are also inacti vated through conjugation by sulphuronyl and 

glucuronyl transferases (Scott and Vennierssen, 1994), Besides facilitating 

excretion of steroids in urine andlor bile, they also seem to have a pheromonal ro le 

(Colombo el al. , 1980; Van den Hurk and Lambert, 1983; Van den Hurk. et al .. 

1987; Canario and Scott, 1989a; Scott and Vem,ierssen, 1994). 

Several I-J PLC methods, based on both isocratic a.nd gradient elution, have been 

described ror the analysis of steroids (Shackleton, 1986; Robards and Towers, 

1990; McDonald and Bouvier, 1995), The gradien t elut ion usually allows 

separation o f samples wi th large number of analytes but is limited by the 

reproducibi lity of the retention time that is usually less precise compared to the 

isocrat ic elut ion. However, this limitation is negligib le when steroid concentrations 

are ahove the UV detection limit. Solid phase ex traction provides clean extracts 

(Venkatesh et al. , 1989. 1 992a; McDonald and BOllvier, 1995), circumventing the 

need of frequent regeneration of the column. Use of a 2Q minute washing cycle at 

the end of each analytical ru n is sufficient to keep both the injector and the c Imn 

sufficiently clean for munerous injections. The so lid phase extraction is al very 

useful for simultaneous detennination of both conjugated a~"'~ ~ ugated 
stcroids as demonstrated by the accuracy of detennination or the DHEA 
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(dchydroeplandrostcroll c) and Its sulphated conjuga tes (Kime el a/ .. (991) . Sep­

Pak 18 and reverse phase HPLC using gradient elulion were, therefore, app lied ill 

the present study for scpamtlon and Identi ficatian of stero ids ill vivo ~l11d in vitro. 

Much of the focus on gonadal steroids in telcosts was initially directed at 

examination of ~It.:roid profiles of commerciall y villullb le species, I)llrticularly the 

Salmoniformes (Reviews: Idler, 1972; Foslier el al ., 1983; Kimc, 1993). The 

diversi ty of the teleostean group and the reproductive adaptations unique to its 

various taxa, however. necessitated a wider scope of research than was possible 

previously. Such a redirection of research in recent years has facilitated a far better 

understanding of the teleostean reproductive physiology and the endocrine events 

involved in cyclic development of the gonads round the year. It was with this 

background in view that the present work on C. watson; and B. vagra was 

envisaged in an attempt to contribute to the wealth or information that became 

available in the eighties and nineties. An equally important consideration, in the 

context of local neglect of focus on a fundamentally important field of research, 

was the need to ident ify local species as models for future invt.:sligalions that 

wOlild be of value in efforts to control fish reproduction as part of aquacultural 

progwms of research on commercially important species as well . Thus, in this 

investigation 011 C. watsoni and B. vagra the areas of foclIs were (1) study of 

seasonal profile or ovarian stero ids in relation to development of the ooeytes and 

annllal reproduct ive cycles of these species, (2) detemlination of maturation­

inducing potential of selected steroids and heG ill vitro, and (3) examination of the 

potential of the ovary of the Cyprilliofl w(I1$o,,1 to metabolize exogenous steroid 

substrates in vitro. 



MATERIALS AND METHODS 

Au hnals and Tissue Preparation 

Ban/ills l'ugra and Cyprillioll watson;, ht:longillg to the fanu iy Cypnnuinc 

3fC commonly found In Ihc hill streams ofls lamabacl where surratt: waler It:ll1pcratlirc 

I'<lllgcs during the year between 14°C in the coldest 11I0l1lh5 ancl 29QC 1\1 the wannest 

months. Monthly samples of fish were collected with cast nets from Ramli st ream in 

Islamabad. They were transported live to the experimental fish laboratory of rhe 

Department of Biological Sciences and sacrifi ced on tbe same day fo r seasonal prolilc 

and stocked for other studies for one week for acclimation 10 the ambien t lahoratory 

conditions in glass aquaria containing aerated water. They were given tropical fish 

fooc1twicc daily. 

On the day or sacrifice, the total lengt h and body weight of individual fish 

were rccordcd. The specimens of C. watson; ranged between 10-14 em in lolal lenglh 

and wcighed betwccn 11-29 g., those of B. vagra ranged belween 7- 10 em in 10lal 

lenglh and weighed between 3-5 g. Following sacrifice of the fish by decapi tation, 

entire ovaries were dissected alit, cleaned free of fal and weighed to the nearest mg 011 

it Metller halanrc. The ovarian weight and body ,veight were L1sed 101' ealculatmg 

gonadosomalic index (GSJ = Ovarian weight as percent of body weight) . For 

histological assessmcnt of oocyte stages~ one of the two ovaries from individual 

specimcns was fixcd immedillteiy in aqueous Bouin's fixative for 24-48 hr. The other 

ovary from individual fish were pooled on monthly basis, weighed to obtain the 

requis itc quantity (2-5 g) for analysis of steroids ill vivo by HPLC and saved in a 

refrigerator at -20°C. 

Light microscopy 

The ovarics, fixed in ~lqueou s Bouin's, were rinsed briefly in tap waler and 

dehydratcd in ascending cthanol scries, cleared in benzene and embedded in paraffin 

wax. Tissue blocks were sectioned with a Cambridge Rotary Microtome at a thickness 

o f 6-8 UI1l. The scctions were affixed to precleaned Hlbuminized glass slides and 
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SlulIlcd wHh hacm<ltoxylin and cosill. Microscop ic cxanlllliition was cillTied OUlunder 

a research microscope (Optiphot Research Microscope. Olympus). Histological 

details alld morphomctric data in combination with macroscopic fCillul es uf the 

gonads were used to (Ielermioe the stage of developmt:nl (If tile ovaries. Measurement 

of the oocyte diamcter was ma.de by a precalibrated ocular mIcrometer in order to 

ubluiTllhcir Illean size. 

Chemicals and In Vitro Study 

The steroids used in thjs study were estriol (E: estra- I .3,5 (l O)-triene-3-1 Ga. 

17f3-triol), estrone (E,: estra- I.3.5 ( IO)-tri ene-3-ol-17-one), estradiol 17(3 (E2 : estra-

1,3,5 (1 0)-triene-3, 17(3-diol), testosterone (T: 17(3-hydroxy-4-androsten-3-one), 

androstenedione (AD: 4-androstenc-3, 17-dione), 11 f3 -hydrox ya ndrostenedione ( II S­

OHA: II p-hydroxy-4-am]roslcllc-3, 17-dione), 19-hydroxyandrostenedione (19-0HA: 

19(3-hydroxy-4-androslene-3, 17-dione), progesterone (P 4: pregn-4-ene-3, 20-dione), 17-

u-hyd roxyprogesterone (17-0HP: 17a-hydroxypregn-4-ene-3, 20-dione), 1 7(t-20~­

dihydroxypregn-4-ene-3-dionc (17,20~P: 17, 20~-dihydroxypregn-4-ene-3-one), II ­

deoxycorticosterone (DOC: 2 1-hydroxypregn-4-ene-3.20-d ione). corticosterone (B~ 

II~, 2 1-dihydroxyp regn-4-ene-3, 20-dione), cortiso l (I' II~, 17", 21-trihydroxypregn-

4-cne-3, 20-dione) and aldosterone (ALDO: lip, 21-dihydroxypfcgn-4-ene-3. 20-dioll­

IS-al). These were received as a gift from Dr. Afzal Mehdi, Research Associate, Nonn.: 

Dame Hospi tal, Uni versity of Montreal , Quebec, Canada . 17a, 20P-dihydroxy-4-

pregnen-3-one (17, 20ap) and human chorionic gonadotropin (heG) were purchnsed 

from Sigma Chemical Co (SI. Louis Missouri. USA). Two milligram of each steroid 

was dissolved in 2ml of methano l 10 make stock solutions from which three dilutions of 

1.0, D. I and 0.01 uglml ofincubatioll media were achieved. 

For ill vi(l'o study, matu re fish were sacrifi ced in late March (0 early Ap ril 

as described above and the ovaries thus obtained were placed in ice-cold Basic Salt 

Solution (SSS) and reduced to small pieces. lndi vid ual ovarian follicles were 

separated using fine forceps without disnlpting the integrity of the thecal and 
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granulosa layers. A sub sample or the 20 largest ovarian fol hcles was treated with 

oocyte clearing fixative (Zhon and Wright, 1985), which revealed Ihal such follicles 

wnlaincd oocyles wltl! mostly central 10 nearly cCllIrai genninn l vesicle (COV). 

The culture techniques for III vitro incubat ion or tile ovanan follicles were 

"daptcd fi'om Uptldhyaya and Halder (1986) with some modi (icalions. The culture 

med ium (BSS) consisted of 3.7 g NaCI, 0.32 g KC], 0. 16 g CaCI 1, 0.1 g NaH, PO" 

0. t6 g MgS04.7H20 and 0.8 g glucose in one-liter o f double distilled waler. The 

mt:dium was autocJaved, cooled and its rH was adj usted to 7.5 with sterilized IN 

sodillm bicarbonate (NaHC03). Bacteri al and rungal contamination was controll ed 

wilh Penicillin-St reptomycin ( 100 IU/ml) and Fungizone (2.5 ug/ml ). The medium 

was steril e filtered thro ugh a Milliporc filter of GS 0.22 urn (Bedford, Mass, USA). 

Filtrati on was usuall y done ill a Laminar Flow Cabin t;: l. If necessary the medium Wl.lS 

stored in a refrigerator at 4°C. 

III vitro experiments were conducted inside a steril e rOom in the Tis~ue 

Culture Labol'atol'Y or the Department of Biology. All glassware and dissecting 

instnllllCIltS were immersed in weak chromic acid overnight, I'insed with tap water. 

w;lshed with 7x detergent and once With 70% ethanol, oven dried and autoclaved. 

Before starting the experiments, all glassware was exposed to ultraviolet light for one 

10 two hours. Samples of 25-35 ovarian fo ll icles were transfened under the Laminar 

Flow Cabinet to individual culture tubes conta ining 3.0 ml fresh cul ture medium. Test 

steroids were added to each dish wi th a micro syringe to obta in concentrati ons of 1.0, 

0. 1 and O.O luglml of Ihe culture medium. The conll'ol cultures received an equal 

volume of 96% ethanol or saline depending on the solvent used for honn one d ilution. 

Viability oCthe oocytes was checked in preliminary tests by Trypan Blue as well as by 

estimation of tOlal protein (Lowry ef al .• 1952) in samples of cultured oacytes al 

various time interva ls. According to this test, viable oocytes remain clear fo llowing 

the treatmen t while the dead ooeytes take lip the stain . The incubatio ns for each lest 

syslem were run in triplica te. The repl icate cultu res were maintained at 22 ± 0.2oC in 
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a Sanyo lemperillUrC-COlllrolled inclibaloJ' (San yo. MfR 251) for 24. 48, 72 hr each, 

Upon completIon of the incubations. the incubation medium was aspirated and stoled 

III _201JC, unci the follicles were examined for germinal vesicle bl'eakdown (GVBD) by 

trcaling the follicles with egg clearing solution (95% ethnnol. 10% fonnalin and acetIc 

acid Jl\ a ratio of 95 ; 1 0:5) (Zhoa and Wright. 1985). tin" the number of mature oocytes 

was counted ulIJt!r an inverted microscope (Nlkoll, Diaphot TMD) to calculnte the 

% age GVBD. 

Extraction of steroids from the ovarian tissue and the inCUbation medium 

The ex traction procedure was based on the methods described by Huang it/ 

al. (1989), Venkatesh et at. (1989. 1992a), Kime et al. (1991), Scott and Crulario 

(1992) and Khan, (1996), with some modifications. The ovarian tissue and the 

follicle!' (i" vivo and ill vitro study, respectively) were homogenized, sonicated alld 

digested wi th O,SN NaOH at 6SoC for 30 minutes. The steroids were extracted with 8 

volumes of dielhyl ether. Fo llowing evaporation of the organic phase under nitrogen, 

it was redisso lved in Sml of distilled water and the so lution was applied to a Sep- Pak 

C 18 cartridge (Millipore Corporation, Milford, MA, USA) as dcscri h~t1 bdow. 

The steroid honnone metabolites generated by the ovanan tissue and 

relenscd in the incubation replicates were directly applied to a Sep-Pak C 18 column 

thal had been primed by washing with 5 Illl of methanol and 5 ml of disti lled water. 

The column was then washed with 5 ml of water followed by 5 ml of hexane. 

Subscquelllly, the frce steroid honnones were eluted from the column by using S ml 

of diclhyl ether and the conjugated steroids were eluted with 5 ml of I 00% methanol. 

The ether and methanol extracts were dried separately under nitrogen at 4SoC. The 

free fractions (unconjugated metabolites) were pooled and di ssolved in 200ul of 

acetonitrile. A 20-ul aliquot of thi s mixture was inj ected on to the HPLC column. 

The dried, conjugated steroid frac tion was processed hy enzyme hydrolysis and acid 

solvolysis 10 obtain free steroids for HPLC (see below). 

In 



Ar'id solt'olysis of sulphate 

The dried methano l rraction, containing the conJugated steroids, was 

incunah.:d overn igh t at 45°C in 5 rnl of trinuoroncetic Hcid/ethyl acetate (TFA/EA 

(I II 00; vlv) to convert the sll iphated steroid to its free form. The solvent was then 

cvapora lci.lto ,lIyncss <111d redissolved in 5 ml ofwatcr. The fTee (formerly sulphated) 

and the g lucuronidated steroids were concentrated and separated as described above, 

using a Sep-Pak CIS cartridge. The so lvo lyzed steroids were recovered with SIll1 of 

diethyl ether. The gl ucuronide conjugates were eluted with 5 tnl of 100% melhm101 as 

above and subjected to enzyme hydrolysis. 

Enzymc hydrolysis 0/ gl/lc/lronic/as 

The dried methanol fracti on containing conjugated steroids was 

reconstituted with 1. 0011 of 0.5 M sodium acetate buffer (PH 5.0) and hydrolyzed at 

37f}C ll sing 20 ul of P-gluclironidase (Snail extract containing 2000 units of enzyme 

activity). The hydrolyzed steroids were added to 5 ml of water and extracted using 

Scp-Pak C 18 column and 5 ml diethyl ether (see above). 

SU!roul lIIf!tflho/IfCS 1/1 l/Iwba[;oll medil/m (Recovery SI/ldy) 

In order 10 detennitlc the efficiency of the exu'uclion procedure 14 

lmlabclcd steroids (2.0 ug each) were mixed and dissolved in 5 ml of water before 

ex tract ion. The mixture was separated on Sep-Pak C 18 c<lrtridge, eluted wi th d iethyl 

ether, dricd, rccollslitllted with aceton itrile or methanol and resolved by HPLC. More 

thall 95% of the steroids were recovered in fractions. 

I/PLC methodOlogy 

All chemica l used were «reagent grade" or chromatography grade". 

Methanol and acetonitri le were purchased from BOH . Solvents fo r HPLC were 

degassed under vac uum immediately before use. Water was deionized and glass 

distilled. The s tock stero id standards (2 mgl2 ml) were made up in methano l and 
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diluted to oblam working standards. The stock and working standards were stable for 

al lenst six months at -20°C. 

The HPLC system (LC- 6A. Shi madzu Co .• Kyoto, lapau) had a two-pump, 

variab le wavelength detec tor w1 th UV signals integrated on lme with chromulopack 

C-R3A dala system. Reverse phase chromatography with gradient elution was selected 

because of the wide range of polarities of the steroids that needed to be separated in the 

samples. This system has the advantages of high se lectivity and rapid re-equilibration. 

The column used was 4.6 x 250 mm, stainless sleel commerciall y packed with Zorbax­

ODS. It was empi ri cally found Ihal a concave exponentia l gradient of methanol-water 

starting wi th 40% methanol and ending with 100% organic so lvent gave the most 

satis facto ry separation of the ovarian steroids that could be achieved at 45°C within 50 

min at a rate of 1.1 ml/min. By using this mobile phase, testosterone was occasionall y 

mixed lip with 17 ,20uP. The problem was overcome by using an aceton itrile-water 

multi step gradien t system consisting of 20, 28, 45 , 70, 100% acetoni trile in water at 

e lution times 0, 15. 40, 50, 55 min, respectively. Retention times fo r each steroid were 

detenn ined by injecting 50 Ilg of each standard (20-ul aliquots), with absorbance 

monitored at 254 mn and 280 11m. Quantifi cation of each steroid was based on peak 

area calculated as peak height (em) x peak width at half peak heIght (em). Orin in 

retentioll times onhe steroids was ascertained before each day's analysis by one of two 

ways: inj ection of the mixtures of steroid standards or ovarian samples, spiked with 

progesterone as reference sleroid for calculating the relative retention times of the 

othcr steroids. 

