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Abstract:
The effects of early ethanol exposure on rat pup development and behavior, and later ethanol
preference were examined. Artificial-rearing was used to determine the specific effects of alcohol apart
from nutritional deficits. Reflex measures were used to assess the acute effects of alcohol on
psychomotor development, and two-bottle preference tests were used to determine long-term effects of
early alcohol expsoure on later alcohol preference.

Rat pups were found to be affected by ethanol exposure to varying degrees on the reflex tests. Growth
rates were normal for all artificially-reared animals, regardless of whether or not they were exposed to
alcohol. The effect of early ethanol exposure on later ethanol preference was not definitive, however
results were suggestive of later increased preference for ethanol following early exposure.

Cataracts seen in artificial ly-reared animals were found to occur significantly more often in alcohol
exposed animals than in controls. 
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STATEMENT OF PERMI SSI ON TO USE

In p r e s e n t i n g  t h i s  t h e s i s  in p a r t i a l  f u l f i l l m e n t  of  

t he  r e q u i r e m e n t s  f o r  a m a s t e r ' s  d e g r e e  a t  Mo n t a n a  S t a t e  

U n i v e r s i t y ,  I a g r e e  t h a t  t he  L i b r a r y  s h a l l  make i t  a v a i l ­

a b l e  t o b o r r o w e r s  unde r  r u l e s  of  t he  L i b r a r y .  B r i e f  

q u o t a t i o n s  f r om t h i s  t h e s i s  a r e  a l l o w a b I e  w i t h o u t  s p e c i a l  

p e r m i s s i o n ,  p r o v i d e d  t h a t  a c c u r a t e  a c k n o wl e d g me n t  of  

s o u r c e  i s made.

P e r m i s s i o n  f o r  e x t e n s i v e  q u o t a t i o n  f r om or  r e p r o d u c ­

t i o n  of  t h i s  t h e s i s  may be g r a n t e d  by my ma j o r  p r o f e s s o r ,  

or in h i s  a b s e n c e ,  by t he  D i r e c t o r  of  L i b r a r i e s  when,  in 

t he  o p i n i o n  of  e i t h e r ,  t he  p r o p o s e d  use of  t he  m a t e r i a l  i s 

f o r  s c h o l a r l y  p u r p o s e s .  Any c o p y i n g  or  use of  t he  m a t e r ­

i a l  in t h i s  t h e s i s  f o r  f i n a n c i a l  g a i n  s h a l l  not  be a l l  owe d 

w i t h o u t  my w r i t t e n  p e r m i s s i o n .

/
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ABSTRACT

The e f f e c t s  of  e a r l y  e t h a n o l  e x p o s u r e  on r a t  pup 
d e v e l o p me n t  and b e h a v i o r ,  and l a t e r  e t h a n o l  p r e f e r e n c e  
wer e  e x a mi n e d .  A r t i f i c i a l - r e a r i n g  was used t o d e t e r m i n e  
t he  s p e c i f i c  e f f e c t s  of  a l c o h o l  a p a r t  f r om n u t r i t i o n a l  
d e f i c i t s .  R e f l e x  me a s u r e s  we r e  used t o a s s e s s  t he  a c u t e  
e f f e c t s  of  a l c o h o l  on p s y c h o mo t o r  d e v e l o p m e n t ,  and t wo-  
b o t t l e  p r e f e r e n c e  t e s t s  we r e  used t o d e t e r m i n e  l o n g - t e r m  
e f f e c t s  of  e a r l y  a l c o h o l  e x p S o u r e  on l a t e r  a l c o h o l  
p r e f e r e n c e .

Rat  pups we r e  f ound  t o be a f f e c t e d  by e t h a n o l  
e x p o s u r e  t o v a r y i n g  d e g r e e s  on t he  r e f l e x  t e s t s .  Gr owt h  
r a t e s  we r e  nor mal  f o r  a l l  a r t i f i c i a l  l y - r e a r e d  a n i m a l s ,  
r e g a r d l e s s  of  w h e t h e r  or  not  t h e y  we r e  e x pos e d  t o a l c o h o l . 
The e f f e c t  of  e a r l y  e t h a n o l  e x p o s u r e  on l a t e r  e t h a n o l  
p r e f e r e n c e  was not  d e f i n i t i v e ,  however  r e s u l t s  we r e  
s u g g e s t i v e  of  l a t e r  i n c r e a s e d  p r e f e r e n c e  f o r  e t h a n o l  
f o l l o w i n g  e a r l y  e x p o s u r e .

C a t a r a c t s  seen in a r t i f i c i a l  l y - r e a r e d  a n i m a l s  wer e  
f ound t o o c c u r  s i g n i f i c a n t l y  mor e o f t e n  in a l c o h o l  expos e d  
a n i m a l s  t ha n in c o n t r o l s .
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I NTRODUCTI ON

In 1973 Jones and S mi t h  f i r s t  r e p o r t e d  t h a t  a 

c o n s t e l l a t i o n  of  a n o m a l i e s  was o f t e n  o b s e r v e d  i n i n f a n t s  

bor n  t o mo t h e r s  who consumed l a r g e  amount s  of  a l c o h o l .  

The se  r e s e a r c h e r s  c a l l e d  t he  s yndr ome seen in such i n f a n t s  

t he  F e t a l  A l c o h o l  Syndr ome ( F A S ) .

The d i a g n o s i s  of  FAS i s based on t h r e e  ma j o r  f a c t o r s :  

( I )  c e n t r a l  n e r v o u s  s y s t e m d y s f u n c t i o n ,  ( 2  D g r o wt h  

d e f i c i e n c i e s ,  and C 3 D s p e c i f i c  f a c i a l  dysmo r p h o I o g y  C Jones  

& S m i t h ,  1 9 7 3 ) .  C e n t r a l  n e r v o u s  s y s t e m d y s f u n c t i o n  caused  

by e a r l y  e t h a n o l  e x p o s u r e  is one of  t he  p r i m a r y  c o n c e r n s  

i n FAS r e s e a r c h .  B a s i c  r e f l e x '  me a s u r e s  o f t e n  d e f i n e  t he s e  

f u n c t i o n a l  d e f i c i t s .  Gr owt h  d e f i c i e n c y  i s a n o t h e r  of  t he  

d i a g n o s t i c  sympt oms in t he  r e s e a r c h  d i s c u s s e d  h e r e .  A n i ­

mal  mo d e l s  have been used t o s t u d y  FAS.  Ho we v e r ,  i d e n t i ­

f y i n g  t he  s p e c i f i c  e f f e c t s  of  a l c o h o l  a p a r t  f r o m poor  

n u t r i t i o n ,  mot or  d e f i c i t s ,  f e e d i n g  p r o b l e m s ,  i n a d e q u a t e  

m a t e r n a l  c a r e  and c r o s s - f o s t e r i ng s t r e s s  in a n i ma l  s t u d i e s  

i s e x t r e m e l y  d i f f i c u l t  ( A b e l ,  1 9 8 3 ) .  Many me t hods  have  

been used t o e x pos e  r a t  f e t u s e s  and pups t o a l c o h o l .

These  i n c l u d e  a d d i n g  a l c o h o l  to a dam' s  d r i n k i n g  w a t e r  as 

t he  o n l y  a v a i l a b l e  f l u i d ,  p u t t i n g  a l c o h o l  in a l i q u i d  d i e t
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f o r  t he  da m, i n j e c t i n g  a l c o h o l  i n t o  t he  dam as w e l l  as 

i n t o  t he  n e o n a t e ,  v a por  i n h a l a t i o n  and ga v a ge  C i . e .  f o r c e  

f e e d i n g  t h r o u g h  a t u b e )  . Each of  t h e s e  t e c h n i q u e s  l eads  

t o one of  two e x p e r i m e n t a l  c o m p l i c a t i o n s .  F i r s t ,  no way  

e x i s t s  t o me a s u r e  how much a l c o h o l  t he  f e t u s  i s e xposed t o 

when t he  dam consumes a l c o h o l ;  second a l c o h o l  i n t e r f e r e s  

w i t h  l a c t a t i o n  CDi a z  & Sa ms o n , 1 9 8 0 ) ,  as w e l l  as p u p ' s

n u r s i n g  a b i l i t y  ( R i l e y ,  Bun i s ,  & G r e e n f e l d ,  1 9 8 4 )  a n d , 

t h e r e f o r e ,  pup n u t r i t i o n .  These  f a c t o r s  of  d e c r e a s e d  

l a c t a t i o n  and poor  n u r s i n g  a b i l i t y  may b o t h  l e a d  t o n u t r i ­

t i o n a l  d e f i c i t s ,  a p a r t  f r om any e f f e c t  of  e t h a n o l  

e x p o s u r e .

A r t i f i c i a l  R e a r i n g

In 1969 M e s s e r ,  T h o ma n , Ter  r a s a ,  and D a l l ma n  i n t r o ­

duced " a r t i f i c i a l  r e a r i n g "  of  r a t  pups . Ha I I m o d i f i e d  

t h i s  t e c h n i q u e  in 1 9 7 5 ,  Samson and D i a z  C1 9 8 2 )  f u r t h e r  

r e f i n e d  and d e v e l o p e d  i t .  Samson and D i a z  C 1 9 8 2 )  and 

We s t ,  Hamr e , and P i e r c e  C 1 984 ) used t h i s  t e c h n i q u e  to 

e x a mi n e  t he  e f f e c t s  of  a l c o h o l  e x p o s u r e  in.  r a t  pups .

A r t i f i c i a l  r e a r i n g  e n a b l e s  t he  i n v e s t i g a t o r  t o d e t e r ­

mi ne  e x a c t l y  how much a l c o h o l  t he  n e o n a t e  r e c e i v e s  and i t  

a v o i d s  many,  of  t he  p r o b l e ms  of  n u t r i t i o n a l  c o m p l i c a t i o n s  

such as d e c r e a s e d  l a c t a t i o n  and i n a d e q u a t e  n u r s i n g .  S i n c e  

t he  pups a r e  i n f u s e d  w i t h  a s p e c i f i c  amount  o f  f o r m u l a  

each day n u t r i t i o n  l e v e l s  a r e  h e l d  c o n s t a n t  be t we e n
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e x p e r i m e n t a l  and c o n t r o l  a n i m a l s .  The s p e c i f i c  e f f e c t  of  

a l c o h o l  on b e h a v i o r  and d e v e l o p me n t  may t hen be a s s e s s e d .  

B r a i n  D e v e l oome nt

The n e o n a t a l  r a t  pup i s an a p p r o p r i a t e  model  f o r  t he  

t h i r d  t r i mes t e r  of  human d e v e l o p m e n t ,  p a r t i c u l a r l y  as i t  

r e l a t e s  t o b r a i n  d e v e l o p m e n t .  The b r a i n  goes t h r o u g h  

s e v e r a l  p e r i o d s  of  r a p i d  g r o wt h  d u r i n g  d e v e l o p me n t  at  

wh i c h  t i me  i t  i s e x t r e m e l y  v u l n e r a b l e  t o e x oge nous  i n s u l t .  

I n humans a r a p i d  d e v e l o p m e n t a l  p e r i o d  known as t he  " b r a i n  

g r o wt h  s p u r t "  b e g i n s  a t  m i d - g e s t a t i o n ,  r e a c h e s  a peak  

d u r i n g  t he  t h i r d  t r i m e s t e r  of  p r e g n a n c y ,  and i s c o mp l e t e  

by t he  t h i r d  y e a r  of  l i f e .  T h i s  p e r i o d  of  r a p i d  b r a i n  

d e v e l o p me n t  o c c u r s  i n v i r t u a l l y  a l l  mammal s ,  but  i t s  t i me  

o f  o c c u r r e n c e  i s v a r i a b l e  among s p e c i e s  ( D a v i s o n ,  1 9 7 7 ) .  

The r a t  u n d e r g o e s  t h i s  " b r a i n  g r o wt h  s p u r t "  d u r i n g  t he  

f i r s t  f i f t e e n  p o s t n a t a l  d a y s .  The peak of  t he  r a t ' s  b r a i n  

g r o wt h  s p u r t  o c c u r s  a t  p o s t n a t a l  Days 6 t h r o u g h  9.  T h i s  

p e r i o d  in t he  r a t  c l o s e l y  c o r r e s p o n d s  to t he  t h i r d  t r i m e s ­

t e r  of  human f e t a l  d e v e l o p m e n t .

In t e r ms  of  wh o l e  b r a i n  w e i g h t ,  r a t s  a r e  bor n  w i t h  

a p p r o x i m a t e l y  12% t o t a l  b r a i n  d e v e l o p m e n t ,  r e a c h i n g  27% of  

d e v e l o p me n t  by p o s t n a t a l  day 9 .  Humans have a p p r o x i m a t e l y  

12% b r a i n  d e v e l o p me n t  by g e s t a t i o n a l  day 180 and a t  b i r t h  

have 27% of  t h e i r  t o t a l  b r a i n  d e v e l o p me n t  ( D a v i s o n ,  1977;  

D o b b i n g ,  1 9 6 8 ) .  T h i s  c r i t i c a l  p e r i o d  f o r  d e v e l o p i n g  b r a i n
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i n c l u d e s  c r u c i a l  p e r i o d s  of  m y e l i n a t i o n  and s y na ps e  

f o r m a t i o n  ( G o t t l i e b ,  Ke y da r  , & E p s t e i n ,  1 977 ) .

E f f e c t s  o f E a r l v  E t h a n o l  Ex p o s u r e

Many f i n d i n g s  have  i n d i c a t e d  t h a t  p r e n a t a l  or  p e r i ­

n a t a l  a l c o h o l  e x p o s u r e  r e s u l t  in s i m i l a r  d e v e l o p m e n t a l  and 

b e h a v i o r a l  c o n s e q u e n c e s  f o r  humans and a n i m a l s .  In f a c t  

e v e r y  f o r m of  t e r a t o g e n e s i s  in humans wh i c h  i s r e l a t e d  t o 

a l c o h o l  has been o b s e r v e d  in a n i ma l  mo d e l s  C Abe I , 1 9 8 4 ,

p . 3 7 7 ) .

