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The first objective of this research was to define the capacity of two types granulosa 

cells (mural MGs and antral AGc) to secrete estradiol (E,) in the presence of an 

androgen substrate (testosterone). | 

The second objective was to identify the synergism between gonadotropic hormones 

such as LH and FSH and testosterone (T) as measured by E, secretion by MGc and 

AGc. MGc were separated from AGc by filtration through a 32.5 um nylon filter. In 

the first experiment, control cultures were grown in M199 medium supplemented 

with 10% calf serum while the other cultures were supplemented with either T alone 

at a concentration of 1 x 10~’ M or with 1.0x 1073 M, 0.5x 107° M, or 0.1x 107? 

M aromatase inhibitor CGS 16949A plus T. 
In the second experiment, cultures were enriched either with 1 x 107” MT or with 

100 ng LH plus T or 100 ng FSH plus T. After 24 hours of cultivation all cultures 

were terminated and the media were frozen at —20°C for further steroid analysis. 

Basal E, secretion was always higher in MGc than in AGc. Adding testosterone to 
the culture medium decreased E, secretion by MGc but significantly increased E, 
secretion by AGc. LH in the absence of T was without effect on E, secretion by both 

Gc types. FSH alone stimulated E, secretion by MGc and decreased E, secretion by 
AGc. Synergistic action of FSH and LH with T on E, secretion by both types of 
granulosa cells was observed. These findings provide the basis for further analysis of 
the differences in aromatizing ability of the two subpopulations of Gc during 
follicular development. 
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INTRODUCTION 

The granulosa cells of the ‘preovulatory follicle are comprised of two 
Populations of cells: mural Ge lining the follicular wall and antral Ge 
surrounding the antrum. Several studies have shown morphological and 
physiological heterogeneity in Gc. Kasson et al. (1) demonstrated that fractions
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of Gc have differential responsiveness to FSH and VIP. Rao et al. (2) suggested 

functional heterogeneity of Gc populations obtained from immature rats 

injected with diethylstilbestrol (DES) and PMSG in their response to 

FSH-induced steroidogenesis. Various autoradiographic studies have 

demonstrated differential localization of cytochrome P,., (3), LH/hCG 

receptors (4, 5) and 38 HSD (activity (6, 7). 

In the first series of studies MGc and AGc isolated from large preovulatory 

follicles were separated and their ability to aromatase exogenous testosterone 

was determined. In addition, studies were done on the influence of adding 

aromatase inhibitor to the culture medium on E, secretion by both types of Ge. 

The second series was intended to determine the influence of the gonadotropic 

hormones LH and FSH on aromatase activity. 

MATERIALS AND METHODS 

Chemicals 

* M199 medium, PBS and calf serum (Laboratory of Sera and Vaccines, Lublin, Poland). 

Testosterone (Sigma). 

Aromatase inhibitor CGS 16949 (4, 5, 6, 7, 8-tetrahydroimidazol[1, 4-alpydrin-5-yl] 

benzonitryle) monohydrochloride (Ciba-Geigy GA, Basel). 

* FSH/NIH/FSH-S-8 ovine, LH/NIH/LH-S-17 ovine (donated by the National Pituitary Agency 

of NIH, Bethesda, MD, USA). 

* 
* 

Methods 

Porcine ovaries were obtained at a local slaughterhouse. The stages of the estrus cycle were 

determined using the criteria described by Chaning and Ledwitz-Rigby (8). Proestrus ovaries 

containing large (0.8—1.2 cm external diameter) vascular follicles and either no corpora lutea or 

corpora lutea albicantia only were selected as the source of tissue for culture. Granulosa cells were 

isolated by the technique described by Stoktosowa et al. (9). The Ge were washed twice with PBS and 

filtered through a 0.32 um nylon filter (NEWARK WIRE CLOTH CO., NEWARK, NJ, USA). Cells 

that passed through the filter were designated as antral granulosa cells (AGc). Retained material 

included oocytes and agregates of mural granulosa cells (MGc). Both antral and mural Gc were 

centrifuged for 10 min at 1000 x g and the pellet was resuspended in M199 medium supplemented 

with 10% calf serum and penicillin (100 U/ml). For all experiments the average concentration of 

MGc was 750.000 + 250.000 cells/ml and that of AGc was 1.250.000+250.000 cells/ml. 

