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Enzymatic changes in granulosa cells of developing goat follicles 
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ABSTRACT 

Enzyme activities were measured in granulosa cells from small (<2mm), medium (2-5mm) and large 
sized (>5mm) follicles of goat ovaries. Acid and alkaline phosphatases and lactate dehydrogenase increased in the 
granulosa cells from small to large follicles. Levels of enzyme 3~ HSDH was very low in small and medium sized 
follicles and it increased dramatically in the granulosa cells oflarge follicles. The changes in enzyme systems have 
been correlated with the metabolism and the steroid biosynthesis in the granulosa cells of the maturing follicles. 
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INTRODUCTION 

The thecal and granulosa cells of the follicle are 
responsible for maintaining the microenvironment in 
which the oocyte develops and these cells differentiate 
in response to the cyclical pattern of gonadotrophin 
secretion characteristic of the estrous cycle. Information 
about the control of granulosa c~ll differentiation has 
burgeoned over the last few years due to the 
establishment of culture conditions under which cells 
would remain viable and acquire differentiated functions 
in response to hormonal stimuli (Hsueh et al. 1984, 
Guraya.1998). The ultrastructural transfiguration from 
a protein type profile to that of a steroid producing cell 
as the follicle changes from secondary to pre-ovulatory 
stage has been analyzed both qualitatively and using 
morphometric techniques (Amsterdam et al. 1991; 
Zoller 1991; Guraya 1998,2000). Histochemically 
lipids, carbohydrates and dehydrogenase showed varied 
reactivity in different layers of granulosa cells in various 
mammalian species (Miyamoto et al. 1981; Gura ya 
1985, 1998,2000; Sharma and Guraya 1990; Guraya et 
al. 1998). The present study discusses the enzymatic 
changes viz. Acid and alkaline phosphatase, lactate 
dehydrogenase and ~5-3 ~ hydroxy steroid 
dehydrogenase in grnulosa cells as they differentiate 
in the developing follicles, which will help in 
understanding the mechanisms governing mammalian 
oocyte maturation. 

Corresponding author - 'Physiologist (Reroduction), Department of 
Zoology and 2Department of Zoology. 

MATERIALS AND METHODS 

The goat ( Capra hircus) ovaries were obtained 
from the mature, non-pregnant goats from the abattoirs 
of Ludhiana. They were transported immediately to the 
laboratory in polythene bags packed with freezing 
mixtures. Upon arrival at the laboratory, the ovaries were 
dissected free from the uterus and most of the fallopian 
tube. The ovaries were rinsed with Phosphate Buffered 
Saline (PBS) and thereafter the granulosa cells were 
harvested by puncturing the visible normal follicles. 
Three types of follicles were used as a source of granulosa 
cells i.e. Small follicles ( <2mm), medium follicles (2-
5mm) and large follicles (>5mm). The granulosa cells 
from these three different sized follicles were aspirated 
by inserting 5ml syringe with a 20-23gauge needle. The 
cells were separated from follicular fluid by 
centrifugation at 3000-4000 rpm for l 5minutes in cold. 
The follicular fluid was decanted and 1ml of PBS added 
and recentrifuged at 4000 rpm for 15 min. to remove the 
traces of follicular fluid and debris. Supernatant discarded 
and pellet of granulosa cells was suspended in 1ml of 
PBS. Cell counting was done by using haemocytometer. 
Only cells that have clearly defined nuclei and cytoplasm 
were counted. 

The granulosa cells after their isolation from 
different sized follicles were homogenised in phosphate 
buffer (0.1 M pH 7.4 ). The homogenate was centrifuged 
at 3000-4000 rpm for 10-15 minutes in cold. The 
supernatant was collected and used for the estimation of 
enzymes. 
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Acid and Alkaline phosphatase activity was 
estimated by the method of Bessy et.al (1946) using 
o.05M citrate buffer, 5.5x10-3M p-nitrophenyle 
phosphate, pH 10.5 and 0.05M glycine buffer, 5.5x10-
3M p-nitrophenyl phosphate pH 4:8 as buffer-substrate 
solutions respectively. P-nitrophenol served as control. 
Activity of Lactate dehydrogenase was measured by the 
method of King ( 1965) using sodium pyruvate as 
substrate. 3-~-Hydroxy Steroid dehydrogenase was 
estimated according to the method of Agular et al. ( 1992) 
using pregnenolone as substrate. 

Data was evaluated by one way ANOVA and 
the level of significance was taken at 5%. 

RESULTS AND DISCUSSION 

Acid phosphatase activity increased significantly 
in granulosa cells from small to medium follicle and then 
to large follicle (Table 1 ). Alkaline phosphatase activity 
was found to be 2.68 + 0.05 in granulosa cells from small 
follicles and it increased to 3.67 + 0.30 in the granulosa 

cells oflarge follicle. LDH activity showed an increasing 
trend from small follicle's granulosa cells to large follicle 
through medium follicle granulosa cells (Table 2). 

The enzymatic activity of 3~ HSDH is very 
low in granulosa cells from small and medium sized 
follicle (Table 2). It increased dramatically in large 
follicle as compared to small follicle and medium 
follicle (Table 2). No significant change was obse.rved 
in the enzyme activity of 3~ HSDH in granulosa cells 
of small and medium follicle. 

