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ABSTRACT

The aim of this study was to evaluate the effecti@min C L-ascorbate 2-triphosphate (LATP-Ca)
on Indian major carp rohu_ébeo rohita) (Hamilton) during intensive aquaculture. Rohu wie
with vitamin C (LATP-Ca) supplementation at dosePe{control) and B (500 mg/kg) diet for 10
weeks. The effects were assessed by comparingeahted groups of fish to that of control group.
Vitamin C (LATP-Ca) supplementation exerted significé”<0.05) effects on oocyte development
of rohu (abeo rohita). A number of distinct developmental stages ofyg@can be delineated and
oocyte growth in major carp rohigbeo rohita) found in two distinct phasegrimary growth
phase (PGP) and theecondary growth phasgSGP). In PGP, oogonia, chromatin nucleolus, early
and peri nucleolus stage oocyte with Balbiani's INite body were observed while two types of
inclusions, lipid and protein, respectively werenied during vitellogenesis in the SGP. SGP
development was found for a short period of timeaspared to PGP. Similarly, development of
oocyte was very poor in fish fed with controlle@ti

Key words:  Major carp,Labeo rohita, vitamin C, histology, oocyte development.

INTRODUCTION this is mainly due to accumulation of yolk granules

Morphology, biochemistry and physiology of Which are formed in liver under the influence of a
gonads have been described by a large numbers#ecific steroid hormone, f-stradiol (Wallace
workers in different groups of fishes. Ovaries ar@nd Selman 1981) and migrate to oocyte through
not only responsible to produce eggs but alsBlood (Wallace 1978). Oocyte development in
synthesize and secrete hormones of different kindéleosts has been reviewed by Wallace and Selman
that have a far reaching effects on the reprodectik1981), de Viaming (1983), Nagahama (1983),
biology and behavior of the fish. Oogenesis startguraya (1986), and West (1990). Yamameital.
from simple proliferation of oogonia up to the(1965) divided the oocyte development of rainbow
formation of mature oocyte and consequentljfout into eight stages which includes chromatin
ovulation after final maturation. During this nucleolus stage, perinucleolus stage (subdivided
process, size of oocyte increases many folds afieto early and late stage), oil droplet stage, prim
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yolk stage, secondary yolk stage, tertiary yollHowever, final oocyte maturation and ovulation
stage, and maturation stages. Shrestha (1988 not always associated because oocyte of most
described the ovarian cycle dfloemacheilus teleosts do not undergo ovulation following steroid
beavani and divided it into seven distinct phasesmaturationin vitro (Narimatsuet al. 2007)
Senet al. (2002) divided the development stages Vitamin C is an essential vitamin for normal
of Labeo rohita (collected from rivers of West physiological functions in animals including fish
Bengal, India) into seven different stages aflim and Lovell 1978). Most teleosts are unable to
primary growth phase, perinucleolar stage, presynthesize ascorbic acid due to the lack of I-
vitellogenic or yolk vesicle stage, vitellogenicgulonolactone oxidase that is responsible for
stage post-vitellogenic stage, germinal vesicleynthesis of vitamin C de novo (Wilson 1973,
break down stage, and spawning stage. Fracalossiet al. 2001). Therefore; an exogenous
Several criteria have been employed fosource of vitamin C is required in fish diets.
staging the process of oocyte development. Thesmadequate supply of dietary vitamin C usually
criteria are size, amount and distribution of vasio results in a number of deficiency signs such as
cell inclusions (Nagahama 1983). However, it ispinal deformation, impaired collagen formation,
now generally recognised that oocyte growthnternal haemorrhaging and retarded growth
occurs in two distinct phases including all thes¢Halver et al. 1969, Al-Amoudi et al. 1992,
oocyte development stages. These phases are €heuillou-Coustanst al. 1998). The requirement
primary growth phase (PGP) and the secondagf vitamin C varies to some degree, with fish
growth phase (SGP) (Tokarz 1978, Khoo 1979%pecies, size, diet and experimental conditions.
The primary growth phase is variously named ashus, the role of vitamin C on oocyte development
previtellogenesis (Raven 1961), the first growths much important but, information on carp is very
phase (Jorgensen 1974, Khoo 1979), or thémited andLabeo rohita, rohu is one of the Indian
primary growth phase (Wallace and Selman 1981najor carp. Its high commercial value makes it a
The PGP in teleosts involves the increase in dize gromising aquaculture species in the future.
the primary oocytes with some nuclear changedherefore, the purpose of the present study was to
and shows little variation between species (Tokargetermine oocyte development using histological
1978, Wallace and Selman 1981, de Vlamindechniques of major carp roh(Labeo rohita)
1983, Guraya 1986). The secondary growth phaskiring intensive aquaculture.
(SGP) of oocyte is a gonadotrophin-dependent
phase. The enlargement of the oocyte, attributabMATERIALS AND METHODS
mainly to the accumulation of yolk (vitellogenesis)Fish collection and experimentation

