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revealed an increase in uterine LAP activity from days 2-4 p.c., with its

maximal staining intensity on day 4 (11:00 h) in control rats. Period of maximal endometrial
sensitivity (day 5, 10:00 h p.c.) was marked by decreased LAP activity in antimesometrial
stroma. In contrast, increased enzyme activity was observed in early deciduas immediate to
post-sensitivity period (day 6, 10:00h p.c.). Post-coital CCN (1.25 mg/Kg) treatment caused
marked inhibition in uterine LAP enzyme activity during pre- (day 4, 10:00h) - and post-
sensitivity (day 6)-periods in CCN-treated or in ligated rats as compared to corresponding
controls. But, it did not show any significant change in its staining reaction on day 2, except
for increased mesometrial LAP activity on day 3 in treated-rats. Inhibition of endometrial
sensitivity (day 5, 10:00h) by CCN caused localized increase in antimesometrial
(stroma/epithelium) LAP activity. Uterine ligation too, caused an increase in uterine LAP
activity on day 5. In immature OV X-rats, CCN treatment (0.25 and 1.25 mg/Kg) alone or in
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conjunction with estradiol (1 or 10ug) caused an increase in uterine LAP activity as
compared to estradiol treatment. Results of the study, (1) confirm the role of LAP enzyme
during uterine growth and proliferation, and differentiation into deciduas as evidenced by its
increased activity just prior (day 4) to- and post (day 6)—implantation periods. (2) Inhibition
of uterine LAP enzyme activity during pre (day 4, 10:00 h) - and post (day 6; 10:00 h) -
sensitivity periods by CCN treatment may be due to inhibition of estrogen action. While,
increased LAP activity in antimesometrial endometrium on day 5(10:00 h) in CCN-treated or
in ligated rats might be due to inhibition of blastocyst-implantation.
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INTRODUCTION

Lysosomes, the main source of lysosomal enzymes, function in the intracellular mechanism
of action of steroid and protein hormones.*? It has been shown to serve as a link between
hormone receptor stimulation and in triggering of genic depression in target cell to activate
cellular macromolecular synthesis.”® The functional significance of lysosomal enzymes has
been demonstrated in cellular atrophy/cell death under physiological and pathological
conditions, in phagocytosis, exocytosis and disposal of insoluble material.*®! Amongst
several aminopetidases concerned with the hydrolysis of variety of bioactive peptides, protein
synthesis/maturation/ stability and in degradation processest”), Lucine-aminopeptidase (LAP),
one of the proteolytic lysosomal enzymes, shown to be predominantly involved in protein
synthesis or its degradation processes.®*!

Since the blastocyst-uterus attachment reaction triggers cellular destruction called as
‘programmed cell death’ in uterine luminal epithelium and in surrounding antimesometrial
endometrial stromal cells, an immediate response to trophoblast invasion into luminal
epithelium, followed by endometrial decidualization, exerts the sequential
morphological/histochemical/biochemical changes in uterus under the control of ovarian
steroids (estrogen and progesterone), where estrogen predominantly plays an important role
in pre-implantation uterine growth and proliferation, and progesterone in deciduogenesis.*
181 A significant role of hydrolytic/proteolytic lysosomal enzymes has been postulated in
cellular destruction during ovum implantation as well as in uterine modifications such as in
cellular morphology/integrity, DNA/RNA and protein synthesis during pre-implantation
uterine cell growth and proliferation and decidua formation in mammals including rodents.[*””

2 LAP, one of the proteolytic lysosomal enzymes has been shown to play an important role

WWW.Wjpr.net Vol 9, Issue 2, 2020. 1209




Bansode. World Journal of Pharmaceutical Research

in uterine growth and proliferation, blastocyst-implantation, decidualization processes as well
[18,19,22-24]

as in maintenance of pregnancy.
Therefore, the present study was undertaken to determine the effect of a single
antiimplantation dose (1.25 mg/Kg, p.o., on day 1 p.c.) of CCN, a triphenylethylene
antiestrogen with weak inherent estrogen agonistic activity and shown to cause inhibition of
estrogen action leading to inhibition in endometrial sensitivity/vascular permeability and
blastocyst-implantation but, did not affect the secretion of nidatory estrogen(™, on uterine
LAP enzyme activity during pre-sensitivity (days 2-4 p.c.), maximal endometrial sensitivity
(day 5, 10:00 h) and post-sensitivity(day 6 p.c.) periods as well as during uterine ligation so
as to explore more precisely the role of LAP enzyme in uterine preparation for its
sensitization responsive to blastocyst-implantation followed by decidual transformation.
Localization of uterine LAP activity was also carried out in OV X-immature rats administered
CCN so as to determine the uterine enzymatic modifications under estrogenic/antiestrogenic
mode of action of this novel nonsteroidal antiestrogen.