Abe I ( 1 9 8 4 )  e x t e n s i v e l y  r e v i e w e d  t he  a n i ma l  r e s e a r c h  

on F A S , b o t h  b e h a v i o r a l  and p h y s i o l o g i c a l .  Some c o n s i s ­

t e n t  f i n d i n g s  w i t h  r e g a r d  t o l a r g e - d o s e  p r e n a t a l  a l c o h o l  

e x p o s u r e  i n c l u d e :

1)  Low b i r t h  w e i g h t  wh i c h  s o me t i me s  c o n t i n u e s  i n t o

a d u l t h o o d  C Abe I & D i n t c h e f f ,  1 9 7 8 ;  Abel  & G r e i z e r s t e i n ,  

1 98 2 ;  M a r t i n ,  M a r t i n ,  S i g ma n ,  & Ra d o w, 1 97 7 ;  P h i l i p s  &

S t a  i n b r o o k ,  1 9 7 6 ) .

2)  D e l a y e d  p h y s i c a l  d e v e l o p m e n t .  Eye o p e n i n g  and

e a r - f l a p  u n c u r l i n g  a r e  d e l a y e d  in mi c e  and r a t s  ( M a r t i n ,  

M a r t i n ,  Si gman & Ra d o w, 1 97 8 ;  S h a y w i t z ,  G r i f f i e t h , ,  &

Wa r s h a w,  1 9 7 9 ) .  D e l a y e d  p u b e r t y  in f e ma l e  humans ( Robe ,  

Robe & W i l s o n ,  1 9 7 9 )  and in mi c e  and r a t s  have been  

r e p o r t e d  ( Boggon , Ra nda l  & Dodds ,  1 9 7 6 ;  and T i t t m a r ,

1 9 7 7 ) .

3)  H y p e r a c t i v i t y .  T h i s  i s a v e r y  common and
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c o n s i s t e n t  f i n d i n g  in b o t h  a n i m a l s  ( M a r t i n  e t a I . , 1 978 ;

S h a y w i t z e t a I . , 1 9 7 9 )  and humans ( L a n d e s ma n - D wy e r , 1 9 8 2 ) .

Some v e r y  r e c e n t  f i n d i n g s  i n d i c a t e  t h a t  t h i s  h y p e r a c t i v i t y  

i s mor e  o f t e n  seen in ma l e  r a t s  and t h a t  f e ma l e s  may show 

a h y p o a c t i v e  r e s p o n s e  ( S n o d e r e g g e r ,  p e r s o n a l  c ommuni c a ­

t i o n ,  No v e mb e r ,  1 9 8 5 ) .

S i m i l a r l y  in humans,  t he  t h r e e  most  c o n s i s t e n t  and 

s a l i e n t  b e h a v i o r a l  m a n i f e s t a t i o n s  of  FAS a r e :  I )  me nt a l

r e t a r d a t i o n ,  .2) h y p e r a c t i v i t y  and 3)  poor  or  d e l a y e d  mot or  

d e v e l o p me n t  ( L a n d e s ma n - D wy e r ,  1 9 8 2 ) .  FAS c h i l d r e n  a l s o  

a r e  f ound  t o " p r e s e n t  s e v e r e  f e e d i n g  p r o b l e ms "  CLandesman-  

D w y e r , 1 9 8 2 ,  p.  1 3 3 ) .  The f a c t  t h a t  t he y  have l ow b i r t h

w e i g h t s ,  poor  s u c k l i n g  a b i l i t y  and a r e  d i s i n t e r e s t e d  in 

f ood o f t e n  r e s u l t s  in a " f a i l u r e  t o t h r i v e "  ( La nde s ma n-  

D w y e r , 1 9 8 2 ,  p.  1 3 3 ) .

E a r l v  E t h a n o l  E x o o s u r e - - L a t e r  E t h a n o l  P r e f e r e n c e

Does e a r l y  e x p o s u r e  t o a l c o h o l  p r e d i s p o s e  an i n d i v i ­

dual  t o wa r d  g r e a t e r  a l c o h o l  p r e f e r e n c e  in l a t e r  l i f e ?

T h i s  q u e s t i o n  has r e c e i v e d  s u r p r i s i n g l y  l i t t l e  r e s e a r c h  

a t t e n t i o n  ( A b e l ,  1 9 8 4 ) .  S e v e r a l  a n i ma l  s t u d i e s  s ugge s t  an 

a f f i r m a t i v e  a n s we r ;  h o we v e r ,  t he  c u r r e n t  e v i d e n c e  i s f a r  

f r om c o n c l u s i v e .  Bond and D i G u i s t o  ( 1 9 7 6 b )  f ound  t h a t  o f f ­

s p r i n g  of  a I coho I - t r e a t e d  r a t s  consumed g r e a t e r  amount s  of  

3% and 6% a l c o h o l  in a d u l t h o o d .  In t h i s  s t u d y ,  p r e g n a n t  

W i s t a r  r a t s  consumed a l i q u i d  d i e t  c o n t a i n i n g  s u s t a g e n  and
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e t h a n o l .  C o n t r o l s  we r e  f e d  l a b o r a t o r y  chow.  Pups whose  

mo t h e r s  we r e  e xpos e d  t o a l c o h o l  consumed s i g n i f i c a n t l y  

mor e e t h a n o l  in a p r e f e r e n c e  t e s t  compar ed t o c o n t r o l s  at  

s i x t y  days of  a g e .  I t  i s not  c l e a r  f r om t h i s  s t u d y  wh e t h e r  

i n c r e a s e d  c o n s u mp t i o n  a c t u a l l y  r e f l e c t e d  a p r e f e r e n c e  f o r  

a l c o h o l  or  r e p r e s e n t e d  i n c r e a s e d  c o n s u mp t i o n  of  a l l  f l u i d s  

s i n c e  t he  p r e f e r e n c e  r a t i o  was o m i t t e d  ( A b e l ,  1 9 8 2 ) .  P a i r  

f e e d i n g  was not  used as a c o n t r o l ,  so t h a t  n u t r i t i o n a l  

e f f e c t  a l s o  c o u l d  not  be r u l e d  o u t .  When dams we r e  g i v e n  

C h a b l i s  w i n e  as t h e i r  o n l y  s o u r c e  of  f l u i d  d u r i n g  p r e g n a n ­

cy and n u r s i n g ,  t h e i r  o f f s p r i n g  d r a n k  mor e w i n e  t han  

c o n t r o l s  ( P h i l i p s  & S t a  i n b r o o k ,  1 9 7 6 ) .  I n t h i s  s t u d y ,  

f e ma l e  hooded r a t s  we r e  g i v e n  w i n e  ( N = 3 )  or  w a t e r  ( N= 3 )  

p l u s  r e g u l a r  l ab chow f r o m Days 6 0 - 1 2 0 ,  a t  wh i c h  t i me  t he y  

we r e  ma t e d .  The dams c o n t i n u e d  w i t h  t h e s e  d i e t s  d u r i n g  

g e s t a t i o n  and l a c t a t i o n .  T h e i r  pups we r e  t e s t e d  a t  170 

days of  age f o r  a l c o h o l  p r e f e r e n c e .  T h i s  p r e f e r e n c e  t e s t  

was done by p l a c i n g  two 90 ml  b o t t l e s  on t he  c a g e s .  One 

b o t t l e  c o n t a i n e d  w a t e r  and t he  o t h e r  C h a b l i s  w i n e .  The .  

wi n e  g r oup  showed c o n s i s t e n t l y  l a r g e r  d a i l y  f l u i d  consump­

t i o n  f o r  t he  f i v e  days of  t e s t i n g .  The w a t e r  c o n s u mp t i o n  

was t he  same f o r  b o t h  g r o u p s ,  so t he  d i f f e r e n c e  was in t he  

amount  of  w i n e  consumed.  Abel  ( 1 9 8 2 )  and Abel  and Yor k  

( 1 9 7 9 )  f a i l e d  t o r e p l i c a t e  t h e s e  r e s u l t s ,  h o we v e r ,  when 

t h e y  used a s u r r o g a t e - f o s t e r i n g  t e c h n i q u e .  A p o s s i b l e
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e x p l a n a t i o n  i s t h a t  t he  pups in t he  P h i l i p s  and S t a i n b r o o k  

s t u d y  d r a n k  t he  a l c o h o l  ( a l o n g  w i t h  t he  dam)  b e f o r e  we a n ­

i n g ,  w h e r e a s  w i t h  s u r r o g a t e  f o s t e r i n g  t he  pups wo u l d  not  

have had t h i s  e x p e r i e n c e  w i t h  w i n e .  A n o t h e r  e x p l a n a t i o n  

i s s u g g e s t e d  by G a l e f  and H e n d e r s o n ’ s ( 1 9 7 2 )  w o r k .  These  

r e s e a r c h e r s  f ound t h a t  r a t  pups p r e f e r  a d i e t  wh i c h  t h e i r  

mo t h e r  r e c e i v e d  d u r i n g  l a c t a t i o n ,  even t hough t he  pups had 

ne v e r  r e c e i v e d  t h i s  d i e t .  F l a v o r s  s u p p o s e d l y  a r e  pa ss e d  

t o t he  pups t h r o u g h  t he  m o t h e r ’ s m i l k  (Ga I e f  & H e n d e r s o n ,

1 9 7 2 )  .

A mor e  c o n c l u s i v e  s t u d y  by R e y e s , G a r c i a ,  and Jones  

( 1 9 8 4 )  w h i c h  used p a i r - f e e d i n g  and s u r r o g a t e  f o s t e r i n g  

t e c h n i q u e s ,  showed t h a t  4 5 - d a y  o l d  ma l e  o f f s p r i n g  of  a l c o ­

hol  c ons u mi ng  dams e x h i b i t e d  an i n c r e a s e d  p r e f e r e n c e  f o r  

10% a l c o h o l  v e r s u s  w a t e r .  Da t a  f o r  f e ma l e  o f f s p r i n g ,  

h o we v e r ,  we r e  i n c o n s i s t e n t .

The l i t e r a t u r e  a v a i l a b l e  s u g g e s t s  t he  p o s s i b i l t y  t h a t  

e a r l y  e x p o s u r e  t o a l c o h o l  a l t e r s  a d u l t  p r e f e r e n c e  f o r  

a l c o h o l . The r e s u l t s  a r e  not  d e f i n i t i v e ,  h o w e v e r ,  and 

f u r t h e r  r e s e a r c h  i s n e c e s s a r y .  The me t hods  d e s c r i b e d  

h e r e  a r e  d e s i g n e d  t o answe r  t he  q u e s t i o n  of  w h e t h e r  e a r l y  . 

e x p o s u r e  t o e t h a n o l  a l t e r s  a d u l t  p r e f e r e n c e  f o r  a l c o h o l ,  

as w e l l  as t o l ook a t  t he  e f f e c t s  of  e a r l y  e x p o s u r e  to 

a l c o h o l  on p h y s i c a l  and b e h a v i o r a l  d e v e l o p m e n t .

The a r t i f i c i a l - r e a r i n g  me t hod  was used in t h i s  s t u d y
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in o r d e r  t o a l l o w  p r e c i s e  c o n t r o l  of  n u t r i t i o n  and d e g r e e  

of  a l c o h o l  e x p o s u r e  . B e h a v i o r a l  me a s u r e s  we r e  t a k e n  

t h o u g h o u t  d e v e l o p me n t  t o a s s e s s  a c u t e  and l ong t e r m  

e f f e c t s  of  e a r l y  e t h a n o l  e x p o s u r e ,  and r e l a t e  t h e s e  b e h a v ­

i o r a l  e f f e c t s  t o t h o s e  seen in FAS c h i l d r e n .  One ma j o r  

f e a t u r e  of  FAS is a p p a r e n t  damage t o t he  c e n t r a l  n e r v o u s  

s y s t e m wh i c h  i s r e f l e c t e d  in psy c homo t o r  d i s a b i l i t i e s .

The r e f l e x  me a s u r e  in t h i s  s t u d y  was t he  n e g a t i v e  g e o t a x i s  

wh i c h  has been used by o t h e r  r e s e a r c h e r s  t o d e t e r m i n e  

p s y c h o mo t o r  d e v e l o p m e n t .  T h i s  me a s u r e  has been used by 

D i a z  ( 1 9 8 2 )  and S h a y w i t z  ( 1 9 7 9 )  and was p r e v i o u s l y  

d e s c r i b e d  by A l t ma n  and Su d a r s h a n  ( 1 9 7 5 ) .

The p r e s e n t  s t u d i e s  have t h r e e  s p e c i f i c  g o a l s .

The f i r s t  goa l  i s t o d e t e r m i n e  t he  r o l e  of  a l c o h o l  w i t h ­

out  t he  c o m p l i c a t i n g  f a c t o r  of  n u t r i t i o n a l  d e f i c i t s .  

A n o t h e r  goa l  i s t o s t u d y  t he  e f f e c t  of  e a r l y  e t h a n o l  

e x p o s u r e  on p h y s i c a l  d e v e l o p m e n t ,  a c t i v i t y ,  g r o wt h  r a t e s  

and b r a i n  d e v e l o p m e n t .  The f i n a l  goa l  i s t o d e t e r m i n e  

w h e t h e r  or  not  e a r l y  e t h a n o l  e x p o s u r e  m o d i f i e s  l a t e r  

e t h a n o l  p r e f e r e n c e .

Wh e r e a s  t h e s e  g o a l s  g u i d e d  t he  d i r e c t i o n  of  t h i s  r e ­

s e a r c h ,  t h e  p r i m a r y  c o n t r i b u t i o n  of  t he  wor k  d i s c u s s e d  

h e r e  i s in t he  d e v e l o p me n t  of  t he  p u p ' n ’ cup ( PNC)  met hod  

i n a new l a b o r a t o r y .  A l a b o r a t o r y  wh i c h  i s f u l l y  e q u i p p e d  

t o c a r r y  out  t he  PNC p r o c e d u r e s  i s now in p l a c e  a t
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Mo n t a n a  S t a t e  U n i v e r s i t y .  The s e t - u p  p e r f e c t e d  in t he
t

c o u r s e  of  t h i s  r e s e a r c h  is 

20 r a t  pups a t  a t i m e .  The 

Re s o u r c e  C e n t e r  i s c l i m a t e  

i d e a l  e n v i r o n m e n t  t o c a r r y  

a r t i f i c i a l  r e a r i n g  me t h o d ,  

i es  and r e s o u r c e  p e r s o n n e l

c a p a b l e  of  a r t i f i c i a l  I y - r e a r i n g  

r e s e a r c h  room at  t he  Ani mal  

c o n t r o l l e d  and p r o v i d e s  an 

out  t he  p r o c e d u r e s  used in t he  

I mme d i a t e  a c c e s s  t o r a t  c o l o n -  

adds t o t he  d e s i r a b i l i t y  of

t h i s  n e wl y  c r e a t e d  l a b o r a t o r y .



