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EFFECTS OF ETHANOL ON RECRUITING, AUGMENTING AND 

RETICULAR ACTIVATION RESPONSE THRESHOLDS

CHAPTER I 

INTRODUCTION

E th a n o l  i s  t r a d i t i o n a l l y  d e s c r i b e d  as  an a n e s t h e t i c  d rug  

which d e p r e s s e s  t h e  c e n t r a l  n e rv o u s  sys tem  (CNS) i n  a  n o n - s p e c i f i c  

m anner. A co n te m p o ra ry  pharm acology t e x t  c i t e s  e t h a n o l  as a "p r im ary  

and c o n t in u o u s  d e p r e s s a n t  o f  th e  CNS" ( R i t c h i e ,  1 9 6 5 ) .  A lthough i t  i s  

a s o l v e n t ,  a  d e h y d r a t in g  a g e n t  and an a s t r i n g e n t ,  e th a n o l  i s  more 

commonly used  a s  t h e  p r i n c i p l e  i n g r e d i e n t  o f  an i n f i n i t e  v a r i e t y  of 

b e v e ra g e s  im bibed by man. Consumption i n  s u f f i c i e n t  volumes p ro d u ces  

t h e  p s y c h o l o g i c a l  and p h y s i o l o g i c a l  s t a t e  o f  i n t o x i c a t i o n  whose common 

names and d e s c r i p t i o n s  a re  as  v a r i e d  a s  th e  d r in k s  which p roduce  i t .  

Few p e o p le  a r e  u n a b le  t o  d e s c r i b e  t h e  symptoms of i n t o x i c a t i o n  w h e th e r  

drawn from p e r s o n a l  e x p e r i e n c e  o r  o b s e r v a t i o n  o f  o t h e r s .

N o tw i th s t a n d in g  th e s e  a n e c d o t a l  d e s c r i p t i o n s ,  l i t t l e  i s  

known a b o u t  th e  e f f e c t s  o f  e th a n o l  on t h e  CNS. I t s  chem ica l  p r o p e r 

t i e s  a r e  w id e ly  known; i t s  n e u r o p h y s i o l o g i c a l  p r o p e r t i e s  a re  n o t .  

D e s p i te  renew ed i n t e r e s t  i n  e th a n o l  as  a  r e l a t i v e l y  s a f e  g e n e r a l  

a n e s t h e t i c  (Dundee, 1970) t h e r e  have  been  few s y s t e m a t i c  a t te m p ts  

to  g a in  i n s i g h t  i n t o  i t s  m y s te r io u s  e f f e c t s ,  a s  i s  t h e  case  w i th
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many a n e s t h e t i c  a g e n t s .  C o n s id e r in g  th e  c o u n t l e s s  l i v e s  and m i l l i o n s  

o f  d o l l a r s  l o s t  a n n u a l ly  to  i t s  a c u te  and c h r o n i c  e f f e c t s  t h i s  s t u d i e d  

ig n o ra n c e  i s  u n f o r t u n a t e .

Acute E f f e c t s  of E th a n o l  

U n l ik e  t h o s e  of o t h e r  a l c o h o l s ,  t h e  m e t a b o l i t e s  of e th a n o l  

a r e  th o u g h t  to  be r e l a t i v e l y  innocuous  i n  t h e  body. S e n s i t i v e  a n a l y s i s  

o f  human b lood  u s u a l l y  d e t e c t s  an endogenous b lo o d  e th a n o l  c o n c e n t r a 

t i o n  of 3-6  mg% (M ardones, 19 6 3 ) ,  th e  r e s u l t  o f  no rm al  m etabo lism  of 

f o o d s t u f f s . ^

W ith c o n t in u e d  i n g e s t i o n  of e t h a n o l ,  b lo o d  c o n c e n t r a t i o n  r i s e s  

g r e a t l y  above endogenous l e v e l s  and a t  some c o n c e n t r a t i o n ,  p ro b a b ly  

i d i o s y n c r a t i c  f o r  each  d r i n k e r ,  c e r t a i n  e x t e r n a l  s i g n s  o f  b e h a v io r a l  

change and u n c o o r d in a t io n  mark e n t r y  i n t o  t h e  i n t o x i c a t e d  s t a t e .  With 

i n c r e a s i n g  b lood  l e v e l s ,  th e  d r i n k e r  p a s s e s  th ro u g h  a  p r e d i c t a b l e  

p r o g r e s s i o n  o f  p s y c h o lo g ic a l  p h ases  ( K a l a n t , 1 9 7 0 ) .  The i n t e r p r e t a t i o n  

o f  t h e s e  changes by th e  d r i n k e r  i s  a f u n c t i o n  o f  h i s  p e r s o n a l i t y  and 

p r e v io u s  d r in k i n g  e x p e r i e n c e ,  th e  s o c i a l  e n v iro n m e n t  i n  which he im bibes  

and b lood  c o n c e n t r a t i o n .  T ab le  1 summ arizes some o b s e rv e d  b e h a v io r a l  

and n e u r o l o g i c a l  e f f e c t s  o f  e t h a n o l .

The u n i t s  o f  "mg%" w i l l  be used  th r o u g h o u t  t h i s  d i s s e r t a t i o n .  
100 rag% e q u a ls  100 mg e th a n o l /1 0 0  ml p lasm a w h ich  i s  e q u iv a l e n t  to  
0.1% e t h a n o l .  Where v a r io u s  i n  v i t r o  e x p e r im e n ts  a r e  c i t e d ,  th e  
e th a n o l  c o n c e n t r a t i o n s  c i t e d  a r e  c o n v e r te d  t o  mg% a s  i f  th e  b a th in g  
s o l u t i o n  was p lasm a. Thus, a  1% (w e ig h t /v o lu m e)  s o l u t i o n  app rox im ates  
1000 mg%. S p e c i f i c  g r a v i t y  o f  e th a n o l  i s  0 .7 8 9 ;  IZ ( v /v )  s o l u t i o n  
i s  0.789% (w/v) and a  1% (v/v) s o l u t i o n  i s  e q u i v a l e n t  t o  1.24% ( v / v ) .



T a b le  1

APPROXIMATE RISING ETHANOL BLOOD LEVELS AT WHICH 
SOME SIGNS AND SYMPTOMS COMMONLY APPEAR IN MAN

Blood l e v e l  
(nig%)

N e u ro lo g ic a l
s ig n s

D is tu r b e d
f u n c t i o n

M en ta l  and 
s k i l l  

d i s t u r b a n c e

21-40 -- P a i n  t h r e s h o l d  
F i n g e r - f i n g e r

E u p h o r ia

41-60 P o s i t i o n  nystagm us F l i c k e r  f u s io n Prob lem  t e s t s

61-80 A c t iv a t io n  o f  EEC 
a lp h a  waves

Romberg t e s t s  
B in o c u la r  fu s io n

—

81-100 D ecrease  in  f r e 
quency o f  EEC 
a lp h a  waves

D r iv in g  m ild

101-150 O v er t  motor
in c o o r d i n a t io n

“ D r iv in g  medium

151-200 EEC slow waves 
e p iso d e s

--- D r iv in g  s e v e r e

201-300 Amnesia --- ---

301-400 Comatose s t a t e --- ---

401-500 R e s p i r a to ry  a r r e s t --- ---

(Adapted from M ardones, 1963, p. 130 . )
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A lthough  th e  e x a c t  b l e e d  e th a n o l  c o n c e n t r a t i o n  i n d i c a t i v e  of 

i n t o x i c a t i o n  and d r u n k e u e s s , as  w e l l  as th e  m e d ic o le g a l  m ethods o f  i t s  

d e t e r m i n a t i o n ,  a re  d i s p u t e d ,  t h e r e  i s  co n cen su s  t h a t  200 mg% i s  a s s o c i 

a te d  w i th  r a i ld - to -m o d c ra te  i n t o x i c a t i o n  and a c o n c e n t r a t i o n  of 2bO mg% 

o r  g r e a t e r  w i th  m o d e ra te - to -m a rk e d  i n t o x i c a t i o n .  Of th o s e  p e r s o n s  

w ith  a b lo o d  l e v e l  o f  300 mg%, 90% a r e  i n t o x i c a t e d  ( R i t c h i e ,  1965 ) .

Loss of c o n s c io u s n e s s  may o c c u r  i n  th e  400-500 mg% ra n g e  a l th o u g h  

Dundee (1970) found t h a t  w i th  r a p i d  i n f u s i o n s  s u r g i c a l  a n e s t h e s i a  

(S ta g e  3) c o u ld  be o b ta in e d  a t  200 mg%. The l e t h a l  c o n c e n t r a t i o n  i s  

be tw een  500 and 800 mg%, dea ti i  b e in g  c a u se d  by r e s p i r a t o r y  d e p r e s s i o n .  

With a r t i f i c i a l  r e s p i r a t i o n ,  b lo o d  l e v e l s  o f  700-1000 mg% have been 

o b t a i n e d  b e f o r e  c a r d i a c  a r r e s t .

T h e o r ie s  o f  A n e s t h e t i c  A c t io n

U n t i l  r e c e n t l y ,  p h y s i o l o g i c a l  t h e o r i e s  s e e k in g  t o  e x p l a i n  th e  

CNS a c t i o n s  of e th a n o l  have depended  upon th e  g e n e r a l  t h e o r y  of a n e s 

t h e t i c  a c t i o n .  As an a n e s t h e t i c  e t h a n o l  h a s  been lumped w i th  th e  

b a r b i t u r a t e s  and o t h e r  c e n t r a l  d e p r e s s a n t s  as  h a v in g  a p r im a ry  a c t i o n  

on th e  a s c e n d in g  r e t i c u l a r  a c t i v a t i n g  sy s te m . A cco rd ing  to  R i t c h i e  

(1965) " e l e c t r o p h y s i o l o g i c a l  s t u d i e s  s u g g e s t  t h a t  e t h a n o l ,  l i k e  o t h e r  

g e n e r a l  a n e s t h e t i c s ,  e x e r t s  i t s  d e p r e s s a n t  a c t i o n  upon a  more p r i m i t i v e  

p a r t  o f  th e  b r a i n ,  nam ely , th e  r e t i c u l a r  a c t i v a t i n g  s y s te m ."

The m o n o l i t h i c  r e t i c u l a r  sy s te m  t o  w hich t h e s e  t h e o r i e s  

a p p l i e d  has  d i s s o l v e d  i n  r e c e n t  y e a r s  i n t o  s e v e r a l  s u b sy s te m s  h a v in g  

com plem entary  and a n t a g o n i s t i c  a c t i o n s .  I t  h a s ,  t h e r e f o r e ,  become 

d i f f i c u l t  to  a s c r i b e  an a n e s t h e t i c  e f f e c t  t o  a  d rug  s im p ly  b e c a u s e  i t
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d e p r e s s e s  t lie  r e t i c u l a r  f o rm a t io n .  I t  may be e x p e c te d  t h a t  a g e n e r a l  

d e p r e s s io n  o f  b r a i n  s tem  r e t i c u l a r  a r e a s  would l e a d  t o  the  c o l l a p s e  

o f  th e  s e v e r a l  su b sy s te m s  h a v in g  v a r io u s  a c t i o n s  upon th e  r e m a in d e r  

of th e  CNS. The r e s u l t  may n o t  n e c e s s a r i l y  be m o n o to n ic a l ly  (n o n -  

r e v e r s in g )  d e c r e a s i n g  a c t i v a t i o n .  The e x i s t e n c e  of non -m ono ton ic  

e f f e c t s  i s  d e m o n s t ra te d  by th e  a p p e a ra n ce  o f  S ta g e  1 and S ta g e  2 a n e s 

t h e s i a ,  d e f i n e d  by a p e r i o d  of b e h a v io r a l  and r e f l e x  h y p e r e x c i t a b i l i t y  

a t  low d o se s  o f  a n e s t h e t i c  a g e n ts .  E th a n o l  may s h a r e  t h e s e  s t a g e s  of 

e x c i t a t i o n  p r o v id i n g  some j u s t i f i c a t i o n  f o r  the  p o p u l a r  u se  o f  e th a n o l  

as  a  " s t i m u l a n t "  w i th o u t  r e g a r d  f o r  i t s  e v e n tu a l  d e p r e s s i v e  a c t i o n s .

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

sy s tem  i s  th e  m ain  s i t e  o f  a n e s t h e t i c  a c t i o n  i s  n o t  b a se d  on c o n c lu s i v e  

e v id e n c e  (Uomino, 1955; K ing , 1956; Longo and  S i l v e r s t e i n ,  195b) .  

F o llo w in g  th e  e n u n c i a t i o n  o f  t h e  r e t i c u l a r  a c t i v a t i n g  sy s tem  dogma 

( a l th o u g h  Magoun h a r d l y  i n te n d e d  i t  a s  such)  s e v e r a l  i n v e s t i g a t o r s  

(F re n c h ,  et^ 1953; A rd u in i  and A r d u i n i ,  1954) o b s e r v e d  t h a t  evoked 

r e s p o n s e s  to  p e r i p h e r a l  s t i m u l a t i o n  r e c o r d e d  in  m id b r a in  r e t i c u l a r  

fo rm a t io n  w ere  d e p r e s s e d  a t  low doses  o f  a n e s t h e t i c s ,  p a r t i c u l a r l y  

b a r b i t u r a t e s ,  w h i l e  evoked r e s p o n s e s  i n  s p e c i f i c  pa thw ays  were n o t  

a t t e n u a t e d  a t  t h e s e  d o s e s .  S i g n i f i c a n t l y  h i g h e r  d o s e s  w ere r e q u i r e d  

b e fo r e  a m p l i tu d e  d e c r e a s e s  in  l e m n is c a l  pathw ays c o u ld  be d e m o n s t r a te d .  

S in c e  th e  r e t i c u l a r  a c t i v a t i n g  system  was shown to  b e  s t r o n g l y  im p l i 

c a te d  i n  th e  m a in te n a n c e  o f  c o n s c io u s n e s s ,  and h e n c e ,  p e r c e p t i o n ,  t h i s  

was tak e n  a s  e v id e n c e  t h a t  th e  r e t i c u l a r  fo rm a t io n  w as  th e  p r im a ry  s i t e  

of a c t i o n  o f  t h e s e  d r u g s .
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Arguments f o r  th e  r e t i c u l a r  f o rm a t io n  as a p r e f e r e n t i a l  s i t e  

o f  a c t i o n  f o r  a n e s t h e t i c  d ru g s  v a ry ,  be*- t h e y  a re  p r i m a r i l y  concerned  

w ith  c e r t a i n  m o rp h o lo g ic a l  c h a r a c t e r i s t i c s  o f  t h e  b r a i n  s tem  r e t i c u l a r  

a r e a s .  Given a n a to m ic a l  e v id e n c e  (Ramon-M oliner and N a u ta ,  1966) t h a t  

th e  s u b s t r a t e  n u c l e i  o f  th e  r e t i c u l a r  a c t i v a t i n g  sy s te m  were m ain ly  

composed of c o m p a r a t iv e ly  s m a l l  f i b e r s ,  one co u ld  s t a t e  a s  a h y p o th e s i s  

ch a t  n e u ro n a l  m e ta b o l is m  i n  r e t i c u l a r  a r e a s  was e x q u i s i t e l y  s e n s i t i v e  

to  d e p r e s s io n  by a n e s t h e t i c  a g e n t s .  A no ther  a rg u m e n t,  b a sed  on a 

s y n a p t i c  e f f e c t  (F re n c h ,  et^ 1953) ,  a s s e r t e d  t h a t  m ost sy s tem s  

c o n s id e r e d  to  be o f  r e t i c u l a r  o r i g i n  were composed o f  s h o r t  m u l t i -  

s y n a p t i c  pa thw ays ,  w hereas  th e  c l a s s i c a l  l e m n i s c a l  pa thw ays were 

c o m p a ra t iv e ly  p a u s c i s y n a p t i c . I t  was assumed t h a t  i f  a n e s t h e t i c  

a g e n ts  p r i m a r i l y  e f f e c t e d  s y n a p t i c  a c t i o n ,  th e  in d u ce d  d e p r e s s io n  in  

a g iv en  system  sh o u ld  be p r o p o r t i o n a l  to  t h e  number of sy n a p se s  a lo n g  

i t s  r o u te s  of r e c e p t i o n  and a c t i o n .  These a rg u m en ts  would th e n  p r e d i c t  

t h a t  w herever  i n  t h e  CNS m o rp h o lo g ic a l  c h a r a c t e r i s t i c s  s i m i l a r  to  th o se  

s p e c i f i e d  a re  f o u n d ,  s i m i l a r  d e p r e s s iv e  e f f e c t s  would  be  o b s e rv e d .

O ther such  a r e a s  m igh t  i n c l u d e  th e  n o n - s p e c i f i c  n u c l e i  o f  th e  tha lam us 

as w e l l  as  p o r t i o n s  of th e  c o r t i c a l  m an tle  and h ippocam pus, where 

e x te n s i v e  a r b o r i z a t i o n  o f  component neu rons  p r o v id e s  h ig h  s y n a p t i c  

c o n te n t  p e r  u n i t  volume as w e l l  as  s m a l l  d i a m e te r  f i b e r s  and d e n d r i t e s .

These c o n c e p t s  p r e d i c t  t h a t  a n e s t h e t i c  d ru g s  w i l l  cause  

b lo c k in g  o r  a l t e r a t i o n  i n  c o n d u c t io n  o f  n e u r a l  i n f o r m a t io n  th ro u g h  

th e  r e t i c u l a r  f o r m a t i o n .  More r e c e n t  s t u d i e s  i n d i c a t e  t h a t  w h i le  

b lo c k in g  o f  c o n d u c t io n  th ro u g h  r e t i c u l a r  n u c l e i  by w h a te v e r  means 

may be r e s p o n s i b l e  f o r  im pa irm en t  of c o n s c i o u s n e s s ,  th e  a c t i o n s  of
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a n e s t h e t i c  a g e n ts  a r e  n o t  w h o l ly  c o n f in e d  to  r e t i c u l a r  a r e a s .  For 

exam ple. King (1956) h y p o th e s iz e d  t h a t  b lo c k  o f  c o n d u c t io n  th ro u g h  th e  

r e t i c u l a r  f o rm a t io n  and s u b s e q u e n t  a n e s t h e s i a  was due t o  t h e  p r e f e r 

e n t i a l  b l o c k i n g  o f  r e t i c u l a r  i n t e r n e u r o n s .  She found , h o w ev er ,  t h a t  

drugs a c t i n g  s o l e l y  on m id b ra in  r e t i c u l a r  i n t e r n e u r o n s  ( e . g . ,  m ephenes in )  

d id  not p ro d u ce  t h e  same d e p r e s s io n  o f  r e t i c u l a r  r e s p o n s e s  o r  d e c r e a s e s  

in  c o r t i c a l  a r o u s a l  to  r e t i c u l a r  s t i m u l a t i o n  as  th e  g e n e r a l  a n e s t h e t i c  

a g e n ts  ( e . g . ,  b a r b i t u r a t e s  and e t h e r ) .  She a l s o  found e v id e n c e  f o r  

a  d i f f e r e n t i a l  a c t i o n  be tw een  r e t i c u l a r  fo rm a t io n  and c e r e b r a l  c o r t e x  

by d e m o n s t r a t in g  t h a t  r e c r u i t i n g  r e s p o n s e  co u ld  be enhanced  by low 

doses o f  g e n e r a l  a n e s t h e t i c s  w h i l e  c o r t i c a l  a r o u s a l  was d e p r e s s e d .