MATERIALS AND METHODS

Chemicals

Chemicals like L-lucyl--napthylamide, Garnet GBC (Fast Blue RR Salt), Triazma and steroid
(estradiol-17p) were purchased from Sigma Chemical Co., St. Louis, MO, USA). All other
indigenous chemicals used were of analytical grade.

Animals, treatment and tissue collection
Animal studies were conducted according to the regulations of the Institutes Animal Ethics
Committee (IAEC) and the protocol was approved by the Committee for the Purpose of

Control and Supervision of Experiments on Animals (CPCSEA), New Delhi, India.

Adult (180-200 gm. body weight) Sprague-Dawley rats received from Institute’s Breeding
colony were maintained under standard laboratory conditions (12h Light; 12h Dark, 22+2 °
C), free access to pallet diet (Lipton India Ltd, Bangalore) and tap water. Female rats were
caged overnight with coeval males of proven fertility (3:1); vaginal smear examined
microscopically on following morning; day of presence of spermatozoa in smears, considered
as day 1 post-coitum (p.c.). Rats were randomized into 5 different groups containing 10 rats
each group. Out of which 5 rats administered a single dose of CCN (1.25 mg/Kg, p.0.) on day

1 p.c., whereas, the remaining ones (5 rats) were given oral suspension of gum acacia in
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distilled water served as controls. Autopsy of rats was done by cervical dislocation between
10:00-11:00 h on days 2, 3, 4, 5 and 6 p.c.

In second experiment, bilateral uterine ligation was carried out at utero-tubalar-junction
(UTJ) on day 1 p.c. so as to prevent entry of native embryos into uterine horns®®® under light
anesthesia (solvent anesthetic ether) in total of 15 rats. And autopsy 5 rats/day (on days 4, 5
and 6 p.c. respectively) was done by cervical dislocation so as to explore the possible role of

local embryonic steroid (estrogen) dependent LAP activity in endometrial sensitivity.

In third experiment, immature rats (at the age of 21 days) received from Institutes breeding
colony were lightly anesthetized and ovariectomized(OVX) bilaterally under sterile
conditions followed by 7 days rest period; divided into nine groups (Gr.) containing 6
animals in each. Gr. | rats injected intramuscularly with 0.1 ml of 4% EtOH in phosphate
buffered saline (PBS) were served as control. Gr. 1l and Il rats injected with estradiol-17((1
and 10 pg/rat/day, i.m.). Rats in Gr. IV and VI were injected with CCN at the dose of (0.25
mg/Kg) and (1.25 mg/Kg, i.m.) repectively for 3 and 5 days alone or in combination with E2
(Gr. VIl & VII1), so as to determine the effects of estrogenic/antiestrogenic mode of action of
CCN on uterine lysosomal (LAP) enzymatic profile. Autopsy was done on the next day
following the last treatment, uteri dissected out, immediately rinsed in chilled normal saline
(0.9%), to free from blood clots and connective tissues, and the middle portion (5-7 mm) of
both uterine horns were embedded in Kryoquick embedding medium(ICA, USA) for
Cryosectioning at —20° C.