METHOD

The t e c h n i q u e  of  a r t i f i c i a l l y - r e a r i n g  r a t  pups by 

means of  i n t r a g a s t r i c - c a n n u l a  f e e d i n g  was f i r s t  d e v e l o p e d  

by M e s s e r , Thoman , Ter  r a s a ,  and Da I Iman ( 1 9 6 9 ) ,  t hen mo d i -  

f i e d  by Ha I I ( 1 9 7 5 ) .  F u r t h e r  r e f i n e m e n t  of  d i e t  and 

p r o c e d u r e s  we r e  c o n t r i b u t e d  by D i a z ,  Mo o r e ,  P e t r a c c a ,  

S c h a c h e r  and St a mpe r  ( 1 9 8 2 ) .  The p r e s e n t  s t u d y  uses t he  

most  r e c e n t  m o d i f i c a t i o n s  of  t h i s  t e c h n i q u e .

Ma t e r i a I s

The m a t e r i a l s  r e q u i r e d  f o r  use in t h i s  p r o c e d u r e  a r e  

a p p r o x i m a t e l y  20 cm of  p o l y e t h e l e n e  t u b i n g  ( P E - 1 0 )  f o r  

each r a t ' s  i n t r a g a s t r i c  c a n n u l a ,  a s ma l l  c u r v e d  s t e e l  w i r e  

( 2 5  g a u g e )  10 cm l o n g ,  and a p i e c e  of  S i l a s t i c  t u b i n g  

( . 0 1 2  i nc h I . D . ,  . 0 2 5  i nc h O . D . ,  Dow C o r n i n g )  8 cm

l o n g .  One end of  t he  P E- 1 0  t u b i n g  i s f l a r e d  w i t h  he a t  to 

c r e a t e  a s l i g h t l y  l a r g e r  d i a m e t e r  ( a p p r o x i m a t e l y  . 0 1 3  mm) .  

T h i s  f l a r e d  end s e c u r e s  a p l a s t i c  d i s c  o n t o  t he  c a n n u l a .  

The p l a s t i c  d i s c  i s made f r om a comme r i c a I  I y a v a i l a b l e  

s a n d wi c h  bag by u s i n g  a pa pe r  punc h .  The d i s c  i s t hen  

poked l i g h t l y  w i t h  a 23 gauge n e e d l e  and t he  u n f l a r e d  end 

of  t he  P E - 1 0  t u b i n g  i s t h r e a d e d  t h r o u g h  t he  o p e n i n g  and 

t he  d i s c  i s v e r y  g e n t l y  pushed down t he  l e n g t h  of  t he  

c a n n u l a  up t o t he  f l a r e d  end of  t he  t u b i n g .  The p l a s t i c



d i s c  i s t he n  t e s t e d  by g e n t l y  t u g g i n g  w i t h  t he  f i n g e r s ;  a 

s e c u r e  d i s c  is v e r y  i m p o r t a n t  t o t he  l a t e r  p r o p e r  

f u n c t i o n i n g  of  t he  c a n n u l a .  The PE- 1 0  w i t h  t he  f i t t e d  

p l a s t i c  d i s c  f or ms t he  c o mp l e t e d  i n t r a g a s t r i c  c a n n u l a .

The c u r v e d  s t e e l  w i r e  and t he  S i l a s t i c  t u b i n g  a r e  s t o r e d  

i n a j a r  f i l l e d  w i t h  c or n  o i l  u n t i l  t h e y  a r e  needed f o r  

s u r g e r y .  The c or n  o i l  a c t s  as a l u b r i c a n t  f o r  t he  

S i l a s t i c  wh i c h  i s f i t  o n t o  t he  w i r e  and f o r  t he  S i l a s t i c -  

p l u s - w i r e  wh i c h  i s s l i d  g e n t l y  down t he  e s o p h a g u s  of  t he  

n e o n a t e  ( Samson & D i a z ,  1 9 8 2 )  .

S u r g i c a l  P r o c e d u r e

A f t e r  t he  c a n n u l a s  a r e  p r e p a r e d  ( one  f o r  each pup 

p l u s  e x t r a s )  and t he  S i l a s t i c  i s s l i d  o n t o  t he  w i r e ,  t he  

f o u r  day o l d  r a t  pup i s w e i g h e d  and l i g h t l y  a n e s t h e t i z e d  

w i t h  m e t h o x y f i u r a n e .  The a n e s t h e t i z a t i o n  c o n s i s t s  of  

p l a c i n g  t h e  pup in a s ma l l  j a r  wh i c h  has p a pe r  t o we l s  

l i n i n g  t he  b o t t o m and w i t h  2 ml of  m e t h o x y f i u r a n e  p l a c e d  

under  t he  t o w e l i n g .  The pup i s l e f t  i n t h i s  j a r  u n t i l  

h e / s h e  a p p e a r s  w e l l  a n e s t h e t i z e d .  The l e v e l  o f  a n e s t h e t i ­

z a t i o n  i s d e t e r m i n e d  by t he  p u p ' s  b r e a t h i n g  ( r a p i d  and 

s h a l l o w )  and by a p a l e  t o s l i g h t l y  b l u e  s k i n  c o l o r . Pups 

at  t h i s  age ( 4 days p o s t n a t a l  or  25 days g e s t a t i o n a l )  a r e .  

f a i r l y  r e s i s t a n t  t o m e t h o x y f i u r a n e  o v e r d o s e .  The use of  

an o x y g e n - e n r i c h e d  c o n t r o l l e d  dose of  a n e s t h e t i c  has been  

d e s r i b e d  by D i a z  ( p e r s o n e l  c o m m u n i c a t i o n ,  1 9 8 5 )  and mi g h t



be an i mpr ov e me nt  o v e r  t he  c u r r e n t  me t h o d .  A f t e r  t he  pup 

i s a n e s t h e t i z e d  i t  i s p l a c e d  on i t s  back and i t s  mout h i s 

g e n t l y  o p e n e d .  The S i l a s t i c - c o v e r e d  w i r e  i s r emoved f r om 

t he  c or n  o i l  and g e n t l y  s l i d  down t he  d o r s a l  s u r f a c e  of  

t he  p u p ' s  e s o p h a g u s .  The S i l a s t i c  e x t e n d s  o v e r  t he  

e n t e r i n g  end of  t he  w i r e  a p p r o x i m a t e l y  1 - 3  mm t o e n s u r e  

t h a t  t he  c u t t i n g  t i p  i s not  e x pos e d  as i t  pa s s e s  down t he  

e s o p h a g u s  and i n t o  t he  s t o ma c h .  T h i s  p a r t  of  t he  s u r g e r y  

i s  q u i t e  c r i t i c a l  and c a r e  must  be t a k e n  t o a v o i d  e n t e r i n g  

t he  t r a c h e a .  I f  a r e s i s t a n c e  i s e n c o u n t e r e d  w i t h i n  2 cm 

t he  c o v e r e d  w i r e  i s r emoved and r e i n s e r t e d  u n t i l  i t  s l i d e s  

s mo o t h l y  down t he  e s o p h a g u s .  A s u f f i c i e n t  l e v e l  of  a n e s ­

t h e s i a  i s i m p o r t a n t  t o a v o i d  t he  gag r e f l e x ,  wh i c h  can 

i n t e r f e r e  w i t h  c a n n u l a  i m p l a n t a t i o n .

Once t he  c o v e r e d  w i r e  has p a s s e d  t h r o u g h  t he  e s o p h a ­

gus and i n t o  t he  s t o ma c h ,  t he  pup i s s h i f t e d  o n t o  i t s  

r i g h t  s i d e .  Fr om t h i s  p o s i t i o n  t he  s t omach i s v i s i b l e ,  

b e c a u s e  t he  pup has t r a n s p a r e n t  s k i n ,  and t he  end of  t he  

c o v e r e d  w i r e  can be seen as a s l i g h t  b u l g e  in t he  s t omach  

a r e a .  At  t h i s  p o i n t ,  t he  S i l a s t i c  t u b i n g  c o v e r i n g  t he  

w i r e  i s s l i d  g e n t l y  away f r o m t he  t i p  e x p o s i n g  t h e  c u t t i n g  

edge of  t he  w i r e .  The w i r e  i s t he n  pushed t h r o u g h  t he  

s t o ma c h ,  t he  p e r i t o n e a l  w a l l  and t h e  s k i n  u n t i l  I cm is 

e x p o s e d .  Then f o r c e p s  a r e  used t o g r a s p  t he  e x pos e d  w i r e ,  

and t he  S i l a s t i c  i s r emoved e n t i r e l y  f r om t he  mout h



end of  t he  c u r v e d  w i r e .  The u n f l a r e d  end of  t he  PE-  

10 c a n n u l a  i s t hen f r i c t i o n - f i t t e d  ov e r  t he  end of  t he  

w i r e  e x i t i n g  t he  p u p ’ s mo u t h .  Once t he  c a n n u l a  i s s e c u r e d  

o n t o  t he  w i r e ,  t he  w i r e  and c a n n u l a  t o g e t h e r  a r e  p u l l e d  

down t he  e s oph a gus  and out  t he  p u p ' s  abdomen u n t i l  a p p r o x ­

i m a t e l y  20 cm of  t he  P E - 1 0  c a n n u l a  has e x i t e d  t he  abdomen.  

The s o f t  p l a s t i c  d i s c  on t he  c a n n u l a  c o l l a p s e s  as i t  

t r a v e l s  down t he  e s o p h a g u s  and r e o p e n s  in t he  s t omach  

f o r m i n g  a s e a l  wh i c h  p r e v e n t s  f o r m u l a  f r om l e a k i n g  out  of  

t he  s t o m a c h .

The w i r e  i s r emoved f r om t he  c a n n u l a .  A p a pe r  punch  

s i z e  d i s c  made of  Tygon t u b i n g  ( 1 / 1 6  i nch I . D . ,  1 / 8  i nch

O . D . ,  1 / 3 2  i nch w a l l )  i s s l i d  o n t o  t he  c a n n u l a  w i t h  t he

a i d  of  a 20 gauge h y p o d e r mi c  n e e d l e .  The Tygon d i s c  is 

s l i d  o v e r  t he  o u t s i d e  of  t he  n e e d l e  and t he  c a n n u l a  is 

s l i d  i n s i d e .  The d i s c  i s t he n s l i d  o n t o  t he  c a n n u l a  w i t h  

f o r c e p s  and up t he  l e n g t h  of  t he  c a n n u l a  t o a p p r o x i m a t e l y  

4 cm f r o m t he  p u p ' s  abdomen.  The w i r e  used f o r  s u r g e r y  i s  

t he n  r e i n s e r t e d  i n t o  t he  c a n n u l a  wh i c h  i s now e x i t i n g  t he  

p u p ' s  s t o ma c h .  The c u r v e d  s t e e l  w i r e  w i t h  i t s  c u t t i n g  t i p  

i s t he n  p a s s e d  t h r o u g h  a f o l d  of  s k i n  at  t he  nape of  t he  

p u p ' s  n e c k .  The s l i g h t  p a i n  t he  pup f e e l s  a t  t h i s  p o i n t  

i s u s u a l l y  b e n e f i c i a l  in o v e r c o mi n g  t he  e f f e c t s  of  a n e s ­

t h e s i a  and a c t u a l l y  h e l p s  t he  pup "wake up" and resume  

r e g u l a r  b r e a t h i n g .  F i n a l l y ,  a n o t h e r  Tygon d i s c  i s f i t
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o n t o  t he  c a n n u l a  w i t h  t he  20 gauge n e e d l e  and s l i d  up t he  

l e n g t h  of  t he  c a n n u l a  w i t h  f o r c e p s  t o a p p r o x i m a t e l y  2 cm 

f r om t he  f i r s t  d i s c .  The two d i s c s ,  on e i t h e r  s i d e  of  t he

p u p ' s  n e c k ,  a c t  as a s t r a i n r e I i e f f o r  t he  cannul I a and

p r e v e n t  undue f o r c e f r om bei ng p u t on t he  wound in t he

s t oma c h .

A f t e r  t he  i h t r a g a s t r i c  c a n n u l a  i s s u c c e s s f u l l y  

i m p l a n t e d ,  t he  pup i s p l a c e d  in a p l a s t i c  cup ( g r o c e r y  

s t o r e  l i v e r  cup)  wh i c h  c o n t a i n s  a s ma l l  amount  of  b e d d i n g ,  

p r e f e r a b l y  t he  same t y p e  used in t he  m a t e r n a l  c a g e .  The 

p l a s t i c  cup ( 11 cm in d i a m e t e r  and 7 . 5  cm d e e p )  i s c o v e r e d  

w i t h  a p l a s t i c  l i d  wh i c h  has many s mal l  h o l e s .  These  

h o l e s  a r e  most  e f f e c t i v e l y  made w i t h  a q u i c k  t ouc h  f r om a

ho t s o l d e r i ng i r o n .  T h i s i n s u r e s t h a t  t he  ho!I es a r e  a

sma II I s i z e wh i c h  p r e v e n t s t he  pups f r om c r a w l !i n g out  and

d r o wn i n g  a t  a l a t e r  d a t e .  Each p l a s t i c  cup and pup is 

t hen p l a c e d  i n s i d e  a n o t h e r  i d e n t i c a l  w e i g h t e d  cup wh i c h  is 

f l o a t e d  in a warm w a t e r  b a t h  ( 3 7 - 3 8  deg.  C ) . The cups a r e  

f l o a t e d  in t h i s  b a t h  f o r  t he  ne x t  14 days and t he  t e m p e r a ­

t u r e  i s g r a d u a l l y  r e d u c e d  t o 25 de g.  C as t he  pups a c q u i r e  

f u r .  The w a t e r  b a t h  p r o v i d e s  a w a r m , h u m i d  e n v i r o n m e n t  and 

a l s o  e n s u r e s  v e s t i b u l a r  s t i m u l a t i o n  by t he b o b b i n g  movement  

of  t he  cups in t he  w a t e r  ( Samson & D i a z ,  1 9 8 2 ) .

J



The p h o t o g r a p h s  in F i g u r e  I d e p i c t  t he  s e t u p  f or  

a r t i f i c i a l l y  r e a r i n g  r a t  pups .  These  p h o t o g r a p h s  show t he  

i n f u s i o n  pump,  w a r m - w a t e r  b a t h ,  and s u r g i c a l  p r o c e d u r e s  . 

