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This study examined the potential of catfish pituitary cells to proliferate in culture media and that of 
hormones produced in their primary culture to induce spawning in African catfish. The trypsinized 
pituitary cells were cultured in three culture media RPMI 1640, McCoy 5a and M2 media with addition of 
10% fetal bovine serum. Female catfish (800±200 g) were induced using the culture medium that gave 
the shortest population doubling time and highest cell count (RPMI 1640). The eggs were fertilized with 
sperm cells in vitro. The fertilization and hatchability rates were determined. The blood samples of the 
induced spawners were collected at O (before injection), 3, 6, 9 and 12 h, respectively after injection. 
The collected samples of blood plasma were analyzed using enzyme-linked immunosorbent assay for 
quantitative determinations of Follicle-Stimulating Hormone (FSH) and Luteinizing Hormone (LH). A 
significant increase in the cell counts over the initial seeding density of 4.1 × 10

6
/ml after 12 h of culture 

was established in each of the three culture media used. The induced spawning bio-assay which served 
as a biochemical marker for gonadotrophin specific function showed that  97.5 g/kg of mature oocytes 
were spawned from cultured pituitary cells (CPC), 127.5 g/kg from induction with fresh pituitary gland 
(FPG) and 157 g/Kg from gonadotrophin releasing hormone analogue (Ovaprim) induced catfishes 
(800±200 g). The fertilization rate of cultured pituitary cells (CPC) differed significantly (P<0.05) without 
significant differences in hatchability (P>0.05). The results of the plasma gonadotrophin revealed that 
the highest levels of plasma LH and FSH were reached between 9 and 12 h of ovulation in all the 
inducers used. The two pituitary based hormones (FSH and LH) played complementary roles during 
ovulation and spawning of catfish eggs. This study provides an insight to the possibility of using 
hormones from the primary culture of pituitary cells to induce spawning in African catfish. 
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INTRODUCTION 
 
The African catfish, Clarias gariepinus Burchell 1822, is 
the favourite fish for aquaculture in West Africa (Adewumi 

and Olaleye, 2011). This species of fish dwells in a 
variety of  freshwater  environments  including  still  water  
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(lakes, ponds and pools); and flowing water (rivers, rapids 
and dams).  C. gariepinus has been vastly cultured and 
subjected to intensive research in aquaculture due to its 
ease of culturing, fast growth rate, high resistance to 
disease, tolerance of a wide range of temperature, low 
dissolved oxygen as well as high salinity levels and most 
importantly high commercial value (Teugels, 1986a). The 
major limitation in the aquaculture of C. gariepinus is that 
the species does not breed freely in captivity (Adebayo 
and Fagbenro, 2004). This is as a result of stress induced 
ovarian atresia (Lubzens et al., 2010). Hormonal 
induction of reproduction is necessary for the catfish to 
overcome atresia. This is done either by injection of 
pituitary gland from the donor fish of equivalent weight to 
the female spawner (Fagbenro et al., 1998; Salami et al., 
2006) or by injection of synthetic gonadotrophin releasing 
hormone analogues (GNRH-a). The synthetic equivalents 
are quite expensive for many local farmers and 
hatcheries in Africa while the use of raw pituitary gland 
could be cumbersome. Pituitary gland is the main source 
of the major hormones responsible for reproduction in 
animals. The pituitary cells have been reported to 
undergo continuous mitotic process (Yeung et al., 2006). 
The pituitary gland can be cultured and proliferated in 
vitro in order to use their secretions for induction of 
spawning in catfish (Lugo et al., 2008, Chen et al., 2010). 
Cells growth, division and multiplication can be achieved 
by addition of fetal bovine serum and culture medium to 
the pituitary cells in a culture plate at 30°C and 5% CO2 
(Gupta et al., 2005; Gupta and Saxena, 1999; 
Huhtaniemi, 2000; Lubzens et al., 2010). This study 
evaluated the efficacy of the hormones produced in the 
primary culture of pituitary cells to inducing spawning and 
their effects on the plasma gonadotrophin levels after 
induction. 
 
