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I N T R O D U C T I O N

It  i s  wel l  known tha t  a lcohol  abuse
impai r s  reproduc t ive  per formance  in
exper imenta l  an imals  and  in  human (1) .

Alcohol ics  are  of ten found having fer 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 ) .  Numerous
studies  have indicated that  chronic  a lcohol
intake in men can cause impaired testosterone
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Abstract  :  In fe r t i l i ty  i s  we l l - e s t ab l i shed  ha rmfu l  e f fec t  in  ch ron ic
alcoholism and so far ,  there is  no effect ive treatment for  this  condit ion.
The s tudy was  conducted  to  de termine  the  ef fec ts  of  lec i th in ,  a  known
hepatoprotective on ethanol induced testicular injuries in male albino rats
of Wistar strain. Five groups (n=6) of animals were used. Group I served
as control. Group II received daily 1.6 g ethanol/kg body weight/day for 4
weeks orally.  Group III  received 1.6 g ethanol + 500 mg lecithin/kg body
weight/day for four weeks orally. Group IV received 1.6 g ethanol/kg body
weight for/day 4 weeks and followed by 500 mg lecithin/kg body weight/
day for four weeks orally. Group V received 1.6 g ethanol/kg body weight/
day orally for 4 weeks, followed by 4 weeks abstinence. Twenty-four hours
af te r  the  las t  t rea tment  the  ra t s  were  sacr i f iced  us ing  anes the t ic  e ther .
Tes tes  were  removed  and  used  fo r  the  es t ima t ion  o f  ex ten t  o f  l ip id
peroxidation and t issue levels of antioxidants and steroidogenic enzymes.
Lecithin protected testes from ethanol induced oxidative stress.  However,
the drug did not show any considerable effect on the activities of testicular
∆5,  3β-HSD and 17β-HSD. In conclusion, ethanol induced oxidative stress
can be reversed by treatment with lecithin. However the effect of lecithin
on s teroidogenesis  was not  promising.
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production and shrinkage of the testes (i .e. ,
t e s t i cu la r  a t rophy)  (3 ) .  I t  i s  r epor ted  tha t
e thanol  s ign i f ican t ly  augmented  l ip id
perox ida t ion  in  the  t es t i s  (4 )  and  inh ib i t s
the conversion of both dehydroepiandrosterone
and androstenedione to  tes tos terone (5)  by
decreas ing  the  ac t iv i t i es  o f  3β  hydroxy
s te ro id  dehydrogenase  (3β-HSD)  and  17β
hydroxy s teroid  dehydrogenase  (17β-HSD).
Mi tochondr ia l  enr iched  ex t rac t s  ob ta ined
f rom the  tes tes  o f  a lcohol  t rea ted  ra t s
showed s ign i f ican t  inc rease  in  the
malondialdehyde formation;  moreover  there
was  a  s ign i f ican t  decrease  in  g lu ta th ione
(6) ,  superox ide  d i smutase  (7 ) ,  g lu ta th ione
peroxidase (8) levels in the testes of alcohol
t rea ted  ra t s .

Impotence  was  prominent  in  the
majority of alcoholic subjects and it occurred
more  f requent ly  among wi th  g rea te r  l ive r
damage  (9) .  The  l iver  i s  exposed  to  the
higher concentrations of alcohol in blood and
is  respons ib le  fo r  more  than  95% of  i t s
metabol i sm (10) .  Seventy- f ive  percen tages
of the men with advanced alcoholic cirrhosis
have  been  repor ted  to  have  tes t i cu la r
a t rophy  (11) .  Essen t ia l -L ,  con ta in ing
essent ia l  phosphol ipids ,  a  pur i f ied  f ract ion
of phosphatidyl choline molecule from soya
beans  has  been  repor ted  to  be  sa fe  and
ef fec t ive  in  the  t rea tment  of  l iver  d i sease
(12) .  Essen t ia l  phosphol ip ids  have
mul t i fac tor ia l  ac t ion  (13) .  Because  of  i t s
antioxidant property i t  has protective effect
on the cell membrane (14). It  stabilizes the
structure and function of mitochondria (15),
decreases  membrane  r ig id i ty ,  inf lammat ion
and  fa t  depos i t ion  and  reduces  the  ac t ion
cytokines  and  inh ib i t s  the  peroxida t ion  of
po lyunsa tura ted  fa t ty  ac ids  in  microsomal