Dai  I v M a i n t e n a n c e

The c a n n u l a s  e me r g i n g  f r om t he  pup s '  s t oma chs  a r e  run 

t h r o u g h  h o l e s  in t he  l i d  of  t he  p l a s t i c  cups and c o n n e c t e d  

t o s y r i n g e s  wh i c h  c o n t a i n  t he  m i l k  f o r m u l a  The se  c a n n u ­

l a s  a r e  c o n n e c t e d  t o 10 cc p l a s t i c  s y r i n g e s  ( B e c t o n -  

D i c k e n s o n)  by a s l i g h t l y  l a r g e r  t u b i n g  ( P E - 5 0 3  wh i c h  is 

a p p r o x i m a t e l y  45 cm l o n g .  The P E- 5 0  t u b i n g  i s f r i c t i o n  

f i t t e d  o v e r  t he  p u p ' s  PE- 1 0  c a n n u l a .  T h i s  r e s u l t s  in an 

a i r t i g h t  c o n n e c t i o n  f r o m t he  f o r m u l a  s y r i n g e  t o t he  p u p ' s  

s t o ma c h .  S y r i n g e s  a r e  p l a c e d  on a m o d i f i e d  i n f u s i o n  pump 

( Sa ge  954 3 wh i c h  i s c o n t r o l l e d  by a t i me d  e l e c t r i c a l  

c i r c u i t .  E v e r y  10 mi n t he  pump i s t u r n e d  on f o r  10 s and
I-

i t  i n f u s e s  a p r e d e t e r m i n e d  amount  of  f o r m u l a .  The Sage  

954 was used f o r  Gr oups  1 - 5 ,  w h i l e  d i f f e r e n t  pumps wer e  

used f o r  t he  r e s t  of  t he  g r o u p s  ( s e e  E x p e r i m e n t s  6 - 1 0  f or  

a d e s c r i p t i o n 3.  The f o r m u l a  ( T a b l e  13 used i s a m o d i f i ­

c a t i o n  of  M e s s e r ’ s f o r m u l a  wh i c h  has been d e v e l o p e d  by 

D i a z  e t a I . ,  ( 1 982 3.  A f t e r  23 hr  each day t he  s y r i n g e s

a r e  r e mo v e d ,  c l e a n e d  t h o r o u g h l y ,  and r e f i l l e d  w i t h  f r e s h  

f o r m u l a .  D u r i n g  t h i s  p e r i o d ,  w e i g h i n g ,  t e s t i n g ,  and s e r ­

v i c i n g  a r e  c a r r i e d  o u t .  The s e r v i c i n g  of  pups c o n s i s t s  of  

s t i m u l a t i n g  t h e i r  ana I / g e n i t a l  a r e a  by l i g h t  s t r o k i n g  w i t h
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Figure I. This figure shows the setup for artificial rearing. Top 
left shows the infusion pump with syringes. Top right 
shows the water bath used to float the pups in cups. 
Bottom left is a newly incannulated pup. Bottom right 
shows a pup during surgery (cannula implantation).



T a b l e  I .  F o r mu l a  used in a r t i f i c i a l r e a r i n g .

M i l k  F o r mu l a  
( M e s s e r ,  e t a l . 1 9 6 9 D  

( M o d i f i e d  by D i a z y  1 98 4 )
m l / 5 0 0  ml

E v a p o r a t e d  M i l k  ( C a r n a t i o n  v e l v e t !  z e d ) ....................................375 ml

* D i s t i  I l ed Wa t e r  w i t h  De x o y c h o l  i c A c i d ...................................... 85 ml

M i n e r a l  S o l u t i o n * * * ............................... ............................................................5 ml

V i t a m i n s  ( P o l y  V i - S o l  , Mead Johnson
I n f a n t  D r o p s ....................................... ............................................................5 ml

Cor n O i l  ( M a z o I a ) ....................................... ................................................30 ml

d I - M e t h i o n i n e  ( S i gma  # M- 9 5 0 0  ) . . ....................................................0 . 2 0  g

! - T r y p t o p h a n  ( S i g ma  # T - 0 2 5 4 ) . . . . . ................................................ 0 . 2 5  g

R i b o f l a v i n ............................................................................................................0 . 0 0 5  g

C a s e i n  ( H y d r o l y s a t e ,  Si gma # 0 - 0 6 2 6 )
E n z y m a t i c  f o r  m i l k .  1 5 . 0  g

* * M in e r a I s o l u t i o n  gm/ I Oml  w a t e r  ( d i s t i l l e d )

Fe I I G l u c o n a t e  ( A l f a  P r o d ) ........................................................0 . 0 2 0 7  g

Cu G l u c o n a t e  ( A l f a  P r o d ) ............................................................... 0 . 0 1 0 5  g

Zn G l u c o n a t e  ( A l f a  P r o d ) . . . . ....................................................... 0 . 0 1 6 0  g

*  De o x y c h o l  i c A c i d  Cone .  ( S i gma  # D - 6 7 5 0 ,  Sodi um S a l t
7 - D e o x y c h o l  i c  A c i d ......................... 0 . 1 % ( o r  0 . 2g / 2 0 0  ml )



a s o f t  t i s s u e  t o s t i m u l a t e  u r i n a t i o n  and d e f e c a t i o n .  Thi  

i s n o r m a l l y  a c c o m p l i s h e d  by t he  dam' s  l i c k i n g  in t he  home 

c a g e .  I t  seems t o be an e s s e n t i a l  f a c t o r  in nor mal  d i g e s  

t i o n  and e l i m i n a t i o n .  Each p u p ' s  c a n n u l a  i s f l u s h e d  w i t h  

d i s t i l l e d  w a t e r  o r ,  i f  t he  pup a p p e a r s  b l o a t e d ,  w i t h  a 

d e o x y c h o l i c  a c i d  s o l u t i o n .  D e o x y c h o l i c  a c i d  has been  

f ound t o a l l e v i a t e  t he  b l o a t i n g  in a r t i f i c i a l l y - r e a r e d  

pups ( D i a z ,  e t  a I . 1 9 8 1 ) .  A p p a r e n t l y ,  m o t h e r - r e a r e d  pups

i n g e s t  t h i s  s a l t  by l i c k i n g  t he  m o t h e r ' s  f e c e s  in t he  

m a t e r n a l  cage  ( D i a z ,  p e r s o n a l  c o m m u n i c a t i o n ,  Nov e mbe r ,  

1 9 8 4 ) .

The s t r a i n  r e l i e f  d i s c s  a r e  a d j u s t e d  a t  t h i s  t i me  to 

a c c o mo d a t e  g r o w t h .  S e r v i c i n g  i s c a r r i e d  out  a t  t he  same 

t i me  each day on a s o f t  h e a t e d  s u r f a c e  so t h a t  t he  pup 

does not  e x p e r i e n c e  s t r e s s  f r om t he  c o l d .  B e h a v i o r a l  

t e s t s  of  r i g h t i n g ,  n e g a t i v e  g e o t a x i s  and c l i f f  a v o i d a n c e  

a r e  a l s o  done a t  t h i s  t i m e .  The amount  of  f o r m u l a  i s  

i n c r e a s e d  d a i l y  a c c o r d i n g  t o t he  p u p s ' g r o w t h  r a t e  ( s e e

I 8

Tab I e  2 ) .



T a b l e  2 .  D a i l y  Amount s of  F o r mu l a  ( m l / 2 3  h r )

Days of  Age Days of  Age
( P o s t n a t a l ) F o r mu l a  Amount .  ( P o s t n a t a l  ) F o r mu l a  Amount

4
5
6
7
8 
9

I 0

2 . 0  
2 . 6  
3 . 0
3 . 6
4 . 6
5 . 6
6 . 6

I I 
I 2 
I 3 
I 4 
I 5 
I 6

1 7 - 1 8

7 . 6
8 . 6
9 . 0
9 . 0  

1 0 . 0  
1 0 . 0  
1 0 . 0

N o t e . Lab chow i s added t o d i e t  on Days 1 7 - 1 8 .

E t h a n o l  E x p o s u r e

F e ma l e  H o l t z ma n  r a t s  we r e  ma t e d  w i t h  e x p e r i e n c e d  ma l e  

H o l t z ma n  r a t s  a t  t he  Mo n t a n a  S t a t e  U n i v e r s i t y  An i ma l  

Re s o u r c e  C e n t e r  and t he n  i n d i v i d u a l  I y housed u n t i l  

p a r t u r i t i o n .  Four  days a f t e r  p a r t u r i t i o n ,  10 ma l e  pups 

wh i c h  we r e  r a n d o ml y  s e l e c t e d  f r o m two t o t h r e e  l i t t e r s  

we r e  f i t t e d  w i t h  i n t r a g a s t i c  c a n n u l a s  and a r t i f i c a l l y  

r e a r e d  u n t i l  p o s t n a t a l  Day 18,  a t  wh i c h  t i me  t h e y  wer e  

s a c r i f i c e d  ( Gr oup  1)  or  weaned t o l ab chow and put  in 

i n d i v i d u a l  cages  ( Gr o u p s  2 - 5 ) .  The 10 pups in each gr oup  

we r e  w e i g h t - m a t c h e d  and t hen r a n d o ml y  a s s i g n e d  t o e i t h e r  

t he  c o n t r o l  ( f o r m u l a  o n l y )  or  a l c o h o l  gr oup ( f o r m u l a  p l u s  

e t h a n o l ) .  F i v e  g r o u p s  of  a n i m a l s  we r e  a r t i f i c a l l y  r e a r e d  

and t he  e x p e r i m e n t a l  s u b j e c t s  we r e  e x pos e d  t o v a r y i n g  

amount s  of  a l c o h o l  on v a r i o u s  days . The c o n c e n t r a t i o n s  

and p e r i o d s  of  e x p o s u r e  w e r e :  Gr oup I e x pos e d  t o 3% ( v / v )  

on days 6 t h r o u g h  9.  Gr oup 2 e x pos e d  t o 5% on Day 6,  T% on



Day 7,  and 5% on Days 8 and 9.  Gr oup 3 e x pos e d  t o 3% on 

Days 4 t h r o u g h  7.  Gr oups  4 and 5 e x pos e d  t o 3% on Days 6 

t h r o u g h  9.  The amount  of  f o r m u l a  g i v e n  each day i s shown 

in T a b l e  2 .

E x o e r i me nt s  6 - 9

The me t hod  d e s c r i b e d  above  was t he  same f o r  t he  

second s e t  of .  e x p e r i m e n t s  e x c e p t  f o r  t he  pumps used to 

a r t i f i c i a l l y  r e a r  t he  a n i m a l s ,  t he  number  and sex of  pups  

u s e d ,  and t he  amount  and days of  e t h a n o l  e x p o s u r e  . The 

pumps used f o r  Gr oups  6 - 9  a r e  d e s c r i b e d  h e r e  b r i e f l y .  

Be c a us e  of  many p r o b l e ms  a s s o c i a t e d  w i t h  a d a p t i n g  t he  Sage  

954 t o push 10 s y r i n g e s ,  a pump was d e s i g n e d  s p e c i f i c a l l y  

f o r  t h i s  p u r p o s e .  The se  pumps ( 2 )  we r e  d e s i g n e d  and b u i l t  

by Gor don W i l l i a m s  and John Rompe I of  t he  T e c h n i c a l  S e r ­

v i c e s  Shop a t  Mo n t a n a  S t a t e  U n i v e r s i t y .  The se  s p e c i a l l y  

d e s i g n e d  pumps have t he  i n t e r n a l  c i r c u i t r y  n e c e s s a r y  to 

c o n t r o l  a l l  p a r a m e t e r s  of  d i e t  d e l i v e r y .  The pumps may be 

s e t  t o c o n t r o l  t he  p e r c e n t a g e  of  t i me  t he y  pump d u r i n g  an 

1 8 . 2  mi n c y c l e  Cf r om 0 . 7 8 % t o 100%)  T h i s  p e r c e n t a g e  of  

f e e d  t i me in the 1 8 . 2  min f e e d  cycl e  i s c o n t i n u a l l y  

r e p e a t e d  o v e r . t h e  2 3 - h r  f e e d i n g  p e r i o d .  The f i n a l  hour  is 

used f o r  t e s t i n g  and s e r v i c i n g  pups .  A H u r s t  model  LAS 

s t e p p i n g  mo t o r  a c t i v a t e d  by d i g i t a l  t i m i n g  c i r c u i t s  d e t e r ­

mi n e s  t he  d i s t a n c e  f o r w a r d  t he  s y r i n g e  push p l a t e  i s moved 

d u r i n g  each o n - c y c l e .  W i t h  a 10 ml  B e c t o n - D i c K e n s o n



P l a s t i p a k  s y r i n g e  t he  push p l a t e  moves f o r w a r d  6 . 1 4  mm f o r  

each ml pumped.  The s e t t i n g  f o r  t he  push p l a t e  has a 

r a nge  ( i n  t he  c o n t i n u o u s l y  on mode)  of  0 . 1  t o 10 mm/ mi n.  

The amount s  of  f o r m u l a  t h e s e  pumps can d e l i v e r  in each 23 

hr  p e r i o d  r a nge s  f r om l e s s  t han 0 . 2  ml t o mor e t han 10 ml .  

L a r g e r  s y r i n g e s  wo u I d  a l l o w  g r e a t e r  v o l ume s . U t i l i z i n g  

t h e s e  pumps in E x p e r i m e n t s  6 - 9  g r e a t l y  i n c r e a s e d  our  

a b i l i t y  t o f e e d  p r e d i c t a b l e  amount s  of  f o r m u l a .  Compar ed  

t o comme r c i a l l y  a v a i l a b l e  pumps C e . g . ,  H a r v a r d  5 0 0 0 )  t h e s e  

pumps a r e  much l e s s  e x p e n s i v e  ( a b o u t  @ 1 0 0 0 / u n  i t ) ,  much 

s m a l l e r ,  and e x t r e m e l y  e as y  to us e .  The h i g h  d e g r e e  of  

r e l i a b i l i t y  and a c c u r a c y  of  t he  pumps has been a t r e m e n ­

dous i mpr ov e me nt  in t he  a r t i f i c i a l  r e a r i n g  of  r a t  pups in 

our  l a b o r a t o r y .

