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Abstract 

Ovarian follicular growth was induced in immature female mice with varying doses of pregnant mare's serum 
gonadotrophin. The numbers of ovulations were determined either by counting tubal oocytes or corpora 
lutea in the ovary. Ovarian and circulatory levels of inhibin rose progressively with increasing doses of PMSG 
and a positive correlation (P < O· 0 I) was found between circulating inhibin levels and ovulation rate. The 
latter correlation makes it likely that the growing preovulatory ovarian follicles are the predominant source 
for the secretion of inhibin into the circulatory system. 

Introduction 

In immature female rats, treatment with pregnant mare's serum gonadotrophin 
(PMSG) stimulated ovarian follicular growth and raised ovarian and circulatory levels 
of inhibin (Lee et al. 1981, 1982; Lee and Findlay 1982). The ovaries are the source 
of circulating inhibin since ovariectomy of PMSG-primed rats caused rapid 
disappearance of inhibin in peripheral blood (Lee et al. 1982). Furthermore, in rats that 
had been ovariectomized prior to PMSG administration, there was no increase in 
circulatory levels of inhibin (Lee et al. 1982). Also, compensatory ovarian secretion of 
inhibin was demonstrable in PMSG-primed rats after unilateral ovariectomy (Lee et 
al. 1982). 

It is well known that superovulation occurs after PMSG treatment in rodents 
(Wilson and Zarrow 1962). Since inhibin levels in immature rats rise progressively as 
ovarian follicular growth is stimulated by increasing doses of PMSG it seems that the 
secretion of inhibin into the circulation may occur predominantly from preovulatory 
follicles. In this investigation we have, therefore, examined the relationship between 
ovulation rate and inhibin levels in the ovary and blood of immature mice. 

Materials and Methods 

Immature female Swiss mice were supplied by Monash University Central Animal House and used, in 
two experiments, when 21-24 days of age. 

Experiment 1 

Groups of mice were injected intraperitoneally (Lp.) at 1700 h with O· 2 ml of a 1% (w/v) solution of 
human serum albumin in distilled water containing either 0, O· 5,2, or 8 Lu. of PMSG (Primantron, Schering 
AG, Sydney). At 24 and 48 h after injection of PMSG, subgroups of mice were decapitated and the blood 
collected. Blood samples were allowed to clot, centrifuged, and the serum samples stored at - 15°C until 
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assayed. Each serum sample was obtained from blood pooled from three mice. Ovaries and uteri were also 
dissected out and weighed, and the ovaries from the same subgroups of mice were similarly pooled for subsequent 
analysis. 

Additional subgroups of the mice given O· 5, 2 or 8 i.u. of PMSG were injected i.p. 43 h later with 
10 i.u. of human chorionic gonadotrophin (hCG; Pregnyl, Organon, Sydney), a dose high enough to induce 
the ovulation of the maximum number of follicles stimulated by PMSG (Wilson and Zarrow 1962). The 
mice were killed 23 h after hCG injection and the numbers of ovulations determined either by counting tubal 
oocytes or by counting corpora lutea seen in serial histological sections of the ovaries using procedures 
previously described (Gibson et al. 1979). 

Experiment 2 

The protocol used was essentially that described for experiment I but blood samples were collected 
only from subgroups of mice killed at 48 h after PMSG injection. A different dose range of PMSG (0' 5, 
I' 5, 4' 5 and 13' 5 i.u.) was chosen in order to span the ascending part of the dose-response relationship 
for numbers of ovulations and with the top dose high enough to produce corpora lutea with entrapped oocytes 
rather than genuine ovulations. Other subgroups of mice were treated with PMSG followed by hCG 43 h 
later, and ovulation rate determined as described above. 

Assays for Inhibin and FSH 

Inhibin activity in sera and ovarian cytosols was measured using an in vitro pituitary cell culture and 
expressed in terms of an ovine testicular lymph protein preparation, designated to have an arbitrary potency 
of I U/mg (Eddie et al. 1979). The inhibin bioassay was based on inhibition of pituitary FSH cell content, 
and all samples were assayed for inhibin activity using at least two dilutions in triplicate culture wells. All 
samples within a single experiment were assayed in a single bioassay (index of precision, A, was always less 
than 0'2) and the samples were prepared as described previously (Lee et al. 1981). Briefly, all samples were 
extracted with dextran-coated charcoal (I mg/ml final dilution) to remove any steroids; the sera samples were 
additionally treated with 5% (w/v) polyethylene glycol to remove any cytotoxic factors. FSH was measured 
by radioimmunoassay (Gibson et al. 1979) in the < 10% coefficient of variation region of the standard curve. 