membranes (16).  With the understanding of
the  ro le  o f  ox ida t ive  s t ress  in  a lcohol
induced testicular injury,  association of the
funct ional  s tatus of  l iver  and impotence in
alcoholic subjects, and the protective effects
of  Essen t ia l  L  the  p resen t  s tudy  was
conduc ted  to  eva lua te  the  ro le  o f  o ra l
l ec i th in  in  exper imenta l  a lcohol  induced
tes t i cu la r  in ju ry .

MATERIAL AND METHODS

Chemica ls  –  F ine  chemica l s  were
purchased from Sisco Research Laboratory,
India  and  Sigma Chemica l  Co. ,  S t .  Louis ,
USA.  Al l  o ther  chemica l s  used  were
of  ana ly t ica l  g rade  and  were  purchased
f rom Merck  Ltd . ,  Ind ia  and  S isco
Research  Labora tor ies  L td . ,  Ind ia .  Drug :
Essen t ia l -L  (Nat te rmann) -350  mg/cap
(lecithin USP 350 mg equiv. to 175 mg vital
phosphol ip ids)

Animals – Male wistar rats (10–12 weeks
of age)  weighing 100–120 g were used for
fo l lowing  exper iments .  The  an imals  were
housed in plastic cages of size 14” × 9” × 8”
(6 rats in each cage) in side a well-ventilated
room.  The  room tempera ture  was
mainta ined a t  22 ± 2°C wi th  12–12 hr  L:D
cycle. All rats had free access to a standard
d ie t  and  tap  wate r .  Food  and  wate r  were
g iven  ad  l ib i tum.  The  exper imenta l  s tudy
protocol  was  approved by the  Ins t i tu t ional
Animal Ethics Committee,  SMIMS, Gangtok
and  Nat iona l  Ins t i tu tes  o f  Hea l th  (NIH) ,
Bethesda ,  MD;  USA guide l ines  were
fo l lowed for  main tenance ,  handl ing ,
exper imenta t ion ,  sac r i f i ce  and  d i sposa l  o f
a n i m a l s .
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Experimental design – The animals were
divided in to five groups of 6 each

Group I : (Cont ro l ) :  1  g  double  d is t i l l ed
water /kg body weight /day for  4
weeks  ora l ly .

Group  I I : E thanol  t rea ted  ra t s  (1 .6  g
e thanol /kg  body weight /day  for
4 weeks oral ly) .

Group  I I I : E thanol  +  lec i th in  t rea ted  ra t s
(1.6 g ethanol + 500 mg lecithin/
kg body weight/day for 4 weeks
ora l ly) .

Group IV : Ethanol  fo l lowed  by  lec i th in
t rea ted  ra t s  (1 .6  g  e thanol /kg
body  weigh t /day  for  4  weeks ,
fol lowed by 500 mg leci thin/kg
body  weigh t /day  for  nex t  4
weeks oral ly)

Group V : Ethanol  t rea tment  (1 .6  g
e thanol /kg  body  weigh t /day
orally) for 4 weeks, followed by
4  weeks  abs t ina t ion .

The dose of ethanol was determined from
ser ia l  dose  response  s tud ies  in  ra t s  wi th
doses of 0.8, 1.2, 1.6 and 2 g/kg body weight/
day  for  four  weeks .  E thanol  o ra l ly  a t  a
dosage of 1.6 g/kg body weight/day for four
weeks  produced  fea tures  o f  l ive r  in ju ry
comparab le  to  tha t  observed  in  c l in ica l
s i tua t ions  o f  modera te  a lcohol ic  l ive r
disease. Therefore the dose of 1.6 g/kg body
weight /day  for  four  weeks  was  chosen for
this study. Ethanol and lecithin were freshly
d isso lved  in  double  d i s t i l l ed  wate r  to  ge t
des i red  concen t ra t ion .