occurs in this phase (Nagahama 1983). Oocyte Labeo rohita (rohu) is a major carp and an
development might be species specific with thannual breeder. Based on observations of wild fish,
size, amount and distribution of various celit attains maturity in the end of second year ff li
inclusions or formation order. (Jhingran and Pullin 1985). Thus, one year old
The oocytes are expelled into the ovariafimean weight 39.56+0.25 g/fish) rohlabeo
cavity or peritoneal cavity, a process known asohita (H) used in the present study were obtained
ovulation. The follicular layers that remain behindo the Aqua Research Lab, University of Delhi,
in the ovary are known as Post-ovulatory follicleindia from a commercially well managed
(POF). The entire process or at least part of it $ahangirpuri fish farm, located some 14 km from
hormone dependent (Lonet al. 2001, 2008). the research lab. Rohu were kept in outdoor
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conditions, acclimatized for 7 days and cultured 3Dissection and removal of gonads
fishes/tank in rectangular cemented tanks (500 I) After measurements, an incision was made on
under two feeding regimes. Two practicaiventral side of the abdomen from posterior to

(artificial) diets (protein 40%) containing two interior most tip of the fish with a sharp scalpat
doses 0 and 500 mg kf vitamin C, L-ascorbate @ bone cutter. Ovaries were found attached on the

2- triphosphate CalciumH{Media, India) were lower side of the swim bladder in the abdominal

formulated along with other ingredientiz., fish cavity. Features like colour, position of gonadal
meal, wheat flour and cod liver oil (Labh angducts and any abnormality, if present, were noted.

Chakrabarti 2011). In the first group, fish werd fe Photographs of the ovaries were takersitu an.d .
without incorporation of vitamin C (LATP Ca) in then wgre separated carefully, then after theg siz
the artificial diet served as control {fDand the and weight were recorded.

second group of fish were fed with incorporatiorHistological studies

of vitamin C (LATP Ca) in the artificial diet, Whole ovary samples of immature and mature
which served as high level {p Fish were fed fishes for histological studies were taken anddixe
twice daily at 9.00 am and 6.00 pm at the rate oh 10% buffered formalin (4% formaldehyde in
3% of body weight. Three replicates were used fgshosphate buffer) until processed for histological
each feeding scheme. Water temperature, pH aegaminations. Samples were trimmed to
dissolved oxygen level were recorded weeklypproximately 1 crhand loaded to plastic tissue
throughout the study period. The duration otassettes. The sample loaded cassettes were then
experiment was 10 weeks and then the fishes wepeocessed for routine histology. The samples were
harvested. first passed through different grades of ethyl
alcohol ranging from 30-100% for dehydration and

