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TESTAR, X , D LOPEZ, M LLOBERA AND E HERRERA Ethanol admmt*trat.m m the drml, tngflutd to pregnant 
pat~ a~ a model Jol the Jetal ah ohol ~xndlorne PHARMACOL BIOCHEM BEHAV 24(3) 625-630, 1986--Addition of 
ethanol (ET) to the drinking fluid of pregnant rats has been questioned as an experimental model for the fetal alcohol 
syndrome (FAS) This model, however, closely simulates human alcohol intake, and m this study we used a modified 
version of previous protocols to overcome their major defects A group of female rats was given 10% ET in dnnklng fluid 
for one week, 15% for the second week, 20% for the third, and 25% for the fourth, at the end of which they were mated with 
non-treated males and given 25% ET throughout gestation Three groups of non-ET treated sex and age-matched rats were 
studied m parallel (I) normal controls receiving solid diet ad hb, (2) paired fed rats, and (3) rats fed ad lib the sohd diet 
mixed with 50% fiber In the ET group, food intake decreased as ET consumption augmented, the ET calories comprising 
over 30% of the total energy mtake during pregnancy Total energy retake was simdar for ET group and normal controls, 
and was higher than m pa~red fed animals or those on 51Y7~ fiber diet Body weight gain in ET rats was slmdar to those on 
50% fiber diet, lower than in normal controls and higher than in paired fed animals At the 21st day of gestation, rats on ET 
had plasma ethanol levels of 147_ + 18 mg/dl and higher plasma osmolahty than m the other groups studied In ET rats. fetal 
body weight was lower than m either normal controls or rats on 5(Y~ fiber diet, and fetal body length was shorter than m any 
other group These findings demonstrate that our protocol provides a suitable ammal model for the study of FAS. and 
md~cate that rats on 50% fiber diet are better control subjects than paired fed rats 

Ethanol Fetal alcohol syndrome Rats Pregnancy Calorie intake Animal models of FAS 

T H E  nega t ive  effects  on  offspr ing d e v e l o p m e n t  o f  ma te rna l  
a lcohol  ingest ion d u n n g  p regnancy  are well k n o w n ,  ranging  
f rom behav io ra l  a b n o r m a h t l e s  to physical  ma l fo rma t ions  and 
dea th ,  bo th  m expe r imen t a l  an imals  [2, 23, 24] and  in h u m a n s  
[5. 12, 28] T h e r e  is as yet  little re format ion  at to why  these  
d i s tu rb ing  effects  o c c u r  The  i m p o r t a n c e  o f  us ing animal  
mode l s  of  the  h u m a n  fetal  a lcohol  s y n d r o m e  (FAS)  Is obvi-  
ous  s ince they permi t  con t ro l  of  the n u m e r o u s  var iab les  in- 
h e r e n t  m h u m a n  r e sea rch  The re  is a l ready a p l e tho ra  of  
mode ls ,  mamly  in roden ts ,  but  mos t  of  them do not  fulfill the 
cond i t ions  required for  p r o p e r  ex t rapo la t ion  to the 
pa thogenes l s  of  a lcohol  tn p r egnan t  w o m e n  [I,24] Cr i te r ia  
for an  opt imal  p rocedure  for  exposu re  o f  p r egnan t  ra ts  to 
a lcohol  should  include its admin i s t r a t i on  m a physiological  
and  nons t re s s fu l  manne r ,  a c h i e v e m e n t  of  s table  m t o x l c a t m g  
blood a lcohol  levels  while p rov id ing  adequa te  nut r i t ion ,  and  
a parallel  s tudy of  sui table  con t ro l  an imals  The  i m p o r t a n c e  
of  p r o p e r  con t ro l s  is cri t ical  s ince e n v i r o n m e n t a l  fac to rs  can  
In terac t  dif ferent ly  wt th  the a lcohol  and nona l coho l  g roups  
Al though  each  gram of  e thano l  p roduces  7 1 calor ies ,  a lcohol  
in take  p r o d u c e s  ma lnu t r i t ion  In th ree  d i f fe rent  m a n n e r s  
p r imary ,  due to dec rea sed  in take  m the a l c o h o h c ,  s e c o n d a r y ,  

