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Abstract :  Ethanol is a testicular toxin and it causes fertility abnormalities
with  low sperm count  and impaired sperm moti l i ty  in  men.  The present
s tudy  was  des igned  to  inves t iga te  p lasma  t e s tos te rone  l eve l  and
hypothalamic pituitary gonadal (HPG) axis function in alcoholic men and
also effect of ethanol on systemic oxidative stress. Forty six male alcohol
abusers in the age group 20–40 years were selected.  Fifty five,  males in
the same age group served as  control .  Alcohol  abusers  had s ignif icant ly
low p lasma  t e s tos te rone  wi th  low lu te in iz ing  hormone  and  fo l l i c l e
stimulating hormone. In addition they had significantly high thiobarbituric
acid react ive substances  (TBARS),  superoxide dismutase and glutathione
S- t rans fe rase ,  and  low g lu ta th ione ,  a scorb ic  ac id ,  ca ta lase ,  g lu ta th ione
reductase and glutathione peroxidase.  Moreover,  serum testosterone level
in  a lcohol ics  nega t ive ly  cor re la ted  wi th  dura t ion  of  a lcohol  abuse ,  and
TBARS. Duration dependent decreased serum testosterone level in alcohol
abusers might  be due to 1)  increased oxidative stress which can damage
Leydig and support ing Ser tol i  cel ls  and 2)  impaired HPG axis .
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INTRODUCTION

Alcohol  abuse  impai r s  reproduc t ive
ac t iv i ty  (1 ) .  Alcohol ics  a re  o f ten  found
having  fe r t i l i ty  abnormal i t i es  wi th  low

sperm count  and  impai red  sperm mot i l i ty
(2) .  I t  causes  impai red  tes tos te rone
produc t ion ,  enormous  tes t i cu la r  ox ida t ive
s t ress  and  tes t i cu la r  a t rophy .  The  male
reproductive system consists  of three parts:
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hypotha lamus ,  an te r io r  p i tu i t a ry  and  the
tes tes  and  i s  f ine ly  con t ro l led  th rough  a
c lass ic  negat ive  feed  back  mechanism (3) .
The  hypotha lamus  and  an te r io r  p i tu i ta ry
have  so le ly  regula tory  funct ions ,  media ted
by  i t s  hormones .  Oxida t ive  s t ress  i s  a
condit ion associated with an increased rate
of  ce l lu la r  damage  induced  by  reac t ive
oxygen  spec ies .  In  a  normal  s i tua t ion ,
antioxidants of plasma quench these reactive
oxygen  spec ies  (ROS)  and  pro tec t  aga ins t
any likely damage to cell (4).

Based  on  the  observa t ions  f rom our
exper imenta l  s tudy  tha t  a lcohol  causes
gonada l  dysfunc t ion  (1)  the  p resen t  s tudy
was  des igned  to  inves t iga te  p lasma
tes tos te rone  leve l  and  hypotha lamic
p i tu i ta ry  gonada l  (HPG)  ax is  func t ion  in
alcoholic men and also effect of ethanol on
systemic oxidat ive  s t ress .

MATERIAL AND METHODS

Study  popula t ion :  The  s tudy  was
conducted in the department of Biochemistry,
Sikkim Manipal Institute of Medical Sciences,
Gangtok during the period from April  2003
to December 2004, after obtaining approval
f rom the  Ins t i tu t iona l  Review Board .
Informed consen t  was  ob ta ined  f rom a l l
and  the  ob jec t ives  o f  the  s tudy  were
fu l ly  exp la ined .  Al l  sub jec t s  were  o f
s imi la r  d ie ta ry  hab i t  se lec ted  f rom the
loca l  communi ty .  For ty  s ix  male  a lcohol
abusers of age 20–40 (29.6 ± 4.2) years (BMI
22.24 ± 0.21) having 3–10 (6.40 ± 2.35) years
h i s to ry  of  a lcohol  abuse  were  se lec ted .
Eligibil i ty cri teria for alcohol abusers were
two or more positive CAGE replies (5) and
elevated markers  of  a lcoholism, y-glutamyl
t ranspep t idase  (γ-GT,  EC 2 .3 .2 .2 ) ,  se rum

glutamyl  oxaloacetate  t ransaminase (SGOT,
EC 2 .6 .1 .1)  and  mean  corpuscu la r  vo lume
(6). Fifty five healthy male volunteers in the
same age group (26.5 ± 4.8) (BMI 23.85 ± 0.25)
se rved  as  con t ro l .  Al l  ind iv idua ls  were
nonsmokers .  Subjec t s  wi th  h i s to ry  of  any
other  d rug  abuse ,  p rev ious  t rea tments
for  a lcohol ic  l ive r  d i sease ,  any  o ther
physical  i l lness or cause of inferti l i ty were
exc luded .

