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PHARMACOL BIf)CHEM BEHAV 19(4) 583-585, 1983.--This study is designed for better understanding the effect of 
chronic ethanol treatment on ovarian function in sexually mature rats by assessing the estrous cycle. Rats were fed the 
following diets for 17 weeks: a liquid diet containing 5~ ~,w/v~ ethanol, a liquid diet without ethanol (pair-fed) or laboratory 
chow and water ad lib. Estrous cycles were determined throughout the 17 weeks and the rats were necropsied at proestrus 
and metestrus. Ethanol-fed rats had significantly more irregular estrous cycles than did controls, and the duration of an 
estrous cycle in the cthanol-trcated rats was statistically longer than that of controls. However. ovarian and uterine weights 
and ovarian and vaginal morphology of ethanol-fed rats were similar Io those of controls. 

Estrous cycle ()varian flmction Ethanol 

T H E  da ta  c o n c e r n i n g  the effect  of  e thanol  on  ovar ian  mor- 
phology  and  func t ion  in the rat are confl ict ing.  Van  Thiel  et 
o[. [11] s tudied the toxic effect  of  e thanol  on ovar i an  mor-  
phology and funct ion  in immatu re  rats  that  c o n s u m e d  5% 
e thanol  in a liquid diet f rom 28 to 77 days  of  age;  they ob- 
se rved  a t rophy  of  the ovar ies  and the his tological  appear -  
ance  of  the uteri  and vag inae  r e sembled  that  seen  in ovar iec-  
tomized  rats. Howeve r ,  ou r  s tudies  [2] showed  that  in imma-  
ture  ra ts  g iven  5% e thanol  f rom 20 to 75 days  of  age, ovar ian  
func t ion  was suppres sed  as e v i d e n c e d  by a de lay  in vaginal  
pa t ency ,  an absence  of  e s t rous  cycles  and only a single gen- 
e ra t ion  of  co rpo ra  lutea.  "[here was no indica t ion  of  ova r i an  
a t rophy  in our  p rev ious  s tudies  [2,9]. 

Us ing  the  sexual ly  ma tu re  rat ,  G ava l e r  e t a / .  16} found 
that  admin i s t r a t ion  of  a liquid diet con ta in ing  5 ~  e thanol  for 
four  m o n t h s  resul ted  in ova r i an  a t r ophy  as mani fes ted  by 
loss of  ovar ian  mass ,  dec rea sed  p r oges t e r one  levels  and at- 
rophy  of  s t e ro id - r e spons ive  t issues.  On the  o the r  hand .  
H e n d e r s o n  and S c h e n k e r  [7] fi)und " 'no dec rea sed  inc idence  
of  concep t ion ' "  in ma tu re  ra ts  exposed  to a lcohol  for up to 21 
weeks  prior  it) mat ing;  while  thei r  repor t  was  not  c o n c e r n e d  
with ovar ian  morpho logy  or  funct ion  per  se, the  data  indi- 
ca ted  indirect ly  that  e thanol  t r e a t m e n t  did not resul t  in ovar-  
ian a t rophy since the rats were capable  of  ovulat ing,  conceiv-  
ing and del iver ing.  

Because  our  p rev ious  repor t s  [2,9] showed  that  e thanol  
resu l ted  in a delay in ovar ian  ma tu ra t ion  ra ther  than  in ovar-  
ian a t rophy  or  failure in immature  rats ,  and because  Hender -  
son and S c h e n k e r  [7J o b s e r v e d  that  rats  were  capab le  of  
mat ing  af ter  21 weeks  of  a lcohol  t r ea tmen t ,  the p resen t  s tudy 
was u n d e r t a k e n  to be t t e r  u n d e r s t a n d  the effect  of  chronic  
e thanol  t r e a t m e n t  on ovar i an  morphology  and func t ion  in 
sexual ly  ma tu re  rats by assess ing  the effect of  e thano l  on  the  
e s t rous  cycle.  

METHOD 

Young  adult  female  H o h z m a n  rats  weighing 150-165 
grams  were housed  in a room main ta ined  at 20-22°C and  
exposed  to 14 hou r s  of  artificial light pe r  day (lights on at 
0600 hours ,  EST).  Each  animal  was housed  individual ly  in a 
hanging  wi r e -meshed  cage measur ing  1 8 x g x 9  inches.  Male 
rats ,  nor  any  o the r  an imals ,  were  p resen t  in the same 
facili t ies dur ing  the  dura t ion  of  the expe r imen t .  At 60 days  of  
age, the rats were  placed into th ree  g roups  of  18 rats  each  
accord ing  to diet: The  an imals  in G r o u p  I rece ived  a liquid 
diet  (Bio-Serv . ,  inc . ,  F r e n c h t o w n ,  N J) con ta in ing  5% 
e thanol  (w/v;  36% of  the daily caloric  in take) ;  the rats  in 
G r o u p  It were we igh t -ma tched  and  pair-fed i sovolumetr i -  
cally and isocalor ical ly  (mal tose -dex t r in  was subs t i tu ted  for 
e thano l ) :  and the rats  in G r o u p  l l I  rece ived  l abora to ry  chow 
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rHl.~ E F F E C T  O F  E ] H A N O I .  ON BOI)Y.  O V A R I A N  A N D  
U T I - R I N t *  WI ,~ IGHIS  t ~ S E M )  