 
MATERIALS AND METHODS 

 
Site of the study 

 
This study was carried out at the Animal Reproduction, Animal 
Biotechnology and Wet Laboratories of the Department of Animal 
Sciences, Faculty of Agriculture, Obafemi Awolowo University, Ile-
Ife, Nigeria.  

 
 
Isolation of pituitary gland 

 
The brain case of the head of catfish was removed using the sharp 
pointed edge of a surgical knife and carefully lifted up to expose the 
pituitary gland. It was gently removed with the aid of a forceps, 
dropped in a petri dish containing physiological normal saline 
solution. 

 

 
Homogenization and trypsinization of the pituitary tissues:  

 
Ten donor catfish weighing between 500 and 700 g were 
anaesthetized for the culture experiment. Then, 0.5 ml of trypsin 
(SIGMA)   was   added   to  the  squashed  pituitary  tissues  to   aid  

 
 
 
 
dissociation of pituitary cells (Lugo et al., 2008; Makkar et al., 2011) 
and warmed in water bath with shaker (GZ Series, Germany) for 
one hour at 30°C. The initial pituitary cell counts per millimeter were 
determined using hemocytometer (Marienfeld, Germany) following 
Oyeleye and Omitogun (2007) procedure.  
 
 
Culture media preparation 
 
The trypsinized pituitary cells were divided into 3 parts and cultured 
in three culture media: M2, McCoy 5a and RPMI 1640. 225 µl of the 
culture medium containing 10% (25 µl /250 µl) of Fetal Bovine 
Serum was measured into the culture microplate. 20 µl of the 
trypinised pituitary cells was gently added to the medium and mixed 
thoroughly with micro-pipette (Gupta and Saxena, 1999).  
 
 
Culture in CO2 incubator 
 
The cells were cultured for 12 h at 30°C and 5% CO2 in CO2 
incubator (Labline, USA). The cultured cells were harvested at 
different time interval of 3, 6, 9 and 12 h of incubation and the cell 
counts were determined using haemocytometer (Marienfeld, 
Germany). The growth curve for each culture medium was drawn 
from the cells counted. Proliferation rates and population doubling 
time of the cells were determined at each time interval. 
 
 
Induced spawning bio-assay 
 
Induction of spawning was carried out under optimal laboratory 
conditions required for catfish oocyte ovulation and maturation. 
Three inducers were used; fresh pituitary cells, cultured pituitary 
cells and gonadotrophin releasing hormone analogue (Ovaprim; 
Syndel, Canada) which served as control. An aliquot of 1 ml each of 
both fresh and cultured pituitary gland cells as well as 0.4 ml/kg of 
Ovaprim (Fagbenro et al., 1998; Olaleye, 2005) were injected 
intramuscularly into quadruplicate female catfish per inducer. The 
mature and ovulated eggs were later fertilized in vitro with milt from 
the male catfish. Incubation was done in hatching tanks (1.0 m × 
1.0 m × 0.5 m) of 50 L capacity (Akankali et al., 2011). The 
fertilization rates were determined after the eggs were thoroughly 
mixed with the sperm by the assessment of eggs through simple 
observation of the morula (many-celled) developmental stage of the 
embryo after 12 h of fertilization  under the stereo microscope 
(Omitogun et al., 2010).   
The percentage fertilization and hatchability rates were calculated 
as shown in the following equation:  
 

The fertilization rate was determined using this formula =  
  

  
     

 

The hatchability rate was determined using this formula=
  

  
      

 
Where; NF is the number of fertilised eggs; NH is the number of 
larvae hatched; Ns is the total number of eggs set/incubated. 
 
 
Determination of gonadotrophin profile of catfish induced with 
GnRH analogue, fresh pituitary gland and cultured pituitary 
cells 
 

Blood samples from the injected female catfish were taken with 2 ml 
syringe from the caudal veins into EDTA bottles at 0 h (before 
injection), 3, 6, 9 and 12 h after injection with the Ovaprim®, fresh 
pituitary gland and cultured pituitary cells of a set of 4 catfishes for 
each treatment(Weil et al., 2003). Two milliliter of the blood samples 
were collected at each time interval and centrifuged at 3000 rpm for  
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Table 1. The growth kinetics of catfish pituitary cells in culture. 
 