Hence, t h e  o r i g i n a l  h y p o th e s i s  o f  J a s p e r  (1954) t h a t  t h e  d i f f u s e  

th a la m ic  sy s te m  i s  t lie  r o s t r a l  e x t e n s i o n  o f  t h e  m id b ra in  a c t i v a t i n g  

system  was no t s u p p o r t e d .  King d e m o n s t ra te d  s u b s e q u e n t ly  (1957) t h a t  

d e p r e s s io n  of r e t i c u l a r  sy s tem s  was n o t  t h e  o n ly  e f f e c t  o f  a n e s t h e t i c  

d ru g s .  Doses h i g h e r  th a n  th o s e  r e q u i r e d  t o  i n i t i a t e  b l o c k i n g  o f  

c o r t i c a l  a r o u s a l  t o  r e t i c u l a r  f o rm a t io n  s t i m u l a t i o n  c aused  i n c r e a s e d  

l a t e n c y  and d e c re a s e d  a m p l i tu d e  w i th  an i n c r e a s e  i n  r e c o v e r y  t im e s  i n  

s p e c i f i c  t h a l a m ic  r e l a y  r e s p o n s e s .  T h is  i n d i c a t e s  t h a t  a t  h i g h e r  doses  

b a r b i t u r a t e s  may e x e r t  a d e p r e s s a n t  a c t i o n  d i r e c t l y  upon t h a l a m i c  r e l a y  

n u c l e i .

I n  s t u d i e s  o f  r e c o v e r y  f u n c t i o n s  of m e d ia l  l e m n i s c u s ,  v e n t r o -  

b a s a l  th a la m u s  and r e t i c u l a r  f o r m a t i o n ,  Boyd and M e r r i t  (1966) found 

e f f e c t s  s i m i l a r  t o  th o s e  o b se rv e d  by King (1 9 5 7 ) .  Evoked p o t e n t i a l  

l a t e n c i e s  and r e c o v e r y  t im es  w ere i n c r e a s e d  by b a r b i t u r a t e s  i n  th a lam u s  

and m ed ia l  le m n isc u s  and showed g r e a t l y  i n c r e a s e d  l a b i l i t y  i n  r e t i c u l a r
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fo rm a t io n .  They s u g g e s t e d  t h a t  s e d a t io n  and g e n e r a l  a n e s t h e s i a  r e s u l t  

from c u m u la t iv e  d e p r e s s a n t  e f f e c t s  e x e r t e d  ove r  t h e  e n t i r e  n e u ra x is  

in c lu d in g  th e  c u n e a t e ,  th a la m ic  and r e t i c u l a r  n u c l e i .

G en e ra l  t h e o r i e s  of a n e s t h e s i a  advanced  by e a r l y  i n v e s t i g a t o r s  

(F rench , e ^  1953; R and t ,  let 1958) a r e  i n c o m p le te  s i n c e  d e p re s 

s i v e  e f f e c t s  have b een  shown to  be w id e sp re a d  th ro u g h  th e  CNS. Drugs 

u l t i m a t e l y  p ro d u c in g  a n e s t h e s i a  a l s o  cau se  f u n c t i o n a l  d e p r e s s io n  of 

th e  s p i n a l  c o rd  (W a ll ,  1967; De Jong and Wagman, 1968; R ic h e n s ,  1969a, 

1969b), b r a i n  stem ( A r d u in i  and A rd u in i ,  1954; K i l la m ,  1 9 6 2 ) ,  thalam us 

(King, 1956; Boyd and M e r r i t ,  1966) and c e r e b r a l  c o r t e x  (C raw ford , 1970 ) .

C o n s id e r in g  t h e  v a r i e t y  of d rugs  c a p a b le  o f  in d u c in g  a n e s t h e s i a ,  

th e  f a i l u r e  o f  a g e n e r a l  th e o ry  i s  n o t  s u r p r i s i n g .  A com prehensive  

th e o ry  o f  a n e s t h e t i c  a c t i o n ,  o t h e r  than  one s p e c i f y i n g  u l t i m a t e  

r e t i c u l a r  fo rm a t io n  d e p r e s s io n  and lo s s  o f  c o n s c i o u s n e s s ,  may no t be 

p o s s i b l e .  I t  can be assumed t h a t  w h i le  many c l a s s e s  o f  d ru g s  have 

s i m i l a r  e n d - p o i n t  a c t i o n  ( e . g . ,  m id b ra in  d e p r e s s i o n ) ,  t h e  means by 

which th e y  a c co m p lish  t h i s  end may be d i f f e r e n t  d e p e n d in g  on t h e i r  

d i f f e r e n t  chem ica l  p r o p e r t i e s .

Exam ina tion  o f  th e  CNS e f f e c t s  o f  one d r u g ,  s p e c i f i c a l l y  

e th a n o l ,  sh o u ld  b e g in  w i t h  c o n s i d e r a t i o n  o f  th e  p o s s i b l e  a c t i o n s  any 

drug may have i f  t h e  f i n a l  r e s u l t  i s  a n e s t h e s i a .  I t  s h o u ld  a l s o  con

s i d e r  th e  known pharm acology  of the  drug u n d e r  e x a m in a t io n  and a s s e s s  

what p h y s i o l o g i c a l  p r o p e r t i e s  i t  has in  common w i t h  o t h e r  d r u g s .  Given 

t h i s  in f o r m a t io n  i t  may th e n  be p o s s ib l e  to  o u t l i n e  th e  e x p e c te d  a c t i o n s  

o f  e th a n o l  and d e s ig n  t e s t s  o f  t h e s e  p ro p o sed  a c t i o n s .  The t a s k  of the  

f o l lo w in g  c h a p te r s  i s  to  p ro v id e  t h a t  i n f o r m a t io n .



CHAPTER I I

EFFECTS OF ETHANOL ON CNS ELECTROPHYSIOLOGY 

AND BEHAVIOR

G e n e ra l  Drug E f f e c t s  on t h e  CNS 

I n  g e n e r a l ,  a l t e r a t i o n s  i n  CNS f u n c t i o n s  c aused  by a d ru g  a r e  

due to  i t s  p r e s e n c e  i n  th e  e x t r a c e l l u l a r  o r  i n t r a c e l l u l a r  f l u i d  o r  

b o t h .  These  e f f e c t s  may be one o r  more o f  th e  f o l l o w in g :  th e  d rug

may cause  (1 )  an i n c r e a s e  o r  (2) a d e c re a s e  i n  t h e  e f f e c t  o f  a  CNS 

t r a n s m i t t e r  a g e n t  on th e  p o s t - s y n a p t i c  membrane; th e  d rug  may 

(3) i n c r e a s e  o r  (4) d e c r e a s e  t h e  c a p a b i l i t y  o f  th e  n e u r a l  u n i t  t o  convey 

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

s u r f a c e .

E f f e c t s  (1) and ( 2 ) ,  a l t e r a t i o n s  in  th e  p o t e n t i a l  e f f e c t  o f  a 

CNS t r a n s m i t t e r ,  may r e s u l t  from b o th  d i r e c t  and i n d i r e c t  c a u s e s .

C e r t a i n  d rugs  may d i r e c t l y  a f f e c t  th e  p o s t - s y n a p t i c  membrane ( e . g . ,  

c u r a r e  a t  t h e  m usc le  e n d - p l a t e )  o r  a l t e r  th e  amount o f  t r a n s m i t t e r  

r e a c h in g  th e  p o s t - s y n a p t i c  membrane ( e . g . ,  a c e t y l c h o l i n e s t e r a s e ) .

Changes in  t h e  p o t e n t i a l  e f f e c t  o f  t r a n s m i t t e r s  may a l s o  r e s u l t  

i n d i r e c t l y  from d ru g - in d u c e d  b lo c k a d e  o f  c e r t a i n  m e t a b o l i c  s t e p s  i n  

th e  p r o d u c t io n  o r  d e g r a d a t i o n  o f  t r a n s m i t t e r  a g e n ts  a t  some rem ote  

s i t e .  These i n d i r e c t  e f f e c t s  a r e  e x e m p l i f ie d  by th e  u se  o f  r e s e r p i n e
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to  d e p l e t e  and monoamine o x id a s e  i n h i b i t o r s  to  i n c r e a s e  CNS s t o r e s  

o f  p o s s i b l e  monoamine t r a n s m i t t e r  a g e n t s .

A l t e r n a t i v e s  (3) and ( 4 ) ,  changes i n  a c t i o n  p o t e n t i a l  p ro p a g a 

t i o n ,  can a l s o  be e l a b o r a t e d  to  i n c lu d e  d ru g - in d u c e d  changes i n  th e  

membrane r e s t i n g  p o t e n t i a l .  I f  th e  d ru g  a c t s  t o  i n c r e a s e  r e s t i n g  

p o t e n t i a l s ,  c a u s in g  h y p e r p o l a r i z a t i o n ,  the  f i r i n g  t h r e s h o ld  f o r  an 

a c t i o n  p o t e n t i a l  w i l l  be r a i s e d  and th e  neu ron  w i l l  become l e s s  

e x c i t a b l e .  I f  th e  d ru g  a c t s  to  d e c r e a s e  t h e  r e s t i n g  p o t e n t i a l ,  th e  

f i r i n g  t h r e s h o l d  w i l l  be d e c re a s e d  and the  n e u ro n  w i l l  be r e n d e re d  

more e x c i t a b l e .  I f  the  d ru g  causes  e x c e s s i v e  d e p o l a r i z a t i o n ,  a c t i o n  

p o t e n t i a l s  w i l l  be e f f e c t i v e l y  a b o l i s h e d  ( c a t h o d a l  b lo c k ) ,  and th e  

neu ro n  w i l l  be t o t a l l y  u n e x c i t a b l e .

T hese  changes  may r e s u l t  from the  p h y s i c a l  p re s e n c e  o f  th e  

d rug  a t  th e  n e u r a l  membrane, by th e  b io c h e m ic a l  a l t e r a t i o n s  o f  some 

o f  th e  membrane c o n s t i t u e n t s ,  or  by c h a n g in g  i n t r a c e l l u l a r  m e ta b o l i c  

p r o c e s s e s .  The r e s u l t s  o f  t h e s e  changes  w i l l ,  i n  g e n e r a l ,  c a u se  an 

i n c r e a s e  o r  d e c r e a s e  in  th e  l e v e l  of i n h i b i t i o n  o r  e x c i t a t i o n  o p e r a t i n g  

on o t h e r  n e u r a l  u n i t s .

E th a n o l  E f f e c t s  on th e  CNS

P h y s i c a l  and M e ta b o l ic  
P a ra m e te r s  o f  E th a n o l

S e v e r a l  rev ie w s  o f  e th a n o l  m e ta b o lism  a r e  a v a i l a b l e  ( K a la n t ,  

1962; M ardones, 1963; R u sse l  and Van B ruggen , 1964; W algren , 1 9 6 6 ) .

In  th e  s t e a d y - s t a t e ,  e th a n o l  i s  d i s t r i b u t e d  th ro u g h  b o d i ly  t i s s u e s  

w i th  a p p ro x im a te ly  th e  same p a r t i t i o n  c o e f f i c i e n t s  as  w a te r  and e x e r t s
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no o sm o t ic  p r e s s u r e  on t i s s u e s  (Huang, et^ 1957; Davson, e t  a l ,

1963; Pappenheim er and U e is e y ,  1963).

D i s t r i b u t i o n . A lthough  E g g le to n  (1940a) s u g g e s t e d  t h a t  

e q u i l i b r i u m  may n o t  be r e a c h e d  fo r  1 -1 .2 5  h o u rs  w i t h  slow i n t r a 

venous i n f u s i o n ,  t h e  use o f  measurement t e c h n iq u e s  which a r e  assumed 

to  be more s o p h i s t i c a t e d  s u g g e s t s  t h a t  s te a d y  s t a t e  c o n c e n t r a t i o n s

a r e  r e a c h e d  much more r a p i d l y  (Davson, e t  a l ,  1 9 6 6 ) .  E th a n o l  con

c e n t r a t i o n  in  b r a i n  w a te r  i s  a t  l e a s t  96% of p lasm a  c o n c e n t r a t i o n  

w i t h i n  3 m in u te s .  At th e  same time th e  r a t i o  o f  e th a n o l  i n  c e r e b r o 

s p i n a l  f l u i d  to  t h a t  i n  p lasm a i s  o n ly  0 .3 5 .  The d i f f e r e n c e  i n  th e s e  

r a t i o s  s u g g e s t s  t h a t  th e r e  may be a c o n s id e r a b l e  d i f f e r e n c e  in  th e  

d i f f u s i o n  v e l o c i t y  o f  e th a n o l  th ro u g h  th e  " b lo o d - b r a i n "  and " b lo o d -  

l i q u o r "  b a r r i e r s .

The e x i s t e n c e  of r e g i o n a l  c o n c e n t r a t i o n  d i f f e r e n c e s  i n  th e  

CNS i s  a l s o  d i s p u t e d .  R ecent work ( S c h e r r e r - E t i e n n e  and P o s t e r n a k ,

1963) s u g g e s t s  t h a t  c o n c e n t r a t i o n  d i f f e r e n c e s ,  r e s u l t i n g  from r e g i o n a l  

d i f f e r e n c e s  in  b lo o d  s u p p ly ,  a r e  found o n ly  p r i o r  t o  th e  a t t a in m e n t  

o f  s t e a d y - s t a t e  c o n d i t i o n s .  Meyer (1 9 5 7 ) ,  how ever ,  found e v id e n c e  of 

p e r s i s t e n t  r e g i o n a l  d i f f e r e n c e s  in  c o n c e n t r a t i o n  c o r r e l a t e d  w i th  th e  

e x t e n t  of r e g i o n a l  b lo o d  s u p p ly .  He r e p o r t e d  b r a i n  r e g i o n  to  p lasm a 

c o n c e n t r a t i o n  r a t i o s  o f  0 .6 9  f o r  t e l e n c e p h a l o n ;  0 .5 5  f o r  d ie n c e p h a lo n ,  

m esencepha lon  and c e r e b e l lu m ;  and 0 .4 3  f o r  m e d u l la  1-2 h o u r s  a f t e r  

i n f u s i o n .  C o n f i rm a t io n  of t h e s e  r e g i o n a l  d i f f e r e n c e s  would le n d  s u p p o r t  

to  an h y p o th e s i s  o f  d i f f e r e n t i a l  r e g i o n a l  CNS s u s c e p t i b i l i t y  to  e th a n o l  

based  on c o n c e n t r a t i o n  d i f f e r e n c e s .
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B lood c le a r a n c e  r a t e s . In  c a t s  th e  r a t e  o f  e th a n o l  c l e a r a n c e  

from b lo o d ,  a  rough m easure  of m e ta b o l i c  r a t e  f o r  e t h a n o l ,  i s  p r o p o r 

t i o n a l  to  b lo o d  c o n c e n t r a t i o n  o v e r  a  r e a s o n a b le  r a n g e .  E g g le to n  (1940b) 

found t h a t  c l e a r a n c e  r a t e s  i n c r e a s e d  30% f o r  e v e r y  100 mg% i n c r e a s e  in  

b lood  c o n c e n t r a t i o n  and was 70-75 m g /k g /h r  a t  100 mg%, 120 a t  200 mg% 

and 140-165 m g /k g /h r  a t  300 mg%. Under t h e s e  c o n d i t i o n s ,  75 m g /kg /h r  

may ro u g h ly  a p p ro x im ate  7 .5  to  15 mg%/hr c l e a r a n c e .

S t u d ie s  conduc ted  on humans ( S i d e l l  and P l e s s ,  1971) s u g g e s t  

t h a t  e th a n o l  c l e a r a n c e  r a t e s  i n  man may be in d e p e n d e n t  of b lood  

c o n c e n t r a t i o n  and av e ra g e  abou t 19 mg%/hr.

I n f u s i o n  c o n c e n t r a t i o n s . I n v e s t i g a t i o n s  o f  an im a ls  have o f t e n  

used  e th a n o l  c o n c e n t r a t i o n s  f a r  beyond th o s e  w h ich  can be t o l e r a t e d  

by humans. Lee (1962) found t h a t  i n t r a - a r t e r i a l  i n f u s i o n s  o f  e th a n o l  

i n  c o n c e n t r a t i o n s  g r e a t e r  th a n  7.5% (w/v) damaged th e  " b lo o d - b r a in "  

b a r r i e r .  S in c e  i n f u s i o n  was v i a  th e  e x t e r n a l  c a r o t i d  a r t e r y  d i r e c t l y  

to  th e  b r a i n  w i th o u t  th e  b e n e f i t  of  s y s te m ic  d i l u t i o n ,  th e  e f f e c t s  

o f  norm al i n t r a v e n o u s  p ro c e d u re s  ( e . g . ,  th ro u g h  f e m o ra l  v e in )  may be 

l e s s  s e r i o u s .  N e v e r th e l e s s ,  i t  i s  c e r t a i n  t h a t  h ig h  c o n c e n t r a t i o n s  

of e th a n o l  p l a c e  th e  b r a i n ' s  norm al p r o t e c t i v e  mechanisms in  j e o p a r d y .  

Changes i n  r e s p o n s e  m easures  may be c a u se d  o r d i n a r i l y  by d i r e c t  e th a n o l  

e f f e c t s ,  b u t  w i th  h igh  i n f u s i o n  c o n c e n t r a t i o n s  th e y  may a l s o  r e s u l t  from  

the  i n v a s i o n  o f  n e rv o u s  t i s s u e  by p lasm a c o n s t i t u e n t s  n o rm a l ly  h e ld  

im perm eable .

I n  s t u d i e s  p u b l i s h e d  as  l a t e  as 1968 (Di P e r r i ,  e t  1 9 6 8 ) ,  

i n f u s i o n  c o n c e n t r a t i o n s  of 20% were r o u t i n e l y  u s e d .  In  a n o th e r  s tu d y  

from th e  same group (K akolew ski and Himwich, 1968) c o n c e n t r a t i o n s
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of 33 and 45% w ere u se d  to  re a c h  d o se s  o f  4 .4  and 6 .0  gm/kg. Simple 

c a l c u l a t i o n s  show t h a t  th e s e  doses a r e  e q u i v a l e n t  to  th e  d i r e c t  i n t r a 

venous i n f u s i o n  o f  13 .2  and 1 8 .0  o u n c e s ,  r e s p e c t i v e l y ,  in  a  70 kg man.

I t  s h o u ld  be a p p a r e n t  t h a t  the  use o f  such  l a r g e  q u a n t i t i e s  a t  th e s e

c o n c e n t r a t io n s  have  no r e a l  s i g n i f i c a n c e  o t h e r  th a n  d e m o n s t ra t in g  th e  

l e t h a l i t y  o f  e t h a n o l  u s in g  doses  beyond th o s e  a human c o u ld  i n g e s t .

E th a n o l  E f f e c t s  a t  th e  N eu ro n a l  L eve l

E thano l  d i r e c t l y  e f f e c t s  th e  n e u r a l  membrane by c a u s in g  a l t e r a 

t io n s  i n  th e  r e s t i n g  p o t e n t i a l  ( e x c i t a b i l i t y  changes)  o r  a c t i o n  p o te n 

t i a l  ( t r a n s m i s s i o n  c h a n g e s ) .  F u r t h e r ,  i t  i n d i r e c t l y  a f f e c t s  n e u r a l  

membrane f u n c t io n s  by a l t e r i n g  the  u t i l i z a t i o n  of a d e n o s in e  p h o s p h a te s .  

These s u b s ta n c e s  p r o v id e  th e  e ne rgy  r e q u i r e d  f o r  a c t i v e  t r a n s p o r t  o f  

ions  n e c e s s a ry  t o  m a in ta in  th e  neu ron  r e s t i n g  p o t e n t i a l  and a id  i n  i t s  

r e s t o r a t i o n  f o l lo w in g  a c t i o n  p o t e n t i a l  p a s s a g e .

