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Effects of droloxifene on apoptosis and Bax, Bcl-2 protein
expression of luteal cells in pseudopregnant rats!
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ABSTRACT

AIM: To study the effects of droloxifene on apoplosis
and the expression of Bax and Bel-2 protein in corpus lu-
teom of psendopregnant rats. METHODS: HE staining
was used to examine the histological changes of ovaries.
Apoptosis detection in situ was performed with TUNEL
method.  Expression of Bax and Bcl-2 protein was ob-
served by immunohistochemistry analysis. RESULTS:
Apoptosis of luteal cells during the spontaneous regression
of corpus luteurn of pseudopregnant rats appeared on d 13
of pseudopregnancy, and the marked increase of apoptotic
luteal cells could be observed on d 15. When pseudo-
pregnant rats were treated with droloxifene 20 mg-Kg™!
on d 2, apoptosis of luteal cells could be observed on d
8, and the duration of pseudopregnancy could be short-
ened from {15.5+1.1) d to (12.8+1.6) d. In pseu-
dopregnant rats, the expression of Bax and Bcl-2 protein
was found in the cytoplasm of luteal cells. However, no
obvious differences in the intensity or localization could
be found during various days of the pseudopregnancy,
while an increase in Bax and a decrease in Bcl-2 protein
expression could be induced by droloxifene treatment.
CONCLUSION: Droloxifene could facilitate apoptosis
of luteal cells in pseudopregnant rats and shorten the peri-
od of pseudopregnancy. An increased Bax/Bcl-2 ratio
might be involved in the facilitation of apoptosis induced
by droloxifene in corpus luteum of pseudopregnant rats.
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INTRODUCTION

Corpus luteum {CL) is one of the few adult tissues
which exhibit periodic growth and regression in mam-
mals. It primarily synthesizes and secretes progesterone
which is essential for the establishment and maintenance
of pregnancy. If the ovulated oocyte is not fertilized and
pregnancy does not occur, the CL regresses to maintain
the normal estrous cycles.

Apopiosis is a kind of physiological death which
plays a complementary but opposite role to mitosis in the
regulation of animal cell populations’?). Recently, it
was found to be associaled with the spontanecus or
PGF,-induced luteolysis, including rat, cartle®™
rabbit®®, ewe”, non-buman primate™ and hu-
man®®).  As a gene-directed process, apoptosis is
modulated by the expression of a number of regulatory
genes, such as p53, c-mjc and bel-2 family'™ . In the
ovary, increased expression of bax, a pro-apoptotic bel-
2 gene family member, had been correlated with the oc-
currence of apoptosis in luteal cells during CL regres-
sion?, In human, the expression of Bax and Bcl-2
protein had also been demonstrated in CL, although its
content remained unchanged throughout the luteal
phasem‘“'].

Droloxifene is an anti-estrogenic compound whose
effect on the therapy of human breast cancer had been
studied widely's).  Our previous smdy firstly demon-
strated that it could induce apoptosis of rat luteal cells in
vitro''®) . PFurther studies showed that the apoptosis of
luteal cells of preimplantation in pregnant rats could be
induced by droloxifene, and its anti-implantation effect
on rals also had been confirmed (unpublished). Howev-
er, the effects of droloxifene on apoptosis of Juteal cells
in psendopregnant rats were unknown, Therefore, in the
present study, apoptosis of luteal cells during the sponta-
neous regression of psendopregnant CL and the effects of
droloxifene were investigated, and the expression of Bax
and Bcl-2 protein were observed in CL to analyze the
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possible roles of them in apoptosis of luteal cells.