Statistical Analysis of Data 

The data were analysed using analysis of variance with Duncan's new mUltiple range test and Pearson's 
correlation coefficient (Steel and Torrie 1980). 

Results 

The results of experiment 1 are summarized in Table 1. At 24 or 48 h after PMSG 
treatment, ovarian weight was significantly increased only by the highest dose of 
PMSG (8 i.u.). In contrast, uterine weight was elevated by all doses of PMSG at both 
times, with a dose-related increase observed by 48 h. The changes in ovarian and blood 
inhibin concentrations resembled those in ovarian weight, with significantly elevated 
levels observed only at the highest dose of PMSG. Inhibin levels in the ovary were 
correlated with inhibin levels in the blood (r = O· 54, n = 34, P < 0'001) and were 
negatively correlated with FSH concentrations in peripheral blood (r = - O· 35, n = 35, 
P < O· 05). Circulatory levels of FSH were at all times significantly reduced in PMSG
treated mice. Ovulation rate was at least threefold higher with the highest dose of PMSG 
(8 i.u.) than with the other two doses. At 48 h after PMSG injection, both blood and 
ovarian inhibin levels were also increased approximately threefold. 

In order to check the relationship observed between ovulation rate and inhibin levels, 
the experiment was repeated using a range of PMSG doses chosen to span the dose
response relationship of PMSG dose with ovulation rate. The results are illustrated in 
Fig. 1. At 48 h after PMSG treatment, circulatory concentrations of inhibin increased 
with increasing dose of PMSG (F4,16 = 9'75, P < 0·001) from 4·4 ± 0·8 U/ml 
(mean ± s.e.) in control mice to maximal levels of 44·1 ± 9·0 U/ml in mice injected 
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Table 1. Experiment 1: effect of PMSG on ovarian and uterine weights, ovarian and blood inhibin and 
FSH levels, and ovulation rate in immature female mice 

Values for ovarian weight and concentrations of inhibin and FSH are mean ± s.e. based on samples pooled 
from three mice (n = 5-11 samples, usually 8 or 9). Values for uterine weight (n = 23-26) and numbers 
of oocytes (n = 15-17) are mean ± s.e. for individual mice. Within each time after PMSG treatment, 
mean values with different letter superscripts are significantly different (P < O' 05) by Duncan's new multiple 

range test 

Parameter Time after Dose of PMSG (i.u.) 
PMSG (h) 0 0'5 2 8 

Ovarian weight 24 1'41 ±0'09a 1'47±0'05a 1'60 ± O' 07a 2'18±0'16b 

(mg/ovary) 48 1'45±0'07a 1'60 ± 0 'l1a 1'65±0'09a 2'64±0'18b 

Uterine weight 24 12' 8 ± O' 5a 28'0±2'2b 36' 0 ± 2 '2c 32'7 ± I . 8bc 

(mg/animal) 48 12'7±0'6a 47'5±3'4b 63' 6 ± 4'6c 75'2±4'ld 

Ovarian inhibin 24 4'1±1'la 3'7 ±O' 3a 4'7±0'8a 7'4±0'8b 

(U/ovary) 48 4'1 ± O' 5a 4'9±0'8a 6'5±1'9a 20'2±3'4b 

Ovarian inhibin 24 2'95±0'73a 2'59±0'26a 2'93±0'43a 3'57±0'45a 

(U/mg) 48 2' 87 ±O' 37a 3'21 ±0'53a 3 '96 ± I '11a 8' 30 ± I . 67b 

Blood inhibin 24 13'6±2'la 12'4±3'la 14'7±3'Oa 28'9 ± 5' 8b 

(U/ml) 48 II '4 ± I '2a 20'0 ±2 'Ia 18' 6 ± I' 3a 68' 9 ± 7'1 b 

Blood FSH 24 255 ± 59a 90 ± 31 b 80 ±48b 35 ±2b 
(ng/ml) 48 170±46a 73 ± lOb 98 ±27ab <35 b 

No. of oocytes shed per ovary Not done 3'4±0'4a 4'8 ±O' 3a 16'4± 1'7b 
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with 4·5 i.u. of PMSG. The concentrations of 36·8 ± 8·3 Ulml in mice given the 
highest dose of PMSG (13·5 i.u.) were not significantly different from those for the 
4·5 i.u. dose. Peripheral FSH concentrations were 169 ± 25 ng/ml in control mice and 
were significantly reduced in mice which received 1· 5, 4· 5, or 13·5 i. u. of PMSG 
(F4,16 = 9·31, P < 0·001); FSH levels were 73 ± 13, 75 ± 8, and 64 ± 4 ng/ml 
respectively. The circulatory levels of inhibin and FSH were negatively correlated 
(r = -0·534, n = 25, P < 0·01). 