Axonal e f f e c t s . G a llego  (1948) e x p la in e d  th e  low dose 

e x c i t a t i o n  e f f e c t s  found by e a r l y  i n v e s t i g a t o r s  (G ibbs, e t  a l ,  1937) 

by showing t h a t  i n  "low" c o n c e n t r a t i o n s  e th a n o l  e x e r t s  a  d e p o la r 

i z i n g  a c t i o n  on t h e  r e s t i n g  p o t e n t i a l  o f  f r o g  n e u ro n s .  At h ig h  concen

t r a t i o n s  (4600 mg%) ax o n a l  t r a n s m is s io n  i s  e f f e c t i v e l y  s u p p re s s e d  by 

c a th o d a l  b lo ck  r e s u l t i n g  from e x c e s s iv e  d e p o l a r i z a t i o n .  G a l le g o  con

c luded  t h a t  t h e s e  changes in  n e u r a l  e x c i t a b i l i t y  were s u f f i c i e n t  to  

e x p la in  CNS e x c i t a t o r y  e f f e c t s  d e s p i t e  t h e  h ig h  c o n c e n t r a t i o n s  r e q u i r e d .

However, su b se q u e n t  s t u d i e s ,  u s in g  v o l t a g e  clamp te c h n iq u e s  

on i s o l a t e d  s q u id  and l o b s t e r  axon (Moore, e ^  1964; Moore, 1966; 

Houch, 1969 ) ,  show t h a t  changes in  t h e  p r o p a g a te d  a c t i o n  p o t e n t i a l  a r e
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induced  a t  c o n c e n t r a t i o n s  c o n s id e r a b ly  low er  t h a n  th o s e  r e q u i r e d  fo r  

a l t e r a t i o n s  in  a x o n a l  r e s t i n g  p o t e n t i a l s .  Moore, e ^  ^1  (1964) found 

t h a t  3% e th a n o l  (2367 mg%) d e c re a s e d  sodium and p o ta s s iu m  ion  conductance  

a c ro s s  t h e  a x o n a l  membrane by 18 and 20%, r e s p e c t i v e l y ,  and 6% s o l u t i o n s  

doub led  th e s e  c h a n g e s .  N e v e r t h e l e s s ,  Moore (1966) and Houch (1966) 

conc luded  t h a t  t h e  minimum c o n c e n t r a t i o n s  (1180 mg%) r e q u i r e d  f o r  the  

i n d u c t io n  o f  a c t i o n  p o t e n t i a l  changes was i n d i c a t i v e  of r e l a t i v e  axona l  

r e s i s t a n c e  to  e t h a n o l  compared w i th  o t h e r  a r e a s  o f  th e  n e u r a l  membrane 

( e . g . ,  t h e  s y n a p s e ) .  F u r th e rm o re ,  Houch (1969) s u g g e s t s  t h a t  th e se  

d a t a  a l s o  show t h a t  e t h a n o l  has  s e p a r a t e  e f f e c t s  on a c t i o n  p o t e n t i a l  

and r e s t i n g  p o t e n t i a l  g e n e r a t i n g  m echanisms, b u t  t h e s e  e f f e c t s  cannot be 

he ld  to  a ccoun t  f o r  CNS changes a t  lo w e r ,  n o n - l e t h a l  c o n c e n t r a t i o n s .

A lthough  t h e r e  i s  no d i r e c t  c o m p a r iso n  of t h e s e  d a t a  w i th  

mammalian b r a i n  n e u ro n s  a v a i l a b l e ,  c a r d i a c  n e rv e  f i b e r s  have o f t e n  

been employed a s  a  r e a s o n a b le  a n a lo g u e .  Gimeno (1959) found no s i g n i 

f i c a n t  change i n  s e v e r a l  m easured  p a ra m e te r s  o f  a c t i o n  p o t e n t i a l s  

conduc ted  th ro u g h  r a t  a t r i a l  n e r v e s .  At th e  c o n c e n t r a t i o n  u s e d ,  480 rag%, 

th e  o n ly  e f f e c t  o b s e rv e d  was a 10% r e d u c t i o n  i n  a c t i o n  p o t e n t i a l  

d u r a t i o n .

S e v e r a l  a n e s t h e t i c s  p roduce  changes s i m i l a r  to  th o se  of 

e th a n o l  i n  n e u r a l  membrane c o n d u c ta n c e s .  S in c e  t h e s e  a g e n ts  have  n a rc o 

t i z i n g  a c t i v i t i e s  p r o p o r t i o n a l  to  t h e i r  l i p i d  s o l u b i l i t i e s  (O v erto n -  

Meyer h y p o t h e s i s )  o r  thermodynamic a c t i v i t i e s  ( L a r r a b e e  and P o s t e r n a l ,  

1952; M cliw ain , 1966), i t  i s  p o s s i b l e  t h a t  e t h a n o l  a f f e c t s  th e  n e u r a l  

membrane by i t s  p r e s e n c e :  i . e . ,  i n t e r a c t i o n  o f  e t h a n o l  w i th  components

o f  t h e  membrane l i p i d  l a y e r  may c a u se  i n h i b i t i o n  o f  i o n i c  conduc tances
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d u r in g  an a c t i o n  p o t e n t i a l .  Such a  r e a c t i o n  must t a k e  p l a c e  on th e  

e x t e r i o r  s u r f a c e  o f  th e  membrane b e c a u se  co n d u c ta n c e  changes  a r e  

no t o b se rv e d  when e th a n o l  i s  i n t r o d u c e d  i n t o  th e  medium p e r f u s i n g  

o n ly  t h e  i n t e r i o r  o f  th e  s q u id  axon ( I s r a e l ,  1970 ) .

E f f e c t s  on membrane a c t i v e  t r a n s p o r t . The c a p a c i t y  o f  t h e  

n e u r a l  membrane t o  g e n e r a t e  an  a c t i o n  p o t e n t i a l  depends upon i t s  

a b i l i t y  to  undergo r a p i d ,  s h o r t - l i v e d  changes in  i t s  c o n d u c ta n c e  f o r  

sodium  and p o ta s s iu m .  T h is  a b i l i t y  i s  a p p a r e n t l y  d e c r e a s e d  by e th a n o l  

a c c o r d in g  to  th e  above d a t a .  A c t io n  p o t e n t i a l  g e n e r a t i o n  a l s o  depends 

upon th e  e x i s t e n c e  o f  a c t i v e  ( m e t a b o l i c a l l y  e n e rg iz e d )  t r a n s p o r t  

m echan ism s. These t r a n s p o r t  m echanism s e n a b le  the  neu ro n  t o  move 

sodium and p o ta s s iu m  back a c r o s s  t h e  membrane, a g a i n s t  t l i e i r  e l e c t r o 

c h e m ic a l  g r a d i e n t s ,  i n  o r d e r  t o  r e a c c u m u la te  r e s t i n g ,  s t e a d y  s t a t e  

c o n c e n t r a t i o n s  o f  t h e s e  i o n s .

E th a n o l  i s  known t o  i n h i b i t  a c t i v e  t r a n s p o r t  mechanism s f o r  

p o ta s s iu m  th ro u g h o u t  th e  b o d y ,  a t  l e a s t  in  t h e  400-700 mg% ra n g e  

( I s r a e l - J a c a r d  and K a l a n t ,  1 9 6 5 ) .  T h is  s u g g e s t s ,  i n d i r e c t l y ,  t h a t  

e t h a n o l  d e p r e s s e s  t h e  CNS g e n e r a l l y  by i n h i b i t i n g  th e  a c t i v e  reaccum u

l a t i o n  o f  p o ta s s iu m .  A d d i t i o n a l  i n d i r e c t  e v id e n c e  o f  e t h a n o l ' s  i n t e r 

f e r e n c e  w i t h  a c t i v e  t r a n s p o r t  w i t h i n  t h e  CNS h as  been  p r o v id e d  by 

W a llg re n  (1 9 6 3 ) .  He r e p o r t e d  t h a t  a  400 mg% c o n c e n t r a t i o n  o f  e th a n o l  

in  th e  s o l u t i o n  b a th i n g  i s o l a t e d  c o r t i c a l  s l a b s  c aused  a  50% r e d u c t i o n  

in  c r e a t i n e  p h o s p h a te  ( p h o s p h o c r e a t in e s )  breakdown d u r in g  e l e c t r i c a l  

s t i m u l a t i o n  o f  th e  s l a b .  The p h o s p h o c r e a t in e s  in  norm al b r a i n  e x i s t  

in  e q u i l i b r i u m  w i t h  a d e n o s in e  p h o s p h a te s  which s e r v e  as th e  e n e rg y  

p ro d u c in g  s u b s t r a t e  f o r  a c t i v e  t r a n s p o r t .  I n  th e  u n s t i m u la t e d  b r a i n ,
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t h i s  e q u i l i b r i u m  i s  m a in ta in e d  in  th e  p r e s e n c e  o f  e th a n o l  w hich  

i n d i c a t e s  t h a t  t h e  d ru g  i s  n o t  i n t e r f e r i n g  w i t h  no rm al m e ta b o l i c  

p r o d u c t i o n  o f  a d e n o s in e  t r i p h o s p h a t e .  W a llg re n  c o n c lu d e d ,  t h e r e f o r e ,  

t h a t  e t h a n o l  i n t e r f e r e s  w i th  th e  u t i l i z a t i o n ,  r a t h e r  th a n  s y n t h e s i s ,  

o f  a d e n o s in e  t r i p h o s p h a t e .  Hence, e t h a n o l  in d u c e s  a b lo c k a d e  o f  t h e  

a c t i v e  t r a n s p o r t  mechanisms w i t h i n  th e  n e u r a l  membrane w hich  s e r v e  t o  

r e a c c u m u la te  sodium and p o ta s s iu m  a f t e r  i t s  d e p o l a r i z a t i o n  by an 

a c t i o n  p o t e n t i a l .  Tiiis would r e s u l t  in  d e c r e a s e d  a m p l i tu d e  or com

p l e t e  s u p p r e s s i o n  of a c l o s e l y  fo l lo w in g  a c t i o n  p o t e n t i a l .  D e c reased  

a m p l i tu d e  o f  th e  a c t i o n  p o t e n t i a l  would r e s u l t  in  d e c r e a s e d  r e l e a s e  

o f  s y n a p t i c  t r a n s m i t t e r  a t  th e  p r e - s y n a p t i c  membrane— c a u s in g  an 

i n d i r e c t  b u t  e f f e c t i v e  d e p r e s s io n  of s y n a p t i c  t r a n s m i s s i o n .

D i r e c t  e x a m in a t io n  o f  tiie a d e n o s in e  p h o sp h a te  sy s tem s  Ijn v i t r o  

s u b s t a n t i a t e s  W a l l g r e n 's  c o n c lu s io n  t h a t  e t h a n o l  i n h i b i t s  t h e i r  u t i l i 

z a t i o n .  Sun and S a m o ra jsk i  (1970) exam ined  a d e n o s in e  t r i p h o s p h a t e  

enzyme (A ÏP ase )  a c t i v i t i e s  in  synap to som es  d e r iv e d  from u l t r a - c e n t r i 

f u g a t i o n  o f  g u in e a  p ig  c e r e b r a l  c o r t e x .  They found t h a t  e t h a n o l  a lm o s t  

s p e c i f i c a l l y  re d u c e d  so d iu m -p o ta s s iu m  ATPase a c t i v i t y  w i th  a  50% 

r e d u c t i o n  a t  2000 mg% and com ple te  a b o l i t i o n  a t  5500 mg%.

E f f e c t s  a t  th e  sy n ap se  and n e u ro m u s c u la r  j u n c t i o n . Only t h e  

s y m p a th e t i c  p r e -  t o  p o s t - g a n g l i o n i c  s y n a p s e  h as  been exam ined  i n  d e t a i l .  

L a r ra b e e  and P o s t e r n a k  (1952) found t h a t  e t h a n o l  (and u r e t h a n ) , in  

c o n t r a s t  to  o t h e r  a n e s t h e t i c  a g e n t s ,  e x e r t e d  a g r e a t e r  d e p r e s s a n t  

a c t i o n  on d i r e c t  f i b e r  t r a n s m i s s io n  th a n  on s y n a p t i c  a c t i v i t y .  C o n v e rse 

l y ,  e t h a n o l  f a c i l i t a t e d  s y n a p t i c  t r a n s m i s s i o n  a t  "low" c o n c e n t r a t i o n s  

(1000-2000  mg%). These  d a t a  c o n t r a s t  w i t h  th o s e  o f  Moore (1966) and
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Houch (1969) who found  th e  axon o f  s q u id  and l o b s t e r  to  be r e l a t i v e l y  

r e s i s t a n t  to e th a n o l  e f f e c t s — th e y  c o n c lu d e d  t h a t  th e  s y n a p se  would  

be more s e n s i t i v e .  One e x p l a n a t i o n  of t h i s  d i f f e r e n c e  may be t h a t  th e  

c h o l i n e r g i c  s y m p a th e t i c  s y s te m  s h a r e s  th e  e th a n o l - i n d u c e d  f a c i l i t a t i o n  

of p e r i p h e r a l  c h o l i n e r g i c  sy s te m s  s u g g e s te d  be low . A nother  may be t h a t  

th e  c l a s s  of f i b e r s  r e p r e s e n t e d  by s y m p a th e t i c  n e rv e s  a r e  d i f f e r e n t  in  

c e r t a i n  c h a r a c t e r i s t i c s  when compared to  s q u id  and l o b s t e r  a x o n .

At th e  n e u ro m u sc u la r  j u n c t i o n  s e v e r a l  i n v e s t i g a t o r s  (G age,

1965; Inhou and F ran k ,  1967; Okada, 1967) have shown t h a t  e t h a n o l  

p o t e n t i a t e s  c h o l i n e r g i c  t r a n s m i s s i o n  by c a u s in g  i n c r e a s e s  i n  p r e -  

s y n a p t i c  e x c i t a b i l i t y ,  th e r e b y  c a u s in g  th e  r e l e a s e  of l a r g e r  q u a n t i t i e s  

o f  a c e t y l c h o l i n e ,  as  w e l l  as i n c r e a s i n g  p o s t - s y n a p t i c  ( e n d - p l a t e )  

e x c i t a b i l i t y .  Gage (1965) found  i n c r e a s e d  p r e - s y n a p t i c  e x c i t a b i l i t y  

a t  c o n c e n t r a t io n s  e q u iv a l e n t  t o  37 mg% w i th  no accompanying change  i n  

p o s t - s y n a p t i c  e v e n t s .  At d o s e s  e q u i v a l e n t  to  500-800 mg% b o th  p r e -  

and p o s t - s y n a p t i c  e x c i t a b i l i t i e s  a r e  i n c r e a s e d  (Gage, 1 9 65 ) ;  co m p le te  

b lo c k  o f  t r a n s m is s io n  occu rs  a t  3000 mg% (Okada, 1967) .  S in c e  th ey  

c o u ld  n o t  d e m o n s t ra te  s i m i l a r  f a c i l i t a t o r y  e f f e c t s  a t  c e n t r a l  c h o l i n e r g i c  

s y n a p s e s ,  Inhou and Frank (1967) c o n c lu d e d  t h a t  any g e n e r a l  th e o r y  o f  

e t h a n o l ' s  a n e s t h e t i c  a c t i o n  b a s e d  on c h o l i n e r g i c  e f f e c t s  i s  u n w a r ra n te d .

S tu d ie s  i n  i s o l a t e d  c o r t e x  (K a la n t  and G rose ,  1967; K a l a n t ,  

e t  a l , 1967) a l s o  i n d i c a t e  a  l a c k  o f  s i m i l a r i t y  betw een th e  e f f e c t s  

of e th a n o l  on p e r i p h e r a l  and c e n t r a l  c h o l i n e r g i c  s y s te m s .  Upon e l e c t r i c a l  

s t i m u l a t i o n ,  a c e t y l c h o l i n e  i s  s p o n ta n e o u s ly  l i b e r a t e d  by i s o l a t e d  s l i c e s  

of c e r e b r a l  c o r t e x .  On th e  b a s i s  o f  n e u ro m u sc u la r  j u n c t i o n  d a t a ,  t h i s  

l i b e r a t i o n  shou ld  i n c r e a s e  u n d e r  th e  i n f l u e n c e  of e t h a n o l .  However,
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e th a n o l  i n  c o n c e n t r a t i o n s  e q u i v a l e n t  t o  50Ü mg% red u c e d  l i b e r a t i o n  

of a c e t y l c h o l i n e  by 20%. T h is  r e s u l t  s u g g e s t s  t h a t  e th a n o l  may 

i n h i b i t  r e l e a s e  of a c e t y l c h o l i n e  c e n t r a l l y  and le a d  to  a d im u n i t io n  

of t r a n s m i s s io n  a t  c e n t r a l  c h o l i n e r g i c  s y n a p s e s .

Summary of e th a n o l  e f f e c t s  a t  th e  n e u r o n a l  l e v e l . E th a n o l  

c a u se s  a  s p e c i f i c  d e c r e a s e  i n  sodium  and p o ta s s iu m  ion  c o n d u c ta n c e s  

a c ro s s  the  a x o n a l  membrane and d e p r e s s e s  a c t i v e  t r a n s p o r t  mechanisms 

n e c e s s a r y  f o r  t h e  r e g e n e r a t i o n  of no rm al r e s t i n g  p o t e n t i a l s .  However, 

th e s e  e f f e c t s  o c c u r  o n ly  a t  e th a n o l  c o n c e n t r a t i o n s  known to  be l e t h a l .  

F u r th e rm o re ,  d i r e c t  e f f e c t s  on membrane r e s t i n g  p o t e n t i a l  o c c u r  a t  

even h ig h e r  c o n c e n t r a t i o n s .  P o t e n t i a t i o n  of c h o l i n e r g i c  t r a n s m i t t e r  

r e l e a s e  i s  found a t  p e r i p h e r a l  sy n a p se s  w i t h in  t h e  range  o f  n o n - l e t h a l  

c o n c e n t r a t i o n s .  S i m i la r  i n f o r m a t io n  h a s  n o t  b e e n  r e p o r t e d  f o r  a d r e n e r g i c  

s y s te m s .  The e f f e c t  o f  e th a n o l  on c e n t r a l  c h o l i n e r g i c  sy s te m s  may be 

to  i n h i b i t  r a t h e r  th a n  p o t e n t i a t e  t r a n s m i t t e r  r e l e a s e .

These d a t a  s u g g e s t  t h a t  membrane r e s t i n g  p o t e n t i a l s  a r e  

r e l a t i v e l y  immune t o  a c u te  e th a n o l  e f f e c t s ,  t h a t  the  mechanisms 

r e s p o n s i b l e  f o r  a c t i o n  p o t e n t i a l  p r o d u c t io n  and s u b s e q u e n t  membrane 

r e c o v e ry  a r e  l e s s  immune, and t h a t  th e  sy n a p se  i s  p r o b a b ly  th e  a r e a  

o f  th e  n e u r a l  membrane most s u s c e p t i b l e  to  e t h a n o l .

E f f e c t s  of E th a n o l  on R e f le x e s  

S tu d ie s  of th e  e f f e c t s  of e th a n o l  on r e f l e x e s  h a v e  fo c u s e d  

p re d o m in a n t ly  on th o s e  m ed ia ted  by th e  s p i n a l  c o rd .  M e g ir ia n  (1958) 

found t h a t  e i t h e r  d u r in g  r i s i n g  b lood  e th a n o l  c o n c e n t r a t i o n s  o r  a f t e r  

an a p p a re n t  s t e a d y - s t a t e  had been a c h ie v e d ,  e t h a n o l  e x e r t e d  a  s e l e c t i v e
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e f f e c t ,  d e p r e s s i n g  p o l y s y n a p t i c  r e f l e x e s  to  a  g r e a t e r  e x t e n t  than  

m o n o sy n a p t ic  r e f l e x e s .  P e n t o t h a l  e x e r t e d  a s i m i l a r  a c t i o n  but c h l o r o 

fo rm  and t h i o p e n t o t h a l  showed no s e l e c t i v e  a c t i o n .