Analyt ical  methods :  Five ml of  venous
blood was collected without stasis from each
subjec t .  B iochemica l  and  hormonal  assays
were  car r ied  out  wi th  whole  b lood serum.
Hepar in i sed  (200  un i t s )  b lood  sample  was
used  for  the  hemolysa te  p repara t ion .  The
blood was immediately centr ifuged at  3000
rpm for  15  min  a t  4°C and  the  p lasma
separa ted .  The  ce l l s  were  washed  wi th
normal saline and the RBCs were subjected
to lysis.

Serum tes tos te rone  was  es t imated  by
di rec t  immunoenzymat ic  method  us ing
reagent kit (Eqiupar Diagnostic - Italy), and
lu te in iz ing  hormone  (LH)  and  fo l l i c le
s t imula t ing  hormone (FSH) were  es t imated
by  micropla te  immunoenzymometr ic  assay
using reagent  ki t  (Monobind,  INC.USA) in
Biomerieus. Ascorbic acid in the serum was
estimated by the method of Me Cormick and
Greene (7) by using dinitrophenyl hydrazine-
thiourea-copper sulfate  reagent .  Preparat ion
of hemolysate: Heparinised whole blood was
centrifuged at 1000 g for 10 minutes at 2°C.
P lasma was  separa ted .  Packed  e ry throcy te
was washed with cold normal  sal ine thr ice
and  in  each  case  cen t r i fuged  a t  15000  g
for  15  minutes  a t  2°C.  Washed ,  packed
erythrocyte  was hemolysed by the addi t ion
of  ch i l l ed  double  d i s t i l l ed  wate r .  The
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hemolysate was centrifuged at 13000 g for 1
hour at 2°C. The supernatant and plasma were
used to  assay  ery throcyte  malondia ldehyde
(MDA) (8) ,  reduced glutathione (GSH) (9) ,
ex t race l lu la r  SOD (EC SOD;  EC 1 .15 .1 .1)
us ing  reagent  k i t  (Ransod ,  Randox
Laboratories Ltd, UK), catalase (EC 1.11.1.6)
(10) ,  g lu ta th ione  reduc tase  (GSH-Red,  EC
1.6.4.2) (11), selenium glutathione peroxidase
(Se-GSH-Px, EC 1.11.1.9) using reagent kit
(Ransel ,  Randox Laboratories Ltd,  UK) and
glu ta th ione  S- t rans fe rase  (GSH-ST,  EC
2.5.1.18) (12).

S ta t i s t i ca l  ana lys i s :  The  da ta  were
expressed  as  mean ± SD and  ana lyzed  for
signif icant  differences by one-way analysis
of variance.  Simple regression analysis was
used  to  assess  the  cor re la t ion  be tween
parameters. Value of P<0.05 was considered
s ta t i s t ica l ly  s igni f icant .

R E S U L T S

Alcohol  abusers  had  s ign i f ican t ly  low
serum tes tos terone (P<0.001)  wi th  low LH
(P=0.7527)  and  FSH (P=0.9898) .  Alcohol
caused  h igh  ex ten t  o f  l ip id  perox ida t ion
(P=0.004) ,  and  increased  ac t iv i t i es  SOD
(P=0.001  and  GSH-ST (P<0.001) ,  and  low
GSH ascorb ic  ac id  (P=0 .005) ,  ca ta lase
(P=0.01) ,  GSH-Red (P<0.001) ,  Se-GSH-Px
(P=0.006) (Table I).

Serum testosterone level in alcoholic men
nega t ive ly  cor re la ted  wi th  dura t ion  of
alcohol abuse (Fig. 1, R2: 0.9518, F: 868.48,
P<0.0001) ,  and thiobarbi tur ic  acid  react ive
substances (TBARS) (Fig. 2,  R2:  0.8134, F:
191.76, P<0.0001).

TABLE I : E thano l  induced  sys temic  hormona l  and
biochemical  changes  [Data  i s  represented
as  mean±SD] .