Af te r  the  exper imenta l  per iod  ra t s
were  weighed  and  sacr i f i ced  by  cerv ica l
d i s loca t ion  under  l igh t  e ther  anes thes ia ,
Tes tes  were  removed ,  c lea red  of  the
adhering t issues and weighed. Tissues were
immediate ly  r insed,  perfused with  ice  cold
normal  sa l ine ,  t r immed and  s tored  in  pre-
cooled  (–4°C)  con ta iners .  T i ssues  were
thawed on ice  before analysis .

T issue  pro te in  (17) ,  ex ten t  o f  l ip id
peroxidation (18), ascorbic acid (19), reduced
glutathione (20),  superoxide dismutase (21),
ca ta lase  (22) ,  g lu ta th ione  peroxidase  (23) ,
g lu ta th ione  reduc tase  (24) ,  g lu ta th ione  S-
t rans fe rase  (25) ,  3β-hydroxy  s te ro id
dehydrogenase  (26)  and  17β-hydroxy
steroid dehydrogenase (27)  were est imated.
S ta t i s t i ca l  ana lys i s  were  per formed by
Student ’ s  ‘ t ’  t e s t  and  s ign i f icance  of
difference were set  a t  P<0.05.

R E S U L T S

The  presen t  s tudy  was  under taken  to
evaluate the effect of exogenous lecithin on
e thanol  induced  tes t i cu la r  ox ida t ive  s t ress
and  decreased  s te ro idogenes i s .

Changes  in  body  weigh ts  –  Alcohol
exposed  an imals  showed lower  l eve l  o f
increment (17%) in case of body weight after
four weeks of treatment than control  group
(42%).  In  the  fo l low up  t rea tments  22 .9%
and 21 .38% increase  in  body  weight  were
observed  in  g roup  I I I  and  IV,  whi le
abstinated animals had 26% increase in body
weight.  However,  these differences in body
weigh ts  were  no t  s ta t i s t i ca l ly  s ign i f ican t
(Table I) .
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TABLE II I : Effect of exogenous lecithin on tissue activities of superoxide dismutase (SOD), catalase, glutathione reductase
(GR), glutathione peroxidase (GPx), and glutathione S transferase (GST) Mean±SD. (n=6). *P<0.05 compared
with control group. @P<0.05 compared with ethanol treated group. #P<0.05 compared with abstinated group.

S O D 1 Cata lase 2 G R 3 GPx 4 G S T 4

Group I 21.18± 0.93 2.03 ± 0.10 1.61± 0.043 0.171± 0.023 11.53± 0.64
Group I I 15.39± 0.65* 1.60 ± 0.54* 1.34± 0.039* 0.125± 0.010* 13.69± 0.79*
Group I I I 15.74± 0.35*@ 1.71 ± 0.06*@# 1.38± 0.032*@# 0.144± 0.010*@ 12.65± 0.39*@

Group IV 15.67± 0.3* 1.69 ± 0.04*@# 1.36± 0.04* 0.14± 0.009*@ 12.87± 0.31*
Group V 15.73± 0.16* 1.64 ± 0.03* 1.32± 0.022* 0.139± 0.006* 12.89± 0.33*

1µmol pyrogallol  auto oxidized/mg protein/min 2nmol H 2O 2 decomposed/mg protein/min
3nmol NADPH oxidized/mg protein/min 4µmol CDNB conjugate formed/mg protein min

TABLE II : Effect  of  exogenous leci thin  on t issue levels  of  prote in ,  ascorbic  acid ,  th iobarbi t r ic  acid  react ive
substances (TBARS) and reduced glutathione (GSH) Mean±SD. (n=6). *P<0.05 compared with control
g roup .  @P<0 .05  compared  wi th  e thano l  t r ea ted  g roup .  #P<0 .05  compared  wi th  abs t ina ted  g roup .

