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PLATE 5 

Cross section of uterine endometrium from 
prepuberal rat treated with 3.5 mg progesterone 
daily from day 2 to day 7 post ovulation. 
Ovulation was induced with 20 IU PMS and 20 
IU HCG. 

(13) 130 X 
(14) 285 X 
(15) 1300 X 

Note the increase in endometrial folding and 
the taller columnar cells as a result of prog­
esterone treatment. The increase in endometrial 
folding may have accounted for the fact that 
progesterone treated rats implanted fetuses but 
the controls (plate 4) did not. 



PLATE 5 



DISCUSSION 

Induction of Vaginal Opening, Estrus, and Mating 

It is difficult to compare the incidence of vaginal opening, estrus, 

and mating between prepuberal rats studies due to the differences in age 

and strain of rats, and the type and levels of gonadotrophins employed. 

The 98% vaginal opening following PMS treatment reported here is in 

general agreement with the results of Austin (1949) and in contrast to 

the findings of Sato (1962). Austin (1949) reported that the vaginal 

orifices of all rats examined were patent 48 to 60 hours after treatment 

with 20 IU of PMS. However, Sato (1962) reported that only 8 of 35 pre­

puberal rats showed vaginal opening 40 to 60 hours after treatment with 

20 IU of PMS. 

Seventy-five percent of the treated prepuberal rats were in estrus 

after PMS-RCG treatment as indicated by vaginal smears. These findings 

are essentially the same as reported by Austin (1949) who found that 

80% of the rats showed vaginal estrus after PMS-HCG administration. 

Acceptance of coitus following induced estrus averaged 40.4% in 420 

prepuberal DDR rats. Although the rats averaged 40.4% acceptance, it 

should be noted that the acceptance of mating varied from a low of 23.3% 

to a high of 70.0% on different nights during the course of the ex­

periment. Previous workers have shown that mating is extremely variable 

and reportedly ranges from 0% (Sato, 1962) to 92% (Wuand Meyer, 1966). 

Between these extremes, figures of 34% (Austin, 1949), 38% (Starkey, 

1969), and 63% (Evans and Simpson, 1940) have been reported for the ac­

ceptance of coitus after induced ovulation with PMS and ReG. 
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Ovulation Rate, Number Pregnant, and Litter Size 

The ovulatory response of the prepuberal rat to gonadotrophins was 

relatively low with the mean group ovulation rates, based on corpora lutea 

counts,averaging 12 to 14. Corpora lutea counts from individual rats 

ranged from 9 to 20. The low response to gonadotrophins, as compared to 

the ovulatory responses obtained by Austin (1949), Grayburn and Brown-

Grant (1968), and Rowlands (1944), proved to be quite beneficial since a 

direct comparison could be made with the mature rat in litter size. The 

variable ovulatory response to 20 IU PMS and 20 IU RCG becomes apparent 

when the average ovulation rate of 12.4, found in this study is compared 

to the previously reported ovulation rates of 37.2 (Austin, 1949), 

45.0 (Grayburn and Brown-Grant, 1968), and 14.0 (Rowlands, 1948). 

In prepuberal control rats, pregnancy was established in only 2 of 

the 30 mated animals as determined by implantations on day 8 post coitus. 

This pregnancy rate of 6.6% is lower than those reported by Cole (1937) 

and Austin (1949) in rats, but is similar to the findings in prepuberal 

mice by Engle (1927), Runner and Gates (1954), and Smithberg and Runner 

(1956, 1957). Cole (1937), using a crude serum extract of mare gonado-

tropic hormone, induced pregnancy in 30 of 41 mated prepuberal rats. 

Austin (1949) reported that pregnancy was established in 12 of 45 pre-
. 

puberal rats mated after PMS and ReG administration. Smithberg and 

Runner (1956) reported that although ovulation and receptivity to the 

male may be induced in prepuberal mice, pregnancy is established in less 

than 10% of the mated mice. 

The qua~ty of gonadotrophins employed to induce ovulation and mating 

does not appear to be responsible for the low pregnancy rate since Austin 
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(1949) used the same levels of PMS and RCG.· However, since the pregnancy 

rate at 8 days in the DDR prepuberal rat closely parallels the results 

reported in prepuberal mice (Smithberg and Runner, 1956), it is quite 

possible that a similar physiological state of an unfavorable uterine 

environment may exist in both cases. 

