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Introduction

Superovulation is a widely accepted technique in
synchronizing and inducing ovulation. It is well estab-
lished that follicular hyperstimulation results in the
disruption of the delicate balance of ovarian steroids
(estrogen, progesterone, androgens)'®. However the
effects of this disruption on steroid-sensitive tissues,
such as the uterus, are not well understood.

Recent evidence suggests that superovulatory treat-
ment with PMSG adversely affects uterine structure
and function in immature rats. In superovulated(40IU
PMSG) mated and non-mated rats, Miller and
Armstrong’ observed a two fold increase in wet uter-
ine weight by D2 of pregnancy or D3 post treatment.
This increase was accompanied by the presence of
desquamated cellular debnis in uterine lavages as early
as D2 of pregnancy. Histological examination of
debris recovered on D3 suggested the presence of ep-
ithelial hyperplasia. In contrast, no such findings were
observed in the uterine lavages from controls treated
with “physiologic” dose of PMSG(41U). This result
could suggest hyperstimulation of endometrial ep-
ithelia. Rennels® using 301U PMSG/20IU hCG ob-
served a marked increase in uterine weight and attri-
buted the increase to hypertrophication of the inner
muscularis of the myometrium, beginning on D2.

Studies involving embryo transfer or decidual induc-
tion on D5 of pregnancy of PMSG-treated immature
rats have provided direct evidence that PMSG impairs
implantation. Synchronous embryo transfer between
41U PMSG-treated donor and recipient rats on D5 of
pregnancy has achieved comparable implantation rate
to that of 4JU PMSG-treated pregnant rats(80-90%)*°.
In contrast, similarly conducted transfer from 4IU
PMSG-treated donors to 401U PMSG-treated reci-
pients results in no implantation*. While trauma-induc-
ed deciduomata were observed at embryo transfer
points in rats treated with physiologic dose, none
were observed in 401U PMSG-wreated rats. These
findings coincide with the difficulty observed in induc-
ing deciduomata with 501U PMSG’.

The functional study results together with the struc-
tural findings suggest that high doses of PMSG in-

duce abnormal changes, some manifested structurally,

which prevent the uterus from reaching a receptive
state. To date, no studies have been perfomed to fol-
low the temporal changes of the uterus under the in-
fluence of the superovulatory doses of PMSG. In the
present: study, the time-course of the uterine response

and changes in serum steroidal levels was examined.

Materials and Methods
Experimental animals : Immature female Sprague
Dawley rats were obtained at 25 days and 2 months
of age. All animals were housed for 3 days under con-
trolled conditions of temperature(20T) and
illumination(121.:12D) prior to PMSG treatment.
PMSG(Equinex, Ayerst, Montreal) was administered
in a 4, 20 or 40IU dose in 0.2ml of 0.9% NaCl via a
subcutancous dorsal injection between 0930 and
1130h. Standard rat chow and water were available ad
libitum throughout the treatment period.

Data. collection : Three separate studies were con-
ducted to determine the effects of superovulatory
doses of PMSG on the uterus. The short term effects
of 4, 20 and 401U PMSG were studied in immature
rats from D2 to D10 post injection. In this study, 162
animals were divided into 6 animals per treatment
dose and sacrificed at 9 time intervals(D2-D10), 24h
apart(54 rats/dose). Groups of 3 animals were sacrific-
ed at a time. The results for all 6 animals were com-
bined later. Simultaneously, in a separate study, the
hormonal status of 3 rats per dose was examined at (),
24 and 60h. The long term effects of 4 and 401U
PMSG were assessed in 12 immature rats 30 days tol-
lowing administration. To provide a reference for in-
duced cyclical changes in immature rats, 12 adult rats
were followed by vaginal smears for one full cycle and
sacrificed at the appropriate time to achieve samples
of proestrus, estrus, metestrus and diestrus phases.