The methodology developed enabled ex traction and separation of the 

following reference steroids: estrio l (E), estrone (E I ), estradiol (E2), testosterone (T). 

androstenedione (AD), 1113-hydroxyandrostenedione (I IO-DHA), 19-

hydroxyandrostenedione (l9-0HA), progesterone (P4), l7a-hydroxyprogestrone (1 7-

OHP). 17a. 20U-dihydroxy-4-pl'egnene-3-one (17. 20BP). II-deoxycorticosterone 



(DOC), cort icosterone (8)! cortisol (F) and aldosterone (ALOO) The retent ion times 

for these steroids arc shown in Pigs, 1,2.3 

Sfllfisfical allalysis 

The data of the ill vivo steroid profile and the ill vitro recovery study Were 

analyzed by ca lculat ing st:Uldard errors of the means. The results of ;/1 vitl'O 

ma1u ration study were subjected two-way analysis of vari ance (Anava) and 

Duncan 's Multiple Range Test (DMRT) (Steel and Torrie, 1996). 
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Fig 1. Chromatographic separation of steroid standards (200ng/20ul each) on 
Zorbax-ODS using acetonitrile-water gradient. UV detection at 254nm. 
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Fig 3. Chromatographic separation of steroid standards (200ng/20ul each) on 
Zorbax-ODS using methanol-water gradient.UV detection at 280 run. 
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RESULTS 

Seasonal changes in ovarian cycle 

Table 1 describes classification of siages of the seasonal ovarian cycle o f 

CYPl'ill io ll watSOl/i and 8ari/ills \lagro, Both spec ies showed asynchronous ovarian 

development with oocytes in various stages of development at any one time. The 

class ification was based on groups of the largest oocytes. Stage I represented ovaries in 

December and January in previte llogenic phase of recovery from the previous spawning. 

Most of the oocytcs in the ovaries in February, March and April were in primary, 

secondalY and tertiary viteliogenic stages of growth and constitu ted, respect ively, Stages 

n, IJI and IV. tn May, the ovaries were ripe and contained hyaline eggs as well as oocytes 

in various earli er stages. The spawning period was long ex tending from May to August. 

Spent ovaries represent ing the postspawning Stage VI in September to November were 

characterized by fo llicular atresia, internal hemolThage and residual fo ll icles. 

Seasonal changes in Gonadosomatic Index (GSI) 

The mean GS I of C watson; and B. vagra (FigsA,5) was low in December to 

February, increased (vjtellogenic growth) to a peak in April and then declined graduall y 

duling the spawning months to the lowest postspawning level in November. In B. vagra, 

the aSf was similar but showed a significant fall in June and a second peak in Ju ly 

beyond which it continued to decline to the low values of September to November (Fig. 

5). 

Seasonal profile of Steroid hormones 

The stero ids were determined monthly throughout the annual reproductive cycle. 

Several estrogens, progestogens, androgens and cOlticosteroids were identi fl ed in the 

ovary of adult Cyprifl;on lValsoni and Barilius vagra. 

Estrogens 

The ovarian titers of estriol (E), estrone (E l ) and estradiol 

species are s1l1l1marjzed in Tables 2 and 3 (Figs. 6, 7). 
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Table 1. Maturity stages of ovaries in Cyprinion watsoni and Barilius vagra. 

Stage Appearance Oocyte Stage Histological condition 
(largest oocytes) 

I Recovering Tlrread-like Perinucleolus stage Virgin and recovering 
Dec/Jan «70 urn) ovaries, oogonial nest, 

non yolky oocytes 

II Onset of vi tello- Granular ovaries, Primary yolky stage Preparatory phase, 
genesis, Jan/Feb light yellow (mean dia 180 urn) cortical alveolar and 

early vitello genic stages 
predominate 

III Advanced vitello- Ovari es enlarged, Secondary yolky Y olky oocytes, 
genesis, March bright yellow and some tertiary secondary yolky stages 

yolky stage oocytes predominate with some 
(mean dia 390 urn) perinucleolar and tertiary 

yolky stage follicles 

IV Completion of Further increase Tertiary yolky stage Yolky deposition 
vitellogenesis, III SIze (mean dia 480 urn) complete, tertiary yolky 
April stage predominates with 

central germinal vesicle, 
some migratory stage and 
secondary stage follicles 
also present 

V Mature, Hyaline eggs, Ripe ovaries Migratory stage follicles 
May-August flow freely with (>500 urn) and some lacking 

pressure gern1inal vesicle 
predominate, other stages 
also exist 

VI Spent Dirty brown with Follicular atresia Collapsed, postovulatory 
Sep-Nov residual eggs follicles, internal 

hemorrhage, atretic 
follicles also present. 
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Table 2. Seasonal profile of ovarian estrogens (ng/100mg ± S.E) in 
Cyprinion watsoni. 

E E1 E2 

December 0.80±0.3 1.26±0.41 1.51±0.30 

January 1.47±0.37 3.27±0.72 2.66±0.66 

February 3.13±0.26 3.98±1.12 4.59±0.35 

March 6.19±0.81 6.52±1.49 10.05±1.51 

April 0.85±0.43 4.19±0.61 4.30±1.09 

May 0.81 ±0.45 3.74±0.88 1.33±0.69 

June 1.94±0.09 1.78±0.46 2.16±0.21 

July 1.46±0.14 1.09±0.17 1.34±0.14 

August 0.59±0.29 0.68±0.25 1.32±0.47 

September n.d n.d n.d 

October n.d n.d n.d 

November n.d n.d n.d 

Table 3. Seasonal profile of ovarian estrogens (ng/1 OOmg ± S.E) in Barilius 
vagra. 

E E1 E2 

December 0.72±0.3 1.54±0.38 0.97±0.33 

January 1.76±0.64 3.67±1.20 2.79±0.69 

February 3.35±1.30 3.17±0.19 7.29±2.60 

March 3.20±0.70 9.17±3.69 6.7±0.596 

April 3.14±0.64 4.94±0.99 2.90±0.42 

May 1.67±0.85 3.47±0.64 1.96±0.19 

June 1.34±0.26 2.37±0.15 2.46±0.26 

July 1.10±0.17 2.10±0.21 1.86±0.09 

August n.d n.d n.d 

September 0.11 ±0.02 0.48±0.14 0.47±0.12 

October n.d n.d n.d 

November n.d n.d n.d 
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Table 4. Seasonal profile of ovarian androgens (ng/100mg ± S.E) in 
Cyprinion watsoni. 

T AD 190HA 11r.,OHA 

December 0.98±0.19 0.91 ±0.45 0.74±0.33 1.45±0.56 

January 2.16±0.34 1.20±0.23 1.97±0.17 0.50±0.02 

February 2.63±0.28 4.76±0.35 1.85±0.62 1.86±0.15 

March 6.79±1.35 5.30±1.36 2.46±0.79 3.83±1 .27 

April 4.29±1.06 3.16±0.68 1.89±0.24 2.22±0.46 

May 2.03±0.61 1.68±0.45 0.81 ±0.14 1.06±0.18 

June 1.53±0.35 1.66±0.27 0.84±0.27 4.63±0.50 

July 1.04±0.35 0.50±0.04 1.38±0.34 1.88±0.50 

August 1.96±0.50 1.16±0.40 4.24±1.46 3.92±1.20 

September 0.52±0.46 0.14±0.04 n.d 0.14±0.12 

October 0.90±0.16 0.34±0.04 0.18±0.18 0.53±0.29 

November 0.39±0.11 0.52±0.01 0.07±0.07 0.998±0.4 

Table 5. Seasonal profile of ovarian androgens (ng/100mg ± S.E) in Barilius 
vagra. 

T AD 190HA 11 r.,OHA 

December 0.61±0.09 1.22±0.43 0.62±0.08 0.99±0.11 

January 1.86±0.26 2.18±0.17 1.49±0.32 1.45±0.19 

February 3.85±0.24 3.00±0.73 0.47±0.17 2.70±0.90 

March 3.14±0.17 3.58±0.62 5.69±1 .00 8.41±1.52 

April 1.99±0.24 2.18±0.17 2.94±0.55 2.71±0.74 

May 2.76±1.04 2.81 ±0.67 3.05±1.02 3.09±1.19 

June 0.89±0.08 1.13±0.12 0.97±0.12 2.08±0.83 

July 1.31±0.23 1.17±0.04 0.76±0.06 0.92±0.02 

August 0.70±0.06 0.84±0.17 0.69±0.01 1.12±0.05 

September 0.64±0.16 0.75±0.46 0.85±0.82 0.50±0.05 

October 0.33±0.06 0.25±0.06 0.44±0.08 0.72±0.19 

November 0.29±0.05 0.22±0.03 0.34±0.07 0.69±0.07 
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E, El and E2 were detected in C. watson' in December to August and coinciding 

with ovarinll reCl11deSeCllce a.\d vitellogenesis (Table 2, Fig. 6). The levels of the UlrcC 

t:Mrogens (nglHJO mg) vatled, respectively, from 0.59 (August) 10 6.2 (Ma.rch), 0.68 

(August) to 6.52 (March) and 1.32 (August) to 10.5 (March). However, E, persisted ilt 

relatively high levels for a longer duration (FebnJary to May). These estrogens were 

undetectable ill September to November, ft is notewortby that while E dropped sharply 

and transiently in API'il, EI declined In May to on ly 50% of its value in Marcil. A 

signi ficant level of f'2, was evident even in June. 

The levels of E, El and E2 in B. vagm, ranged, respectively, from 0.1 1 

(September) to -3.00 (Febmary to April), 0.48 (September) to -9.0 (March) and 0.47 

(September) to -7.0 (Febmary/Maceh) ng/I OO mg (Table 3, Fig.?). In August and 

September, their levels were close to or below the detectable limit. The decline in E in 

June was about 50% of its value in March. EI and E2 again persisted at noticeab ly high 

levels even in July. 

In both speCies, lhe levels of these steroids were lowest in the poslspawning 

season (spent ovaries). illcrc,\sed maximally corresponding wilh vitel!ogcnic progress and 

declined gradually in the spawning monlhs. 

Androgens 

Four androgens, testosterOne (T), androstenedione (AD), 19-hydroxyandrostenedione 

(19-0HA) nnd II ~-hydroxyand rostenediol1e (1 , p-OJ-IA) were identified in the ovaries of the 

two species throughout the year (Tahles 4, 5; Figs. 8, 9). A few additional peaks of 

androgens were also detected but could nol be identified due to lack of the desired 

standards. The lowest leve ls of the androgens in both species prevailed during the 

postspawning months of September. October and November. 

In C. wo/son;, the level ofT started increasing in January, reached the maximum 

vnlue ill March (6. 19 ngllOO mg) fo llowed by gradual decline in the spawning season 
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Table 6. Seasonal profile of ovarian progestogens (ng/100mg ± S.E) in 
Cyprinion watsoni. 

P4 17-0HP 17,20~P 

December 1.59±OA5 0.65±OAO 0 

January 2.61±0.32 1A2±0.67 0.54±0.03 

February 4A5±0.70 3.78±1.34 0.78±0.08 

March 4.33±0.90 5.93±1.68 3.86±0.25 

April 3.12±OA3 7.05±1.09 15.72±4.24 

May 2.13±0.37 3.84±1.92 11.89±5.32 

June 1.14±0.22 4.24±1 .57 6.82±0.30 

July 0.69±0.13 1.19±0.59 0.93±0.08 

August 2.05±0.74 1.55±1 .03 1.26±0.74 

September 0.59±0.26 0.20±0.30 n.d 

October 0.22±0.13 0.11 ±0.06 0.11 ±0.11 

November 0.66±0.35 0.63±0.37 n.d 

Table 7. Seasonal profile of ovarian progestogens (ng/1 OOmg ± S.E) in 
Barilius vagra. 

P4 17-0HP 17,20~P 

December 0.95±0.06 0.85±0.06 0.33±0.03 

January 1.33±0.18 1A4±0.35 1.16±0.69 

February 1.83±0.07 1.20±OA3 3.17±2.30 

March 2.03±OA2 14.27±6.25 48.7±23.8 

April 0.61±0.13 4.57±OA9 25.56±5.38 

May 2.23±0.59 3.22±0.38 6.86±3.81 

June 0.79±0.24 3.73±0.27 2.61 ±1.36 

July 1.08±0.10 2.93±0.37 5A9±1A5 

August 1.29±0.14 0.57±0.O8 1.77±OA9 

September 1.05±0.13 0.14±0.05 n.d 

October 0.92±0.07 O.15±0.O3 0.35±0.14 

November n.d n.d n.d 
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Crable 4 , Fig. 8). AD showed a signi fi can t increase in February/March. lIs level was 2· fold 

higher than thal of T in Febmary. becoming comparable to the level o f T in March ami 

noticeably hi gher 10 June compfIl'ed 10 the poslsp~wllcd fi sh. The level of 1 9~OH A 

increased to n peak in M:lrch, declined shall)ly in May and peaked again 10 its highest level 

in August. I ! p.OI 1/\ reached peak levels Illtcnnittcml y in March, JllIIC Hnd August. 

In n. "agr«. the concentration of only T. AD and 11~~OHA increased sharp ly over 

the December value in February (Table 5, Fig. 9). While T and AD remained at nearl y the 

Same level in March and dec lined in April, both 19~OHA and 11 j3-0HA increased to their 

highest values in March. or the four androgens, the highest concenlratio n was lhat of II~ ­

OHA. A sharp dec line in the level o f 19-0HA occurred in June (mid-spawning) and in IIp. 

OHA in Jul y. The levels of the androgens remained low thro ughout the following 

postspawning months. 

Progcstogens 

The chromatographic peaks of only three progestogens could be identified in both 

spec ies (Tables 6, 7; Figs. 10, II) . In C. watsoni, progesterone (P4) and 17~OHP were 

detectable th ro ughout the year, whereas t 7 ~20PP remai ned ex tremely low or be low lhe 

detect,:lble limit in the postspawning months of September, October, November and 

December (Table 6, Fig. 10). The levels of P4 and 1 7 ~OHP were also ex tremely low in this 

species in the postspawning period of September to November. lncreasing levels o f P4 and 

17-0HP occurred beginning with December and January. respectively, and remained at peak 

levels in Felm lary/March (P4) and March/April (1 7-0HP) before decl ining in the spawning 

season. 17·0 HP was s till high in June fo llowed by a shUlV dec rease beginning in September 

only. A dramati c increase in 17, 20PP was recorded in March. It increased 5-fold in April 

(onset o f maturation) when it achieved its highest level ( 16 ng/ I 00 mg) . It dec lined s lightl y in 

the spawning months of May and by about 50% in June, reaching its lowest values in the 

postaspawnlng season, 

The seasona l pro ti It! of the progestogens in B. l'agrn was uniquely different from thill 

arC'. wal SOll 1 (Table 7. Fig. 11 ) . The levels o f P4 were generally low throughout the year 
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Table 8. Seasonal profile of ovarian corticosteroids (ng/1 OOmg ± S.E) in 
C),prinion watsoni 

DOC B F 

December 2.06±0.38 0.72±0.29 0.20±0.10 

January 2.82±0.15 1.07±OA2 1.39±0.37 

February 3.21 ±0.25 1.63±0.12 1.81 ±OA5 

March 7.82±1A4 3.72±1.24 0.98±0.37 

April 5.00±1A6 1.87±0.25 1A9±0.27 

May 1.08±0.19 1.62±0.23 0.78±0.06 

June 1.80±0.15 1.22±0.23 1.17±0.66 

July 1.06±0.05 1.69±OA2 1.37±OA6 

August 2.50±0.53 1.19±0.30 2.01±0.53 

September 0.19±0.04 0.07±0.00 0.21±0.06 

October 0.26±0.17 OA2±0.11 0.24±0.14 

November 1.18±0.31 0.1 ±0.08 0.56±OA9 

Table 9. Seasonal profile of ovarian corticosteroids (ng/100mg ± S.E) in 
Barilius vagra 

DOC B F 

December 1.98±OA6 OA3±0.07 OAO±0.07 

January 1.56±0.15 1.28±0.79 0.71±0.09 

February 5.70±2.80 1.96±0.79 0.75±0.06 

March 4.56±1.20 6.10±1.12 4.20±0.76 

April 6.27±0.67 3.86±0.93 2.74±0.76 

May 7.09±1.95 3.95±1.26 2.19±0.84 

June 2.67±OA3 1.89±0.60 0.69±0.09 

July 4.70±0.61 1.66±0.06 0.69±0.01 

August 1.13±0.15 1.06±0.18 0.57±0.09 

September 0.24±0.09 0.25±0.06 0.23±0.16 

October 1.13±OA5 1.10±0.23 0.67±0.21 

November n.d n.d n.d 
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with peaks in March and May, The most conspicuous progestogens in March and Apri l were 

17-01-11' and 17,20pr, lhe latter being 3-fold higher lhan 17·0HP (49 Ilnd 14 ngi lOO mg, 

respectively, in March)e While u significant decrease of 17-QHP occurred in April, 17, 20PP 

remained at 11 high level (> 2S ngllOO mg) in Ihis month before decli ning furth<:r III the 

succeeding months. Both progcstins persisted at levels much higher than 111 Dec~r\1beL the 

level of both, parllcularly 17. 20PP, were 2~3 fo ld higher in B. mgra than in C. warsow 

(Tables 6, 7). 

Corticosteroids 

Of the cort icosteroids, only deoxycorticosterone (DOC), cortisol (F) and 

corticosterone (8) could be identified in the ovaries of both C. worsoni and B. vagra (Tables 

8. 9: Figs. 12, 13). 

in C. wtllsoni, the highest levels were of DOC with peak concentration in March and 

April (Table 8, Fig. 12). DOC started increasing fTom lows in the postspawning months 

(September to November) to a maximul11 value in March (vitellogenesis) before declining 

sharply in May. B peaked in March, dropped by nearly 50% in April and prevailed at almost 

this level until August. F was genera ll y low throughout the year with a marked peak in 

August. Thus, the dommant steroids 111 C. war.l·olll were DOC and B. 

In B. vagra, the level of DOC iJlcrcascd sharply in February. peaked in May amI 

remained quite high even in July (Table 9, Fig. 13). lis second peak in July was coincident 

with the second GSI peak in this month. The level of B reached <I peak during the 

vitellogenic phase in March (6.0 ngll 00 I11g), dropping to a liule less than 50% of the Marcb 

value. F also reached its peak concentration in March, decreasing in May to abou l 50% oflhe 

level in March. Its lcvel was extl'emely low during the rest of the monlhs. 