Medium 
Cultured period 

Initial count 3-h 6-h 9-h 12-h 

N 10 10 10 10 10 

RPMI(×10
6
) 41.4±1.11

a
 64.9   ±1.15

c
 120.2±1.48

a
 210.4±1.57

a
 315.1±17.5

a
 

M 2(×10
6
) 41.2±1.10

a
 70.3±1.71

b
 110.4±1.38

b
 183.4±2.98

b
 233.0±21.14

b
 

McCoy(×10
6
) 40.8±1.33

a
 80.4±1.48

a
 95.1±2.04

c
 142.5±2.59

c
 196.1±15.79

b
 

 

Means in the same column with same letter are not significantly different at P>0.05, N=Sample size. 

 
 
 
10 min to get blood plasma which was preserved under -20°C 
refrigeration in eppendorf tubes until analysed for gonadotrophin 
(FSH and LH) using enzyme-linked immunosorbent assay (ELISA) 
test kits (Preferred Med, USA). The FSH and LH quantitative test 
kits (Preferred Med, USA) were based on a solid-phase enzyme- 
linked immunosorbent assay. The assay system utilized one anti 
FSH or anti LH antibody for solid phase (microtiter wells) 
inmmoblization and another mouse monoclonal anti-FSH or anti-LH 
antibody in the antibody-enzyme conjugate solution. The test 
sample was allowed to react simultaneously with the antibodies 
resulting in the FSH or LH molecules being sandwiched between 
the solid phase and enzyme-linked antibodies.  
 
 
Data analysis 
 
Data generated were subjected to analysis of variance, level of 
significance was determined at P>0.05 and means were separated 
and compared using Duncan multiple range test and Tukey's 
Studentized range (HSD) test.  
 
 
RESULTS AND DISCUSSION 
 
Effects of culture media and serum on growth and 
proliferation of pituitary cells 
 
Increased cell count occurred after 3-h of culture in all the 
culture media. The highest increase was first observed in 
the McCoy 5a medium (80.4 ± 6.48 × 10

6
 cells/ml) at 3-h 

of culture. The final count after 12-h of culture showed 
that RPMI 1640 had 315.1+17.5 × 10

6 
cells/ml, 233+ 18.5 

× 10
6
 cells/ml in M2 and 196.1 + 16.23 ×10

6 
cells /ml in 

McCoy 5a. Cell count differed significantly among the 
three culture media used (Table 1). Sigmoid patterns of 
growth curves were observed in the three culture media 
(Figure 1).The highest proliferation rate was recorded in 
RPMI 1640 medium (0.71 cells /h) and lowest in M2 
medium (0.59 cells/h) after 12 h of culture (P<0.05). At 
12-h of culture, proliferation in the RPMI medium was 
significantly different (P <0.05) from the two other media. 
Two phases were noticed in the growth curves of the 
three media; the lag phase which was the period of 
gradual growth and adaptation to the in vitro conditions 
and the exponential phase which was the period of rapid 
growth and cell multiplication. The rate of multiplication 
was highest in RPMI 1640. This implies that the medium 
is rich enough to support cell growth and division.  

Effects of injected primary culture of pituitary cells 
on quantities, fertility and hatchability of catfish 
oocytes spawned 
 