MATERJALS AND METHODS

Drugs and reagents  Droloxifene was synthe-
sized by Prof XIA Peng (Department of Organic Chem-
istry, Shanghai Medical University). Proteinase K was
obtained from MERCK. Programmed Cell Death Assay
kits and 3', 3-diaminobenzidine (DAB) were purchased
from Sino-American Biouechnology. Rabbit anti-mouse
Bax polyclonal antibody (sc-526) and rabbit anti-mouse
Bcl-2 polyclonal antibody (sc-492) were purchased from
Santa Cruz biotechnology. Biotinylated goat antirabbit
IgG and ABC kit were obtained from VECTOR Laborato-
Ties.

Animals and treatments  Sprague Dawley-rats
(Grade I, ¥, n=80, 220~250 g, &, n=10, 300
~350 g, SIPPR/BK Lid, Certificate No 02-49-2) were
housed in an air-conditioned room with controlled lighting
conditions (12 h light/dark) and allowed free access to
water and rat chow. Pseudopregnant rats were obtained
by using a method modified from Lu ef al'").  Briefly,
the male rats were treated by gavage of ¢-chlorohydrin 10
mg:Kg~'for5d. On the sixth day, femaie rats cohab-
ited with these males in a 1;2 (male: female) ratio.
The appearance of sperm in the vaginal smear on the next
moming was considered as d 1 of pesudopregnancy.
Male rats were administered with a-chlorohydrin once dai-
ly until the end of mating experiment.

Experimental design Exp 1: Twenty-five rats
were sacrificed respectively on d 9, d 11, d 13, d 15,
and d 17 of the pseudopregnancy (n = 5/group). O-
varies of each rat were dissected and fixed in 10 % neu-
tral buffered formalin, embedded in paraffin, sectioned
(5 pm), and mounted onto glass sides. These sections
were used for histological examination, apoptosis detec-
tion in situ and immunchistochemistry analysis of Bax
and Bel-2 proteins.

Exp 2: Pseudopregnant rats were administered oral-
ly droloxifene 20 mg-Kg™'(treated group) or 1 % CMC
(control group) ond 2. Six rats in each group were dis-
sected on d 8. Histological examination and apoptosis
detection in situ were carried out, and the immunohisto-
chemistry analysis of Bax and Bcl-2 protein was also per-
formed on the ovaries. In the remaining rats (10 rats in
control group and 11 rats in treated group), effects of
droloxifene on the duration of pseudopregnancy were esti-
mated. Vaginal smear was perfonmed every moming
from the first day of pseudopregnancy until the day when

regular estrous cycles resumed. The duration of pseudo-
pregnancy was expressed as the number of days that the
continued diestrus remained. Results were expressed as
x * 5 and compared by r-test. Differences were consid-
ered to be statistically significant if P <0.05.

Histological examination and apoptosis de-
tection ién situ  Tissue sections were deparaffinized
and hydrated. For histological examination, sections
were stained with hematoxylin and eosin according to
standard procedures. Other sections were utilized to ex-
amine apoptosis of luteal cells in ovaries by terminal de-
oxyribonucleotidyl transferase-mediated JUTP-biotin nick
end labeling (TUNEL) kits. The detection was carried
out according to the instructions of the supplier.
Briefly, tissue sections were treated with proteinase K 20
mg* L~ for 15 min at 37 C and washed with distilled
water three times. Endogenous peroxidase activity was
blocked by incubation in 0.3 % hydrogen peroxide for 20
min. Then, the sections were incubated with labeling
buffer containing terminal deoxynucleotidyl transferase
and bietin-11-deoxyuridine triphosphate (dUTP) for 1 h
at 37 C in a moisture chamber. After 3 washes with
PBS (pH 7.4), the slides were treated with horseradish
peroxidase-conjugated avidin for 30 min at 37 T fol-
lowed by four washes with PBS. Nuclei exhibiting DNA
fragmentation were visualized by incubation in 3’, 3-di-
aminobenzidine (DAB) 0.5 g-L~" for 10 min. At last,
the section$ were counterstained with hematoxylin and ob-
served under light microscopy. The muclei of apoptotic
cells, which contained DNA fragments were stained
brown.