by lmpa t rmg  food diges t ion and  abso rp t ion ,  and  ter t iary ,  by 
a l ter ing nu t r i en t  ac t iva t ion  [15] This  ma lnu t r i t ion  is 
s u p e r i m p o s e d  on the in t rmslc  toxic i ty  of  e thano l ,  and  should  
be taken  into accoun t  w h e n  se lec t ing cont ro l  g roups  m orde r  
to d i f ferent ia te  these  two fac tors  Mos t  s tudies  wi th  rat  
mode l s  for  FAS  use hquld  diet  c o n t a l n m g  e thano l  [2, 11, 14, 
16] but  p rope r  con t ro l s  are not  a lways  used Con t ro l s  g iven  
hquld  diet  ad hb  b e c o m e  hyperca lo r t c  c o m p a r e d  wi th  the 
a lcohol  t r ea ted  an imals  [32], whe rea s  those  pai red  fed are 
e i the r  h y p o c a l o n c ,  because  they  d o n ' t  c o m p e n s a t e  for the 
ca lor ies  p rov ided  by the  e thano l ,  or  l socalor tc  due  to the  
addi t ion  of  a lcohol  subs t i tu tes  [2, 1 I, 14] which ,  as m the 
case  of  sucrose ,  are not  all me t abohca l l y  m o c u o u s  [6, 29, 
33] In o the r  s tudies  wi th  rat  mode ls  for FAS,  e thano l  was  
added  to the d rmklng  fluid A l though  this p r o c e d u r e  has  
been  emp loyed  in var ious  s tudies ,  including ours  [9, 18, 19, 
20, 22], its use  has been  more  hml ted  than  the hqutd  diet  and  
it has  been  cons ide red  unsa t t s f ac to ry  by some inves t iga to rs  
[1] w h o  main ta in  tha t  an imals  do  not  c o n s u m e  e n o u g h  alco- 
hol to p roduce  b lood  a lcohol  levels  high enough  to cons t i t u t e  
an  an imal  model  for  the s tudy of  behav io ra l  te ra to logtca l  
e f fec ts  In spite of  this  cr i t ic ism,  the p r o c e d u r e  d e s e r v e s  

tRequests for reprints should be addressed to Dr E Herrera, Departamento de Investlgaclon, Centro Ramon y Cajal, Crtra Colmenar Km 
9. 28034-Madrid, Spain 
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T A B L E  1 

DAILY INTAKE OF FOOD, LIQUID AND E T H A N O L  IN RATS C H R O N I C A L L Y  TREATED WITH E T H A N O L  IN THE DRINKING FLUID PAIRED 
FED, OR F E D  AD LIB A 50% FIBER-MIXED OR R E G U L A R  DIET (CONTROLS) 

Alcohol Group Pmr Fed 5(F?~ Fiber Diet Control 

Food Dnnkmg Ethanol Food Dnnklng Food Drinking Food Drinking 
intake volume taken Intake volume intake volume retake volume 

g/100 g ml/100 g g./100 g g/100 g ml/100 g g/100 g ml/100 g g/100 g ml/100 g 
b w t / d a y  b w t / d a y  b w t / d a y  b w t / d a y  b w t / d a y  b w t / d a y  b w t / d a y  b w t / d a y  b w t / d a y  

Pre-pregnancy 
Weeks 

1 8 34_+0 14 C 8 85_+0 24 C 0 71_+0 02 8 34 18 9-+0 87' 
2 704___009 t 681_+018 ~ 082-+002 704  175_+075 a 
3 601_+010 ~ 591_+016 ~ 0 9 4 + 0 0 2  601 139_+051 ~ 
4 5 33-+0 06 ~ 4 83-+0 09 t 0 97-+0 02 5 33 12 2-+0 08 t A 

Pregnancy 
1 5 64-+0 10 ~ 5 20-+0 15 ~ 1 04_+0 03 5 64 12 5_+0 50 a 
2 5 05-+0 IP 6 5 2 + 0 7 4  ~ 130-+014 505 122_+044 t~ 
3 4 53_+0 15 ~ 5 97-+0 16 ~ 1 19-+0 03 4 53 12 1-+0 5C x 