The levels of the three corticosteroids were extremely low in both species in the 

posispawning months and the level of F was signifi cantly higher in 8 . vagra than in C. 

watsoni in March to May (Figs. 12,13). 
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Table 10: Seasonal profi le of ovarian aldosterone 
(ALDO) (ng/100mg ± S.E) in Cyprinion watsoni. 

ALDO 

December 0.84±0.36 

January 1 AO±0.27 

February 2.83±0.52 

March 3.08±OAO 

April 3.51 ±0.66 

May 2.60±OA5 

June 1.31±0.37 

July 0.77±OAO 

August 2.54±1.14 

September 0.04±0.00 

October 0.09±0.02 

November OA5±OA5 

ALDO 

December 1A8±0.38 

January 1.66±0.34 

February 2.35±0.22 

March 4.30±0.71 

April 2A7±0.96 

May 2.39±1.02 

June 2.51±1.19 

July 1.22±0.07 

August 1.19±0.18 

September 1.54±0.60 

October 1.09±0.26 

November n.d 
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Aldosterone 

The concentrat ion of aldosterone (ALDO) was lowest in the postspawlling months 

of Scpl€lllber to November in C watsoll! (TnbJe 10, Fig 14) and increased sharply to 

peak leve ls wi th vitellogenk progress ill Pehnlury, March ilml April. It remamed al this 

level until May (al'oLllld 2.6 ngllDO mg) befote declin ing transicnlly iJi .J ulie. A second 

peak occurred in August. 

In B. vagro . ALDO (Table II. Fig. 15) reached its peak in Marc h, declined by 

nearly 50% in April und remained allhis level until June. It was below the detection limit 

in November. 

Conjugated Steroids 

Conjugated steroids were studied in vivo in the two speCies only in the 

prespawning and spawning months of March. April and May (Figs. 16, 17). The 

sulphales ofT, 17, 20pr, El and E2 were present in the Cyprjnioll follicles in only Apl'il 

and May (spawning months), whereas the glucuronide conjugates of these steroids were 

detected in alllhrce months (Fig. 16). The level of 17, 20PP-S far exceeded the levels of 

T-S, E,-S and E,-S with the onset of spawning (Apri l/May). 17, 201lP-G was al so 

significantl y hi gher than T-G, El-G, and E2-G. Although its concentration in April was 

comparable to 17, 20PP-S in May, it was marked ly lower than its SU lphated ronn Tn this 

month. While T -G leve ls were nearl y the same in the three months, those of £1-G and Ez-

G were significantly higher in April (onset of spawning). Of the four giuClJl'onide 

conjugated steroids. however, 17, 20pP-G was the most pronounced with onset of 

spawning. 

In B. \lagro too, T-S. EJ-S and El -S were undetectable in March (v i ~ellogenes i s ) 

(Fig. I?). E1-G and E2-G were also absent in this month . Significantly higher amounts of 

17, 20PP-S prevailed ill April and May. 17, 20pP-G also dominated the other 

glucuronide conjtlgates with its amount increasing significantly in AprillMay over the 

M<lrch level. Of the estrogen conjugates) both E) -G and E2-G were absent in March but 

were noti ccably high in the spawning period (April-May). Nearly similar levels of 
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Table 12a: Anova of GVBD at three incubation periods following 15 treatments 
(Cyprinion watsoni) 

Source D.F. S.S . M.S. F 

Replication 2 176 88 1.0733 

Incubation (I) 2 24941.421 12470.71 152.0964 

Treatment (T) 14 81737.826 5838.416 71.207 

I XT 28 18586.649 663.809 8.096 

Error 88 7215.309 81.992 

Total 134 132657.21 

Table 12b: DMRT of mean GVBD (%) at three incubation periods 
following 15 treatments (Cyprinion watsoni) 

::~ 24 hrs 48 hrs 72 hrs 

Treatments 13.85c 33.23b 46.99a 

Control 2.721 O.OOm 1.9irn 6.1 i
jk1m 

E2 (1 ug/ml) 4.oi 0.027m 2.84k1m 9.34ijklm 

E1 (1 ug/ml) 3.21 1 1.231m 1.2im 7.13ijklm 

T (1 ug/ml) 43.76cd 12.43ijklm 47.20
1gh 71.63bcd 

AD (1 ug/ml) 38.34cd 8.7i
jk1m 

43.83h 62.43cdel 

P4 (1ug/ml) 58.32b 19.10ijkl 64.37bcde 91.50a 

17-0HP (1ug/ml) 60.32b 21.13
ij 

66.23bcde 93.60a 

17,20~P (1 ug/ml) 76.93a 73.33bCd 91.90a 96.60a 

E2 (0 .1 ug/ml) 3.361 2.60k1m 3.6i
jk1m 3.80ijklm 

E 1 (0.1 ug/ml) 4.741 1.oim 5.56jk1m 7.5ijk1m 

T (0.1 ug/ml) 24.70e 4.77jk1m 23.86i 45.47gh 

AD (0.1 ug/ml) 10.3i 1.231m 9.43ijklm 20.44ijk 

P4 (0.1 ug/ml) 36.13d 8.63ijklm 38.9h 60.87delg 

17-0HP (0.1ug/ml) 46.70c 13.6ijk1m 46.2719h 80 .1 6ab 

17,20~P (0.1 ug/ml) 56.72b 39.77h 51.23
elgh 

79.16abc 

All such mean values corresponding to a category (incubations, 
treatments, I x T ) which share a common letter are insignificantly 
different,otherwise they differ at p<0.05. 

P 
n.s 

P<O.001 

P<0.001 

P<O.001 
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Fig 18. Comparison of in vitro induction of germinal vesicle breakdown 
(GVBD) by different steroids (1 ug/ml) without gonadotropin stimulation in 
oocytes of Cyprinion watsoni at three incubation periods . 
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Fig 19. Comparison of in vitro induction of germinal vesicle (GVBD) breakdown 
by different steroids (0.1 ug/ml) without gonadotropin stimulation in oocytes of 
Cyprinion watsoni at three incubation periods. 
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Table13a: Anova of GVBD at three incubation periods following 15 
treatments (Cyprinion watsoni) 

Source D.F. S.S. M.S. F 

Replication 2 20.251 10.125 1.0592 

Incubation (I) 2 12850.928 6425.464 672.135 

Treatment (T) 15 190631.364 12708.758 1329.398 

I XT 30 9957 .1 21 331.904 34.7188 

Error 94 898.619 9.56 

Total 143 214358.283 

Table13b: DMRT of mean GVBD (%) at three incubation periods 
following 15 treatments (Cyprinion watsoni) , Steroids 0.1 ug/ml 
and hcG 10 IU/ml 

~ 24 hrs 48 hrs 72 hrs 

Treatments 29.66c 42.96b 52.71a 

Control 1.77' 2.57Pq 1.50
q 1.23

q 

hcG 7.61 jk 3.93
opq 

5.67
nopq 13.231m 

E2 +hcG 13.79i 6.00
nopq 

10.87mn 24.49i 

E1 +hcG 8.94i 3.80
opq 6.64 nopq 16.37kl 

T+hcG 87.64c 71.77d 96.17ab 95.00ab 

AD +hcG 81.86d 55.6yf 92.20b 97.70ab 

P4 +hcG 91.57b 79.67c 97.50ab 97.53ab 

17-0HP+hcG 93.29b 81.93c 97.70ab 100.00a 

17,20r.,P+hcG 99.24a 97.50ab 100.00a 100.00a 

E2 3.361 2.60Pq 3.667opq 3.80
opq 

E1 4.73k 1.07
q 

5.56nopQ 7.57
nop 

T 24.70h 4.77°PQ 23.86i 45.47h 

AD 10.3i 1.24Q 9.433mno 20.44ik 

P4 36.139 8.63mno 38.90i 60.87e 

17-0HP 46.70f 13.67'm 46.279h 80.16c 

17,20r.,P 56.72e 39.7i 51.23f9 79.16c 

All such mean values corresponding to a category (incubations, 
treatments, I x T) which share a common letter are insignificantly 
different,otherwise they differ at p<0.05. 

P 
n.s 

P<0.001 

P<0.001 

P<0.001 

37 



T-G prevailed in March, April "nd May but tcnded to gradually increase as M,IY 

approached (spawning period) , 

IN VITRO INDUCTION OF OOCYTE MA TURA nON BY STF.:ROIDS 

Since it has been shown in other studies (Yan Ree t!f al., 1977; Pankhurst, (985) 

Ihat Docyles of vanous species of fish arc capable of undergoing spontnneous GYBD, 

fresh samples of int rafo ll icular oocyles were subjected 10 prelim inary examination of 

ini tial position of the GV and the extent ofGVBD, ifany. allowing comparisons with the 

extent of maturational change (GY BO) in the contro l incubations (untreated), Over 90% 

of the oocytes had central GY and none showed GVBD. at least uI1ti148 hr of incubation 

in the ulltreated medi um 3S was lhe case in the initial (fTesh un incubated) samples of the 

ovary. Thus, exposure of the oocyles to the culture medium alone had no in fl uence on the 

GV. at least un til 72 hI' when at most- 6% oocytes showed GVBD in C. watson; (Tables 

12b. 13b, 14b) and < 13% showed GVBO in S, vagra (Table 15b). 

Seven steroids, namely. AD, T, EJ, E2, P4, 17-0HP and 17, 20P I), individually and 

in combination with heG (10 ru/ml), were selected for ill vitro induction of oocyte 

matul'ation (GYBO) at '3 different incubatioll s (24, 48.72 ill') at various dosage levels ill 

tJ'iplic'llc, The Anova and DlIncan's Multiple Range Test (DMRT) ana lysis of the datu 

(GVBD; contro l ~tnd test cultures) arc shown in Tables 12 to 14 (c. watsolli) and in Table 

15 (8. vagl'Cl) , The results of Anova indicate that there was no statistically significant 

difference amongst the three replicates of each treatment (i .e, the results were 

reproducible) but the difTerences amongst the three incubation periods (24, 48 and 72 hI') 

as well as amongst the hormona l treatments were high ly significant (P< 0.00 1). Thus, 

both the du ration of exposure and the honnonaJ treatments had a positive inOuence on the 

behavior of GY, 

Cyprill;oll watsolll: ill vitro induction of maturation 

Comparison of the changes in mean GYBO in the control and treated incubations 

according to Duncan 's Multiple Range Test are shown in Tables 12b to 14b (Figs, 18, 

19). The lop row and the first column in the Tables show the mean GVBD percentage 
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Table 14 a. Anova of in vitro induction of germinal vesicle breakdown (GVBD) in 
Cyprinion watsoni: Comparision of potency of 15 different treatments 

Source D.F. S.S. M.S. F 

Replication 2 7.984 3.992 0.2335 

Treatment (T) 15 54840.1 3656 213.82 

Error 

Total 

30 512.963 17.099 

47 55361 .1 

Table 14b. DMRT of mean in vitro induction of germinal vesicle 
breakdown (GVBD %) in Cyprinion watsoni: Comparision of 
potency at three different concentrations of different hormones. 

Treatments %GVBD 

Control culture 6.1i 

T (1 ug/ml) 71.63d 

AD (1 ug/ml) 62.43e 

P4 (1 ug/ml) 91.50b 

17-0HP (1ug/ml) 93.60ab 

17,20~P (1ug/ml) 98.90a 

T (0.1 ug/ml) 45.47f 

AD (0.1 ug/ml) 20.449 

P4 (0 .1 ug/ml) 60.8r 

17-0HP (0.1ug/ml) 80.16c 

17 ,20~P (0 .1 ug/ml) 79.16c 

T (0.01 ug/ml) 5.5i 

AD (0.01 ug/ml) 5.20i 

P4 (0.01 ug/ml) 14.479h 

17-0HP (0.01ug/ml) 8.74hi 

17 ,20~P (0.01 ug/ml) 49.87f 

All such mean values corresponding to a category (incubations, 
treatments, I x T) which share a common letter are insignificantly 
different,otherwise they differ at p<0.05. 

P 

n.s 

P<0.001 
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Fig 20. Comparison of in vitro induction of germinal vesicle breakdown 
(GVBD) by different steroid hormones (0.1 ug/ml) in combination with hcG (10 
IU/ml) in oocytes of Cyprinion watsoni at three incubation periods. 
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Fig 21. In vitro Induction of germinal vesicle breakdown (GVBD) in oocytes of 
Cyprinion watsoni by selected androgens and progestrogens at three different 
concentrations following 72hrs incubation. 
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and significance of differences (:11 P < 0.05) amongst the incubations lind the treatments). 

TIle three lIlcubations differed significantly (P < 0,05). The treatments (eslrogells, 

androgens and progeslms) also showed signHicnnt differences (P < 0,05) in mean GVDD 

ptTCcntagc. While the estrogens i.ll1d the control treatment were insignifican tl y different, 

the androgens and the progeslins caused signilic3ntly gteater GVBD compared to the 

fonner treatments, cxceptlllg AD at 1,0 uglml. At bOIl! coneentl'atiQl1s (1.0 and O. t 

ug/ml), only 17, 20PP had the most significanl GVBD effect Cfable 12b). finall y. 

whereas all androgens and progcstillS caused significant GVSD at 1,0 uglml, only T and 

the progestins had a signifi cant GVBD effcct at 0.1 Ug/Ill!. When interaction amongst the 

individual treatments and the incubation times (1 x T) is taken inlo accollnt, it is evident 

thaI perccntage GVBO increased significantly (P < 0,05) at both concentrations (1.0 and 

0,1 ug/ml) at 48 hr and st ill fmiher at 72 hI' on exposure to only the androgens and the 

progcstogens. At 1.0 lIg/ml, the three progeslogens had a comparable and very high 

GV BD %age at 72 ilL II decreased noticeably at 0,1 ug/ml but only 17-0H P and 17, 

20~P had the most outstanding influence (-80% GVBD) compared to p~ and the 

androgens; th~ sequence being 17, 20PP > 17-0HP > P4 > T. EI and E1 were entirely 

ineffective in causi ng signiricant GVBD at all incubation intervals and at both 

concentrations (Figs, 18. 19). 

Table 13 (Fig, 20) shows the effect of the various exogenous sterOids alolle and in 

combination WiUl lleG along with the control (untreated). Again, the effect of incubations 

was significan t (P < 0.05; lOp row, Table 13b), hea alone bad a slight but significant 

GVBO effect compared to the control. It also significant ly promoted the GVBD response 

to all stero ids applied; the most significant and dramatic increases occllmllg with only the 

androgens and thc progcstins (J 7, 20pr > 1 7-0HP/P~ > T > AD). Maximum and the most 

significant effect was that of17, 20PP + hCG (- 99% GVBD), The GYBD response to 17, 

20PP + hCG was signilicantly greater compared to all other steroids, In terms of 

interact ion (I x T), the promotional effect of heG on all sferoids increased as the 

incubation intervals changcd c.·om 24 to 72 hr (Table 13b, horizonta l rows). The mosl 

profound cffect already at 48 Ill' oCCUlTed with the androgens and the progestogens (92-

100% GYBD). At 72 hI', 100% GYBD was caused by both 17-01-IP and 17,20PBP ill 
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Table 15a: Anova of GVBO at three incubation periods fo llowing 13 
treatments (Bari/ius vagra) 

Source O.F. S.S. M.S. F 

Replication 2 8.376 4.188 0.9236 

Incubation (I) 2 16123.787 8061 .894 1778.064 

Treatment (T) 12 103353.91 8612.826 1899.573 

I XT 24 6416.94 267.372 58.9694 

Error 76 344.59 4.534 

Total 116 126247.6 

Table 15b: OMRT of mean GVBO (%) at three incubation periods 
following 13 treatments (Bari/ius vagra). Steroids 1 ug/ml and 
hcG 1.0 I U/ml 

~ 24 hrs 48 hrs 72 hrs 

Treatments 31 .03c 48.75b 59.5a 

Control culture 7.71i 2.90wx 7.35uv 12.87rst 

El 8.38i 1.24x 6.30vw 17.62Pq 

E2 10.53i 5.05vw 10.78tu 15.77qrs 

AD 24.499 12.47st 21.90° 39.10i 

T 48.92f 20.7°P 58.43i 67.62h 

P4 47.19f 22 .38no 53. 13i 66.07h 

17-0HP 56.67e 28.00m 64.23h 77 .77ef 

17,20f3P 89.11 b 74.4 7f9 92.80b 100a 

DOC 48.64f 16.71 Q 48.17k 81 .03de 

hCG 17.44h 10.23tu 16.43Qr 25.67mn 

P4 +hcG 68.82d 50.00ik 74.009 82 .47d 

17-0HP+hcG 82.47c 76.30f9 83.60d 87.50c 

17,20~P+hcG 93.21a 82.97d 96.66a 100a 

All such mean values corresponding to a category (incubations, 
treatments, I x T) which share a common letter are insignificantly 
different,otherwise they differ at p<0.05. 