) ) _ then cleared in two changes of xylene. The tissues
At the time of sampling, fish were removedwere finally taken to embedding centre, transferred

from the c_ementt_—:‘d tank one by_ one with a SCOOR molten wax and xylene in the ratio of 70:30 and
net a-m-d |mmed|§tely p'aceo! in-a Yvater tanlfn the last changed to molten wax for 4 h for
containing clove oil (5 ppm) dissolved in abSOIUt(?mpregnation of wax. The wax embedded tissues,
alcohol (Merck, Germany) in a ratio of .2:5 (Berkayitached to cassettes, were finally trimmed for
1_986) ar\d allowed to stay for 3_'5 mmutt_es. Th?nicrotomy. The sections were floated in warm
time period was changed according to weight ar\%I/ater 37-40°C for stretching. The stretched

length of fish. sections were placed on glass slides, and put on a

Morphological and biochemical parameters hot plate overnight for drying. Gill' haematoxylin
Before dissection and removal of gonads totANd eosin staining method was used for this study

body weight to the nearest gram (g) and total boo@gemts 1990). The sections were stained with

length, standard body length and body depth (at ithdarris hematoxylin and eosin and mounted with

start of the dorsal fin level) to the nearest mmewe PPX. The photomicrography was done on LEICA

recorded. The specific growth rate (SGR) wa§M-5000 microscope with digital camera.

calculated using the formula: SGR = 100 x (InWt-_

InWi)/t, where Wiand Wtwere the initial and final Statistical Analyses of the data

body weights and t time in days. Vitamin C To understand the significant difference

contents in oogonia were assayed (Dabrowski afftween diet, the data obtained were analyzed
Hinterleitner 1989). statistically with One-way ANOVA followed by

Experimental sampling
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Duncan's Multiple Range Test atP<0.05 end of the experiment in gonad of @et fed fish

significance level using SPSS version 15. (Figs. 1, 2 and 3). The ovarian width followed
ovarian length and weight and was minimum in D
RESULTS (5.702 = 0.09 cm) while maximum values (9.45 +

Cent percent survival of carp was recorded igy 15 cm) were in Pdiet fed fish.
all the treatments. The final average weight di fis
was significantly P< 0.05) higher in the carp fed
with diet D, as compared to diet ;DThe final
average weight was 13.6% higher in the fish fed
with D, diet compared to control (Pdiet fed fish.
Vitamin C level was significantlyR< 0.05) higher

Table 1. Average weight (g), specific growth
rate (SGR), Vitamin C concentrations
in oogonia (ug mg) of rohu (Labeo

rohita) cultured under two different

feeding regimes.

Parameters D (Control D, (Vitamin

in fish fed with 3 compared to others regardless of diet) C added diet)
tissues (Table 1). Significant changes wereyyerage weight 42.97+0.17 49.32+0.13
observed in the oocyte of treated fish compared tggr 0.069+0.012 0.236+0.08

the control one. Water temperature ranged fromyiiamin c in Oogonia  159.81+24.2375.64+21.52
27.8 to 31.3°C, pH ranged from 7.4 to 7.8 and

dissolved oxygen level ranged from 6.7 to 7.3 mghlistological studies of the gonads

throughout the study period. In major carp rohu Ll(@abeo rohita) abundant
_ _ oogonia were observed in the different stage of
Gonad weight, length and width ovary development (Fig. 4). They occur in nests of

The two lobes of the ovary are separate in thgma|l rounded cells (6.02+2.55 ) with a very high
beginning, however, as they grow, the lobes comgucleus (Fig. 5) in the et fed fish while in the
together and an oviduct is formed. The weight ofish fed with O diet oogonial proliferation in
gonad (33.11+2.06 g) was the lowest in th@ewly formed primary oocytes (23.33+6.05 p) and
stocking fish at the beginning of the experimentgarly perinucleolus stage of oocyte (39+3.39 )
97.38+5.14 g in the Ddiet fed fish, while the developed. Zona radiata and protein droplets
highest value (187.8+23.02 g) was recorded at tfpserved in fully grown treated fish (Fig. 6).