12 9_+0 43 ~ ~ 19 9_+0 4T x 
14 9-+0 32 ~ ~ 21 4_+0 91 ~ x 
13 7_+0 27 ~ a 18 2_+0 43 ~ ~ 
12 9-+0 12 ~ ~ 17 2-+031' x 

11 3_+024 Cx 174-+040, x 
114_+032 ~ 179_+053 ~ 
11 4_+0 32 ~x 17 4_+0 66 x 

10 1 _+0 12 17 0+_0 46 
9 27-+0 09 16 2_+0 45 
8 46_+0 11 15 9_+0 57 
7 89-+0 07 15 4_+0 53 

8 47_+0 24 14 3_+0 86 
7 68_+0 17 17 1_+0 54 
7 53_+0 20 17 5_+0 60 

Values are means_+ standard error 
Number of animals = 18-24/group 
P versus Controls ' = p < 0  01, c = p < 0  001 
P versus Alcohol group ~=p<0 001 
ANOVA 2 ways and pa l t l a l  contrasts (t-test) by Biomedical Computer Programs, Statistical software, University of Cahforma, 1983 

(BMDP) 
F values Food retake for weeks factor=60 55, and for group factor=2517 49 
F values Dnnkmg volume for weeks factor=42 21, and for group factor= 1008 77 

a t t en t i on  b e c a u s e  in a d d m o n  to be ing  s imple ,  it is nons t r e s s -  
ful, c losely  s imula tes  the  way a lcohol  is c o n s u m e d  by h u m a n  
beings,  and  w h e n  used t h r o u g h o u t  p r e g n a n c y  in rats ,  it 
c auses  fetal  g rowth  r e t a rda t ion  [17, 18, 22] and bra in  abnor -  
mah t l e s  [19, 20, 22] In the  p r e s en t  s tudy,  inc reas ing  
a m o u n t s  of  e thanol  were  i n t roduced  into the  d r ink ing  wa te r  
d u r m g  the  p r ema t lng  per iod  and  a 25% e thano l  level was  
mamtaaned  d u n n g  ges ta t ion  in ra ts  These  sub jec t s  were  
c o m p a r e d  wi th  th ree  d i f fe rent  types  of  con t ro l  ra ts  to de- 
t e rmine  the i r  calor ic  in take  and adequacy  as a model  for  
FAS  

METHOD 

Adul t  female  Wls t a r  ra t s  f rom our  o w n  co lony  were  main-  
t amed  u n d e r  au tomat i ca l ly  con t ro l l ed  t e m p e r a t u r e  (25_  + l°C) 
and  12 hr  hgh t -da rk  cyc les  (9 00 to 12 00 hr) G r o u p s  of  three  
an imals  were  kep t  in p las t ic  wi re - topped  cages ,  and  given ad 
lib a P u r i n a  c h o w  rat  d ie t  for ra t  ( U A R - P a n l a b ,  Ba rce lona ,  
Spain)  C o p r o p h a g l a  was  avo ided  by  placing wire  nets  ove r  
the  cage f loor  Dally calor ic  in take  was e s t ima ted  by the 
specif ied calorif ic  va lue  of  the  c o m m e r c i a l  pu r ina  c h o w  used  
(3,200 cal/kg) and  the  a m o u n t  of  food c o n s u m e d  by the 
an imals ,  wh ich  was  d e t e r m i n e d  by dally weighing  of  offered 
and r ema in ing  food The  a m o u n t  of  daily fluid in take  was 
also d e t e r m i n e d  by  v o l u m e  d i f fe rence  b e t w e e n  the  offered 
and  r e m a l m n g  hquld ,  and  e thano l  ca lor ies  were  e s t ima ted  as 
7 1 cal/g 

An ima l s  were  d iv ided  into four  g roups  (1) A l coho l  
t rea ted  rat~ given  10% e thano l  (w/v) in dr ink ing  fluid for  one  
week ,  15% e thano l  d u n n g  the second ,  20% e thano l  d u n n g  
the  third ,  and  25% e thano l  d u n n g  the four th  week  At  the end 