Immunohistochemiistry ~ Tissue sections were
deparaffinized and hydrated through graded alcchol to wa-
ter. Endogenous peroxidase activity was blocked by in-
cubation in 3 % hydrogen peroxide for 10 min. Afier
three washes with TBS ( Tris-HCl 0. 05 mol + L7',
0.9 % NaCl, pH 7.8), the sections were blocked with
1.50 normal horse serum (37 T, 30 min) to suppress
nonspecific background staining. Then, the primary an-
tibody , rabbit anti-mouse Bax polyclonal antibody or rab-
bit anti-mouse Bcl-2 polyclonal antibody was applied at
150 dilution. For control sections, TBS was used in
piace of primary antibody. Afier incubation for 20 h at 4
1, the sections were incubated with biotinlyated goat an-
ti-rabbit IgG (1:50, 37 T, 30 min), followed by avidin-
biotin-peroxidase complex (1;100, 37 C, 30 min) from a
Vector ABC Kit. The sections were subsequently incubated
with DAB 0.5 g+L~' (RT, 10 min), counterstained by
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RESULTS

Histological examination and apoptosis de-
tection during spontaneous regression of CL in
pseudopregnant rats  Healthy luteal cells with abun-
dant ¢ 1 and regular, cimoular mucler were shown

by HE stning on d %, d 11, and d 13 of pseudopregnan-
¢y, while degenerating luteal cells with condensed nuclei
and a low rano of cyloplasm o nucleus appeared on
15, On d 17 of pseudopregnancy, apoptotic bodies and
By

enlarged intercellular spaces could be  observed.

TUNEL detection, 1 was found that the sections of
ovaries ealibied ne apopioue cells i CLoond 9 and d 11
of pseadopregnaney . and a lew apoptodic cells could be
observed on d 13 A marked mcrease in apopiotic cells
appeared in CL of pseudopregnant rats on d 15 and d 17
{Fig 1).

Expression of Bax and Bel-2 protein in CL of
pseudopregnant rats  Photomicrographs of immuneo-
histochenucal localizagnon of Bax. Bel-2 protein in CL
and the control sections are shown i Fig 2. The nega-

Figl.

Histological examination and apoptosis detection of CL in pseudopregnant rais.

HE staining (A - C) and

TUNEL detection (D= G) of ovarian sections were performed on d 9, d 11, d 15, d 15, and d 17 of pseudopregnancy.
No morphological changes appeared on d 9 (A, Pyknotic nuclei | indicated by arrows) appearedon d 150 B), and some
apoptotic bodies | indicated by arrowhends) appearedon d 17 (C). TUNEL detection showed that ne apoptotic cells ap-
peared on d 9 (D), and a few apoptotic cells appeared on d 13 (E], while more apoptotic cells could be observed on D15

(F) and D17 [G). =500,



ASEN 1250700

Actn Phuainacol Sen
- 158 - E-rmuul aps & mail . shine . ac_on

ORI o) Fehy 2220
Phin'Faa, 621 - 722029

":-r_J.I

I.'h
!

Fig2.

ITmmunestuining of Bax (A - E) and Bel-2 (F- J) proteins in CL of pseudopregnant rats on dayd (A, G, d 13

(B,H}, d 15(C,1} and d 17 (D, J}. Negative control sections incubated with TBS in place of primary antibody of Bax

[E) and Bel-2 (F} were free from staining. = 500.

