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MARTIN, J. C., D. C. MARTIN, B. RADOW AND G. SIGMAN. Blood alcohol level and caloric intake in the gravid rat as a 
function of diurnal period, trimester and vehicle. PHARMAC. BIOCHEM. BEHAV. 8(4) 421-427 ,  1978. - Blood ethanol 
levels, caloric intake and weight gain were monitored over the 21-day gestational period in the gravid Sprague-Dawley rat as 
a function of the administration of ethanol in either a liquid diet (Ensure) or an aqueous saccharin solution. The mean 
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consumption, and the greatest caloric intake during the second trimester. The implications of these results for ethanol 
administration in gravid rats is discussed. 
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BOTH animal  and  h u m a n  studies  have clearly d e m o n s t r a t e d  
tha t  a lcohol  crosses the  p lacen ta  to  adversely af fec t  the  
fe tus  [3, 4, 9, 20, 2 1 ] .  A s tudy  o f  e t h a n o l  and  acetal-  
d e h y d e  c o n t e n t  in per iphera l  b lood  o f  gravid and  nongrav id  
rats  fo l lowing one  IP in jec t ion  of  1.2 g/kg of  e t h a n o l  f o u n d  
s lower  e l imina t ion  of  a c e t a l d e h y d e  bu t  no t  o f  e t h a n o l  in 
the  p regnan t  rats. Since the  a ldehydes  exer t  s y m p a t h o -  
m ime t i c  effects  inc luding  b lood  pressure and  hear t  rate 
changes,  it is possible  the  fe tus  m ay  suf fer  side effects  [ 11 ].  

A l t h o u g h  o t h e r  inves t igators  have ut i l ized a var ie ty  o f  
a d m i n i s t r a t i o n  rou tes  inc luding  inha la t ion ,  i n t u b a t i o n ,  and  
in jec t ion ,  the  oral  rou te  via d r ink ing  has been  f o u n d  by  us 
to p rovoke  the  least ma te rna l  t r a u m a  wi th  a p red ic t ab ly  

high e thano l  caloric in take  ( 3 6 - 4 1 % )  while still a l lowing 
for  weight  gain dur ing  p regnancy .  It ce r ta in ly  is the  closest 
a p p r o x i m a t i o n  to the  h u m a n  model .  Our  m e t h o d  o f  choice  
has been  e thano l  in a 0.1% sod ium sacchar in  so lu t ion  as the  
sole fluid source  wi th  Pur ina  rat  chow ad lib. See Studies  3 
and  4 in Table  1. 

A n o t h e r  oral  m e t h o d  which  has been  ut i l ized by several 
inves t igators  is the  a d m i n i s t r a t i o n  o f  e t hano l  in a comple t e  
l iquid diet  [8, 15, 17] .  O n e  such s tudy  [10]  admin i s t e red  
25% of the  to ta l  daily calories in e t hano l  to gravid inbred  
mice,  wi th  con t ro l s  receiving an isocaloric  sucrose diet .  
Increased r e so rp t ion  and skeletal  and  cardiac anomal ies  
were f o u n d  in the  e thano l  fetuses  on  Day 19 o f  ges ta t ion .  
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T A B L E  1 

ALCOHOL ADMINISTRATION TO GRAVID RATS 

Percent 
Method of Ethanol Ethanol 

Administration Solution 
(v/v) 

Dally Weight 
Amount Total Calories of % Gain Number Individual 
Ethanol Calories Ethanol Calories Over Born Newborn 
Ingested Consumed Consumed in Ethanol Pregnancy Alive Weight 