Gr oups  6 - 9  we r e  t r e a t e d . i n  most  r e s p e c t s  t he  same as 

Gr oups  1 - 5 ;  h o we v e r ,  a l l  s u b j e c t s  wer e  s a c r i f i c e d  on or  

b e f o r e  Day 18.  I n t h i s  second s e t  of  e x p e r i m e n t s  t h e r e  

we r e  20 a n i m a l s  per  gr oup  and bo t h  ma l e s  and f e ma l e s  wer e  

u s e d .  Gr oups  6 - 9  we r e  a l s o  w e i g h t - m a t c h e d  and r a ndoml y  

a s s i g n e d  e i t h e r  t o t he  e x p e r i m e n t a l  or  t he  c o n t r o l  c o n d i ­

t i o n .  The e x p e r i m e n t a l  a n i m a l s  r e c e i v e d  4% e t h a n o l  on 

Days 5 t h r o u g h  9 ( p o s t n a t a l ) .  D a t a  on pups in Gr oups  6 

and 7 a r e  not  i n c l u d e d  h e r e  s i n c e  most  of  t h e s e  pups wer e  

s a c r i f i c e d  be t we e n  Days 7 - 1 2  ( p o s t n a t a l ) ,  and t he  c r i t e r ­

i on f o r  i n c l u d i n g  s u b j e c t s  in t he  n e g a t i v e  geo t a x  i s was
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s u r v i v a l  t o Day 12.

R e f l e x  Me a s u r e s

A l l  g r oups  ( 1 - 9 )  we r e  t e s t e d  f o r  n e g a t i v e  g e o t a x i s  

r e f l e x  d u r i n g  t he  a r t i f i c i a l - r e a r i n g  p e r i o d .  In t h i s  t e s t  

t he  pup i s p l a c e d  head down on a 3 0 - d e g r e e  i n c l i n e d  p l a n e .  

The r e f l e x  i s me a s u r e d  by t i m i n g  how l ong i t  t a k e s  t he  pup 

t o t u r n  f r o m a head down t o a head up p o s i t i o n  ( a p p r o x i ­

m a t e l y  1 8 0 - d e g r e e s ) . The pups a r e  g i v e n  a 60 s t i me  l i m i t  

to c o m p l e t e  t h i s  r e s p o n s e .  I f  t he  s u b j e c t  t a k e s  60 s or  

l o n g e r  t o c o mp l e t e  t he  r e s p o n s e  he r e c e i v e s  a s c o r e  of  6 0 .  

The t e s t  a p p a r a t u s  i s made by c u t t i n g  a c a r d b o a r d  box at  

t he  a p p r o p r i a t e  ( 3 0 - d e g r e e )  a n g l e  and c o v e r i n g  t he  s u r f a c e  

w i t h  a s o f t  c l o t h  t o p r e v e n t  s l i p p i n g .

I n i t i a l l y  t h r e e  o t h e r  r e f l e x  me a s u r e s  we r e  t a k e n  

a l o n g  w i t h  t h e  n e g a t i v e  g e o t a x i s  me a s u r e ,  i n c l u d i n g  r i g h t ­

i n g ,  f r e e - f a l l  r i g h t i n g  and c l i f f  a v o i d a n c e .  The se  t e s t s  

we r e  d r o p p e d  a f t e r  t he  f i r s t  b a t c h  of  pups ,  b e c a u s e  ho 

c o n s i s t e n t  r e s u l t s  we r e  s e e n ,  and t wo of  t h e s e  t e s t s  

seemed e i t h e r  t o be t r a u m a t i c  t o t he  pups or  s t r a i n e d  t he  

c a n n u l a s .  The n e g a t i v e  g e o t a x i s  me a s u r e  has been used by 

o t h e r  r e s e a r c h e r s  ( Samson & D i a z ,  19 8 2 ;  S h a y w i t z  e t  a I . , 

1 9 7 9 )  and has been r e p o r t e d  by A l t ma n  and Su d a r s h a n  ( 1 9 7 5 )  

t o be an i n d i c a t i o n  of  p s y c h o mo t o r  d e v e l o p m e n t .

B r a i n  Me a s u r e s

The f i r s t  g r oup  of  a r t i f i c i a l l y - r e a r e d  pups ( Gr oup  I )



was s a c r i f i c e d  on Day 19 ( p o s t n a t a l  ) w i t h  an o v e r d o s e  of  

Ne mbut a l  and c a r d i a c  p e r f u s e d  w i t h  6% b u f f e r e d  f o r m a l i n ,  

f o r  10 mi n u s i n g  a 23 gauge n e e d l e .  A f t e r  t he  p e r f u s i o n  

t he  s u b j e c t s '  b r a i n s  and i n t e r n a l  o r g a n s  we r e  r emoved and 

p l a c e d  in a 6% b u f f e r e d  f o r m a l i n  s o l u t i o n  f o r  f i v e  d a y s .  

The b r a i n s  we r e  r emoved f r om t h i s  s o l u t i o n ,  b l o t t e d  w i t h  

p a pe r  t o w e l s ,  w e i g h e d ,  and me a s u r e d .  The w e i g h i n g  was 

done on a S a t o r i u s  12 12MP b a l a n c e .  The me a s u r e me n t s  of  

t he  c e r e b r a l  and c e r e b e l l a r  d i me n s i o n s  we r e  made u s i n g  

S t a r r e t  c a l i p e r s .  The o v e r a l l  c e r e b r a l  l e n g t h  was me a s u r ­

ed f r o m f r o n t a l  p o l e  t o a n t e r i o r  s u r f a c e  of  c e r e b e l l u m ,  

and t he  c e r e b r a l  w i d t h  was me a s u r e d  a t  t he  maximum p o i n t  

a c r o s s  b o t h  h e m i s p h e r e s .  The w i d t h  and d e p t h  of  t he  c e r e ­

b e l l u m  we r e  a l s o  me a s u r e d .  These  p r o c e d u r e s , as w e l l  as 

t he  me a s u r e me n t s  t a k e n ,  we r e  based on t he  p r o t o c o l  

d e s c r i b e d  by Samson and D i a z  C 19 8 2 )  .

A l c o h o l  T e s t i n g

P r e l i m i n a r y  s i n g l e - b o t t l e . t e s t .  I n i t i a l  e t h a n o l  t e s t s  

we r e  c o n d u c t e d  on Gr oup 2 f o l l o w i n g  a 19 hr w a t e r  d e p r i v a ­

t i o n .  A n i ma l s  we r e  o f f e r e d  e i t h  e r 10% e t h a n o l  C Day 3 5 3 or  

5% e t h a n o l  C Day 3 6 ) .  I n t a k e  was me a s u r e d  a t  15 mi n i n t e r ­

v a l s  f o r  I h r .  T h i s  t e s t  was r e p l a c e d  w i t h  a mor e d e t a i l ­

ed 2 - b o t t l e  p r e f e r e n c e  t e s t .

S h o r t  d u r a t i o n ,  t w o - b o t t l e  p r e f e r e n c e  t e s t .  Over  

a t h r e e - d a y  p e r i o d  s u b j e c t s  in Gr oups  2 - 5  we r e



d e p r i v e d  o f  w a t e r  d a i l y  f o r  18 h r ,  a f t e r  w h i c h  t h e y  we r e  

o f f e r e d  t wo b o t t l e s ,  one  c o n t a i n i n g  w a t e r  and t h e  o t h e r  

one o f  t h r e e  e t h a n o l  s o l u t i o n s  C1%,  5%,  1 0 %) .  O r d e r  of

e t h a n o l  c o n c e n t r a t i o n s  and p o s i t i o n s  o f  t h e  b o t t l e s  we r e  

r a n d o m i z e d ,  and i n t a k e  v o l u m e s  w e r e  m e a s u r e d  a t  60 m i n .

The  s u b j e c t s  w e r e  r e h y d r a t e d  f o r  6 hr  b e t w e e n  t e s t s .  T h i s  

me t h o d  o f  p r e f e r e n c e  t e s t i n g  was us e d  f o r  G r o u p s  2 and 3 

( c o mb i n e d ) ,  4 ,  and 5 .

Long d u r a t i o n  p r e f e r e n c e  t e s t i n g  ( w a t e r  v e r s u s  5% 

e t h a n o l  o n l y . DBased on t h e  r e s u l t s  o f  t h e s e  p r e f e r e n c e  

t e s t s ,  a new me t h o d  o f  p r e f e r n c e  t e s t i n g  was b e g u n  . T h e s e  

l a s t  p r e f e r e n c e  t e s t s  w e r e  c o n d u c t e d  on Gr o u p  5 .  No 

d e p r i v a t i o n  was us e d  and t h e  i n i t i a l  t e s t  d u r a t i o n  was 24  

hr  f o l l o w e d  by a 17 hr  t e s t .  A n i m a l s  w e r e  t e s t e d  i n 

s i a I t e s t  c a g e s  ( a s  o p p o s e d  t o  home c a g e s  i n t h e  p r e ­

v i o u s  t e s t s )  and c o m p u t e r - a s s i s t e d  d a t a  c o l l e c t i o n  was  

u t i l i z e d .  The  s u b j e c t s  i n Gr o u p  5 w e r e  t e s t e d  f o r  f i v e  

d a y s  u s i n g  t h e  5% e t h a n o l  v e r s u s  w a t e r  c h o i c e .  The  f i n a l  

t h r e e  d a y s  o f  t e s t i n g  u t i l i z e d  a 5 hr  t e s t  p e r i o d  w h i c h  

b e g a n  I hr  b e f o r e  t h e  o n s e t  o f  t h e  d a r k  c y c l e ,  and i n c l u d ­

24

ed a 21 h r . w a t e r  d e p r i v a t i o n .
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RESULTS

The s t a t i s t i c a l  t e s t s  used w e r e :  I n d e p e n d a n t  JL-
C L  '  '

t e s t s ,  F ... and . These  t e s t s  w e r e  run
max

w i t h  MSUSt a t  s o f t w a r e  ( L u n d ,  1983  D . A r e p e a t e d  me as ur e s  

a n a l y s i s  o f  v a r i a n c e  was used f o r  t h e  l o n g - d u r a t i o n  

p r e f e r e n c e  t e s t s .  T h i s  a n a l y s i s  was done w i t h  t he  B i o -  

M e d i c a l  D a t a  P r o c e s s i n g  2 - V  p r o g r a m  ( D i x o n ,  1 9 8 3 ) .

Gr o wt h  r a t e s

F i g u r e  2 shows t h e  g r o w t h  c u r v e s  f o r  Gr oups  I ,  2 ,  

and 3 c o mb i n e d .  T h i s  f i g u r e  shows t h e  mean d a i l y  w e i g h t s  

f o r  a l l  pups s u r v i v i n g  t o  day 18 in Gr oups  I ,  2 ,  and 3 

( N=7 c o n t r o l s ,  N=I O e x p e r i m e n t a l s ) .  T h e r e  was no 

d i f f e r e n c e  be t we e n  t he  e x p e r i m e n t a l  and c o n t r o l  pups in 

g r o w t h  r a t e .  Gr oups  I ,  2 ,  and 3 shown in F i g u r e  2 had 

h i g h l y  s i m i l a r  g r o w t h  r a t e s  b o t h  w i t h i n  g r o u p s  and be t ween  

g r o u p s .  The e x p e r i m e n t a l  s u b j e c t s  shown in F i g u r e  2 had 

been e x p o s e d  t o  v a r y i n g  amount s  o f  a l c o h o l  on v a r i o u s  

p o s t n a t a l  d a y s .  These  i n i t i a l  t h r e e  g r o u p s  w e r e  used to 

d e t e r m i n e  r e a s o n a b l e  dose l e v e l s  and days  of  e x p o s u r e .

The e x p e r i m e n t a l  and c o n t r o l  pups g r e w a t  n e a r l y  i d e n t i c a l

r a t e s .
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Figure 2. Mean body weights for Groups I, 2, and 3.



F i g u r e  3 shows t he  mean d a i l y  w e i g h t  of  e x p e r i m e n t a l  

CN=7D and c o n t r o l  CN=6)  s u b j e c t s  f r om Gr oups  4 and 5.

Ag a i n  t he  g r o wt h  r a t e s  a r e  s i m i l a r  f o r  c o n t r o l  and e x p e r i ­

me n t a l  a n i m a l s .  These  e x p e r i m e n t a l  pups ( Gr o u p s  4 and 5)  

wer e  e x p o s e d  t o 3% C v / v )  e t h a n o l  on Days 6 - 9  ( p o s t n a t a l ) .  

In a l l  n i n e  g r o u p s ,  t h e r e  we r e  no d i f f e r e n c e s  b e t we e e n  t he  

g r o wt h  r a t e s  of  e t h a n o l - e x p o s e d  and c o n t r o l  a n i m a l s .  The 

v a r i a n c e s  we r e  v e r y  s m a l l .  Gr oups  8 and 9 a r e  not  i n ­

c l u d e d  h e r e  b e c a u s e  t h e r e  we r e  t oo f e w a n i m a l s  t h a t  s u r ­

v i v e d  t o Day 18.  The gr . owth r a t e s  f o r  t h e s e  two gr oups  

showed no d i f f e r e n c e s  b e t we e n  t he  e t h a n o l - e x p o s e d  pups and 

t he  c o n t r o l s .  Gr owt h  r a t e s  f o r  Gr oups  8 and 9 we r e  n e a r l y  

i d e n t i c a l  t o t he  g r o wt h  r a t e s  shown in F i g u r e s  2 and 

F i g u r e  3 .

N e g a t i v e  G e o t a x i s

F i g u r e  4 shows t he  gr oup  mean l a t e n c y  on t he  n e g a t i v e  

geo t a x  i s r e s p o n s e  f o r  g r o u p s  4 and 5 ( c o m b i n e d ) .  The  

e x p e r i m e n t a l  s u b j e c t s  ( n = 6 )  wer e  e x pos e d  t o 3% ( v / v )  e t h ­

anol  on days  6 - 9 .  The n e g a t i v e  geo t a x  i s r e s p o n s e  d a t a  f or  

Gr oups  I ,  2 ,  and 3 have not  been i n c l u d e d  h e r e  be c a us e  

t h e s e  g r o u p s  we r e  e x pos e d  t o v a r y i n g  amount s  of  e t h a n o l  on 

v a r i o u s  d a y s .  As can be seen in F i g u r e  4,  t he  e x p e r i m e n ­

t a l  pups had a somewhat  l o n g e r  l a t e n c y  on t h i s  r e p o n s e  

t han d i d  t he  c o n t r o l s  f o r  most  days of  a l c o h o l  e x p o s u r e

( p o s t n a t a l  Days 7 - 1 0 ) .  Ho we v e r ,  o n l y  on Day 9 was t h e r e  a
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Figure 3. Mean body weights for Groups 4 and 5.
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s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  i n l a t e n c y ,

_LC 13D = 2 . 2 3 4 ,  JL < - 0 5 .

