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Abstract 
 

Background Apoptosis is a physiological type of cell death plays an important role in the regulation and 
maintenance of cell populations in tissues upon physiological and some pathological conditions. 

Objective To evaluate the hormonal status and peripheral blood lymphocyte apoptosis in normal 
menstruating female during normal menstrual cycle. 

Methods 50 healthy menstruating females with regular cycles were studied. Two samples of peripheral blood 
were aspirated; the first during the ovulation day and the second at the first day of the menstrual 
cycle. Lymphocyte separation was done; by Trypan blue exclusion test, and the morphological 
features of lymphocyte apoptosis by the DNA binding dye (Hoechst stains). Hormonal assessments 
of FSH, LH, Estradiol, and progesterone were also done. 

Results Lymphocyte apoptosis in the first day of cycle was (9.31%±1.7) using Trypan blue exclusion test and 
(9.76%±1.36) using Hoechst stain while at the day of ovulation the percentages were (2.33%±0.7) 
and (1.38%±0.84) respectively with P value < 0.00001. Serum level of hormones were FSH 
(5.76±1.77; 9.14±3.34), LH(3.65±1.4; 28.35±18.94), Estradiol (40.05±14.73; 206.38±70.3) and 
Progesterone (0.35±0.13; 1.41±0.98) in the first day of the menstrual cycle and during ovulation 
respectively which showed a highly significant difference with P value <0.00001. 

Conclusion The increment in the lymphocyte apoptosis in the first day of the menstrual cycle compared with 
ovulation day is mostly due to low ovarian steroid hormones and gonadotrophins. This might 
confirm the hypothesis that FSH, LH, estrogen and progesterone act as survival hormones for 
different tissues including peripheral blood lymphocytes. 
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Introduction 
poptosis is a physiological type of cell 
death that plays a key role in normal 

development and is critical for cellular 
homeostasis including immune cellular 
homeostasis and homeostasis in a variety of 
tissues (1). The maintenance of tissue 
homeostasis is finely tuned between cell 
proliferation and programmed cell death 
(apoptosis). The maintenance of this balance is 
crucial to any multicellular organism. Too much 
proliferation leads to hyperplasia and to 
anatomical and physiological problems that are 
associated with it. The worst-case is a total loss 

of homeostatic control and development of 
cancer. If apoptosis supersedes proliferation, 
the result is a reduction of the tissue mass. If 
the process of apoptotic cell death is abnormal, 
it eventually reaches a point where 
physiological function is no longer possible (2). 
Apoptosis represents a normal function to 
eliminate excess, old, injured or dysfunctional 
cells. Many evidences suggest that apoptosis 
helps to maintain cellular homeostasis during 
the menstrual cycle by eliminating senescent 
cells from the functional layer of the uterine 
endometrium during the late secretory and 
menstrual phase of the cycle (3). 
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Apoptosis has a key role in the regulation of 
the T-cell repertoire, both in the development 
of T-cells in the thymus, and in the elimination 
of activated T-cells in the periphery. Circulating 
T cells become active that is, they proliferate 
and produce proteins that promote 
inflammation when their receptors bind tightly 
to foreign antigens. Such activity is valuable 
when an infectious agent is still present, but 
when the infection is gone, the cells must die. 
Otherwise they might accumulate, giving rise 
to chronic inflammation and possibly to 
autoimmunity (4, 5). 
Apoptosis of unwanted cells is induced by 
different mechanisms among which is by 
deprivation of survival factors as cytokines or 
interleukines and hormones as sex hormones 
which depend on Fas- Fas ligand interaction (4).  
Hormones such as estradiol regulate function 
directly related to cellular event such as 
apoptosis. There are accumulating evidences 
suggesting that steroid hormones regulate 
apoptosis in hormone responsive tissues. This 
depends on hormone for survival and 
proliferation extends to neoplasm arising from 
these tissues. These reports also show that one 
mechanism by which estrogens may affect 
apoptosis is through the increased expression 
of bcl-2 gene, a member of a family of 
apoptosis regulating proteins whose expression 
has been shown to suppress apoptosis. These 
studies provide evidence that estrogens may 
play a role in both tumor genesis and drug 
resistance through suppression of apoptosis. 
From these studies, it was found that estrogen 
withdrawal induces apoptosis (6, 7). 
Recent studies showed that estrogens may 
function as endocrine disrupters both in 
wildlife and humans, leading to developmental 
defects, disease and, potentially, cancer. The 
potential exists that these compounds, acting 
through the ER (Estrogen Receptors), can affect 
the apoptotic pathways of estrogen-responsive 
cells. With mounting evidence for the role of 
estrogen in the regulation of apoptosis, 
different studies had shown that estrogen can 

