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Hysterectomy prolongs the life span of the 
corpora lutea of pseudopregnancy in the 
hamster from 9 days in the intact animal to 
17 days (1).  While a threshold amount of 
uterine tissue may be necessary for normal 
involution of the corpus luteum of pseudo- 
pregnancy in the hamster (2),  the nature of 
the uterine factor(s) in this species is not 
clear. Mazer and Wright ( 3 )  were able to 
extract an active luteolytic factor with saline. 
On the other hand, large amounts of a lipid, 
prostaglandin F ~ U  (PGF,a), have been 
shown to be luteolytic in the hamster (4).  

The present investigation was conducted to 
compare lipid and aqueous extracts of ham- 
ster uteri, collected at  various times during 
pseudopregnancy, for ‘their ability to induce 
involution of the corpus luteum. The mini- 
mum effective level of PGFm required to in- 
duce luteolysis when administered ip and di- 
rectly into the ovarian bursa was also deter- 
mined. Finally, an attempt was made to quan- 
titate prostaglandins of the F series (PGF) 
extracted from hamster uteri at various times 
during pseudopregnancy. 

Materials and Methods. A total of 154 
female Golden Hamsters weighing 140-180 g 
each were housed 4-6 per cage and main- 
tained on a daily lighting schedule of 14 hr 
light and 10 hr darkness (lights on at  7 
AM and off a t  9 PM Eastern Standard 
Time). Each animal was observed for three 
consecutive I-day estrous cycles, Day 1 be- 
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ing designated as the day of the characteristic 
postovulatory vaginal discharge, before being 
assigned to this investigation. Hamsters were 
then hysterectomized through midventral in- 
cisions under Nembutal anesthesia. Three nor- 
mal 4-day cycles were allowed to elapse before 
pseudopregnancy was induced by mating with 
intact males. Day 1 of pseudopregnancy was 
designated as the day sperm were observed in 
the vaginal smear. 

Substances or extracts tested for luteolytic 
activity were administered either by ip or 
intrabursal injections in a volume of 0.5-1.0 
ml or 20-30 pl of saline, respectively. I p  
injections were initiated on Day 5 and car- 
ried through Day 8. Intrabursal injections 
were made under Nembutal anesthesia on Day 
7 of pseudopregnancy through a flank in- 
cision. Animals were observed daily for ter- 
mination of pseudopregnancy as estimated by 
postovulatury vaginal discharge and verified 
by the presence of ovulation points on the 
ovaries. Hamsters wme sacrificed on the 
morning of the postovulatory discharge, or on 
Day 11 of pseudopregnancy; the corpora 
lutea were dissected out, weighed, and pro- 
gesterone determined by competitive protein 
binding assay (5). 

Hamster uteri to be extracted and tested 
for luteolytic activity were collected from an- 
imals in which the utero-tuba1 junctions were 
severed before mating with intact males. 
The uteri, collected under Nembutal anesthe- 
sia, were trimmed, split, washed briefly in 
saline, and stored frozen. Subsequently, these 
uteri were cut into small pieces, ground in 
saline with a virtis homogenizer and the 
saline extracts centrifuged at  750g for 20 
min at 0’. The supernatant was divided into 
daily doses and frozen until injected. Lipid 
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extracts were prepared from pooled uterine 
tissue (2-20 uteri for each day of collection). 
The essential steps of extraction included: 
(1) precipitation of proteins with acetone 
(1:3 by volume); (2) addition of pg 
amounts of tritiated PGFza to the superna- 
tant; (3) extraction with hexane, which was 
later discarded; (4) extraction of the residue 
with diethyl ether after lowering the pH to 3.5 
with citric acid; and ( 5 )  evaporation of the 
ether under nitrogen. 

The samples from extracts of pooled uter- 
ine tissue were dissolved in ethyl acetate: 
chloroform, 85:15, then spotted on silicia gel 
coated plates and chromatographed in a sys- 
tem of ch1oroform:methanol: acetic acid, 
90:lO:l (6) .  The area corresponding to 
PGFsa was scraped and eluted with 70% 
methanol, the methanol evaporated under ni- 
trogen and the lipid reextracted with diethyl 
ether. The ether was evaporated under nitro- 
gen and the residue containing PGF was 
stored at -20". Aliquots were assayed for 
PGF activity by the gerbil colon method ( 7 ) .  
Additional aliquo ts, when counted, showed a 
recovery of 50-75% of the added P G F ~ u ;  
reported values were corrected accordinqly. 

Investigations on the minimal effective 
luteoIytic level of P G F ~ u  were carried out 
with material supplied by The Upjohn Com- 
pany. PGF2a was dissolved in methanol and 
refrigerated. Aliquots for injections were 
dried and redissolved in saline for injection. 

Treatment means were compared by 
Tukey's honeFtly significant difference (HSD) 
procedure (8). 

