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INTRODUCTION

Stero id  hormones  a re  known to  induce
immunologica l  even ts  such  as  a l t e r ing
immunologica l  secre t ion  and depress ion  of
suppressor  T  ce l l  ac t iv i ty  (1 ) .  Avai lab le
repor t s  f rom an imal  and  human s tud ies
suggest that the distribution of immune cells
may change  a t  d i f fe ren t  phases  o f  the
menstrual cycle (2). The naturally occurring
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Abstract : The optimal availability of immune cells in the peripheral blood
s t ream of  women p lays  a  c r i t ica l  ro le  in  the i r  response  to  d isease  and
therapeutic interventions. Interaction between the reproductive and immune
system plays an important immunoregulatory role. This study was designed
to examine the impact of different phases of menstrual cycle on the blood
leukocytes .  Twenty-four  heal thy  women in  the i r  reproduct ive  age  group
and  hav ing  regu la r  mens t rua l  cyc le  were  s tud ied  dur ing  mens t rua l ,
proliferative and secretary phases of menstrual cycle. Total leukocyte count,
absolu te  and  d i f fe ren t ia l  counts  of  neut rophi l s ,  lymphocytes  and  mixed
cells (includes eosinophils, basophils and monocytes) were analyzed. Results
showed  tha t  the  va r i a t ions  in  the  d i f fe ren t  types  o f  l eukocy tes  dur ing
different  phases of  menstrual  cycle were not  s tat is t ical ly s ignif icant .  No
signif icant  in ter  group difference,  except  for  the  s ignif icant  decrease  in
different ial  lymphocyte percentage in  prol i ferat ive phase as  compared to
menses  were  observed .

Key words  : menstrual  cycle immune ce l l s leukocytes

*Cor respond ing  Author  : Te l . :  (W)  91-8352-270055 ;  (R)  91-8352-646582 ;  (Fax)  91-8352-270184 ;
Emai l :  swa t i_ t ika re@red i f fmai l . com.

f luc tua t ions  in  the  l eve l s  o f  sex  s te ro id
hormones during the menstrual cycle provide
a  convenien t  bas i s  fo r  ana lyz ing  the
in te rac t ions  be tween  sex  s te ro id  hormones
and  immune  mechanisms  (3) .  Numerous
s tud ies  have  been  under taken  to  examine
the  changes  in  var ious  type  of  b lood  ce l l
counts  and  hormonal  p rof i l e  in  d i f fe ren t
phases of menstrual  cycle,  but  results  have
of ten  been  var iab le  and  cont rad ic tory  (4 ) .
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The present study aims to assess the impact
of  d i f fe ren t  phases  o f  mens t rua l  cyc le  on
blood leukocyte profile.

MATERIAL AND METHODS

The presen t  s tudy  was  conduc ted  on
twenty- four  hea l thy  women in  the i r
reproductive age group who volunteered for
the  s tudy  and  hav ing  regu la r  mens t rua l
cycles.  Exclusion cri teria included presence
of  anemia ,  endocr ina l ,  gynecolog ica l  and
haemos ta t ic  d i sorders ,  and  ev idence  of
in fec t ion  a t  the  t ime  of  sampl ing .  The
protocol  was  expla ined  to  a l l  the  subjec ts
who vo lun teered  for  the  s tudy .  In formed
consen t  was  ob ta ined  f rom each  of  the
par t i c ipan t .  An  ins t i tu t iona l  e th ica l
committee approved the entire experimental
protocol .  Necessary  care  was  taken dur ing
the experimental procedure according to the
Decla ra t ion  of  Hels ink i  1964  (5) .  Al l  the
subjec ts  were  fo l lowed up dur ing  a  s ingle
menstrual cycle. Three venous samples of 2
ml each were drawn; first sample within 48
h of onset of menses, second sample during
days 8–10 of menstrual cycle, i.e. during the
pro l i fe ra t ive  phase  (6–9) ,  and  the  th i rd
sample  was  taken  dur ing  days  22–24  of
mens t rua l  cyc le ,  i . e .  dur ing  the  secre tory
phase  (6 ) .  Al l  the  samples  were  taken
between 11.00 h–12.00 noon to avoid diurnal
var ia t ions .  The  samples  were  ana lyzed
immedia te ly  wi th in  1–2  h  to  avo id  any
var ia t ions  due  to  s to rage .  The  sample
ana lys i s  was  done  by  Sysmex KX-21 ,
Automated  Hemato logy  Analyzer ,  s ince
e lec t ron ic  ce l l  counte rs  genera l ly  p rov ide
re l iab le ,  r eproduc ib le ,  and  accura te
measurements  o f  ce l l  concent ra t ions  (10) .
The  parameters  ana lysed  were  to ta l
l eukocyte  count ,  abso lu te  and  d i f fe ren t ia l