S u p r a s p i n a l  m o d u la t io n  o f  p o l y s y n a p t i c  r e f l e x e s  i s  found t o  

b e  d e p r e s s e d  a t  e th a n o l  c o n c e n t r a t i o n s  lower t h a n  t h o s e  r e q u i r e d  f o r  

a l t e r a t i o n  o f  i s o l a t e d  mono- and p o l y s y n a p t i c  r e f l e x e s  (Machne, 1950; 

M e g ir ia n ,  1958; I s h i d o ,  1962; K a l a n t ,  1 9 7 0 ) .  T hese  i n v e s t i g a t o r s  

found  e v id e n c e  f o r  a b i p h a s i c  a c t i o n  o f  e th a n o l  w i th  r e l a t i v e  e x c i t a 

t i o n  o f  p o l y s y n a p t i c  r e f l e x e s  a t  low d o s e s  and p u re  d e p r e s s i o n  o f  b o th  

mono- and p o l y s y n a p t i c  r e f l e x e s  a t  h i g h e r  d o s e s .  S e v e ra n c e  of s u p r a 

s p i n a l  c o n n e c t io n s  a b o l i s h e d  th e s e  b i p h a s i c  e f f e c t s  c a u s in g  mono- and 

p o l y s y n a p t i c  r e f l e x e s  to  be e q u a l l y  d e p r e s s e d  a t  a l l  d o s e s .  I s h i d o  

(1962) showed t h a t  s e l e c t i v e  f a c i l i t a t i o n  o r  i n h i b i t i o n  o f  p o l y s y n a p t i c  

s p i n a l  r e f l e x e s ,  e l i c i t e d  by a p p r o p r i a t e  s t i m u l a t i o n  o f  th e  m id b ra in  

r e t i c u l a r  f o r m a t i o n ,  was a b o l i s h e d  b e f o r e  e t h a n o l  in d u ce d  changes in  

n o n - r e t i c u l a r  i n f l u e n c e d  r e f l e x e s  w ere  o b s e r v e d .

M o d u la t io n  o f  s p i n a l  r e f l e x e s  by d e s c e n d in g  f i b e r s  a r i s i n g  

from  s u p r a s p i n a l  n u c l e i  i s  a p p a r e n t l y  m e d ia te d  by p o s t - s y n a p t i c  i n h i b i 

t i o n  and f a c i l i t a t i o n  of i n t e r n e u r o n s  and  by p r e - s y n a p t i c  i n h i b i t i o n  

o f  p r im ary  a f f e r e n t  f i b e r s  (L u n d b e rg ,  1967 ; B r o d a i ,  1 9 6 9 ) .  I n h i b i t i o n  

o f  s p i n a l  and t r i g e m i n a l  r e f l e x e s  by o r b i t a l - f r o n t a l  c o r t e x  s t i m u l a t i o n  

( S a u e r l a n d ,  Nakamura and C lem en te ,  1967) i s  m e d ia te d  by p o s t - s y n a p t i c  

i n h i b i t o r y  m echanisms (Nakamura, et 1967) . E th a n o l  red u c e s  t h e  

e x t e n t  of c o r t i c a l l y  induced  i n h i b i t i o n  on t h e s e  r e f l e x e s — an e t h a n o l -  

in d u ced  i n h i b i t i o n  o f  i n h i b i t i o n —w i t h  a  maximum o b s e rv e d  r e d u c t io n  

a t  67 mg% ( S a u e r l a n d ,  Knauss and C le m e n te ,  1 9 6 7 ) .  S a u e r l a n d  conc luded
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t h a t  r e d u c t i o n  o f  o r b i t a l - f r o n t a l  i n h i b i t i o n  r e s u l t s  from d e p r e s s io n  

o f  th e  m e d u l la ry  r e t i c u l a r  fo rm a t io n .

In  c o n t r a s t ,  e th a n o l  i n c r e a s e s  p r e - s y n a p t i c  i n h i b i t i o n  of 

t r i g e m i n a l  s e n s o r y  n e u ro n s  ( S a u e r la n d ,  1970; S a u e r l a n d ,  e t̂ 1970) 

and p r im ary  a f f e r e n t  s p i n a l  f i b e r s  (M iyaha ra ,  1966) o v e r  a b lood  

e th a n o l  c o n c e n t r a t i o n  r a n g e  o f  50-250 mg%. When d e s c e n d in g  f i b e r  

sy s te m s  a r i s i n g  from  s u p r a s p i n a l  n u c l e i  a r e  s e v e r e d ,  e th a n o l - i n d u c e d  

enhancem ent o f  p r e - s y n a p t i c  i n h i b i t i o n  i s  a b o l i s h e d .

These  d a t a  s u g g e s t  t h a t  e th a n o l - i n d u c e d  d e p r e s s io n  o f  s p i n a l  

r e f l e x e s  i n  th e  i n t a c t  a n im a l ,  w i th  s u p r a s p i n a l  m o d u la to ry  mechanisms 

o p e r a t i v e ,  must be p r i m a r i l y  a  f u n c t i o n  o f  i n c r e a s e d  p r e - s y n a p t i c  

i n h i b i t i o n .  F u r th e rm o re ,  th ey  p ro v id e  a s o u r c e  f o r  th e  i n c r e a s e d  

e x c i t a t i o n  o b s e rv e d  a t  low c o n c e n t r a t i o n s .  The r e d u c t i o n  of i n h i b i t i o n  

d e r i v e d  from o r b i t a l - f r o n t a l  c o r t e x  b e g in s  a t  c o n c e n t r a t i o n s  a s  low as 

25 rag% b u t  enhancem ent o f  p r e - s y n a p t i c  i n h i b i t i o n  r e q u i r e s  somewhat 

h i g h e r  c o n c e n t r a t i o n s .  I n c r e a s e d  e x c i t a t i o n  may o c c u r  w i th in  a concen

t r a t i o n  ra n g e  bounded by t h e s e  e f f e c t s  due t o  a  d e c l i n e  i n  d e sce n d in g  

p o s t - s y n a p t i c  i n h i b i t i o n  b e f o r e  p r e - s y n a p t i c  i n h i b i t i o n  i n c r e a s e s  

s u f f i c i e n t l y  to  com pensa te  f o r  th e  l o s s .  At h i g h e r  c o n c e n t r a t i o n s ,  

i n c r e a s e d  p r e - s y n a p t i c  i n h i b i t i o n  l e a d s  to  th e  d e p r e s s i o n  of s p i n a l  

r e f l e x e s  and l o s s  o f  s e n s o r y  t r a n s m i s s io n  th ro u g h  t h e  c o rd .  H ence , a 

t r a n s i e n t  p e r io d  o f  r e f l e x  e x c i t a b i l i t y  i s  f o l lo w e d  by r e f l e x  d e p r e s s io n  

and d e e p e n in g  a n a l g e s i a .  Loss of c u ta n e o u s  s e n s a t i o n  ( S a u e r la n d ,  1967) 

may be a t t r i b u t e d  t o  i n c r e a s e d  p r e - s y n a p t i c  i n h i b i t i o n  o f  p r im ary  

a f f e r e n t s  as  s e n s o ry  i n f o r m a t io n  r e a c h e s  th e  t e r m i n a l  a r b o r i z a t i o n s  

of f i r s t - o r d e r  s e n s o r y  n e u ro n s .
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Summary o f  e t h a n o l  e f f e c t s  on r e f l e x e s . E th a n o l  e x e r t s  

c e r t a i n  s e l e c t i v e  a c t i o n s  on s p i n a l  r e f l e x e s ,  d e p r e s s i n g  p o l y s y n a p t i c  

r e f l e x e s  to  a g r e a t e r  e x t e n t  th a n  m onosynap tic  r e f l e x e s .  B ip h a s ic  

e f f e c t s ,  w i th  r e l a t i v e  e x c i t a t i o n  a t  low d o s e s ,  a r e  a f u n c t i o n  o f  

d e s c e n d in g  m o d u la to ry  sy s te m s  w hich  p r im a r i l y  m e d ia te  i n h i b i t i o n .

E th a n o l  a p p a r e n t l y  e x e r t s  a  s e l e c t i v e  p h a rm a c o lo g ic a l  b lo c k a d e  of 

t h e s e  s u p r a s p i n a l  i n f l u e n c e s ,  r e d u c in g  th e  s t r e n g t h  o f  d e s c e n d in g  p o s t -  

s y n a p t i c  i n h i b i t i o n  o f  s p i n a l  i n t e r n e u r o n s  w h i le  e n h a n c in g  p r e - s y n a p t i c  

i n h i b i t i o n  o f  p r im a ry  a f f e r e n t  p a th w ay s .  S u p p re s s io n  o f  p o s t - s y n a p t i c  

i n h i b i t i o n  a t  e th a n o l  c o n c e n t r a t i o n s  low er th an  t h o s e  r e q u i r e d  f o r  

p o t e n t i a t i o n  o f  p r e - s y n a p t i c  i n h i b i t i o n  may a c c o u n t  f o r  b i p h a s i c  

phenomena. I t  may be assumed t h a t  i n t e r f e r e n c e  w i t h  m o d u la to ry  c o n t r o l s  

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

n u c l e i  w h i le  s t r i c t l y  d e p r e s s i v e  e f f e c t s  on s p i n a l  r e f l e x e s  r e s u l t  

from d i r e c t  d e p r e s s i o n  o f  th e  s p i n a l  c o rd .

A ll  e f f e c t s  n o t e d  h e re  o c c u r  w e l l  w i t h i n  t h e  ran g e  o f  n on -  

l e t h a l  e th a n o l  c o n c e n t r a t i o n s .  The ran g e  w h e re in  b i p h a s i c  phenomena 

have  been  o b s e rv e d  i s  i n  good a g reem en t  w i th  th e  r a n g e  r e q u i r e d  f o r  

low dose  c o r t i c a l  a c t i v a t i o n  e f f e c t s  d i s c u s s e d  be lo w .

E f f e c t s  o f  E th a n o l  a t  S u p r a s p in a l  L e v e ls

E f f e c t s  on s p o n ta n e o u s  e l e c t r i c a l  a c t i v i t y . T here  i s  e v id e n c e  

t h a t  a t  low d o s e s  e t h a n o l  a c t i v a t e s  sp o n taneous  c o r t i c a l  a c t i v i t y .

Horsey and A k e r t  (1 9 5 3 ) ,  s tu d y i n g  im raobolized, a c u t e  c a t s ,  o b s e rv e d  

a t r a n s i t o r y  s t a g e  o f  p ro lo n g e d  a c t i v a t i o n  a t  b lo o d  c o n c e n t r a t i o n s  

below 50 mg%. W ith  d o se s  in  t h e  500 mg/kg ra n g e  ( e s t im a te d  b lo o d
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c o n c e n t r a t i o n ;  60 mg%) and d u r in g  th e  i n i t i a l  s t a g e s  of i n f u s i o n ,

Akabane, £ t  ^  (1964) found s ig n s  o f  s l i g h t ,  t r a n s i e n t  a c t i v a t i o n  

o f  c o r t i c a l  and h ippocam pal sp o n ta n e o u s  e l e c t r i c a l  a c t i v i t y .  With 

h ig h e r  i n t r a v e n o u s  d o s e s ,  Akabane found i n c r e a s e d  h ig h  and low v o l t a g e  

slow wave a c t i v i t y  w i th  a d e c re a s e  i n  s p i n d l e  f re q u e n c y .

A ttem p tin g  to  e l u c i d a t e  t h e  mechanism whereby e th a n o l  a f f e c t s  

sp o n ta n e o u s  e l e c t r i c a l  a c t i v i t y ,  Akabane, e t  ad  (1964) u sed  i n t r a c a r o t i d  

and i n t r a v e r t e b r a l  i n j e c t i o n s  of e t h a n o l  and o b se rv e d  spo n tan eo u s  

a c t i v i t y  and autonom ic  changes b e f o r e  and a f t e r  m id b ra in  t r a n s e c t i o n .  

I n t r a c a r o t i d  e t h a n o l  (50 -100  mg/kg) p roduced  s low  wave a c t i v i t y  i n  

th e  c o r t e x  and hippocampus accom panied  by a t r a n s i e n t  d e c l i n e  in  

s y s te m ic  b lood  p r e s s u r e .  No s ig n s  o f  c o r t i c a l  a c t i v a t i o n  were s e e n .

A f t e r  t r a n s e c t i o n  a t  th e  i n t e r c o l l i c u l a r  l e v e l ,  a l l  e f f e c t s  were th e  

same d u r in g  i d e n t i c a l  i n f u s i o n s ,  e x c e p t  t h a t  no change i n  b lo o d  p r e s s u r e  

was o b s e r v e d .  I n j e c t i n g  30-50 mg/kg i n t r a v e r t e b r a l l y , th e y  o b se rv e d  

t r a n s i e n t  a c t i v a t i o n  o f  c o r t e x  and h ip p o c a m p u s , fo l lo w e d  by slow  waves ; 

blood p r e s s u r e  t r a n s i e n t l y  d e c l in e d  40 mm Hg a n d  r e t u r n e d  t o  c o n t r o l  

l e v e l s  a s  sp o n ta n e o u s  e l e c t r i c a l  a c t i v i t y  r e v e r t e d  to  b a s e l i n e  p a t t e r n s .  

With m id b ra in  t r a n s e c t i o n ,  no a c t i v a t i o n  was o b se rv e d  b u t  a l l  o t h e r  

e f f e c t s  w ere t h e  same. Akabane c o n c lu d e d  t h a t  e th a n o l  d e p r e s s e s  th e  

CNS r o s t r a l  to  m id p o n t in e  a r e a s ,  th u s  c a u s in g  t r a n s i e n t  a c t i v a t i o n  of 

th e  m id p o n t in e  and b u lb a r  r e t i c u l a r  f o r m a t i o n ,  th e n  d e p r e s s e s  the  

l a t t e r  r e g i o n s .

S t u d ie s  o f  sp o n tan eo u s  e l e c t r i c a l  a c t i v i t y  in  man (G ibbs ,  e t  a l , 

1937; D o c to r ,  ejt 1966) a l s o  show b i p h a s i c  e f f e c t s ,  w i th  s ig n s  o f  

c o r t i c a l  a c t i v a t i o n  a t  low d o se s .  I n  humans, a lp h a  band (8 -13  llz)
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a m p l i tu d e  i n c r e a s e s  w i th  s h i f t s  in  th e  predom inan t f re q u e n c y .

D o c to r ,  e ^  a i  (1966) o b se rv e d  an i n c r e a s e  i n  th e  8-9 llz a lp h a  band 

w i th  e i t h e r  no change o r  a d e c re a s e  in  a c t i v i t y  i n  h i g h e r  a lp h a  b a n d s .  

These changes were o b se rv e d  s im u l ta n e o u s ly  w ith  im proved pe rfo rm ance  

on a  v i g i l a n c e  t a s k ;  maximum e f f e c t s  co u ld  be o b ta in e d  w i th  a concen

t r a t i o n  of 26 mg%.

Low dose  a c t i v a t i o n  i s  a l s o  s u g g e s te d  by changes in  c o r t i c a l  

b lood  f lo w .  H ad ji-D im o , e ^  ^  (1968) o b se rv ed  t r a n s i e n t  b u t  s i g n i f i c a n t  

i n c r e a s e s  i n  c o r t i c a l  b lo o d  f low  accom panied by an i n c r e a s e  in  th e  

e l e c t r o e n c e p h a l o g r a p h  f re q u e n c y  index  w i th  b lood  c o n c e n t r a t i o n s  o f  

50 mg%. Both c o r t i c a l  b lo o d  flow and f req u en cy  in d ex  d e c re a s e d  a t  

h i g h e r  c o n c e n t r a t i o n s  (130 mg%). They i n t e r p r e t  th e s e  d a t a  as  e v id e n c e  

o f  i n c r e a s e d  f u n c t i o n a l  a c t i v i t y  o f  th e  c e r e b r a l  c o r t e x  a t  low d o s e s .  

S i m i l a r  e f f e c t s  co u ld  n o t  be d e m o n s t ra te d  w i th  p e n t o b a r b i t a l .

The e f f e c t s  o f  e t h a n o l  can a l s o  be d i f f e r e n t i a t e d  from b a r b i 

t u r a t e s  th ro u g h  o b s e r v a t io n  o f  d rug  in d u ce d  changes in  sp o n ta n e o u s  

e l e c t r i c a l  a c t i v i t y  i n  t h e  r e d  n u c le u s .  G ogalak , ^  ^  (1969) o b se rv e d  

t h a t  b a r b i t u r a t e s  e l i c i t  a  4-30  Hz rhythm  i n  red  n u c le u s  of r a b b i t s ,  

and t h a t  th e  f re q u e n c y  d e c re a s e d  l i n e a r l y  w i th  i n c r e a s i n g  b a r b i t u r a t e  

b lo o d  c o n c e n t r a t i o n .  E th a n o l  (and u r e th a n )  p o t e n t i a t e d  th e  a c t i o n  of 

b a r b i t u r a t e s  a t  th e  c o r t e x  b u t  were a n t a g o n i s t i c  to  b a r t i t u r a t e - e l i c i t e d  

waves i n  r e d  n u c le u s .  E th a n o l  i n c r e a s e d  th e  f r e q u e n c y  i n  p r o p o r t i o n  to  

c o n c e n t r a t i o n  and c o u n te r a c t e d  th e  s lo w in g  e l i c i t e d  by b a r b i t u r a t e s .

A l l  d ru g s  u s u a l l y  c l a s s i f i e d  as h y p n o t i c - n a r c o t i c  and , t h e r e f o r e ,  

p o t e n t i a l  a n e s t h e t i c s ,  e l i c i t e d  r e g u l a r  waves.
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These  i n v e s t i g a t o r s  a g re e  t h a t  few d e p r e s s iv e  e f f e c t s ,  a t  

l e a s t  a s  i n d i c a t e d  by c o r t i c a l  s lo w in g ,  a r e  se en  below 100 mg%. At 

h ig h e r  c o n c e n t r a t i o n s  t h e r e  i s  an i n c r e a s i n g  f re q u e n c y  o f  s low -w ave 

s p i n d l e s ,  fo l lo w e d  by r e p e a t e d  b u r s t s  o f  t h e t a  (4 -8  Hz) and d e l t a  

( l e s s  than  4 Hz) waves w hich  w i l l  f i n a l l y  c o a le s c e  to  d i f f u s e  s low  

wave a c t i v i t y  as a com atose  s t a t e  i s  e n t e r e d .  Spon taneous  a c t i v i t y  

in  s u b c o r t i c a l  and l im b ic  s t r u c t u r e s  u s u a l l y  p a r a l l e l s  c hanges  i n  

c o r t i c a l  a c t i v i t y  ( S t o r y ,  eit a l . 1961; Akabane, et^ 1964) b u t  no 

s y s te m a t ic  e x a m in a t io n  of t h e s e  a r e a s  h a s  b e e n  made.

E f f e c t s  on CNS evoked  r e s p o n s e s . E th a n o l  i s  g e n e r a l l y  a g re e d  

to  c a u se  d e c r e a s in g  a m p l i tu d e s  i n  t h e  s e n s o r y  evoked  r e s p o n s e  w i th  

i n c r e a s i n g  c o n c e n t r a t i o n  ( K a la n t ,  1 9 7 0 ) .  Such a  change m ig h t  be a 

f u n c t i o n  of s e v e r a l  f a c t o r s  i n c l u d i n g  changes  i n  t r a n s m i s s i o n  p r o p e r t i e s  

of t h e  axon , changes  i n  t r a n s f e r  p r o p e r t i e s  o f  t h e  s y n a p s e ,  o r  i n d i r e c t  

changes in  t h e s e  f u n c t i o n s  c a u se d  by abnorm al changes  i n  t h e  p h y s io 

l o g i c a l  p a ra m e te rs  o f  t i s s u e s  s u r r o u n d in g  n e u r a l  e le m e n ts .