G r o u p  

Paired Paired Uterine 
Bod~, ()'.mi,m Weight I rag,':; ) 

Weighl Weight 
Treatment (grams,) ( rag":; ) Proextru,, Mcte!,trur, 

1 5%: ethanol 286 • 6 33.7 - 3.1 217 " 14; 169 .. 13:i 
I1 Pair-fed 288., 9 26.8 - 2.6 218 • 16; 166 '_ 10:i 

III Ad lib 2b;I ~_ 5 28.0 . 2.1 228 " 19: 148 ' 5:i 

*For tncrine ,,:duc~,. n -9 :  fo r  body and o',arian wcight~,, n 18. 
Significant differences: i vs. :i:. p. 1}.01, ANOVA and Duncan,, multiple r,mgc 

l - teM.  

(Purina) and tap water  ad lib. The rats were fed daily at 
090~L-1000 hours, except  on the morning of  autopsy.  

Estrous cycles  were determined throughout  the entire 17 
weeks  o f  t reatment ;  daily vaginal lavages were read blindly 
by the same invest igator  to ascertain the stage of  the cycle.  
The rats were killed by decapitat ion at 090(~-11(X) hours on 
the days o f  procstrus  (n=9/group)  and metcstrus  
(n=9/group)  and the trunk blood was col lected for serum 
ethanol determinat ion.  The ovaries  were dissected from the 
oviducts  and surrounding adipose tissue, and the uterine 
horns were cut at the junction with the cervix and separated 
from the adjacent  mesentery .  The paired ovaries  and paired 
uterine horns were each weighed to the nearest  0.1 mg. A 
portion o f  the vagina and the ovaries  were fixed in cold picric 
acid-alcohol-formalin for 24 hours and processed for routine 
paraffin sectioning. Four  of  the nine rats killed at proestrus 
and four of  the nine rats taken at metestrus  were  selected 
randomly from each of  the three groups;  at least 50 sections 
of  ovary  and 15 sections of  vagina from each of  these rats 
were  stained with hematoxyl in  and eosin and microscop-  
ically examined.  Serum ethanol levels were  determined 
spec t rophotometr ica l ly  using the procedure  of  Bonnichscn 
and Theorcl l  [31. The data were analyzed statistically by 
A N O V A ,  Duncan ' s  multiple range t-test and the corrected 
chi square test. 

RESULTS 

The average duration (_+SEM) of  an estrous cycle for the 
ethanol-fed rats was 5.8_+0.2 days,  which was significantly 
longer  than that of  the pair-fed controls  (5.1_-0.2, p<0.05)  
and that of  the ad lib rats (4.6_+0.2, p<0.01) .  A " ' regular"  
es t rous cycle  for the Hol tzman rats in our  laboratories  is one 
which is four to six days in duration: an " ' i r regular"  cycle is 
shorter  than four or longer than six days. By this cri terion,  
99% of  the estrous cycles  exhibited by the ad lib-fed rats and 
95% of the cycles of  the pair-fed animals were regular. These  
percentages  were  statistically similar to each other,  and both 
were  significantly greater  (p<0.05) than that of  the ethanol- 
treated rats (88%). Regardless  of  dict, all of  the irregular 
cycles  were greater  than six days and were character ized by 
a prolonged diestrous phase. Diestrus was prolonged by one 
to five days;  none of  the cycles  were as long as that of  pseu- 
dopregnancy (12 days) as observed  for the Hol tzman rat in 
our  laboratory.  The percentage of  regular estrous cycles  did 
not change during the 17 weeks  of  t reatment .  

The amount  of  ethanol  consumed by the alcohol-fed rats 
ranged from 13 to 20 grams of  alcohol per kilogram of  body 

weight pe t  day. The ethanol-fed rats displayed signs of  in- 
toxication and physical dependence  on alcohol during the 
course  of  the exper iment :  lacked ability to groom them- 
selves,  strob-tail sign, and hyperact ivi ty and hypersensi t ivi ty 
to touch. Trunk blood was col lected at autopsy 10900-1100 
hours) for serum ethanol determinat ion:  the rats were ted 24 
hours prior to autopsy.  The average serum alcohol level for 
the rats on the ethanol diet was 149_~ 31 mgC); (_+SEM). 

For  each group of  rats autopsied at proestrus,  the body 
weights were statistically similar (p >0.05) to those autopsicd 
at metest rus ,  as were the ovarian weights (Table I ), so these 
values were pooled.  For  each group,  the average uterine 
weight of  rats killed at proestrus was significantly greater  
(p<0.01) than that of  rats taken at metestrus (Table I). When 
compar ing the body weights or  the weights of  the ovaries  or  
uteri of  the ethanol-fed rats to those of  ei ther the pair-fed or  
ad lib controls ,  no differences wcrc observed  (#~0.05).  