From an endocrine standpoint, optimum fetal survival is obtained due 

to the response of the tissue to adequate doses of a synergistic combina­

tion of estrogen and progesterone (Courrierj 1950). Conversely, accord­

ing to Yochim and Zarrow (1961), suboptimal maintenance of pregnancy may 

be due to one or more of the following: hormone deficiency (decreased 

absolute levels), progesterone deficiency (estrogen antagonism), estrogen 

deficiency (suboptimal synergism), or hormone excess (increased absolute 

levels). On the bases of these antagonistic and synergistic effects of 

estrogen and progesterone, one might postulate why suboptimal pregnancy 

maintenance was observed in several of the progesterone groups. However, 

since the necessity of estrogen in the process of pregnancy maintenance 

has been repeatedly demonstrated in the ovariotomized rat, (Zeiner, 1943; 

Yochim and Zarrow, 1961) it must be assumed that estrogen is produced by 

the prepuberal rat. If endogenous estrogen were not produced, implant­

ation and pregnancy maintenance could not occur (Nutting and Meyer, 1963). 

At 8 days post coitus, the number of pregnant rats and the average 

litter size indicated that levels of progesterone below 3.5 mg resulted 

in estrogen antagonism. The physiological effect of this antagonism be­

ing "tube locking" with the fertilized ova remaining in the oviduct 

for an extended period of time ( Turner, 1966). In the case of 

the 5 and 10 mg progesterone levels, it is possible that suboptimal 
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synergism (estrogen deficiency) may have resulted. Since a significant 

increase in estrogen is necessary for nidation to occur (Nutting and 

Meyer, 1963 and Mayer, 1963), it seems possible that the estrogen 

deficiency caused by 5 to 10 mg of progesterone may have inhibited im­

plantation of some, or all, of the embryos. 

At 20 days post coitus, the suboptimal levels of progesterone, 

particularly in the 1.5 mg group,appeared to be most detrimental to 

fetal development. The adverse effects of 1.5 mg progesterone are shown 

most dramatically in the average of 4.2 resorbing fetuses per litter in 

this group as compared to 1.1 resorbing fetuses per litter in the 3.5 mg 

gro~p. This extremely high resorption rate indicates a very marked 

progesterone deficiency. 

As indicated by the average number of resorbing fetuses at 20 days 

post coitus, excessive amounts of progesterone (5 to 10 mg daily) do not 

appear to be detrimental after implantation is complete. The author feels 

this may be due to the increased endogenous estrogen production by the 

newly formed placenta which prevents suboptimal synergism. 

Yochim and Zarrow (1961) found excessive quantities of progesterone 

to be detrimental to fetal survival in ovariomized mature rats. As they 

increased progesterone levels from 1.5 to 2.0 mg, the average litter 

size increased from 4.5 to 7.5. As the level was further increased to 

3.0 mg, the average litter size again decreased to 5.8. 

Although there was no significant difference in total prenatal 

survival between the 3.5 mg progesterone group and the mature control 

group, it does appear that prenatal survival rates could be improved 

in prepuberal rats. Aside from the possibility that an optimum uterine 



environment has not been established with progesterone alone, there is 

also the distinct possibility that fertilization failure has accounted 

for a substantial portion of this reduced litter size in the prepuberal 

animal. In 30 prepuberal mated rats, Austin (1949) observed that only 

22 rats had fertilized ova 24 hours after mating. From these 22 mated 

rats, he recovered 787 eggs of which 548 were fertilized for a fertili­

zation rate of 69.6%. If a similar fertilization rate occurred in this 

study, the possibility exists that total survival rates in excess of 70% 

may be impossible to obtain due to a depressed fertilization rate. 

Effect of Ovariotomy and Progesterone Replacement in the Prepuberal Rat 

To further examine the relationship of exogenous progesterone to 

postimplantation fetal survival, 27 prepuberal mated rats were bilaterally 

ovariotomized on the 8th day post coitus and 0, 3.5, or 5 mg of proges­

terone was administered daily until the 20th day of gestation. Although 

the difference between 63.2% and 55.1% postimplantation survival for the 

3.5 and 5.0 mg groups, respectively, was not statistically significant, 

the trend did favor improved survival with the 3.5 mg level. Since the 

survival rate was slightly higher in the 3.5 mg group, it appears that 

the corpora lutea of the prepuberal rat produce a very small quantity of 

progesterone. 

It is also of interest to compare the postimplantation survival 

rates of the intact and ovariotomized rats maintained on the same levels 

of progesterone. Survival rates for the intact prepuberal rats on 3.5 

and 5.0 mg were 75.3% and 64.5%, respectively, while the survival rate 

of the ovariotomized rats on 3.5 and 5.0 mg levels were 63.2% and 55.15, 

respectively. The slightly depressed fetal survival in the ovariotomized 



63 

prepuberal rats appears to be due to estrogen deficiency (suboptimal 

synergism) resulting from the loss of ovarian estrogen. 