D i r e c t  changes  i n  t r a n s m i s s i o n  caused  by th e  d e t e r i o r a t i o n  

of ax o n a l  c o n d u c t io n ,  e i t h e r  by th e  r e d u c t i o n  o f  r e s t i n g  p o t e n t i a l s  

or changes i n  co n d u c ta n c e  p r o p e r t i e s ,  do o c c u r .  However, a s  shown i n  

the  p r e c e e d in g  s e c t i o n s ,  su c h  changes  o c c u r  o n ly  a t  e t h a n o l  c o n c e n t r a 

t i o n s  h ig h e r  th an  t h o s e  c o m p a t ib le  w i th  l i f e .  D i r e c t  e x a m in a t io n  o f  

th e  c o n d u c t io n  p r o p e r t i e s  o f  p e r i p h e r a l  n e r v e s ,  which may b e  assumed 

to  r e f l e c t  p o s s i b l e  a l t e r a t i o n s  in  a x o n a l  t r a n s m i s s i o n ,  shows no 

s i g n i f i c a n t  changes i n  c o n d u c t io n  v e l o c i t i e s  up t o  130 mg% ( P e i r i s ,  

e t  a l , 1966) .
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Changes in  th e  norm al p h y s io lo g y  of th e  CNS do n o t  seem to  be 

a t e n a b l e  a l t e r n a t i v e  e i t h e r .  I n  f a c t ,  c o r t i c a l  o x y g e n a t io n  may be 

i n c r e a s e d  a t  low doses  of e t h a n o l  (H ad ji-D im o , e t  1 9 6 8 ) .  At h ig h  

c o n c e n t r a t i o n s  t h e r e  i s  e v e ry  s i g n ,  however, t h a t  norm al p h y s io lo g y  

i s  a d v e r s e ly  a f f e c t e d  as  i s  th e  c a s e  w i th  most g e n e r a l  a n e s t h e t i c s  

(N a g a i ,  1 9 6 3 ) .

A lthough  e th a n o l  a p p a r e n t l y  e x e r t s  b i p h a s i c  e f f e c t s  on 

c e r t a i n  s p i n a l  r e f l e x e s  and s p o n ta n e o u s  e l e c t r i c a l  a c t i v i t y ,  o n ly  a 

m onophasic  e f f e c t  i s  s e e n  w i t h  s e n s o r y  evoked p o t e n t i a l s .  The l a c k  o f  

b i p h a s i c  a c t i o n  led  Nakai (1964) t o  d i s c r i m i n a t e  betw een e t h a n o l  and 

b a r b i t u r a t e s  a s  a n e s t h e t i c s  s i n c e  o n ly  th e  l a t t e r  i n c r e a s e d  s e n s o r y  

evoked  p o t e n t i a l  a m p l i tu d e s  a t  low d o s e s .  With e t h a n o l ,  a m p l i tu d e s  

dropped  10 to  30% below c o n t r o l  w i t h  d o ses  o f  200-400 m g/kg. S i m i l a r  

r e s u l t s  were found  w i th  c h r o n i c ,  u n r e s t r a i n e d  a n im a ls  (N a k a i ,  e t  a l ,

1966) . I n  b o th  s e t s  o f  e x p e r im e n t s  u r e th a n  p ro d u ce d  th e  same m ono ton ie  

e f f e c t s  a s  e t h a n o l  w h i l e  c h lo rp ro m a z in e  and c h l o r a l o s e  p ro d u ce d  some 

b i p h a s i c  e f f e c t s .

I n t e r e s t i n g l y ,  u r e t h a n  a l s o  e x e r t s  e f f e c t s  s i m i l a r  t o  th o s e  

of e th a n o l  on t h e  s y m p a th e t i c  g a n g l io n  (L arabee  a n d  P o s t e r n a k ,  1952) 

and red  n u c le u s  (G ogolak , e ^  1969) as  d e s c r i b e d  i n  p r e v io u s  s e c t i o n s .  

H ere , N aka i ,  £ t  ^  (1966) a l s o  found  t h a t  u r e th a n  h as  a s i m i l a r  e f f e c t  

upon evoked p o t e n t i a l s .  S in c e  u r e t h a n  i s  th e  c a rb a m ic  a c id  e s t e r  o f  

e th a n o l  t h e s e  s i m i l a r i t i e s  i n  a c t i o n  m ight be a c c o u n te d  f o r  by some 

s i m i l a r i t y  in  c h e m ica l  s t r u c t u r e .

A t te m p ts  to  show r e g i o n a l  d i f f e r e n c e s  i n  e th a n o l  e f f e c t s  by 

the  Himwich g ro u p  u s in g  evoked r e s p o n s e s  have n o t  p ro d u ced  any c o n s i s t e n t
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c o n c lu s io n s  ( D r a v id ,  et^ 1963; S c h w e ig e r d t , et_ âi.» 1965; Himwich,

1966; Di P e r r i ,  et_ 1 9 6 8 ) .  T h e i r  f i n d i n g s  have  been confounded  

by i n t r a c o r t i c a l  d i f f e r e n c e s  in  e th a n o l  e f f e c t  (S c h w e ig e rd t ,  e t  £ ^ ,  1 9 6 5 ) ,  

b u t  th e y  have g e n e r a l l y  c o n c lu d e d  t h a t  a s s o c i a t i o n  c o r t e x  has t h e  

g r e a t e s t  s e n s i t i v i t y  to  e t h a n o l  fo l lo w e d  by m id b ra in  r e t i c u l a r  fo rm a

t i o n ,  th e n  s p e c i f i c  c o r t e x .  On t h e  b a s i s  o f  t h e s e  r e s u l t s ,  Himwich, 

e t  a l  (1966) h a v e  espoused  th e  h y p o th e s i s  t h a t  e t h a n o l  d e p r e s s io n  i s  

a  f u n c t i o n  o f  t h e  number o f  s y n a p s e s  i n  a s e n s o ry  pa th w ay , w i th  m u l t i -  

s y n a p t i c  sy s te m s  ( e . g . ,  a s s o c i a t i o n  c o r t e x )  showing t h e  g r e a t e s t  

d e p r e s s i o n .

How ever, more c o n c lu s i v e  d a t a  from o t h e r  s t u d i e s  i n d i c a t e  t h a t  

i f  d e c r e a s e s  i n  evoked r e s p o n s e  a m p l i tu d e  r e f l e c t  d e p r e s s io n  of 

f u n c t i o n a l  c a p a c i t y ,  th e n  t h e  o r d e r  o f  s e n s i t i v i t y  f o r  r e t i c u l a r  

f o rm a t io n  and s p e c i f i c  p r o j e c t i o n  c o r t e x  s h o u ld  be r e v e r s e d .  U sing  

a u d i t o r y  and v i s u a l  evoked r e s p o n s e s  w i th  c o n c u r r e n t  s t i m u l a t i o n  of 

th e  r e t i c u l a r  f o r m a t i o n ,  Nakai ( T a k a o r i ,  et^ a l ,  1966; Nakai and 

Domino, 1969) showed t h a t  a l t e r a t i o n s  i n  t h e  c o r t i c a l  evoked r e s p o n s e  

c au sed  by r e t i c u l a r  " i n h i b i t i o n "  o r  " f a c i l i t a t i o n "  w ere  unchanged 

w i th  d o se s  o f  e t h a n o l  up to  1600 m g/kg. Using a  r e t i c u l a r  a r e a  

p ro d u c in g  " i n h i b i t i o n " ,  T a k a o r i ,  e ^  ^  (1966) found  a b o l i t i o n  of 

r e t i c u l a r  i n f l u e n c e s  w i t h  p e n t o b a r b i t a l ,  c h lo rp ro m a z in e  and c h l o r a l o s e  

b u t  r e t e n t i o n  o f  " i n h i b i t i o n "  w i t h  e th a n o l  and u r e t h a n .

N akai and Domino (1969) o b se rv e d  r e t i c u l a r  fo rm a t io n  f a c i l i 

t a t e d  evoked  r e s p o n s e s  e l i c i t e d  by o p t i c  t r a c t  s t i m u l a t i o n  and found  

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

e th a n o l  d o s e s .  However, a t  a l l  d o s e s  (200-1600  mg/kg) r e t i c u l a r



27

s t i m u l a t i o n  r e t u r n e d  the v i s u a l  r e s p o n s e  to  undrugged  c o n t r o l  a m p l i tu d e s .  

P e n t o b a r b i t a l ,  i n  c o n t r a s t ,  d i r e c t l y  d e p re s s e d  t h e  r e t i c u l a r  fo rm a t io n  

as shown by th e  d e c r e a s in g  a m p l i tu d e  of th e  f a c i l i t a t e d  r e s p o n s e  p a r a l l e l  

w i th  a d e c r e a s e  i n  th e  n o n - f a c i l i t a t e d  r e s p o n s e .

C lo s e r  e x a m in a t io n  o f  th e  e th a n o l  a l t e r e d  v i s u a l  evoked 

re s p o n s e  shows t h a t  th e  f i r s t  p o s i t i v e  wave, known to  i n d i c a t e  th e  

a r r i v a l  o f  p r e - s y n a p t i c  r a d i a t i o n  v o l l e y s ,  i s  unchanged  o v e r  th e  dose  

ran g e  employed by N a k a i .  S i m i l a r  r e s u l t s  w ere fo u n d  w i th  p e n to t h a l  

and c h lo rp ro m a z in e  i n  the same s tu d y  and by o t h e r s  ( E v a r t s ,  e t  jdL, 1961; 

Schoolman and E v a r t s ,  1959). There  i s  some argum ent ab o u t  waves o f  

i n t e r m e d ia t e  l a t e n c y ,  bu t t h e  f i n a l  p o s i t i v e  peak  i s  known to  be o f  

p o s t - s y n a p t i c  o r i g i n  (Chang and Kaada, 1 9 5 0 ) .  S h a rp  a t t e n u a t i o n  o f  

t h i s  peak s t r o n g l y  i m p l i c a t e s  th e  c o r t e x  in  e t h a n o l - i n d u c e d  a l t e r a t i o n  

of th e  v i s u a l  evoked  r e s p o n s e :  r e t i c u l a r  s t i m u l a t i o n  r e t u r n s  th e  f i n a l  

peak to  c o n t r o l  a m p l i tu d e  ( w i th i n  10%) w i th  e t h a n o l  b u t  n o t  w i th  a 

b a r b i t u r a t e .

There  a r e ,  however, some i n c o n s i s t e n c i e s  w i th  t h i s  i n t e r p r e 

t a t i o n  i n  th e  l i t e r a t u r e .  S t o r y ,  ejt ^  (1961) fo u n d  d e c r e a s e s  in  th e  

a m p l i tu d e  of v i s u a l  evoked r e s p o n s e s  r e c o rd e d  a t  t h e  c o r t e x  a t  a 

c o n c e n t r a t io n  o f  250 mg% as m igh t  be e x p e c te d  from  th e  above d a t a .

T his  s tu d y  a l s o  found  t h a t  augm enting  and r e c r u i t i n g  r e s p o n s e  a m p l i tu d e s  

were d e c r e a s e d .  However, i n c r e a s e s  were o b s e rv e d  i n  th e  a m p l i tu d e  

o f  th e  d i r e c t  c o r t i c a l  and in te r h ip p o c a m p a l  r e s p o n s e s .  U n f o r tu n a t e l y ,  

no s y s te m a t ic  c o n c lu s io n s  can be drawn from t h i s  s tu d y  b e c au se  no 

re sp o n se  was o b s e rv e d  a t  a c o n c e n t r a t i o n  o f  l e s s  t h a n  200 mg% and a l l  

r e s p o n s e s  were o b s e rv e d  on th e  d e c l i n in g  c o n c e n t r a t i o n  c u rv e  a f t e r  a
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v e ry  h igh  i n i t i a l  d o s e .  A d d i t i o n a l l y ,  b o th  augm en ting  and r e c r u i t i n g  

re s p o n s e s  were e l i c i t e d  by p a i r e d  shocks r a t h e r  th a n  r e p e t i t i v e  s t im u 

l a t i o n  w h ich , by d e f i n i t i o n ,  i s  r e q u i r e d  f o r  t h e s e  r e s p o n s e s .

Summary o f  e th a n o l  e f f e c t s  a t  s u p r a s p i n a l  l e v e l s . Spontaneous 

e l e c t r i c a l  a c t i v i t y  i s  r e l a t i v e l y  r e s i s t a n t  to  e t h a n o l  w i th  d e p r e s s iv e  

s i g n s  o b s e rv e d  o n ly  a t  b lood  c o n c e n t r a t i o n s  above 100 mg%. Some s ig n s  

of a c t i v a t i o n  a re  o b se rv e d  a t  low d o s e s ,  how ever. Evoked re s p o n s e  

s t u d i e s  show t h a t  CNS d e p re s s io n  may be p r o p o r t i o n a l  to  th e  number of 

s y n a p se s  i n  th e  t e s t e d  pathw ay, b u t  th e  r e t i c u l a r  f o rm a t io n  does not 

n e c e s s a r i l y  f i t  t h i s  p a t t e r n .  The f u n c t i o n a l  i n t e g r i t y  of th e  r e t i c u l a r  

fo rm a t io n  a p p e a rs  to  be more r e s i s t a n t  to  th e  e f f e c t s  of e th a n o l  than 

c o r t i c a l  m echanisms a l th o u g h  t h e r e  i s  some e v id e n c e  t h a t  r e t i c u l a r  

evoked r e s p o n s e s  a r e  d e p re s s e d  w i th o u t  l o s s  o f  a s c e n d in g  r e t i c u l a r  

i n f l u e n c e s .  Thus f a r ,  th e  w e ig h t  o f  th e  e v id e n c e  f o r  low and i n t e r 

m e d ia te  do ses  i n d i c a t e s  g r e a t e s t  s e n s i t i v i t y  a t  t h e  c o r t i c a l  l e v e l .

E f f e c t s  o f  E th a n o l  on B eh av io r

The p r im a ry  c o n c ern  o f  t h i s  s e c t i o n  i s  t o  rev iew  th e  p o s s ib l e  

e f f e c t s  o f  e th a n o l  on human b e h a v io r  a t  low and i n t e r m e d i a t e  d o se s .  

S e v e r a l  rev iew s  and  monographs a r e  a v a i l a b l e  f o r  more com ple te  d a ta  

( J e l l i n e k  and M cFarland , 1940; M ardones , 1963; G o ld b e rg ,  1966; K a la n t ,  

1970) .

I t  i s  w e l l  a c c e p te d  t h a t  m odera te  to  h ig h  doses  d e p re s s  most 

a l l  t e s t s  o f  d e x t e r i t y ,  in f o r m a t io n  p r o c e s s in g  and m e n ta t io n  (K a la n t ,  

1970) . The r e s u l t s  o f  some t e s t s ,  how ever, s u g g e s t  t h a t  t h e r e  i s  a 

s l i g h t  b u t  s i g n i f i c a n t  improvement in  p e rfo rm an ce  a t  low c o n c e n t r a t i o n s .
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D o c to r ,  jet al^ (1966) found th a t  s u b j e c t s  m a in ta in e d  c o n t r o l  l e v e l s  o f  

p e rfo rm a n c e  on a v i g i l a n c e  ta s k  o v e r  a r a n g e  o f  26-64  mg%. U sua lly  

t h e r e  i s  a f a l l  i n  v i g i l a n c e  pe rfo rm ance  p r o p o r t i o n a l  t o  th e  d u r a t i o n  

o f  t e s t i n g  as shown by s tu d y  o f  und rugged  s u b j e c t s .  When th e  same 

s u b j e c t s  were t e s t e d  w i th  e t h a n o l ,  p e r fo rm a n c e  showed a  t r a n s i e n t ,  

b u t  much s m a l l e r ,  d e c r e a s e .  As b lo o d  c o n c e n t r a t i o n s  d e c l i n e d  to  26 mg%, 

pe rfo rm a n c e  showed s t e a d y  im provem ent. T hese  changes w ere  p a r a l l e l e d  

by marked c h an g es  i n  a lp h a  power d i s t r i b u t i o n  in  th e  e l e c t r o e n c e p h a l o 

g raph  ( s e e  a b o v e ,  " E f f e c t s  on s p o n ta n e o u s  e l e c t r i c a l  a c t i v i t y " ) .  

A d d i t i o n a l  s i g n s  of i n c r e a s e d  p e rfo rm a n c e  a t  low d o se s  were found by 

C a r p e n te r  (1961) on v a r i o u s  t e s t s  o f  a t t e n t i o n ,  memory and m a th e m a t ic a l  

p roblem  s o l v i n g .

In  an a t t e m p t  to  d i s c r i m i n a t e  th e  e f f e c t s  o f  e th a n o l  on 

d i f f e r e n t  m e n ta l  o p e r a t i o n s ,  H am il ton  and Copeman (1970) p la c e d  s u b j e c t s  

i n  a  complex t r a c k i n g  t a s k  w h i le  r e q u i r i n g  them  to  m o n i to r  and r e a c t  

to  b r i e f  s t i m u l i  p la c e d  about t h e  p e r i p h e r y  of t h e i r  v i s u a l  f i e l d .

Under low d o se s  o f  e t h a n o l ,  pe rfo rm ance  on th e  t r a c k i n g  t a s k  improved 

o v e r  t h a t  o f  c o n t r o l  s u b j e c t s ,  b u t  d e t e c t i o n  o f  p e r i p h e r a l  s t i m u l i  

was im p a ir e d .  They conc luded  t h a t  e t h a n o l  c a u se d  an i n c r e a s e  in  

" a t t e n t i o n a l  b i a s "  tow ards  the  c e n t r a l  t a s k ,  and  t h e r e f o r e  caused  

b e t t e r  p e r fo rm a n c e ,  b u t  th e  added b i a s  r e d u c e d  th e  t o t a l  in fo r m a t io n  

p r o c e s s in g  c a p a b i l i t y  o f  th e  s u b j e c t .

E t h a n o l ,  i n  low d o se s ,  h a s  been  t h o u g h t  to  p roduce  a  s t a t e  

o f  t r a n q u i l i z a t i o n  d e m o n s t ra te d  by th e  r e d u c t i o n  o f  s e l e c t i v e  e m o t io n a l  

r e s p o n s e s  t o  p r e v i o u s l y  e v o c a t iv e  w ords ( C o o p e r s m i th , 1 9 6 4 ) ,  r e d u c t io n  

of " a n x i e ty "  p ro d u ce d  by c o n d i t io n e d  s t i m u l i  (F o rney  and Hughes, 1963)
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and s y n e r g i s t i c  p o t e n t i a t i o n  o f  a known t r a n q u i l i z e r  (G o ld b e rg ,  1 9 6 6 ) .  

With th e  o b s e r v a t io n  of i n c r e a s e d  rap id -ey e -m o v e m en t  i n  q u i e t  (n o n 

s l e e p i n g )  s u b j e c t s ,  D o c to r ,  e ^  (1966) p ro p o se d  th e  f o l l o w in g  t h e o r y  

o f  low dose  e th a n o l  a c t i o n :  (1) t h e  i n i t i a l  e f f e c t  i s  t r a n q u i l i z a t i o n

as shown by e l e c t r o e n c e p h a l o g r a p h i c  c h a n g e s ,  fo l lo w e d  by (2) a r e l e a s e  

of i d e a t i o n a l  p r o c e s s e s  s u g g e s te d  by r a p i d  eye movement i n c r e a s e s  and 

(J )  t h i s  i n c r e a s e d  m en ta l  a c t i v i t y  c o n t r i b u t e s  to  s u s t a i n e d  v i g i l a n c e  

t a s k  p e rfo rm a n c e .

The o b s e r v a t io n  t h a t  e t h a n o l  i n  low doses  p ro d u ce s  a e u p h o r i c  

s t a t e  accom panied  by in c r e a s e d  p e r fo rm a n c e  on some t a s k s  s u g g e s t s  a 

s t a t e  o f  i n h i b i t i o n  on m e n ta t i o n a l  p r o c e s s e s  so long as  th e  t a s k  i s  

r e l a t i v e l y  s im p l e .  When t h e  t a s k  i s  c o m p l ic a te d  by c o n fu s in g  e x t r a 

neous s t i m u l i ,  p e rfo rm a n c e  d e c l i n e s  a t  a  r a t e  f a s t e r  th a n  t h a t  f o r  

non-d rugged  s u b j e c t s  (F o rn e y ,  e t  a l ,  1964; Hughes and F o m e y ,  1 9 6 3 ) .