live control sections were consistently free of staining,
and positive staining for Bax and Bel-2 was found prirmar-
ily in the cytoplasm of lutesd cells m all of the sections
examined,  However, no obvious differences in the in-
tensity or localization of immunostaimng for Bax or Bel-2
could be ohserved dunng the various days of the pseudo-
pregnancy . _
Effects of droloxifene on apoptosis of luteal
cells in pseudopregnant rats  Pseudopregnant rats
were treated with droloxifene 20 mg-Kg ™' on d 2, the

morphological characters and apoptosis were detected on d
#. HE staining showed that marked degenerting luteal
cells with condensed nuclel appeared in droloxifene treat-
ed group, while healthy luteal cells wath circular and reg-
ubar nuclel were apparent in control rts, By TUNEL de-
tection, apoptotic luteal cells whose nuclel were stained
positively could be found in dmloxifene trested group on
d # of pseudopregnancy , whereas ovarian shides of control
_group exhibited no apoptotic cells in CL (Fig 3) .
Effects of droloxifene on expression of Bax
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and Bcl-2 protein in CL of pseudopregnant rats
Immunostaining for Bax and Bcl-2 was found primarily in
the cytoplasm of luteal ceils. Negative control sections
incubated with TBS in place of primary antibody were
consistently free from immmumostaining. In CL of pseu-
dopregnant rats which were treated with droloxifene 20
mg-Kg~!on d 2, an increased intensity and localization
of immumostaining for Bax could be observed on d 8.
Conversely, the expression of Bcl-2 protein was found to
be decreased (Fig 4).

Effects of droloxifene on pseudopregnancy
period of rats  The duration of pseudopregnancy was
(15.5+1.1) d in control group, whereas a significantly
shortened duration of (12.8 £ 1.6) d was found in
droloxifene treated rats (P <0.01).

DISCUSSION

Corpus luteum plays a key role in the establishment
and maintenance of pregnancy in mammals. In human,
production of progesterone by this gland is essential for
the first 8 gestation weeks('8), The abnommal regression
of CL will disturb or even terminate the implantation pro-
cess and early pregnancy. So, it is of great significance
to study the drugs that can induce CL regression.
Droloxifene had been found to induce apoptosis of luteal
cells in vitro and in pregnant rats. In the present study,
the effects of droloxifene on apoptosis of luteal cells in
pseudopregnant rats were investigated, and the possible
relationships between the expression of Bax and Bcl-2
protein and apoptosis of huteal cells were analyzed.

The pseudopregnant rats could be obtained by copu-
lating with male rats whose fertility had been deprived by
the treatment with a-chlorohydrin!™. Because of the
Absence of embryos, the pseudopregnant CL could only
be maintained for certain days, then, spontaneous regres-
sion occurred.  In this study, the existence of apoptotic
cells was examined during the spontaneous regression of
CL in pseudopregnant rats. The results showed that no
apparent morphological changes of luteal cells could be
observed till d 11 of pseudopregnancy, and a few apop-
totic cells could he observed by TUNEL detection on d
13. On d 15 and d 17 of pseudopregnancy, abundant
apoptotic cells deeply stained appeared in CL. So, it is
suggested that the apoptosis of luteal cells during the
spontaneous regression of pseudopregnant CL of rats ap-
peared on d 13 and the marked increase of apoptotic Iuteal
cells couid be found on d 15.

Then, the effects of droloxifene on apoptosis of

luteal cells in psendopregnant rats were studied.  After
being treated with droloxifene 20 mg+Kg™' on d 2 of
pseudopregnancy, the occurmence of apoptosis of luteal
cells was examined on d 8. Many apoptotic cells which
exhibited condensed nuclei and stained positively by
TUNEL method could be found in droloxifene treated
group, while no apparent apoptotic cells existed in the
control group. Further study showed that the duration of
pseudopregnancy of rais was shortened from (15.5
1.1) d in control group to (12.8+1.6} d after being
treated with droloxifene 20 mg-Kg~'ond 2. The facili-
tation of apoptosis of luteal cells in pseudopregnant rats
might be attributed to the shortened duration of pseudo-
pregnancy induced by droloxifene.