of  the  four th  w e e k  one  non - t r ea t ed  male  was put  into each  
cage dur ing  the  12 hou r  dark  per iods  until  spe rma tozo lds  
appea red  in vaginal  smea r s  of  the  females  (day 0 of  gesta-  
t ion) Rats  tha t  had  not  mated  af te r  5 days  were  r emoved  
f rom the e x p e r i m e n t  P regnan t  ra ts  were m a m t a l n e d  on  25% 
e thanol  in the dr ink ing  fluid until  sacrifice (2) Control  rats 
rece iv ing  no t r e a t m e n t  and  handled  m the same way as the 
a lcohol  t rea ted  ones  (3) Pai red  fled rats  given the same 
a m o u n t  of  diet  pe r  day and  pe r  100 g body  weight  as con- 
s u m e d  by the a lcohol  t r ea ted  an imals  dur ing  the p rev ious  
day To avoid immedia te  c o n s u m p t i o n  of  the diet ,  it was 
g iven  in te rmi t t en t ly  dur ing  the dark  per iods  by means  of  a 
mechan ica l  a u t o m a t e d  dev ice  O t h e r  hand l ing  cond , t lons  
were  as for  the a lcohol  t rea ted  group  (4) Rats  on 50%fibe~ 
diet,  rece iv ing  ad lib a diet  di luted to 5(V/~ with f iber  (cel- 
lulose),  p r epa red  and  pel le ted  by the same c o m p a n y  (Panlab,  
Ba rce lona ,  Spain)  

All an ima l s  were  killed by decap i ta t ion  on  the 21st day of  
ges ta t ion  Blood was  co l lec ted  f rom the neck  w o u n d  into 
h e p a n n l z e d  r ecep tac l e s  for  immedia te  p la sma  separa t ion  
P la sma  ahquo t s  of  0 5 ml were used  for head  space  gas- 
c h r o m a t o g r a p h  e thano l  de t e rmina t i on  as previous ly  de- 
sc r ibed  [7], us ing a Pe rk ln -E lmer  Gas  C h r o m a t o g r a p h ,  
model  Sigma 3B, equ ipped  with a f lame ioniza t ion  de tec to r ,  
a head - space  in jec t ion  dev ice ,  and a S igma 15 in tegra tor  and 
r eco rde r  O s m o l a h t y  was  m e a s u r e d  with an A d v a n c  Ins t ru-  
m e n t s  o s m o m e t e r  ( N e e d h a m  H i s ,  MA) Fe tu se s  were  re- 
m o v e d  for  m o r p h o m e t r i c  m e a s u r e m e n t s  An analys is  of  the 
va r i ance  ( A N O V A )  for  two fac tors  [27] was  used to compare  
the  va lues  of  e a c h  p a r a m e t e r  b e t w e e n  weeks  of  t r ea tmen t  
and  the expe r imen ta l  g roups ,  whe reas  A N O V A  for one  fac- 
to r  and  the adap ted  t tes t  of  the  Biomedica l  Stat is t ical  
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T A B L E  2 

DAILY ENERGY INTAKE IN RATS CHRONICALLY TREATED WITH ETHANOL IN THE DRINKING FLUID, PAIRED FED, 
OR FED AD LIB A 50% FIBER-MIXED OR REGULAR DIET (CONTROLS) 

Alcohol Group 

Ethanol 
derived cal 

(mean % Food 
Total of total) derived cal 

kcal/100 g body weight/day 

Pair Fed 50% Ftber Diet Control 

Pre-pregnancy (weeks) 
1 3 0 5 - + 1 1 2  4 9 2 - + 0 0 7  2 4 2 - + 0 4  

(16 1%) 
2 26 1 ± 036 565-+  0 15 200-+ 047 

(21 7%) 
3 2 4 9 _  054  654  ± 0  17 174 ± 029  

(26 3%) 
4 2 2 6 - + 0 5 2  6 0 4 ± 0 6 2  154___017 

(26 7%) 

Pregnancy 
1 2 3 6 ± 0 4 2  7 1 9 ± 0 2 1  1 6 9 - - - 0 5 5  

(3O 5%) 
2 2 4 1 ± 0 4 1  8 0 2 _ + 0 2 3  1 6 2 ± 0 3 5  

(33 3%) 
3 228 ± 045 826-+  022 145 ± 047 

(36 3%) 