W hile low c o n c e n t r a t i o n s  may be a s s o c i a t e d  w i th  a  s t a t e  

c h a r a c t e r i z e d  a s  t r a n q u i l i z a t i o n ,  a  d e c r e a s e  in  pe rfo rm ance  i n  r e a l -  

l i f e  s i t u a t i o n s  may n o t  n e c e s s a r i l y  f o l l o w .  A s tu d y  o f  th e  r e l a t i o n 

s h ip  betw een b lo o d  e th a n o l  c o n c e n t r a t i o n  and  d r iv i n g  a c c i d e n t s  shows 

t h a t  th e  p r o b a b i l i t y  o f  b e in g  i n  a  r e p o r t a b l e  a c c id e n t  may d e c r e a s e  

a t  low c o n c e n t r a t i o n s .  D ale  ( 1 9 6 3 ) ,  a f t e r  e x h a u s t iv e  s tu d y  of v e h i c l e  

a c c i d e n t  r e p o r t s ,  found , c o n t r a r y  t o  th e  u s u a l  e x p e c t a t i o n ,  t h a t  th e  

p r o b a b i l i t y  o f  b e in g  in v o lv e d  i n  a n  a c c i d e n t  d e c l i n e d  w i th  c o n c e n t r a t i o n s  

in  th e  20-30  mg% ran g e  and on ly  a p p ro a c h e d  t h a t  o f  t h e  n o n - d r i n k in g  

d r i v e r  a g a in  a t  40 mg%. At h ig h e r  c o n c e n t r a t i o n s ,  a c c i d e n t  p r o b a b i l i t y  

i n c r e a s e d  r a p i d l y  u n t i l  a t  100 mg% d r i v e r s  w ere 6-7 t im e s  more l i k e l y  

to  be  in v o lv e d  i n  an a c c i d e n t .
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These s t u d i e s  s u g g e s t  a  c e r t a i n  b a s i s  f o r  th e  la y m a n 's  im p re s 

s io n  of e t n a n o l ' s  " s t i m u l a t i n g "  c h a r a c t e r .  A n e c d o ta l  e v id e n c e  s u g g e s t s  

t h a t  t h e r e  i s  a  d e c r e a s e  i n  s o c i a l l y - d e r i v e d  i n h i b i t i o n  i n  th e  l o w e s t  

s t a t e  of i n t o x i c a t i o n  shown by i n c r e a s e d  d i s r e g a r d  f o r  s o c i a l  con v en 

t i o n s  and th e  c o n seq u e n c e s  o f  t h e i r  v i o l a t i o n .

G e n e ra l  Summary o f  E th a n o l  
E f f e c t s  on t h e  CNS

A lthough  i t  has  r e c e i v e d  s c a n t  a t t e n t i o n  in  th e  l i t e r a t u r e ,  

t h e  most im p o r ta n t  e f f e c t  o f  e t h a n o l  on th e  CNS may be th e  e x t e n t  t o  

w hich  i t  d i s t o r t s  no rm al  m o d u la to ry  c o n t r o l  o v e r  a f f e r e n t  s e n s o r y  

t r a n s m i s s io n  and in f o r m a t io n  p r o c e s s i n g ,  i n  g e n e r a l .  T h is  d i s t o r t i o n  

i s  th e  r e s u l t  o f  e t h a n o l ' s  d i s r u p t i o n  o f  d e s c e n d in g  i n h i b i t o r y  p r o c e s s e s  

w hich  a r i s e  from s t r u c t u r e s  r o s t r a l  t o  th e  s u p e r i o r  c o l l i c u l u s .  The 

h y p o th e s i s  s t a t e d  a b o v e ,  c o n c e r n in g  th e  d i s c r e p a n c y  betw een c o n c e n t r a 

t i o n s  r e q u i r e d  f o r  i n h i b i t i o n  o f  d e s c e n d in g  i n h i b i t i o n  from o r b i t a l  

c o r t e x  and t h a t  r e q u i r e d  f o r  enhancem ent o f  p r e - s y n a p t i c  i n h i b i t i o n ,  

may w e l l  be t h e  p r im a ry  b a s i s  f o r  low dose  CNS e x c i t a t i o n .

W hile t h e r e  a r e  d i r e c t  e f f e c t s  on a r e a s  of th e  n e u r a l  membrane 

b e s i d e s  s y n a p t i c  r e g i o n s ,  t h e s e  e f f e c t s  a r e  o n ly  m a n i f e s te d  a t  c o n c en 

t r a t i o n s  c o n s id e r a b l y  h i g h e r  th a n  t h o s e  o b s e rv e d  i n  a c u te  i n t o x i c a t i o n .  

The o r i g i n a l  s u p p o s i t i o n  by G a l le g o  (1948) t h a t  low dose  e f f e c t s  a r e  

p r i m a r i l y  a f u n c t i o n  o f  r e s t i n g  p o t e n t i a l  a l t e r a t i o n s  i s  found t o  be 

e n t i r e l y  u n r e a l i s t i c .

A lthough  e t h a n o l  e x e r t s  s p e c i f i c ,  p r e d i c t a b l e  e f f e c t s  on 

c e r t a i n  a s p e c t s  o f  b e h a v io r ,  p a r t i c u l a r l y  t h o s e  u s u a l l y  d e f in e d  as 

" c o g n i t i o n , "  th e  p h y s i o l o g i c a l  mechanism s w hereby  such a l t e r a t i o n s
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a r e  made m a n i f e s t  a r e  r e l a t i v e l y  unknown and a r e  th e  s u b j e c t  of 

c o n t in u o u s ,  b u t  th u s  f a r ,  u n p r o d u c t i v e ,  d e b a t e .  Deeper u n d e r s t a n d in g  

o f  th e  means by which e t h a n o l  a l t e r s  norm al m odula tory  f u n c t i o n s  may 

u l t i m a t e l y  p r o v id e  v i a b l e  e x p l a n a t i o n s  f o r  b e h a v io r a l  phenomena.

E v a lu a t io n  of E th a n o l  E f f e c t s  on CNS 
M odu la to ry  Mechanisms

In  t h e  f i r s t  s e c t i o n  o f  t h i s  c h a p te r  i t  was s u g g e s te d  t h a t  

t h e  e f f e c t s  o f  a g e n e r a l  C N S-ac tive  d ru g  c o n s i s t e d  of one o r  more o f  

t h e  f o l lo w in g  a l t e r n a t i v e s :  the  d ru g  may (1) i n c r e a s e  o r  (2) d e c r e a s e

th e  e f f e c t  of a  CNS t r a n s m i t t e r  a g e n t  on th e  p o s t - s y n a p t i c  membrane; 

th e  d rug  may (3 )  i n c r e a s e  o r  (4) d e c r e a s e  th e  c a p a b i l i t y  of t h e  

n e u r a l  u n i t  to  convey a p ro p a g a te d  e l e c t r o c h e m i c a l  a c t i o n  p o t e n t i a l  

o v e r  th e  e x t e n t  o f  i t s  s u r f a c e .  These  a l t e r n a t i v e s  s u g g e s t  t h a t  th e  

a c t i o n s  o f  a  g e n e r a l  d ru g  may be c l a s s i f i e d  as hav ing  a p r im a ry  mode 

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

C o n s id e r in g  e th a n o l  s p e c i f i c a l l y ,  th e  p r e c e d in g  rev ie w  o f  i t s  

known CNS e f f e c t s  d e m o n s t r a te s  t h a t  a l t e r n a t i v e s  (3) or (4) a r e  n o t  

l i k e l y  to  be t h e  p r im a ry  modes o f  a c t i o n .  A lthough  e th a n o l  h a s  been  

shown to  a l t e r  c e r t a i n  c h a r a c t e r i s t i c s  o f  a c t i o n  p o t e n t i a l  g e n e r a t i o n ,  

su c h  a l t e r a t i o n s  occu r  o n ly  a t  c o n c e n t r a t i o n s  in c o m p a t ib le  w i th  l i f e .  

A l t e r a t i o n s  i n  a xona l  c o n d u c t io n  may c o n t r i b u t e  to  the  d e p r e s s i o n  

o b s e rv e d  a t  h ig h  d o s e s ,  b u t  th e y  c a n n o t  a c c o u n t  f o r  the changes i n  CNS 

f u n c t i o n s  o b se rv e d  a t  low d o s e s .

A r e a s o n a b le  h y p o t h e s i s ,  t h e r e f o r e ,  i s  t h a t  the  p r im ary  mode 

o f  e th a n o l  i n v o lv e s  a l t e r a t i o n  o f  s y n a p t i c  f u n c t i o n .  W hether e t h a n o l  

e x e r t s  d i r e c t  o r  i n d i r e c t  a c t i o n s  on s y n a p t i c  f u n c t io n s  rem a ins  m oo t.
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However, th e  r a p id  o n s e t  o f  e th a n o l - i n d u c e d  changes s u g g e s t s  t h a t  th e  

d ru g  has a  p r im ary  a c t i o n  a t  th e  s y n a p ae .

A lthough  th e  synapse  s e r v e s  p r i m a r i l y  to  m e d ia te  the  t r a n s f e r  

o f  i n fo r m a t io n  from neu ro n  to  neu ron  i n  th e  form o f  a c t i o n  p o t e n t i a l s ,  

i t  a l s o  e n a b le s  the  m o d u la t io n  o f  t h a t  i n f o r m a t io n .  The complex o p e r a 

t i o n s  of th e  synapse  in v o lv e  th e  summation o f  e x c i t a t o r y  and i n h i b i t o r y  

p o t e n t i a l s  p r e s e n t  a t  th e  p o s t - s y n a p t i c  membrane. An a c t i o n  p o t e n t i a l  

i s  t r i g g e r e d  and in fo r m a t io n  i s  t r a n s f e r r e d  o n ly  when t h a t  summation 

y i e l d s  a t o t a l  p o t e n t i a l  e x c e e d in g  a c e r t a i n  t h r e s h o l d .  The p r o c e s s  

o f  m o d u la t io n  in v o lv e s  an i n c r e a s e  o r  d e c re a s e  i n  t h e  amount o f  i n h i b i 

t i o n  p la c e d  on th e  p o s t - s y n a p t i c  membrane.

When th e s e  p r o c e s s e s  a r e  sununated o v e r  a  p o o l  o f  neu rons ,  th e  

amount and q u a l i t y  o f  i n f o r m a t io n  t r a n s m i t t e d  th ro u g h  t h a t  poo l  i s  a 

f u n c t i o n  o f  th e  t o t a l  amount o f  i n h i b i t i o n  and e x c i t a t i o n  p r e s e n t  w i t h i n  

t h e  p o o l .  Hence, f a c t o r s  which a l t e r  th e  m o d u la to ry  c a p a b i l i t y  of 

t h e  CNS may do so  by i n c r e a s i n g  o r  d e c re a s in g  th e  o v e r a l l  l e v e l  of 

i n h i b i t i o n  p r e s e n t  i n  tlie CNS. Such f a c t o r s  may n o t  n e c e s s a r i l y  a l t e r  

th e  t r a n s m i s s io n  of i n f o r m a t io n  b u t  r a t h e r  change c e r t a i n  o f  i t s  

c h a r a c t e r i s t i c s .  At th e  b e h a v i o r a l  l e v e l  t h e s e  c h a r a c t e r i s t i c s  may 

i n c lu d e  a l t e r a t i o n s  i n  th e  p r e s e t  p r i o r i t i e s  o r  p e r c e p t i v e  t h r e s h o l d s  

a l low ed  f o r  c e r t a i n  c l a s s e s  of i n f o r m a t io n .

E x p e r im e n ta l  e v id e n c e  rev iew ed  in  th e  p r e c e d in g  s e c t i o n s  

s u g g e s t s  t h a t  th e  CNS a c t i o n s  o f  e th a n o l  may be ro u g h ly  d ic h o to m iz e d  

i n t o  low dose  e f f e c t s  on m o d u la to ry  mechanisms and h ig h  dose  e f f e c t s  

on th e  p r o c e s s  o f  in f o r m a t io n  t r a n s m i s s io n  i t s e l f .  I n v e s t i g a t i o n s  on 

th e  s p i n a l  co rd  (Machne, 1950; M e g ir ia n ,  1958; I s h i d o ,  1962) d e m o n s t r a te
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t h a t  low dose f a c i l i t a t i o n  o f  c e r t a i n  r e f l e x e s  i s  a  f u n c t i o n  of 

d e s c e n d in g  m odula to ry  sy s te m s  w h i le  d i r e c t  d e p r e s s io n  of s p i n a l  r e f l e x e s  

i s  found  only  a t  h ig h e r  d o s e s .  S i m i l a r l y ,  o b s e r v a t i o n s  of s p o n ta n e o u s  

c o r t i c a l  e l e c t r i c a l  a c t i v i t y  show changes  a t  low d o s e s  which may be 

i n t e r p r e t e d  as i n c r e a s e d  e x c i t a t i o n  (H orsey  and A k e r t ,  1953; A kabane, 

ejt 1964; D o c to r ,  e t  1966) and changes a t  h ig h  doses  w hich can  

o n ly  be i n t e r p r e t e d  as e v id e n c e  of CNS d e p r e s s i o n .  A d d i t i o n a l l y ,  

e x a m in a t io n  of th e  e f f e c t s  o f  e t h a n o l  on b e h a v i o r a l  t a s k s  (H a m il to n  

and Copeman, 1970) s u g g e s t s  t h a t  t h e r e  may be a  f a c i l i t a t i o n  o f  c e r t a i n  

a s p e c t s  of in fo r m a t io n  h a n d l in g  b u t  t h a t  such  improvement i s  o f f s e t  by 

a l o s s  o f  m odu la to ry  c a p a c i t i e s  w h ich  s e r v e  t o  o r d e r  th e  p r i o r i t i e s  o f  

r e s p o n s e s  to  a f f e r e n t  i n f o r m a t i o n .  At h ig h  d o s e s ,  b e h a v i o r a l  t e s t s  

d e m o n s t r a te  s t r i c t l y  d e p r e s s i v e  e f f e c t s  ( K a la n t ,  1970) .

A lthough th e s e  i n v e s t i g a t i o n s  p r o v id e  s u p p o r t  f o r  th e  c o n c lu 

s i o n  t h a t  e th a n o l  a l t e r s  m o d u la to ry  f u n c t i o n s  a t  low doses  a n d ,  h e n c e ,  

th e  i n t e g r a t i o n  o f  i n f o r m a t io n  w i t h i n  th e  CNS, t h i s  s u p p o r t  i s  i n d i r e c t .  

None o f  th ese  i n v e s t i g a t i o n s  have a t t e m p te d  t o  exam ine d i r e c t l y  t h e  

e f f e c t s  o f  e th a n o l  on CNS m o d u la t io n .  I f  t h i s  c o n c lu s io n  i s  w a r r a n t e d ,  

t h e s e  s t u d i e s  a l s o  do n o t  f u l l y  examine th e  low ra n g e  of e th a n o l  c o n 

c e n t r a t i o n s  w h ere in  th e  a l t e r a t i o n  o f  m o d u la to ry  f u n c t i o n s  may be more 

e v i d e n t .

D i r e c t  s u p p o r t  f o r  t h i s  c o n c lu s io n  may be o b ta in e d  by exam ina

t i o n  o f  a  wide ran g e  of e t h a n o l  c o n c e n t r a t i o n s  and t h e i r  e f f e c t  upon 

CNS sys tem s  th o u g h t  to  be p re d o m in a n t ly  r e s p o n s i b l e  f o r  m e d ia t in g  

m o d u la t io n  of CNS a f f e r e n t  p a thw ays .
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P urpose  of t h i s  D i s s e r t a t i o n

The p r im a ry  pu rpose  o f  t h i s  d i s s e r t a t i o n  i s  to  p ro v id e  some 

e x p l a n a t i o n  o f  th e  ChS and b e h a v io r a l  changes  d e f i n i n g  t h e  i n t o x i c a t e d  

s t a t e  i n  man. I t  w i l l  s e e k  t h a t  i n f o r m a t io n  by  d i r e c t  e x a m in a t io n  o f  

n e u r o p h y s i o l o g i c a l  sy s tem s  th o u g h t  to  b e  r e s p o n s i b l e  f o r  th e  m o d u la t io n  

of CNS i n h i b i t i o n  and e x c i t a t i o n .  The e x p e r im e n t  w i l l  m easure  changes  

i n  th e  e x c i t a b i l i t y  of t h e s e  sy s tem s  w i th  t h e  e x p e c t a t i o n  of i n t e r p r e t a 

t i n g  th e s e  c hanges  as e v id e n c e  f o r  d i r e c t  e f f e c t s  on CNS m od u la to ry  

m echan ism s.

T h is  s tu d y  w i l l  exam ine th e  e f f e c t s  o f  e th a n o l  on th e  c h a r a c 

t e r i s t i c  r e s p o n s e s  o f  t h r e e  w e l l-d o c u m e n ted  i n t e g r a t i v e  s y s te m s .  T hese  

a re  th e  r e c r u i t i n g  r e s p o n s e  of th e  n o n - s p e c i f i c  th a la m ic  sy s tem , 

th e  augm enting  r e s p o n s e  o f  th e  s p e c i f i c  t h a l a m i c  a f f e r e n t  sy s tem , and 

th e  c o r t i c a l  d e sy n c h ro n y ,  c a r d i o v a s c u l a r  p r e s s o r  and s k i n  r e s i s t a n c e  

re s p o n s e s  o f  t h e  r e t i c u l a r  a c t i v a t i n g  sy s te m .

The n o n - s p e c i f i c  t h a la m ic  sy s tem  e x e r t s  p r i m a r i l y  i n h i b i t o r y  

c o n t r o l s  o v e r  th e  r o s t r a l  CNS p a r t i c u l a r l y  d i r e c t e d  tow ards  t h e  c e r e b r a l  

c o r t e x  (A n d ersen  and A ndersson , 1968 ) .  The r e t i c u l a r  a c t i v a t i n g  s y s te m  

p r o v id e s  e x c i t a t o r y  c o n t r o l s  o v e r  t h e  same r o s t r a l  a r e a s  as  w e l l  a s  

d e s c e n d in g  i n f l u e n c e s  th ro u g h  th e  l e v e l  o f  t h e  s p i n a l  co rd  ( B r o d a i ,

1969 ) .  O b s e r v a t io n  of changes i n  t h r e e  d i f f e r e n t  e x p re s s io n s  of 

r e t i c u l a r  a c t i v a t i o n  w i l l  p r o v id e  i n f o r m a t io n  a b o u t  b o th  th e  a s c e n d in g  

and d e s c e n d in g  p o r t i o n s  o f  t h i s  sy s tem . E x a m in a tio n  o f  t h e  s p e c i f i c  

th a la m ic  a f f e r e n t  sy s te m  w i l l  p ro v id e  i n f o r m a t i o n  a b o u t  t h e  i n t e g r a t i o n  

of i n f o r m a t io n  in  a  system  whose f u n c t i o n  i s  p r i m a r i l y  th e  t r a n s m i s s io n  

o f  t h a t  i n f o r m a t i o n  to  th e  c e r e b r a l  c o r t e x .
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S p e c i f i c a l l y ,  t h i s  s tu d y  w i l l  exam ine t h e  e f f e c t s  o f  i n c r e a s i n g  

b lo o d  e t h a n o l  c o n c e n t r a t i o n s  on t h e  s t i m u l a t i o n  t h r e s h o ld  o f  e a ch  o f  

t h e s e  f i v e  r e s p o n s e s .  O b s e rv a t io n  o f  t h r e s h o l d  changes  in d u ce d  by 

e t h a n o l  s h o u ld  p r o v id e  i n f o r m a t io n  a b o u t  th e  e x c i t a b i l i t y  o f  t h e s e  

s y s t e m s . I f  changes a r e  o b s e rv e d  in  t h e  t h r e s h o l d  f o r  any o f  t h e s e  

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

i n  t h e  p o t e n t i a l  amount o f  m o d u la to ry  c a p a b i l i t y  a v a i l a b l e  i n  th e  

i n t o x i c a t e d  s t a t e .  O b s e rv a t io n  o f  t h e s e  changes may then  l e a d  t o  

more p r e c i s e  e x p l a n a t i o n s  o f  th e  s o u r c e  o f  t h e  a l t e r a t i o n s  in  in fo rm a 

t i o n  h a n d l in g  and i n t e g r a t i n g  f u n c t i o n s  known to  be a  p a r t  o f  th e  

d e f i n i t i o n  o f  e th a n o l  i n t o x i c a t i o n .