Phosphatases are involved in many different 
processes that require mobilization of phosphate ions or 
dephosphorylation as part of anabolic, catabolic or 
transfer processes (Henderson and Cupps 1990). Acid 
phosphatase is a lysosomal enzyme and related to 
intracellular transport system during synthetic and 
secretory processes (Bansal and Roy 1997). A 
concomitant increase in Acid phosphatase activity in the 
granulosa cells oflarge follicle is attributed to synthesis 

Table 1. Variation (Mean + SE) in activity of acid phosphatases (ACP) and alkaline phosphatase (AKP) in , 
granulosa cells of three different sized follicles 

GCs of growing follicles Enzymes 

Acid phosphatase (ACP) 

SFg 

MFg 

LFg 
Key to abbreviations: 

SFg = Small follicle's granulosa cells. 
MFg = Medium follicle's granulosa cells. 
LFg = Large follilcle's granulosa cells. 

9.39±0.07c 

13.60±0. l 4b 

33.70±0/42· 

Alkaline phosphatase (AKP) 

2.68±0.05c 

3.67±0.30b 

5.06±0.23· 

Note: Any two means in a column having same lower. case superscript were not significantly different at 5 per cent level of significance. 

Table 2.Variation (Mean + SE) in activity of lactate dehydrogenase (LDH) and -3f3-hydroxy steroid 
dehydrogenase (units/mg protein) in granulosa cells of three different sized follicles. 

GCs of growing follicles Enzymes 
Lactate dehydrogenase 

(LDH) 

SFg 

MFg 

LFg 
Key to abbreviations: 

SFg = Small follicle's granulosa cells. 
MFg = Medium follicle's granulosa cells. 
LFg = Large follicle's granulosa cells. 

0.2±0.05c 

0.3±0.07b 

0.5±0.09· 

-18-hydroxy steroid dehydrogenase 
(-3~-HSDH) 

3.92±0.99b 

4.21±0.87b 

14.55±1.64• 

Note: Any two means in a column having same lower case superscript were not significantly different at 5 per cent level of significance. 
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and accumulation oflysosomal enzymes involved in the 
development/maturation of the follicle (Elfont et al.1977; 
Brietenecker et al 1978; Narimoto et al 1985; Sangha 
and Guraya 1989). 

Alkaline phosphatase plays a role in ionic 
movement across the cell membrane and is also 
associated with secretory and absorptive processes of the 
cell (Bansal and Roy 1997). Alkaline phosphatase 
insreased in the granulosa cells with the follicular growth. 
The Alkaline phosphatase activity in the granulosa cells 
suggest that it may play its role in active solute transfer. 
Henderson and Cupps ( 1990) similarly found high 
concentration of alkaline phosphatase in the largest follicle 
group. The pre-ovulatory phase of the estrous cycle is 
characterized by high concentration of estradiol and 
gonadotrophins in blood which may increase follicular 
alkaline phosphatase (Kesner and Corney 1982). Goody 
et al ( 1982) cited direct and indirect evidence for a role of 
alkaline phosphatase in steroid receptor inactivation. The 
change in the enzyme systems have been correlated with 
the steroid biosynthesis in the granulosa cells of maturing 
follicles of mammalian ovary (Gore-Langton and 
Armstrong, 1994; Guraya 1998, 2000). 

Lactate dehydrogenase. activity increased 
significantly in the granulosa cells of growing 
follicles.The high metabolic activity of granulosa cells 
is correlated with the lactate dehydrogenase activity 
which increases with the growth of the follicle (Guraya 
,1985, 1998). The feasible importance of LDH in the 
energy supply of the egg cell and in the resumption of 
meiosis has been reported (Greenwald and Roy, 1994). 
Earlier histochemical studies ofBrietenecker et a/.(1978) 
have also shown strong activity ofLDH in the granulosa 
cells of graffian follicles. 

The presence of 3~ HSDH, an enzyme related 
to steroid biosynthesis, may simply indicate that the 
granulosa cells of maturing follicles develop the potential 
of steroid hormone synthesis which possibly occurs in 
them during the pre and post-ovulatory periods 
(Guraya, 1985; 1997; 1998). It may be proposed that theca 
intema produces the androgens which are transported to 
the granulosa cells where they are aromatized into 17a
Oestradiol (Guraya 1985,1998); 3~HSDH is involved 
in the production of progesterone from pregnenolone. 
However, complete activation of granulosa cell 
progesterone biosynthesis awaits the LH surge and 

breakdown of the blood-follicle barrier associated with 
follicular rupture (Hillier, 1994 ). This latent potential for 
progesterone secretion is reflected in relatively high 
levels of steroid which accumulates in antral fluid even 
before LH surge onset (Hillier 1994 ). Extensive in vitro 
biochemical studies have revealed the steroidogenic 
nature of granulosa cells and their ability to convert 
pregn~nolone to progesterone and androgens'to 
oestrogens(Hsueh et al. 1984; Guraya 1998). Hoyer and 
Anderson ( 1977) have also observed histochemically that 
3~ HSDH activity is strongly expressed in rat granulosa 
cells of pre-ovulatory follicle but is only weakly 
expressed in earlier antral stages. 
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