I. Past Studies 
1. Injection SC 20 4.0 g/kg 98.8 k/cal 

twice daily 
2. Intubation 20 8.5 g/kg 84.6 k/cal 

twice dally 
3. Oral saccharin 20 11.9 g/kg 77.6 k/cal 
4. Oral saccharin 

solution + SC 20 10.9 g/kg 80.2 k/cal 
injection twice 
dally 

5. Purina chow 0 0 93.1 k/cal 
control (ad lib) 

6. Purina chow 
control (pairfed) 0 0 75.9 k/cal 

II. Present Study 
1. Oral saccharin 20 9.7 g/kg 65.8 k/cal 

solution + 
blood withdrawal 

2. Oral Ensure + 10 11.9 g/kg 65.9 k/cal 
blood withdrawal 

3. Oral Ensure 10 14.6 g/kg 73.0 k/cai 
4. Oral Ensure 0 0 98.7 k/cal 

9.2 k/cal 10 143.4 g 10.6 6.9 g 

20.1 k/cal 24 142 g 12.7 7.4 g 

28.3 k/cal 36 87.5 g 10.5 6.3 g 

32.9 k/cal 41 71 g 11.9 6.1 g 

0 0 143.1 g 12.2 6.9 g 

0 0 79.5 g 10.3 6.5 g 

20.3 k/cal 31 33.3 10.7 5.7 g 

24.9 k/cal 38 41.4 g 11.0 5.8 g 

27.6 k/cal 38 71.7 g 11.0 5.9 g 
0 0 150 g 12.5 7.1 g 

One  inves t iga tor  [6] e x a m i n e d  d r ink ing  pa t t e rn s  w h e n  
e t h a n o l  was admin i s t e r ed  in e i the r  wa te r  or  Metrecal  in the  
nongrav id  mouse .  The  l iquid diet  resul ted  in a more  even 
circadian c o n s u m p t i o n  p a t t e r n  t h a n  f o u n d  wi th  the  
aqueous  so lu t ion  which  was c o n s u m e d  pr imar i ly  at  n ight .  
The  mice  also fai led to take  more  t h a n  23% of the i r  calories 
in e t h a n o l  wi th  several c o n c e n t r a t i o n s  o f  the  aqueous  
so lu t ion .  He conc luded  t h a t  the  aqueous  m e t h o d  was no t  
useful  as a mode l  for  ch ron ic  a lcohol ism.  

In o rde r  to  tes t  the  l iquid  diet  m e t h o d  in the  gravid rat  
p i lo t  s tudies  were p e r f o r m e d  in this  l a b o r a t o r y  wi th  Ensure  
(Ross Labora to r ies ) .  This  was avidly c o n s u m e d  in the  plain 
s tate  by  the  Sprague-Dawley strain,  (93 m l / d a y )  and did 
no t  resul t  in d ia r rhea  or gastr ic  upset ,  e i the r  of  which  could  
be d isas t rous  in the  gravid animal .  

It was an t i c ipa t ed  tha t  the  rate of  a b s o r p t i o n  would  
p r o b a b l y  be more  u n e v e n  wi th  the  aqueous  so lu t ion  since 
food  delays gastric e m p t y i n g  and t hus  slows e t h a n o l  
a b s o r p t i o n  [ 10] .  

Very l i t t le  is k n o w n  of  the  way in which  b lood  e t h a n o l  
levels and  caloric in t ake  shif t  as a f u n c t i o n  of  the  t r imes te r  
of  p regnancy ,  d iu rna l  per iod ,  and  leng th  o f  t ime  the  an imal  
has been  dr ink ing  e thano l .  The  fo l lowing s tudy  was an 
a t t e m p t  to  de l inea te  these  fac tors  in the  rat  ut i l iz ing the  
aqueous  s a c c h a r i n / e t h a n o l  so lu t ion  wi th  the  E n s u r e / e t h a n o l  
as a c o m p a r i s o n  m e t h o d .  

METHOD 

Apparatus 

The Var ian  2100  gas c h r o m a t o g r a p h  wi th  a f lame 
ion iza t ion  de t ec to r  and  a 1 m V  recorder  was used wi th  a six 

foo t  Po ropak  Q co lumn.  The  carr ier  gas was N 2 which  had 
a f low rate  o f  30 ml /min .  The  h y d r o g e n  f low rate  was 30 
m l / m i n  and  the  air f low was 200  ml /min .  The  co lumn  
t e m p e r a t u r e  was m a i n t a i n e d  at 190 ° a f t e r  ini t ial  con- 
d i t ion ing  by  hea t ing  overn ight  at 200°C  wi th  the  carr ier  gas 
flow. 