Prote in 1 Ascorbic acid2 T B A R S 3 G S H 4

Group I 21.89± 0.83 1.86± 0.159 15.27± 0.30 2.14± 0.04
Group I I 19.27± 0.30* 1.69± 0.058* 20.82± 0.13* 1.55± 0.04*
Group I I I 19.94± 0.20*@# 1.72± 0.031 18.95± 0.30*@# 1.76± 0.06*@#

Group IV 20.77± 0.31*@# 1.71± 0.013 19.10± 0.11*@# 1.75± 0.08*@#

Group V 19.31± 0.11* 1.71± 0.037 20.27± 0.56* 1.56± 0.06*

1mg/100 mg t issue 2mg/gm tissue 3nmol H 2O 2 consumed/mg protein/min 4µg/mg t issue.

Extent of l ipid peroxidation  – Extent of
l ip id  perox ida t ion  in  the  t i s sue  was
estimated by measuring level of thiobarbituric
acid reactive substances (TEARS). Exogenous
lecithin had significant protective effect  on
t issue l ipid peroxidat ion (Table II) .

Non-enzymat ic  an t iox idant  de fense
sys tem –  Trea tment  wi th  l ec i th in  ra i sed
reduced  g lu ta th ione  (GSH)  conten t .  There
was no significant effect on tissue ascorbic
ac id  con ten t  in  the  d rug  t rea ted  groups
(Table II) .

Enzymat ic  antioxidant defense system –
Lec i th in  t rea tment  had  s ign i f ican t ly
increased  tes t i cu la r  ca ta lase ,  superox ide
d ismutase ,  g lu ta th ione  reduc tase  and
glu ta th ione  perox idase  and  decreased  of
g lu ta th ione  S- t ransfe rase  (Table  I I I ) .

Changes  in  t es t i cu lar  we igh t  –
Trea tment  wi th  l ec i th in  s ign i f ican t ly
pro tec ted  tes tes  fo rm e thanol  induced
weight  reduct ion.  Changes in the test icular
weights  were  wel l  corre la ted  wi th  changes
in body weights (Table I) .

TABLE I : Effect of exogenous lecithin on mean body
weight  (±SD) and mean weight  (±SD) of
the  t e s t i s  expressed  in  g rams  and  g rams
per body weight. Mean±SD. (n=6). *P<0.05
compared  wi th  con t ro l  g roup .  @P<0 .05
compared  wi th  e thano l  t r ea ted  g roup .
#P<0.05 compared wi th  abs t inated group.

Weight of testis
Parameters % increase

in body In grams In grams per
Experiment weight body weight

Group I 42 0.781± 0.073 0.512± 0.003
Group II 17 0.623± 0.063* 0.508± 0.004
Group III 22.9 0.765± 0.063@# 0.507± 0.003
Group IV 21.38 0.762± 0.069@# 0.506± 0.003
Group V 26 0.750± 0.068* 0.507± 0.003
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Steroidogenic enzyme act ivi t ies  –  There
were  no  s ign i f ican t  e f fec t  fo r  l ec i th in  on
steroidogenic enzymes activities (Table IV).