Localization of LAP activity

Fresh frozen uterine sections cut (8pum thick) in Cryostat Chamber (at -20°C) from different
groups of rats, were processed further for histochemical localization of LAP activity as per
method described by Culling.?® Briefly, uterine sections adhered to glass slides were thawed
and incubated in substrate medium containing 1% L-lucyl-(-napthylamide, Garnet GBC (Fast
Blue RR Salt; 0.006 gm), 0.2M Tris buffer (pH 7.4) and 0.1N HCI for 3 hours. Control
sections maintained were incubated in substrate deficient-medium. Uterine sections then
rinsed thoroughly in triple distilled water and mounted in glycerine jelly. Enzyme activity
was Vvisually appraised, graded and microphotographed under Olympus Trinocular
microscope (Olympus, Tokyo, Japan).
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RESULTS

LAP enzyme activity in Control rats

In control rats, localization of uterine LAP activity showed moderate staining intensity in
uterine (luminal and glandular) epithelium and in sub epithelial stroma on day 2 (10:00 h)
p.c. which increased further on days 3 (in antimesometrial stroma) and 4 p.c., with maximal
enzyme activity in entire endometrium (including stroma, epithelium and blood capillaries)
and in muscularis region on day 4 (11:00 h). Period of maximal endometrial sensitivity (day
5, 10:00h p.c.) was marked by decreased staining intensity of LAP activity in antimesometrial
as compared to mesometrial side of uterus. In contrast, strong LAP activity was discerned in
antimesometrial stroma (early deciduas) following post-sensitivity period (day 6, 10:00h p.c.)
in control rats (Fig. 1A,C,E,G and Fig. 2 A,B).

Figure 1: Uterine cross sections showing LAP enzyme activity in control and CCN
treated rats from days 3-5 p.c. (A) Showing strong staining intensity of LAP activity in
uterine luminal (arrow) and glandular (arrow head) epithelium, and in sub-epithelial
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stromal cells on day 3 p.c. Note the higher staining reaction in uterine epithelium than
in stroma. (B) Uterine LAP activity in CCN-treated rat on day 3. Note the increased
endometrial activity in treated rat uterus. (C) On day 4 p.c. increased LAP activity in
entire endometrium including muscularis (serosa/myometrium) can be seen as
compared to day 3 p.c. control (A). In contrast, enzyme activity showed marked
decrease in uterine stroma in CCN-treated (D) rat. (E, G) Showing decreased LAP
enzyme activity in antimesometrial and mesometrial stroma on day 5(10:00h) p.c. In
CCN-treated rat (F, H) increased LAP activity can be seen in endometrial
antimesometrial stroma. Magnification for all microphotographs (A-F): X40; (G-H):

X100; G-Endometrial glands; Arrow head- Luminal epithelium.

CCN treatment

Post-coital treatment of CCN (1.25 mg/kg; p.o., on day 1 p.c.) did not show any significant
change in uterine (stromal/epithelial) LAP activity on day 2, but, exhibited elevated
enzymatic profile in mesometrial endometrium on day 3 as compared to corresponding
control rats. On day 4 (10:00 h), a marked decrease in uterine LAP activity was observed in
treated rats. On day 5 (10:00 h) enzyme activity was found to be increased in antimesometrial
stroma/epithelium in CCN treated rats. In contrast, LAP enzyme activity decreased in
endometrial stroma and in glandular epithelium except strong intensity in uterine luminal
epithelium on day 6 (Fig. 1B, D, F,H and Fig. 2 C).

Figure 2: On day 6 p.c., note the LAP positive endometrial decidual cells in control rats
(A, B). Luminal epithelium show strong reaction of LAP and luminal closer. CCN-
treated (C) rat also showed strong enzyme reaction in luminal epithelium similar to

control. But, showed decreased enzyme reaction in uterine stroma in treated rats.

WWW.Wjpr.net Vol 9, Issue 2, 2020. 1213




Bansode. World Journal of Pharmaceutical Research

Magnification for microphotographs (A,C): X40; B: X100. G -Endometrial glands;

Arrow head- luminal epithelium; Thin arrow head-Blood vessels.

Uterine ligation

In ligated rat, decreased staining intensity of LAP enzyme activity was observed in uterine
stroma and epithelium on day 4 p.c. but, showed elevated profile of this enzyme in on day 5
(10:00 h) as compared to appropriate controls. By day 6, stromal LAP enzyme activity

decreased but, showed strong enzyme reaction in uterine epithelium (Fig. 3A-F).

Figure 3: Show uterine LAP activity in ligated rats. (A) Showing decreased uterine LAP
activity except positive staining in stromal leucocytic cells and uterine epithelium on day
4 as compared to control rat (FigurelC). (B) A magnified view of (A) showing strong
intensity in stromal leucocytes. In ligated rats autopsied on day 5 (C, D), exhibit
increased endometrial LAP activity compared to in control (Figure 1E) rat. On day 6

(E, F) uterine cross section of ligated rat showing decreased stromal enzyme activity
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except strong staining intensity in uterine epithelium. All photographs (Figures A, C, E)

were taken at X 40 magnification. Figures B, D, F are at x100 magnification.

