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Ultrastructural Study on the Luminal Epithelium of the
Ovariectomized Rat Uterus after Hormonal Treatment
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Introduction

The morphological and functional states of
the mammalian uterus are known to be control-
led by the ovarian steroids (Boomsma et al.,
1982). Although the entire uterus is affected
by ovarian activity, the most notable and reli-
able changes occur in the epithelial lining of
the endometrium. The uterine epithelium there-

fore is a dynamic tissue, undergoing predicta-
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ble cyclic changes as a result of hormonal input
(Gordon, 1975).

The columnar epithelial cells that line the
uterine lumen play an important role in the
interaction between the blastocyst and endo-
metrium during the initial stages of pregnancy.
To facilitate the attachment of the blastocyst,
the luminal epithelial cells undergo structural
changes that are regulated by progesterone and

estrogen (Bergstrom and Nilsson, 1972; Hafez,
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1980). However, the distinct effects of estrogen
or progesterone on the uterine epithelium can
not obtain because the sexual cycle is short
(4 days) in the rats.

The present investigation, therefore, was car-
ried out the morphological changes in this ute-
rine epithelium following prolonged treatment of
173-estradiol and progesterone in ovariectomized

rats using the transmission electron microscope.

Materials and Methods

Fifteen virgin Wistar rats (approx. 3 to 4
months of age) were bilaterally ovariectomized
under chloroform anesthesia two weeks before
use in this experiment. The ovariectomized rats
were subcutaneously injected with antibiotics
500 i.u. (Ampiclox, Chongkeun Dang Co. Ltd.),
for five days to prevent bacterial infection,
the vaginal smears were taken for analysis for
14 days.

Five rats were daily injected subcutaneously
with 1pg of 178-estradiol(Sigma Chemical Co.
Ltd.) dissolved in 0.5m/ propylene glycol for
10 days. Other five rats were similary injected
with 2.5mg of progesterone (Nakarai Chemical
L.td.). The remaining five were injected with
0.5ml propylene glycol only as controls. Each
animal was bled at 8 to 9 hours after the final
injection of hormones under chloroform anesthe- -
sia.

Uterus on both sides were dissected out, and
the short lengths (1~2mm) were fixed in 2%
glutaraldehyde-2. 59 paraformaldehyde mixture
in 0. 1M sodium cacodylate buffer solution (pH
7.4) for 48 hours. After post-fixation in 1%
osmium tetroxide in 0. 1M sodium cacodylate
buffer solution(pH 7.4) for 2 hours, the pieces
were embedded in epoxy resin(Epon-812). Ultra-
thin sections were prepares on a (Porter-Blum)

MT-1 type ultramicrotome, stained with uranyl

acetate and lead citrate and examined with a

Hitachi HU-12A electron microscope.

Results

After ovariectomy, the uterine epithelium
was characterized by the appearance of a
number of vacuoles which was contained with
the membraneous

structures, lipid droplets,

dense bodies and the others. The epithelium
was low cuboidal, and a few short microvilli
were present at the cell surface. Indentated
nucleus and relatively clear nuclei are present.
Dense bodies are appeared in the cytoplasm
and secretory granules are rarely found. In
addition, rER and Golgi apparatus were some-
what developed, and mitochondria were irre-
gular in shape and size. A few small vesicles
and lipid droplets were often found.

After estradiol treatment, the uterine epithe-
lium was high columnar in shape. The mitochon-
dria were appeared throughout the cytoplasm,
however, long or swelling mitochondria were
often found. A few multivesicular bodies and
dense bodies were also found. Golgi apparatus
and rER
often dilated especially the cisternae of rER.

were relatively well-developed,

Relatively long and sparse microvilli were
present at the cell surface. A few small vesicle
swere found at the apical region. No lipid
droplets were found.