CHAPTER III

METHODS AND PROCEDURES

E x p e r im en ts  were p e rfo rm ed  on 42 c a t s  o f  e i t h e r  s e x ,  w eighing 

b e tw een  1 .7  and 4 .2  kg. A l l  a n im a ls  were o b t a i n e d  in  good h e a l t h  from 

l i c e n s e d  s o u r c e s  and m a in ta in e d  p r i o r  to  use  in  t h e  L a b o r a to ry  Animal 

F a c i l i t y  o f  t h e  U n i v e r s i t y  o f  Oklahoma M e d ic a l  C e n te r  l i c e n s e d  under 

F e d e r a l  r e g u l a t i o n  f o r  an im a l  c a r e .

Su r g i c a l  P r o c e d u re s  

Animals w ere  p r e p a r e d  unde r  d i e t h y l  e t h e r  g e n e r a l  a n e s th e s ia  

i n i t i a t e d  in  an a i r t i g h t  box . When th e  a n im a l  was f u l l y  a n e s t h e t i z e d ,  

i t  was t r a n s f e r r e d  t o  t h e  s u r g i c a l  t a b l e  w here  a n e s t h e s i a  was m a in ta in 

ed by an e t h e r  im p re g n a te d  mask. An e n d o t r a c h e a l  c a t h e t e r  was i n s e r t e d  

to  m a i n t a i n  an  u n o b s t r u c t e d  a i rw a y ,  and a n e s t h e s i a  was m a in ta in e d  

t h e r e a f t e r  w i th  a  b o t t l e  v a p o r i z e r .  The fe m o ra l  a r t e r y  and v e in  on 

th e  same s i d e  w ere  c a n n u la t e d  and a l l  s u r g i c a l  and p r e s s u r e  s i t e s  were 

w id e ly  i n f i l t r a t e d  w i t h  l o c a l  a n e s t h e t i c  ( X y lo c a in e ,  1%). E th e r  

a n e s t h e s i a  was th e n  d i s c o n t i n u e d  and th e  a n im a ls  w ere  im m ob il ized  w ith  

i n t r a v e n o u s  g a l l a m in e  t r i e t h i o d i d e  ( F l a x a d i l ;  1 mg/kg i n i t i a l l y  and 

e v e ry  45 m in u te s  t h e r e a f t e r ) .  As p a r a l y s i s  became e v id e n t  t h e  animal 

was p l a c e d  on a p o s i t i v e  p r e s s u r e  n o n - r e b r e a t h i n g  r e s p i r a t o r  c i r c u i t  

th ro u g h  th e  e n d o t r a c h e a l  c a t h e t e r  d e r iv e d  from a H a rv a rd  l a r g e  animal
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r e s p i r a t o r .  F i n a l  r e s p i r a t o r  p a ra m e te r s  f e l l  w i t h i n  a volume ran g e  of 

75-150 cc  a t  15-25  c y c le s  p e r  m in u te .

I t  s h o u ld  be n o ted  t h a t ,  c o n t r a r y  t o  u s u a l  p r o c e d u r e s ,  g e n e ra l  

a n e s t h e s i a  was d i s c o n t in u e d  p r i o r  to  c o m p le t io n  of s u r g e r y  and immobi

l i z a t i o n .  Im m e d ia te ly  a f t e r  t h e  a n im a ls  w e re  p la c e d  on th e  t a b l e ,  

e n d o t r a c h e a l ,  a r t e r i a l  and venous c a t h e t e r s  w ere  i n s e r t e d  and e x te n s iv e  

l o c a l  a n e s t h e t i z a t i o n  s e c u r e d .  T h e r e a f t e r ,  e t h e r  was d i s c o n t i n u e d ,  

and th e  a n im a ls '  h e a l t h  was r o u t i n e l y  a s c e r t a i n e d  by v i s u a l  o b s e r v a t io n  

d u r in g  p a r t i a l  r e c o v e r y  from g e n e r a l  a n e s t h e s i a .  Only t h e n  w ere they  

im m o b il iz e d  and s u r g i c a l  p r e p a r a t i o n  c o m p le te d .  W ith t h i s  p ro c e d u re ,  

p ro lo n g e d  d e p r e s s io n  r e s u l t i n g  from g e n e r a l  a n e s t h e s i a  was m inim ized  

to  a  p e r i o d  a v e ra g in g  20 m in u te s  (minimum 12 m in u te s )  from th e  t im e  of 

f i r s t  e x p o s u re  t o  e t h e r .  C o n t inuous  o b s e r v a t i o n  o f  b lo o d  p r e s s u r e  and 

s k i n  r e s i s t a n c e  ( d i s c u s s e d  below) d u r in g  s u r g e r y  l e d  t o  th e  c o n c lu s io n  

t h a t  l o c a l  a n e s t h e s i a  was c o m p le te :  no au to n o m ic  a c t i v a t i o n  s u g g e s t iv e  

o f  p a in  was n o te d .

E le c t r o d e  P lacem en t

A f t e r  t h e  an im als  were p l a c e d  i n  a  Kopf s t e r e o t a x i c  a p p a r a tu s ,  

w ide s u r g i c a l  e x p o s u re  of th e  m id l in e  s k u l l  was made. M u sc u la tu re  and 

p e r io s te u m  were e l e v a t e d  and r e t r a c t e d ,  th e  s k u l l  was d r i e d  and th e  

b o r d e r  o f  th e  i n c i s i o n  packed w i t h  warmed beesw ax . S t a i n l e s s  s t e e l  

sc rew s w i th  s i l v e r - s o l d e r e d  Nichrome w ire  l e a d s  w ere  th e n  i n s e r t e d  

th ro u g h  s t e r e o t a x i c a l l y  gu ided  b u r r  h o l e s  o v e r  t h e  a n t e r i o r  c r u c i a t e  

g y r u s ,  b i l a t e r a l l y ,  and th e  l e f t  m e d ia l  s u p r a s y l v i a n  g y r u s .  A d d i t io n a l  

beeswax was u sed  t o  c o m p le te ly  i s o l a t e  t h e  sc re w s  from  s u r r o u n d in g  

t i s s u e s .
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B ip o la r  c o n c e n t r i c  d e p th  e l e c t r o d e s  ( In  Vivo S y s tem s ,  SNE-100, 

100 mm) were p la c e d  s t e r e o t a x i c a l l y  u s in g  two c a r r i e r s  th ro u g h  b u r r  

h o l e s  p r e v i o u s ly  l o c a t e d  w i th  a p i l o t  e l e c t r o d e  i n  a t h i r d  c a r r i e r .  

Depth e l e c t r o d e s  were p la c e d  in th e  i n t e r m e d ia t e  h ippocam pus (HP) , 

m e s e n c e p h a l ic  r e t i c u l a r  fo rm a t io n  (R F ) ,  v e n t r o l a t e r a l  n u c le u s  o f  t h e  

th a la m u s  (VL) and e i t h e r  c e n t r e  m edian  (CM) o r  r e u n ie n s  (RE) m id l in e  

t h a l a m ic  n u c l e i ;  a l l  p lacem en ts  w ere  on th e  same s i d e .

E x p e r im e n ta l  P ro c e d u r e s

E x p e r im e n ta l  P r o to c o l  

The e x p e r im e n ta l  p r o to c o l  c o n s i s t e d  of d e te r m in in g  th e  

s t i m u l a t i o n  c u r r e n t  i n t e n s i t y  r e q u i r e d  f o r  the  e l i c i t a t i o n  o f  a  

" t h r . s h o l d "  r e s p o n s e  f o r  each  of f i v e  d i f f e r e n t  CNS r e s p o n s e s  u n d e r  

c o n t r o l  c o n d i t i o n s  and a t  each  o f  f i v e  s u c c e e d in g  doses  of e t h a n o l .

The r e s p o n s e s  o b se rv e d  w ere (1) t h e  r e c r u i t i n g  r e s p o n s e  e l i c i t e d  by 

s t i m u l a t i o n  of n o n - s p e c i f i c  tha lam us (n .  r e u n ie n s  o r  jn. c e n t r e  m ed ian ) ;

(2) augm enting  r e s p o n s e  to  s t i m u l a t i o n  of s p e c i f i c  th a lam u s  {n. v e n t r o -  

l a t e r a l i s ) ; and t h r e e  m a n i f e s t a t i o n s  o f  " r e t i c u l a r  a c t i v a t i o n " ;

(3) th e  c o r t i c a l  d e s y n c h r o n i z a t io n ;  (4) c a r d i o v a s c u l a r  p r e s s o r ;  and 

(5) s k i n  r e s i s t a n c e  r e s p o n s e s  e l i c i t e d  by s t i m u l a t i o n  of t h e  m esence

p h a l i c  r e t i c u l a r  f o rm a t io n .

S t im u la t io n  and M o n ito r in g  Techn iques  

S t im u la t io n  o f  ri. r e u n ie n s  o r  n .  c e n t r e  m edian ( 8 / s e c ,  0 .5  

msec d u r a t i o n ) ,  ii. v e n t r o l a t e r a l l s  ( 8 / s e c ,  0 .5  msec) and r e t i c u l a r  

fo r m a t io n  ( 2 0 0 / s e c ,  0 .0 5  msec) f o r  t h e  e l i c i t a t i o n  o f  r e c r u i t i n g .
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augm enting  and r e t i c u l a r  a c t i v a t i o n  r e s p o n s e s ,  r e s p e c t i v e l y ,  was 

p ro d u ced  by a  N u c le a r -C h ic a g o  c o n s t a n t  c u r r e n t  s q u a re  wave s t i m u l a t o r  

(Hod. 7 1 5 0 ) .  S t i m u l a t i o n  v o l t a g e  and wave-form  were o b s e rv e d  on an 

o s c i l l o s c o p e  v i a  th e  s t i m u l a t o r ' s  m o n i to r  o u tp u t  b u t  n o t  s y s t e m a t i c a l l y  

r e c o r d e d .

Spon taneous  and evoked p o t e n t i a l s  were l e d  from c o r t i c a l  and 

d e p th  e l e c t r o d e s  th ro u g h  c o a x i a l  c a b l e s  to  a G rass  Model VI e l e c t r o 

e n c e p h a lo g ra p h  f o r  im m ed ia te  w r i t e o u t  a n d ,  from th e  pen d r i v e r  a m p l i f i e r  

o f  th e  p o ly g ra p h ,  th ro u g h  an a t t e n u a t i o n  n e tw o rk ,  to  an  Ampex FR-1200 

FH t a p e  r e c o r d e r .  C o r t i c a l  p o t e n t i a l s  w ere  r e c o r d e d  m o n o p o la r ly  r e l a 

t i v e  to  a  rem o te  e l e c t r o d e  c o n s i s t i n g  o f  e i t h e r  a s t a i n l e s s  s t e e l  sc rew  

imbedded i n  th e  f r o n t a l  s i n u s  o r  a  heavy guage n e e d le  b u r i e d  i n  th e  

neck  m u s c u la tu r e .  Depending on e x p e r im e n ta l  c o n d i t i o n s  e i t h e r  o f  

th e s e  r e f e r e n c e s  may h av e  b een  u s e d  to  w hich  a  l e a d  t o  t h e  s t e r e o t a x i c  

fram e was o c c a s i o n a l l y  a d d e d .  S p o n taneous  and  evoked a c t i v i t y  was 

o b se rv e d  d u r in g  th e  c o u r s e  o f  t h e  e x p e r im e n ts  by i n s p e c t i o n  o f  p o l y 

graph  r e c o r d s  and by d i s p l a y  on an o n - l i n e  T e k t ro n ix  EM 564 4 - c h a n n e l  

o s c i l l o s c o p e  and a F a b r i - T e k  1052 s i g n a l  a v e r a g e r .

E le c t r o e n c e p h a lo g r a p h  a m p l i f i e r  s e t t i n g s  w ere  a d j u s t e d  d u r in g  

e a r l y  m o n i to r in g  and t h e s e  s e t t i n g s  were m a in ta in e d  as  c o n s i s t e n t l y  

as  p o s s i b l e  th ro u g h  th e  l a t e r  e x p e r im e n t .  The m a s te r  h ig h  p a s s  f i l t e r  

was u s u a l l y  m a in ta in e d  a t  35 Hz, i n d i v i d u a l  c h a n n e l  low and h i g h  p a s s  

f i l t e r s  w ere  s e t  a t  1 and 70 Hz, r e s p e c t i v e l y .

Tape r e c o r d in g  began  a u t o m a t i c a l l y  a t  t h r e e  h o u rs  a f t e r  th e  

end o f  g e n e r a l  a n e s t h e s i a  and c o n t in u e d  u n t i l  th e  e x p e r im e n t  was 

t e r m in a te d .  R eco rder  b a n d p a ss  a t  t h e  1 7 /3  i p s  t a p e  s p e e d  u se d  was



41

0-325 Hz. An a s s o c i a t e d  t im e code g e n e r a t o r  (M ilgo TCG-100) p ro v id e d  

p r e c i s e  t im e c a l i b r a t i o n  f o r  th e  e x p e r im e n ta l  p r o t o c o l  a n d ,  th ro u g h  

i t s  g r a p h i c  o u t p u t ,  a t im e  m ark e r  f o r  t h e  p o ly g r a p h s .

B lood p r e s s u r e ,  Lead I I  e l e c t r o c a r d i o g r a p h  and s k in  r e s i s t a n c e  

were c o n t i n u o u s ly  m o n ito re d  on a G rass  M odel IV p o ly g r a p h .  B lood 

p r e s s u r e  was d e r i v e d  from  th e  f e m o ra l  a r t e r y  c a n n u la  and r e c o r d e d  v i a  

a  Sanborne P23d p r e s s u r e  t r a n s d u c e r  and DC p r e a m p l i f i e r .  S k in  r e s i s 

t a n c e  was d e r i v e d  from an a c t i v e  l e a d  ( s i l v e r - s i l v e r  c h l o r i d e  d i s c  

e l e c t r o d e )  p l a c e d  on th e  l a r g e  fo o tp a d  o f  t h e  f o r e l im b  c o n t r a l a t e r a l  

to  r e t i c u l a r  s t i m u l a t i o n  and r e c o r d e d  w i th  a  DC p r e a m p l i f i e r  u s in g  th e  

PGR b r i d g e .  S k in  r e s i s t a n c e  was r e f e r r e d  t o  th e  i n a c t i v e  l e a d  u sed  f o r  

e l e c t r o e n c e p h a l o g r a p h  r e c o r d in g .

T h ro u g h o u t  t h e  s u r g i c a l  p ro c e d u re  and th e  c o u r s e  o f  t h e  e x p e r i 

ment a r t e r i a l  b lo o d  sam p les  w ere drawn and  a s s a y e d  f o r  pH, p0 2 , and 

PCO2  w i th  a n  IL  Model 310 pH/Blood Gas A n a ly z e r  and f o r  h e m a t o c r i t  

u s in g  s t a n d a r d  t e c h n i q u e s .  D uring  th e  s u r g i c a l  p ro c e d u re  and e t h e r  

b lo w - o f f  p e r i o d ,  r e s p i r a t o r  p a r a m e te r s  w e re  a d j u s t e d  u n t i l  r e p e a t e d  

b lo o d  sam ples  f e l l  w i t h i n  norm al r a n g e s  f o r  t h e  c a t  (pH, 7 . 3 5 - 7 . 4 0 ;

PO2 , 90-95  mm Hg; PCO2 , 25-30 mm H g ) . C ore  t e m p e r a tu r e  was m o n i to re d  

w i th  Y ellow  S p r in g s  T e le th e rm o m e te r  and r e c t a l  p robe  and was m a in ta in e d  

a t  3 7 .0 - 3 8 .0 “ C w i th  an  ove rh ead  i n f r a r e d  lam p.

E th a n o l  I n f u s i o n  and M easurem ent 

A b s o lu te  e th a n o l  was mixed i n  7% (w /v)  s o l u t i o n  o f  l a c t a t e d  

R i n g e r ' s  (H a r tm a n n 's )  s o l u t i o n .  The m ix tu re  was a d m i n i s t e r e d  th ro u g h  

th e  fe m o ra l  v e i n  c a t h e t e r  by a  H arv a rd  i n f u s i o n  pump a t  a c o n s t a n t
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r a t e  o f  4 .5 2  m l/m in  i n  a c c u m u la t iv e  d o ses  o f  100 , 200 , 400 , 800 , and 

1600 mg/kg b a se d  on th e  a n i m a l ' s  w e ig h t  im m e d ia te ly  p r i o r  t o  s u r g e r y .  

A f t e r  i n i t i a l  i n f u s i o n  o f  100 mg/kg th e  s e c o n d  dose l e v e l  was o b ta in e d  

by a  second i n f u s i o n  of 100 m l/k g  g iv in g  a  t o t a l  o f  200 m l/k g .  The 

400 mg/kg d ose  l e v e l  was o b t a in e d  by th e  i n f u s i o n  o f  a n  a d d i t i o n a l  

200 mg/kg and t h i s  p r o c e d u r e  was r e p e a te d  f o r  s u b s e q u e n t  d o s e s  .

I n f u s i o n  p e r i o d s  w ere c a l c u l a t e d  a t  th e  b e g in n i n g  o f  t h e  e x p e r im e n t  

and tim ed  p r e c i s e l y .  Im m ed ia te ly  b e f o r e  i n f u s i o n  commenced, th e  

c a t h e t e r  was c l e a r e d  by d raw ing  th e  s a l i n e  i t  c o n t a i n e d  i n t o  a  s y r in g e  

u n t i l  venous b lo o d  f i l l e d  t h e  c a t h e t e r  to  i t s  j u n c t i o n  w i th  th e  

e t h a n o l  su p p ly  a t  a th re e -w a y  s to p c o c k .  The i n f u s i o n  pump was then  

s t a r t e d  and t im in g  began  when b lo o d  c l e a r e d  th e  c a t h e t e r .  At t h e  end 

o f  th e  i n f u s i o n  p e r io d  t h e  c a t h e t e r  was a g a in  f l u s h e d  th ro u g h  w i th  

s a l i n e  and s e a l e d .

Ten m in u te s  a f t e r  t h e  end of e th a n o l  i n f u s i o n  a r t e r i a l  blood 

sam p les  w ere drawn i n t o  s e p a r a t e  m i c r o p i p e t t e s  f o r  b lo o d  gas  a n a l y s i s ,  

h e m a t o c r i t  d e t e r m i n a t i o n  and e th a n o l  c o n c e n t r a t i o n  m easu rem en t.  The 

s a m p l in g  was co m p le te d  i n  15-20  s e c o n d s .  D u p l i c a t e  b lo o d  sam p les  fo r  

e t h a n o l  d e t e r m i n a t i o n  w ere  a lw ays  t a k e n .  A se c o n d  c o m p le te  b lo o d  

sam ple  was drawn a t  th e  end o f  a l l  t h r e s h o l d  m ea su rem e n ts ;  t h e  n e x t  

e th a n o l  dose  p ro c e e d e d  im m e d ia te ly  t h e r e a f t e r .