counts of neutrophils, lymphocytes and mixed
ce l l s  ( inc ludes  eos inophi l s ,  basophi l s  and
monocytes) .  The s ignif icance of  d i f ference
among the groups was assessed by one way
analysis  of  variance (ANOVA) followed by
pos t  hoc  t  t e s t  us ing  S ta t  ca l ,  ve rs ion
4 .0 .100 .1190  of  S ta t  Pac ,  Inc ,  USA.
Sign i f icance  was  se t  a t  P<0 .05 .  The
percentage changes in the various leukocyte
counts during different phases of menstrual
cycle were also calculated.

RESULTS AND DISCUSSION

The anthropometric profile of the subjects
is depicted in Table I. All the subjects belong
to  the  age  group  of  18  to  20  years .  The
mean ± SD of total leukocytes count, absolute
and differential  leukocyte counts in various
phases of menstrual cycle are shown in Table
I I .  One-way ANOVA showed tha t  the
variations in the various leukocytes were not
statistically significant. Also post hoc t test
showed no statistically significant inter group
difference, except for the significant decrease
in  d i f fe ren t ia l  lymphocyte  percen tage  in
proliferative phase in comparison to menses.
However  ce r ta in  no t iceab le  changes  were
observed in various leukocyte counts during
dif ferent  phases  of  menst rual  cycle .  These
changes  have  been  dep ic ted  as  percen tage
change in Fig. 1.  During proliferative phase
there was percent change decrease in all the
counts  excep t  abso lu te  and  d i f fe ren t ia l
lymphocyte  counts  compared  to  mens t rua l

TABLE I : Anthropomet r i c  measurements  o f  the
sub jec t s  (n=24) .

P a r a m e t e r s M e a n±S . D .

Age  (y ) 18 .12± 0 . 5 3

Heigh t  ( cm) 156 .62± 4 . 7 2

Weigh t  (kg) 52 .89± 9 . 3 6
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TABLE II : One-way  ANOVA wi th  pos t  hoc  t e s t  o f  r e su l t s  fo r  va r ious
leukocyte counts during different phases of mens t rua l  cyc le .

Parameters A B C F-ratio P Post hoc t test

TLC (cells/cumm) 8191.6 7595.8 8300.0 0.882 0.418 A vs B df=46, t=1.043, P=0.3022
±2152.6 ±1787.2 ±1977.0 B vs C df=46, t=–1.233, P=0.2237

A vs C df=46, t=–0.190, P=0.8503
ANC (cells/cumm) 5202.1 4362.5 4975.0 2.092 0.131 A vs B df=46, t=1.977, P=0.0540

±1783.8 ±1187.6 ±1378.4 B vs C df=46, t=–1.442, P=0.1560
A vs C df=46, t=0.535, P=0.5954

ALC (cells/cumm) 2300.0 2495.8 2562.5 1.020 0.365 A vs B df=46, t=–1.025, P=0.3108
±519.1 ±712.9 ±723.3 B vs C df=46, t=–0.349, P=0.7286

A vs C df=46, t=–1.374, P=0.1761
AMC (cells/cumm) 666.6 620.8 770.8 1.609 0.207 A vs B df=46, t=0.534, P=0.5956

±259.8 ±275.0 ±348.2 B vs C df=46, t=–1.750, P=0.0867
A vs C df=46, t=–1.216, P=0.2302

DNC (%) 62.79 58.92 59.84 1.961 0.148 A vs B df=46, t=1.895, P=0.0643
±7.77 ±6.52 ±6.87 B vs C df=46, t=–0.451, P=0.6544

A vs C df=46, t=1.445, P=0.1553
DLC (%) 28.8 33.05 31.07 3.124 0.050 A vs B df=46, t=–2.498, P=0.0161

±5.97 ±6.04 ±5.74 B vs C df=46, t=1.164, P=0.2506
A vs C df=46, t=–1.334, P=0.1888