At sacrifice, the animal were weighed, anesthetized
using diethyl ether vapour and exsanguinated via the
trunk vein. The reproductive tracts were dissected
whole and a small crimp was made at the uterotubal
junction of the left cornua for identification purposes.
The tissue was placed immediately in Bouin's fixative
(saturated picric acid-75%, 37% buffered tormalin-20%,
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glacial acetic acid-5%). During fixation, mesenteric tis-
sue was removed and each uterine horn was dissected
from the periovarium and partitioned into the follow-
ing segments before placement into cassettes denoting
left and right sides. The first 2mm of uterus(proximal
to the oviduct) was discarded, the next 3mm was
used for traverse sections and the rest was discarded.
After 4 hours, all tissues were placed in running tap
water to remove excess fixative and were stored in 10%
buffered neutral formalin undl histological processing.
From each uterine segment, 4 serial sections(5pm)
were takene for routine H&E staining for a total of 24
sections per rat.

Steroid radioimmunoassay : The blood, collected
via the trunk vein, was stored 4 hours at room tem-
perature prior to centrifugation. The sera were collect-
ed and stored at -20TC. Aliquots(0.5-1.0ml) of sera
were extracted twice with sufficient diethyl ether to
bring the total volume to 5.0ml. The pooled extacts
were evaporated at 35T under nitrogen gas before be-
ing reconstituted in 1.0ml absolute ethanol. Duplicate
100pl aliquots of the extracts were assayed. Approxi-
mately 10,000cpm(H*steroid) was added to each
tube. The binding efficiency of antibodies of the
steroid hormones(178-estradiol, progesterone, andro-
gens) was 40-60% and non-specific binding was less
than 5%. Quality control of the assay was carried out
using water blanks and reference sera and recoveries
were estimated by addition of tracer to reference sera
aliquots. Intra-and inter-assay coefficients of variation
were less than 10% and 15%, respectively. Antisera for
17p-estradiol, progesterone, androgens radioimmu-
noassays were provided by courtesy of Dr. D.T.
Armstrong, University of Western Ontario. The
respective cross-reactivities of the antisera are as fol-
lows: 17B-estradiol antiserum: estrone 2.9%; estriol, 0.
5%; other steroids, {0.2%; progesterone antiserum: 5p-
pregnane-3,20-dione, 35.5%; 5a-pregnane-3, 20-
dione, 15.7%; 3a-hydroxy-58-pregnan-20-one, 2.0%;
208-hydroxy-4-pregnen-3-one, 1.3%; 17a-hydroxypro-
gesterone, 1.2%; other steroids, {0.2%; testosterone an-
tiserum: 5a-dihydrotestosterone, 75.0%; S¢-androstane-
3a,17B-diol, 13.5%; 5@-androstane-38, 17f-diol, 10.
9%; 19-hydroxytestosterone, 4.7%; other steroids, (0.
1%. Specifically, the cross-reactivity with other andro-

gens was substantial and therefore the steroids measur-
ed using testosterone antiserum are referred to as an-
drogens rather than testosterone.

Statistical analysis : The significance of treatment
means differences was tested by analysis of varience
(completely randomized) and Duncan's multiple
range test. Individual interactions were tested by the
Student's T-test where significance was defined as p{0.
05.

Results

Representative photomicrographs of the uteri and
endometria from 4, 20, 401U PMSG-treated and a-
dult rats are illustrated in Photos 1-15.

The uterine morphological and histological patterns
observed shortly after 4IU PMSG treatment were
strikingly similar to those of adult rats. On D2, the
majority(66%) of control uteri resembled those of
proestrus adults. The lumen in these uteri were great-
ly distended. The columnar luminal epithelium display-
ed basophilic cytoplasm and enlarged nuclei with dis-
tinct nucleoli. The glandular epithelia was relatively
inactive and did not appear to follow the changes of
the luminal epithelium. By D3 the lumen was collaps-
ed resulting in a folded and flaccid appearance similar
to that observed in the adult estrus state. The tall
columnar epithelium was pseudo-stratified and visibly
degenerate. An abundant amount of basophilic debris
was observed in numerous inter- and intracellular va-
cuoles observed in the epithelium. During this epi-
sode of degeneration, there was extensive neutrophil
infiltration of the endometrial stroma. From D3 to D
5, there was an overall trend towards quiescence. The
tortuous folds of the endometrium on D3 had mostly
disappeared by D4. By D5, further collapse of the lu-
men and regressive changes of the endometrium had
resulted in a slit-like lumen(Photo 1). These morpho-
logical changes were analogous to those observed in
the adult metestrus and diestrus states, respectively.
Epithelial degenerative activity(vacuolation and pyk-
nosis) had gready subsided by D4 and was absent by
D5(Photo 2). From D5 to D8, the epithelium was low