Smithberg and Runner (1956) observed that ovariotomy in mice re­

sulted in a decrease in the number of prepuberal mice with fetuses and 

a depression in the average litter size. In intact prepuberal mice re­

ceiving 2 mg progesterone per day, 88.8% of the mice were pregnant with 

an average litter size of 3.7 at 20 days of gestation. In contrast, 76% 

of the ovariotomized prepuberal mice were pregnant with an average litter 

size of 2.6 at 20 days of gestation. 

Effect of Estrogen on Pregnancy in the Prepuberal Rat 

One of the more surprising aspects of these experiments was 'that 

pregnancy in the intact and prepuberal ovariotomized rat was possible 

in the absence of exogenous estrogen; especially since exogenous 

estrogen has been considered necessary for nidation (Nutting and Meyer, 

'1963; Mayer, 1963) and maintenance of pregnancy (Lyons, 1943; Zeiner, 

1943) in the mature ovariotomized rat. 

Although exogenous estrogen was not needed for pregnancy mainte­

nance in the prepuberal rat, previous pilot studies and the reports of 

Nutting and Meyer (1963) indicated that 0.2 mcg of estradiol might in­

crease the number of rats which implanted fetuses. In the present study, 

however, it was found that a single injection of estradiol, alone or in 

combination with progesterone, totally inhibited implantation. Smithberg 

and Runner (1956) also found that the administration of estrogen either 

alone or in combination with progesterone proved deleterious to pregnancy 

in prepuberal mice. The adverse effects became most apparent when con­

centrations of 0.1 to 1.0 mcg of estradiol alone or in combination with 



2 .. 5 mg of progesterone 't\"a ·-.:(~m:'nistered p=:tc·~ tc =.mplantation. 

Effect of Ovariotomy on Gestating Mature Rats 

For many years, it has been assumed that ovariotomy, performed at 

any time during gestation t terminated pregnancy in the rat (Klein, 1935; 

Lerner et al., 1963; and, Nutting and Meyer, 1963). However, Van der 

Vies and Feenstra (1967), Gsapo (1969), and Pulkkinen and Gsapo (1969) 

have recently found that if ovariotomy is performed late in gestation, 

pregnancy is not routinely terminated. Pregnancy is maintained due to 

hypertrophy of the placenta and sufficient progesterone and estrogen 

secretion. 

To further establish the existence of a luteo-placental shift, 

gestating rats were ovariotomized on the 8th, 14th, or 17th day post 

coitus. In those rats ovariotomized on the 8th or 14th day post coitus, 

pregnancy was terminated in all cases by abortion or resorption of the 

litter. In those rats ovariotomized on the 17th day post coitus, a 

68.4% fetal survival rate was recorded from day 17 to 21 post coitus. 

The 68.4% post operational survival rate in this study compares 

quite favorably with the 63% fetal survival reported by Gsapo (1969) 

on rats ovariotomized at the same stage of gestation. 

The success of the ovariotomized mature rat to maintain pregnancy 

appears to be distinctly dependent on placental hypertrophy for the 

production of sufficient quantities of progesterone to inhibit abortion. 

If sufficient quantities of progesterone were not produced, premature 

delivery started on the 18th or 19th days post coitus (Gsapo, 1969). 

The author of this study noted that rats delivering prematurely only ex­

pelled a limited number of fetuses and that their placentae were retained. 
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However, extra ovarian production of progesterone did not appear to 

provide complete protection to the fetuses which reached term for the 

incidence of fetal defects and hemorrhage was frequent; especially in 

those 2 fetuses located in the cervical ends of the uterine horns. 

These experiments tend to indicate that in pregnant rats the 

corpora lutea are not essential toward the end of gestation providing 

that sufficient quantities of extra-ovarian progesterone can be produced 

by the placentae. This apparent luteo-placental shift results in a 

localization of myometrial regulation and allows the uterine horns to 

function.independently and deliver their contents at different times. 

This was observed in several rats which aborted all the fetuses in one 

horn but delivered those in the other horn at term. 

Body and Reproductive Tract Weight 

Reproductive tract weight and tract weight per 100 g body weight 

appeared to be correlated with the treatment imposed on the animal. 

Obvious differences were evident in comparing the tract weight per 100 g 

body weight in prepuberal mated control rats and those induced to ovulate 

and maintained on 3.5 mg progesterone. In prepuberal mated rats, the 

tract weight per 100 g body weight decreased from 213 mg to 144 mg from 

day 3 to 9 post coitus. In the progesterone group, the tract weight per 

100 g body weight remained relatively constant, declining from 2l2·mg 

to 201 mg from day 3 to 9 post ovulation. 