DMC (%) 8.35 8.02 9.16 0.836 0.437 A vs B df=46, t=0.364, P=0.7178
±3.26 ±2.93 ±3.23 B vs C df=46, t=–1.256, P=0.2154

A vs C df=46, t=–0.893, P=0.3767

n=24;  TLC:  to ta l  l eukocy te  coun t ;  ANC:  abso lu te  neu t roph i l  coun t ;  ALC:  abso lu te  lymphocy te  coun t ;
AMC: absolute  mixed cel l  count ;  DNC: di f ferent ia l  neutrophi l  count ;  DLC: di f ferent ia l  lymphocyte  count ;
DMC:  d i f fe ren t i a l  mixed  ce l l  coun t ;  A:  menses ;  B :  p ro l i f e ra t ive  phase ;  C :  sec re to ry  phase .

F ig .  1 : The  percen tage  change  in  var ious  l eukocytes
dur ing  d i f fe ren t  phases  o f  mens t rua l  cyc le .
MP, Menstrual  phase;  PP,  Prol iferat ive phase;
SP ,  Sec re to ry  phase ;  WBC,  To ta l  l eukocy te
count;  ANC, Absolute  neutrophi l  count ;  ALC,
Abso lu te  lymphocy te  coun t ;  AMC,  Abso lu te
mixed  coun t ;  DNC,  Di f fe ren t i a l  neu t roph i l
coun t ;  DLC,  Di f fe ren t i a l  lymphocy te  coun t ;
DMC,  Di f fe ren t i a l  mixed  coun t .

phase. A maximum fall of 16.14% was noticed
in  case  o f  abso lu te  neu t rophi l  count .  In
comparison to proliferative phase, the counts
increased during the secretory phase ranging
from 1.56% to 24.19%. The percent change
increase in total WBC count in the secretory
phase found in our study corroborated with
ear l i e r  s tud ies  (1 ,  3 ,  8 ,  9 )  and  i s  due  to
increase in all  subpopulations (lymphocytes,
monocytes and granulocytes). An increase of
14 .05% in  abso lu te  neu t rophi l  count  was
found in the secretory phase when compared
to proliferative phase. This may also be due
to hormonal changes during luteal  phase of
ovar ian  cyc le .  The  leve l s  o f  es t rogen  or
proges te rone  a re  impor tan t  fac tors  in
regula t ing  the  neu t rophi l  count .  A  r i se  o f
neu t rophi l  count  i s  a l so  assoc ia ted  wi th
increas ing  hormone  leve l s  in  p regnancy .
Es t rogen  seems  to  enhance  granulocy te
proliferation in vitro (11). The absolute and
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d i f fe ren t ia l  lymphocyte  counts  increased
during prol i ferat ive  and secretory phase in
comparison to menstrual  phase.  I t  has been
reported that numbers of helper and cytotoxic
T ce l l s  as  wel l  a s  na tura l  k i l l e r  ce l l s
increased during secretory phase (9).  I t  has
also been reported that  during luteal  phase
of  the  normal  ovar ian  cyc le  the  immune
response shi f ts  towards  a  type 2  response.
During the luteal phase of ovarian cycle (as
in  p regnancy) ,  women wi th  rheumato id
ar th r i t i s ,  a  ce l l  media ted  au to immune
disorder ,  o f ten  exper ience  improvement  of
the i r  symptoms.  Diseases  media ted  by
excess ive  an t ibody  produc t ion  such  as
systemic lupus erythematosus,  tend to f lare
up during pregnancy (12) and in the luteal
phase  of  menst rual  cycle  (13) .  The reason

may be  tha t  bo th  the  lu tea l  phase  and
pregnancy  a re  assoc ia ted  wi th  a  type  2
immune  response  sh i f t ing  immuni ty  away
from the  ce l l -media ted  immune  response .
The  pregnancy-assoc ia ted  changes  in  the
immune  response  a re  a l ready  observed  in
the  lu tea l  phase .  The  phys io logic  meaning
of  th is  phenomenon may be preparat ion of
the  materna l  immune  sys tem for  po ten t ia l
implantation of the semi allogenic blastocyst
(9). Both absolute and differential mixed cell
count  were increased (24.19% and 14.21%)
dur ing  secre ta ry  phase  in  compar i son  to
their respective proliferative phase. Increase
in granulocyte and monocyte numbers in the
secretary phase have already been reported
ear l i e r  and  a l so  sugges ted  to  be  due  to

increased 17ß-estradiol  concentrat ion (14).