242 179_+ 059 c ~ 2 9 6 ±  0 17 

200  2 0 8 + 0 4 4  c~ 2 6 9 _ + 0 2 8  

174 1 9 0 + _ 0 3 8  C~ 2 4 8 - + 0 0 9  

154 1 7 9 _ + 0 0 5  <A 2 2 9 + _ 0 2 0  

169 1 7 4 + 0 8 9  t~ 2 4 6 ± 0 7 1  

162 184-+ 050 t ~ 2 4 6 ±  054 

145 1 8 3 ± 0 5 0  ~ 2 4 1 - + 0 6 4  

Values are means ± standard errors 
Number of ammals = 18-24/group 
P versus Controls < = p < 0  001 
P versus Alcohol group X=p<0 001 
ANOVA 2 ways and partml contrasts (t-test) by BMDP program 
F values Total calories for week factor 36 35 
F values Total calones for group factor 110 94 

Sof tware  p rogram f rom Cal i fornia  Un ive r s i ty  (1983 vers ion)  
was  used  to make  part ial  s ta t ts t lcal  c o m p a r i s o n s  a m o n g  the 
groups  Values  are e x p r e s s e d  as m e a n s - + S E M  

RESULTS 

Ave rage  daily in take  of  food,  l iquid, and  e thano l  in ra ts  
rece iv ing  a lcohol ,  paired fed or  fed ad lib a 50% f iber -mixed  
diet  or  regular  diet  (controls) ,  are e x p r e s s e d  per  100 g body  
weight  and s h o w n  in Table  1 Dur ing  the p reges t a t l on  per iod ,  
inc reased  a m o u n t s  of  e thano l  in the  dr inking  fluid were  ac- 
c o m p a n i e d  by  d e c r e a s e s  in bo th  dally food and dr ink ing  fluid 
in take  in the  a lcohol  g roup  (Table  l), and  these  va lues  were  
s lgmficant ly  lower  than  those  in cont ro l  rats ,  the d i f fe rence  
b e t w e e n  these  two groups  also be ing  m a i n t a i n e d  dur ing  
p r egnancy  Pai red  fed a m m a l s  c o n s u m e d  more  liquid than  
the a lcohol  t rea ted  ra ts  and  less than  no rma l  con t ro l s ,  
whe rea s  an imals  on  50% f iber  diet  d r ank  s imilar  a m o u n t s  of  
liquid and  ate m u c h  more  food than  con t ro l s  (Table  1) 

As  s h o w n  in Table  2, total  energy  in take  in the a lcohol  
g roup  dnd not  differ  f rom tha t  of  cont ro l s ,  e i t he r  before  or  
dur ing  ges ta t ion ,  and this  ba lance  was p r o d u c e d  by the pro- 
g ress ive  i n c r e m e n t  in a lcohol  de r ived  ca lor ies  and  the corre-  
lated dec rea se  m ca lor ies  de r ived  f rom food (Table  2) Dur-  
ing p r e g n a n c y ,  e thano l  p rov ided  more  than  30% of the total  

ca lor ies  inges ted  by those  ra ts  (Table  2) Ene rgy  in take  in 
rats  on  50% f iber  diet  was  s ignif icant ly  lower  t han  in con t ro l  
and  a lcohol  groups ,  but  It was  s imilar  to the  calor ic  in take  
f rom food in the a lcohol  t r ea ted  an imals  (Table  2) 

As  s h o w n  in Tab le  3, ma te rna l  body  weigh t  was  signifi- 
can t ly  r educed  in the a lcohol  g roup  as c o m p a r e d  wi th  con-  
t rols  f rom the 14th day o f  t r e a t m e n t ,  and this  d i f fe rence  was  
ma in ta ined  dur ing  bo th  the  p r e p r e g n a n c y  and  the p r egnancy  
per iods  Body  weight  in parred fed rats  was  s ignif icant ly 
lower  than  in e i the r  cont ro l  or  a lcohol  t r ea ted  rats  f rom the 
7th day of  t r ea tmen t ,  whe rea s  in ra ts  on  50% f iber  diet ,  body  
weight  was  very  similar  to  tha t  of  the a lcohol  g roup  un td  the 
last  week  of  p r egnancy ,  at  wh ich  t ime the i r  we igh t  was  sig- 
nif icant ly  h igher  than  in the a lcohol  group,  while  it was  sig- 
ni f icant ly  lower  than  in con t ro l s  f rom the 7th expe r imen ta l  
day  (p r ep regnancy )  (Table  3) 