Experiment 1 

To determine MGc and AGc response to testosterone, cells were cultured with testosterone in 

a concentration 1x 1077 M. One hour after establishment of cultures, 0.1 x 107? M, 0.5x 107? 

M or 1x10% M aromatase inhibitor CGS 16949 A were added for the next 23 hours in 

a humidified atmosphere of 5% CO, in air (all in triplicate). All cultures were terminated 24 hours 

after establishement and the media were frozen at —20°C for further E, analysis.
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Experiment 2 

To determine the influence of gonadotrophic hormones (LH, FSH) on the aromatization 

capacity of both MGc and AGc, the cells were grown in medium supplemented with 1 x 107’ 

M testosterone or 100 ng LH plus 1x10~’ M testosterone or 100 ng FSH plus 1x 107’ 

M testosterone (all in triplicate). After 24 hours all cultures were terminated and the media were 

frozen at —20°C for further E, analysis. 

STEROID ANALYSIS 

Estradiol was estimated according to a method described elsewhere [10]. Antiserum 

generated in rabbit against estradiol-17B-6-oxine BSA was used. The specificity of the antiserum 

for estrogen was high. It cross-reacted with estradiol (100%) and cross-reacted significantly 

with estrone and estriol (66% and 2.1% respectively). A series of the other steroids were tested 

for cross-reactivity and found to cross-react less than 0.01%. The limit of assay sensitivity 

was 5 pg. The coefficients of variations within and between assays were less than 7.5% and 

8% respectively. 

STATISTICAL ANALYSIS 

Significant differences between the concentrations of steroids in the control and experimental 

cultures were compared by analysis of variance and Duncan’s new multiple range test. 

RESULTS 

txperiment l 

Both types of Gc produced E2 without the addition of substrates. Basal E, 
secretion was always significantly (p<0.05) higher in MGc than in AGc 
(47.9 pg/10° cells vs 26.1 pg/10° cells, respectively; Fig. /). 

The addition of testosterone to the medium decreased E, secretion by MGc 

(47.9 pg/10° cells in control vs 34.2 pg/10° cells in testosterone-stimulated 
cultures; Fig. 1). E, secretion fold after the addition of testosterone to the 
medium of AGc (26.1 pg/10° cells in control vs 63.2 pg/10° cells in 
testosterone-stimulated cultures; Fig. /). 

Adding aromatase inhibitor to the medium of both types of Ge significantly 
decreased E, secretion (34.2 pg/10° cells in testosterone-stimulated MGc 
cultures vs 13.25 pg/10° cells, 14.5 pg/10° cells and 11.56 pg/105 cells after 
1х 10-3 М, 0.5 х 1073 M and 0.1 x 1073 M aromatase inhibitor, respectively; 
63.2 pg/10° cells in testosterone stimulated AGc cultures vs 18.97 pg/10° cells, 
19.47 pg/105 cells, 22.05 pg/105 cells after 1x 1073 M, 0.5x10-3 M and 
0.1x 1073 M aromatase inhibitor, respectively; Fig. 1).
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Fig. 1. Estradiol secretion by 

antral granulosa cells (AGc) 

and mural granulosa _ cells 

(MGc) under the influence of 

Testosterone alone and in 

combination with 1.0x 10°7M 
(AR1), 0.5x107°M (AR2) or 

0.1 х10-3М (AR3) aromatase 
inhibitor CGS 16949 A. 

Experiment 2 
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LH (100 ng) had no effect on E, production by both Gc types (Fig. 2a). An 

additive influence of LH given together with testosterone was observed in MGc 

as well as AGc (39.45 pg/10° cells in LH-stimulated MGc vs 173.0 pg/10° cells 
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Fig. 2b. Estradiol secretion by 

antral granulosa cells (AGc) 

and mural granulosa cells 

(MGc) under the influence of 

FSH alone and in combination 

with Testosterone. 

Fig. 2a. Estradiol secretion by 

antral granulosa cells (AGc) 

and mural granulosa cells 

(MGc) under the influence of 

LH alone and in combination 

with Testosterone. 
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in testosterone-treated cultures; 23.18 pg/10° cells in LH-stimulated AGc 

vs 90.55 pg/10° cells in testosterone-treated cultures; Fig. 2a). Thus, the 

stimulatory effect could be rather ascribed to testerone. 