inhibit tumor necrosis factor (TNF)-induced 
apoptosis (7). 
Studies had shown that estrogen may 
modulate the immune actions of leptin. Leptin 
induces the release of pro-inflammatory 
cytokines, including TNF-alpha, from human 
Peripheral Blood Mononuclear Cells (PBMCs). 
Estrogen can inhibit the signaling and immune 
actions of leptin. This could explain the sexual 
dimorphism observed in the immune response 
(8). 
In vitro studies showed that estrogen 
decreases apoptosis of peripheral blood 
mononuclear cells from women with normal 
menstrual cycles and decreases TNF-alpha 
production in SLE patients but not in normal 
subjects(9). 
 
Aim of the study   
To evaluate the hormonal status, and 
peripheral blood lymphocyte apoptosis in 
normal menstruating females during normal 
menstrual cycle. 
 
Methods 
This study included 50 healthy menstruating 
females with regular cycles, their age ranged 
between 20 to 35 years with a mean of 
(23.96±3.31). Two blood samples were 
aspirated from each volunteer; the first was 
taken at first day of the menstrual cycle and 
the second at the day of ovulation.  
7 ml of blood were taken and divided in 2 
parts; 2ml was mixed with EDTA as 
anticoagulant for lymphocytes separation and 
study. The remaining 5ml of blood were 
examined for hormonal assessment using 
VIDAS assay kits for FSH, LH, Estradiol, and 
Progesterone hormones using mini VIDAS 
apparatus.   
Trypan blue exclusion test was used to 
determine cell count and cell viability by using 
Heamocytometer Neubauer counting chamber 
and light microscope according to a method 
described by Doyle and Griffiths, 2000(10). 
Hoechst stain (DNA binding) was used to study 
cell morphology using fluorescent microscope 
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using a method described by Harley and 
Prescott, 1996 (11). 
The data were presented as mean ± standard 
deviation. Paired T-test was used to compare 
between ovulation day and the first day of the 
menstrual cycle. Difference was considered 
significant statistically when P< 0.05. 

Results 
The hormonal estimation including Estradiol, 
Progesterone, FSH, and LH in venous blood of 
fifty normal healthy female during ovulation 
day and the first day of the menstrual cycle 
were listed in table 1. 

 
Table 1: The values of hormones during ovulation day and the first day of the menstrual cycle 

 

Hormones 
Ovulation day 

Mean± SD 
First day of menstrual cycle 

Mean± SD 
t test 

p  value 

Estradiol E2 (pg/ml) 
Progesterone (ng/ml) 

FSH (miu/ml) 
LH (miu/ml) 

206.38±70.3 
1.41±0.98 
9.14±3.34 

28.35±18.94 

40.05±14.73 
0.35±0.13 
5.76±1.77 
3.65±1.4 

<0.00001 
<0.00001 
<0.00001 
<0.00001 

 
While table 2 shows the percentage of 
apoptotic lymphocytes stained by Hoechst 
stain and also Trypan blue exclusion test for 

lymphocytes viability at the ovulation day and 
at the first day of the menstrual cycle. 

 
Table 2: The percentage of apoptotic lymphocytes stained by Hoechst stain and Trypan blue 

exclusion test at the ovulation day and at the first day of the menstrual cycle. 
 