Reagents 

The in te rna l  s t andard  was 1-propanol .  The  s tandards  
were p repa red  by  vo lumet r i c  d i lu t ion  in dist i l led wate r  to  
p r o d u c e  e thano l  c o n c e n t r a t i o n s  in the  range of  
5 0 - 2 0 0  m g / 1 0 0  ml wi th  1-propanol  in the  ra t io  of  
1 - 1 0 0 0 .  The  c o n c e n t r a t i o n  was chosen  to yield a p r o p a n o l  
peak  a p p r o x i m a t e l y  equal  to  t h a t  of  the  midd le  e t h a n o l  
s t andard .  T w e n t y  ul of  b lood  were di lu ted wi th  100 ~1 of  
the  aqueous  p r o p a n o l  so lu t ion  and  one  ul samples  of  the  
d i lu t an t  were in jec ted  in to  the  gas c h r o m a t o g r a p h  wi th  a 
Hami l t on  ul syringe. S tandards  and  b lood  d i lu t ions  were 
mixed  at the  s tar t  of  each assay so lu t ion .  The  s tandards  
were first  run  t h rough  the  gas c h r o m a t o g r a p h  and  any  
necessary reca l ib ra t ions  p e r f o r m e d  at  this  t ime.  

Blood e x t r a c t i o n  involved placing the  rats in Luci te  
res t ra in ing  con ta ine r s  wi th  the  tail ex t ruded .  A small  b i t  of  
the  end  of  the  tail was r emoved  wi th  sterile surgical scissors 
and 20 ul of  b lood  squeezed f rom the  tail i n to  a hepar-  
inized capil lary tube .  These  were sealed and  s tored  at 0°C 
un t i l  the  assay was run.  Assays were p e r f o r m e d  weekly.  

Procedures 

Experimental design. Table  1 presen ts  the  p ro toco l .  This 
was an u n b a l a n c e d  repea ted  measures  design wi th  each  rat  
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T A B L E 2  

Treatment Diurnal Trimester Total 
Period 1 2 3 

Ethanol in saccharin 7 A.M. n = 3 3 3 n = 9 
solution 1 P.M. 3 4 2 
n = 9  7P.M. 2 4 3 

1 A . M .  3 4 2 

Ethanol in Ensure 7 A.M. 3 3 3 n = 9 
n = 9  1P.M. 3 4 2 

7 P.M. 2 4 3 
1 A . M .  3 4 2 
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FIG. 1. Mean daily caloric intake within each trimester as a function 
of treatment, n = 9 in each group. 

having b lood  w i t h d r a w n  four  t imes  over  the  th ree  t r imes t e r  
per iod,  once  at each t ime  of  day.  Each gravid rat  in the  
e t h a n o l / s a c c h a r i n  group was m a t c h e d  wi th  one  in the  
e t h a n o l / E n s u r e  g roup  and  b lood  was w i t h d r a w n  on  the  
same day of  p r egnancy  and  at the  same t ime  o f  day f rom 
each t h r o u g h o u t  the  ges ta t iona l  per iod .  Ini t ia l ly  n = 10 in 
each t r e a t m e n t  bu t  one  rat  in the  Ensure  t r e a t m e n t  
c o n d i t i o n e d  failed to  deliver, so the  scores o f  the  cor- 
r e spond ing  rat  in the  sacchar in  g roup  were exc luded  f rom 
the  analyses.  