RPMI 1640 culture medium was selected to induce 
spawning because of its superior performance in terms of 
cell counts and shortest population doubling time. The 
three inducers used were gonadotrophin releasing 
hormone analogue (Ovaprim), cultured pituitary cells 
(CPC) and fresh pituitary gland (FPG). The GnRH 
analogue induced female catfish spawned 157±13.66 
g/kg of mature eggs, CPC spawned 97.5±12.76 g/kg of 
mature oocytes and FPG spawned 127.5±11.54 g/kg of 
mature eggs (Table 2). The fertilization rates of eggs from 
the three inducers used were in the order of 
Ovaprim>FPG>CPC with significant differences (P<0.05) 
among them. The results with ovaprim group were also in 
line with Gbemisola (2014) results. There was no 
difference in hatchability among eggs ovulated using the 
three inducers. An aliquot of 1 ml of cultured pituitary 
cells caused a free release of eggs from the genital 
papilla of female broodstock after 10 h of inducement at 
27°C. In vitro cultured pituitary cells stimulated the 
release of hormones into the blood circulatory system 
which induced ovulation and production of 97 g/kg of 
mature eggs. Differences in fertilization rates were 
attributed to varying levels of developmental competence 
of the oocytes released (Nagahama and Yamashita, 
2008). There was no significant difference in the 
hatchability rates of the oocytes from the three inducers 
used considering the uniform condition during incubation 
period. Further study is however necessary to improve on 
the potency and efficiency of the hormones released by 
cultured pituitary cells to induce ovulation of sufficient 
quantities of fertile eggs. 
 
 
Effects of hormones secreted in vitro in the primary 
culture of pituitary cells on plasma gonadotrophins 
 
Plasma Luteinizing hormone concentrations at 0 hour 
before injection were at low levels (0.010 mlU/mL in CPC 
group, 0.011 mlU/mL in FPG group and 0.012 mlU/mL 
Ovaprim group) in broodstock selected for hormone 
determination.  After   3-h   of   injection,  FPG,  CPC  and  
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Figure 1. Growth curves of pituitary cells in culture media. 

 
 
 

Table 2. Induced spawning with fresh and cultured cell solutions. 
 

Inducer Weight of egg spawned (g/kg) Fertilization (%) Hatchability (%) 

N
 

4
 

4
 

4
 

CPC 97.5±12.76
c
 75.65±3.43

c
 73.95±3.23

a
 

FPG 127.5±11.54
b
 81.54±2.42

b
 75.43±3.34

a
 

Ovaprim 157±13.66
a
 87.34±1.32

a
 76.54 ±1.21

a
 

  

Means in the same column with the same letter are not significantly different P>0.05. CPC: Cultured pituitary cells; 
FPG: Fresh pituitary gland; Ovaprim: GnRH analogue. N: Sample size. 

 
 
 
GnRH analogue (Ovaprim) gave significant  rise (P < 
0.05) in the LH plasma levels in all the female broodstock 
induced (0.470 in CPC, 0.052 in FPG and 0.048 in 
GnRH) over the initial values. There was no significant 
difference (P>0.05) in the LH levels in all the three 
inducers used. The levels of plasma LH remained 
constant still 9-h when the levels rose to 0.127 mlU/ml in 
CPC, 0.066 mlU/ml in FPG and 0.149 mlU/mL in Ovaprim 
(Table 3). The highest level of plasma LH was observed 
at 12-h in ovaprim injected group (0.25 mlU/mL). 

Plasma FSH concentrations at 0-h before injection 
were not detected for all the experimental female catfish 
used (this was indicated by the negative value). The 
plasma FSH rose from undetectable level to 0.058 mlU 
/ml in CPC, 0.03 mlU/mL in FPG and 0.06 mlU/mL in 
GnRH after 3-h of post-injection. Gradual increase was 
observed at 9-h post injection over that of the 3-h in all 
the three inducers used and  these  peaked  at  12h  after 

injection with significant difference (P<0.05) in the levels. 
The peak value was found in cultured pituitary cells 
injected group with 0.128 mlU/mL (Table 4). 

Differential patterns of secretions were observed in the 
two hormones under consideration after injection of 
cultured pituitary cells, fresh pituitary gland and ovaprim 
(Figure 2). It is assumed that FSH controls the early 
stages of oogenesis and at the later stages, FSH is 
reduced and atresia sets in (Ge, 2005; Gharib et al., 
1990). Oocyte expulsion from the granulosa layer is 
hampered as FSH level is lowered (Smitz and Cortvrindt, 
2002).  