P 

n.s 

P<0.001 

P<0.001 

P<0.001 
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Fig 22. Comparison of in vitro induction of germinal vesicle breakdown 
(GVBD) by different steroid hormones in oocytes of 8arilius vagra at three 
incubation periods. 
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Fig 23. Comparison of in vitro induction of germinal vesicle breakdown 
(GVBD) by hCG alone, progestogens alone and in combination with hCG (10 
IU/ml) in oocytes of Barilius vagra at three incubation periods. 
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combinatiol) wi th hee..; . Without heG , on ly t7wOHP and 17. 20~P had the most 

pronounced ant.J nearly comparable effect at 72 hr (-80% GVBD. Tabl!> 13b). The least 

priming effect of hCG evidently was on the estrogens, 

In view of the cmciency of tht: androgens Hllll progestogclls in influcl1cmg 

Illaturation (GVBD). their effects were further tested at conccmratiol1s of 1.0. 0.1 lllHl 

0.0 1 ug/mt llsing only 72 111' incubations (Table 14, Fig. 21), Although the androgens and 

the progestogens had a signi ticant effec t at 1,0 and 0.1 ug/mi compared to lhe control, 

ollly 17,20PP was Singularly effective in caus ing significant GVBO (50% GVBD) at a 

concentration of 0.01 uglml at 0.1 uglm1. Also, only the progestogens had by far the 

greatest and similar effect, i7-0HP and 17. 20PP being similar in terms of GVBO 

response. From the results, it is evident thaI reduction in dosage (to what may be near 

physiological levels) caused 11 decrease in response to the varioLis progestogens (Table 

14b, Fig. 21). 

8tllHlIIS vagra. ill "itro illt/uetioll o/maturation 

The Anova lind DMRT of mean central position of GV and mean GVBD 

followil1g treatment wit h steroids alone (1.0 uglml) and with heO ( I JU/nd) (or B. l'agro 

are shown in Table 15 (rigs. 22, 23), In the contro l no more than -13% follic les showed 

GVBD. 

The response al the three inclIbations differed significantly (P < 0.05). Regarding 

the effect of the estrogen trealments, only Ez differed signifi cantly from the control. 

While all of the androgens lind progestins caused significant OVBD, the effec t of bO lll 

17~OHP find 17, 20BP was much greater. However, 17, 20PP was the single outstanding 

steroid caUSing 89% GVBD. Interestingly, DOC also had an effect comparable to that of 

T and P4. Taki ng I x T into account, a significant but margina l increase in GVSD 

occurred on a timcwdepcndent basis with the estrogens. Such increase was far greater 

following incubation with the androgens and Ihe progestogens. 17. 20pr causing 100% 

GVBD at 72 hr (Tab le ISb). The effeci of heG alone differed significantly from the 

eOllu'oJ ( 17.4% vs 7.7%. Table 15b, Fig. 23). With prolonged incubation further increase 
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Table 16: Quantities (mean ± S.E) of free (F) and conjugated steroid metabolites produced by incubating oocytes 
of Cyprinion watsoni with and without hcG (10 IU/ml) for 72hrs. S=sulphate, G= glucuronide. 

Control hcG treated 

Metabolites F (nglml) S (ng/ml) G (ng/ml) F (ng/ml) S (ng/ml) G (ng/ml) 

ALDO 2.53±0.35 - - - - -

F 0.55±0.20 - - - - -

B 1.1 8 ±0.23 - - 2.13±0.41 - -

DOC 1.01±0.24 - - 1.28±0.32 - -

190HA 1.13±0.18 - - - -
-

11r.,OHA 0.73±0.28 - - 1.88±0.49 - -

AD 1.30±0.32 - - 2.90±0.25 - -

T 1.23±0.26 - - 3.86±0.38 - 0.73±0.42 

17-0HP - - - 1.23±0.32 - -

17,20r.,P - - - 0.97±0.20 - -

P4 1.70±0.26 - - 3.44±0.37 - -

E 0.16±0.04 - - 3.46±0.66 - -

E1 2.30±0.43 - - 5.10±0.92 3.2±0.77 -

E2 1.35±0.29 - - 6.60±1.24 1.70±0.35 4.40±0.61 

I 

i 
I 
, 

i 
! 
I 

I 
I 

I 

I 



occurred (26% ' It 72 hr). The go nado tropin also promoted the GYBD response to all progcst ins, 

especia ll y 17 ~lIllI' ( 100% GV BD, Table ISh, Fig. 23), The relati ve response was 17, 211 ~1' -

17-0HP > PI. 

RECOVERY OF STE IIO ID META BOLITES FROM THE IN CUBATION MEDIUM IC. 

lIIotsOlti, 72 hr illcub<1tion) 

Co"trol ilJ cubm;oll 

Table 16 shows levels of free steroid metabolites recovered frolll the medium by 

incubat ing the intrafollicular oocytes of C. w(ltsoni for 72 hr. The free estrogens and androgens 

as well as p~. ALDO and corti cos teroids were recovered from the incubation medium. Of the 

estrogens and androgens, the highest quant ity recovered was that of E! and the least was that of 

E. The levels of £2, T, AD, 19-0I-lA, II P-OHA. P~, F, B and DOC were statistical ly comparable. 

The quantit ies of ALOO and EI were nearly similar, above 2.0 nglmL Surprising ly, both free 17-

OHP and [7, 20fW were abSc.;:nL Conjugated stero ids were al so not dett:ctabl1!. 

hCGw jrcated rolliclcs 

When (hc foll icles were exposed 10 hCG ( IU ru/ml), ALDO, F and 19-0HA were 

undelcc table III tht! incubat ion medium, suggesting apparent inh ibi tion o f these stero ids (Table 

16). The levels o f 8 1 DOC, the remaining and rogens, eslrogens and progestogens were enhanced 

by heG. The levels o f E, Ej and particularly of E2 were max imally enhanced over and above the 

control values under the innucnce of heG. Notable increases over the control levels were also 

recorded in the quantit ies of II ~-OHA , T, AD and P4• Whi le 17-0l-lP and 17, 20pr were below 

the detection limit in the cOllt rol incubation, these metabo lites, particularly 17wOHP appeared in 

the medium. Maximum levels, however, were those of the free E2• Conjugated metabolites 

recovered from the medium were only those of T (gl ucu ronide) and the three est rogens (Tab le 

Ie)). While EI appea red in only sulphated foml, E2 appeared in both its sulphated ami 

ghlcllronidc forms. o f which the maximum quantity was that of' Er G. 
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Table 17. Quantities (mean ± S.E) offree (F) and conjugated steroid metabolites produced by incubating 
oocytes of Cyprinion watsoni with and without estrone (0.1 ug/ml) for 72hrs.S=sull?hate, G= glucuronide. 

Control E 1 treated 

Metabolites I F (ng/ml) S (ng/ml) G (ng/ml) F (ng/ml) S (ng/ml) G (ng/ml) 

ALDO 

F 

B 

DOC 

190HA 

11~OHA 

AD 

T 

17-0HP 

17,20r.,P 

P4 

E 

E1 

E2 

UKN 20.9 

2.53±0.35 

0.55±0.20 

1.18 ±0.23 

1.01±0.24 

1.13±0.18 

0.73±0.28 

1.30±0.32 

1.23±0.26 

1.70±0.26 

0.16±0.04 

2.30±0.43 

1.35±0.29 

2.96± 0.63 

1.56±0.20 

0.73±0.22 

0.92±0.31 

2.20±0.35 

1.46±0.84 

0.67±0.17 

1.42±0.26 

3.40±0.49 

52.8±2.45 

7.80±0.98 

+ 

12.20±0.80 

1.58±0.23 

9.10±0.46 

2.46±0.34 



Table 18. Quantities (mean ± S.E) of free (F) and conjugated steroid metabolites produced by incubating oocytes 

~ . . - - - - - - - ~ '\ - ~ - - :;" - - '/ - - - . " 
Control E2 treated 

Metabolites F (ng/ml) S (ng/ml) G (ng/ml) F (ng/ml) S (ng/ml) G (ng/ml) 

ALDO 2.53±O.35 - - 2.70±O.3 - -

F O.55±O.20 - - - --

B 1.18 ±O.23 - - 1.73±O.27 - -

DOC 1.01±O.24 - - O.69±O.O9 - -

190HA 1.13±O.18 - - - - -

11 r.,OHA O.73±O.28 - - O.83±O.19 - -

AD 1.30±O.32 - - 2.00±O.30 - -

T 1.23±O.26 - - O.66±O.13 - -

17-0HP - - - O.67±O.12 - -

17,20r.,P - - - - -
-

P4 1.70±O.26 - - 1.29±O.2 - -

E O.16±O.O4 - - 4.66±O.93 - -

E1 2.30±O.43 - - 39.90±1.06 8.20±O.93 2.37±O.32 

E2 1.35±O.29 - - 17.80±1.0 6.00±O.79 10.5±1.27 

UKN 29.5 - - - + - -
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Estrogen-treated follicles 

Table 17 shows recovery of the (l'ec steroid metabolites from the control (ul1 tre;1led ) 

und E,-trcated media . All free sttroid m~tabo1ites were recoven:d fhlfll Ihe contro l 

'Ilcubation. 17-0111' Jnd E, were clost.: to the undctectahl c 11 nt l\ ill the co.,lroi Incubation . II' 

the EI-tt\!3ted incubation, ALOO, F) 19-OJiA and 17, 20PP were not detectable. The 

qLlilrllilies or DOC, II P-O I-IA and 17-0 HP were quite low. Onl y 3boul 52% E, substrate was 

recovered as such. Signi lican ll y hi gh quanliti es o f E2 and E were recovered from the treated 

incubation, indicati ng appreciable conversion of EI into the rOJ1l1er steroids. The leve ls of the 

androgens and p~ recovered from the incubation were comparable to the recovery n'om the 

control incubation. The most signi ficant conversions of EI were into conjugated stero ids 

(Table 17). A major port ion of thi s estrogen appeared as E, -S and G. The quant iti es of E2-S 

and G were substantially lower. A peak of an unknown free steroid was also detectable. 

Table 18 shows recovery of various steroids /Tom the control and E2-treated 

incubations. In the E2-trcalcd incubation, onl y abou t 18% of the substrate was recovered as 

such, while the qUll nt;ty of free E, was around 40% and - 5% that o f E, suggesting 

slibstnntinl metabolizalHln of (h by the fo llicles. F. 19·0 11A il nd 17. 20BP were undetec table. 

while the levels of the oth t.! r steroids were comparable to their levels in the com roJ 

incubation. An unidentifinble peak of free stcroid was al so recorded in the TIl -treated 

;lIcubIlUOIlS. In addition , a subslaillial quantity of E2 was converted into conjugated EI and E2. 

both sulphate and glucuronide forms (Table 18). The dominant quantities were those oJ'E,-S 

lind E2-G. 

Androgen~trcated follicles 

In the testos terone-treated incubat ion, significant quantity ofT was converted into 

AD, EI and E~, and only abollt 8% orthe T substrate was recovered as such (Table 19). 

Of these metabolites, th e estrogens (EI and E2) were dominant. Thc q uantit ies of the other 

rree metabolites were nearly comparable to the leve ls in the con tro l incuba ti on (- 2ng/1ll1 

or less in the cont rol). 17-20/3P was below the detectable limit. T-G, E1-S as well as Ez-S 

and G conjugates were also recovered rrom the incubat ion (Table 19). Three peaks of 
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Table 19. Quantities (mean ± S.E) of free (F) and conjugated steroid metabolites produced by incubating 
ytes of Cyprinion watsoni with and without testosterone (0.1 ug/ml) for 72hrs. S=suIDhate. G= alucuronid 

Control T treated 

Metabolites F (ng/ml) S (ng/ml) G (ng/ml) F (ng/ml) S (ng/ml) G (ng/ml) 

ALDO 2.53±0.35 - - -- -

F 0.55±0.20 - - 0.55±0.06 - -

B 1.18 ±0.23 - - 0.86±0.07 - -

DOC 1.01 ±0.24 - - 1.21±0.31 - -

190HA 1.13±0.18 - - 1.00±0.20 - -

11r.,OHA O.73±0.28 - - 1.56±0.06 - -

AD 1.30±0.32 - - 34.65±2.27 - -

T 1.23±0.26 - - 8.28±0.55 - 4.60±0.40 

17-0HP - - - 2.85±0.14 - -

17,20r.,P - - - - -
-

P4 1.70±0.26 - - 1.56±0.32 - -

E O.16±0.04 - - 2.50±0.20 - -

E1 2.30±0.43 - - 14.53±1.22 2.47±0.18 -

E2 1.35±0.29 - - 13.43±0.50 2.10±0.17 2.33±0.15 

UNK30.8 - - + + -
-

UNK42.5 - - - + + -

UNK46.5 - - - + - -

I 

I 
I 
I 
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Table 20. Quantities (mean ± S.E) of free (F) and conjugated steroid metabolites produced by incubating 
oocytes of Cyprinion watsoni with and without androstenedione (0.1 ug/ml) for 72hrs. S=sulphate, G= 

lucuronid 

Control AD treated 

Metabolites F (ng/ml) S (ng/ml) G (ng/ml ) F (nQlml) S (ng/ml) G (ng/ml) 

ALDO 2.53±0.35 - - - - -

F 0.55±0.20 - - 1.01±0.15 - -

B 1.18 ±0.23 - - 1.14±0.17 - -

DOC 1.01±0.24 - - 1.57±0.20 - -

190HA 1.13±0.18 - - 3.48±0.38 - -

11 r.,OHA 0.73±0.28 - - 2.66±0.34 - -

AD 1.30±0.32 - - 34.33±1.78 - -

T 1.23±0.26 - - 3.63±0.55 - 5.63±0.71 

17-0HP - - - - - -

17,20r.,P - - - 2.80±0.23 - -

P4 1.70±0.26 - - 1. 17±0.23 - -

E 0.16±0.04 - - - --
E1 2.30±0.43 - - 10.6±1.07 - 1.57±0.39 

E2 1.35±0.29 - - 2.54±0.49 -
-

UNK30.8 - - - + + -

UNK42.5 - - - + - -

UNK 40.5 - - - + - -



both free and conjugated steroid metabolites that could not be identified were also 

detected Crab le t 9). 

When the jollicles were incubated with AD, significantl y high quantity o f free E. 

was recovered rrom thc illcubation and -34% or the substrate was recovered as such (Tab le 

20). The next significant quantities were those of T, 19·QHA. followed by 17-20pP, C2 a llO 

II ~·OHA. ALDO did not appear in the medium. The quantities of the other free steroid 

mClabohtcs wcre comparable 10 those in the control incubation, while i7-0 HP and P4 wcre 

below the detectable Jimlt. Three peaks of free steroids and one of a conjugated sleroid Ihal 

could not be iden tified were also detected (Table 20). The conjugated steroids recovered were 

only glucuronides ofT and E\, of which T -0 wns significantly higher. 

Progestogen-treared follicles 

Table 2 1 lists steroid metabolites following incubation of the fo llicles with 

progesterone and in the contro l incubation medium. A substantial quantity of the substrate 

W~IS mobilized along various pa thways. Compared to the control, significantly higher levels 

of T, IIp.OHA, EI, E2, DOC, B, 17-0HP and 17, 20pr were I'ecovered from the treated 

incubation . Of th ese, the most dominant steroids were T, ooe and 17·01-IP. Only -27% of 

the free suhstrate was recovered as such. ALDO, F and 19-0HA were undetectab le. Three 

peaks of unidentifiable ITC~ steroids ~lOd one of sulphated conjugate were also detected (Table 

21), II p.01·IA and 17, 20~P were recorded in both sulphate and glucuronide form. Of these. 

the latter WDS sign ificantly higher. In addition, the conjugates of both Band T occUI:red only 

in glucuronide fom" 

When progesterone (P4) was added in combination with heG (10 lU/mi), only 

-4% of the P4 was recovered as such (Tab le 2 1), Significantly high quantities of free 17· 

20PP and 17-0HP were recovered (i'om the medium. ALDO, F, 19-0HA, E and EI could 

not be detected. Whereas the levels of the other Free steroids were quite similar to their 

leve ls in the conlrol incubation, several conj ugated s teroids appeared in the medium. The 

highest quantity was that of 17, 20~P-S foll owed by 17, 20pP-G, T-G, IIP-OHA and 

AD-G in that order (Table 21), suggest ing lhat heG promoted substanti al metabolization 

of P4 along va.rious pathways. 
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Table 21. Quantities (mean ± S.E) of free (F) and conjugated steroid metabolites produced by incubating oocytes of 
Cyprinion watsoni in the presence of progesterone alone (0.1 ug/ml) and with hcG (10 IU/ml) for 72hrs. S=sulphate, 
G= alucuronid 

Control P4 treated P4 + hcG treated 

Metabolites F (ng/ml) S (ng/ml) G (ng/ml) F (ng/ml) S (ng/ml) G (ng/ml) F (ng/ml) S(ng/ml) G (ng/ml) 

ALDO 2.53±0.35 - - - - - - - -

F 0.55±0.20 - - - - - - - -
B 1.18 ±0.23 - - 4.50±0.42 - 2.97±0.23 2.37±0.32 - -

DOC 1.01±0.24 - - 6.17±0.38 - 1.57±0.19 - --
190HA 1.13±0.18 - - - - - - --
11~OHA 0.73±0.28 - - 4.70±0.42 2.50±0.35 2.67±0.22 3.26±0.35 4.80±0.29 -
AD 1.30±0.32 - - 2.27±0.20 - - 1.03±0.26 - 1.71±0.22 
T 1.23±0.26 - - 7.75±0.64 - 2.48±0.54 1.43±0.27 - 4.80±0.44 
17-0HP - - - 5.87±0.96 - 16.50±0.80 - --
17,20~P - - - 4.07±0.47 4.77±0.49 1.78±0.32 17.37±0.43 16.70±0.32 5.17±0.47 
P4 1.70±0.26 - - 27.47±1.76 - - 3.63±0.35 - -

E 0.16±0.04 - - 2.30±0.32 - - - - -

E1 2.30±0.43 - - 4.47±0.44 - - - - -

E2 1.35±0.29 - - 4.93±0.38 - - - - -

UNK19.1 - - - + - - + + -
UNK30.8 - - - + + - + + + 
UNK42.5 - - - + - - + - -



When the tbllictcs were incubated with 17~OHP, a substan\inl arnOllnl of It was 

metabo lized to form free ns well ns su lphflled and glucllronidated r 7. 20pr followed by 11 ,~­

OHA, DOC, B. AD nnd h2 Crabie 22). AboU1 37% oCthe 17-0111' Sllhstl'atc \Vas recovered as 

such. Three I1nknown peaks of free steroids and " .... 0 ofsulph:llC conjugates also appenred In 

the medium (Table 22). Treatment of the follicles wuh 17-0HP III the presence ol'hCG (10 

IU/m!) resulted ill appr\!ciablt convers ion of this substrate into free 17 -20BP and much 

greater mobili zation in the direction of conjugated fomls of 17-20r3P. 17-20pP-S was almost 

3-fold higher than its free form and almost 4- fold higher than its glucuronate conjugate 

(Table 22). Only - 10% of the 17-0HP substrate was recovered as such, while ALDO. r , 19-

OHA, E, E'l and El were not detectable. The other free steroids were nearly comparable to 

their quantities in the control medium. Three peaks ofunidentiJiable fTee steroids and two of 

unk nown sulphate conjugates were al so recorded (Table 22). 