Anim a l s  

Twenty- f ive  Sprague-Dawley derived,  bar r ie r -sus ta ined  
rats  were received over  a t w o - d a y  per iod  on  the  m o r n i n g  
fo l lowing evening i m p r e g n a t i o n  as d e t e r m i n e d  by  the  
presence  of  sperm in the  vaginal  lavage. (The caesarian-  
derived,  bar r ie r -sus ta ined  t imed  p regnan t ,  Sprague-Dawley 
rats  were suppl ied by  Tyle r  Labora to r ies ,  Bellevue,  WA.) 
Day 1 weights  ranged f rom 2 4 0 - 2 7 0  g. The  10 rats which  
arr ived on  the  f irst  day were assigned to  the  Ensure  group,  
and the  10 which  arr ived the  fo l lowing day to the  sacchar in  
so lu t ion  group.  T r e a t m e n t  was s ta r ted  at  9 a.m. on  the  day 
of  arrival and  c o n t i n u e d  for  21 days. G r o u p  1 received a 
20% e thano l  in a 0.1% sod ium sacchar in  solut ion.  The  
c o n c e n t r a t i o n  of  e t h a n o l  was chosen  to be appl icable  to  
previous  s tudies  in our  l a b o r a t o r y  [ 1 2 ] .  Pur ina  ra t  c h o w  
was avai lable ad lib. The  bo t t l e s  were r emoved  at 9 a.m. on  
Day 22 and  wate r  was subs t i tu t ed .  

Group  2 received 10% e thano l  in a vani l la-f lavored l iquid 
diet  (Ensure ,  Ross  Labora to r ies )  wi th  the  add i t i on  of  
0.5 g /100  ml  of  U.S.P. Salt Mixture  XIV,  and  0.3 g / 1 0 0  ml 
of  V i t amin  Diet Fo r t i f i ca t ion  Mixture  (ICN Pharma-  
ceuticals) .  No add i t iona l  food  was available.  The  percen tage  
of  e t hano l  added  to the  Ensure  was chosen  empir ica l ly  
f rom pi lot  s tudies  ci ted previously  as the  mos t  c o n c e n t r a t e d  
so lu t ion  the  rats would dr ink  and still m a i n t a i n  the i r  
weight.  Plain Ensure  replaced the  a lcohol  so lu t ion  be- 
g inning on  Day 22. 

Each an imal  had  20 pl of  b lood  w i t h d r a w n  f rom the  tail 
vein four  t imes  dur ing  the  21 day gravidi ty  per iod:  once  
each at 7 a.m., 1 p.m.,  7 p .m.  and  1 p.m. Each rat  had  
b lood  w i t h d r a w n  in each of  the  th ree  t r imes te r s  wi th  one  
add i t iona l  d rawing .  The  four  b lood  wi thdrawals  were 
spaced as far apar t  as possible,  given the  cons t r a in t s  o f  one  
wi thdrawal  for  each d iurna l  per iod  and  once  in each  
t r imester .  

Five add i t iona l  gravid an imals  were m o n i t o r e d  for  
Ensure  c o n s u m p t i o n  w i t h o u t  e thanol .  Two of  the  rats  
received Ensure  a lone  and  th ree  received Ensure  wi th  10% 
e thano l  b u t  no  b lood  wi thdrawal .  It was fel t  t h a t  the  b lood  
wi thd rawa l  process  i tself  migh t  be s t ressful  for  the  gravid 
animals.  All rats were  weighed daily at  9 - 1 0  a.m. 
t h r o u g h o u t  ges ta t ion.  All were housed  individual ly  in 
Luci te  cages con ta in ing  Sani-cell, an  absorp t ive  mater ia l  
made  of  g round  corn  cobs. T e m p e r a t u r e  was m a i n t a i n e d  at 
2 2 - 2 5 ° C  wi th  h u m i d i t y  at 50% on a 14 /10  hr  l i gh t /da rk  
cycle. 

Maternal  measures.  The e thano l  in take ,  caloric in t ake  
o t h e r  t h a n  e thano l ,  and  ma te rna l  weight  gains were 
measured  daily for  21 days. The  b lood  e t h a n o l  levels were 
c o m p u t e d  four  t imes  dur ing  p regnancy .  Beginning at 
10 a.m. on  Day  22, one hr  fo l lowing e t h a n o l  removal ,  the  
rats  were observed  for  8 hr  for  any  behaviora l  signs of  
wi thdrawal .  The  behav io r  of  each  rat  was observed for  a 
two-min  per iod  in each hour ,  and rated on  the  scale in 
Table  3. 