After progesterone treatment, the uterine
epithelium was characterized by the appearance
of numerous vesicles at the apical region and
numerous lipid droplets at the subnuclear region.
At the cell surface a number of short and blunt
microvilli were found. A few various mitochon-
dria in shape were also found. Well-developed
Golgi apparatus, a few rER and multivesicular
bodies were shown. Golgi vesicleé were severely

dilated in some cells. No secretory granules



were found.

Discussion

In this study of ovariectomy, the appearance
of a number of vacuoles which was contained
with the membraneous structures, lipid droplets,
dense bodies and the others were characteristic.
The epithelium was low cuboidal, and a few
short microvilli were present at the cell surface.
Dense body and secretory granules are rarely
present. Golgi apparatus and rER were somewhat
developed. After estradiol treatment, the high
columnar epithelium was characterized by the
appearance of swelling mitochondria, a few
muitivesicular bodies, dense body, relatively
well-developed Golgi apparatus and rER are
relatively long sparse microvilli at the cell
surface. And after progesterone treatment, the
appearance of numerous vesicles at the apical
region and numerous lipid droplets at the sub-
nuclear region was characteristics. At the cell
surface a number of short and blunt microvilli
were found. Well-developed Golgi apparatus, a
few rER and multivesicular bodies were also

shown.

The investigations reported in the present

study indicate that the luminal epithelium of
the rat endometrium undergoes the effects of
steroid hormones as reflected by the varying
structure of the cell organelles. Furthermore,
it has been shown that the epithelium was sup-
pressed by the ovariectomy, and estradiol was
activated the activity of cells whereas proges-
terone was induced the pinocytosis and the
retention of the lipid.

It has been suggested that the estradiol was
induced hypertrophy and hyperplasia of the
uterine epithelium and the synthesis of a secre-
tory product in various animals(Bareither and
Verhage, 1980; Boomsma et al., 1982; Eroschen-

ko, 1982;
ding human (Johannisson and Nilsson, 1972,

Koseki and Fujimoto, 1974), inclu-

West et al., 1976), whereas progesterone was
suppressed of these (Martin and Finn, 1970).
However, there are considerable disagreements
depend wupon the anmimals (Martin and Finn,
1970; Meyer, 1970; Nilsson, 1972; Parr and
Parr, 1974, 1977).

With regard to the development of the cilia
and microvilli in the uterine epithelium, Johan-
nisson and Nilsson(1972) reported that it was
decreased in size and number by progesterone,
however, Finn and Porter (1975) reported that
it was increased in length and number by es-
trogen. Gordon(1975) ‘also reported that the
differentiation of microvilli was probably under
the influence of estrogen stimulation. On the
other hand, Barberini et al. (1978) reported
that the uterine luminal epithelium of the rabbit
was composed of two cell types; ciliated and
non-ciliated cell. In this study, non-ciliated celt
was found, and the length of microvilli was
increased by the estradiol whereas the micro-
villi was short and blunt by progesterone, but
the number of it was more by progesterone
than by estradiol.

It was reported that the height of the lumi-
nal epithelium of the endometrium and uterine
gland was increased by both of estrogen and
Finn and
Porter, 1975). In this study, the low cuboidal

progesterone (Barberini et al., 1978;
epithelium in ovariectomy was increased in
height by the estradiol and progesterone. How-
ever, the cell height was more increased by
the estradiol than the progesterone.

With regard to the mitochondria in the endo-
metrium, Finn and Porter (1975) reported that
the prominent mitochondria and dilated cristae
were found during follicular phase, and the
giant mitochondria was also appeared during



luteal phase in human endometrium. In this
study, the present writer was found that the
long mitochondria appeared after ovariectomy,
and swelling mitochondria after estradiol treat-
ment.