Enzyme activity in immature rats

In immature rats, estradiol-17p (E2, i.m.) treatment at 1 or 10 pug administration for 3 or 5
days induced stimulation in uterine epithelial LAP activity but, showed decreased stromal
enzyme activity as compared to OVX control. CCN treatment (0.25 mg/Kg or 1.25 mg/Kg)
alone or in combination with E2 caused an increase in uterine stromal LAP activity as

compared to E2-treated rats, which was comparable to that in OV X- rat (Fig. 4 and 5).

Figure 4: Showing uterine LAP activity in immature rats. Enzyme activity in OVX-
Control (A, B), CCN (1.25 mg/Kg) (C, D), E2 (10pg) (E, F) and CCN + E2 (G, H) treated
groups. Note the strong staining intensity of LAP in uterine epithelium but, decreased
intensity in stroma/epithelium in E2-treated as compared to in OVX-C rats. Increased
stromal LAP reaction can be visualized in CCN(C, D) or E2+CCN (G, H)-treated rat as
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compared to E2 treatment. (Magnifications for Figures A, C, E, and G: X 40 and B, D,
F: X 200).

r > )

Figure 5: Uterine LAP activity in immature OVX-Control (A, B), E2 (1 ug) (C, D), CCN

(0.25mg/Kg) (E, F) and in CCN (0.25 mg/Kg) + E2 (1 ug)-treated (G, H) rats for 3 days.
Note the strong epithelial LAP activity and decreased stromal intensity in E2-
treated(C, D) compared to control (A, B) rat. CCN (E, F) alone or in conjunction with
E2 (G, H) showing increased stroma enzyme activity as compared to E2 (E, F). Arrow -
Glandular epithelium; Arrow head-Luminal epithelium. (Figures A,C,E ,G:X40;
B,D,F,H:X100 magnifications).

DISCUSSION

The lysosomal enzyme, LAP has been shown to play an important role in pre-implantation
growth and proliferation as well as in ‘programmed cell death’ of uterine luminal
epithelium/stroma during blastocyst-implantation and in early decidualization.’”®?”) The pre-
implantational uterine events have been demonstrated to be dependent predominantly on pre-
nidatory luteal phase estrogen secretion.*****® Results of the study show an increasing trend

in uterine LAP activity from days 2-4, with its maximal enzyme activity in entire
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endometrium (stroma/epithelium) just prior (day 4, 10:00h p.c.) to implantation, have been
demonstrated to be due the influence of circulating estrogen level as reported to its maximum

on day 4 p.c.[?2#"%]

Period of maximal endometrial sensitivity (day 5; 10:00 h p.c.) was marked by decreased
LAP enzyme activity in antimesometrial endometrium compared to its maximal activity in
mesometrial stroma. This shows similarity with the previous investigations demonstrating
that this decreased enzyme activity of lysosomal enzymes may be due to cell
autolysis/programmed cell death during blastocyst-implantation.[2%"2%31 presence of LAP
activity in trophoblast cells and inner cell mass of blastocyst as well as its localization in
antimesometrial stroma surrounded to the implanted-blastocyst!'®, indicated the functional
significance of blastocyst-originated proteolytic lysosomal enzymes in induction of blastocyst
adhesion of with uterine epithelium and in initiation of proteolysis in uterine epithelium/sub
epithelial stroma.l?®2**2 |t results in increased uterine events, such as cellular permeability,
protein synthesis and decidual cells transformation and its proliferation, linked with nutrition
of embryo via proteases and peptides.?>*¥! Increased endometrial LAP activity following
post-sensitivity period (day 6 p.c.) in the present study confirm the functional significance of
this enzyme in early decidualization of stromal cells as also been reported previously in rat,
mice and rabbits.*2 34