1\ large quanti ty (32.5%) of conjllgated 17. 20PP was recovered following 

incubation with 17, 20PP (Table 23). An amount of the substrate nearly equal to that of 

17. 20p-S was recovered as such. The levels of IIPMORA, B, AD, 17-0HP and T were 

ei ther lower than or comparable to thei r levels in the control incubation. ALDO, F, E, El 

and E2 were undetectable. Jnterestingly, a large number of peaks of free steroids that 

could not be identified due to lack of lhe desi red standards were also detected (Table 23). 

Incubation or the follicles with hCG + 17, 20~P resulted in significan tly high producti on 

of 17, 20~r .S fo llowed by its glucuronide form (Table 23). Only abolll 17% of Ihe 

progestogen substrate was recovered as slich. The quantity of 17-20pP-G was 113 of its 

sulphate form . The only other identifiable free s tero id was AD but its quantity was moch 

less than that recorded for the control incubation. It is ev ident that hea apparently 

inhibited production of most of the androgens, eSlrogens and corti coids. Several other 

peaks were detected , the identity of which could not be ascertained . These belonged to 

both th e free and conjugated fenns (Table 23). 
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Table 22. Quantities (mean ± S.E) of free (F) and conjugated steroid metabolites produced by incubating oocytes of 
Cyprinion watsoni in the presence of 17 -OHP (0.1 ug/ml) with and without hcG (10 IU/ml) stimulation for 72hrs. 
S=sulphate, G= glucuronide 

Control 17 -OHP treated hcG+17 -OHP treated 

Metabolites F (ng/ml) S (ng/ml) G (ng/ml) F (ng/ml) S (ng/ml) G (ng/ml) F (ng/ml) S (ng/ml) G (ng/ml) 

ALDO 2.53±0.35 - - - - - - - -

F O.55±0.20 - - - - - - - -
B 1.18 ±0.23 - - 5.13±O.41 - - 1.20±O.16 - -

DOC 1.01±O.24 - - 5.6±0.40 - - 2.13±O.35 - -

190HA 1.13±0.18 - - - - 1.18±O.17 - --
11~OHA O.73±O.28 - - 7.57±0.66 - - - -

AD 1.30±0.32 - - 3.58±0.25 - - 2.39±O.29 - -

T 1.23±0.26 - - 2.23±0.30 - - 1.51±O.21 - -

17-0HP - - - 36.87±1 .21 - - 10.4±O.83 - -

17,20~P - - - 17.17±1 .33 17.17±0.28 4.2±0.4 12.53±0.71 32.40±2.1 8 8.37±0.92 

P4 1.70±O.26 - - 1.93±0.20 - - + - -

E O.16±O.04 - - - - - - - -

E1 2.30±O.43 - - - - - - - -

E2 1.35±O.29 - - 3.17±O.23 + - - - -

UNK19.1 - - - + + - - - -

UNK24.5 - - - - - - + ++ -

UNK30.8 - - - + - - - - -

UNK42.5 - - - + - - + - -

UNK46.5 - - - - - - + ++ -
----- -- --- ---- ---------
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Table 23. Quantities (mean ± S.E) of free (F) and conjugated steroid metabolites produced by incubating oocytes of 
Cyprinion watsoni in the presence of 17,20BP (O.1ug/ml) with and without hcG (10 IU/ml) stimulation for 72hrs. 
S=sulohate. G= alucuronid 

Control 17,20BP treated hcG +17,20BP treated 
Metabolites F (ng/ml) S (ng/ml) G (ng/ml) F (ng/ml) S (ng/ml) G (ng/ml) F (ng/m l) S (ng/ml) G (ng/ml) 
ALDO 2.53±0.35 - - - - - - - -

F 0.55±0.20 - - - - - - - -

B 1.18 ±0.23 - - 1.78±0.O7 - - - - -

DOC 1.01±O.24 - - - - - - - -

190HA 1.1 3±O.1 8 - - - - - - - -

11 BOHA O.73±O.28 - - O.25±0.O4 - - - - -

AD 1.30±O.32 - - 2.48±O.37 - - O.46±O.13 - -

T 1.23±O.26 - - 0.80±O.17 - - - - -

17-0HP - - - 1.06±O.16 - - - - -

17,20BP - - - 31 .7±1.1 7 27.21±1.39 8.74±1.08 17.07±0.96 38±1.12 10.53±1.07 
P4 1.70±O.26 - - + - - - - -

E O.16±O.O4 - - - - - - - -

E1 2.30±O.43 - - - - - - - -

E2 1.35±O.29 - - - - - - - -

UNK19.2 - - - + - - - - -

UNK23.3 - - - + - - - - -
UNK31.0 - - - + - - - - -

UNK41.0 - - - + - - - + -

UNK41.9 - - - + - - - + + 
UNK44.0 - - - + - - + - -

UNK46.5 - - - ++ - - ++ - -
~ -

I 
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DISCUSSION 

rhe present work demonstrates that the spawning season of C )IIO(SOIll ;mu fJ 

\llI$:"a , lasts much longer (May to August) than was previously observed by Shmkh and 

Jalali (1991, C. watson!) and Halder (19H5. IJ. ,·agra). 1 be gradual dec llll c III the GSI of 

Ihe two species leported in this study is not only consistent with asynchronous 

development of the oocytes in the two species but also with Ihe fact that that the fry of 

these species are encountered in the s treams unti l August. Furthermore. Zuberi ( \990) has 

also shown that B. vag/'Cl breeds in the local streams during the months of May to August. 

The histological observations of lhe present work also reveal thal the ovaries in both 

species are quiescent in months immediately following spawning (September to 

November), Recrudescence of the ovaries begins in December and batches of oocytes 

pass asynchronously through primary growth and secondary growth phases in the 

succeeding months during which time thecal, granlilosa and vitelline envelopes 

differe.ntiate and vitellogenesis occurs. By April, yolk sequestration is complete in the 

I<lrgest oocytcs and maturational progress (germinal vesicle migration and its breakdown) 

becomes evident marking rein itiation of the meiotic process in preparation [or spawning 

in May onwards. During the spawning season, batches of secondary and tertiary stage 

follicles that would ult irnately undergo maturation seqll enti all y also exist in the ovaries of 

both species. The ill vivo steroid honnontli profile obtained in the present investigation is 

also consistent with the observed OS! and the morphological details for the two species. 

VitelJogenic growth of ooeytes involving hepatic yolk synthesis and ils 

sequestration as well as maturational events comprising germinal vesicle (GY) migration 

and its ultimate breakdown (GVBD) are well known to be governed by hormones. The 

vitellogenic growth is regulated largely by ovarian estrogens and the maturational events 

mainly by progestogens (Ng mld Idler, 1983; Goetz, 1983). The ovarian es trogen that is 

classically known to regulate synthesis of yolk precursors in the liver and finally tileir 

sequestration in the oocy tes is estradiol 17p (E2). As is further elaborated in the following 

discussion. androgens, particularly festosterone (T), and even interrenal or ovadan 

corticosteroids are also involved in ovarirul developmental events bUlthcir role varies in a 
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species-specific manner. The oynrinn progestogen best known as maturation Inducing 

hormone (Mil-lor MIS) is 17, 20BP with 17-0HP, P" T and Ote II -oxygenated 

cOl1icostcroids as equally or nearly erreclive .steroids. al least III Vlll'o, in severa l species 

(J"lallert, 1976; Goetz, 1983; Ng nnd Idler, 1983; Greeley ef aI., 1986; Scott and Canario, 

1987. Nagahama, 1 987b, c; Canaria and Scott. 1987a. b. c. 1988, 1990a; Trant and 

Thomas, 1988. t9&Y (I., b: H~l.\der and lnbcraJ. 1989; Matsuyama at al., 1990~ Haider and 

Rao, 1992; Petrino el al. , 1993; Haider and Balamugran. 1995). It was lbus imperati ve to 

examine the annua l ovarian steroid proftle, steroid metabol ism I'll vitro and steroid 

metaboli tes of cultured oocytes in order to achieve an understanding of the endocrine 

regulation of reproduction in the two cyprinid species. A variety of ovarian steroids were 

identified during the annual reproductive cycle of C. walsoni and B. vagra by solid phase 

ex traction using Sep-Pak C I8 and HPLC. Unfortunately, iden tification of several 

chromatographic peaks was hampered by non-availability of the desired range of 

standards. 

Sol id phase extraction of ovarian steroids was adopted presen tly as the method of 

choice in view of the advantages it offers over the rather less efficient liquid-liquid 

partitiolling method (McDonald and BOllvier, 1995). Venkatesh et al. (1989) have 

compared the perfomance of Sep-Pak C18 with other available variations and have found 

it to be the mosl productive approach for separat ing a wide range of steroids with high 

level of spec ificity, sensitivity and a recovery rate as higb as 90~99%. With this method 

severa l estrogens, androgens and pl'ogestogens as well as tIleir conjugates can be 

separated simultaneously from ovarian hamogenatcs (Venkatesh et al. 1989; 1992a; Scott 

;U1d Canaria, 1992; Ki me et aJ., 1994; McDonald and Bouvier, 1995). resolved and 

identified by reverse phase HPLC employing gradient elution. Of the various avai lable 

methods, HPLC has also been the method of choice for rapid and high degree of 

reso lu tion of steroids hav ing a wide range of polarity and which may occur ill vivo or ill 

vitro (ShaCkleton, 1986; McDonald and Bouvier, 1995). Several steroids can be measu red 

simultaneously in a single aliquot and in a short period of time. Caut ion is, however, 

warranted in regard to the ident ity of the stel'Oids resolved in view of the likelihood that 

other non-steroidal compounds sometimes may have similar elution times (see also, 
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Khan. 1996). This problem is often overcome by coe llHing samples with radiolaheled 

slilndal'd~ both for identification and for quantification While local resource constramts 

prevented such recourse In the:: present mvesligl.ltion, Vt:nkatesh e[ al. (1989) have 

demon:olmted the high degree of reliability or the method in lc!r1l1s of recovcrability ilnd 

iden tity orthe steroids and their mcUtbolitcs involving WiC of both labeled und unlabel~u 

standards. 

Steroid biosynthesis and seasonal steroid profile have been examined in the past 

in diverse marine and freshwater species of teleosts belonging to sllch major groups as 

Salmoniformes, Cyprini fonnes, Cyprinodontifonnes, Si furi fomles, Perci fonnes, 

Athcrinifonnes and Plemonectifomles (Fostier e[ at., 1983; Goetz, 1983; Scott and 

Canario, 1987; Kime, 1993; Nagahama, 1994a, b; Nagahama cr al., 1994; Borg, 1994). 

The presentl y <l v<lilable information reveals considerahle variations in steroidal profiles, 

timing of stero id biosynthesis and levels of ind ividual steroids among the various species 

examined. Some of these differences are clearly associated WiUl the pattern of ovarian 

development unique lo individual species--asynchronous. synchronous or group 

synchronous. The seasonal profile of the ovarian steroids obtained in the present study on 

C. ~v(/ISOlli and 8, vagra closely matches the annual GSI and is commensurate with Ihe 

asynchronous development of the oocytes. The results of ill vilro responses of ovarian 

fo ll icles to the various exogenous est rogens, androgens <UlU progestogens given ;:I lone or 

in combinat ion wi fh hCG as we ll as tbe metaboli tes recovered from the incubates provide 

useful information in respect to both regulation of ovarian development and presence of 

the requisite enzymc systcms in the fo ll icles of!he two species. 

Estradiol 17P (E2) is universall y well known as the phys iologically most potent 

estrogen in fi sh as is also the case in other vertebrates. On the other hand estrone (E I ) has 

been detected in Ihe ovaries of vcry few species of fish and , along with estriol, has been 

the leas t understood in terms of its biological significance. In both C. walsolli and B. 

vugrtl. all orthese three estrogens were identifiab le during major part of the reproductive 

cycle. Barri ng minordifrel'ences ill thei r levels in individual months, the general trend in 

both species was their ri si ng levels during the recrudescent period (vitellogenic progress) 
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with peaks coincidil1g with the vilellogenic phase in March and April followed by 

gradual decline in the succeeding spawning months, Inlhe spent ovaries, these were more 

or less undetectable. Jnteres{lIlgly also, 81 turned out to be a particularly conspicllous 

estrogen and matched E~ in both species in tellllS of its persistence and levels during the 

rccrudescclIt and spawll lllg periods_ A profile of 82 very slIlll lar to that of these two 

species characterizes the spotted sea trout, (,ynoscloll nebulosus (Thomas et lI1.. (988), 

which is jJ mUltiple spawner with a long spawning season (April to September). In this 

species, E2 levels drop by September to only 50% of the April va lue and T follows it 

similar paltern. In another serial spawner, the Kanehira bitlerling (Acheilognallllls 

rhombea: Shimizu el 0/., J 985). the level of E2 increases during vitellogenesis and 

remains high ouring the maturation phase when vitellogenic oocytes are also being 

recruited during the repeated 5·day annual cycle. In synchronous spawners such as the 

sa lmonids (SO/11I0 gairdlleri: Scott and Sumpter, 1983; Oncorhynchus IIcrka: Truscott el 

al., 1986; o ther salmon ids: Simpson and Wright, 1977; S. Irtllla: Kime and Manning, 

(982), E2 drops precipitously at the end of vitellogenesis. [n con tarst to E2, the 

pbysiological significance of E and El vis·a-v is E2 in mediating vitellogcnie growth of 

oocyles is dirficult to assess and is poorly understood currently. Estrone (E1) has been 

reported in a few species only. Eleftheriou el al. (1966) have shown that the levels of this 

steroid in /cra/llrlls pilI/ClaWS rise 1-3 weeks prtor to spawning. Rising levels of El have 

also been shown 10 precede spawning in the Atlantic sa lmon, Salmo sala,. (Cedard et 0/., 

1961) and rainbow trout, S. gllirdneri (Oohemcn and Lambert. 1981). Tn the Irout, both EI 

and E2 correspond with vitellogenes is but whether El \00 is physiologica lly imp0l1a11l in 

thi s species has remained unclear. Elevated levels of 8 in the Atlantic salillon occur 

during spawning (Cedard el al., 1961). In the zebra fish, Brachydanio redo (Van Ree el 

al. , 1977), it is estrono and nol estriol or estradio l whieh stimulate maturation orooeytes. 

Urist and Schjeide (196 1) have claimed that El is involved III induction of vi tellogenesis 

in Paralllbrox clatilraills. In contrast, whereas E l has been detected by Pankhlll'sl and 

Conroy (1988) in the plasma of orange roughy, Hoplostetllus at/allticlls, it does not show 

any correspondence with seasonal ovarian cycle. In remale Fundulus grtl1ldis, rather low 

levels of EI have been observed withollt showing any correlat ion with the allnual 

reproductive cycle (Greeley el al., 1988). Tcrkahin-Shimony and Varon (1978) and 
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Bohemen and Lambert (S. gairdlleri, 198 1) have argued fhat in teleosls E, and Ez have a 

syncrgi f>fic role ill promoting vitellogenic growth of oocytes. While the concentration of 

both E Ulld El increased in the ovary of C. wa/,'I(JI// and n. vagra dUl'l llg vitellogenesis and 

declined in the spawning season, expelilllental ev idence would be of considerable valuc­

in detem1ining their precise physiological role or possible contribution in vitollogcnm 

sequestration in these species. 