Offspr ing measures.  Ges ta t ion  length ,  live l i t t e r  size, 
b i r th  weights,  sex rat io,  and l i t t e r  weights  at b i r th  were 
tall ied for  all t r e a tmen t s .  

R E S U L T S  

Since max imiz ing  in take  resul ted  in d i f fe ren t  e t hano l  
c o n c e n t r a t i o n s  b e t w e e n  the  two  me thods ,  i n t r ag roup  
analyses were p e r f o r m e d  excep t  for  compar i sons  o f  l i t t e r  
size, weight  and  m a t e r n a l  weight  gain. 



424 M A R T I N  ET AL. 

< \  

qb 

% q3 
-.4 £3 

1.6 

1.4 

1.2 

1.0 

0.8 

0 

~ E n s u r e  

~ ~  I//I 
I I 

% I 
% t % 

Saccha r in  12r" 

I I I 1 

7arn. 1 p.m. 7p.m. la.rn. 
Blood withdrawal hour 

FIG. 2. Mean BAL as a function of diurnal period. 

Total Caloric Consumption 

Fr iedman  Rank tests [1] were pe r fo rmed  on the tota l  
calories consumed  for  each t r imes ter  to de te rmine  if to ta l  
caloric intake di f fered over t r imesters  for  each t r ea tmen t  
cond i t ion :  S = 14.0, p=0.009 for the Ensure rats, and 
S = 8.7, p = 0.013 for  the saccharin solut ion group. 
Figure 1 i l lustrates the tota l  vs e thanol  caloric c o n s u m p t i o n  
for  b o t h  t r ea tmen t  groups  as a func t ion  of  t r imes ter  
pregnancy.  

A Hotel l ing 's  T-Squared Two Group Profile Analysis 
[19] was used to test  for parallelism be tween  the two 
t r e a t m e n t  cond i t ions  over t r imesters .  An F(2 ,15)  = 4.86, 
p = 0.02 was obta ined .  

Ethanol Caloric Consumption 

In order  to  test  for  d i f ferences  over t r imesters  Fr iedman  
Rank tests were pe r fo rmed  on the  K/cal  o f  e thanol  
consumed .  The results were: S = 13.7, p = 0.001 for  t h e  
Ensure rats and S = 4.67, p = 0.096 for the saccharin 
so lu t ion  rats. 

A Hotel l ing 's  T 2 test  for  parallelism just  failed to reject  
the null hypo thes i s  with an F = 3.42, p 0.059. 

Non-Ethanol Caloric Consumption (Food) 

Similarly, a F r iedman  Rank test  resul ted in an S 14.0, p 
= 0.0009 for the Ensure group and an S = 8.67, p = 0.013 
for the saccharin solut ion group.  

A Hotel l ing 's  T 2 test for parallelism resul ted in an 
F(2,15)  = 4.88,  p = 0.023. Unsurpris ingly,  the pa t te rn  was 
identical  to the to ta l  calorie pa t te rn .  

Blood Ethanol Levels 

Time o f  day. A log t r ans fo rma t ion  was pe r fo rmed  on the 
b lood  e thanol  scores and two repeated  measures  analyses o f  
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FIG. 3. Mean maternal weight gain over the gestational period. 

variance [22] were pe r fo rmed  at 4 x 2 (diurnal per iod x 
t r ea tmen t )  ANOVA yielded an F(3,48)  = 2.79, p = 0.05 for 
the t ime of  day c o m p o n e n t .  The t r ea tmen t  term did no t  
approach  significance, nor  did the t r ea tmen t  by hour  
in te rac t ion  te rm (see Fig. 2). 