The plasma LH level from cultured pituitary cells had 
the same value with that of ovaprim at 3-h post injection 
and hence the initiation of ovulation. The increase in the 
LH plasma level is characterized by termination of 
vitellogenesis and progression to meiosis resumption 
which is oocyte maturation (Prat et  al.,  1996).  FSH  rise
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Table 3. Circulating LH concentration in the blood plasma of catfish (mlU/mL). 
 

Treatment 
Post-injection period (h) 

0 3 6 9 12 

N 3 3 3 3 3 

CPC 0.010
a
 0.047

ab
 0. 047

ab
 0.127

a 
0.129

b
 

FPG 0.011
a
 0.052

a
 0.052

a
 0.066

b
 0.124

b
 

GnRH (Ovaprim) 0.012
a
 0.048

a
 0.048

a
 0.149

a
 0.250

a
 

SEM 0.001 0.001 0.002 0.012 0.005 
 

Means in the same column with the same letter are not significantly different P>0.05. n=sample size. CPC: 
Cultured pituitary cells; FPG: Fresh pituitary gland; Ovaprim: GnRH analogue. N: Sample size. 

 
 

 
Table 4. Circulating FSH concentration in the blood plasma of catfish (mIU/mL). 
 

Treatment 
Post-injection period (h) 

0 3 6 9 12 

N 3 3 3 3 3 

CPC -0.04
a
 0.058

a
 0.06

a
 0.07

b
 0.128

a
 

FPG -0.03
a
 0.03

b
 0.05

a
 0.074

a
 0.100

b
 

GnRH (Ovaprim) -0.04
a 

0.06
a 

0.06
a 

0.08
a 

0.100
b
 

SEM -0.0002 0.003 0.002 0.004 0.02 
 

Means in the same column with the same letter are not significantly different P>0.05. n=sample size. CPC: 
Cultured pituitary cells; FPG: Fresh pituitary gland; Ovaprim: GnRH analogue. N: sample size. 

 
 
 
occurred from 3-h after injection in all the three groups. In 
fish administered with cultured pituitary cells, the gradual 
rise was observed from 3-h to the 12-h period of 
ovulation. The pattern of secretions was similar to that of 
fresh gland and that of the GnRH analogue as the 
significant level was only observed at the 12-h (Figure 2). 
It was observed that cultured pituitary cells contained 
highest amount of plasma FSH among the three inducers 
used. Increase in FSH was probably responsible for 
overcoming or breaking the ovarian atresia caused by the 
rearing environment (Ola et al., 2008; Breton et al., 
1998). The three processes were noticed occurring 
simultaneously and sequentially after induction; these 
were yolk deposition (vitellogenesis), occyte maturation 
and ovulation or spawning (Schmitz et al., 2005). From 
this study, it can be inferred that the surges in the plasma 
levels of these two hormones are responsible for initiation 
of ovulation, completion of ovulation and spawning of the 
mature oocytes as observed in Figure 2(a, b and c). The 
observation was in line with the findings of Levavi-Sivan 
et al. (2010). 
 
 

Conclusion 
 
The study has attempted to provide an alternative and 
basic tissue culture solution to the expensive imported 
gonadotrophin releasing hormone analogue.  The  culture 

of pituitary cells under 5% CO2 and 30°C in RPMI 1640 
medium with 10% FBS has been identified as a good 
culture condition for cell division and proliferation of 
catfish pituitary gland. The rate of multiplication was 
significantly highest in RPMI 1640 among the three 
culture media used. The in vitro cultured pituitary cells 
were potent enough to stimulate spawning of 97.5 g/kg of 
oocytes. The use of cultured pituitary cells can serve as a 
good alternative to synthetic hormone analogues if it is 
further improved upon. The study has also provided 
useful information on the plasma gonadotrophin level of 
African catfish which is important to our understanding of 
responsiveness of the gonads to injection of 
gonadotrophin and natural stimulation which is very 
useful in planning breeding and hypophysation.   
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Figure 2. Secretion patterns of FSH and LH during induced spawning process as stimulated by 
the injections of (a) fresh pituitary gland (b) ovaprim (0.5 ml/kg) and (c) cultured pituitary cells 
(Negative values of ELISA readings were assumed as undetectable levels). The values are in 
mlU/ml. 
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