Dead cells percentage 
Ovulation day 

Mean± SD 
First day of menstrual cycle 

Mean± SD 
t test 

p value 

Trypan blue 
Hoechst stain 

2.33±0.7 
1.38±0.84 

9.31±1.17 
9.76±1.36 

P<0.00001 
P<0.00001 

 
Figure 1 shows trypan blue exclusion test of 
peripheral blood lymphocyte in normal 
menstruating females, were the dead cells 

stained blue while normal cells exclude the 
dye. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1:Trypan blue exclusion test ;thin arrow normal lymphocyte , 
thick arrow dead cell stained blue. 
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The morphological changes of lymphocyte 
apoptosis was studied by the DNA binding dye 
(Hoechst stain) which included: membrane 

blebbing, kidney shaped nucleus, lobulation of 
nucleus and lastly distruction of cell into 
apoptotic bodies. As shown in figure 2.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Fluorescent staining (1000X magnification) of peripheral blood lymphocytes of normal 

menstruating female by Hoechst stain (DNA binding stain) shows: A. normal lymphocytes.  B. 
kidney shaped nucleus. C. lobulated nucleus. D. destruction of cell into apoptotic bodies. 

 
Discussion 
Female menstrual cycle is normally associated 
with many hormonal and physiological changes 
not only in the reproductive system but 
throughout the whole body. This cycle 
sometimes associated with pain, hyperpyrexia, 
psychological changes, and many other sign 
and symptoms that felt by some females 
during that period. 
In this study peripheral blood lymphocyte 
apoptosis was studied in normal menstruating 
females. The results showed that the 
percentage of apoptotic lymphocytes were 
found to be significantly higher with values of ( 
9.31 % ± 1.17 ) by Trypan blue exclusion test 
and ( 9.76 % ±1.36) by Hoechst stain during the 
first day of the menstrual cycle than during 
ovulation with values of (2.33 % ± 0.7 ) by 
Trypan blue exclusion test and ( 1.38 % ± 0.84 ) 
by Hoechst stain. This was with the association 
of significantly higher estradiol (E2) level during 
ovulation with a value of (206.38 ± 70.3) than 

during the first day of the menstrual cycle with 
a value of (40.05 ± 14.73). The decreased 
estrogen level during the first day of the 
menstrual cycle may have played a role in 
increasing lymphocyte apoptosis. These 
findings were similar to what was found by 
Yuan and Giudice in 1997(12), Kaipia and Hsueh 
in 1997(13) they claimed that the process of 
apoptosis is hormonally controlled process and 
that estrogens inhibit this process.  
The results simulate those of Conlon and Raff 
in 1999(14); they found that hormones act as 
survival factors to escape cell death and that 
failure to supply adequate levels of survival 
factors lead to activation of apoptosis. 
This can explain the low lymphocyte apoptosis 
percentage during ovulation. This can also 
explain the high lymphocyte apoptosis 
percentage during the first day of the 
menstrual cycle; this result was found by 
Burow and coworkers in 1999(7) that hormones 
withdrawal induces apoptosis. 
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In the endometrium, estradiol and 
progesterone are the main regulators of the 
cyclical transformations and prevent cell death. 
This is responsible for the cyclical shedding 
during menstruation (14). In this study estrogen 
and progesterone were significantly higher 
during ovulation than during the first day of the 
menstrual cycle and they may have played a 
role in reducing lymphocyte apoptosis 
percentage while the reverse was true during 
the first day of the menstrual cycle as both 
hormones were of a lower value with a highly 
significant increase in peripheral blood 
lymphocyte apoptosis. 
Gosden and Spears in 1997(16) had found that 
progesterone emerges as a major survival 
factor in the reproductive system; this was 
obvious during ovulation with reduced 
lymphocyte apoptosis percentage by both 
Trypan blue exclusion test and Hoechst stain.  
Results of this study also showed that the level 
of FSH in peripheral blood in the first day of the 
menstrual cycle was significantly lower than 
during ovulation (5.76 ± 1.77; 9.14 ± 3.34) 
respectively. The peripheral blood lymphocyte 
apoptosis was significantly higher in the first 
day of the menstrual cycle than during 
ovulation (9.31 % ± 1.17, 2.33% ± 0.7) 
respectively by Trypan blue exclusion test and 
(9.76% ± 1.36, 1.38% ± 0.84) respectively by 
Hoechst stain, this may explain the change in 
FSH and may reflect the increase in lymphocyte 
apoptosis in the first day of the menstrual 
cycle. 
In this study, it was found that both estrogen 
and progesterone were lower in the first day of 
the menstrual cycle than during ovulation 
(40.05 ± 14.73; 206.38 ± 70.3); (0.35 ± 0.13; 
1.41 ± 0.98) respectively with increased 
lymphocyte apoptosis due to decreased 
hormones levels reflecting a relation between 
estrogen, progesterone and lymphocyte 
apoptosis, this simulate the results of Lϋ and 
coworkers in 2002(17), they found that T cells 
may have sex hormones receptors. Among 
human T cells, estrogen receptors are present 
only in T cells of the CD8+ suppressor/cytotoxic 