Fol lowing  sacnf i ce  on  the 21st day  of  p r e g n a n c y ,  the  per- 
cen tage  of  o b s e r v e d  successfu l  ges ta t ions  c o m p a r e d  to posi- 
t ive a p p e a r a n c e  of  e s p e r m a t o z o i d s  In vaginal  smea r s  w h e n  
mat ing  (viable  ges ta t ions )  was  88 0% in ET t r ea t ed  m o t h e r s ,  
43 9% for pai red  fed rats ,  86 4% for those  on  50% f iber  diet ,  
and 95% for con t ro l s  At  the  21 st day of  ges ta t ion ,  ma te rna l  
p l a sma  a lcohol  c o n c e n t r a t i o n  was  147 -  + 18 mg/dl and  p l a sma  
o s m o l a h t y  was  321-+6 m o s m o l s / h t e r  in the ET g roup  P lasma  
o s m o l a h t y  in the o the r  g roups  was s lmdar  (304-+20 minos-  
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T A B L E  3 

BODY WEIGHT IN RATS CHRONICALLY TREATED WITH ETHANOL 
IN THE DRINKING FLUID, PAIRED FED, OR FED AD LIB A 50% 

FIBER-MIXED OR REGULAR DIET (CONTROLS) 

Alcohol ~ ' ~  Fiber 
Group Pair Fed Diet Control 

Pre-pregnancy (day)* 
0 155 
7 177 

14 193 
21 203 
28 212 

Pregnancy (day) 
0 222 
7 236 

14 256 
21 270 

+ 1 158+ 1 
_+2 1 6 3 ± 2  'x 
± 2' 170 ± 3' 
+ 3 ~ 174 _+ 3 ~ 
+ 2 ~ 180 + 5 ~ 

153 -+ 2 153 -+ 1 
168 ± I ~' 178 + 2 
190 + 2' 201 _+ 2 
205 ± 2' 218 ± 2 
213 + 3' 232 _+ 3 

± 3' 200 ± 6 q~ 216_+ Y 241 _+ 5 
+_ 7 ' 210 +_ 8 ' '  234 -+ 5' 276 ± 9 
-+ 6 ~ 218 -+ 7' x 256 _+ 4' 298 _+ 6 
± 6 ~ 254 _+ 8' 310 _+ 7' ~ 354 ± 7 

*Day of pre-pregnancy corresponds to that from the onset of the 
experiment 

Values are means -+ standard errors 
Number  of animals = 18-24/group 
P versus Controls ' = p < 0  01, ' = p < 0  001 
P versus Alcohol group ~=p<0 01, ~=p<0 001 
ANOVA 2 ways and partial contrasts (t-test) by BMDP program 
F value Body weight for weeks factor=639 85 
F value Body weight for group factor=263 07 

T A B L E  4 

LITTER SIZE AND FETAL BODY WEIGHT AND LENGTH IN RATS CHRONICALLY TREATED WITH 
ETHANOL IN THE DRINKING FLUID, PAIRED FED, OR FED AD LIB A 50% FIBER-MIXED OR 

REGULAR DIET (CONTROLS) 

F 
Alcohol group Pair Fed 50% Fnber diet Control value 

L n t t e r s l z e ( n o )  929  ± 048 ~ 9 0 0 _ + 0 5 5  ~ 882 ± 049' 11 63 ± 057 988 
Fe ta lbody  415 ± 0 1 1  ~ 4 4 6 ± 0 1 3  ~ 4 6 0 ± 0 2 6  ~' 5 1 3 _ + 0 1 2  1217 

weight (g) 
Fetal body 4 63 ± 0 04' 4 73 ± 0 05 4 86 _+ 0 09" 4 88 _+ 0 08 5 33 

length (cml 

Values are means -+ standard errors 
Number  of rat mothers = 8-12/group 
P versus Controls ' = p < 0  01, ' = p < 0  001 
P versus Alcohol " = p < 0  01 
ANOVA 1 way and parUal contrasts (t-test) by BMDP program 

m o l s / h t e r  m the pa i r ed  fed an ima l s ,  304+_3 in t h o s e  on  5(~c 
f iber  diet  and  297-+3 in the  c o n t r o l s ) ,  and  l o w e r  than  in the 
a lcohol  t rea ted  m o t h e r s  ( p < 0  05 in the  ca se  o f  c o n t r o l s  and  
t h o s e  o n  50% f iber  diet ,  and no t  s igni f icant  in t h o s e  panred 
fed,  w h e n  c o m p a r e d  to the a l coho l  g r o u p )  