From these results, in conjunction with the histological findings, 

it appears that the corpora lutea of the prepuberal mated rat does not 

produce sufficient quantities of progesterone to adequately prepare the 

uterus for implantation. These findings are reflected in the (1) decreased 
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uterine weight, (2) histological results showing no signs of the 

endometrial folding necessary for implantation (Plate 4 vs Plate 5). 

-and (3) increased reproductive efficiency by the use of exogenous 

progesterone. In prepuberal mice, Smithberg and Runner (1956) also 

found a significant decrease in the uterine weight and histological and 

histochemical evidence of atrophy of the corpora lutea. 

The difference in tract weight in the mature rat in estrus 

(261 mg per 100 g) as compared to anestrus (127 mg per 100 g) is probably 

due to the increase in water uptake and cell hypertrophy and hyperplasia 

induced by estrogen. As reported by Catchpole (1969), estrogen is the 

predominant hormone at the time of ovulation and fertilization and re­

sults in an increase in cell mit9sis, hyperplasia of the endometrial 

cells and glands, and increases the water uptake by the uterus, cervix, 

and vagina. 

Uterine Endometrial Cell Height and Nuclear Area 

The histological comparison of endometrial cell height and nuclear 

area between the prepuberal mated control rats and those receiving 

progesterone provided a significant amount of information about the 

hormonal requirements necessary for implantation and pregnancy mainte­

nance in the prepuberal DDR rat. In the present study, both endometrial 

cell height and nuclear area decreased significantly in the prepuberal 

mated controls as the time post mating increased. In contrast, endo­

metrial cell height and nuclear area did not decrease significantly in 

the prepuberal rats which were maintained on'3.5 mg progesterone. 

Plates 4 and 5 also show an obvious difference in the degree of 

folding in the endometrium. The lack of folding in the mated pre-
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puberal rat (Plate 4) is very similar to the condition observed in the 

45 day old rat prior to gonadotrophin or hormone treatment (Plate 1). 

Conversely, there was a significant increase in the folding of the 

endometrium as a result of progesterone treatment (Plate 5). As indicated 

by Hafez (1968), a folded endometrium is necessary for successful im­

plantation of the free floating blastocyst. 

On the basis of both endometrial folding, cell height, and nuclear 

area differences, it is postulated that implantation and pregnancy 

maintenance is not usually observed in the prepuberal DDR rat due to 

progesterone deficiency (estrogen antagonism) resulting from insufficient 

production~ or release of prolactin from the hypophysis. 

Several other workers have also reported an increase in endometrial 

cell height as a result of exogenous progesterone treatment. Howe 

et ale (1964) found that endometrial cell height in prepuberal calves 

increased from l51.1 to 23.51.1 after treatment with 100 mg progesterone 

for 5 days. Schultz et ale (1969) ovariotomized Holstein cows and found 

a significant increase, over controls, in nuclear area of the endometrial 

cells as a result of treatment with 100 mg progesterone for 3 days. Kim 

and Forman (1966) found the histological appearance of the endometrium 

in bilaterally ovariotomized rats treated with 20 mg progesterone to be 

similar to that of the nonovariotomized rats. Endometrial cell height 

in the controls averaged 20.81.1 and in the ovariotomized rats receiving 

20 mg progesterone per day cell height averaged 19.4l.l • 



SUMMARY 

The reproductive performance of 45 day old prepuberal DDR rats was 

analyzed to determine the effect of daily treatment of varied levels of 

progesterone upon several reproductive phenomena. Daily treatment with 

3.5 mg progesterone significantly increased (P<.05) the conception rate, 

litter size, and prenatal survival over the other progesterone levels. 

The reproductive efficiency increased as the quanitity of progesterone 

was increased to 3.5 mg per day and then declined as the level was 

further increased to 10.0 mg per day. The average litter size and pre­

natal survival was not significantly (P>.05) different between the 

prepuberal group receiving 3.5 mg progesterone and the mature control 

group. The average litter size for the 3.5 mg group was 7.8 and for 

the mature control group was 8.9. Total prenatal survival was 55.3% 

and 78.4% for the 3.5 mg progesterone and mature control groups, respec­

tively. 

A single injection of estradiol, either alone or in combination 

with daily progesterone treatment, proved to be detrimental to embryo 

survival by inhibiting implantation. 

No significant difference (P>.05) was found in the average litter 

size or in the prenatal survival between rats bilaterally ovariotomized 

on the eighth day post coitus and treated with 3.5 or 5.0 mg progesterone 

daily. The average,litter size at 20 days of gestation was 6.0 and 4.7 

fetuses per rat maintained on 3.5 and 5.0 mg progesterone per day, 

respectively. Post ovariotomy fetal survival for rats maintained on 

3.5 and 5.0 mg progesterone per day was 63.2% and 55.1%, respectively. 