An F an I a y s  i s  o f  g r o u p  v a r i a n c e  shows t h a t  t he  
ma x

v a r i a n c e s  o f  t h e  e x p e r i m e n t a l  g r o u p  was s i g n i f i c a n t l y  

g r e a t e r  t h a n  t h a t  o f  t h e  c o n t r o l  g r o u p  on Da y s  8 ,  9 ,  and

I 0 . On Day 8 t h e v a r i a n c e  r e s u l t e d i n an F ( 5 ,  8 )

CD<NCMCOIl Jl < . 0 3  . On Day  9 a n a l y s i s showed
max

an F C 5 ,  8 D

= 4 5 . 4 5 Jl < . 0 1 ; and a l s o  on Day 10 F ( 5  ,
max

8 D = 1 7 . 2 4 ,

JL< . 0 1 .
ma x

F i g u r e  5 shows t he  mean r e p o n s e  l a t e n c y  f o r  Gr oups  8 

and 9.  The e x p e r i m e n t a l  r a t s  in t h e s e  two g r o u p s  had been  

e x pos e d  t o 4% Cv/ vD e t h a n o l  on Days 5 - 9  p o s t n a t a l  . The 

e x p e r i m e n t a l  s u b j e c t s  showed a somewhat  l o n g e r  l a t e n c y  to 

r e s pond  t ha n  t he  c o n t r o l s  on a l l  days of  a l c o h o l  e x p o s u r e .  

On l y  two of  t h e s e  d a y s ,  6 and 11,  had s i g n i f i c a n t l y  d i f ­

f e r e n t  me a ns .  A t - t e s t  of  Day 6 r e s u l t e d  in a J.C I 4 D = 

2 . 9 7 ,  JL < . 0 1 ;  and f o r  Day 11,  ± ( 1 4 )  = 2 . 2 1 ,  £. < . 0 4 .  An

F a n a l y s i s  o f  t h e  g r o u p  v a r i a n c e s  showed no s i g n i f i c a n t  
max

d i f f e r e n c e s  on any  t e s t  d a y s .  The h i g h e r  dos e  o f  e t h a n o l  

C 4%)  l i k e l y  a f f e c t e d  mo r e  s u b j e c t s  t o  a h i g h e r  d e g r e e  t ha n  

t h e  3% e x p o s u r e ,  and t h e r e f o r e  t h e  v a r i a b i l i t y  w a s not  as 

g r e a t  as t h a t  seen  i n Gr o u p s  4 and 5 .
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Figure 5. Negative Geotaxis Reflex measures for Groups 8 and 9.
* Indicates significant group mean differences, _t-test, (p < .05).
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E t h a n o l  P r e f e r e n c e

F i g u r e s  6 and 7 show t he  amount s  of  e t h a n o l  and 

w a t e r  , r e s p e c t i v e l y ,  consumed d u r i n g  o n e - h o u r  p r e f e r e n c e  

t e s t s  by Gr oups  2 - 5  ( c o m b i n e d ) .  The s u b j e c t s  we r e  w a t e r -  

d e p r i v e d  f o r  18 h r ,  t hen o f f e r e d  w a t e r  v e r s u s  one of  t h r e e  

s o l u t i o n s  of  e t h a n o l  C1%, 5%,  or  10% v / v ) .  Or d e r  of

p r e s e n t a t i o n  of  s o l u t i o n s  and p o s i t i o n  of  b o t t l e s  we r e  

r amdoml y  d e t e r m i n e d .

F i g u r e  6 shows t h a t  t he  e x p e r i m e n t a l  s u b j e c t s  d r a nk  

somewhat  mor e e t h a n o l  t han t he  c o n t r o l s  a t  a l l  c o n c e n t r a ­

t i o n s  o f f e r e d .  The o n l y  s i g n i f i c a n t  d i f f e r e n c e ,  h o we v e r ,  

was t he  10% c o n c e n t r a t i o n ,  ± ( 2 5 )  = 2 . 1 7 ,  < . 0 4 .  T h e r e

we r e  no s i g n i f i c a n t  d i f f e r e n c e s  of  t he  w a t e r  c o n s u mp t i o n  

r a t e s .

A l l  of  t h e s e  one hr t w o - b o t t l e  p r e f e r e n c e  t e s t s  wer e  

c a r r i e d  out  in t he  p u p ' s  home cage . These  t e s t s  we r e  g i v e n  

to pups f r om Gr oups 2 - 3  ( c o m b i n e d ) ,  Gr oup 4,  and Gr oup 5.  

We a l s o  t e s t e d  Gr oup 2 in a s i n g l e - b o t t l e  t e s t .  A f t e r  19 

hr of  w a t e r  d e p r i v a t i o n  t he  s u b j e c t s  we r e  g i v e n  e i t h e r  10% 

e t h a n o l  ( Day  35 p o s t n a t a l ) or  5% e t h a n o l  ( Day  36 p o s t n a ­

t a l ) .  At  b o t h  c o n c e n t r a t i o n s ,  e t h a n o l - e x p o s e d  s u b j e c t s  

d r a n k  a p p r o x i m a t e l y  t w i c e  as much e t h a n o l  as c o n t r o l s  

d u r i n g  t he  f i r s t  30 mi n but  t h i s  d i f f e r e n c e  a p p e a r e d  to

d e c r e a s e  by I h r .
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C o m b in e d  EtOH C o n s u m p t io n  Groups 2 — 5
One hr t e s t --------3  co n cen tra tio n s

E tO H I % EtOH5% EtOH 10%

Figure 6> Ethanol consumption for Groups 2, 3, 4, and 5. Three concentrations 
were presented with water; 1% ethanol (v/v), 5% ethanol (v/v) and 10% 
ethanol (v/v).
*Indicates significant group mean difference, _t-test (p< .05).
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W ater  c o n s u m p t i o n  fo r  G roups  2 — 5
As paired  with each EtOH c o n ce n tra tio n

H 20 (1% )

Figure 7. Water Consumption for Groups 2, 3, 4, and 5. The amount of water 
consumed with each ethanol concentration (1%, 5%, and IO^is shown.
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F i g u r e  8 shows t he  amount  o f  e t h a n o l  and w a t e r  c on ­

sumed in t h r e e  5 hr t e s t s  by s u b j e c t s  in Gr oup 5.  Sub­

j e c t s  we r e  d e p r i v e d  of  w a t e r  f o r  21 hr t hen g i v e n  two 

b o t t l e s  -  one c o n t a i n i n g  w a t e r  and t he  o t h e r  c o n t a i n i n g  5%

C v / v ) e t h a n o l  s o l u t i o n .  The e x p e r i m e n t a l  a n i m a l s  dr a nk  

mor e e t h a n o l  t han t he  c o n t r o l s  on each of  t he  t h r e e  t e s t  

d a y s .  Ho we v e r ,  an a n a l y s i s  of  v a r i a n c e  r e p e a t e d  me a s ur e s  

d e s i g n  ( BMP D- 2 V ; D i x o n ,  1 9 8 3 D d i d  not  show any s i g n i f i ­

c a n t  d i f f e r e n c e s  b e t we e n  t he  two g r o u p s .  T h e r e  was o n l y  a 

s i g n i f i c a n t  o v e r a l l  e f f e c t  of  days , £ ( 2 ,  8 D = 5 . 0 4 0 ,

£.< . 0 4 .  The s ma l l  number  of  s u b j e c t s  C n = 3)  and t he  r e l a t i v e l y

l a r g e  v a r i a n c e s  may e x p l a i n  why t he  means showed no mai n  

e f f e c t  or  i n t e r a c t i o n .  Gr oup 5 was a l s o  g i v e n  one 2 4 - h r  

t e s t  and one 1 7 - h r  t e s t .  On t he  2 4 - h r  t e s t  pups in t he  

c o n t r o l  g r o u p  d r a n k  a mean of  6 . 6 7  ml  (+. 5 . 5 0  m l )  e t h a n o l  , 

wh e r e a s  pups in t he  e x p e r i m e n t a l  g r oup  d r a n k  a mean of  17 

ml ( + . 2 . 6 4  m l )  e t h a n o l  . On t he  1 7 - h r  t e s t  t he  c o n t r o l s  

consumed 1 3 . 3 3  ml  ( ± 8 . 7 3  m l )  e t h a n o l  wh e r e a s  t h e  e x p e r i -  

m e n t a l s  consumed 1 8 . 6 7  ml ( ± 3 . 0 5  ml )  e t h a n o l  . T o t a l  f l u i d  

c o n s u mp t i o n  was 33 ml f o r  b o t h  g r o u p s  on t he  24 hr t e s t .

T o t a l  f l u i d  c o n s u mp t i o n  on t he  1 7 - h r  t e s t  was 28 ml f o r  

c o n t r o l s  c ompar ed t o 35 ml  f o r  t he  e x p e r i m e n t a l s .  Bot h  

gr o u p s  a p p e a r e d  t o i n c r e a s e  t h e i r  c o n s u mp t i o n  of  e t h a n o l  

w i t h  s u c c e s s i v e  days of  t e s t i n g .
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Group 5 Pre fe rence
Three 5 —hr tests

EtOH Day 5 H 2 0EtOH Day 3 H 2 0

Figure 8. Ethanol and water consumption for Group 5 in three 5-hr tests.
Water was paired with a 5% ethanol (v/v) solution. Position of 
solutions was randomly determined.
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B r a i n  We i a h t / Bod v We i a h t Rat  io s

The b r a i n / b o d y  w e i g h t  r a t i o  was 0 . 0 3 3  ( SEM = + . 0 . 001)  

f o r  e i g h t  e x p e r i m e n t a l  pups and i t  was . 0 3 9  CSEM = + . 0 . 001)  

f o r  f i v e  c o n t r o l  a n i m a l s .  These  s u b j e c t s  came f r om two 

s e p a r a t e  g r o u p s  of  a n i m a l s .  Of  t he  e i g h t  e x p e r i m e n t a l  

s u b j e c t s ,  f o u r  we r e  f r o m Gr oup I wh i c h  was e x pos e d  t o 3%

( v / v ) e t h a n o l  f o r  Days 6 t h r o u g h  9 ( p o s t n a t a l ) .  The o t h e r  

f o u r  e x p e r i m e n t a l  a n i m a l s . i n  t h i s  gr oup  came f r o m Gr oup 9 ,  

wh i c h  was e x pos e d  t o 4% e t h a n o l  on Days 5 - 9  ( p o s t n a t a l ) .  

The b r a i n  me a s u r e me n t s  we r e  f r om a n i m a l s  18 days o l d  

( Gr oup  I )  and 10 days o l d  ( Gr oup  9 ) .  The d i f f e r e n c e s  in 

ages  of  t h e s e  s u b j e c t s  makes t he  b r a i n  w e i g h t / b o d y  w e i g h t  

r a t i o  a mor e a p p r o p r i a t e  me a s u r e  f o r  c o mp a r i s o n  t ha n  s i m­

p l e  b r a i n  w e i g h t .  AJ . - t e s t  c o mp a r i n g  c o n t r o l  and e x p e r i ­

me n t a l  g r oup  means i s s i g n i f i c a n t ,  ± ( 1 1 )  = 2 . 5 9 ,  SL < . 0 2 .

C a t a r a c t s

A t o t a l  of  58 a n i m a l s  in Gr oups  1 - 1 0  s u r v i v e d  t o eye  

o p e n i n g .  No c o n s i s t e n t  d i f f e r e n c e  in t i me  of  eye o p e n i n g  

w a s . o b s e r v e d  b e t we e n  t he  e x p e r i m e n t a l s  and c o n t r o l s .  How­

e v e r ,  c a s u a l  o b s e r v a t i o n  s u g g e s t e d  t h a t  a r t i f i c i a l l y -  

r e a r e d  a n i m a l s  opened t h e i r  eyes  somewhat  e a r l i e r  t han  

m o t h e r - r e a r e d  a n i m a l s .

C a t a r a c t s  we r e  observed i n 23 of  t he  a r t i f i c i a l l y -  

r e a r e d  a n i m a l s .  The c l o u d i n e s s  o b s e r v e d  was c o n f i r m e d  to 

be c a t a r a c t s  by a p a t h o l o g i s t .  D r .  L a r r y  S t a c k h o u s e ,  of
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t he  D e p a r t me n t  of  V e t e r i n a r y  R e s e a r c h  a t  Mo n t a n a  S t a t e  

U n i v e r s i t y .  Of  t he  23 a n i m a l s  in wh i c h  c a t a r a c t s  wer e  

o b s e r v e d ,  19 we r e  e t h a n o l - e x p o s e d  and 4 we r e  c o n t r o l  a ni  

m a I s . Us i n g  a c h i - s q u a r e  a n a l y s i s  t h i s  t r e a t m e n t  d i f f e r  

ence in t he  f r e q u e n c y  of  c a t a r a c t s  in t he  e x p e r i m e n t a l

a n i m a l s  i s h i g l y  s i g n i f i c a n t . M =  5 8 )  = 9 . 0 4 2  ,

J2.< . 0 0 3 ) .
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D I SCUSS I ON

A r t i f i c i a l - r e a r i n g  a p p e a r s  t o be a s u i t a b l e  met hod  

f o r  d e t e r m i n i n g  t he  e f f e c t s  of  e a r l y  e t h a n o l  e x p o s u r e  on 

n e o n a t a l  r a t  r e f l e x  b e h a v i o r  as w e l l  as l a t e r  e t h a n o l  

p r e f e r e n c e .  W h i l e  a r t i f i c i a l  r e a r i n g  i s not  w i t h o u t  l i m i ­

t a t i o n s  and d r a w b a c k s ,  i t  s o l v e s  many of  t he  n u t r i t i o n a l  

c o m p l i c a t i o n s  o f t e n  i n h e r e n t  in d e v e l o p m e n t a l  a l c o h o l  

r e s e a r c h :  In p a r t i c u l a r ,  t he  l e v e l  of  n u t r i t i o n  and a l c o ­

hol  e x p o s u r e  can b o t h  be d e t e r m i n e d  mor e p r e c i s e l y  u s i n g  

t h i s  me t hod  t ha n  w i t h  m a t e r n a l  e x p o s u r e  or  a c u t e  n e o n a t a l  

e x p o s u r e  d u r i n g  m o t h e r - r e a r i n g .

Gr owt h

The g r o wt h  r a t e s  of  a l l  g r o u p s  of  a r t i f i c i a l l y -  

r e a r e d  a n i m a l s  we r e  s i m i l a r ,  and pups t h a t  we r e  e xpos e d  t o  

a l c o h o l  d i d  not  d i f f e r  in t h e i r  g r o wt h  r a t e s  when compar ed  

t o c o n t r o l s .  Gr owt h  of  t he  a r t i f i c i a l l y - r e a r e d  a n i ma l s  

c ompar ed q u i t e  f a v o r a b l y  w i t h  n o r m a l l y - r e a r e d  c o n t r o l s ,  

and by Day 21 ( p o s t n a t a l  ) t h e i r  w e i g h t s  we r e  w i t h i n  nor mal  

l i m i t s  ba se d  on d a t a  f r om C h a r l e s  R i v e r  B r e e d i n g  

L a b o r a t o r i e s ,  I n c .