Fig. 1. Virgin/immature ovary present Fig. 2. Ovary present in the Fig.3. Ovary present in the
in the stocking fish. control (D,) diet fed fish. treated (D) diet fed fish.
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(b)
Fig. 4. Micrograph showing transverse sections ofrgwing oocytes observed in the pPdiet (b) fed fish as
compared to the control (a) diet fed Labeo rohita; @=0Oocytes H&E.

fi'f’i c

Fig. 5. Micrograph showing transverse sections ofaveloped nucleus (d) observed in the oocyte of Biet
fed fish as compared to the developing nucleus (&und in the oocyte of control diet fed fish;
N=Nucleus H&E.

5 A

Fig. 6. Micrograph shows zona radiata (Zr) and proein droplets (Pd) found well developed in the
secondary growth phase of Bdiet fed fish (f ) as compared to the BPdiet (control) fed fishin which
Granular vesicle (Gv) and various lipid droplets (Ld can be observed (e) H&E.

DISCUSSIONS However, fish depend upon an exogenous source
Vitamin C is an indispensable nutrientof vitamin C as they cannot synthesize it due & th

required to maintain the physiological processes @absence of the enzyme L-gulonolactone oxidase

different animals including fishes (Tolbert 1979).(Wilson 1973). Diets devoid of vitamin C result in
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prominent deficiency signs and most notable ammembrane lies the tunica albugenia which becomes
spinal deformities, particularly scoliosis andthinner and thinner as the ovary reaches to full
lordosis. Often abnormalities of the cartilagets t maturity.
eye, gill, gill opercula, and fins are observed in  Histologically, gonadal development firabeo
ascorbic acid deficient fish, as well as reducedohita is group synchronous type. This type, which
appetite, slow growth, internal and externals found in fish that spawn annually or once in a
haemorrhage, fin erosion, and anaemia. In th&pawning season, breeders will develop a cluster of
present study, the average weight and specifigtellogenic oocytes and advance synchronously
growth rate of major carpabeo rohita increased through further stages of development (oogenesis),
as the dietary inclusion of vitamin C increasede Thwhereas the rest of the oocyte population remains
increased growth rates in several fish species fedrested and is used for next year’s cycld.dbeo
diets sufficient in vitamin C are well documentedrohita the ova starts development in earnest in
elsewhere (Dabrowskit al. 1990, 1996, Leet al. March and increase to full and mature size in June.
2001). Navarre and Halver (1989) reported that Bis spawning, in wild, probably takes place in late
higher weight gain was observed in rainbow troufune and July, during the local monsoon season.
fed high dietary AA (500 to 2000 mg/kg diet). Sex can be recognized in breeding season when
Tewary and Patra (2008) reported thatLbeo abdomen is rounded (callecchhalli” in local
rohita maximum growth (50.88+0.18) waslanguage) and vent bulged out and becomes
observed in fish fed with 1000 mg AA/Kg diet, reddish in colour. In the present study also, it
while the lowest growth (30.83+0.12) wasseems that ovaries of rohu started increasing in
observed in control diet fed fish. weight and showed histological advancement. The
Oogenesis is a fundamental phase in thannual reproductive cycle @fabeo rohita female
reproductive  process of organisms. Itavas studied on the basis of gross appearance, and
comprehension is essential to understand theeight of ovaries. Histologically, this was based o
reproductive biology of species. Moreover, itoogenesis, size of oocytes, size and behaviour of
provides a detailed picture of the reproductivéestanucleus, nuclear membrane, number and location
of females, which permits us to design anaf nucleoli, appearance and distribution of yolk
improve economimanagement proposals fovesicles, yolk granules, appearance of oil droplets
species of economic importance. Histologica(if any), final maturation of oocytes in the treste
studies on oogenesis provide some informatiotiish as compared to the control diet fed fishslt i
but they present several limitations when appléed tclear from the Figs. 1, 2 and 3 that ovaries presen
vertebrates. Labeo rohita is heterosexual. Its in the fish of without treated with vitamin C were
reproductive system consists of an ovary with twemall in size while the size of ovary was
lobes, present on each side of the air bladder comparatively larger in their weight and length.
body cavity. They were attached with the swinThis has been shown for many fish like major
bladder and the length of two lobes was not equahrps (Senet al. 2002, Dayet al. 2004, 2005,
(Figs. 1, 2 and 3). In the immature fish the twdBhattacharyya and Maitra 2006). It is known that
lobes are separate, however, as they grow, theyajor carps spawn during the monsoon season
unite posteriorly and form a short oviduct thawhen rainfall is at maximum of the year and a
opens to the exterior through gonopore lying aboveasual relation existed between these parameters as
the anus. Externally each ovary was covered withwaas reported by earlier workers (Jhingran 1986,
thin peritoneal membrane and beneath théhingran and Pullin 1985, Pillay and Kutty 2005).
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However, it has also been shown many times that water from the Red SeAquaculture 105:165-
the size of the oocyte depends on the size of the 173.