Alcohol
Parameters Controls abusers One way

(n=55) (n=46) ANOVA

Testosterone 7.56±0.13 4.96±0.16 t=4.032, P<0.001
(ng/ml)

LH (mIU/ml) 5.65±0.13 5.63±0.22 t=0.317, P=0.7527

FSH (mIU/ml) 8.18±0.48 8.03±0.14 t=0.0128, P=0.9898

TBARS 3.42±0.20 11.50±2.17 t=3.00, P=0.004
(nmol/ml)

Ascorbic acid 1.25±0.11 0.75±0.06 t=2.96, P=0.005
(mg/dl)

GSH (µg/mg) 3.57±0.17 2.74±0.07 t=8.15, P<0.001

SOD (U/mg Hb) 1.26±0.07 2.06±0.02 t=5.81, P<0.001

Catalase 0.133±0.01 0.124±0.01 t=2.65, P=0.01
(nmol/mg/min)

GSH-Red 1.79±0.12 1.56±0.04 t=8.62, P<0.001
(nmol/mg/min)

Se-GSH-Px 52.40±0.86 23.40±0.09 t=2.90, P=0.006
(U/g Hb)

GSH-ST 1.11±0.01 1.61±0.01 t=9.80, P<0.001
(U/g Hb)

Fig.  1 : Cor re la t ion  be tween  werum tes tos te rone  and
durat ion  of  a lcohol  abuse .
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D I S C U S S I O N

Chronic  e thanol  adminis t ra t ion  reduced
not  only serum testosterone level ,  but  a lso
systemic ascorbic  acid ,  GSH and act ivi t ies
of  ca ta lase ,  GSH-Red and  Se-GSH-Px.
Simultaneously,  increased l ipid peroxidation
and activities of SOD and GSH-ST were also
observed .  Reduc t ion  in  t es tos te rone  was
accompanied by low LH and FSH and it well
correlated with duration of alcohol abuse and
TBARS.

Reduc t ion  in  the  se rum tes tos te rone
could be due to decreased synthesis (1). As
testosterone levels decrease, levels of LH and
FSH would  increase  to  s t imula te  the
production of more testosterone (3).  But in
our  s tudy  we  found  tha t  low serum
tes tos te rone  leve l  in  a lcohol  abusers  was
accompanied  by  low serum LH and  FSH
leve ls .  Th is  f ind ing  sugges t s  tha t
the  hypotha lamic  ce l l s ,  which  produce
lu te in iz ing  hormone  re leas ing  hormone
(LHRH),  do  no t  func t ion  cor rec t ly  to  the

feedback when testosterone level decreased.
The  inab i l i ty  o f  the  p i tu i t a ry  g land  to
respond  appropr ia te ly  to  a  dec l ine  in
tes tos te rone  impl ies  tha t  a lcohol  has  a
central effect on the interaction between the
nervous  sys tem and endocr ine  sys tem.

The  decrease  in  gonadot rop in  l eve l s
results  from impairment in both production
and secret ion (13) .  I t  might  be  due to  the
ef fec t  no t  on ly  on  the  p i tu i ta ry  g land  but
a l so  on  the  hypotha lamus .  Inves t iga t ions
with  isola ted hypothalamus f rom male  ra ts
or  gonadotropin releasing hormone (GnRH)
produc ing  ce l l s  ob ta ined  f rom gene t ica l ly
engineered  mice  fa i led  to  demonst ra te  any
reduction in GnRH secretion in response to
alcohol treatment and moreover, no alcohol-
induced reduct ion in  the  express ion of  the
gene  tha t  i s  respons ib le  fo r  genera t ing
GnRH was detected suggesting that  alcohol
probably  does  not  af fec t  GnRH product ion
(14).  However,  the generation of functional
GnRH molecule from its  precursor pre-pro-
GnRH by  removing  82  amino  ac ids ,  i s
appears  to  be  d imin ished  a f te r  a lcohol
exposure (14). Moreover ethanol prevents the
movement  o f  p ro te in  k inase  C 15 which  i s
necessary for  the  GnRH st imulat ion of  LH
release  f rom pi tu i ta ry .