Results. Hysterectomy performed as late 
as Day 8 of pseudopregnancy was generally 
effective in maintaining pseudopregnancy be- 
yond Day 9, the time at which pseudopreg- 
nancy was terminated in nonhysterecto- 
mized hamsters (Table I). Only 1 of 11 ani- 
mals hysterectomized between 9 AM and 12 
noon on Day 8 had a normal pseudopreg- 
nancy (9 days), and only 3 of 9 animals 
hysterectomized between 1 PM and 5 PM 
of Day 8 returned to estrus on Day 9. These 
observations suggest that functional involu- 
tion of the corpus luteum in pseudopregnant 
hamsters is a rapid process limited to a few 
hours during a 24-hr period between 8 AM on 

Day 8 and 8 AM on Day 9. Nevertheless, 
saline extracts of uteri collected on Days 5 ,  
7, and 8 of pseudopregnancy failed to exhibit 
luteolytic activity. The hamsters received 
0.75 uterine equivalents, ip, per day for 4 
days, and were sacrificed on Day 11. Weights 
and progesterone contents of corpora lutea 
from animals given these saline extracts of 
uteri did not differ from each other or from 
corpora lutea of animals receiving only 
saline (Table 11). 

Lipid extracts of uteri collected on Days 5 ,  
7, and 8 and not subjected to1 thin layer 
chromatography were administered ip to 
pseudopregnan t hamsters. No significant lute- 
olytic activity was noted although c0;rpus 
luteum weights and progesterone contents in 
animals treated with lipid extracts of Day 7 
pseudopregnant uteri were reduced and one 
animal returned to estrus (Table 111). When 
these extracts were assayed for PGF activity, 
the highest activity of 180 ng PGF per 
uterus was found on Day 8 of pseudopreg- 
nancy. Extracts of uteri from Day 7 animals 
contained detectable, but unmeasurable levels 
and extracts of Day 5 uteri showed no PGF 
activity. No prostaglandin E activity was de- 
tected in any of these preparations. 

The results of experiments in which PGF2a 
was administered ip to hysterectomized 
pseudopregnan t hamsters (Table 111) show 
that very high levels (10 pg/day) were lute- 
olytic and estrus was observed in all animals 
tested after 2-4 days of treatment. One pug 
per day lowered corpus luteum weight and 
progesterone content, and 100 ng/day sup- 
pressed pasesterone content without affect- 
ing corpus luteum weight. 

Because of the high levels of PGF2a re- 
quired to induce luteolysis following ip ad- 
ministration, PGF2a or PGF isolated by thin 
layer chromatography from lipid extracts of 
hamster uteri were administered in single in- 
jections directly into the ovarian bursae. The 
results demonstrate a distinct lutetropic 
effect of low levels of PGF2.a (2 and 4 ng), as 
indicated by the greatly increased proges- 
terone content of the corpora lutea 4 days 
afiter the single injection (Table IV) . When 
PGF2a was injected into only one ovarian 
bursa, no difference was found in the proges- 
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TABLE I. Effects of Hysterectomy 011 the Length 
of Psendopregnancy i n  the Hamster. 

~ 

Mean duration 
Day of No. of of pseudopreg- Range 

hystc tectc my animals nancy (days) (days) 

5 1 2  16 13-23 
7 10 17 13-25 
8 (9 AM and 11 15.6 9-2 1 

12 noon) 
8 (1 PM and 5 PM) 9 13.0 9-19 
Nonhysterecto- 10  9.1 8-1 0 

mized 

terone contents between the treated and non- 
treated ovaries (58 t 5 and 61 & 3 ng/CL, 
respectively). However, a small, but statisti- 
cally significant ( p  < 0.05) difference was 
noted in weights of the treated and non- 
treated corpora lutea (0.74 2 .03 and 0.90 & 
0.02 mg/CL, respectively). 

Larger amounts of PGF2a (20, 50 and 100 
ng) exerted a luteolytic effect. Mean luteal 
tissue weights were reduced when compared 
with either the control animals or those 
treated with 2 or 4 ng of PGF2a. Only one 
ovary was treated with 50 ng PGF2a and 
luteal tissue weights were depressed in the 
treated ovaries when compared to the non- 
treated (0.52 t 0.18 vs 0.81 t 0.09 mg/CL). 
However, this difference was not significant 
( p  > 0.05). Progesterone contents per CL 
were also nonsignificantly ( p  > 0.05) lower 
in the treated than in the nontreated ovaries 
(14 t 5.0 vs 23 r+ 9.4). Values for treated 
and nontreated ovaries were averaged for pres- 
entation in Table IV. 

No change in mean corpus luteum weight or 

progesterone content was noted in hamsters 
that received BGF extracted from Day 
5 pseudopregnant uteri (Table IV);  these 
values were similar to those found in saline 
injected controls (Tables I1 and 111) and in 
the bovine serum albumin-injected control 
animals. Bioassay of this preparation indi- 
cated the absence of any PGF activity. Ex- 
tracts made from Day 7 pseudopregnant 
uteri, which assayed equivalent to 90 ng 
PGF: caused a small, nonsignificant ( p  > 
0.05) decrease in corpus luteum weight and 
progesterone content when compared to ex- 
tracts from Day 5 .  