Tab l e  4 s u m m a r i z e s  l i t ter  s ize and  fetal  b o d y  w e i g h t  and 
l eng th  in the  d i f fe ren t  g r o u p s  at day  21 o f  g e s t a t i o n  L i t t e r  
size a p p e a r e d  s igni f icant ly  r e d u c e d  in a l coho l ,  pai r - fed and  
50% f iber  diet  g r o u p s  as  c o m p a r e d  wi th  c o n t r o l s ,  w i th  no 
d i f fe rence  a m o n g  the f i rs t  t h r ee  g r o u p s  (Tab le  4) Feta l  b o d y  
w e i g h t  w a s  r e d u c e d  in b o t h  a l coho l  and  pa i red  fed g r o u p s  bu t  

no t  in t h o s e  on  5(¥~ f iber  diet,  as  c o m p a r e d  to control , ,  
w h e r e a s  fetal b o d y  length  w a s  s ignif icant ly  r e d u c e d  only m 
the a lcohol  g r o u p  v e r s u s  the c on t r o l s  W h e n  c o m p a r e d  to 
a l coho l  t rea ted  an ima l s ,  fetal body  length  w a s  s ignif icant ly  
g r e a t e r  in the 50% f iber  diet  rats  bu t  not  in the  pa i red  fed 
an ima l s ,  w h e r e a s  t he r e  w a s  no  d i f fe rence  m fetal b o d y  
we igh t  a m o n g  the se  th ree  g r o u p s  (Table  4) 

DISCUSSION 

T h e  p r o g r e s s i v e  i n c r e m e n t  o f  a lcohol  c o n t e n t  in the dr ink-  
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mg fired d u n n g  p reges t a t lon  in the  rat  has  p rev ious ly  been  
tes ted  by severa l  inves t iga to rs  [11. 18.25]  and  by  our  g roup  
[17] wi th  di f ferent  per iods  and /or  doses  of  t r e a t m e n t  than  
those  desc r ibed  in the  p r e s en t  s tudy Us ing  our  p r e sen t  
me thod ,  a m m a l s  at  the  onse t  of  ges ta t ion  rece ived  o v e r  30% 
of  the i r  total  ca lor tc  mtake  as e thano l ,  a pe rcen t age  s~mllar to 
the va lue  a t t a ined  w h e n  a lcohol  is g iven  m an exc lus ive ly  
hquld  diet  [8. 14.32]  and  they exhib i ted  b lood e thano l  levels  
s imilar  to those  r epor ted  w h e n  a lcohol  was  g tven  in a hquld  
diet  [16] It is also no tab le  tha t  ra ts  g iven  e thano l  a t t a ined  the 
same  total  dally calor ic  mtake  pe r  unit  of  body  weight  as 
con t ro l s  fed normal  diet  ad hb.  due to a p rogress ive  dec rease  
tn food-de r ived  ca lor ies  s imu l t aneous  wi th  the  rise m calo- 
ries f rom e thano l  This  eff ic ient  isocalor lc  adap ta t ion  may  
also be r e spons ib le  for  the  high pe rcen tage  of  viable  gesta-  
t ions  in the  a lcohol  t r ea t ed  rats  These  resul t s  con t r a s t  wi th  
the low pe rcen t age  of  v iable  ges ta t ions  found  by Tze  and Lee  
[30] in a lcohol  t r ea ted  an tma l s  hav ing  even  lower  b lood  alco- 
hol levels  than  those  in the  ra ts  of  the p re sen t  s tudy The  
d i f fe rence  b e t w e e n  the  two s tudies  may res ide  in the  lower  
calor ic  in take  in the ra ts  used  by Tze  and  Lee  [30] This  
exp lana t ion  fits with  the low pe rcen t age  of  viable  ges ta t ions  
found here  for the pa t red  fed rats  tha t  rece ived  a res t r i c ted  
caloric  intake as c o m p a r e d  to any of  the o the r  g roups  