Although the controlled generation of highly
react ive  oxygen species  (ROS) serves  as  a
second messenger system in many different
ce l l  types ,  i t s  con t inuous  p roduc t ion  i s
det r imenta l  to  the  surrounding t i ssue  (29) .
It is reported that excessive ROS production
beyond critical levels overwhelm antioxidant
defense strategies of spermatozoa in seminal
plasma results  in increased oxidative stress
(30) .  E leva ted  l ip id  perox ida t ion  causes
sperm immobi l iza t ion ,  reduced  acrosomal
react ion and membrane f lu idi ty  (31) ,  DNA
damages (32) and high frequencies of single
and  double  DNA s t rand  breaks  (33)  in
sperms .  High  leve l s  o f  ROS d is rup t  the
inner  and  ou te r  mi tochondr ia l  membranes
resu l t ing  in  the  re lease  o f  cy tochrome-C
pro te in  tha t  ac t iva tes  caspase- induced
apoptos i s  (34) .  ROS are  regu la r ly  fo rmed
dur ing  the  p rocess  o f  normal  resp i ra t ion .
However ,  the  p roduc t ion  i s  kep t  a t
phys io logica l ly  low leve ls  by  in t race l lu la r
f ree  rad ica l  scavengers  (35) .  The  major
sources  of  ROS in  semen a re  f rom the
spermatozoa and infiltrating leucocytes (36).
Spermatozoa and seminal plasma have their
own an t i -ox ida t ive  mechanisms  to  p ro tec t
ROS- induced  ce l lu la r  damage .  GSH i s  a
major thiol in living organisms, which plays
a  cen t ra l  ro le  in  coord ina t ing  the  body’s
an t iox idan t  defense  processes .  Condi t ions
that perturb intracellular levels of glutathione
have  been  shown to  resu l t  in  s ign i f ican t
alteration in cellular metabolism. The tissue
g lu ta th ione  concen t ra t ion  re f lec t s  i t s
potential for (i) detoxification (ii) preserving
the  proper  ce l lu la r  redox  ba lance  and
( i i i )  i t s  ro le  as  a  ce l lu lar  pro tec tant  (37) .
GSH has  a  l ike ly  ro le  in  sperm nuc leus
decondensa t ion  and  sp ind le  micro tubule
format ion  (38) .  E thanol  induced  dep le t ion
of  glutathione supports  the  hypothesis  that
reac t ive  oxygen  in te rmedia tes  genera ted

D I S C U S S I O N

The s tudy  demons t ra tes  the  adverse
ef fec t  o f  e thanol  on  tes t i cu la r  androgenic
ac t iv i t i es  and  i t s  p ro tec t ion  by  lec i th in
adminis t ra t ion .  At tempts  were  a l so  made
to  s tudy  the  e thanol - induced  tes t i cu la r
ox ida t ive  s t ress  and  i t s  cor rec t ion  by
lec i th in .

The test is  has been shown to be highly
suscep t ib le  to  e thanol  as  i t  pe rco la tes
through blood test is  barr ier  and suppresses
spermatogenes i s .  The  reduc t ion  in  the
testicular weight of ethanol treated rats may
be due to reduced tubule size, spermatogenic
arrest  and inhibition of steroid biosynthesis
in the Leydig cells (28). As the body growth
was also altered in ethanol-treated rats,  the
effect  of ethanol on the test is  may also be
due  to  i t s  genera l  tox ic i ty  o ther  than  i t s
spec i f ic  tox ic  e f fec t  on  the  t a rge t  o rgan .

TABLE IV : Ef fec t  o f  exogenous  l ec i th in  on  t i s sue
ac t iv i t i e s  o f  ∆ 5,  3β-Hydroxy  S te ro id
Dehydrogenase  (∆ 5,  3β-HSD)  and  17β-
Hydroxy Steroid Dehydrogenase (17β-HSD)
Mean±SD.  (n=6) .  *P<0.05 compared wi th
con t ro l  g roup .  @P<0 .05  compared  wi th
e thano l  t r ea ted  g roup .  #P<0 .05  compared
wi th  abs t ina ted  group .

17β-HSD 1 3β-HSD 1

Group I 0.0166± 0.001 0.0198± 0.002
Group I I 0.0131± 0.001* 0.0155± 0.001*
Group I I I 0.0133± 0.001* 0.0158± 0.001*
Group IV 0.0131±0.001* 0.0157± 0.001*
Group V 0.0130± 0.001* 0.0156± 0.001*