columnar and exhibited condensed oval nuclei, con-
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sistent with a state of quiescence. The uterine
response after D8 varied greatly. While 33% were still
quiescent, many uteri(50%) displaved the features of
early proestrus. The epithelia in the latter presented o-
paque nuclei with distinct nucleoli, and crowding of
the cells. Further progressive changes of the endome-
trium toward maximal dilation were evident by D10.
The changes in uteri treated with 201U PMSG follow-
ed a course similar to the 41U PMSG response.
However, superimposed upon these changes was an
abnormal proliferation and a secretion of a basophilic
material. On D2, only 20% of the uteri appeared to
have the typical proestrus morphology. The remainder
presented with stromal hypertrophy and moderate in-
folding of the endometrium(Photo 3). Very little glan-
dular epithelia was present, even in the invaginations
of these tolds. The luminal epithelium was tall colum-
nar and exhibited enlarged nuclei and basophilic
cytoplasm(Photo 4). By D3, there was increased in-
folding and in addition, the appearance of focal papil-
lary hyperplasia(Photo 5). Invariably, this hyperplasia
occurred at the antimesometrial end and was attended
by stromal rarefication. The glandular epithelia did
not appear to be involved in this abnormal prolifera-
tion. Epithelial degeneration was prominent in all
areas except in hyperplastic foci(Photo 6). Between D3
and D10, the epithelial hyperplasia, stromal hypertro-
phy and the size of the lumen gradually diminished.
The smaller papillary buds had disappeared by 1D4. By
D6, the larger papillary extensions as well as existing
folds of the endometrium had markedly recessed
(Photo 7). By D8, only the folds remained(Photo 8),
which were mostly resorbed by D10. Epithcl{al activi-
ty did not begin to decrease until after D6. Between
D4 and D6, the columnar epithelium was basophilic
and the nuclei showed diffuse chromatin and distinct
nucleoli(Photo 9). By D8, the nuclei had condensed
and become tightly packed together, and within 24h
the cytoplasmic basophilia had disappeared(Photo
10).

The alterations in the endometrium resulting from
40IU PMSG treatment were similar, but magnified
when compared with those in 201U PMSG-treated
rats. On D2, there were deep invaginations into the

endometrium. The luminal epithelia was columnar

and displayed enlarged nuclei and basophilia of the cy-
toplasm. By D3, papillary hyperplasia appeared focally
at the antimesometrial end(Photo 11). Unlike the 4
and 201U PMSG responses, there was no evidence of
epithelial degeneration or increased neutrophil infiltra-
tion. The hyperplasia rapidly progressed and by DS,
had spread towards the mesometrial end. By D6. the
luminal epithelium had deeply and multicentrically in-
vaded the stroma, forming many flaccid projections
with numerous papillary extensions(Photo 12). The
epithelium had decreased in height and displayed en-
larged, rounded nuclei(Photo 13). The glandular ep-
ithelium was not involved in this abnormal prolifera-
tion, but appeared secretory, similar to that of luminal
epithelium. After D6, while the secretory appearance
was absent, quiescence was not attained by DI10.
Many of the papillary extensions observed between D5
and 16 had regressed by D7. Secretory activity had
decreased by D7 and was absent by DS8. Further
reducidons in the Jumen size and stromal hypertrophy
were apparent by D8(Photo 14). On D10, the epithel-
ium was low columnar and appeared inactive(Photo
15). Full regression of the hyperplasia, as observed aft-
er the 201U PMSG treatment, was not achieved by D
10. Uter recovered 30 days after treatment, however,
showed typical estrous cycle features and no evidence
of hyperplasia or any other histological abnormalities.