Alcohol  caused  enormous  sys temic
oxidative stress, a state marked by increased
serum leve l  o f  ox id iz ing  agents  (TEARS
conten t )  and  decreased  se rum leve l  o f
po ten t ia l  scavengers  o f  ROS ( i . e .
an t ioxidants ) .  I t  i s  repor ted  tha t  increased
oxida t ive  s t ress  i s  a  wel l -accep ted
mechanism of alcohol induced t issue injury
(16) and this  also occurs in the testes (1) .
The  assumpt ion  tha t  f ree  rad ica l s  can

Fig.  2 : Cor re la t ion  be tween  werum tes tos te rone  and
TBARS.
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in f luence  male  in fe r t i l i ty  has  rece ived
subs tan t ia l  sc ien t i f i c  suppor t  (17) .  Serum
tes tos te rone  leve l  was  wel l  cor re la ted
wi th  TEARS leve l ,  ind ica tes  e thanol
induced  ox ida t ive  s t ress  due  to  increased
l ip id  perox ida t ion  and  decreased
ant ioxidants ,  cause reduct ion in  c i rculat ing
t e s to s t e rone .

Vi tamin  C i s  a  un ique  an t iox idan t  “ to
scavenge  aqueous  peroxyl  rad ica ls”  before
these destruct ive  substances  have a  chance
to  damage the  l ip ids .  I t  works  a long wi th
v i tamin  E ,  a  fa t  so lub le  an t iox idan t  and
the  g lu ta th ione  perox idase  to  s top  rad ica l
cha in  reac t ions .  GSH i s  a  major  th io l  in
living organisms, which plays a central role
in  coord ina t ing  the  body’s  an t iox idan t
defense  processes .  Condi t ions  tha t  per turb
intracellular levels of glutathione results  in
significant alteration in cellular metabolism.
The tissue glutathione concentration reflects
i t s  po ten t ia l  fo r  ( i )  de tox i f ica t ion  ( i i )
preserving the proper cellular redox balance
and (iii) its role as a cellular protectant (18).
GSH has  a  l ike ly  ro le  in  sperm nuc leus
decondensa t ion  and  sp ind le  micro tubule
formation (19). Ethanol induced depletion of
g lu ta th ione  suppor t s  the  hypothes i s  tha t
reac t ive  oxygen  in te rmedia tes  genera ted
dur ing  the  metabol i sm of  e thanol  l ead  to
glutathione oxidation and l ipid peroxidation
and  a re  respons ib le  fo r  the  tox ic i ty  o f
ethanol  (20) .

SOD i s  the  impor tan t  an t iox idan t
enzymes having an ant i toxic  effect  against
superox ide  an ion .  The  over  express ion  of
SOD might  be  an  adap t ive  response  and
i t  resu l t s  in  increased  d i smuta t ion  of

superoxide  to  hydrogen  peroxide .  Cata lase
protects the cells  from the accumulation of
hydrogen  perox ide  by  d i smuta ta ing  i t  to
form water and oxygen or by using it as an
oxidant  in  which i t  works  as  a  peroxidase
(21). So, decrease in the activity of catalase
could be due to less availability of nicotinic
ac id  d inuc leo t ide  phospha te - reduced
(NADPH).  GSH-Red is  concerned wi th  the
main tenance  of  ce l lu la r  l eve l  o f  GSH by
ef fec t ing  fas t  reduc t ion  of  ox id ized
glu ta th ione  (GSSG)  to  reduced  form (22) .
Se-GSH-Px p lays  a  s ign i f ican t  ro le  in  the
peroxyl  scavenging  mechanism and  in
main ta in ing  func t iona l  in tegra t ion  of  the
ce l l  membranes ,  spermatogenes i s ,  sperm
morphology and sperm mot i l i ty  (23) .  I t  i s
sugges ted  tha t  the  metabol ic  pa thway of
testosterone biosynthesis requires protection
against peroxidation (22) and will be affected
by a decrease in the activity of this enzyme.
Ethanol caused increase in GSH-ST activity
which  i s  because  i t  i s  an  ox ida t ive  s t ress
inducible  enzyme or  a lcohol  i t se l f  may be
responsible  for  i ts  induct ion (24) .  GSH-ST
plays an essential  role in el iminating toxic
compounds by conjugat ion.

In conclusion, ethanol caused low plasma
testosterone in  men accompanied by a  low
LH and  FSH when  e leva ted  leve l s  were
expected indicating impaired HPG axis,  and
i t  wel l  corre la ted wi th  durat ion of  a lcohol
abuse  and  ex ten t  o f  l ip id  perox ida t ion .
Decreased  se rum tes tos te rone  leve l  in
alcohol abusers might be due to 1) increased
oxida t ive  s t ress  which  can  damage
tes tos te rone  secre t ing  Leydig  ce l l s  and
suppor t ing  Ser to l i  ce l l s  and  2)  impai red
hypo tha lamic -p i tu i t a ry -gonada lax i s .
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