68 
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Histological examination of the uter~ from prepuberal mated rats 

which were not pregnant and unmated progesterone treated prepuberal rats 

.. indicated that both the endometrial cell height and. the endometrial 

cell nuclear area were significantly increased (p<.o1). as a result of 

progesterone treatment. In addition, while the endometrial cell height 

and nuclear area remained relatively constant in those rats receiving 

exogenous progesterone, the cell height and endometrial nuclear area 

decreased significantly (P<.05) in the prepuberal mated rats as the 

time post mating increased. 

The results of these trials tend to indicate that the 45 day old 

prepuberal DDR rat does not routinely maintain pregnancy as a result 

of corpora lutea failure and the resulting progesterone deficiency. 

It also appears that a uterine environment, favorable to embryonic and 

fetal survival, may be induced with daily treatment with 3.5 mg 

of progesterone administered subcutaneously. 

Ovariotomy of the mature gestating rat resulted in resorption or 

abortion of all fetuses when the operation was performed prior to 

the 17th day of gestation. A 68.4% post ovariotomy fetal survival rate 

was obtained in those rats ovariotomized on the 17th day of gestation. 

From these results it appears that, in the rat, the ovaries are 

dispensable toward the end of gestation providing that sufficient quan­

tities of progesterone are produced by the placentae. 
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Table IX. Analysis of Variance for the Reproductive Performance of 
Control and Progesterone Treated Rats. 

Source df MS F 

Ovulation Rate 
Treatment 6 61.1 1.44 
Error 37 42.2 

No. of rats with fetuses '". 

8 days post coitus 
Treatment 6 1.34 7.17** 
Error 113 .18 

No. of rats with fetuses 
20 days post coitus 

Treatment 6 1.29 7.80** 
Error 113 .16 

Average litter size per 
mated rat 8 days p.c. 

Treatment 6 133.1 8.80** 
Error 113 15.5 

Average litter size per 
mated rat 20 days p.c. 

Treatment 6 114.3 9.60** 
Error 113 11.9 

Average litter size per 
pregnant rat 8 days p. c. 

Treatment 6 38.6 3.37** 
Error 44 11.4 

Average litter size per 
pregnant rat 20 days p.c. 

Treatment 6 36.6 2.73* 
Error 44 13.4 

Preimplantation Survival 
Treatment 6 987.8 4.38** 
Error 37 225.4 

Postimp1antation Survival 
Treatment 6 1587.3 1.81 
Error 44 874.4 
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Table IX. (cont.) 

Source df MS F 

Total Survival 
Treatment 6 1731.0 3.75** 
Error 42 460.8 

Average no. resorbing 
fetuses at 20 days p.c. 

Treatment 6 7.0 1.99 
Error 44 3.5 

** (P<.OI) 
* (P< .05) 

• 
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Table X. Analysis of Variance for Reproductive Performance of 
Mature and Prepuberal Ovariotomized Pregnant Rats. 

Source df MS F 

Mature- no. of fetuses 
at time of ovariotomy 

Treatment 3 245.4 2.17 
Error 40 112.6 

Mature- average litter 
size 20 days p.c. 

Treatment 3 216.3 31.2** 
Error 40 6.9 

Prepubera1- no. of fetuses 
at time of ovariotomy 

Treatment 1 2.0 .13 
Error 16 14.6 

Prepubera1- no. of fetuses 
at 20 days'pac. 

Treatment 1 10.0 .37 
Error 15 27.0 

Mature- postovariotomy 
fetal survival 

Treatment 3 14345.4 41.4** 
Error 40 ' 346.3 

Prepubera1- postovariotomy 
fetal survival 

Treatment 1 29:0 .028 
Error 15 1029.0 

** (P<.Ol) 

* (P<.05) 
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Table XI. Analysis of Variance for Reproductive Tract Weight and 
Histological Results. 

Source df MS F 

Tr ac t weight of 45 day 
old control and gonado-
trophin treated rats 

Treatment 4 32992.0 32.18** 
Error 14 1025.0 

Tr ac t weigh t of mated 
prepuberal rats 3,5,7, 
and 9 days p.c. 

Treatment 3 3210.0 24.40** 
Error 11 131.1 

Tract weight of prepuberal 
rats 3,5,7,and 9 days on 
3.5 mg progesterone 

Treatment 3 192.3 2.69 
Error 11 71.4 

Tract weight of mature 
rats 3,5,7, and 9 days p.c. 

Treatment 3 238827.0 57.0** 
Error 11 4189.6 

Nuclear area- prepuberal 
3,5,7, and 9 days p.c. 