The f a c t  t h a t  t h e  s u b j e c t s  e x pos e d  t o e t h a n o l  as

n e o n a t e s  showed t he  same g r o wt h  r a t e  as c o n t r o l s  i s i n t e r -
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e s t i n g  b e c a u s e  g r o wt h  d e f i c i e n c i e s  a r e  a f a i r l y  c o n s i s t e n t  

f i n d i n g  in human FAS c h i l d r e n  C La nde sma n- Dwy e  r , 1 9 82 ;

J - O p i t z 1 p e r s o n a l  c o m m u n i c a t i o n .  M a y , I 9 8 5 )  . Pe r ha ps  r a t  

g r o wt h  i s a f f e c t e d  d i f f e r e n t l y  by p e r i n a t a l  e t h a n o l  e x p o ­

s u r e  and c a n n o t  be c ompar ed to human g r o wt h  r a t e s .  Ot h e r  

e x p l a n a t i o n s  f o r  t h i s  d i f f e r e n c e  may be t he  t i me  of  e t h a n ­

ol  e x p o s u r e ;  i . e . ,  our  s u b j e c t s  r e c e i v e d  e t h a n o l  d u r i n g  a 

f a i r l y  l i m i t e d  t i me  of  d e v e l o p me n t  ( Days  4 - 9  p o s t n a t a l  D, 

wh i c h  c l o s e l y  c o r r e s p o n d s  to t he  t h i r d  t r i m e s t e r  of  human 

g e s t a t i o n .  I t  i s.  l i k e l y  t h a t  human FAS c h i l d r e n  a r e  

e x pos e d  t o v a r y i n g  amount s  of  e t h a n o l  over  a l o n g e r  

d e v e l o p m e n t a l  p e r i o d .

Much of  t he  a v a i l a b l e  human r e s e a r c h  has l o o k e d  at  

a l c o h o l  i n s u l t  wh i c h  o c c u r r e d  ov e r  t he  n i n e  mont hs  of  

g e s t a t i o n .  T h e r e f o r e ,  i t  may be t h a t  t i me  of  e x p o s u r e  is 

a c o n t r i b u t i n g  f a c t o r  t o t he  g r o wt h  d e f i c i e n c i e s  seen in 

human FAS c h i l d r e n .  N u t r i t i o n a l  f a c t o r s  may a l s o  p l a y  a 

c o n t r i b u t i n g  r o l e  in human s t u d i e s ,  wh e r e a s  a r t i f i c i a l  

r e a r i n g  h o l d s  n u t r i t i o n  c o n s t a n t .  For  w h a t e v e r  r e a s o n s , 

t he  a I coho I - e x p o s e d  a n i m a l s  in t he  p r e s e n t  s t u d i e s  gr ew a t  

a r a t e  wh i c h  was n e a r l y  i d e n t i c a l  t o t h a t  of  t he  c o n t r o l s .  

T h i s  has a l s o  been f ound by o t h e r  r e s e a r c h e r s  u s i n g  t he  

a r t i f i c i a l  r e a r i n g  t e c h n i q u e  ( D i a z  & Sa ms on , 1 9 8 0 ;  West

e t a l . , 1 9 8 4 ) .

A l t h o u g h  we d i d  not  f i n d  any g r o wt h  d e f i c i e n c i e s  in



t e r ms  of  body w e i g h t , ,  a s i g n i f i c a n t l y  s m a l l e r  b r a i n / b o d y  

w e i g h t  r a t i o  was seen in t he  e x p e r i m e n t a l  a n i m a l s  when 

compar ed t o c o n t r o l s .  T h i s  smaI  I e r  b r a i n / b o d y  w e i g h t  

r a t i o  was seen in Day 10 p o s t n a t a l  a n i m a l s  f r om Gr oup 9 

as w e l l  as in Day 18 p o s t n a t a l  a n i m a l s  when t h e s e  gr oups  

we r e  p o o l e d .  Samson and D i a z  ( 1 9 8 2 )  have r e p o r t e d  s i m i l a r  

r e s u I t s .

P o s t n a t a l  B e h a v i o r  and Gr o s s  N e u r o l o g i c a l  D e v e l oomen t

I n i t i a l l y  w i t h  t he  f i r s t  gr oup  of  a n i m a l s  ( Gr oup  I )  

we r e c o r d e d  r i g h t i n g  a b i l i t y ,  c l i f f  a v o i d a n c e  and n e g a t i v e  

g e o t a x i s .  On l y  t he  n e g a t i v e  g e o t a x i s  me a s u r e  showed c on­

s i s t e n t  e f f e c t s  of  a c u t e  e t h a n o l  by i n c r e a s i n g  r e v e r s a l  

l a t e n c i e s  d u r i n g  t r e a t m e n t  days and f o r  one or  two days  

a f t e r  c e s s a t i o n  of  t he  e t h a n o l  t r e a t m e n t .

E x p e r i m e n t a l  a n i m a l s  in Gr oups  4 and 5 showed a 

somewhat  l o n g e r  mean l a t e n c y  on t he  n e g a t i v e  g e o t a x i s  

me a s u r e  on t h r e e  of  t he  f o u r  days of  a l c o h o l  e x p o s u r e  and 

one day a f t e r  t he  end of  t he  a l c o h o l  t r e a t m e n t .  . The 

i n d i v i d u a l  r e s p o n s e  t o a l c o h o l  was h i g h l y  v a r i a b l e .  Some 

s u b j e c t s  we r e  o b v i o u s l y  a f f e c t e d  ( f a l l i n g  ov e r  ; i n a b i l i t y  

t o s t a n d )  w h i l e  o t h e r s  a p p e a r e d  t o be m i n i m a l l y  a f f e c t e d .  

The mean l a t e n c y  d i f f e r e n c e s  a p p r o a c h e d  s t a t i s t i c a l  

s i g n i f i c a n c e  on one t r e a t m e n t  day o n l y ;  h o we v e r ,  t he  gr oup  

v a r i a n c e s  we r e  s i g n i f i c a n t l y  d i f f e r e n t  on t he  l a s t  t h r e e  

days of  t he  f o u r - d a y  e x p o s u r e  p e r i o d .  T h i s  i n c r e a s e d
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amount  o f  v a r i a b i l i t y  in t he  e x p e r i m e n t a l  g r o u p s  has been

n o t e d  by R i l e y  and Meyer  ( 1 9 8 4 ) :

" Not  e v e r y  o f f s p r i n g  i s e x p e c t e d  t o be 
e q u a l l y  a f f e c t e d .  In f a c t  d i f f e r e n c e s  be t we e n  
pups in t he  same l i t t e r  in t e r ms  of  d e g r e e  of  
e f f e c t  may be s t r i k i n g .  Some may be g r o s s l y  
a f f e c t e d  w h i l e  o t h e r s  a p p e a r  c o m p l e t e l y  n o r m a l . "
C p . 10 0)

The r e a s o n s  f o r  t he  h i g h l y  v a r i a b l e  r e s p o n s e  t o e t h a n o l  

e x p o s u r e  a r e  not  r e a d i l y  a p p a r e n t . I t  may be t h a t  

i n d i v i d u a l  o f f s p r i n g  d i f f e r  in t he  d e g r e e  of  l i v e r  d e v e l ­

opme nt .  The s u b j e c t s  w i t h  l e s s  d e v e l o p e d  l i v e r s  may be 

l e s s  a b l e  t o m e t a b o l i z e  t he  e t h a n o l ,  and t hus  be mo re 

b e h a v i o r a l  I y  a f f e c t e d .

The r e s u l t  of  e t h a n o l  e x p o s u r e  in Gr oups  8 and" 9 was 

s i m i l a r  t o t h a t  of  Gr oups  4 and 5 Ci . e . ,  on most  days of  

a l c o h o l  e x p o s u r e  t he  e x p e r i m e n t a l  a n i m a l s  had l o n g e r  

l a t e n c i e s  t o c o mp l e t e  t he  n e g a t i v e  g e o t a x i s  t ha n t he  c on­

t r o l s ) .  Gr oups  8 and 9 we r e  e xpos e d  t o a h i g h e r  dose of  

e t h a n o l  t ha n  gr oups  4 and 5 ( 4 %  v s .  3%) ;  a l s o  t he p e r i o d  

of  e x p o s u r e  was one day l o n g e r  ( 5  days vs 4 d a y s ) .  The 

r e s u l t  of  t h i s  h i g h e r  dose and l o n g e r  e x p o s u r e  was a more  

s e v e r e  w i t h d r a w a l  e f f e c t  i n d i c a t e d  by t r e m o r s ,  t w i t c h i n g ,  

h y p e r s e n s i v i  t y  t o t ouch and poor  c o o r d i n a t i o n ;  as w e l l  as 

a h i g h e r  m o r t a l i t y .  T h i s  h i g h e r  dose and I o n g e r - e x p o s u r e  

w i t h d r a w a l  e f f e c t  was seen on Day 11 ( s e e  F i g u r e  5 ) ,  and 

was n o t e d  in d a i l y  o b s e r v a t i o n  d u r i n g  s e r v i c i n g .  Ho we v e r ,  

as in t he  e a r l i e r  g r o u p s ,  d a i l y  g r o u p  mean d i f f e r e n c e s
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we r e  o n l y  s i g n i f i c a n t  on days 6 and 11.  M o r e o v e r ,  we d i d  

not  see t h e  d r a m a t i c  d i f f e r e n c e s  in v a r i a b i l i t y  be t wee n  

g r o u p s .  I t  i s l i k e l y  t h a t  t h i s  h i g h e r  dose of  e t h a n o l  

( 4%)  a f f e c t e d  mor e s u b j e c t s  to a h i g h e r  d e g r e e  t han t he  

l ower  ( 3%)  dose of  e t h a n o l .  M o r t a l i t y  a t  4% was g r e a t e r  

t han w i t h  t he  3% e x p o s u r e ,  t h e r e f o r e  pups wh i c h  we r e  more  

a f f e c t e d  by t he  e t h a n o l  d i e d ,  and d i d  not  c o n t r i b u t e  to 

t he  d a t a .

Ca t a r a c t s

An i n t e r e s t i n g  a s p e c t  of  t h i s  r e s e a r c h  i s  a s e r e n d i p ­

i t o u s  f i n d i n g .  The a n i m a l s  t h a t  s u r v i v e d  t o eye  o p e n i n g  

( Da y s  1 1 - 1 4 )  we r e  o b s e r v e d  t o o c c a s i o n a l l y  have c a t a r a c t s .  

I n i t i a l l y ,  we saw t h e s e  c a t a r a c t s  in e t h a n o l  a n i m a l s  o n l y  

( Gr o u p s  1 - 7 ) .  The a p p e a r a n c e  of  c a t a r a c t s  has a p p a r e n t l y  

not  been m e n t i o n e d  in any of  t he  r e s e a r c h  p u b l i s h e d  on 

a r t i f i c i a l - r e a r i n g  me t h o d s .  Our  f i n d i n g s  on t he  f r e q u e n c y  

of  t h e s e  c a t a r a c t s  in a I coho I - e x p o s e d  a n i m a l s  i n d i c a t e  

t h a t  a l c o h o l  e x p o s u r e  a p p e a r s  t o be a c o n t r i b u t i n g  f a c t o r .  

I t  may be t h a t  we see t he  c a t a r a c t s  a p p e a r i n g  mor e  o f t e n  

in e x p e r i m e n t a l  ( a  I coho I - e x p o s e d )  s u b j e c t s  t han in c on­

t r o l s  b e c a u s e  we used S p r a g u e - D a w l e y  a l b i n o  r a t s .  A l b i n o  

r a t s  may be mor e g e n e t i c a l l y  p r e d i s p o s e d  t o i n t r a o c u l a r  

m a l f o r m a t i o n s  t han o t h e r  s t r a i n s ,  or  t he  c a t a r a c t s  may 

s i m p l y  be mor e n o t i c e a b l e  b e c a u s e  of  t he  v e r y  l i g h t  ( p i n k )

c o l o r  of  t h e i r  e y e s .
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T h e r e  i s a t  l e a s t  one a r t i c l e ,  h o we v e r ,  wh i c h  s u g g e s t ­

ed t h a t  in humans p r e n a t a l  a l c o h o l  e x p o s u r e  c a us e s  v a r i o u s  

i n t r a o c u l a r  m a l f o r m a t i o n s  i n c l u d i n g  c a t a r a c t s  CKe r s t  i n ,  

1 9 8 1 ) .  W h i l e  i t  may be t h a t  t he  c a t a r a c t s  a r e  p a r t l y  a 

r e s u l t  of  n u t r i t i o n a l  d e f i c i e n c i e s  of  t he  d i e t  CDi a z ,  

p e r s o n a l  c o m m u n i c a t i o n ,  May ,  1 9 8 5 )  , our  f i n d i n g s  s u g g e s t  

at  l e a s t  t h a t  a l c o h o l  may be i n t e r a c t i n g  w i t h  d i e t a r y  

d e f i c i e n c i e s  in t he  p r o d u c t i o n  of  c a t a r a c t s .

E t h a n o  I P r e f e r e n c e

P r e f e r e n c e  t e s t i n g  of  a r t i f i c i a l l y - r e a r e d  s u b j e c t s  

w a s c a r r i e d  out  t o d e t e r m i n e  i f  e a r l y  e x p o s u r e  t o e t h a n o l  

mi g h t  i n c r e a s e  l a t e r  p r e f e r e n c e  f o r  e t h a n o l .  R e s e a r c h  on 

t h i s  q u e s t i o n  is s u r p r i s i n g l y  l i m i t e d  and i n c o n c l u s i v e  

CAbe l ,  1 9 8 4 ) .

I n i t i a l  e t h a n o l - c o n s u m p t i o n  t e s t s  seemed t o i n d i c a t e  

t h a t  e x p e r i m e n t a l  s u b j e c t s  d r a n k  e t h a n o l  d i f f e r e n t l y  t han  

c o n t r o l s .  I f  pups we r e  w a t e r  d e p r i v e d  f o r  19 hr and t hen  

o f f e r e d  a s i n g l e  b o t t l e  c o n t a i n i n g  10% e t h a n o l  CGroup 2,  

Day 35 p o s t n a t a l ) or  5% e t h a n o l  CDay 36 p o s t n a t a l  ) , t he  

e t h a n o l - e x p o s e d  a n i m a l s  d r a n k  a p p r o x i m a t e l y  t w i c e  as much 

e t h a n o l  as t he  c o n t r o l s  d u r i n g  t he  f i r s t  30 mi n ,  but  t h i s  

d i f f e r e n c e  d e c r e a s e d  by I h r .