It was shown that the abundant vesicles were
appeared in the apical surface during the luteal
phase (Finn and Porter, 1975), and he sugges-
ted that it was common feature which presence
of vesicles just under the clear cytoplasmic
area of the terminal web. Parr and Parr(1974,
1977)' suggested that it was endocytotic profile
in mouse and rat. On the other hand, Gordon
(1975) was reported that the vesicles were
found during the follicular phase, and it was
indicative of a high functional state, the hor-
mone was considered to affect the state of its
activity directly. In this study, the abundant
vesicles were found after the progesterone treat-
ment. Therefore, our present data is consis-
tent with the Finn and Porter(1975). However,
the authors could not conclude that whether
this profile is merocrine or endocytosis and
secretion mode of secretory products.

It was reported that the accumulation of lipid
droplets at subnuclear region was shown during
luteal phase (Finn and Porter, 1975) whereas
the estrogen was caused reduction of it (Finn
and Porter, 1975). On the other hand, the phos-
pholipid on the rat endometrium was increa-
sed by the estradiol injection, whereas neutral
and unsaturated lipid was increased by the
progesterone injection (Boshier and Holloway,
1973). In this study, the numerous lipid drop-
lets were shown after the progesterone treatment
at the subnuclear region. The present data
could not obtain the distinct component of lipid
showing here. Additional studies by histochemi-
stry are required to confirm the component of

lipid on the ovariectomized rat endometrium.

In this study, the vacuoles were appeared
after ovariectomy. It contained with the lipid
droplets, membranous structures and the others.
It was reported that the vacuoles were found
during the late of luteal phase (Finn and Porter,
1975).

undetermined.

Their functional significance remains

These data indicated that the endometrium
was dependent on estrogen and progesterone for
changes in both its morphological and functional
state and suggested that each hormone exerted

a unique effect on the epithelial cells.

Summary

Morphological changes of the epithelium of
the endometrium by prolonged treatment of
173-estradiol or progesterone in ovariectomized
rats was studied at the ultrastructural level.
The epithelium of the endometrium in ovari-
ectomized rats was characterized by the appear-
ance of a number of vacuoles which was con-
tained with the membraneous structures, lipid
droplets and the others. The epithelium was
low cuboidal, and a few shert microvilli were
present at the cell surface. Secretory granules
are rarely found. After estradiol treatment,
the epithelium was high columnar in shape. The
mitochondria was appeared throughout the cyto-
plasm, however, long or swelling mitochon-
dria” was often found. Golgi apparatus and rER
were relatively well-developed. Relatively long
and sparse microvilli were present at the cell
surface. After progesterone treatment, the epi-
thelium was characterized by the appearance
of numerous vesicles at the apical region and
numerous lipid droplets at the subnuclear
region. At the cell surface a number of short
and blunt microvilli were found.

These data indicated that the endometrium

was dependent on estrogen and progesterone for



changes in both its morphological and functional
state and suggested that each hormone exerted a

unique effect on the epithelial cells.
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Figure Legends

Fig. 1. Endometrial epithelium in ovariectomized rat. The low cuboidal epithelium and a number

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

of vacuoles(V) are seen. X3,500

2a. Endometrial epithelium in ovariectomized rat. The vacuole(V) and dense bodies (head of

arrow) are seen in the low cuboidal epithelium. X3,500

2b. The vacuole(V) contain with the lipid droplet, membranous structures and the others.

X8, 000

. Endometrial epithelium after estradiol treatment. A number of high columnar epithelium

are seen. Relatively long sparse microvilli at the cell surface and a few multivesicular

body(arrow) are seen. Long mitochondria (head of arrow) is also seen. X5, 000

. Endometrial epithelium after estradiol treatment. Note the cytoplasmic bulging, swelling,

swelling mitochondria(M), well-developed Golgi apparatus(G), dilated rER, dense body

(head of arrow) and muitivesicular body (arrow). X7,000

. Endometrial epithelium after progesterone treatment. Note numerous vesicles at the apical

region and numerous lipid droplets(L) at the subnuclear region. X3,500

. Endometrial epithelium after progesterone treatment. Well-developed Golgi apparatus(G),

numerous vesicles (arrow) and a few multivesicular bodies(head of arrow) are seen. A

numer of microvilli at the cell surface are short and blunt. X7,500
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