Concomitantly with estrogens, the androgens too showed peak concentration in 

early vitellogenic phase of the follicles (February/March) in both species; lhe level of AD 

at Ihis time being markedly higher than lhat of T in C. lVa/solli. Classically T serves as 

the substrate for E2 synthesis and AD for E] synthesis in the ovary of vertebrates in 

general (Gore~Langton and Annstrong, 1994). In both species, the two steroids declined 

gradually re<1ching low levcl.c; in June (middle of spawning season) that were still 

appreciably high than in the spent fish. There is no previous report of 19-0HA in any 

species of fish, and seasonal ovarian pattern of IIB-OHA has also been rarely studied 

Both of these steroids also peaked in the initial vitcllogenic period in C. watson; and D. 

vagi'll . 19-0HA declined transiently before rising again at the end of spawning in August, 

whereas IIP-OHA waxed and waned with peaks in March. June and August. In B. vagra, 

bo~h of these androgens ach ieved maximum hweJs 111 March and decreased to low levels 

in May (J9-0HA) and JUI1C (J IP-OHA).lnterestingly, Ihe levels oflhese androgens in B. 

vagra were noticeably higher than those ofT and AD. Whether these androgens merely 

represent downstream products of low biological activity or have significance in 

maintain ing viabi lity of oocytes and participate in their maturational progress, 

particularly in B. \lagra, needs to be tested experimentally. As stated earlier, the seasonal 

profi Ie of plasma E2 and T in the teleost species varies depending on the paltern of their 

seasonal reproductive cycle, synchronous or asynchronous ovarian development. In 

several species. both of these stero ids generally show increasing levels that are 

principally coincident wi th vitellogenic progress but continue to rise even during tJl e 

spawning season in some species regardless of the temporal paHem of ovarian 

development (S. gairdneri: Scott et ClI., 1983; elltaS/Omus commersoni; Scott et al' l 1984; 

Acheilogl/athlls tholl/bea : Shimizu et a/., 1985; Cyprir/Us carpio: Varon and Levavi* 
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zermonsky, 1 986; Oncorhy nchus I/e,-ka: Truscott e/ af . 1986; P Ulldlt/lI.'; ltelProdifllS ' 

Bradford and Taylor, 1987; f!op /ns/etJllis ar/rlllticIlS: Pankhurst lind Conroy, 1988; 

CYIIOSCIOII lIe/m/osus: Thomas el (II., 1988; Limallda y okohamae: Hirose et (II., 1988; 

CobIo gobw: Rinchard et al. , 1993; Stizostedloll I'llreum: Malison Cl af., 1994; Anguilla 

}npoII;cn: Ij iri er at., 1995; Dicellfmrclws f(lbmx: ASlUri ano et u/., 2000). III fuc t, in 

Stizste(boll vitreum, r shows a bimodal ri se. The fi rst peak occurs prior to spawning and 

the second at spawning. Tn thi s species, I l -keloteslosterone has also been detected 

\vitholil ev idence of seasonal fluctuations. King et al. (1 995) have found that maximum 

levels of plasma E2 and T in while perch (Marone americana) and white bass (Marone 

chrysops) conti nue to prevail during GV migration and GYBD before decl ining during 

the hydration and ovulat ion period. Both of these species, are mult iple batch spawners as 

arc thc two species studied presently. Such species differences as enumerated above in 

the timing of E~ and T or their relative roles in vitellogenesis and maturat.ion even within 

the salmonid group arc also on record . [n coho salmon, Oncorhynchus kisutch, E2 

production is highcst in fully grown follicles while T is highest during GV migration 

(Van Der Kraak and Donaldson, 1986). A similar sequence has been demonstrated III 

amago sa lmon ovarian rollicles (Kagawa et al.) 1983a; Young ct al., 1983b, c). In 

con trast, p lasma E2 in SCll'difl op s me/anost /cIUS has been shown to reach peak levels by 

the CI1d of spawning, whereas T remai ns undetectable throughout lhe year (Matsuyama et 

al., 199 1). 

The androgen known 10 be most widely di stributed in the ovary of fi sh is T, and 

often its level is higher than encountered in the testi s. Compared to T, considerably less 

attention has been directed at identification of or analysis of seasonal variations in AD, 

I lrj-OHA, 19-0IIA, IIP-OI-IT Md II-KT in ovaries of fish. II-KT is the major 

androgen in the male sex (Idler el al .• 1960; Katz and Eckstein, 1974; Kime, 1979a; P. 

plalessa: Campbell et al .. 1976; Simpson and Wright, 1977) and II P-OHT in 

gonochristic and ambisexualteleosts (ldler e( rd., 1971 , 1976). Where examined (Sa/lllo 

gairdlleri: Scott and Baynes, 1982; Catostolllus commersolli: Scott cf al., 1984), AD 

follows the same pattern as T with peak levels coinciding with vitellogenic progress. 

Whether some of the unidentified peaks in the chromatograms represented l l -KT anu 
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II p-OrIT III the follicles of C. watsof/i and B. vagra can only I,e settled after furl her 

investigations . AD has remained undetectable in the ovary of Tilapia aurea (Eckstein and 

Kal.l, 1971). arfirming the variability of species in terms of stel'o ldogenesis. Ln e­
wa/soni, signilicollt incrc<lsc in AD prc::ceded Ihe incretlse in T (l'ehruary and March 

respectively) . Although the levels of both dropped and differed slight ly rram the patlem 

noted in B. \'(lgra in April. these were still appreciably high until Jlme in contrast to the 

spent fish. In B, vagra, both T and AD increased in parallel in February and March 

co incident with Ihe initjal vitellogenic period and remained comparable even in May 

(spawning fi sh) when maturing ooeytes coexist with vitellogenie oocytes, However, 

interestingly, 19-0HA and partkularly IIP-OHA were the most conspicuous steroids in 

March to May showing several fold increase over thei r January values (early recrudescent 

phase), On the other hand. while the levels ofT and AD were declining in the spawning 

season. II P-OHA showed a second peak in mid spawning (June) and at the end of 

spawning (August). 19-0HA also increased sharply again in August in C. wa/solli. 

Unfortunately, very scanty infomlatiol1 ex ists in the literature on the OCClirrence, 

seasonality and biological rote o f these androgens (Kime, 197%; Fostier el al,. 1983; 

kil11e, 1993) and hence it is dif(icu[t to analyze their precise involvement ill the ovarian 

regulatory events, np-OHA has been identified in the ovary of Ang/lilla anguilla (Kime, 

1979::1) JI1<\ deemed to be the main II p-hydroxyJated steroid i.n the ovary of gray mllllct 

(A411gil ceplw!/ls: Azoury and Eckstein, 1980), where it does not change with 

advancement of ovnrian development. In general , a fall in ovarian androgen levels at the 

conclusion of vitellogenesis and by onset of maturation is a typical feature of 

synchronous batch spawners (s. gairdlleri: Scott el aI"~ 1983; Slizosleriioll vitreum: 

PankhllTst et ai" 1986; OncorhYl/chus gorbuscha: Dye et al., 1986; S. gOlrdllerl: Liley et 

(fl., 1986). This has been thought to result from di vers ion of their precursors towards 

synthes is of 17. 20pr or synthesis of some downstream androgens (II -oxygenated 

androgens). However, it is not obligatory that androgen levels fall precipitously prior to 

oocyte maturation, rn fnct, in the case of coho salmon (Oncorhynchus kisutsc/t: 

Fitzpatrick e/ ai" 1986), the levels of T and 11-KT remain high throughout maturation 

(llld ovulation. That there are considerable species variations among female teleosts in 

regard to the behaviour of T in ovarian development is evident from several studies, A 
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preovulatory peak in 'I' htl s been reported in the synchronous spawners such as salmol1lds 

(Fosti er and Jalabcrt . 1(86) In sockeye salmon (synchronous spawner). the levels o f T 

decrease s ignificantly only aOer spawning (Truscotl et al., 19R6). In the catfI sh. C/artas 

I:a/' ieplntls. T peaks at postvitel logt:: lJ esis and prespawning stage ill vi tro (Schooncn eIIJI ., 

1987). It has been shown that T also has a role in preparing the oocyles for tinal 

maturation and GVBD 11/ vitro (Brachydanio reno: Van Ree el al. , J 977; Oncorhynchlls 

r/todllrtls: Nagahama el al. , 1980; Young el al, . 1982), In landlocked salmon. T has been 

shown to stimulate GV migration (So el al., 1985). tn an earli er study all the go ldlish. C. 

(II/raws. T has been thought to promote survival of postvitellogenic follic les and to 

induce maturation of oocyles ill vitro (Remac1e, 1976; also Stacey el til. 1983). Such a 

role has also been suggested by several workers in other species (0, laUpes: Iwamatsu, 

1978; H.fossilis: Lamba el al., 1983; F. heleroclilus: Greeley et ai" 1986; Catostoflws 

('O/1/lllc/"solli: Scoll el (I I ., 1984), The highest levels ofT in the ovarian follicles have been 

recorded in the spawning period when there is a precip itous drop in the E2 leve ls in the 

plaice, P. platess(I (Wingfield and Grimm, 1977) and the Indian caltish, H. fossilis 

(Sundraraj el al., 1982). 

A variety of progestogens have been described in the past in the plasma of female 

fi sh or have been detec ted jll l'ilro following exposure o f folli cles to vOlri ous steroid 

substrates indicating intraovarian availability of enzyme systems necessary foJ' their 

synthesis. tn the present stud y, non availability of u full range of standards made possible 

identification of only three progestogens, P~, 17-0HP and 17, 20PP, All of these eycled 

during the year in the Iwo species, paralleled the increase in estrogens and androgens and 

reached peak levels in April and May (c. walsolli) or March and April (B. vagro). While 

Pol remained at comparat ively low levels tlU'oughout the year (partkularly in B. v(lgra), 

the concen tration of 17 ~OHP and 17, 20PP was severa l fold higher than that of the 

estrogens and the androgens in the two species. Equa ll y interesting is the observation o f 

persistently and noticeably elevated levels of these progestogens in the spawning monlhs 

(May. June and July) when successive batches of oocytes are ready for maturation and 

ovulation coincident with grmlually declining levels of the estrogens, T and AD. 

Furthermore, almosl 3· fold higher concentration of 17.20PP in B. vagra in March and 
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April compared to its concentration in C watsolll reOec ts a notable species difference. 

The relati vely much lower levels of Pol than those o f 17~OIIP omJ \7, 20pr in both 

species for greater part of the year suggest that e ither its synthes is i~ limited (lr it is 

I'apidly corwertcd into its downstream metabolues of 17·01-l1' and 17, 20pr via 17u­

hydroxylase and 20pwHSD, respectively. In the Kanebira bltterling loa, P4 ha~ /lot been 

fOlLlld 10 show sign ifican t change during the reproductive cycle, while both 17*OHP and 

l7.20PP rise during the maturation phase; P4 acting mainly as a substrate for 17,20PP 

(Shimizu et 01 .• 1985). P4 is Ihe principal substrate for the various gonadal steroids and 

has hard ly any regulatory significance during the cyclic ovarian development (Kime, 

1993). The view that 17.20PP is the most potent MIS in fish emerged principally from 

studies on salmonids where both ill vivo and ill vitro presence of this progestin at high 

levels in matu ring oocytes has been recorded in a number of species (reviews: Kime, 

1993; Scott and Canario, 1987). Its high levels in the periovlliatory season provide 

sufficient grounds to suggest that in C. watsoni and B. \lagra too it is the principal MlH ill 

vivo, with P4 and 17-0HP merely serving as its precursors. 

Sevend corticosteroids and deoxycorticosteroids (progestogens with OH group at 

posi tions 2111 1 and at 21 only, respectively), presumllbly of interrenal origin. have been 

described in the past in the plasma of various species of fish (OllcorhYflclms tslwwytclw . 

Robertson et al.. 1961: Oncorhynchus lIerka: Schmidt 3Ild Idler, J 962; C auratlls: 

l-ionma and Tamura, 1965; Gadlls mor/IIU1: Woodhead and Woodhead, 1965; O. nerka: 

McBride and Overbeeke, 1969; S. gain/lien', C. auralUs, E. lucius: Jalabel1. 1976; P. 

p/alcssa: Wingfie ld and Grimm, 1977; Colombo et 01., 1978a,b; C. (Jllratus: Peter et al., 

1978; Cook el (II., 1980; S. trutla: Pickering and Christie, 1981; 0. rhodlll'Us: Young et 

al .• 1982; If. /ossilis: Sundraraj at al., 1982j Goswami and Sundraraj, 1974; 0. kislI(ch: 

Mo rri son et al., 1985; O. mykiss: COlltreras~Sallchez C( al., 1995; c. harellglls pallast: 

Carolsfe ld et al., 1996) with their concentration or identity varying from species to 

species as well as season. In the present invest igation only three of these. DOC (II­

deoxycorticosterone, 2 1 -hydroxypregn~4~ene·3) 20-dione), Band F, were identifiable in 

the Iwo species throughout the year. Their presence in the ovarian tissue reveals presence 

of the requisi te enzyme systems and their active production within the ovary; the 
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synthesis of F being noticeably low throughout the year in both C. watsolli and lJ vagra 

DOC and B were dominant in the two spec ies with notable species differences. In C 

wlllSOl/l, DOC appeared to bc associated Wilh the recrudescent and vltellogenic phases or 

Ihe follic les showing It s high levels in this extended p~riod. In 0. vagra, it was dominant 

in the periovu);\!ory period (February to May). fell sharply in ,lune and again peaked in 

Jil ly (late spawning time) suggesting association with both vitellogenesIs and malUration 

of the oocytes. Interestingly, the level of DOC was nearly 2~fol d greater than that of B in 

this species. Both Blind F slarted increasing in the recrudescent phase, peaked in March 

(mid-vitellogenesis) and fell precipitously in June (mid spawning) . Signi ficantly higher 

leve ls of F prevailed in B. vagra in March/April than in C. watsoni . The role of 

cOl1i cosleroids and deoxycorticosteroids ill reproducti ve physio logy of fishes has been of 

interest espec ially in view of the initial demonstration;n vitro by Goswami and SUlldraraj 

(1971a, b, 1974) that both II -deoxycorticosterone (DOC) and II-deoxycortisol (17, 21-

dihydroxy-4 ~pregnen-3, 20~d i oll e: 11 DOC) prevai l throughout the year in the Indian 

cut fish, Heferopflllesfes fossilis and represent the most potent MIS ill vivo and ;/1 varo; a 

vicw that has been negated by further studies on this and other catfish (H fossilis: Ungar 

et ai., 1977; Sundraraj cl al .. 1985; M. vilfatus: Upadbyaya and Haider. 1986). In female 

sockeye sa lmon, Oll corhYIIChtis lIerka, high levels of plasma ll -deoxycortisol prevail 

\hroughoui the year wilh peak levels in postspawncd fish, whereas DOC leve ls remain 

consistently low throughout (Truscott at al .. 1986). II -deoxycorticosteroids are also 

known to be produced in the ovuries of sevcral other teleosts (Pseu(/op/ellrollectes 

americlIlIlIs; Campbell et al., 1976; Dicelltrarclws labrax: Colombo e( al., 1978b; ell/pea 

hal'engtls pal/asi: Carolsfeld et aI., 1996) and are capable of inducing maturation of the 

ooeytes il/ vitro . In the herring, plasma DOC profile is consistent with maturation but its 

MIS e ffectiveness has been cons idered to be much less than that of 17,20PP (Scott and 

Cunario, 1987; Asahi na etal., 1992). in the African catfish, Clanas /(lzera, DOC is not 

produced by the ovarian [ollicles in vitro and hence has not been regarded as MIS 

(Lamberl and Van den Hurk, 1982). DOC and II-DOC have been reported to be absent 

in the cnl'p (c. carpio) during postvitellogenetic phase but have been shown 10 correlate 

with ovulatory and postovulatory phases in DicellfrarchllS labrax (Colombo el a! .• 

1978b). DOC is also known to enhance action ofGTH and 17, 20~P in (lmago salmon, 0. 
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rllOdurus (Young el al., 1983a) but F is lIleffective in thi s respect In go ldfish. CafllssillS 

(II/raws, 11 ·deoxycorlisoJ ( II ·DOC) is second 10 17. 20PP ill causing GVBD ;1/ l'i(rY! 

(Jalnbcrt. 1976) Increasing concentnlllQns 0 1 p!IlSIlHI cortisol (Cook ef al., 1980) and 

cOl'lislllle have been shown du ring oocyte mH luralion, near ovulat ion and spawmng. III 

several teleosls including sockeye salmon (0 Ilerk,r Sclunidt and fdler, 1962; S. frutltJ. 

Pickering and Christie, 198 1). In the flounder, Pseu(/oplellrollectes amertCcu/lls: cortisol 

is the major C 21 steroid, whereas cort isone, cort icosterone (B), II . deoxycort icosteronc 

(DOC) and I I·dehydrocorticosterone are minor steroids (Campbell et ul., 1976; Colombo 

ef af., 1978a). Bradford and Taylor (1987) have found elevat ion in serum F in association 

with ovu lati on and have observed a surge at spawning in F. helerociitlls . Tn the ovarian 

fluid of this species, only low levels of P could be detected presumably due to ils poor 

access from the plasma into the ovaries. Tn the medaka, O'J,zias latipes, Hirose ( 1972) 

has shown F 10 be effec ti ve in ovulation and has suggested thaI corti costero idogcnesis 

occurs in the fol1icul:1r tissue of this spec ies. In H. tossilis, the levels of F remain high 

during recmdesccnce of the ovary (Sundraraj at 01., 1982) where it enhances estrogen­

induced vitcllogenin syn thes is. According 10 Lamba el al. (1982), T, E2 and F are the 

principal plasma steroids in H. f ossilis. F elevates in the preparatory and prespawning 

seasons and matches the rise in 82 and vitellogenin in thi s species. High levels of corti so l 

have also been reco rded in female goldfish (Peter Cl al., 1978; Honma and Tamura, 1965; 

Woodhead and Woodhead, 1965; fuller et (1 1., 1976). COliiso l provides energy by 

illcreasing peripheral proteolysis, fat release and utili zation of hepatic gluconeogenesis 

amd hence plays a role in stress. lalabert (1975, 1976) has argued that F has a sensitizing, 

effect on MIS, and according to Wallace and Selman (1978,1980) F helps in recmitment 

of fo llicles from late vitellogenesis to maturation. In their view, high levels of plasma F 

during spawning reflect a st ress response to modify metabolism but they could not detcct 

elevation of glucose in the plasma at any time during the year. Whether the elevation of r­
in C. w(t(solli in Augusl (when spawning is over) is a stress-associated response and/or 

has direct association with vitellogenesis and maturat ion is difficult to judge without 

add itional experimental wo rk . According to Haddy and Pankhurst (1999), plasma F 

remains unaltered throughout the year in black bream, Acanthopagrus butcheri but stress 

causes drastic elevation ill plasma F. Ruane et al. (2001) have shown that stress results in 



increase In Ihe levels or corti costeroids ill the plasma of COiUmon carp. Confi nement or 

fish in nets causes rapid increase in c ircul at ing F and its rcturn to basa l leve l on removal 

of the stress. Similar observations have been Illade by Pottinger (1998) and Tallck et a/. 