Inhibition of endometrial sensitivity™ on day 5 (10:00h) by a single oral administration
(1.25 mg/kg, p.o., on day 1 p.c.) of CCN caused a characteristic increase in LAP activity at
antimesometrial side of uterus as compared to its decrease in corresponding control rats.
Uterine ligation too, exhibited increased antimesometrial enzyme activity on this day. There
are also reported evidences that have been shown an increase in uterine LAP activity by
antiestrogens, like C1-628 citrate, tamoxifen and CCN itself in hamster.?”*! Ultra-structural
studies have been shown increased lysosomal characteristic in uterine epithelium in
experimentally delayed implantation model.*®) Moreover, increased LAP activity in inter-
implantation side of uterus as compared to implantation side has been also reported.*” These
studies are in agreement with the results obtained in the present study which displayed an
elevated enzymatic profile in uterine epithelium/stroma not only in CCN-treated but also in
ligated rats on days 5 and 6 (only in luminal epithelium; indicate increased
hydrolysis/proteolysis in relation to inhibition of endometrial sensitivity leading to inhibitory

effects on blastocyst-attachment reaction and related uterine transport and permeability
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processes.?>3") On the other hand, increased uterine (stromal/epithelial) LAP activity in OVX
immature rats administered CCN (0.25mg/Kg or 1.25mg/Kg) alone was similar to as in
ovariectomized rats which have been demonstrated to be due to hydrolytic changes related to
uterine atrophy.™ CCN treatment in combination with E2 too caused an increase in stromal

LAP activity as compared to decreased staining pattern of enzyme activity in E2 treatment.

However, results of the study showed that CCN treatment or uterine ligation (on day 1p.c.),
cause marked decrease in uterine LAP activity just prior (day 4) to- and post (day 6) -
sensitivity periods, which is in agreement with the previous investigations®>*”! indicating its
decreased enzymatic profile with tamoxifen or CCN just prior to implantation in hamsters,
and correlated with the decreased plasma level of estradiol. In contrast, in rat, CCN treatment
did not cause any alteration in circulating estrogen and progesterone hormones level*® but,
shown to cause an inhibition in uterine cytosolic estrogen receptors and an increase in nuclear
estrogen receptors®®“% in relation to inhibition of endometrial sensitivity.**! This inhibitory
effect on the uterine LAP activity on the day of estrogen ‘surge’ (day 4) and immediate to
post-sensitivity period (day 6) in CCN treated rats, indicate an inhibition in uterine growth
and proliferation, and early decidualization events, may be due to inhibition of estrogen
action. In addition, uterine LAP activity although did not show any significant change on day
2, its increased localization on day 3 in treated rats, might be due to uterotrophic response of
CCN.F

CONCLUSION

Results of the study confirm the role of proteolytic LAP enzyme in uterine growth and
proliferation and early decidualization processes as evidenced by its increased activity just
prior (day 4) to- and post (day 6)—sensitivity period. Inhibition of uterine LAP activity during
pre (day 4, 10:00 h) - and post (day 6; 10:00 h) — sensitivity periods may be due to inhibition
of estrogen action thereby leading to interference in pre-implantational uterine growth and
proliferation. But, its increase in antimesometrial side of uterus on day (days 5 (10:00 h) in
CCN-treated or in ligated rats in relation to inhibition of endometrial sensitivity responsive to
decidualization, may be due to inhibition of blastocyst-implantation.

ACKNOWLEDGEMENTS

The author is grateful to Dr C. M. Gupta, Director for their keen interest in this study. Author
is thankful to Dr S. Ray (Ex-Sc.In/Charge and Head), Chemistry Division for the generous
supply of the compound, and to Ms T Firdaus for technical assistance. This study was

WWW.Wjpr.net Vol 9, Issue 2, 2020. 1218




Bansode. World Journal of Pharmaceutical Research

supported by grants from the Ministry of Health and family Welfare, New Delhi, Govt. of

India. C D R | Communication number: 6395.

REFERENCES

1.

10.

11.

12.

Duran Reyes G, Gonzalez Macias G, Hicks JJ. Lysosomal system in hormonal
mechanisms. Review.Ginecol Obstet Mex, 1995; 63: 68-73.

Qualmann B, Kessels MM, Thole HH, Sierralta WD. A hormone pulse induces transient
changes in the subcellular distribution and leads to a lysosomal accumulation of the
estradiol receptor in target tissues. European J Cell Biol., 2000; 79: 383-393.