Order o f  blood withdrawal. A 4 x 2 (order  x t r ea tmen t )  
repea ted  measures analysis o f  variance resulted in no 
t r e a t m e n t  d i f ferences  and a non-s ignif icant  in terac t ion  
term.  The order  of  blood wi thdrawal  resulted in an F(3,48)  
= 2.64, p = 0.06. 

Maternal Litter Measures 

Weight gain. Weight gain over pregnancy is p lo t ted  in 
Fig. 3. A growth  curve analysis [19] was util ized which 
f i t ted  a cubic po lynomia l  app rox ima t ion  to the weight  gain 
curves. The null hypothes i s  of  no dif ference be tween  
weight  gain for the Ensure and saccharin solut ion groups 
was barely re jected with a p = 0.049. A Hotel l ing 's  T 2 test 
o f  parallel growth  curves failed to reject the null hypothes i s  
with a p -- 0.29, i.e., the curves were indeed parallel. 
However,  a univariate t- test  for mean weight d i f ferences  
resul ted in a re ject ion of  the null with a p = 0.01. The 
Ensure group was significantly heavier on the average as is 
apparen t  in Fig. 3. The last test  for the p ropor t ion  of  
weight gain over the gestat ional  per iod,  was a Hotell ing's  T 2 
test  o f  parallelism on the logs of  the weights.  The null was 
not  re jected with a p = 0.34, i.e., the p ropor t iona l  weight 
gain was the same for bo th  groups over the gestat ional  
period.  

Other comparisons. There were no significant dif ferences  
in length of  gestat ion,  live l i t ter  size or l i t ter  weights 
b e t w een  the liquid diet and saccharin solut ion condi t ions .  
No signs of  wi thdrawal  in e i ther  group were observed over 
the eight hour  observat ional  per iod.  

Ensure/ethanol without blood withdrawal and Ensure 
control comparisons. The weight gain during pregnancy of  
the three Ensure /e thanol  rats wi thout  blood wi thdrawal  
was considerably  higher than that  of  the BAL group,  which 
is some indicat ion that  successive blood withdrawals  may 
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T A B L E 3  

Activity Gait Tremor Convulsion 

0. somnulent 1. normal 
1. normal 2. ataxic 
2. hyperactive 3. falls, loses 

balance 

0. None 0. none 
1. intermittent 1. circling 
2. sustained 2. mild rhythmic tremor 

3. contractions 
1. face, limbs 4. rolling and thrashing 
2. whole body 5. alternate spasms and contractions 

(tonic/clonic seizure) 
1. gentle tremor 6. tail curled over back, body rigid 
2. moderate tremor (opisthotonus) 
3. severe tremor 7. apnea and coma (usually preceded by 

gasp) 
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be t r auma t i c  to  gravid animals .  The i r  of fspr ing  b i r th  
weights  and  l i t te r  size did no t  differ,  however .  The  two  rats 
which  received the  Ensure  w i t h o u t  e t h a n o l  c o n s u m e d  
s ignif icant ly  more  of  i t  and  gained 2 - 4  t imes  the  weight  of  
the  two  E n s u r e / e t h a n o l  groups.  The  l i t t e r  size and  of fspr ing  
weights  were also appa ren t ly  greater .  

Table  1 details  the  several m e t h o d s  which  have been  
ut i l ized in this  l a b o r a t o r y  in s tudies  of  the  survival,  
d e v e l o p m e n t  and s u b s e q u e n t  f u n c t i o n  of  rat  of fspr ing  
whose dams received e t h a n o l  for  a se lected t ime  per iod  
dur ing  the  ges t a t iona l /nu r s ing  per iod .  