(2000) on the common carp. Thcre is li ttle doubt in the light of the avai lab le information 

on COl1icosteroids Iinder discllssion that there is great species variation and that much in 

dcpth work is needed to eluc idate the relative roles of these steroids in reproducti on. 

111 addition to estrogens, andl'Ogens, progestogens, cOl1icosteroids and 

deoxycorticosteroids. a peak coeluted with aldosterone standard throughout the 

reproductive cycle of C. watson; and B. vagi'll. According to Colombo e( al. (1978a), 

aldosterone (18, II -hemiacetal of II P. 21-dihydroxy-3. 20-dioxo-4-pregnen-18-al) does 

not occur in te leosls. On the other hand, Coimbra et al. (1996) and Khan (1996) have 

reported its presence in some leleosts. The steroid, presumed here to be ALDO, increased 

significantly in the spawning period over and above its levels in the postspawning season 

and declined in the quiescent ovaries in both species. Its tentative identity as ALDO as 

well as its phys io logical significance in reproduction requires Hnther work. Theoretically, 

the fonnJlion of ALDO is possible from Pol via corticosterone by the enzyme P450 II · 

hydroxylase (p450c II ), also ca lled aldosterone synthetase (P450aldo). 

The steroid profile of the two species collecti vely reveals that while the estrogens, 

ondrogcns and I)rogestogens, III general, reach their peak levels in MaTch and April. the 

progestogens (particularly 17-0HP aod 17, 20PP) persist at high leve ls for n longer 

duration during the spawning season in concerl with gradually dec lin ing leve ls of the 

estrogens and the androgens. In species where the fo llicles develop synchronously 

followed immediaTely by ovulation and spawning, the estrogens (e.g. estradiol 17P) and 

the progestogens (e.g. 17,20PP) have more clearly defined temporal sequencing, the 

former pcaking ~ro llnd vite llogenesis and the latter with a delay when the oocytes are 

entering the maturation phase. In species where balches or oocytes are simultaneously in 

vitc llogenic and maturation phases as is the case in asynchronous development or 

follicles (seri31/multip lc spawners) in the two species, such a c lear separat ion of peaks 

would be rather uncharacteristic. High levels of estrogens in the init ial period of 
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vitellogenes is (february to April) and persistently high levels of 17, 20pr in the mon!hs 

of April to July when batches oCmaturing oocytes coexist wi th viLel logenic eocyles, are 

features lhat are cOllSISlent with a pattem characteristic of other asynchronolls spawners 

as well. Although T is a substrate Cor E,/ and an illlraov~ ri an modulator of GTI-I action Ull 

aromatase prior to rinal maturation (Hirose c( al .• 1988). it has also been considered In 

promote maturuliotl of the.: Docyles Ihrougb GTH-Il synthesLs in a number of species of 

fi sh, whether asynchronous or synchronous spawners (Bracy(/clllio rerio: Van Ree ef al., 

1977; Crim and Idler, 1978; severa l teleosts: Nagahama el al., \982; C. aUf'ClIUS: Kagawa 

e l al., \983a; Nagahama et al., 1993; So e( al .• 1985; C. c(lfpio: Yaron and Lcvavi· 

Zennonsky, 1986; Kobayashi et al., 1988a; CYlioscioll lIebulos/ls; Thomas el at., 1988; S. 

melt",osficrwi: Matsuyama el ai"~ t 991), Its high levels well into the maturation phase 

have also been demonstrated in Anguilla japonica (Ijiri el ai" 1995), sturgeon hybrid 

(Mojazi Amiri el ai" 1996) and sea bass, Dicelltrarclllls labrax (Asturiano et aI" 2000). 

The ab il ity of T 10 promote GYSD ill vitro is evident in C. walsoni and B. vagra as well 

(see be low) though at relatively high dosage level. P4 is a substrate for 17-0HP and its 

relati vely low levels in both specics may be due to its rapid rnetabolization into this 

steroid via 17·hydroxylase or that ils synthesis is somewhat limited in the two species. 

17-0HP is not only a substrate for synthesis of [7, 20PP or can be converted into T 

through C21 to C 19 desmolase (Scott €I al., 1984) but itself is Ilearly as potellt MIS 11/ 

vil1'O as 17, 20~P in many teleosts (See Goetz, 1983; Scott and Canada. 1987; Cnnario 

unci Scott, 19S8; kimc, 1993: SCOII et al,. 1984, 1998). as has also been demonstrated 

presentl y for C. watson; and B. I'agra, The declining levels of this s teroid concomitant 

with persistently high levels of l7, 20PP during the spawning season, however, suggest 

its gradual conversion into the lauer in these species but its role as MIS cannot be entirely 

ignored at the present time. 

III vitro study of gonadal responses to exogenous hormones has yielded 

infomlation of immcnse value in understanding reproductive regulatory mechanisms and 

metabolism of steroids and in providing direct evidence of existence of the repertoi re of 

enzymes necessary for their biosynthesis. Earlier ill vitro investigations by Ghaffal' 

( 1988) , Zuberi (1990) on B, vagra have provided preliminary evidence of the 
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responS iveness of ovarian follicles of this species 10 selected stero ids, hCG ~n<.l em" 

pituitary hOll1ogenate!> The present investigation ex tends thi s work and shows thai 

exogenous heG, Ell El. AD. T, DOC, 1 7~OI-iP, p" and 17. l OOP are capable of 

influencing the behaviour of the gCfln.inal ves icle /I, vilro but only tile :.mdrogens and Iht! 

progestogens are the most effective steroids causing its breakdown (GVBO). The 

response orthe follicles is, huwever, both dose·dependent and time dependent. Thus. at 

the highest Josagc of 1.0 llglml, all of these steroids elicited maturational response that 

was maximal when the rollicles were exposed ror 72 hr. The response diminished when 

both the time of exposure to these steroids as well as dosage was reduced but under this 

circulllstance (0.01 ug/ml and 24 hr) only 17, 20~P brought about significant GVBD in 

both species. 17. 20PP, first identified in the plasma of female 0. lIerka by Idler et al. 

(1960), is now considered to be the most potent MlS in a large number of teleosts (S. 

gain/neri: Fostier et al., 1973, 198 J; Campbell et al., 1980; Scott at at., 1982; Fostier and 

Jalabert, 1982: 0. rltodllrtls: Yotlng et al ., 1983a, h; Nagahama et al., 1980, 1983; 

Nagahama and Adachi, 1985; Nagahama, 1987b, Cj Van Oer Kraak et al., 1989; C. 

uura(/lS: Jalaberl, 1976; Perca flavescells: Goetz and Theofan, 1979: 0. latipes: 

!wamatsu, 1980; Ollcorhynchus kislltch: Sower and Schreck, 1982; 0. rhodllrlls: Young 

e/ (II .• 1982; Nagahama el 01., 1993; the ayu, PlecoglosslIs (III/veils; Nagahama cl al .• 

1983; catfish, Mysllts vir/allu: Upadhyaya and Haider, 1986; C. balmeJllls: Haider and 

Rao, \992; murnmichog, Fundulus heterocltllls: Greeley et 01., 1986; Petrmo et "/., 1993; 

Atlantic croaker: Tranl and Thomas, 1988; cyprinids, Cyprinlls carpio, Labeo rollila, 

Cirrhil/us mriga/a and Calla cntla: Epler, 1981 a. h, lnbaraj and Haider, 1988; Haider and 

inbaraj, 1989; the Japanese whit ing, Sil/ago japonica: Matsuyama e! al., 1990; till/mula 

Jill/al/dll and Pleurollectes plalessa: Canario and Scott, 1990a,b; Morone saxatilis : king 

el al., 1993; c. Itarel/gus pallas;: Carolsfeld el af., 1996). Gonadal steroidogenesis in 

fish progresses under the inOuence of two pituitary gondolropins, GTH~ I and GTH-II. 

The fonner govClllS vitellogenesis ami the latter controls maturation (Goetz, 1983; 

Nagahmna, I 987a,bj Peter, 1981 ; Swanson, 1991). Est!'ad iol 17p (E2), produced by 

aromntizalioll of testosterone (T) under the influence of GTH-I, enters the blood and 

initiates hepatic synthesis and re lease of vitellogenin which is then sequestered in the 

developing oocytes (Wallace and Selman, 1981; Wallace, 1985). In saimonids, bot.h 
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special thecal cells and granulosa cells (Ire involved in Ihis synthesis (2·ccll Iype model: 

Kagawa et a/ .• 1985; Nagnhama, 1983. 1 987a, b; Adachi et (1[., 1990). In non-sa lmonid 

fish, only the grnoulosn ce ll s are involved in synthesis of T and its aTomatizalion to E2 

(Onituke ut1<1lwamatsu, 1986; Petrino ef (1/., 1989; Nagahama el a/., 19(4) rhe results or 

III 1'111'0 studies attempting, to assess the effectiveness of gonadotropins on follicular 

maturation have YIelded rather equivocal inronnalion, sometimes even on the same 

species. According to some earlier work (Jalabert e/ al. , 1972; Jalabert and Breton, 1973; 

Sakun and Lemanova, 1976), mammalian gonadotropins arc ineffective in inducing 

maturation of oocyles. Other workers have shown that hCG, LH and mammalian pitui tary 

ex tracts as well as progesterone and testosterone have strong MJS effect il/ vitro on the 

ovarian follicles of several species (Plecoglossus allil'elis and Heleropllllesfes fossilis : 

Goswami and Sundararaj, 1971a, b; O,yzias IMipes: Hirose, 1976; lwamatsu and Katoh, 

1978; Bracliyr/allio rerio: Van Ree et al., 1977; salmonids: Jalabert el al., \974; 

Nagahama e/ fll., 1980; Goetz, 1976, t 983; Scott and Canario, 1987; F. lieleroC/iflls : 

Greeley ef (1/. , 1986; Wallace el al,. 1987). In both C. wafsolli and B. vagra, Ihe effect of 

hCG and various steroids was quite consistent and demonstrates th aI not onl y heG alone 

promotes maturation but a lso a 6~hr treatment with hCG combined with different stero ids 

brings about lime-dependent improvement in GYBO response. Such a response was 

especially notable in the case of androgens and progestogens, Epler (1981 n,b) and Epler 

el al. (1981/82) have also demonstrated Ihat in the cyprinid, Cyprhws elllpia, heG 

synerglses the effect of various steroids on the folli cles and promotes the GVBO response 

significantly. GTH synergies the effect of T on maturation of oocytes in rainbow trout 

(Jabber! , 1976) cUld amago salmon (Young at al., 1982). 

Some of the past studies aimed at analysis of relative roles of individual steroids 

revealed that E2 is capable of inducing oocyte maturation in vitro in the Japanese medaka 

(0, laripes: Hirose, 1972, 1976), an observation later negated by the work of Iwamatsu 

(1978) on thi s species. It seems that conflict ing observations on effects of given 

honnones within a species are liable to stem from the variab le culture conditions in 

different laboratories or on the competence of the oocytcs to respond at given times 

(KiIllC, 1993), As stated earl ier, in thezebrafish, B. rerio (Van Ree el al ., 1977), it is E. 
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tlml has GVBD st imulatory effect and hoth E2 and E are ineffective. More recent 

investigat ions have dcmonstrated thut E2 is incapable of causing maturation of oocytcs 11/ 

I'/ fro in most species of fi sh <:tnd Ihe present observations on C watSOIl; and E, vagra also 

arfiml this view Thai the est rogens nevertheless have indirect involvement liS illhibnors 

of oocyte l11at\lfalion tlnd ovulation was proposed in some earlier studies (go ldfish. 

Pandey and Hoar. 1972; rainbow trout: Jalabert , 1975; the loach, Misgul'/ws 

(fl/glli/!icalldOfIlS: Ueda and Takahashi, 1976; Indian catfi sh: Slindararaj el aI, 1979), 

implying that while ~ can regulate maturation. it does not induce it. In contrast to 

eSlrogens, T, AD, P" 17-0HP, 17, 20PP and also 20pS (20P-dihydroxyprogesterone) 

have been demonstrated to have strong but species-specific MIS effcct ['II vitro . Both the 

cort icosteroids and the deoxycorticosteroids (DOC, II -DOC) and even F are also known 

to initiate maturation of follicles ill v;tro in some species (reviews: Goetz.1983; Scott and 

Canario, 1987; Nagahama, 1994a). Whether the response of the oocytes in different 

species to al least some of these steroids is direct or ensues ITom their conversion to more 

active forms at the follicu lar level has been a subject of debate fOf some time (Goetz, 

1983; Nagahama, 1987a, b; Scott and Canario, 1987). 

Whereas 17. 20pr is now well known to be the IllOSt potent M1S in majority of 

fish, othcr C-21 stero ids have also been found to be equally potent in some species. 

Among the C-21 steroids. the effectiveness of P", DOC and Il ·DOC as well ilS other 

cort icoids and cO l1 icosteroids during natural oocyte maturation has been quite 

controversial. In the Japanese medaka, Oryzias latipes, F has been shown to be fOUf times 

more effective than P4 in causing maturation of the oocytes (Hirose, 1972). and in the 

z.ebra fi sh (Bracltydollio reno) it has been found to be a better MIS than 17, 20PP (Van 

Ree Cl (1/.,1977). Goswall1i and Sundraraj ( 1971a, b. 1974); Sundraraj and Goswami, 

(1966) demonstrated that DOC, II-DOC and 21-deoxycortisol are the strongest MIS in 

the Indian cal fi sh.lJ. fos~;i1is with p". J7-0HP and 17-dihydroxyprogesterone being poor 

inducers of matllnllion ill V;fro. Whi le Masui and Clarke (1979) have argued that the 

observed effect of corticosteroids is unspecific, later works by Ungar et aI, (1977) and 

Slindraraj et al. (1985) on thi s species have failed to confirm the earlier observation and 

have demonstrated that 17, 20PP is physiologically the most poten t MIS in fl. fossilis 
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(see also African catfish, ClanCls g(/I'/epmlls: Lamberl and Van den Hurk , 1982). On tile 

uther hanu , II·DOC. hydrocortisone and F have heen demOllstnlteu \0 be Il1cffcctivc as 

MIS in rainbow trout (Jalabert el al., 1972; Fostier el al., 1(73), chum sa lmon (Osanai et 

"I .. 1973) lIorthern pike (la labert and Breton, 1973). While 17, 20pP. 20PS and II-DOC' 

are all e lTcctive In catlsll'g GVBD in the brown trout (Duffey and Gacti, 1980) and the­

yellow perch (Goetz and Theofan. 1979). 17.20pP remains the 1110st pOlelll of these. 

In the present siud y too, T, AD, P4 and 17·0HP induced m.Huration of 

intrafolliculal' oocytes hI vitro but had a significant effect mainly at high concentrations 

or when the duration of exposure ill vitro was increased. 17, 20pr alone brought about 

the most significant GVBD at the lowest concentration of 0.01 uglml and thus it appears 

to be the physiologically important MIS in C. wa/sol/i. In the case of 8. vagro only a 

single concentration (J.O ug/ml) was tried in the present work. Judging from the duration 

of exposu re and the relative GyaD responses of the fo llicles of this species to the 

different steroids, 17, 20PP appears to be the MIS that may be physiologically the most 

important. As discussed by Trant and Thomas (1988), apparentl y the side chain of the 

progestin moleculc is a key structural component of the MIS that interacts with the active 

sile of Ihe oocyte receptor controlling final oocyte maturation. Certain alterations of tbe 

side chain of progestcrone int.:rease the potency of the resultant steroid 1000 fold. Trant 

and Thomas (1988) have shown thaI steroids with hydroxyl groups at fhe 17a, 20]3 or 21 

posilion arc more potent than P4, pm1iculariy at concentrations below 0.01 ug/ml. 11-

dcoxycorticosterone (DOC. where hydroxylation of P4 is at the 21 position) is more 

pOlent than l7·0HP (hydroxylat ion of Pol at the 170 position). The 17, 20f3 H dihydroxy 

configurat ion of P4 (17«, 20f3·P4) results in maximal stimulation of GVBD at near 

physiological concentration. 

One of the attempts in the present study was to identify the steroid metabo lites 

released into the incuhation medium following exposure o f intrafollicular oocylcs (central 

GV stage) of c.wtl/solli to heG and different steroids alone, and hCG in combination 

with different progestogens. 111 vitro studies employing gonadotropins and/or exogenous 

steroid precursors have been of much value in elucidating gonada l steroid metabolism 
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and the enzyme systems involved therein (Kil'lle. 197%. b; Varon and Bartoll, 1980; 

FOSller el a I. , 1981a, b; Suzuki el ul., 1981a, b; Varon et al., 19H2; Kagawa, 1982~ 

Kagawa et 01 .• 1982a, b; Nagabama and Kagawa, 1982; Nagnhomn et al ., 1983; Yaron (!I 

al .. 1983; Petrino <I 111.1989. Kime, 1990. 1992, 1993; Kime cl 111 .• 1991. 1992. 1993. 