Szego CM. Lysosomal function in nucleocytoplasmic communication. In: Dingle JT,
Dean R. (Eds.), Lysosome in biology and pathology, South Holland, Amsterdam, 1975; 4:
385-477.

Bijovsky AT, Zorn TM, Abrahamsohn PA. Remodeling of the mouse endometrial stroma
during the preimplantation period. Acta. Anat. (Basel), 1992; 144: 231-234.

Everts V, Van der Zee E, Creemers L, Beertsen W. Phagocytosis and intracellular
digestion of collagen, its role in turnover and remodelling. Histochem J., 1996; 28:
229-245.

Lloyd JB. Cellular transport of lysosomal enzymes: an alternative hypothesis. Biochem J.,
1977; 164: 281-282.

Dean RT. Lysosomal enzymes as agents of turnover of soluble cytoplasmic proteins. Eur
J Biochem, 1975; 58: 9-14.

Hopsu VK, Riekkinen P, Luostarinen E. Hormonal influences of lucine aminopeptidase in
the accessory reproductive tracts of the rat. Experientia, 1962; 18: 15-16.

Kirchheim D, Scott WW. The effects of castration and sex hormone on aminopeptidase
and phosphatase of the rat prostate. Investve Urol, 1965; 2: 393.

Dwivedi A, Bansode FW, Setty BS, Dhar JD. Endometrial steroid receptors during
decidualization in rhesus monkey (Macaca mulatta); their modulation by anti-oestrogen
CDRI-85/287. Hum Reprod, 1999; 14: 1090-1095.

Finn CA, Porter DG. Implantation of ova (Chapter 6) and The control of implantation and
the decidual cell reaction (Chapter 8), In: Reproductive biology handbook, The uterus,
Elek Science, London, 1975; 57-80: 86-95.

Finn CA, Publicover M. Hormonal control of cell death in the luminal epithelium of
mouse uterus. J Endocrinol, 1981; 91: 335-340.

WWW.Wjpr.net Vol 9, Issue 2, 2020. 1219




Bansode. World Journal of Pharmaceutical Research

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Galan A, Herrer R, Remohi J, Pellicer A, Simon C. Embryonic regulation of endometrial
epithelial apoptosis during human implantation. Hum Reprod, 2000; 15: 74-80.
Psychoyos A. Hormonal control of implantation. Vitams Horm, 1973; 31: 201-350.

Singh MM, Kamboj VP. Fetal resorption in rats treated with an antiestrogen in relation to
luteal phase nidatory estrogen secretion. Acta Endocrinologica, 1992; 126: 444-450.
Simmons DG, Kennedy TG. Induction of glucose-regulated protein 78 in rat uterine
glandular epithelium during uterine sensitization for the decidual cell reaction. Biol
Reprod, 2000; 62: 1168-1176.

Moulton BC. Ovum implantation and uterine lysosomal enzyme activity. Biol Reprod,
1974; 10: 43-548.

Moulton BC, Koenig BB, Barkan SC. Uterine lysosomal enzyme activity during ovum
implantation and early decidualization. Biol Reprod, 1978; 19: 167-170.

Sengupta J, Dey SK, Deb C. Histochemical studies on leucine aminopeptidase activity in
the rat uterus. J Reprod Fert, 1973; 34: 467-473.

Sengupta J, Roy SK, Manchanda SK.. Hormonal control of implantation: A possible role
of lysosomal function in the embryo-uterus interaction. J Steroid Biochem, 1979; 11:
729-744,

Sengupta J, Talwar D, Paria BC, Ghosh D. Endometrial phosphatase, B-glucuronidase and
cathepsin D during menstrual cycle and pre-implantation stages of gestation in the rhesus
monkey ( Macaca mulatta). Acta Endocrinol, 1988; 118: 142-146.

Majumdar N, Datta JK, Majumdar M. Contraceptive efficacy of tamoxifen in female
hamsters. Contraception, 1990; 41: 93-103.

Ozcan A, Kaya N, Karapehlivan M. Determination of urine leucine aminopeptidase
activity in pregnant sheep. The Israel J Veter Medic, 1999; 54: 12-23.

Van Hoorn G, Denker HW. Effect of the blastocyst on a uterine amino acid arylamidase
in the rabbit. J Reprod Fertl, 1975; 45: 359-362.