DISCUSSION 

A n o t h e r  s t udy  [8] admin i s t e r ed  e thano l  c o n c e n t r a t i o n s  
of  8 . 1 - 9 . 7 %  in Metrecal  f rom 1 0 - 3 0  days to non-gravid  
rats. The  m e a n  e thano l  c o n s u m p t i o n  was 15.3 g/kg with a 
marked  per iod ic i ty  in evidence  wi th  per iods  of  abs t inence  
occur r ing  every 7 - 1 2  days dur ing  which  per iod  the  
c o n s u m p t i o n  d ropped  be low 8 g /kg /day .  The p regnan t  rats  
in the  cu r ren t  s tudy  did no t  exh ib i t  this  vo lun ta ry  
abs t inence ,  even t h o u g h  e thano l  c o n s u m p t i o n  remained  at a 
high level unt i l  the  last t r imes ter .  See Figs. 4 and 5. 
However ,  there  is no  a priori  reason  to assume tha t  
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caloric intake. 

consumption patterns of pregnant rats would be identical 
to non-pregnant animals. 

Although developmental and behavioral differences in 
offspring have been found utilizing the saccharin/ethanol 
solution herein described, it is apparent that neither of the 
oral intake methods utilized here in nonfood-deprived rats 
results in the high, sustained blood ethanol levels necessary 
for the withdrawal syndrome to occur. An excellent review 
of alcohol addiction in animals and the accompanying 
withdrawal syndrome can be found in [ 13 ]. 

The investigators who have observed the withdrawal 
syndrome in rats have employed procedures which either 
initially, or subsequently, resulted in severe weight loss [2, 
5, 8] or have used procedures which allow administration 
3 - 4  times daily, e.g., intubation [7,14]. Neither of  these 
procedures should be used with pregnant rats since the 
weight loss may result in fetal under-nutrition and the 
intubation several times a day may be stressful. Not only is 
it necessary to maintain a daily alcohol intake of 
11-15  g/kg for the withdrawal symptoms to appear [14] 
but a high blood ethanol level must apparently also be 
maintained over the day in order for such symptoms to be 
made manifest. Episodic peaking of the BAL once or twice 
daily is not a sufficient condition [18].  The results of the 
current study support this contention. If it is assumed the 
100 mg/100 ml blood alcohol level must be maintained as a 
prerequisite for the appearance of  withdrawal symptoms, 
the lack of such symptoms was to have been expected in 
the current study. The Ensure group when they met the 
BAL criterion did so only once a day, usually at 7 a.m. or 
1 a.m., and the saccharin solution group less often, usually 
at 7a .m.  

Although the pattern of  food consumption for the two 
alcohol groups began low, then rose to its highest point in 
trimester two to drop again just prior to birth, the pattern 
for the two animals who received plain Ensure continued to 

rise throughout the gestational period. No other studies 
have been found which have examined the pattern of  
caloric intake as a concomitant of alcohol intake during 
pregnancy. It is obvious from Fig. 6 that the Ensure group 
exhibited less variability and consumed considerably more 
ethanol as a percentage of total calories over the 21-day 
gestational period. The variability of the saccharin solution 
group as compared with the Ensure rats is also evident in 
Fig. 6. 

The points for the Ensure rats fall on a straight line since 
the percentage of ethanol to Ensure is a constant. It is 
interesting that the saccharin solution rats exhibit far more 
variability in their total caloric intake, but that the slope of 
the two lines is almost parallel. This means that the 
saccharin solution rats tended to maintain the same 
proportional increase of ethanol calories to food calories 
even though these proportions were not fixed as they were 
for the liquid diet group. 

The more intesting and inexplicable result is the sharp 
drop in intake on Day 17 of gestation by the Ensure group 
depicted in Fig. 4. This was found in all of the nine rats, 
and is not in evidence in the saccharin solution group. One 
possible explanation is a voluntary period of abstinence 
which occurred later and returned to baseline more slowly 
than the phenomenon described previously [8].  Both 
groups tended to increase consumption over the first two 
trimesters and then drop during the third trimester. The 
three Ensure/ethanol rats which did not have blood 
withdrawn followed the same pattern as the other alcohol 
groups and dropped consumption during the third tri- 
mester, so the withdrawal of blood apparently was not a 
factor. The liquid diet group than increased consumption 
again to some extent on Days 19-21 .  These intergroup 
differences over the last 5 - 7  days of  gestation can not be 
explained by the length of gestation since all rats in all 
groups delivered on Day 24, counting the day of arrival as 
Day 1. 