There was a progressive increase in numbers of ovulations (F3,12 = 37·3, 
P < 0·001) over the first three doses of PMSG (0·5, 1·5 and 4·5 i.u.) but 'there 
was a sharp fall with the highest dose and the ovaries of this group of mice contained 
predominantly corpora lutea with entrapped oocytes(Fig. 1). Peripheral inhibin levels 
were positively correlated with the number of ovulations per ovary (r = 0·543, n = 25, 
P < 0·01) and with the number of corporalutea with entrapped oocytes (r = 0.448, 
n = 25, P < 0·05). 

Discussion 

In this study we have induced ovarian follicular growth in immature mice by 
treatment with varying doses of PMSG. As a consequence of induced follicular growth, 
ovarian and circulatory levels of inhibin have been demonstrated to rise progressively 
with increasing doses of PMSG, similar to observations previously reported for immature 
female rats (Lee et al. 1981, 1982). Furthermore, peripheral FSH and inhibin 
concentrations were inversely related, in accord with the proposed feedback action of 
inhibin on pituitary FSH secretion. 

A distinct finding in this study is the close relationship between ovulation rate and 
the concentration of inhibin in peripheral blood. Our original supposition, based on 
the observation (Lee et al. 1981, 1982) that only rats with ovaries stimulated to grow 
by PMSG exhibited raised circulating levels of inhibin, was that circulatory inhibin 
is derived predominantly from preovulatory growing ovarian follicles. The present study 
on immature mice confirms the studies on rats, and the close relationship between 
secreted inhibin and ovulation rate indicates more strongly the likely origin of inhibin 
from growing preovulatory follicles. Additional evidence to support this comes from 
studies in adult cycling rats and rats of various stages of sexual development. In normal 
adult cycling rats, ovarian and peripheral blood inhibin levels are highest during the 
early afternoon of pro-estrus (Lee et al. 1983), i.e. at a time when rapid growth of 
preovulatory ovarian follicles takes place. Additional evidence to indicate that growing 
preovulatory follicles are involved in the secretion of inhibin has been provided from 
experiments involving PMSG-primed rats which received a luteinizing dose of hCG 
(Lee 1983; Carson and Lee 1983). Rats treated with PMSG and which received hCG 
40 h later showed abrupt falls in ovarian and circulating levels of inhibin, suggesting 
that luteinization of preovulatory follicles switched off inhibin biosynthesis and secretion 
(Lee 1983). Also, the treatment of PMSG-primed rats with hCG 4 h prior to isolation 
of ovarian follicles results in reduced follicular inhibin content and production in vitro 
(Carson and Lee 1983). 

During pubertal development in female rats, ovarian and peripheral blood levels of 
inhibin increased progressively from the second post-natal week to reach maximum 
levels by 5 weeks after birth (Lee et al. 1984). The formation of an antrum in ovarian 
follicles of rats occurs from about 2 weeks of age (de Reviers and Mauleon 1979). By 
contrast, peripheral blood FSH and oestradiol concentrations decrease during the same 
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period (Dohler and Wuttke 1975), indicating that the rising circulating levels of inhibin 
(and not oestradiol) may well be responsible for the decreased FSH secretion during 
sexual maturation. Other investigators (Hermans et al. 1980) have shown an increase 
with age in pituitary sensitivity to an inhibin-like ovarian follicular fluid preparation 
in female rats. Taken together, the decreasing levels of FSH with age may well be due 
to increased pituitary sensitivity to inhibin and to rising circulating levels of inhibin. 
The granulosa cells of the ovarian follicle have been shown to be the source of ovarian 
inhibin (Erickson and Hsueh 1978; Lee 1984). It is likely that the increased secretion 
of inhibin during sexual maturation is due to increased numbers of granulosa cells within 
the growing ovary. Definitive studies to examined this point would require experiments 
to determine the secretion rate of inhibin from granulosa cells at various stages of sexual 
development. 

In summary, the results of this study are consistent with the view that growing 
preovulatory follicles are responsible for the secretion of inhibin into the systemic 
circulation and the determination of inhibin levels in blood is possibly a useful index 
of preovulatory growth and ovulation. 

Acknowledgments 

This work was supported by a grant from the National Health and Medical 
Research Council of Australia. The authors are grateful to V. Ford, J. McMaster, 
L. Leversha, H. Quigg, C. Kenyon, P. Roche and D. Hollingsworth for technical and 
secretarial assistance. 