Microscopic  examinat ion of  the ovaries  of  rats killed at 
proestrus,  regardless of  t reatment ,  showed several large 
antral follicles and numerous  small follicles at varying stages 
of  deve lopment  as well as several generat ions of  corpora  
lutca. The ovaries  of  rats killed at metestrus ,  i r respect ive of  
previous t reatment ,  contained new corpora  ]utea, c o r p o r a  

lutea of  prcvious cycles  and numerous developing follicles. 
The vaginae of  ethanol-fed rats were histologically similar to 
those of  pair-fed or ad lib control animals.  At proestrus the 
epi thel ium was stratified cuboidal ,  with the cornificd cells 
lying deep to the surface cells. The epithelium was stratified 
squamous  at metes t rus  and numerous  white blood cells were 
present in the lumen of  the vagina. 

DISCUSSION 

The data from our study show that rats placed on a 5~ 
ethanol diet for 17 weeks  starting at 60 days of  age had signif- 
icantly more irregular eMrous cycles  than the controls ,  and 
the length of  the cycles was significantly greater  than that of  
the controls .  In both mice [4] and rats [5], ethanol has been 
reported to alter the est rous cycle.  Irregularities of  the 
menstrual  cycle are often sccn in alcoholic women  18.10l. 

Although irregularities in the cstrous cycles  were ob- 
served in ethanol- t reated rats in the present report ,  the 
weights of  the ovaries  and uteri and the histology of  the 
ovaries  and vaginac w, ere the same as those in the ad lib and 
pair-fed controls.  Therefore ,  based on organ weight and 
morphology,  which arc ovarian depcndent  1121. our study 
shows that ethanol did not significantly alter ovarian func- 
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l ion.  It is difficult  to expla in  why our  da ta  differ  f rom those  
of  G a v a l e r  c t a / .  [6] who  repor ted  that  s imilar  t r e a tmen t  re- 
sui ted in ova r i an  a t rophy .  T h e r e  are severa l  s imilar i t ies  in 
pro tocol  b e t w e e n  our  s tudy  and that  of  G a v a l e r  c t a / .  [6l: the  
age of  the rats  at the s tar t  of  t r e a t m e n t  (60 days) ,  the dura t ion  
of  t r e a tmen t  (4 mon ths ) ,  the diet (Bio-Serv . .  Inc.) ,  the con-  
cen t r a t ion  of  e thanol  (59~, w/v) and severa l  of  the  p a r a m e t e r s  
ana lyzed  (ovar ian  weight ,  ovar ian  morpho logy ,  and uter ine  
weight) .  

The  only appa ren t  d i f fe rences  be t w een  the two repor t s  is 
the s train of  rats- we used Ho l t zman  rats  while G a v a l e r  c t a / .  
[6] used rats  of  the  Wis ta r  strain,  in the i r  s tudy,  the rats  
weighed only  160 and 166 grams  (a lcohol  and  pair-fed,  re- 
spec t ive ly)  at the t ime of  au topsy  (six m o n t h s  of  age) desp i te  
the fact that  the rats  " 'gained weight  s t e ad i l y "  th roughou t  the 
expe r imen t .  Our  Ho l t zman  rats  ,~.eighed 15(I-165 grams  at 
the  start  of  the e x p e r i m e n t  ( two m o n t h s  of  age) and 2 8 6 , 6  

and 288_+9 grams  at au topsy  (a lcohol  and pair-fed,  Table  I). 
It is not c lear  if the var iabi l i ty  in body  weights  of  the rats  
could accoun t  for the d i f fe rence  in resul t s  ob ta ined  by the 
two labora tor ies .  

Al though  with the  morphologica l  p a r a m e t e r s  used in our  
s tudy ovar ian  funct ion  appea red  normal ,  it is in teres t ing  to 
specu la te  that  e thanol  may have  an effect on  l\~llicular devel-  
o p m e n t ,  resul t ing in a suppres s ion  of  the n u m b e r  of  ova  
which  ovula te .  Data  from a prev ious  s tudy in our  l abora to ry  
[I] suggest  that  thin may occur .  Fol lowing t r ea tmen t  with 
p regnan t  mares  se rum gonado t rop in  (PMSG) ,  the n u m b e r  of 
rats  that  s u p e r o v u l a t e d  in the e thanol - fed  g roup  was statisti-  
cally s imilar  to thal  of  the pair-fed con t ro l s ,  but  the n u m b e r  
of  ova  shed was s ignif icant ly  lower  in the e thano l - t r ea ted  
rats  than in the con t ro l s  [1]. Howeve r .  w h e t h e r  foll icular 
d e v e l o p m e n t  is s u p p r e s s e d  by e thanol  still r emains  to be 
de t e rmined .  
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