A comparison of the two oral methods of ethanol 
administration to gravid rats revealed the following sim- 
ilarities and differences. 

Similarities 

1. Total caloric intake varied for both the liquid diet and 
aqueous solution groups with the greatest consumption 
occurring during the second trimester (Fig. 2). 

2. Food consumption patterns varied as a function of  
trimester for both treatments with the greatest con- 
sumption occurring during the second trimester. 

3. Both groups exhibited uneven circadian BAL patterns 
with ethanol consumption occurring primarily at night. 

4. BAL scores did not vary as a function of successive 
withdrawals for either group, i.e., blood ethanol levels later 
in pregnancy did not differ from those taken early in 
pregnancy. 

5. Proportional weight gain over the 21-day gestational 
period was equal for both groups, although the Ensure 
group averaged 20 g heavier on Day 1 of pregnancy (Fig. 3). 

6. Live litter size and weight was the same for both 
ethanol groups (Table 1 ). 

Differences 

1. Ethanol consumption patterns differed as a function 
of trimester for the Ensure but not for the saccharin 
solution group (Fig. 1). 
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2. The  sacchar in  so lu t ion  group e x h i b i t e d  more  vari- 
abi l i ty  in the i r  to t a l  daily caloric  in take ,  to ta l  daily caloric  
e t h a n o l  in take ,  and  BAL readings at  7. a.m.,  1 p .m.  and  
7 p.m.,  b u t  no t  at  1 a. m. w h e r e  the  t w o  groups  did no t  
differ. 

3. The  mean  percen tage  of  e t h a n o l  c o n s u m e d  daily was 
h igher  for  the  l iquid diet  t han  for  the  sacchar in  so lu t ion  
rats (38% vs 31%). 

4. The  mean  daily g/kg of  e t h a n o l  c o n s u m e d  was grea ter  
for  the  Ensure  t han  for  the  sacchar in  so lu t ion  groups  
11.9 g/kg vs 9.7 g/kg (Figs. 4 and  5). 

If  BAL d e t e r m i n a t i o n s  are made  they  shou ld  p r o b a b l y  
be p e r f o r m e d  on  rats  whose  of fspr ing  will no t  be ut i l ized in 
la ter  behaviora l  s tudies ,  since the  grea ter  weight  gain over  
p regnancy  by  the  E n s u r e / e t h a n o l  rats  which  did no t  have 
b lood  t a k e n  is an i nd i ca t i on  of  t r a u m a  incur red .  Isocalor ic  

pair - feeding for  the  con t ro l  Ensure  rats  is ind ica ted  if the  
10% c o n c e n t r a t i o n  of  e t hano l  is used since the  con t ro l  rats  
on  ad lib feeding gained 2 - 4  t imes  as m u c h  we igh t  as the  
Ensu re / a l coho l  rats.  

I t  would  appear  t h a t  the  Ensure  as a vehicle for  e t hano l  
may  have some advantages  to  gravid rats  over  the  aqueous  
so lu t ion ,  assuming tha t  the  to ta l  die t  is as adequa t e  as the  
Pur ina  c h o w  diet.  The  decreased var iabi l i ty  in in t ake  a m o n g  
rats  and  the  grea ter  a m o u n t  of  m a t e r n a l  e t h a n o l  c o n s u m e d  
would  be advan tageous  if  the  effects  on  of fspr ing  were 
be ing  s tudied.  There  are some ind ica t ions  f rom pi lot  s tudies  
in our  l abo ra to ry  t ha t  the  Ensure  of fspr ing  may  no t  do as 
well as the  sacchar in  of fspr ing  if  the  enr iched  Ensure diet  is 
c o n t i n u e d  t h r o u g h  the  nurs ing  per iod.  Studies  are be ing  
c o n d u c t e d  to d e t e r m i n e  the  effects  of  Ensure  dur ing  the  
nurs ing  per iod  on  s u b s e q u e n t  of fspr ing  behavior .  
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