Treatment 3 54.3 1.58 
Error 116 34.2 

Nuclear area- prepuberal 
on 3.5 mg progesterone 
for 3,5,7, and 9 days 

Treatment 3 5.6 .10 
Error 116 52.3 

Nuclear area- mature 
3,5,7, and 9 days p.c. 

Treatment 3 309.0 126.1** 
Error 116 2.4 
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Table XI. (cont.) 

Source df MS F 

Nuclear area- 45 day old 
control and gonadotrophin 
treated 

Treatment 4 508.0 78.1** 
Error 155 6.5 

Cell height- prepuberal 
3,5,7, and 9 days p.c. 

Treatment 3 200.0 14.4** 
Error 116 13.8 

Cell height- prepuberal 
on 3.5 mg progesterone for 
3,5,7, or 9 days 

Treatment 3 102.0 11.5** 
Error 116 8.8 

Cell height- mature 
3,5,7, and 9 days p.c. 

Treatment 3 87.6 9.3** 
Error 116 9.3 

Cell height- 45 day old 
control and gonadotrophin 
treated 

Treatment 4 2580.0 4.4** 
Error 155 586.3 

** (P <.01) 
* (P<.05) 
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Table XII. Reproductive Performance of Individual Prepuberal and 
Mature Control Rats 

Total No. Total No. Total No. Preimp1. Postimp1. 
Animal C.L. a Embryosb Born Surviva1c Surviva1d 

PreEuberal 
1 13 9 8 69.6 88.8 
2 11 8 8 72.8 100.0 

3 to 30 0 0 0.0 

Meanf 12 8.5 8 71.2 94.4 

Mature 
1 13 11 11 84.7 100.0 
2 13 11 11 84.7 100.0 
3 10 10 8 100.0 80.0 
4 11 11 9 100.0 81.9 
5 10 7 5 70.0 71.5 
6 12 12 11 100.0 91.7 
7 12 12 11 100.0 91.7 
8 11 10 10 90.9 100.0 
9 11 11 11 100.0 100.0 

10 12 12 2 100.0 16.7 
11 12 11 9 90.7 81.9 
12 12 11 9 90.7 81.9 
13 11 10 9 90.9 90.0 

14 to 15 ( 0 0 0.0 

Meanf 11.3 10.5 8.9 92.6 84.8 

Total 
Surviva1e 

61.5 
72.8 
0.0 

67.1 

84.7 
84.7 
80.0 
81.9 
50.0 
91.7 
91.7 
90.9 

100.0 
16.7 
75.0 
75.0 
81.8 
0.0 

78.4 

aTota1 number of corpora 1utea on both ovaries 20 days post coitus. 
bTotal number of uterine swellings at laparotomy 8 days post coitus. 
C(No. uterine swellings on day 8 p.c. divided by no. C.L.) X 100. 
d(No. born divided by no. uterine swellings on day 8 p.c.) X 100. 
e(No. born divided by no. CIL.) X 100. 
fMeans are for pregnant rats only. 
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Table XIII. Reproductive Performance of Individual Prepuberal Rats 
Maintained on 1.5, 2.5, or 3.5 mg Progesterone Daily 

Total No. Total No. Total No. Preimp1. Postimp1. Total 
. Animal C.L.a Embryosb Born Surviva1c Surviva1d Surviva1e 

1.5 mg 
1 13 7 2 53.9 28.6 15.4 
2 11 5 0 45.5 0.0 0.0 
3 12 9 7 75.0 77.8 59.4 
4 15 '12 12 80.0 100.0 80.0 
5 12 9 0 75.0 0.0 0.0 

6 to 15 0 0 0.0 0.0 
Meanf 12.6 8.4 4.2 65.7 41.3 30.8 

2.5 ms 
1 11 11 9 100.0 81.9 71.9 
2 17 10 8 59.9 80.0 47.1 
3 10 2 0 20.0 0.0 0.0 
4 10 7 5 70.0 71.5 50.0 
5 9 1 1 11.1 100.0 11.1 
6 12 10 10 83.3 100.0 83.3 
7 ,II 9 9 81.9 100.0 81.9 

8 to 15 0 0 0.0 0.0 
Meanf 11.4 7.1 6.0 64.2 76.2 50.8 

3.5 ms 
1 12 8 7 66.6 87.5 59.4 
2 -g 3 2 66.6 
3 10 7 6. 70.0 85.9 60.0 
4 20 19,' 19· 95.0 100.0 95.0 
5 14 9 8 64.3 88.9 57.2 
6 13 4 3 30.8 75.0 23.1 
7 14 11 11 78.6 100.0 78.6 
8 15 6 6 40.0 100.0 40.0 
9 -g 2 0 0.0 0.0 