A mor e d e t a i l e d  t w o - b o t t l e  p r e f e r e n c e  t e s t  was t hen  

c o n d u c t e d .  T h i s  t w o - b o t t l e  t e s t  c o n s i s t e d  of  p a i r i n g  

w a t e r  w i t h  one of  t h r e e  e t h a n o l  s o l u t i o n s  C1%, 5%,  or  10%)
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and a f t e r  18 hr of  wat er ,  d e p r i v a t i o n  o f f e r i n g  one of  t he  

c o m b i n a t i o n s  ( e t h a n o l  v s .  w a t e r )  t o t he  s u b j e c t s  in t h e i r  

home cage  . The e t h a n o l - e x p o s e d  s u b j e c t s  d r a n k  more  

e t h a n o l  a t  each c o n c e n t r a t i o n  ( 1%,  5%,  and 10%) t han d i d

t he  c o n t r o l s .  Ho we v e r ,  t he  o n l y  d i f f e r e n c e  wh i c h  

a p p r o a c h e d  s t a t i s t i c a l  s i g n i f i c a n c e  was f o r  t he  10% 

c o n c e n t r a t i o n .  The r e s u l t s  of  t h i s  p r e f e r e n c e  t e s t i n g  

seem t o s u g g e s t  t h a t  e a r l y  e x p o s u r e  t o e t h a n o l  may cause  

an i n c r e a s e  in l a t e r  p r e f e r e n c e  f o r  e t h a n o l  .

U s i n g  t he  s u b j e c t s  in Gr oup 5,  a f i n a l  s e r i e s  of  

p r e f e r e n c e  t e s t s  was c o n d u c t e d .  The r e s u l t s  a l s o  s u g g e s t ­

ed a d i f f e r e n c e  b e t we e n  e a r l y  e t h a n o l - e x p o s e d  a n i m a l s  and 

c o n t r o l s .  A l l  t e s t  days showed h i g h e r  mean c o n s u mp t i o n  of  

e t h a n o l  by e x p e r i m e n t a l  s u b j e c t s .  Be c aus e  of  t he  s mal l  

number  of  s u b j e c t s  ( n = 3)  i n t he  c o n t r o l  and e x p e r i m e n t a l  

gr oups  C n = 3 D , t he d a t a  c a n o n l y  be seen as s u g g e s t i v e  and 

p e r h a p s  w o r t h y  of  f u t u r e  i n v e s t i g a t i o n .  An i n t e r e s t i n g  

f i n d i n g  f r o m a gr oup  x s o l u t i o n  x days C 2 x 2 x 3 D a n a l y ­

s i s  of  v a r i a n c e . C r e p e a t e d  me a s u r e  d e s i g n )  of  t h i s  d a t a  

i n d i c a t e d  a s i g n i f i c a n t  e f f e c t  of  days F.C 2 )  = 5 . 0 4 ,  p. < . 0 4  

The s u b j e c t s  in b o t h  gr oups  d r a nk  mor e e t h a n o l  a c r o s s  

s u c c e s s i v e  t e s t  d a y s .  An a c q u i s i t i o n  of  p r e f e r e n c e  has 

been,  f ound  by o t h e r s . . .  For  i n s t a n c e  V e a l e  and Me y e r s  

C 1 9 6 9)  r e p o r t e d  i n c r e a s e d  a l c o h o l  p r e f e r e n c e  f o l l o w i n g  

r e p e a t e d  e x p e r i e n c e s  w i t h  a l c o h o l .  They s y s t e m a t i c a l l y
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i n c r e a s e d  e t h a n o l  c o n c e n t r a t i o n s  f r om 3% t o 30% in 11 

t e s t s  and r e p o r t e d  t h a t  r a t s  d r a nk  two t o t h r e e  t i me s  as 

much a l c o h o l  in t he  s e v e n t h  s e que nc e  as in t he  f i r s t .  Does 

e a r l y  e x p o s u r e  t o e t h a n o l  change  t h i s  r a t e  of  i n t a k e  

a c q u i s i t i o n ?  Our d a t a  s u g g e s t  t h i s  p o s s i b i l i t y  but  o v e r ­

a l l  g r oup  mean d i f f e r e n c e s  we r e  not  s t a t i s t i c a l l y  s i g n i f i ­

c a n t  nor  was t he  gr oup  x days i n t e r a c t i o n .  N e v e r t h e l e s s ,  

t h i s  wo u l d  be an i n t e r e s t i n g  t o p i c  f o r  f u t u r e  r e s e a r c h .

A r e v i e w  of  t he  n e g a t i v e  g e o t a x i s  d a t a  f r o m Gr oups 4 

and 5 i n d i c a t e s  t h a t  one a n i ma l  who a p p e a r e d  t o be q u i t e  

a f f e c t e d  on t he  days of  e t h a n o l  e x p o s u r e  a l s o  showed a 

f a i r l y  h i g h  p r e f e r e n c e  f o r  5% e t h a n o l  . T h i s  s u b j e c t  r e ­

c e i v e d  a s c o r e  of  60 s ( l o n g e s t  p o s s i b l e  l a t e n c y )  on t h r e e  

of  t he  f o u r  days of  a l c o h o l  e x p o s u r e .  On l a t e r  p r e f e r e n c e  

t e s t s  he d r a n k  f i v e  t i me s  as much e t h a n o l  as he d i d  

w a t e r .  The r e s u l t s  o f  t he  t h r e e  f i v e - h o u r  p r e f e r e n c e  

t e s t s  f o r  t h i s  s u b j e c t  w e r e :  11 ml e t h a n o l , 7 ml w a t e r ;

20 ml e t h a n o l ,  5 ml w a t e r ; and 26 ml e t h a n o l ,  5 ml w a t e r .  

Onl y  one o t h e r  s u b j e c t  in t h i s  gr oup  had a s c o r e  of  60 s 

f o r  t h r e e  of  t he  f o u r  days of  a l c o h o l  e x p o s u r e .  T h i s  

s u b j e c t  d i e d  d u r i n g  t he  t r a n s i t i o n  f r  om f o r m u l a  t o r e g u l a r  . 

l ab chow ( c a u s e  u n k own) . A l t h o u g h  one s u b j e c t  i s h a r d l y  

d e f i n i t i v e ,  a p o s s i b l y  i m p o r t a n t  f a c t  i s t h a t  t h i s  s u b j e c t  

a p p e a r e d  t o be q u i t e  b e h a v i o r a l  I y  a f f e c t e d  d u r i n g  a c u t e  

a l c o h o l  e x p o s u r e  and l a t e r  showed a v e r y  s t r o n g  p r e f e r e n c e



f o r  5% e t h a n o l  ov e r  w a t e r .  T h i s  may s u g g e s t  a p e r s i s t e n t ­

l y i n c r e a s e d  a l c o h o l  i n s e n s t i v i t y  or  a c t u a l  p r e f e r e n c e .  

T h u s ,  l o n g i t u d i n a l  s t u d i e s  of  s u b j e c t s  mi g h t  be u s e f u l  in 

t he  f u t u r e .  S u b j e c t s  wh i c h  a r e  q u i t e  b e h a v i o r a l  I y a f f e c t ­

ed f r o m e a r l y  e t h a n o l  e x p o s u r e  as me a s u r e d  by ps y c homot o r  

r e f l e x  t e s t s ,  may s h ow a d i f f e r e n t  r a t e  of  a c q u i s i t i o n  of  

p r e f e r e n c e  f o r  a l c o h o l  in l a t e r  p r e f e r e n c e  s t u d i e s .  I t  i s  

p o s s i b l e  t h a t  t h i s  d i f f e r e n t  s e n s i t i v i t y  t o e t h a n o l  c o u l d  

be r e l a t e d  t o a l c o h o l  abuse  seen in humans.

The p r e s e n t  wor k  wo u l d  seem t o s u p p o r t  t h a t  o f  o t h e r s  

who s u g g e s t  t h a t  t h e r e  i s a r e l a t i o n s h i p  b e t we e n  e a r l y  

e t h a n o l  e x p o s u r e  and l a t e r  i n c r e a s e d  p r e f e r e n c e  f or -  

e t h a n o l  ( Bond & D i G u i s t o ,  1 9 7 6 ;  P h i l l i p s  & S t a  i n b r o o k ,  

1 97 6 ;  Re y e s ,  G a r c i a ,  & J o n e s ,  1 9 8 4 ) .  A r t i f i c i a l  r e a r i n g  

may a l s o  be seen as an a c c e p t a b l e  me t hod  f o r  i n v e s t i g a t i n g  

t he  e f f e c t s  of  e a r l y  e t h a n o l  e x p o s u r e .

Wh e t h e r  p r e f e r e n c e  f o r  e t h a n o l  i s a c t u a l l y  i n c r e a s e d  

or  t a s t e  s e n s i t i v i t y  i s d e c r e a s e d  i s a q u e s t i o n  wh i c h  t h i s  

r e s e a r c h  has not  a n s w e r e d .  The q u e s t i o n  i s c e r t a i n l y  

i m p o r t a n t  and s h o u l d  be i n v e s t i g a t e d  in t he  ne a r  f u t u r e .  

The r o l e  of  o p i a t e s  in a l c o h o l  p r e f e r e n c e  ( Samson and 

D o y l e ,  1 9 8 5 )  as w e l l  as in t a s t e  s e n s i t i v i t y  ( L y n c h  and 

L i b b y ,  1 9 8 3 )  s u g g e s t s  an i n t e r e s t i n g  a r e a  of  s t u d y .  The 

i n d i c a t i o n  t h a t  f a i r l y  l ow doses  of  e t h a n o l  ( 3 %v/ v ) e a r l y  

in d e v e l o p me n t  may have l o n g - t e r m  c o n s e q u e n c e s  on l a t e r
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e t h a n o l  p r e f e r e n c e s  mi g h t  be u s e f u l  in a number  of  ways .  

A l c o h o l  a d d i c t i o n  has been r e p o r t e d  t o be q u i t e  h i g h  on 

some.  A me r i c a n  I n d i a n  r e s e r v a t i o n s  ( D e p a r t m e n t  o f  H e a l t h  & 

E n v i r o n m e n t a l  S c i e n c e s ,  H e l e n a  M o n t a n a ) .  T h i s  h i g h  r a t e  

of  a l c o h o l i s m  i s a p p a r e n t l y  r e s i s t a n t  t o c hange  by s o c i a l  

p r o g r a ms ,  e d u c a t i o n  and i n c r e a s e d  a w a r e n e s s .  The causes  

most  o f t e n  g i v e n  f o r  t h i s  p r o b l e m a r e  s o c i a l  i n n a t u r e .  

Ho we v e r ,  s i n c e  many in t h i s  p o p u l a t i o n  may be a d d i c t e d  t o 

a l c o h o l ,  i t  i s p o s s i b l e  t h a t  a f a i r l y  l a r g e  number  of  t he  

o f f s p r i n g  have been e x p o s e d  t o a l c o h o l  p r e n a t a l  I y . I f  

p r e n a t a l  e x p o s u r e  t o a l c o h o l  a f f e c t s  l a t e r  p r e f e r e n c e  f o r  

a l c o h o l ,  t h i s  r a t h e r  h i g h  a d d i c t i o n  r a t e  may be p a r t l y  

e x p l a i n e d  as a c o n s e q u e n c e  of  e a r l y  e x p o s u r e  and r e s u l t i n g  

p h y s i o l o g i c a l  c o n s e q u e n c e s .  I t  may be i n t e r e s t i n g  t o  

a p p r o a c h  t h i s  e x t r e m e l y  h i g h  a d d i c t i o n  r a t e ,  f o r  Ame r i c a n  

I n d i a n s  f r o m an e a r l y  e x p o s u r e ,  p h y s i o l o g i c a l  p o i n t  of  

v i e w .

F u t u r e  C o n s i d e r a t i o n s

T h i s  r e s e a r c h  i n d i c a t e s  t h a t  t he  a r t i f i c i a l - r e a r i n g  

me t hod of  r a i s i n g  r a t  pups i s a v e r y  u s e f u l  me t hod  f o r  

e a r l y  e t h a n o l - e x p o s u r e  r e s e a r c h .  The r e s u l t s ,  e s p e c i a l l y  

f r om t he  l a t e r  p r e f e r e n c e  s t u d i e s  seem p r o m i s i n g  enough t o  

j u s t i f y  mor e  r e s e a r c h  on t h i s  q u e s t i o n .  . D e s i g n  of  a c t u a l  

p r e f e r e n c e  s t u d i e s  s h o u l d  t a k e  c a r e f u l  c o n s i d e r a t i o n  of  

c o n c e n t r a t i o n s ,  l e n g t h  of  t e s t s ,  and number  of  t e s t s .
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L o o k i n g  a t  a l c o h o l  p r e f e r e n c e s  under  v a r y i n g  e n v i r o n m e n t a l  

c o n d i t i o n s  wou l d  seem t o be a w o r t h w h i l e  a p p r o a c h  . These  

c o n d i t i o n s  mi g h t  be home cage v e r s u s  t e s t  c a g e ,  d e p r i v a ­

t i o n  and s o c i a l  c o n d i t i o n s  ( s i n g l e  or  gr oup  t e s t i n g ) ,  and a 

v a r i e t y  of  o t h e r  s t r e s s  f a c t o r s .  The i n c l u s i o n  of  some of  

t h e s e  o t h e r  f a c t o r s  ( d i f f e r e n t  e n v i r o n m e n t s ,  s o c i a l  f a c ­

t o r s )  may mor e  a p p r o p r i a t e l y  model  human a l c o h o l  consump­

t i o n  and shed some l i g h t  on t he  f a c t o r s  I n v o l v e d  in a c q u i ­

s i t i o n  of  a l c o h o l  p r e f e r e n c e s  .

F u r t h e r  i n v e s t i g a t i o n  of  t he  e t i o l o g y  and l a t e r  

r e c o v e r y  of  c a t a r a c t s  seen in t h e s e  a r t i f i c i a l l y - r e a r e d  

a n i m a l s  wo u l d  a l s o  be i n d i c a t e d  f r om t he  r e s e a r c h  

p r e s e n t e d  h e r e .
/i
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