subset. Further, the effect of estrogen and 
progesterone on rhesus monkey B-cell 
physiology in vitro is mediated indirectly 
through CD8+ T cells. Thus, it is likely that B-cell 
immunity in women is regulated by CD8+ T cells 
under the influence of ovarian steroid 
hormones. 
Changes at the cellular level in vivo and in cell 
culture in vitro showed that sex steroids have a 
major importance in over all pathogenesis of 
immune disorders. It is also mentioned that 
normal females have greatest changes of 
immune function during menstrual cycle. These 
changes involve changes in the 
immunoglobulines and changes in the 
cytokines and chemokines (down regulation of 
T helper-2 cells) (6, 18). 
Lϋ and coworkers in 2003(18) found also that 
endogenous ovarian steroids regulate the 
immunoglobulin-secreting cell (ISC) frequency 
and this may explain why women are more 
resistant to viral infections and tend to have 
more immune-mediated diseases than men do. 
They found that Immunoglobulin A (IgA)-
secreting cells (IgA-ISC) were fourfold more 
frequent than IgG-ISC in peripheral blood 
mononuclear cells (PBMC) and ISC frequency in 
PBMC was highest during the periovulatory 
stage of the menstrual cycle. While Poznansky 
and coworkers in 2002(19) found that LH, FSH, 
estrogens, androgens, progesterone, and 
thyroid hormones all decline during infection.  
Another study by DA-SILVA in 1999 (20) showed 
that sex hormones have direct immunological 
effects that impact a clear gender dimorphism 
on the immune system. Globally, estrogens 
depress T cell-dependent immune function and 
diseases, but enhance antibody production and 
aggravate B cell-dependent diseases. 
These findings might explain the difference 
between the strength and nature of immune 
responses between women and men. 
Hormonal and cellular immune responses in 
females are stronger than those in males. 
Immunoglobulin M (IgM), but not IgG, levels 
and CD4/CD8 T-cell ratios are significantly 
higher in the blood of women than in that of 
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men. Women also develop autoimmune 
diseases at a much higher rate than men do. 
These observations clearly demonstrate a role 
for ovarian steroid hormones in mediation of 
the immune system (21). 
After viral exposure females are more likely to 
develop a T helper- 1 -type response. When T 
helper-2 responses predominate such as 
lymphocytic choriomeningitis virus infections, 
females have a more severe disease. Clearly, 
ovarian sex hormones affect the nature and 
effectiveness of antiviral immunity (22) (23). 
 

Conclusion 
From this study, we concluded that 
lymphocytes apoptosis increased in the first 
day of menstruation compared with the day of 
ovulation which is mostly due to the changes in 
the ovarian steroid hormones and 
gonadotrophins.  
Our study also concluded that FSH, estrogen, 
and progesterone are survival hormones (anti 
apoptotic) and that they reduce peripheral 
blood lymphocyte apoptosis. 
 

References  
1. Tao XJ, Tilly KI, Maravei DV, Shifren JL, Krajewski S. 

Differential expression of Members of bcl-2 Gene family 
in Proliferative and secretory Human Endometrium. J 
Clin Endocrinol Metab, 1997; 82(8): 2738-2746. 

2. Lyons SK, Clarke AR. Apoptosis and carcinogenesis. Br 
Med Bull, 1997; 53: 554-569. 

3. Harada T, Kaponis A, Lwabe T, Taniguchi F, Makrydimas 
G, Sofikitis N. Apoptosis in human endometrium and 
edometriosis. Hum Reprod Update, 2004; 10(1): 29-38. 

4. Duke RC, Ojcius DM, Young JDE. Cell Suicide in Health 
and Diseases. Sci Am J, 1996; 275(6): 80-87. 

5. Ka-ming FC, Siegel RM, Lenardo MJ. Signaling by the TNF 
Receptor Super-family and T Cell Homeostasis. 
Immunity, 2000; 13: 419-422. 