Droloxifene has been found to have an anti-implan-
tation effect in mats. When pregnant rats were treated
orally droloxifene 20 mg*Kg~' on d 2, the inhibitory rate
of implantation could reach 100 % (unpublished). The
present study showed that droloxifene of the same dose
could facilitate the apoptosis of luteal cells in pseudopreg-
pant rats. ‘This facilitated regression of CL caused by
droloxifene may be associated with the mechanisms of its
anti-implantation effects.

Bcl-2 and Bax are two members of the bel-2 gene
family’™ . Bcl-2 is known to protect against apoptosis
triggered by a wide range of factors, However, the in-
hibitory effect of Bcl-2 on apoptosis is determined by the
interaction with Bax, a M, 21 000 protein with a degree
of homology to Bcl-2.  Bcl-2 can form heterodimers with
Bax and lose its protective effect. When Bel-2 is in ex-
cess, cells are protected from apoptosis, and when Bax is
in excess and homedimers of Bax dominate, cell are sus-
ceptible to programmed cell death. So, it appears that
the relative ratio of Bel-2 and Bax determines the fate of
cell, rather than the absolute concentrations of either. In
the present study, the expressions of Bax and Bel-2 pro-
tein in CL of pseudopregnant rats were analyzed by im-
munohistochemistry. Both Bax and Bel-2 proiein were
found in CL, however, the intensity and localization of
immunostaining were consistent during the spontaneous
regression of the psendopregnant CL of rats. 'This find-
ing was similar 1o the consistent expression of Bax and
Bel-2 protein during CL maintenance or regression in hu-
man®} | but contrary to the increased bax mRNA dur-
ing CL regression of bovine"®, which suggested that
mechanisms leading to apoptosis of luteal cells might be
different in various species. The consistent expression of
Bax and Bcl-2 suggested that the relative ratio of Bax and
Bcl-2 had no changes during the spontaneous regression
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Figd. Histological examination and apoptosis detection in situ of CL in pseudopregmant rats treated by droloxifene,
Rats were treated by gavage of 1 % CMC (A, C) or droloxifene 20 mg kg '(B,D) an d 2 of pseudopregnancy. HE stain-
ing (A,B] and TUNEL detection (C,D) of ovarian sections were performed on d 8. Luteal cells exhibited pyknotic nu-
clei | indicated by arrows] and apoptotic uteal cells {indicated by arroehends ) were observed in droloxifene trented
group. = 5N,

Fig 4. Immunestaining of Bax |A—C} and Bel-2 (D - F) proteins in CL of psendopregnant mats treated by mvage of 1
% CMC (A, D} or droloxifene 20 mg+kg ™' [B,E} on d 2 of pseudopregnancy.  Negative control sections incubated with
TBS in place of primary antibody of Bax (C) and Bcl-2 (F) were free from staining. = 500.
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of the pseudopregnant CL of rats, However, other
members of the bcl-2 family such as mel-1, bgk!?)
and bcf-x®) can form heterodimers with Bax and Bcl-2
to promote cell death or survival. So, clarification of
the role of Bcl-2 and Bax in the regression of CL of rats
may involve further investigations on other members of
the bei-2 family.

Treatment with droloxifene 20 mg-Kg~! on d 2 of
pseudopregnancy could increase the expression of Bax
protein in CL, while the expression of Bcl-2 protein was
found to be decreased when the examination was per-
formed on d 8. So, an increased Bax/Bel-2 ratio could
be induced by droloxifene, which might be one of the
mechanisms of luteal cells apoptosis facilitated by drolox-
ifenc in pseudopregnant rats.

In conclusion, apoptosis of luteal cells occurred dur-
ing the spontaneous regression of CL in pseudopregnant
rats. Droloxifene could facilitate the apoptosis of luteal
cells in pseudopregnant rats and shorten the period of
pseudopregnancy. The expression of Bax and Bcel-2 pro-
tein had no obvious changes during the various days of
the pseudopregnancy, while an increased Bax/Bcl-2 ratio
may be involved in the facilitation of apoptosis induced
by droloxifene in CL of pseudopregnant rats.
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