fish and the larger fish tend to have bigger anflerka, R. 1986The Transport of Live Fish: A

higher number of eggs (Fernandez-Delgado and Reyjiew. EIFAC Tech. Paper 48. Food and

al. 2007).

In conclusion, vitamin C is not only essential
for fish growth but is also for the growth of the
gonad. Well developed growth of ovary observed
in treated diet fed fish as compared to the
controlled diet fed fish. The content of vitamin C
in oogonia was one and half fold high in treated®@browski, K. and S. Hinterleitner. 1989.
(D,) as compared to the control jDdiet fed fish. Simultaneous analysis of ascorbic acid,
Morphological study reveals that the two lobes of dehydroascorbic acid and ascorbic sulfate in
the ovary are separate in the beginning however as Piological materialAnalyst 114:83-87.
they grow, the lobes come together and an oviduftabrowski, K., K. Matusiewicz, M. Matusiewicz,
is formed. Well developed nucleus, protein P.P. Hoppe and J. Ebeling. 1996.
droplets and oocytes were observed in the Bioavailability of vitamin C from two ascorbyl
micrographs of both treated and controlled diet fed monophosphate esters in rainbow trout,
fish. Zona radiate observed in fully grown treated  Oncorhynchus mykiss (W.). Aquaculture
fish which plays a role in the vitellogenic process  Nutrition 2:3-10.

before fertilization, i.e., the microvilli and pore Dabrowski. K. R. Lackner R. and C. Doblander.
canals and also helps in easier transportation of 1990 Effect of dietary ascorbate on the
yolk materials into oocyte. Thus, from these concentration of tissue ascorbic acid,
studies it can be said that vitamin C is esseftial dehydroascorbic acid, ascorbic sulfate, and

oocyte development and overall growth of the fish.  4ctivity of ascorbic sulfate sulfohydrolase in

Further studies are needed in this connection from | oinbow  trout Oncorhynchus ~ mykiss).

various culture systems used in the country. Canadian Journal of Fisheries and Aquatic
Sciences 47:1518-1525.

Day, R., S. Bhattacharya and S.K. Maitra. 2004.
Temporal pattern of ovarian activity in a major
carp Catla catla and its possible

. ] environmental correlate in an annual cycle.
and Mr. Sandeep Arya, who directed in Biol. Rhythm Res. 35:329-353.

Mi ici tudies. Their kind t and
I(_:rOSCOPIC Image studies. Their |.n s.uppor an Day, R., S. Bhattacharya and S.K. Maitra. 2005.
guidance have been of great value in this study.

Importance of photoperiods in the regulation
of ovarian activities in Indian major ca@atla

Al-Amoudi, M.M., A.M.N. El-Nakkadi and B.M. catla in an annual cycleJ. biol. Rhythm.
El-Nouman. 1992. Evaluation of optimum 20:145-158.
dietary requirement of vitamin C for thede Vlaming, V. 1983. Oocyte development

growth of Oreochromis spilurus fingerlings in patterns and hormonal involvements amoung

Bhattacharyya, S. and S.K. Maitra. 2006.
Environmental correlate of the testicular
events in a major car@atla catla in an annual
reproductive cycleBiol. Rhythm Res. 37:87-
110.
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