1absobance/mg rotein/min
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dur ing  the  metabol i sm of  e thanol  l ead  to
glutathione oxidation and lipid peroxidation
and are responsible for the toxic effects of
e thanol  (39) .  Glu ta th ione  reduc tase  i s
concerned with the maintenance of  cel lular
level of GSH by effecting fast reduction of
oxidized glutathione (GSSG) to reduced form
(40) .  Glu ta th ione  perox idase  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 motility (41). It is suggested that the
metabolic pathway of testosterone biosynthesis
requires protection against  peroxidation and
will be affected by a decrease in the activity
of  th i s  enzyme (40) .  The  increased  t i s sue
glutathione S-transferase activity in ethanol
t rea ted  ra t s  might  be  an  adap t ive  defense
mechanism.  Glu ta th ione  S- t ranferase  p lays
an  essen t ia l  ro le  in  e l imina t ing  tox ic
compounds  by  conjuga t ion  (42) .  I t  i s
no tewor thy  tha t  in  the  p resen t  s tudy  the
ac t iv i t i es  o f  two impor tan t  s te r iodogenic
enzymes ,  i . e .  17β  HSD and  3β  HSD
were  measured  us ing  tes tos te rone  and
dihydro tes tos te rone  as  the  subs t ra tes
respec t ive ly ,  and  suppress ion  of  ac t iv i t i es
of both the enzymes occurred in ethanol treated
ra t s .  The  resu l t s  sugges t  the  inh ib i to ry
ro le  o f  e thanol  on  convers ion  of  bo th
dehydroepiandros te rone  to  andros tenedione
and  andros tened ione  to  t es tos te rone  (43) .
The decreased activities of 17β HSD and 3β
HSD are indicative of reduced steriodogenesis
and  the  nonava i lab i l i ty  o f  t es tos te rone
ul t imate ly  a f fec t s  spermatogenes i s .

Trea tment  wi th  l ec i th in  exh ib i ted  an
ab i l i ty  to  counte rac t  the  e thanol  induced
changes  in  the  t es tes  in  p reven t ive  and
therapeut ic  models  in  vary ing  degrees .  In
an  a t tempt  to  unders tand  the  mechanism

by which  lec i th in  p reven ts  t i s sue  damage
caused  by  e thanol ,  inves t iga t ion  on  t i s sue
leve ls  o f  TEARS and  an t iox idan ts  were
car r ied  ou t  in  bo th  p reven t ive  and
therapeut ic  groups.  Reduct ion in  the t issue
levels of TEARS in lecithin treated animals
suppor t s  i t s  an t iox idan t  ro le  (16) .  Ra ised
leve ls  o f  enzymat ic  and  non  enzymat ic
an t iox idan ts  in  the  d rug  t rea ted  an imals
el ic i t  protect ive  response against  the  toxic
mani fes ta t ions  o f  chemica l s ,  pa r t i cu la r ly
those involving oxidative stress. Explanations
against  the possible mechanisms underlying
the  pro tec t ive  p roper t i es  o f  d rugs  inc lude
the  prevent ion  of  GSH deple t ion  (44)
and  des t ruc t ion  of  f ree  rad ica l s  (45) .
Supplementa t ion  wi th  l ec i th in  showed a
minimal  e f fec t  on  revers ing  the  inhib i tory
ef fec t  o f  e thanol  on  s te ro idogenes i s .  The
an t iox idan t  e f fec t  o f  l ec i th in  aga ins t
ox ida t ive  s t ress  induced  by  e thanol  cou ld
have  cont r ibu ted  some e f fec t  on  these
enzymes.  These possibi l i ty  is  supported by
the fact that lecithin reversed the extent of
l ip id  perox ida t ion  and  res to red  the
tes t i cu la r  scavenger  enzymes  aga ins t  f ree
rad ica l s .  The  increase  in  ∆ 5,  3β-HSD and
17β-HSD act ivi t ies  in  drug-treated rat  may
be  the  resu l t  o f  low tes t i cu la r  con juga ted
dienes and MDA (46). Low level of testicular
f ree  rad ica l s  in  d rug- t rea ted  ra t s  was
fur ther  suppor ted  by  the  recovery  of
tes t i cu la r  scavenger  enzymes  aga ins t  f ree
radicals (47). Gain in the testicular weights
in  d rug- t rea ted  ra t s  a l so  suppor t s  the
low TBRAS and  increased  ac t iv i ty  o f
s teroidogenic enzymes (48) .

From the  resu l t s  i t  may  be  conc luded
tha t  l ec i th in  has  a  p ro tec t ive  e f fec t  on
ethanol - induced tes t icu lar  oxida t ive  s t ress .
The  t rea tment  showed only  minimal  e f fec t
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