10 10 9 7 90.0 87.8 70.0 
11 14 3 1 21.5 33.3 7.1 
12 15 9 3 60.0 88.9 54.4 

13 to 15 a 0 0.0 0.0 
Meanf 13.7 9 7.8 58.2 75.3 55.3 

aTotal number of corpora 1utea on both ovaries 20 days post coitus. 
bTota1 number of uterine swellings at laparotomy 8 days post coitus. 
C(No. uterine swellings on day 8 p.e. divided by no. C.L.) X 100. 
d(No, born divided by no. uterine swellings on day 8 p.c.) X 100. 
e(No. born divided by no. C.L.) X 100. 
fMeans are for pregnant rats only. 
gCorpora 1utea regressed prior to necropsy. 
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Table XIV. Reproductive Performance of Individual Prepuberal Rats 
Maintained on 5.0 or 10.0 mg Progesterone Daily 

Total No. Total No. Total No. Preimpl. Postimpl. Total 
Animal C.L.a Embryosb Born Survivalc Survivald Survivale 

5.0 mg 
1 11 8 6 72.8 75.0 54.6 
2 14 7· 7 50.0 100.0 50.0 
3 11 5 3 45.5 60.0 27.3 
4 12 8 7 66.6 87.5 58.4 
5 -g 1 0 0.0 0.0 

6 to 15 0 0 0.0 0.0 

Meanf 12 5.8 4.6 59.0 64.5 38.1 

10.0 m~ 
1 -g 1 0 0.0 0.0 
2 -g 1 0 0.0 0.0 
3 12 5 5 41.7 100.0 41.7 
4 12 10 10 83.4 100.0 83.4 
5 -g 4 1 25.0 
6 18 5 3 68.8 60.0 16.7 
7 -g 1 0 0.0 0.0 

8 to 15 0 0 0.0 0.0 

Meanf 14 3.8 2.7 50.1 40.8 23.7 

aTota1 number of corpora lutea on both ovaries 20 days post coitus. 
bTotal number of uterine swellings counted at laparotomy 8 days post coitus. 
C(No. uterine swellings on day 8 p.c. divided by no. C.L.) X 100. 
d(No. born divided by no. uterine swellings on day 8 p.c.) X 100. 
e(No. born divided by no. C.L.) X 100. 
fMeans are for pregnant rats only. 
gCorpora lutea regressed prior to necropsy. 
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Table XV. Reproductive Performance of Individual Prepuberal Rats 
Ovariotomized on Day 8 Post Coitus and Maintained on 3.5 or 5.0 mg 
Progesterone Until Day 20 Post Coitus 

Total No. Progesterone Level Total No. Postimp1. 
Animal Embryosa Day 8 to 20 p.c. Born Surviva1b 

1 11 3.5 9 81.9 
2 16 5.0 13 81.2 
3 10 3.5 9 90.0 
4 11 5.0 7 63.6 
5 14 3.5 13 85.7 
6 7 5.0 0 0.0 
7 6 3.5 2 33.3 
8 8 5.0 1 12.5 
9 14 3.5 14 100.0 

10 11 5.0 removed from trial 
11 10 5.0 9· 90.0 
12 l-1 5.0 7 63.5 
13 9 3.5 0 0.0 
14 6 5.0 4 66.6 
15 9 3.5 1 11.1 
16 0 
17 2 5.0 2 100.0 
18 3 3.5 0 0.0 
19 7 5.0 0 0.0 
20 0 
21 0 
22 0 
23 11 0.0 0 0.0 
24 10 0.0 0 0.0 
25 6 0.0 0 0.0 
26 9 0.0 0 0.0 
27 12 0.0 0 0.0 

aTotal number of uterine swellings at ovariotomy on day 8 post coitus. 
b(No. born divided by no. uterine swellings at ovariotomy) X 100. 
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Table XVI. Means and Standard Errors for Body Weight and Reproductive 
Tract Weight of Animals Used for Histological Examination 

No. of Body Weight Tract Weight Tract weight (mg) per 
Treatment Rats (grams) (mg) 100 g body weight 

Pre]2uberal 
No treatment 3 llO.O±2.8 l29.6±21.3 ll4.6±l7.8 
PMS+56 hours 3 ll4.6±1.1 377.3±26.6 32B.4±19.5 
PMS,HCG+24 hr 3 113.4±3.0 340.3±36.3 298.3±23.8 
PMS,HCG+48 hr 3 127.0±4.5 316.6±26.0 248.2±12.4 
PMS ,HCG+72 hr 3 121.0±3.3 324.0±ll.8 267.6± 3.6 