Bansode FW, Chauhan SC, Makker A, Singh MM. Uterine luminal epithelial alkaline
phosphatase activity and pinopod development in relation to endometrial sensitivity in the
rat. Contraception, 1998; 58: 61-68.

Culling CFA. Handbook of histopathaological and histochemical techniques, Third
Edition., Butterworth’s, London, 1974.

Sengupta J, Paria BC, Manchanda SK. Effect of an oestrogen antagonist on implantation
and uterine leucyl naphthylamidase activity in ovariectomized hamster. J Reprod Fertl,
1981; 62: 437-440.

WWW.Wjpr.net Vol 9, Issue 2, 2020. 1220




Bansode. World Journal of Pharmaceutical Research

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Gupta S, Dhar JD, Dwivedi A, Bansode FW, Chowdhury SR, Setty BS. Effect of CDRI-
85/287 on uterine estradiol and progesterone receptor levels/morphometric measurements
during pre-implantation period in rat. Endocrine Res., 1998; 24: 171-184.

Watson J, Anderson EM, Alan M, O’Grady JE, Heald PJ. Plasma hormones and pituitary
luteinizing hormone in the rat during the early stages of pregnancy and after post-coital
treatment with tamoxifen (IC1 46,474). J Endocr, 1975; 65: 7-17.

Maitra N, Dutta JK. Antifertility effects of tamoxifen in hamster. In: Puri CP, Van Look
PFA (Eds.), Proceedings of hormone antagonists for fertility regulation, Indian Society
for the study of Reproduction and Fertility, Bombay, India, 1988; 207-215.

Mitchell JA, Denker HW. Endometrial arylamidase activity in the guinea pig: changes
during the oestrous cycle, decidualization and ovarian steroid hormone treatment. Comp
Biochem Physiol, 1991; 99: 709-712.

Mintz B. Control of embryo implantation survival. In: Respe G, (Eds.), Advances in
Bioscience, Pergamon press, 1970; 6: 317-342.

Beier HM. Oviducal and uterine fluids. J Reprod Fert, 1974; 37: 221-231.

Kirk AT, Murphy CR. Increase in lysosomal numbers and activity in the rat uterine
luminal and glandular epithelium during early pregnancy: a histochemical study. Acta
Anat (Basel), 1991; 141: 63-69.

Paria BC, Sengupta J, Manchanda SK.. Involvement of lysosomal enzymes in mouse
embryo implantation: effect of the anti-oestrogen, CI-628 citrate. J Endocrinol, 1981; 90:
83-88.

Mehrotra PK, Nelson BO. Ultrastructural effects of the nonsteroidal contraceptive
centchroman on rat uterine luminal epithelium in early pregnancy. Int Fertil, 1984; 29:
44-53.

McRae AC. The blood-uterine lumen barrier and exchange between extracellular fluids. J
Reprod Fertil, 1988; 82: 857-873.

Pal R, Chaturvedi R, Kamboj KK, Chowdhury SR, Dwivedi A. Estrogen receptors in rat
bone: their interaction with estrogen receptor modulators. Endocrine Res., 2001; 27:
283-291.

Singh MM, Trivedi RN, Chauhan SC, Srivastava VML, Makker A, Chowdury SR,
Kamboj VP. Uterine estradiol and progesterone concentration, activities of certain
antioxidant enzymes and dehydrogenases and histoarchitecture in relation to time of
secretion of nidatory estrogen and high endometrial sensitivity in rat. J Steroid Biochem,
1996; 59: 215-224.

WWW.Wjpr.net Vol 9, Issue 2, 2020. 1221




Bansode. World Journal of Pharmaceutical Research

40. Trivedi RN, Chauhan SC, Dwivedi A, Kamboj VP, Singh MM. Time-related effects of a
triphenylethylene antiestrogen on estrogen-induced changes in uterine weight, estrogen
receptors and endometrial sensitivity in the rats. Contraception, 1995; 51: 367-379.

41. Kamboj VP, Setty BS, Chandra H, Roy SK, Kar A. Biological profile of the
centchroman-A new post-coital contraceptive. Ind J Exptl Biol., 1977; 15: 1144-1150.

WWW.Wjpr.net Vol 9, Issue 2, 2020. 1222