References 
Carson, R. S., and Lee, V. W. K. (1983). Inhibin content and production by antral, preovulatory, and luteinized 

rat ovarian follicles. Proc. Endocrinol. Soc. Aust. 25, 33 (Abstr.). 
Dohler, K. D., and Wuttke, W. (1975). Changes with age in levels of serum gonadotropins, prolactin, and 

gonadal steroids in prepubertal male and female rats. Endocrinology 97, 898-907. 
Eddie, L. W., Baker, H. W. G., Higginson, R. E., and Hudson, B. (1979). A bioassay for inhibin using pituitary 

cell cultures. J. Endocrinol. 81, 49-60. 
Erickson, G. F., and Hsueh, A. J. W. (1978). Secretion of 'inhibin' by rat granulosa cells in vitro. Endocrinology 

103, 1960-3. 
Gibson, W. R., Ingram, B. W., and Lee, V. W. K. (1979). Can reduced consumption of gonadotrophins account 

for ovarian compensation in unilaterally ovariectomized, immature mice injected with gonadotrophins? 
J. Reprod. Fertil. 57,209-18. 

Hermans, W. P., van Leeuwen, E. C. M., Debets, M. H. M., and de Jong, F. H. (1980). Involvement of 
inhibin in the regulation of follicle-stimulating hormone concentrations in prepubertal and adult, male 
and female rats. J. Endocrinol. 86, 79-92. 

Lee, V. W. K. (1983). PMSG treated immature female rat-a model system for studying control of inhibin 
secretion. In 'Factors Regulating Ovarian Function'. (Eds G. S. Greenwald and P. F. Terranova.) pp. 157-63. 
(Raven Press: New York.) 

Lee, V. W. K. (1984). Control of inhibin secretion in polytocous animal species. In 'Gonadal Proteins and 
Peptides and their Biological Significance'. (Ed. M. R. Sairam.) (World Scientific Publishing Company: 
Singapore.) In press. 

Lee, V. W. K., and Findlay, J. K. (1982). Changes in ovarian and peripheral blood inhibin levels in immature 
female rats after PMSG treatment. In 'Follicular Maturation and Ovulation'. (Eds R. Rolland, E. V. van 
Hall, S. G. Hillier, K. P. McNatty and J. Schoemaker.) pp. 83-90. (Excerpta Medica: Amsterdam.) 

Lee, V. W. K., Hulse, G. K., and Leversha, L. (1983). Ovarian and circulating levels of inhibin in the rat 
oestrous cycle. Proc. Aust. Soc. Reprod. Bioi. 15, 77 (Abstr.). 

Lee, V. W. K., McMaster, J., Colvin, N., and Quigg, H. (1984). Ovarian and circulating inhibin levels during 
sexual development of the female rat. Proc. Aust. Soc. Reprod. Bioi. 16, 19 (Abstr.). 



120 Victor W. K. Lee and William R. Gibson 

Lee, V. W. K., McMaster, J. W., Quigg, H., Findlay, J. K., and Leversha, L. (1981). Ovarian and peripheral 
blood inhibin concentrations increase with gonadotropin treatment in immature rats. Endocrinology 108, 
2403-5. 

Lee, V. W. K., McMaster, J., Quigg, H., and Leversha, L. (1982). Ovarian and circulating inhibin levels in 
immature female rats treated with gonadotropin and after castration. Endocrinology 111, 1849-54. 

Reviers, M. M. de, and Mauleon, P. (1979). Evolution of ovarian follicular population and serum gonadotropins 
in the prepubertal period of 2 strains of rats. Ann. Bioi. Anim. Biochim. Biophys. 19, 1745-56. 

Steel, R. G. D., and Torrie, J. H. (1980). 'Principles and Procedures of Statistics.' 2nd Edn. (McGraw-Hill: 
New York.) 

Wilson, E. D., and Zarrow, M. X. (1962). Comparison of superovulation in the immature mouse and rat. 
J. Reprod. Fertil. 3, 148-58. 

Manuscript received 21 August 1984, accepted 29 January 1985 



 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 8.61, 689.10 Width 467.31 Height 11.84 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         1
         CurrentPage
         1
              

       CurrentAVDoc
          

     8.614 689.0986 467.3067 11.8442 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0d
     Quite Imposing Plus 2
     1
      

        
     0
     6
     0
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 6.46, 689.10 Width 459.77 Height 14.00 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         1
         CurrentPage
         1
              

       CurrentAVDoc
          

     6.4604 689.0986 459.7695 13.9977 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0d
     Quite Imposing Plus 2
     1
      

        
     2
     6
     2
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 2.15, 685.87 Width 463.00 Height 12.92 points
     Origin: bottom left
      

        
     1
     0
     BL
    
            
                
         Both
         1
         CurrentPage
         1
              

       CurrentAVDoc
          

     2.1535 685.8684 462.9998 12.9209 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0d
     Quite Imposing Plus 2
     1
      

        
     4
     6
     4
     1
      

   1
  

 HistoryList_V1
 qi2base