The temporal patterns of serum levels of 178-estra-
diol, progesterone and androgens are shown in Fig 1.
Major alterations in serum steroid levels occurred
shortly after 41U PMSG treatment. After D1, 17p-cs-
tradiol levels significantly(p{0.001) increased to a max-
imum(421 +33pg/ml) on D2, before falling to basal
levels by D3. Progesterone levels significantly(p{0.01)
increased from D2 to a level of 109:+17ng/ml at
60h. This was followed by a return to basal levels by
D3. Elevations in 17B-estradiol and androgens were
observed between D8 and D10, but these were not
significant.

Many striking changes resulted from treatment with
201U PMSG. By DI, 178-estradiol levels had
significantly(p{0.005) increased and within 24h had
peaked(663+59pg/ml). This peak was comparable to
that in 401U PMSG-treated rats, but significantly(p{0.
001) higher than in controls. Between D2 and D3,
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Fig 1. Time-course profiles of serum steroids after ad-
ministration of 41U, 20IU or 40IU PMSG to
immature rats. Values represent means+SE (n=
6).

17B-estradiol levels sharply returned to baseline. An-
drogen levels rose(p{0.05) three fold from D1 to D
2(7.59+2.1ng/ml) and then decreased stepwise. First,
androgen levels significantly(p{(0.05) declined to in-
termediary levels by D4, but were still significantly(p
{0.01) higher than those of controls. Thereafter, the
levels slowly decreased and reached baseline by D7.
Progesterone levels followed those of the controls un-
til D3. By D4, however, these levels had increased
significantly(p{0.025) to a maximum level of 261+
27ng/ml.

During the study period, steroid levels resulting

from the 40IU PMSG regimeng fluctuated greatly.

After dramatically(p{0.001) increasing between DO
and D2(538+36pg/ml), 17B8-estradiol levels
significantly(p{0.001) decreased by 68%. The peak on
D2 was significantly(p{0.025) greater than control
levels. Unlike the responses to lower doses, 17B-estra-
diol levels sharply(p{0.001) rose again after D3 to a
maximum on D4(537+43pg,/ml), before falling to
baseline by D5. A significant(p<0.005) rise in andro-
gens from 24h to a peak(7.92+1.3ng/ml) on D3
preceded the last increase in 17f-estradiol levels.
Aralogous to 201U PMSG response, androgen levels
declined in a stepwise manner. They first fell(p{0.05)
between D3 and D4 to plateau levels comparable to
that in 20IU PMSG-treated rats. These levels then
gradually diminished in a manner similar to the de-
cline of 201U PMSG levels. Progesterone levels paral-
lel=d those of the 20IU PMSG response until D7,
but it was not untii D5 did the levels became
significantdy(p{0.01) greater than those of controls.
After D7, progesterone levels continued to rise and
reached 539+ 67ng,/ml by D10.

Discussion

The present study confirms that a low dose(41U)
of PMSG can induce immature rats to mimic the phy-
siological events of the adult estrous cycle. The dy-
namics of 17p-estradiol and progesterone levels
between D1 and D5 post PMSG treatment arc in fair
agreement with those observed by other investigators
using low doses(4-81U) of PMSG" " and the adult cy-
cling rat'™ ", In view of the similarity between hor-
monal patterns of controls and adults, the correspon-
dence of uterine histological changes was not surpris-
ing. It has long been recognized that endometrial his-
rological changes during the estrous cycle are controll-
ed by concomitant fluctuations of estrogen and pro-
gesterone secretion rates’. During proestrus, the
utcrus becomes maximally dilated by the accumlation
and retention of fluid. The accumulation of tluid as
well as the increased luminal epithelial proliferation
that accomupanies and allows for luminal distension is
astociated with the clevation of estrogen levels 24h

1315

prior to maximum dilation"” . During estrus, declin
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ing estrogen levels and rising progesterone levels syn-
ergistically relax the constricted cervix and allow for
the drainage of uterine fluid through the vagina'.
The uterus involutes compressing the endometrium
into flaccid folds. Concomitantly, all steroid levels re-
turn to baseline inducing stromal hypotrophy and ep-
ithelial degeneration, characterized by nuclear debris,
cytoplasmic vacuolation and reparation changes"*.