Finally, animals treated with PGF-like ma- 
terial isolated from pseudopregnant uteri col- 
lected between 1 PM and 12 midnight on 
Day 8 had significantly ( p  < 0.05) reduced 
luteal tissue weights when compared to either 
the controls or the animals treated with Day 
5 extracts. Progesterone content was not sig- 
nificantly reduced, but one hamster of this 
group returned to estrus. A bioassay for PGF 
activity indicated an amount equivalent to 
255 ng per uterus. On the other hand, an 
extract obtained from uteri collected on the 
morning of Day 8 (8 AM-12 noon) contained 
the equivalent of only 100 ng per uterus, 
indicating that the PGF content of the uterus 
rises rapidly before the onset of luteal re- 
gression. 

Discussion. The luteolytic activity of 
P G F ~ c ~ ,  previously shown in pregnant and 
pseudopregnant hamsters, was also demon- 
strated in pseudopregnant hysterectomized 
hamsters in this investigation. Thus, the ac- 
tion of exogenous PGF2a is probably not 

TABLE 11. Effects of Saline Extracts of Pseudopregiiant Hamster Uteri Injected into Hysterceto- 
mized, Pseudopregnant Hamsters. 

Dose level Total 
Preparation equiv. of No. of Total luteal Weight/CL progesterone Progesterone/CL 

tested uterus/day" animals weight (mg)b (mg) (ng) (ng) 

15.1 -I 1.3 .85 f .05 363 f 416 20.3 f 2.0 
.87 -r .05 405 & 47 23.7 & 1.8 Day 7 extract 0.75 5 14.9 f 1.3 

Day 8 extract 0.75 4 12.9 -c 0.7 .72 * .02 379 L- 81 20.9 -I 4.4 

Day 5 extract 0.75 4 

Control (saline) - 8 11.3 2 1.0 .72 -I- .06 304 2 58 19.0 * 3.5 
"Test substance injected ip  on Days 5,  6, 7, and 8 of pseudopregnancy; animals sacrificed on Day 11 

of pseudopregnancy. 
Means -+ SE. 
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mediated through the uterus. The minimum 
ip dose of P G F ~ u  ‘that terminated pseudo- 
pregnancy in all animals was found to be 10 
pg, a figure at  least 10 times less than that 
employed by other investigators (4). Mea- 
surements of corpus luteum weights and pro- 
gesterone contents served as sensitive indices 
of P G F ~ u  luteolytic activity. 

Luteal progesterone contents were elevated 
by single injections into one or both ovarian 
bursae of either 2 or 4 ng of PGF9,  while 
single doses of 50 and 100 pg of PGF2a were 
luteolytic. PGF2a administered ip in very 
high doses for several days may affect syn- 
thesis and release of gonadotropins, a1 though 
a direct action on the corpus luteum is also 
possible. The simulatory effect of very low 
doses of P G F ~ u  on synthesis of progesterone 
may also be mediated through the pituitary, 
or i t  may act directly on the luteal cells, as 
has been shown to be the case in incubation 
studies where PGF2a was added directly to 
the incubation medium (9). However, the 
failure to obtain a difference between proges- 
terone contents of treated and untreated 
ovaries argues against a direct luteotropic ac- 
tion on luteal cells in this case. 

In  contrast to the results of Mazer and 
Wright ( 3 ) ,  these studies show that the lute- 
olytic substance is present in lipid and not in 
saline extracts of pseudopregnant uteri. A 
most significant finding was the effectiveness 
of PGF-like material isolated from hamster 
uteri in suppression of corpus luteum weights 
in the experimental animals. Single injec- 
tions of 128 ng of PGF extracted from 0.66 
uterine equivalents of Day 8 pseudopregnant 
uteri exerted a luteolytic effect. The rapid 
increase noted in PGF content in hamster 
uteri on the afternoon of Day 8 supports the 
hypothesis that PGF2a may be a physiologi- 
cal luteolysin in this species. However, it is 
possible that other lipids present in the ex- 

tracts made from Day 7 and Day 8 pseudo- 
pregnant uteri may also play a luteolytic 
role. 

Summary. Experiments were carried out in 
order to ascertain the effects of prostagland- 
in F s  in pseudopregnant hysterectomized 
hamsters, and to compare these effects with 
those of lipid extracts of hamster uteri. All 
animals injected ip with 10 pg of PGF2a 
returned to estrus within 2-4 days after the 
treatment. Single injections of 50 and 100 ng 
of PGF2a into the ovarian bursae depressed 
corpus luteum weights. However, a remark- 
able stimulation in luteal tissue progesterone 
levels in both ovaries followed single injec- 
tions of only 2 ng of PGF2a into one ovarian 
bursa. A rapid increase in PGF content of 
pseudopregnant hamster uteri was found to 
occur between Days 7 and 8, and on Day 8 
just prior to the time of corpus luteum re- 
gression. 
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