FSH not only significantly increased E, secretion (1.5 times) by MGc but 

also caused a marked increase of E, secretion (67.5 pg/10° cells in 

FSH-stimulated cultures vs 141.0 pg/10° cells in testosterone-treated cultures) 

when was added to the medium containing testosterone (Fig. 2b). However, 

FSH alone decreased E, secretion by AGc; an additive influence was observed 

when it was given together with testosterone (16.15 pg/10° cells in FSH 

cultured AGc vs 74.85 pg/10° cells in testosterone-treated cultures; Fig. 2). 

DISCUSSION 

In the present study, we observed that basal E, secretion by MGc was 

2 fold higher than by AGc. The greater production of E, by MGc could have 

been caused by proximity to theca cells, which are a source of androgen 

substrate in vivo. This accords with Ford and Lunstra (11) who showed that 

after enzymatic disruption MGc had greater estradiol production than AGc 

when cultured initially, and they mainteined this advantage through day 

8 when stimulated with FSH. However the basal E, secretion by AGc is lower 
than by MGc we observed that this cells have a greater ability to aromatize 

exogenous testosterone. Adding testosterone to the culture media coused 

a high increase of E, secretion by AGc. The slight decline of E, production 

observed in MGc after adding testosterone was probably the result of 

a suppresive action of high basal level of estradiol produced by MGc. The 

concentration of estrogen in cultured media of MGc was sufficiently high to 

cause negative feet back in E, production. Although E, production by AGc did 

not reach that of MGc, these cells retained some response to FSH. It is possible 

that during cell isolation cytokines secreted by white blood cells entangled to 

antral granulosa cells (12, 13). Synergism of FSH and testosterone in 

stimulation of E, production was observed in cultured Ge collected from both 
mural and antral granulosa cells. This is in agreement with Moon et al. (14) 

who concluded that FSH regulates E, biosynthesis in hypophysiectomised rat 

ovary by a specific stimulating action on the aromatizing enzyme system. The 

Indirect studies suggested that the side-chain cleavage enzyme system was 

substrate limited and rised the possibility of cholesterol biosynthesis as 

a possible additional site for regulation (15). Nimrod et al. (16) suggested the 

main step in the biosynthesis pathway that is affected by FSH and androgen is 
the mitochondrial side-chain cleavage enzym system. Urban et al. (17) using 

primery serum-free cultures of immature porcine granulosa cells demonstrated 
that physiological concentrations of FSH in vitro stimulate the accumulation of
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specific mRNA-encoding cytochrome P450scc in a time and dose-dependent 

manner. They suggested that FSH-stimulated P450scc mRNA accumulation 

itself results in part from cAMP-mediated increase in transcription of P450 scc 

gene. MGc are the most biochemically differentiated of the growing antral 

follicles, as indicated by their greater content of P450scc (18) and their 

hCG-binding capacity (19). The lack or slight decrease effect of FSH on E, 

production by AGe observed in our data could be explained by the low basal 

level of E, produced by this type of cells. This accords with Hiller and De 

Zwart (20) who omitted biologically active androgen from granulosa cell 

culture medium and obtained an aromatase response to hFSH at least 95% 

lower than that elicited by a combination of hFSH with testosterone. Barreca 

et al. (21) showed that IGF prevalently expressed by Gc is IGF-II, whose 

synthesis can be stimulated by FSH, while IGF-I seems to be prevalently 

expressed by theca cells (22, 23). It was also showed by Barreca et al. (24) that 

IGF-I significantly stimulated E, production by Ge in culture in a manner 

comparable to that of FSH. So, taken into consideration fact that MGc could 

be under the influence of the factors secreted by theca cells, IGF-I could be the 

additional agent responsible for high basal amount of E, secreted by MGc and 

high stimulatory effect of FSH added alone on E, secretion by this type of cells. 

This explanation requires additional confirmation. LH alone had no effect on 

E, production by both type of cells. It was also observed by Gregoraszczuk (25) 

in the culture of luteal cells collected from early and midluteal phase. Adding 

testosterone increased 4.3 fold and 3.8 fold E, secretion by MGc and AGc, 

respectively, over secretion observed after adding of LH alone. On the other 

hand a possitive synergism between LH and testosterone on E, secretion in 

both type of granulosa cells was observed. 

In conclusion; this data provide the basis for future analysis of the potential 

differences in this two type of cells: first depends on the follicular phase and 

second depends on the influence of the agent secreted by theca cells. 
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