3 days p.c. 3 120.0±4.0 255.0± 2.3 213.0±IB.2 
5 days p.c. 3 143.3±3.6 286.0± 9.9 199.5± 6.5 
7 days p.c. 3 I56.6±7.2 235.0± 6.8 159.3± B.8 
9 days p.c. 3 l46.6±8.9 210.6±IB.2 144.1± 4.0 

3 days prog. 3 125.3±3.0 266.0± 7.1 2l2.2± 3.2 
5 days prog. 3 126.6±3.0 280.6±11.5 22l.6± 2.2 
7 days prog. 3 I43.3±2.4 271.0±10.5 189.5± 6.8 
9 days prog. 3 141.0±8.4 283.3± 9.6 200.9± 4.9 

Mature 
Estrus 3 17l.3±1.0 446.0± 7.8 261.7± 3.1 
Anestrus 3 164.6±8.5 21I.3±18.7 127.6± 5.2 

3 days p.c. 3 199.6±2.5 290.6±23.6 145.2±10.4 
5 days p.c. 3 191.6±7.0 414.3;20.5 2I5.8± 3.0 
7 days p.c. 3 184.3±9.2 516.6±39.5 279.3±12.6 
9 days p.c. 3 198.0±4.9 1510.0±35.7 767.0±69.5 
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EFFECT OF EXOGENOUS HOfu~ONES ON PREGNANCY 

MAINTEN&~CE IN THE PREPUBERAL RAT 

by 

Fredrick R. Hofsaess 

ABSTRACT 

Seventy five mature and 520 prepuberal Dublin Disease Resistant rats 

were utilized to st~dy the effects of exogenous hormones upon various 

reproductive phenomena. 

Ovulation was induced in 45 day old females by means of PMS and HCG. 

Progesterone (1.5, 2.5, 3.5, 5.0, or 10.0 mg) was dissolved in peanut 

oil and administered subcutaneously daily from day 2 to day 20 post 

coitus. Estradiol (0.2 mcg) was dissolved in peanut oil and administered 

subcutaneously on day 3 post coitus. Control rats received oil only. 

All mated rats were laparotomized, and some ovariotomized, on day 8 post 

coitus. All rats were necropsied on the 20th or 21st day of gestation. 

One hundred seventy of 420 (40.4%) prepuberal rats mated following 

PMS-HCG treatment. The number of rats conceiving, as compared to the 

number of rats mated was 2/30, 5/15,7/15,12/15, 7/15, and 5/15 for the 

control, 1.5, 2.5, 3.5, 5.0, and 10.0 mg progesterone groups, respectively. 

In mature control rats, 13 of 15 conceived on the first mating. There 

was no significant difference (P>.05) in conception rate between the 

3.5 mg prepuberal and the mature control groups. 

The average litter size per pregnant rat at 20 days post coitus was 

8.0, 4.2, 6.0, 7.8, 4.6, and 2.7 for the control, 1.5, 2.5, 3.5, 5.0, 

and 10.0 mg groups, respectively. The average litter size for the mature 

control group was 8.9. There was no significant difference (P>.95) among 



the prepuberal control, 2.5, and 3.5 mg groups in litter size at 20 days. 

A single injection of estradiol, alone or in combination with daily 

treatment with progesterone, proved to be detrimental to reproduction by 

inhibiting implantation. 

The average litter size at 20 days of gestation, in prepuberal rats 

ovariotomized on the eighth day post coitus, was 6.0, and 4.7 for those 

animals receiving 3.5, and 5.0 mg, respectively. Although the difference 

was not statistically significant, the postimplantation survival rates of 

63.2% and 55.1% for the 3.5 and 5.0 mg groups, respectively, showed a 

trend which favored the 3.5 mg level. 

Histological examination of the uteri from prepuberal mated rats and 

prepuberal rats receiving 3.5 mg progesterone indicated that both endo­

metrial cell height and nuclear area were significantly (P<.05) increased 

as a result of progesterone treatment. In addition, endometrial cell 

height and nuclear area remained relatively constant in rats receiving 

progesterone while cell height and nuclear area decreased significantly 

(P<.05) in the prepuberal mated rats as the time post mating increased. 

Ovariotomy in mature gestating rats resulted in resorption or abor­

tion of all fetuses when the operation was performed on the 8th or 14th 

day of gestation. However, when ovariotomizedon the 17th day of 

gestation, 68.4% post-operative fetal survival rate was recorded. 

The results of this study indicate that the prepuberal DDR rat can 

be induced to ovulate and mate by treatment with PMS and ReG, but rarely 

maintains pregnancy due to ,insufficient progesterone production by the 

corpora lutea. Administration of 3.5 mg progesterone per day appeared to 

be the optimum quantity of exogenous progesterone required to induce a 

uterine environment favorable to embryonic and fetal development. 