In rats  c o n s u m i n g  a lcohol  pr ior  to and  th roughou t  gesta-  
t ion there  is a r educ t ion  in l i t ter  size and  the i r  fe tuses  weigh 
less and  are sho r t e r  than  those  f rom cont ro l  m o t h e r s  Al- 
though  reduced  l i t ter  size and  fetal  body weight  were  also 
found  m bo th  paired fed rats  and  those  on  5(~% fiber  diet ,  
body  length was normal  in these  two groups ,  indica t ing  that  
e thanol  in take,  r a the r  than  reduced  ma te rna l  calor ic  in take,  
is r e spons ib le  for fetal g rowth  re t a rda t ion  This  conc lus ion  is 
m a g r e e m e n t  wi th  p rev ious  repor t s  [31] 

Inc reases  m p l a sma  o s m o l a h t y  m our  a lcohol  t rea ted  rats  
co inc ide  w,th p r ev ious  f indings  [I 1,18] and  indicate  a mod- 
era te  degree  of  d e h y d r a t i o n  This  mild d e h y d r a t i o n  is not  
ev iden t  when  rats  c o n s u m e  alcohol  m hqutd  diet  and  are 
a l lowed to dr ink tap wa te r  ad lib [ 14}. but  this  d i f ference  does  
not  dec rea se  the value of  the p resen t  model  for  the h u m a n  

c o n d m o n  as tt ts well k n o w n  tha t  r educUons  m wa te r  in take  
and  e lec t ro ly te  d t s t u r b a n c e s  are c o m m o n  in a l c o h o h c s  [4] 

A t t e n t i o n  should  be g iven  to the  r e q m r e m e n t s  for  con t ro l s  
o f  E T  t r ea ted  ra ts  Pa i red  fed an imal s  show a h igher  level of  
u n d e r n u t r m o n  than  the e thano l  t r ea ted  rats .  as ind ica ted  by 
the i r  r educed  body  weight  gain and  thmr  less f r equen t  vmble  
ges t auons ,  suggest ing tha t  they may  not  be  cons ide red  
p r o p e r  n u t r m o n a l  con t ro l s  for  a lcohol  t rea ted  an imal s  Rats  
on  50% f iber  diet  rece ive  only  a b o u t  75% of  the calor ie  mtake  
of  con t ro l s  on  no rma l  d~et. and  in that  a spec t  ou r  resul ts  
agree  wi th  those  of  M e r c e r  et al [21] T h e s e  ra ts  on  50% 
f iber  diet  take in app rox ima te ly  14% more  ca lor ies  than  the 
a lcohol  t r ea ted  rats.  a l though  th~s c o m p a r i s o n  should  be 
made  wi th  cau t ion  b e c a u s e  of  the  k n o w n  effects  tha t  htgh 
f iber  d ie tary  c o n t e n t  has  on  ln tes tmal  morpho logy  and nutr i-  
en t  t r a n s p o r t  [3. 13 .26]  In sptte of  these  d i f fe rences ,  these  
g roups  show s tmdar  h t t e r  size and body  wetgh t  gain.  suggest-  
lng that  they  are c o m p a r a b l e  Di f fe rences  in body  weigh t  of  
these  two groups  occu r red  only  du rmg  the last  week  of  ges- 
ta t ion,  w h e n  ma te rna l  body  weigh t  gain was  g rea te r  m the 
ra ts  on  50% f iber  d~et than  m a lcohol  t r ea ted  ones  It ts well  
k n o w n  that  at this phase  o f  ges ta t ion ,  ma te rna l  b o d y  weigh t  
inc rease  c o r r e s p o n d s  mamly  to the rapid rise in fetal  accre-  
t ion [10]. and  the smal le r  gain m a lcoho l - t rea ted  m o t h e r s  
may  well c o r r e s p o n d  to the  de layed  d e v e l o p m e n t  of  the i r  
fe tuses  This  f inding fu r the r  e m p h a s i z e s  the t e ra togen lc  ef- 
fect  of  a lcohol  m the ET model  and  potent ta l ly  v a h d a t e s  it for  
fu r the r  work  to s tudy o the r  ques t ions  still u n a n s w e r e d  in the 
pa thophys lo logy  of  F A S  
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