6. Matalka ZK. The effect of Estradiol but progesterone on 
the production of cytokines in simulated whole blood is 
concentration dependent. Rep Med Chronobiol Hum 
Ethol, 2003; 24: 185-191.    

7. Burow ME, Tang Y, Collins-Burow BM, Krajewski S, Reed 
JC, McLachlan JA. Effects of environmental estrogen on 
tumer necrosis factor α-mediated apoptosis in MCF-7 
cells. Carcinogenesis, 1999; 20(11): 2057-2061. 

8. Fazeli M, Zarkesh-Esfahani SH, Maamra M, Ross FJM.  
Effects of estrogen on leptin signaling and leptin-
induced TNF-alpha production. Endocrine Abstract, 
2004; 7: 23. 

9. Evans MJ, Maclaughlin S, Marvin RD, Abdou NI. Estrogen 
decreases in vitro apoptosis of peripheral blood 
mononuclear cells from woman with normal menstrual 
cycles and decrease TNF-alpha production in SLE but not 
in normal cultures. Clin Immmunol Immunopathol, 1997 
Mar; 82(3): 258-262. 

10. Doyle A, Griffiths JB. Haemocytometer cell count and 
viability studies: Cell and tissue culture for medical 
research, 2nd edition, John Wiley and Sons, Ltd. 2000; p. 
12-16. 

11. Harley JP, Prescott LM. laboratory Exercises in 
Microbiology. Third edition, Harley-Prescott, McGraw-
Hill, Part one: Microscope Techniques; Fluorescence 
Microscope, 1996; p. 11. 

12. Yuan W, Guidice LC. Programmed cell death in human 
ovary is a function of follicle and corpus luteum status. J 
Clin Metab, 1997; 82: 3148-3155. 

13. Kaipia A, Hsueh AJ. Regulation of ovarian follicle atersia. 
Ann Rev Physiol, 1997; 59: 349-63. 

14. Conlon I, Raff M. Size control in animal development. 
Cell, 1999; 96: 235-244.   

15. Chabbert-Buffet N, Bouchard P. The normal human 
menstrual cycle. Rev Endocr Metab Disorders, 2002; 3: 
173-183. 

16. Gosden R, Spears N. Programmed cell death in 
reproductive system from Wylie AH (1997): apoptosis: 
an overview. Br Med Bull, 1997; 53(3): 644-661. 

17. lϋ FX, Abel K, Ma Z, Rourke T, Lu D, Torten J, Mc-Cheney 
M, Miller CJ. The strength of B cell immunity in female 
rhesus macaques is controlled by CD8+ T cells under the 
influence of ovarian steroid hormones. Clin Exp 
Immunol 2002; 128: 10-20. 

18. lϋ FX, Zhongmin MA, Moser S, Evans TG, Miller CJ. 
Effects of Ovarian Steroids on Immunoglobulin-
Secreting Cell function in Healthy Woman. Clin Diag Lab 
Immunol, 2003 Sept.; 10(5): 944-949. 

19. Poznansky MC, Olszak IT, Evans RH, Wang Z, Foxall RB, 
Olson DP. Thymocyte emigration is mediated by active 
movement away from stroma-derived factors. J Clin 
Invest, 2002; 109(8): 1101-1110. 

20. DA-Silva JAP. Sex hormones and gluco-corticoids: 
interactions with the immune system. Ann NY Acad Sci, 
1999; 876: 102-118. 

21. Amadori AR, Zamarchi G, Forza G, Cavatoon G, Dnieli G, 
Clementi M, et al. Genetic control of the CD4/CD8 T-cell 
ratio in humans. Nat Med, 1995; 1: 1279-1283. 

22. Barna M, Komatsu T, Bi Z, Reiss CS. Sex differences in 
susceptibility to viral infection of the central nervous 
system. J Neuroimmunol, 1996; 67: 31-39. 

23. Whitacre CC, Reingold SC, O'Looney PA. A gender gap in 
autoimmunity. Science, 1999; 283: 1277-1278. 

 
                  Correspondence to Dr. Israa F Al-Samaraee 

                             Received 23
rd

 May 2010: Accepted 30
th

 Jan. 2011 