Superovulatory treatment with PMSG dose-depen-
dently retarded degenerative activity. Animals treated
with 201U PMSG displayed the classic effects of hor-
monal withdrawal on D3, albeit subdued in comparis-
on with controls and adults. Although 17f-estradiol
and progesterone levels had fallen to baseline by D3,
androgen levels remained elevated and may have pro-
vided partial hormonal support. Exogenously administ-
cred non- and aromatizable androgens may induce
uterine epithelial hypertrophy through protein and car-
bohydrate synthesis associated with growth'>".
Despite a sharp fall in 17f-estradiol levels after 60h in
401U PMSG-treated rats, the levels on D3 were still
higher than those of controls. These estrogens in com-
bination with elevated androgens could have provided
sufficient epithelial support to account for the absence
of degeneration and repair.

While interfering with changes normally associated
with ovulation, increased levels of steroids(17f-estra-
diol, androgens, progesterone) may have concurrently
produced endometrial atypia. High levels of 178-estra-
diol and androgens together with hypertrophic de-
velopment of the endometrial stroma followed either
20IU or 401U PMSG treatment. As there was little
difference in the steroid levels and the extent of hyper-
trophy between the 20IU and 401U treatment
groups, common mechanisms may have been opera-
tive. It is well established that endogenous and exo-
genous estrogens initially hypertrophy the stroma
through the development of hyperemia and stromal
edema’®®. Time course studies of ovariectomized rats
given a single dose of 17B-estradiol have revealed that
edema rapidly develops to a dose-dependent maxi-
mum between 6-10h, but regresses within 20h, even

M Fluid s concurrently

after multiple treatments
transferred from the stroma into the lumen resulting

in distensi on'. In view of these experiments, the pres-

ence of hypertrophy on D2 in relation to elevated
17p-estradiol levels prior to DI, suggests that the af-
fect of estrogens may have been secondary. Exo-
genous aromatizable and, to a lesser extent, non-aro-
matizable androgens are capable of inducing sustained
hypertrophy up to D3 after treatment™’. Androgens
may act directly upon the uterus through their own
or in the case of elevated peripheral levels, estrogen re-

ceptors”

. As the effects of androgens and estrogens
were not delineated, it is possible that these steroids
may have synergistically induced and maintained hy-
pertrophy of the stroma for an extended period of
fime.

The most interesting feature of this study was the
production of focal and diffuse luminal papillary hyper-
plasia with superovulatory doses of PMSG. The de-
velopment of hyperplasia appeared to follow the onset
of stromal hypertrophy in both 201U and 40IU treat-
men: groups. It is possible that prolonged and elevat-
ed levels of 17B-estradiol from D1 to D2 after 201U
or 401U PMSG treatment initiated this sequential pat-
tern. Similar patterns have been observed in ovariec-
tomized rodents repeatedly treated with estrogens™.
Whil: prolonged treatment increased uterine weight
initially(6-10h) through stromal hypertrophy, subse
quent increases(24-48h) apparently depended upon
cpithelial proliferation and growth. Epithelial hvper-
plasic, however, was initially focal and invariably ap-
peared at the antimesometrial end. This focal appear-
ance may have been a result of dissimilar hormonal
sensitivities of the anti- and mesometrial regions. Au-
toradiographic studies of ovariectomized mice treated
with a single dose of 17f-estradiol showed equal label-
ing rates up to 16h berween both regions, however,
after this time while mesometrial rates declined, those
of the antimesometrial region remainced elevated up
to at least 36h*. Prolonged and high levels of estro-
gens associated with superovulatory treatment may
have exaggerated the existing elevated proliferation
rates in the antimesometrial region resulting in focal
hyperplasia. Differential sensitivity was also observed
between luminal and glandular epithelia during the de-
velopment of hyperplasia. It is well recognized that
the affects of steroid hormones on the endometrium