1994; Kime ~lJ1d Abdullah, 1994). The present study provides ev idence of the presence of 

tmzymcs that cun metabolize and rogens. estrogens and progeslogens during the ovanan 

cycle of C. wa/soni. The pattern of the products recovered following ill vitro incubation 

of the vitellogenic ovarian follicles with exogenous substrates and the resu lt s of the ill 

vivo work suggest that the enzyme systems comprising at least 17-HSD, P450 arom. P450 

lyase, 20n-I-ISD, 16a-hydroxylase, l i p-hydroxylase, su lphuronyl transferase and 

glucuronyltransferase are actively involved in steroid metabolism in the ovarian fO ll icles 

of C. wa/SOll i . Fig. 24 Summarizes the key pathways based on the ill vitro work reported 

here. 

Incubation o f the follicles of C. walsoni with hCG alone resulted in thc increased 

production of est rogens, testosterone and corticosterone. Although 17, 20J1P and [7-0HP 

were also detectable in the medium. in contrast to their absence in the control incubate, 

their levels were ex tremely low. It is thus evident that heG stimu lates syn thesis of 

testosterone and estrogens as is expected In view of the role of gOllauotropins 111 

prollloting production of T and its aromatization to E2 by P450 arom Kagawa et 01 

(1983a, b) and young ct al. (1983b. c) have shown that purified sa lmon gonadotroplJ1 

(SG-IOO) st imulates both T and E2 production by viteHogenic foHicies in vitro In amago 

salmon. fn goldfish too, hCG enhances synthesis of Ez if! vitro in the primary and 

secondary yo lk stage follicles (Kagawa e/ al., 1984). Enhanced production of 17-0HP 

find 17. 20JW under the influence of hCG has also been observed in other species but the 

h~vels of the ind ividual metabolites produced depends on the stage in which the oocyte::; 

may be at the time of incubati on. In Atlantic sa lmon, Sa/ma sa/ar (Zhoa and wright, 

1985), GTH markedly st imulates the steroid output in general, where 17, 20PP is released 

in significantly greater amount. Apparent ly, the 20P-hydroxysteroid dehydrogenase (20n­

I-ISO) pathway of 17-01-IP to 17. 20PP as well as the aromatization pathway is stimulated 

by heG. The detection of low levels of 17-0HP and 17, 20PP ill the incubflle of C 
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wa/soni in response to heG suggests that tbe enzyme 20P-HSD could no1 be activateu 

fully in oocytes that were s ti11 mostly in central GV stage ~l t the time of incuhation with 

lleG alone and continued to produce only basal levels of these progestins under its 

innucncc (see also Suzuki eI al., 1981 n, b; Zhao and Wnght, 1985). In contrast to the low 

Icvel of 17, 200P, 17-011P was released in slightly gre.Her amount following hCG 

stimulation. Only marginal GVBD Increase occurred at 72 hr (see Tail ic 14b) whcn the 

fo ll ic les recelved onl y heG. 

When the oocytes were exposed separately to the two estrogens (EI and E2). 1\ 

substantial interconversion was evident in add ition to appearance of thei r glucuronide 

andlor sulphated conjugates as well as an unknown steroid , indicating activation of 17-

hydroxyslero id dehydrogenase (17-HSO), glucuronyl and sulphuronyl transferases. Since 

onl y vcry low quantities of 17~OHP were produced and 17.20pP was absent in the 

medium, only margional GVBO was ev ident in either case (sec Table 14b). 

The products fonned fo llowing incubation of the oocytcs wi th exogenous 

testosterone also suggest a predominance of 17-HSD activity as indicated by the higb 

level of AD and signilicant disappearance of T [rom the mcubation medium. A 

signific:mt increase in conversion ofT to AD has also been demonstrated in incubates of 

ovarmn fragments of P. latipimw (Kime and Groves, 1986), testicular tissue of the 

African lungfish, NeocemlOdus Jorsteri (Joss el al., 1996) and Arcti c chaIT embryos 

(Khnn, 1996). Evidently. aromatase was also activated significantly causing conversion 

ofT to est rogens, which were also metabolized by the appropriate transferases into their 

conjugates. The presence o f substantial quantity of EI in the medium followi ng 

incubation of the oocytes wi th AD confinns activation of the AD to Ej pathway while a 

significant proportion of the substrate remained unmetabo lized even after 72 hr. AD is 

the principal substrate for E, . The presence of some unknown compounds (presumably 

downstream androgens) warrants further studies 10 determine their precise identity. 

Queral ela/, (1986) and Lambel1 ef al. (199 1) have observed thal the ovarian sl ices of the 

European eel (Allguilla al/guilla) convert AD mainly to 5a-androstenedione (56.-
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androstane-3 , 17-dior\c) and 1~-hydroxy-56.-androstane-1 7-one (androsteronc) 

rcpresentinH- the 5a-reduced metabo lites. The unknown compounds noted in the incubate: 

01 C. w(l150 111 may also be Sa-reduced slClOids such as 5et-andros tane-3, 17 dione, 

androsteroLle and t!piandrosterone. The fact that a smal l amount of the precursor was 

convCI1ed to T ilnd E, suggests weak 176-HSD type-l activity, besides strong 5il­

reductase (\c ti vi ty. 111 addition to 17J3-HSD isozyme type-2, other enzymes such as P450 

arollllllay be active in convel1ing T and AD to E2 and El, respectively. This activation of 

P450arom activity is necessary for promoting steroidal regulation of vitello genic growth. 

Rodriguez Maldonado e/ al. (1996) working on the thecal cells of preovulatory follicles 

of the domestic hen (Gallus r1omes/icus) and Khan (1996) on Arct ic charr embryo have 

shown prefercntial fomlation of 8, rather than E2 following incubations with AD, and 

predominant fomlatioll of AD following incubation with T. Akinola and coworkers 

(1996) have proposed that various 1713-HSD isozymes in rat regulate exposure of tissues 

to androgens and estrogens by convert ing them into their biologically less potent fomls. 

The fonnation of sulphate or glucuronide conjugates of the two substrates by sulphuronyJ 

transferase and glueuronyl transferase, respectively, in the present study not o nly 

provides protection of the follicles against unusual exposure of the oocytes 10 the free 

active steroids but also facilitatcs their excretion (see also Hobkirk, 1993). 

In Cyprtllio/l watsoni. gonatotropill s timulation of ovarian folli cles before 

addlllg progesterone (see Table 18) as a substrate enhanced production of I 7·01 IP and 

17,20flP over and above the control incubation (where these were below detection limit). 

As the concentration of 17-0HP also increased with gonadotropin stimulation, it is 

possib le that the enzyme responsible for the conversion of P4 to 17-0HP (by 170.­

hydroxylase) became more active which was then converted in tum to 17, 20BP by 

activating 2013·HSO, the enzyme invo lved in the conversion of 17-0HP 10 l7,20rlP 

(Gore-Langton and Armstrong, 1994). The present results indicate that gonadotropin 

st imulation enhances the metabolism ofP4 (- 96% Pol metabolized in 72 hrs as compared 

to - 63% conversion in its absence, Table 23) . The incubation of the ovarian follicles with 

Pol resllited in s li gh t increase in the production ofOOe, 17-0HP, 17,20IlP. T, E" E2, 11 n­
OHA, B (corticosterone) ilnd some other steroids (unknown peaks). This has also been 
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demonstratcd III the case of F. hefcrod;fIJS by Petrino at at ( 1993) who identified 17-

OHP,20BS, 17, 20PP, AD. T, E, 5a-pregnen 17" -01-3, 20-dione, 50-pregnen-3u-ol-20-

one uncJ o(her polnr steroids ((rials, tetrols). The fOT11lHI10n of the 11 -()xoandrogen. 11 f,\­

DHA. as Ihe primary metabol ite of P4 (a long wi th 17-0HP, T, 17, 201lP, EI • El. B fi nd 

DOC) indicates the presence of at least two enzyme systems in the rollicles of C W(ltSOIlI , 

cylochrome P450C17 side chai n cleavage (P450c l7) and IIB-hydroxyl.lsc tP450cn). 

P450('l1 has two enzYITI(llic actions: 17u-hydroxylase. which convert P4 to 17-0HP and 

C 17-20 lyase (also called 17.20 desmolase) which is responsible ror the side chain 

cleavage or 17-0HP to AD .The enzyme 1lO-hydroxlase (P450C11 ) ultimately fOlnls 11-

oxoandrogcns from AD. AD is converted to T, while E) is converted to E2 by J70-HSD 

or 17-ketosteroid reductase. The enzyme P450arom is also active and converts the 

androgen to estrogen by 2-hyd roxylation at the C-19 methyl group and consequent 

aromatization of the A ring of the steroid. The high level of lestosterone compared to 

Ilf3-0ltA suggests greater activity of 170-HSD in this system. The formation of DOC 

from P4 is likely to involve a 2-step enzymatic conversion of 17-0HP to DOC by 17Cl . 

hydroxylase and 21-hydroxylase (goldfish: Kime el (11 .• 1992; Arctic charr: Khan, 1996). 

The production of B from P4, on the other hand, may result from J I-deoxycorticosterone 

(DOC) pathway (Lieberman and Prasad, 1990). The formation of 17, 200? as a trace 

metabo lite of P1 rencets secondnry metaboli sm of 17-0HP; the entymc l7u-hydroxylase 

COI\Vert s Pol 10 17-0HP. which is then converted to 17, 200P by 2Of3-I-ISO. The fael thaI 

17. 20BP was a minor melabollte of P4 but a major product following incubation with 17. 

OHP C,ln be explained on the basis of a one step enzymatic conversion by 200-HSD (17· 

OHP to 17, 20BP). The conversion of P4, on the other hand, would involve a 2-slep 

process; P, 10 17-0HP by l7a-hydl'oxylase followed by l7-0HP to 17, 20PP by 20~­

HSD. 

17, 200P, 1lI3-0HA, B and DOC were identified (IS the major metabolites of 

17-0HP, although the production of E2• AD and T was also enhanced to sprne extent. It 

appears that 17-0HP f.1Vours the formation of 17, 200P over that of AD. ~~ferred 
synlhesis of 17, 20~P from 17-0HP indicales a dominant role of 20B-HSD in, this 

incubation system as well as release of its sulphated conjugates. The result also affi'rms 

,/ 77 



the finding that 17, 2013P plays a. major role in oocyte maturation in C W(lIso"i. Priming 

the oocyles with !leG resulted in enhanced conversion of 17-0HP (only - 10% substrate 

left unmetabolizcd) after 72hrs. Enjgmatically, the production 01 17. 20rW was curtailed. 

Instead. several unknown steroids appeared in the medium in suhSlanli~al quantities, in 

addition to their correspond ing su lphated conjugates. It would be interest ing to identify 

these unknown n1ctaboljtes in future //I vitro investigations on tillS speCies, especially In 

view that several other progeslogens (trials and telrois) are syn thesized in the follicles of 

some te leosts (Kime. 1993). 

Incubat ion of the ovarian fol licle in the presence of exogeneous 17, 2013P resulted 

in its conversion principally to a variety of unknown free and conjugated metabolites. In 

heG-primed follicles. the metabolism of 17, 20PP was further enhanced. Not only did the 

conjugated 17, 20PI) metabolites increase in quantity but also the release of unknown 

metabolites was restricted to only a few of these. In several other species, sueh other 

steroids as 17, 20P,21-P (17,20P, 2 1-trihydroxy-4-pregnen-3-one), 17,20P-P5 (5-pregnen-

3p, 17,20P-P5) and 11-deoxycortisol (17,21-dihydroxy-4-pregnen-3, 20-dione; 17, 21P) 

have been found to be as effective iI/ vitro in causing oocyte maturation as cloes 17, 20PP 

(Kil11e, 1993). Sorlle o rtlle metabolites ofP" also did not elute with the reference stero ids 

in lhe present investigat ion. Lack of appropriate steroids and/or lack of absorbance of 

some o f lhe reduced progestogens at 254 nm makcs it difficult to identi fy all of the 

metabol ites. It is possible that some of these unknown metabolites arc pregnane trio ls and 

tetrols. since Kime ct al. (1991) have shown that these polar 5a-reduced metabolites OfP4 

are produced by fish ovaries. Simi larly, Venkatesh el ai. (1992b) have found that 

gestational follicles of guppy also convert P4 to 5a#reduced and 7-hydrox ylated steroids. 

The present observations on the recovery of metabolites of the progestins in vitro, thus, 

necessitate future investigations to identify the unknown metabolites that were detectable 

p.u1icularly followin g incubations wi lh Pol, 17·0I-JP and J7, 20pP. This would also be 

va luable in throwing further light on the extent 10 which 17-0HP and 17, 20~P can be 

deemed to be the final MIS in C. watson; and/or B. vagra . Kime (1 990) and Kime et al. 

(1991) have shown that exogeneous 17-0HP and 17, 20t3P are rapidly converted into 

very polar reduced metabolites during final oocyte maturation (see also Levavi-
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Zennonsky and Yaron, 1986; Epler el al., 1987). Notwithstanding the overwhelming 

SUpp0l1 to the status of 17. 20PP as the MIS, other works have shoWJl that thi s progestin 

IS of lesser significance in some species offish. 11 has 110t been readily detectable ill vNo 

or ill \lilro, at least in slI nicimH tlTl10lJllts, in some species (Kime, 1990, Mugiller el 0/" 

1997; lIowclllllltl Scott. 1989), II hilS been Ihought in these instances that 17. 20~P is 

perhaps rapidly melaboliZt::d (c. carpio: J(jme, 1990), In C. carpio. metabolites 

resembling Sf3-pregl1 ane-3a. 60., 17, 20P and 20a -tetrols seem 10 be lhe final products or 

p~ and 17-01-11>, A metabolite resembling 206.-hydroxy pregnane is fonned in incubations 

of' oocytes with 17, 20PP (Kime, 1990), Thus, it seems that the salmonid model may not 

necessarily be applicable to the cyprinids without fU11her research. In percifonn species 

(Micropogollias lIebllloslIS and CyllosciollllebuiosliS), 20PS (l7a. 20 fi . 2 1-trihydrox y-4-

pregnen-3-one) has been reported to be equipotent with 17, 20~P in vitro (Trant ef al., 

1986; Thomas and Trant , 1989; Trant and Thomas, 1989a, b; Patino and Thomas, 1990b, 

c; Thomas, 19(4). tn two natfishes (Limallda Jimanlia and Plellrollecles plaressa) both 

are equipotent as MIS ill vitro (Canario and Scott, 1987a, c, I 990b) but these are not 

synthesi:lcd in vitro in these species. Instead. 206.-reduced steroids (17. 20a-dihydroxy-4-

pregn.n-3-one (17_ 200 -P) and Jp, 17,200 -lrihydroxy-5p-pregnane (17,200 -P-5P» are 

synthesi:led (Canario and Scott, 1987(1, h, 1989b) and also exist in the plasma follO\ving 

it'ljections of hCG. In Morollo americana and Morolle chrysops also. 20~S is equipotent 

with 17, 20PP (King lit al., 19(5) as well as in several other species (Trant e! aI" 1986; 

Thomas and Trant, 1989; Trant and Thomas, 1989b; Patino and Thomas, 1 990b, c). 

Conjugated steroids 

Steroids are readily excreted in conjugated form owing to thei r greater water 

solubi lity compared to free steroids. Conjugated steroids have attracted growing interest 

pmticularly in the light of evidence of their possib le pheromonal role in fish reproduction 

(C carpio: Colombo et al., 1980, 1982; Clarias gariepilllls: Schoonen et ai., 1987; Van 

den !-lurk ef al .. J 987; Scott and Turncr, 1991 ; Kime el a/,. 1993; elf/rias lazera: Van den 

Hurk CI (11.,1987). Van den Hmk and Lambert (1983), Lambert at al. ( 1986), Scott and 
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Cana ri o (1987), Can aria and Scott (1989a, 1990a. b) and Kime (1990) have suggested 

that (.;onjugated steroids as well as high levels arMIS and MIS-related metabolites in the 

1Jl00d playa pheromonal role. It has also been suggested that these metabolites protect 

the next batch of oocylcs from prematUi e exposure to maturatioJl-illducmg steroids 

(Kime, 1990). 1 he gonads are major si te of glucuronation and suI i':Hiol1 of ('eproductive 

steroids in teleosts (Seoll and Vcnneirssen, 1994). Glucul'onyl and sulfuronyl transfcrases 

that arc responsible for esterification of the hydroxyl group of'stcroids have been detected 

in the ovaries and testes of a number of fish species (Scott and Vemleirssen, 1994). In the 

present investigation, conjugated steroids were studied in the ovarian fragments of C. 

watsoll; and B. lIagra in March. April and May (vitellogenic to spawning period). Both 

glucuronated and sulphated forms were detectable in the two species. while the Iwo 

species showed sligh t differences in proportion and periodicity of glucuronation and 

su lphation. of relatively greater interest is the markedly enhanced conjugation of the 

substrates in ovarian samples of fish that had already entered the spawning phase 

(AprillMay). Both giucuronidated arld sulphated steroid metabolites were detectable in 

high quantities ill the incubation medium following exposure of the follicles of C. 

watsoni to various steroidal substrates. This c learly indicates the presence of gluc\lfonyl 

and sulpuronyl Iransrerases in the ovarian follicles of this species, which actively 

metabolize the estrogens, androgens and progestins. Fulure invest igations on corULlgatcc1 

steroids in these species wou ld be valuable in determining their precise role III 

reproduction, if any. 
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