REFERENCES

1 . Dixon  Nor thern  A.L ,  Rut te r  S .M,  Pe te rson  C.M.
Cycl ic  changes  in  the  concent ra t ions  o f  immune
cel l s  dur ing  the  normal  menst rua l  cycle .  Physio l
Soc ie ty  o f  Exp t  B io l  and  Med  1994 ;  27 :  81–88 .

2 . Peh l ivanog lu  B ,  Ba lkanch i  ZD,  R idvanagaog lu
AY,  Durmaz la r  N ,  Oz tu rk  G,  Erbas  D,  Okur  H.
Impac t  o f  s t ress ,  gender  and  mens t rua l  cyc le  in
immune  sys tem:  poss ib le  ro le  o f  n i t r i c  ox ide .
Arch  Phys io l  B iochem  2001 ;  109 :  383–387 .

3 . Mathur  S ,  Mathur  RS ,  Gous t  JM,  Wi l l i amson
HO,  Fudenberg  HH.  Cyc l i c  va r i a t ions  in  whi t e
ce l l  subpopula t ions  in  the  human  mens t rua l
sys le :  co r re la t ions  wi th  p roges te rone  and
es t rad io l .  Cl in  Immun  Immunopa th  1979 ;  13 :
246–253 .

4 . T ika re  S .N,  Das  K .K,  S inha  P ,  Dhundas i  S .A .
Inf luence  of  d i f fe ren t  phases  of  mens t rua l  cyc le
on  p la te le t s .  Biomedic ine  2007 ;  27 :  173–175 .

5 . Dec la ra t ion  o f  He l s ink i  (1964) ,  1996 .  Amended
by  Wor ld  Medica l  Assembly ,  Ven ice ,  I t a ly .  Br
Med J  1983;  313:  1448–1449.

6 . Cederb lad  G,  Hahn  L ,  Korsan-Beng t sen  K,
Pehrsson  NG,  Rybo  G.  Var ia t ions  in  b lood
coagu la t ion ,  f ib r ino lys i s ,  p l a t e l e t  func t ion  and
var ious  p lasma  pro te ins  dur ing  the  mens t rua l
cyc le .  Haemostas is  1977;  6 :  294–302.

7 . Mi l l s  PJ ,  Z ieg le r  MG,  Dimsda le  JE ,  Pa r ry  BL.
Enumera t ive  immune  changes  fo l lowing  acu te

stress:  effect  of the menstrual cycle.  Brain Behav
Immun .  1995 ;  9 :  190–195 .

8 . Bouman A,  Moes  H,  He ineman MJ ,  de  Le i j  LF ,
Faas  MM.  The  immune  responses  dur ing  the
lu tea l  phase  o f  the  ovar ian  cyc le :  inc reas ing
sens i t iv i ty  o f  human  monocy tes  to  endo tox in .
Fer t i l  S ter i l  2001;  76 :  555–559 .

9 . Faas  MM,  Bouman  A,  Moes  H,  He ineman  MJ ,
Le i j  LF ,  Schu i l ing  G.  The  immune  response
dur ing  the  lu tea l  phase  o f  the  ovar i an  cyc le :  a
Th2-type response ? Fertil  Steril  2000; 74: 1008–
1013 .

10 . Maxwel l  M.  Wint robe .  Pr inc ip les  of  hematologic
examina t ion .  In  C l in ica l  Hemato logy ,  Edn  8 .
Philadelphia,  Lea & Febiger Publishers;  1981: 17.

11 . Ba in  BJ ,  Eng land  JM.  Normal  hemato log ica l
va lues :  sex  d i f fe rence  in  neu t roph i l  coun t .  Br
Med J  1975;  1 :  306–309.

12 . Varner  MW.  Auto immune  d i so rde r s  and
pregnancy .  Semin  Per ina to l  1991 ;  15 :  238–250 .

13 . Pando JA,  Gourley MF,  Wilder  RL,  Crofford LJ,
Hormona l  supp lementa t ion  as  t r ea tment  fo r
cyc l i ca l  r a shes  in  pa t i en t s  wi th  sys temic  lupus
erythematosus.  J Rheumatol  1995; 22: 2159–2162.

14 . Ba in  BJ ,  Eng land  JM.  Var ia t ions  in  l eukocy te
coun t  dur ing  the  mens t rua l  cyc le .  Br  Med  J
1975;  2 :  473–475.