are dzpendent upon the sensitivity and proportion of
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glandular and luminal epithelial tissue'” in rats and
mice, there is proportionately less glandular than lumi-
nal tissue. Moreover, the luminal epithelium is far
more sensitive to hormonal influence than either glan-

dular or stromal tissue''****

. These features might ac-
count for the presence of increased proliferation in
the luminal epithelium, and absence in glandular tis-
sue. In addition, the differential sensitivities of the lu-
minal epithelium and the stroma may explain the pa-
pillary appearance of the hyperplastic endometrium.
The epithelium, growing faster than the stroma, is
forced to fold to allow for an increase in surface area
within a restricted volume. Had there been synchron-
ized growth between the stroma and epithelium, stro-
mal rarefication would have been absent and the ep-
ithelium less convoluted, as observed during the onset
of proestrus in controls from D9-D10.

From D4 to D5 post 40IU PMSG treatment,
there was increased hypertrophy of the stroma and
progressive hyperplasia. While the hormonal event(s)
responsible were not identified, the absence of these
changes in 201U PMSG-treated rats provides a basis
for comparison. The major difference between the
steroidal patterns of the 20IU and 40IU PMSG treat-
ment groups was the marked elgvation of 17B-estra-
diol levels from D3 to D4 post 401U PMSG. Walton
et al® simultaneously reduced the 17B-estradiol surge
on D3 and abolished the increase in uterine weight
usually observed with superovulatory treatment after
administering PMSG antisera at 58h post 401U
PMSG injection. As previously mentioned, high doses
of estrogens may induce endometrial hypertrophy and
hyperplasia. It is possible that earlier elevations of es-
trogen levels(D1-D2) may have primed or sensitized
the endometrium to respond intensely to a second
stimulus. The changes induced by this second
stimulus would then be superimposed over those eli-
cited by the first stimulus. Martin et al®®, using a sin-
gle injecion of 17f-estradiol, found that uterine
weight and volume, stromal edema and epithelial prol-
iferation rates declined after they reached a maximum
between 6-24h. However, if a second injection of the
same dose(100ng) was given one day later, the magni-
tude of all parameters rapidly increased to new and

higher maxima within 16-24h. These results of the

use of single and double injection of estrogens appear
to parallel our observations of 201U and 401U PMSG-
treated rats, respectively.

The present results suggest that superovulatory
doses of PMSG induce pathological structure and
metabolic alteradons in the uterus. Although reversi-
ble, many of these effects may persist after one week
following treatment. It is possible that these cffects
may contribute to the lower fecundity rates associated
with superovulation. It is well established that distur-
bances in the estrogen and progesterone profiles in a-
dult cycling rats with exogenous ovarian steroids, espe-
cially estrogens, can reduce or abolish uterine receptiv-
ity”**. Perhaps, this interference with uterine receptivi-
tv may be mediated through abnormal éndometrial
growth, whereby preimplantational preparations are in-
complete or absent. Loss of these processes may re-
tard or induce abnormal embryo development.
Moreover, intraluminal secretions of the endometrium

could further augment these deleterious effects.

Summary

Superovulatory treatment with exogenous gonado-
tropins adversely affects the uterus through the disrup-
tion of the delicate balance of ovarian steroids
(estrogens, progestins, androgens). To examine the
uterine effects of this treatment, 189 rats were given
41U, 201U or 40IU pregnant mare's serum
gonadotropin(PMSG) at 28 days of age and sacrificed
every 24h until day 10(D10) post injection. Long
term uterine effects were examined in 12 rats treated
with 41U or 401U PMSG and killed on D30. Adult
rat uteri were examined to provide a reference for
comparisons.

Morphological and histological changes of control
(4IU) uteri mimicked those of the adult on a compar-
able time-course form D2 to D5. Administration of
saperovulatory doses(201U, 40IU) of PMSG produc-
ed stromal hypertrophy by D2 and focal papillary hy-
perplasia of the luminal epithelia by D3. Levels of 178-
estradiol following 201U and 401U PMSG treatment
were  significantly(p{0.05, p{0.005) elevated above

thwse of controls after D1. Androgen levels of both
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groups(201U, 401U) significandy p<0.05, p<005 in-
creased from bascline on D1 and were maximum
between D2 and D3. In the 201U PMSG group, the
hyperplasia gradually regressed after D3 and was ab-
sent by DI10. The hyperplasia in the 401U PMSG
group, however, had become extensive by D6. It is
suspected that preceding elevated levels of estrogen
may be responsible for this progressive change. On D
4, the levels of 17B-estradiol reached a maximum,

which was significantly(p{0.001) greater than both
the controls and 20IU PMSG-treated rats. Between
D6 and D10, the hyperplasia in 401U PMSG-treated
rats partially regressed. Examination of uteri from D30
revealed no evidence of the hyperplasia.

It is suggested that previous exposure to high levels
of estrogen and androgens, secondary to superovula-

tion, is possible cause for the observed hyperplasia.

Photo 1.

Photo 2.

Photo 3.

Photo 4.

Photo 5.

Photo 6.

Photo 7.

Photo 8

Photo 9.

Photo 10.

Photo 11.

Photo 12.

Photo 13

Photo 14.

Photo 15.

Legends for photographs

Uterus, 41U PMSG, D5(40X, H&E). The lumen appears slit-like. Note the increased stromal cellular density
next to the lumen.

Endometrium, 41U PMSG, D5(400X, H&E). Repair of the epithelium is complete. The epithelium is low
columnar and appears to be inactive, Note the condensed nuclei, indistinct nucleoli and eosinophilia ot the
cytoplasm.,

Uterus, 201U PMSG, D2(40X, H&E). The stroma is edematous and hypertrophied, and as a result appears
to be folded.

Endometrium, 201U PMSG, D2(400X, H&E). The luminal epithelium is tall columnar and appears to be ac-
tive. Note the diffuse chromatin and distinct nucleoli.

Uterus, 201U PMSG, D3(40X, H&E). Papillary hyperplasia has appeared focally at the anti-mesometrial end.
Note that the epithelia has invaded the stroma almost as far as the myometrium.

Endometrium, 201U PMSG, D3(400X, H&E). Vacuolation and other degencrative changes are only shght.
The nuclei and nucleoli are still enlarged.

Uterus, 201U PMSG, D6(40X, H&E). Previous endometrial growths have decreased to small buds. The cel-
lular density of the stroma has increased in certain areas.

Uterus, 201U PMSG, D8(40X, H&E). The papillary hyperplasia as well as the folds of endometria have
disappearcd. Morphological changes towards the formation of a slit-like Jumen are apparent.

Endometrium, 201U PMSG, D6(400X, H&E). The epithclium has become depolarized and appears to be sc-
cretory.

Endometrium, 201U PMSG, D8(40X, H&E). The luminal epithelium displays compact and organized nuclei.
Note the quiescent, glandular tissue.

Uterus, 401U PMSG, D3(40X, H&E). Secretory papillary hyperplasia appears focally at the anti-mesometrial
end, similar to that observed on D3 following 201U PMSG treatment(Photo 6).

Uterus, 401U PMSG, D6 (40X, H&E). The luminal epithelia has deeply and multicentrically invaded the
stroma, forming flaccid projections with papillary extensions.

Endometrium, 401U PMSG, D6(400X, H&E). Secretory activity was more intense than observed after
20IU PMSG treatment(Photo 8). Note the stromal rarefication.

Uterus, 401U PMSG, D8(40X, H&E). Stromal hypertrophy and lumen size have been reduced. Further re-
gression of the hyperplasia by this dme is apparent and the lumen is clear of the luminal material observed
on D6(Photo 13).

Endometrium, 401U PMSG, D10(400X, H&E). The cpithelium appears to be less active. The nuclei are

smaller and the cytoplasm appears to be cosinophilic.
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