Blood sam p les  f o r  e th a n o l  d e t e r m i n a t i o n  w ere  t a k e n  i n  p r e v io u s ly  

f l o r i d e d  m i c r o p i p e t t e s  and c e n t r i f u g e d  to  s e p a r a t e  p lasm a  w i t h i n  an 

hour  o f  i t s  c o l l e c t i o n .  The s e p a r a t e d  p lasm a was th e n  f r o z e n  f o r  

l a t e r  gas  c h ro m a to g ra p h ic  a n a l y s i s .
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The r e s u l t i n g  m easurem ents  of e th a n o l  c o n c e n t r a t i o n  w ere  

av e rag ed  o v e r  p r e -  and p o s t - t h r e s h o l d  m easurem ent sam p les  and th e  mean 

r e c o rd e d  as  the  b lo o d  c o n c e n t r a t i o n  f o r  a l l  m easurem ents a t  t h a t  d o se .  

E xper im en ts  in  w h ich  i r r e g u l a r i t i e s  were found be tw een  e th a n o l  m easure

ments and dose  l e v e l  w ere  d i s c a r d e d .

I n  some e x p e r im e n ts  an a d d i t i o n a l  dose  o f  3200 mg/kg was g iven  

a f t e r  c o m p le t io n  of t h e  r e g u l a r  p r o t o c o l .  T h is  dose was g iv e n  a s  a 

20% s o l u t i o n  (w/v) a t  t h e  same r a t e  of i n f u s i o n  used  f o r  low er d o s e s .  

T h re sh o ld  and e th a n o l  m easurem ent p ro c e d u re s  w ere th e  sam e.

Response T h re s h o ld  Measurement and A n a ly s is

C o n t r o l  r e c o r d i n g . P e r i o d i c  m o n i to r in g  o f  sp o n ta n e o u s  

e l e c t r i c a l  and au tonom ic  a c t i v i t y  began im m ed ia te ly  a f t e r  th e  com ple

t i o n  o f  s u r g e r y .  C o n t r o l  r e c o r d i n g  f o r  b o th  s p o n ta n e o u s  background 

and t h r e s h o l d s  began  a t  t h e  end o f  a 3 hour  e t h e r  b lo w - o f f  p e r i o d .

P i l o t  e x p e r im e n ts  d e m o n s t ra te d  t h a t  th e  t r a d i t i o n a l  2 h o u r  b lo w -o f f  

p e r i o d  was i n s u f f i c i e n t  f o r  co m p le te  r e c o v e r y  from  g e n e r a l  a n e s t h e s i a .

Response  m ea su rem e n t . S t im u la t io n  c u r r e n t  i n t e n s i t i e s  

n e c e s s a r y  t o  e l i c i t  t h r e s h o l d  r e c r u i t i n g ,  augm enting  and c o r t i c a l  

d e s y n c h r o n i z a t io n  w ere  d e r i v e d  from th e  c o r t i c a l  p o ly g ra p h  r e c o r d .  

A d d i t i o n a l l y ,  r e t i c u l a r  s t i m u l a t i o n  c u r r e n t  I n t e n s i t i e s  r e q u i r e d  f o r  

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

s k i n  r e s i s t a n c e  r e s p o n s e  w ere  o b t a i n e d .  S t im u la t io n  f o r  r e c r u i t i n g  

and augm enting  c o n s i s t e d  o f  a 1 0 - s e c  t r a i n  w i th  a  minimum i n t e r - t r a i n  

i n t e r v a l  of 3 0 - s e c .  R e t i c u l a r  s t i m u l a t i o n  was a  1 0 - s e c  t r a i n  r e p e a te d  

a t  no l e s s  th a n  6 0 - s e c  i n t e r v a l s .
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T h re sh o ld s  w ere  o b t a i n e d  by r e p e a te d  s t i m u l a t i o n  b e g in n in g  

w ith  an e s t i m a t e d  s u b th r e s h o ld  c u r r e n t  i n t e n s i t y  and c o n t i n u in g  w i th  

c o n s ta n t  in c re m e n ts  u n t i l  t h r e s h o l d  and s u p r a t h r e s h o l d  r e s p o n s e  w ere 

obse rved . I n  a l l  c o n d i t i o n s  t h r e s h o l d s  w ere  o b ta in e d  in  th e  f o l l o w in g  

o r d e r :  r e c r u i t i n g ,  augm en ting  and r e t i c u l a r  a c t i v a t i o n .  R e t i c u l a r  

s t i m u l a t i o n  was i n c r e a s e d  u n t i l  c o r t i c a l  and autonom ic t h r e s h o l d s  

were o b t a in e d .

Thr e s h o l d  c r i t e r i a . The c o m p le t io n  o f  7 p i l o t  e x p e r im e n t s  

dem o n s tra ted  t h a t  (1) no  s im p le  te c h n iq u e  o f  v i s u a l  o b s e r v a t i o n  gave 

r e l i a b l e  t h r e s h o l d  i n f o r m a t io n  and t h a t  (2 )  v a r i a b i l i t y  i n  t h r e s h o l d  

m easurements w i t h i n  th e  same e x p e r im e n t  c o u ld  be  reduced by s t i m u l a t i n g  

on ly  when s p o n ta n e o u s  c o r t i c a l  e l e c t r i c a l  a c t i v i t y  could be  i n t e r p r e t e d  

as "d row sy ."  Such a c t i v i t y  c o n s i s t e d  o f  a  p a t t e r n  of lo w - v o l t a g e  f a s t  

a c t i v i t y  mixed w i th  s low -w ave a c t i v i t y  w i th  o c c a s io n a l  s p i n d l i n g .

T h is  p a t t e r n  n a t u r a l l y  r e s u l t e d  i f  l o c a l  a n e s t h e s i a ,  c o r e  te m p e ra tu re  

and ad eq u a te  r e s p i r a t i o n  was r i g i d l y  m a in ta in e d .

T h e r e f o r e ,  b a s e d  on th e  r e s u l t s  o f  p i l o t  e x p e r im e n t s ,  a  s e t  

o f  c r i t e r i a  was e s t a b l i s h e d  f o r  b ackg round  spon taneous e l e c t r i c a l  

a c t i v i t y  and each  evoked  r e s p o n s e  t h r e s h o l d .  These c r i t e r i a  c o n s i s t e d  

of the  minimum c h a r a c t e r i s t i c s  r e q u i r e d  t o  be observed  d u r in g  a 1 0 - s e c  

s t i m u la t i o n  p e r i o d  b e f o r e  t h a t  s t i m u l a t i o n  c u r r e n t  was d e s ig n a t e d  as 

t h r e s h o ld  i n t e n s i t y .  A com ple te  s t a t e m e n t  o f  t h e s e  c r i t e r i a  i s  i n c lu d e d  

as Appendix I .  S a t i s f a c t i o n  o f  t h e s e  c r i t e r i a  i s  denoted in  th e  f o l l o w 

ing  c h a p te r  by " c r i t e r i o n  backg round"  and " c r i t e r i o n  t h r e s h o l d . "

W hile an  a t t e m p t  was made t o  p ro v id e  c r i t e r i a  f o r  an a l l - o r -  

none re sp o n se  t h r e s h o l d ,  no an im a l  e x h i b i t e d  a c l e a r l y  d e f i n e d  t h r e s h o l d
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f o r  any r e s p o n s e .  The c r i t e r i a  e s t a b l i s h e d  f o r  r e s p o n s e  t h r e s h o ld s  

w ere to  some e x t e n t  a r b i t r a r y ;  th e y ,  n e v e r t h e l e s s ,  p ro v id e d  an e x a c t  

o p e r a t i o n a l  d e f i n i t i o n  o f  t h r e s h o ld  f o r  e ach  r e s p o n s e  and y i e l d e d  a 

b a s i s  f o r  r e p e a t a b l e ,  s t a n d a r d i z e d  s c o r i n g  o f  e l e c t r i c a l  and au tonom ic 

r e c o r d s .

T h r e s h o ld  d e t e r m i n a t i o n . T h r e s h o ld  d e t e r m i n a t i o n s  f o r  b o th  

c o n t r o l  and e t h a n o l  c o n d i t i o n s  c o n s i s t e d  o f  a t  l e a s t  two com ple te  runs  

th ro u g h  an a s c e n d i n g  s e r i e s  o f  c u r r e n t  i n t e n s i t y  i n c r e m e n t s .  Once 

t h r e s h o l d  had  b e e n  a d e q u a te ly  m easured i n  t h e  f i r s t  c o n t r o l  s t i m u l a t i o n  

r u n ,  c u r r e n t  in c r e m e n ts  c o u ld  be r e d u c e d  a s  t h e  e s t i m a t e d  th r e s h o ld  

was a p p ro a c h e d .  For r e c r u i t i n g  and a l l  r e t i c u l a r  a c t i v a t i o n  r e s p o n s e  

th e  minimum in c r e m e n t  was u s u a l l y  5 jiA; f o r  t h e  augm enting  r e s p o n s e  

d i s c r i m i n a t i o n s  i n  t h e  e l i c i t e d  r e s p o n s e  c o u ld  o f t e n  be  made w i th  

in c re m e n ts  o f  2-3  pA. T y p ic a l  t h r e s h o ld  d e t e r m i n a t i o n s  f o r  each  o f  

th e  f i v e  r e s p o n s e s  a r e  i l l u s t r a t e d  i n  F ig u r e s  1 th ro u g h  5 .

S t a t i s t i c a l  a n a l y s e s . T h re sh o ld  c u r r e n t  i n t e n s i t i e s  r e q u i r e d  

f o r  th e  e l i c i t a t i o n  o f  c r i t e r i o n  r e s p o n s e  t h r e s h o l d s  w ere  o b t a i n e d  f o r  

two in d e p e n d e n t  s t i m u l a t i o n  ru n s  d u r in g  c o n t r o l  and 5 e th a n o l  dose 

c o n d i t i o n s .  T h re s h o ld  c u r r e n t s  d e r iv e d  from  t h e  two ru n s  w ere  av e rag ed  

and th e  mean r e c o r d e d  a s  th e  a b s o lu t e  c u r r e n t  t h r e s h o l d  f o r  each  c o n d i 

t i o n .  With th e  mean c o n t r o l  t h r e s h o ld  c u r r e n t  d e f i n e d  as 100%, t h r e s 

ho ld  c u r r e n t s  o b t a i n e d  d u r in g  e th a n o l  d o se  c o n d i t i o n s  w ere  t r a n s fo rm e d  

to  p e r c e n t  o f  c o n t r o l  r e s p o n s e  to  e n a b le  a n a l y s e s  betw een  d o se s  and 

r e s p o n s e s .  T h i s  t r a n s f o r m a t i o n  g e n e ra te d  d a t a  p o i n t s  e s s e n t i a l l y  

in d ep e n d e n t  o f  d i f f e r e n c e s  in  a b s o lu t e  t h r e s h o l d s  among a n im a ls .
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Figure 1. Determination of Recruiting Response Threshold.

S t im u la t io n  o f  n .  r e u n io n s  (RE) r e s u l t e d  in a t h r e s h o l d  

r e c r u i t i n g  re s p o n s e  a t  45 pA ( 8 / s e c ,  0 . 5  msec d u r a t i o n )  i n  t h i s  e x p e r i 

m en t .  Spontaneous s p i n d l e s  w ere  c l e a r l y  o b se rv e d  b e f o r e  and  d u r i n g  th e  

s t i m u lu s  p e r io d  a t  35 pA, p a r t i c u l a r l y  in  l e f t  and  r i g h t  a n t e r i o r  

c r u c i a t e  c h an n e ls  (L AC and R AC). At 40 pA t h e r e  w ere  b r i e f  p e r i o d s  

o f  r e p e a te d  r e s p o n s e s  d u r in g  th e  1 s t ,  5 th  and 7 th  seco n d s  o f  s t i m u l a 

t i o n  b u t  o f  a  d u r a t i o n  i n s u f f i c i e n t  to  meet c r i t e r i a .  T h r e s h o ld  c r i 

t e r i a  were met i n  L AC a t  45 pA w i th  s t i m u lu s  f o l l o w in g  i n  R AC. 

R e c r u i t i n g  was more d e v e lo p e d  i n  r e s p o n s e  to  50 pA and  s e v e r a l  r e p e a t e d  

r e s p o n s e s  may be s e e n  i n  t h e  r i g h t  m e d ia l  s u p r a s y l v i a n  c h a n n e l  (R MSS). 

C a l i b r a t i o n ,  200 pV and 1 s e c .  In  t h i s  and a l l  o t h e r  i l l u s t r a t i o n s ,  

c o r t i c a l  a c t i v i t y  i s  r e c o r d e d  m o n o p o la r ly  w i th  c o r t i c a l  n e g a t i v i t y  

u p w ard s .
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Figure 2. Determination of Cortical Desynchrony Response Threshold.

In  t h i s  e x p e r im e n t ,  a c r i t e r i o n  t h r e s h o l d  c o r t i c a l  desynchrony  

r e s p o n s e ,  e l i c i t e d  by s t i m u l a t i o n  ( 2 0 0 / s e c ,  0 .0 5  msec d u r a t i o n )  of th e  

m e s e n c e p h a l ic  r e t i c u l a r  fo rm a t io n  (R F ) , was o b t a i n e d  a t  50 pA. Hippo

cam pal (L HP) t h e t a  o c c u r r e d  i n  t h e  l a t t e r  h a l f  of t h e  s t im u lu s  t r a i n  

a t  30 pA c o n c u r r e n t  w i t h  some s i g n s  o f  c o r t i c a l  d e s y n c h r o n i z a t io n .

With i n c r e a s i n g  c u r r e n t  i n t e n s i t i e s  c o r t i c a l  a c t i v i t y  i n  L AC, R AC 

and R MSS became p r o g r e s s i v e l y  more d e s y n c h r o n iz e d  and h ippocam pal 

t h e t a  became more sy n c h ro n o u s .  At 45 pA s t i m u l a t i o n  was i n i t i a t e d  

d u r in g  a  sp o n ta n e o u s  s p i n d l e  w hich  s u b s e q u e n t ly  was re d u c e d  i n  a m p li 

tu d e  b u t  i t  m a in ta in e d  s y n c h ro n y .  At t h r e s h o l d  c u r r e n t ,  50 pA, a  

s p i n d l e  was b lo c k e d  w i t h i n  0 .25  s e co n d s  of s t i m u l u s  o n s e t .  The 

s i n g l e  n e g a t i v e  s low  wave r e c o r d e d  i n  c o r t i c a l  c h a n n e ls  n e a r  th e  

b e g in n in g  o f  s t i m u l a t i o n  was o f t e n  a s s o c i a t e d  w i th  s t i m u lu s  o n s e t  a t  

t h r e s h o l d  and s u p r a t h r e s h o l d  c u r r e n t  i n t e n s i t i e s  and was assumed to  

be  m o s t ly  a r t i f a c t u a l .  C a l i b r a t i o n ,  100 pV and  1 s e c .
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Figure 3. Determination of Augmenting Response Threshold.

S t im u la t io n  ( 8 / s e c ,  0 .5  msec d u r a t io n )  o f th e  l e f t  ti. v e n t r o -  

l a t e r a l i s  (VL) o f  th e  s p e c i f i c  th a lam u s a t  40 pA e l i c i t e d  a t h r e s h o ld  

augm en ting  re s p o n s e  in  t h i s  e x p e r im e n t. No change i n  c o r t i c a l  a c t i v i t y  

was e v id e n t  a t  30 pA b u t a t  35 pA t h e r e  was a  b r i e f  e p is o d e  o f  h ig h  

a m p litu d e  f re q u e n c y  s p e c i f i c  a c t i v i t y  d u r in g  th e  2nd seco n d  o f th e  

s t im u lu s  t r a i n .  The th r e s h o ld  aug m en tin g  re s p o n s e ,  o b ta in e d  a t  40 pA, 

c o n s i s t e d  o f  a p p ro x im a te ly  2 seco n d s o f  r e p e a te d  waves h a v in g  m axim al 

a m p litu d e  in  L AC, i p s i l a t e r a l  to  th e  s t im u la te d  s i t e  i n  th e  th a la m u s . 

No p a r a l l e l  changes in  a c t i v i t y  w ere  s e e n  i n  L HP. The l a s t  s e t  o f 

t r a c e s  ( n o te  re d u c e d  a m p l i f i c a t io n )  shows an augm enting  re s p o n s e  

e l i c i t e d  i n  th e  same e x p e rim e n t by a  c u r r e n t  i n t e n s i t y  tw ic e  t h r e s h o ld .  

At such  s u p r a th r e s h o ld  c u r r e n t s ,  th e  r e s p o n s e  r o s e  to  n e a r  m axim al 

a m p litu d e  w i th in  a  few r e p e t i t i o n s ,  th e n  d e c l in e d  s l i g h t l y  and rem a in ed  

a t  a  r e l a t i v e l y  c o n s ta n t  a m p litu d e  f o r  t h e  d u r a t io n  o f t h e  s t im u lu s  

t r a i n .  C o r t i c a l  n e g a t i v i t y  upw ards, c a l i b r a t i o n ,  200 pV and 1 s e c .
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F ig u re  4 . D e te rm in a t io n  o f  C a rd io v a s c u la r  P r e s s o r  R esponse T h re sh o ld .

S t im u la t io n  (2 0 0 /s e c ,  0 .0 5  msec d u r a t io n )  o f th e  m esencepha

l i c  r e t i c u l a r  f o rm a tio n  (RF) e l i c i t e d  a p h a s ic  i n c r e a s e  in  s y s te m ic  

b lo o d  p r e s s u r e .  In  t h i s  e x p e rim e n t a  c r i t e r i o n  (10 mm HG in c r e a s e  

in  s y s t o l i c  p r e s s u r e )  re s p o n s e  was o b ta in e d  a t  55 pA. A m plitude  

o f  th e  p r e s s o r  r e s p o n s e  was p r o p o r t io n a l  to  th e  a p p l i e d  c u r r e n t  

i n t e n s i t y  and w ith  s u f f i c i e n t  s u p ra th re s h o ld  i n t e n s i t i e s ,  re s p o n s e s  

o f  more than  100 mm Hg c o u ld  be e l i c i t e d .  Time c a l i b r a t i o n ,  5 se co n d s .
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Figure 5. Determination of Skin Resistance Response Threshold.

R e t ic u la r  fo rm a tio n  (RF) s t im u la t i o n  (2 0 0 /s e c ,  0 .0 5  msec 

d u r a t io n )  e l i c i t e d  a  p h a s ic  d e c re a s e  in  s k in  r e s i s t a n c e  a s  re c o rd e d  

from  th e  forepaw  c o n t r a l a t e r a l  to  th e  s i t e  o f  m id b ra in  s t i m u la t i o n .

In  t h i s  e x p e rim en t a  c r i t e r i o n  (50 ohm d e c re a s e )  s k in  r e s i s t a n c e  

re s p o n s e  i s  o b ta in e d  a t  50 yA. As shown by th e  r e s p o n s e  r e c o rd in g s  

ta k e n  a t  30 th ro u g h  80 yA, a m p litu d e  o f  th e  re s p o n s e  was p r o p o r t io n a l  

to  th e  s tim u lu s  c u r r e n t  i n t e n s i t y .  In  many e x p e r im e n ts ,  a s  shown h e re  

a t  4 0 , 50 and 60 yA, a  b r i e f ,  low a m p litu d e  re s p o n s e  o f s h o r t e r  l a te n c y  

p rec e d e d  th e  m ajor r e s p o n s e  a t  n e a r - th r e s h o ld  c u r r e n t s .  A d e c re a s e  i n  

r e s i s t a n c e  i s  in d ic a te d  by an upward d e f l e c t i o n  o f  th e  p o ly g ra p h ; 

c a l i b r a t i o n ,  100 ohms and 5 se c o n d s .
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A ll  s t a t i s t i c a l  a n a ly s e s  r e p o r te d  in  th e  fo llo w in g  c h a p te r  

employed n o n -p a ra m e tr ic  t e s t s .  The W ilcoxen m atched  p a i r - s ig n e d  

ran k s  t e s t  ( S ie g a l ,  1956) was u se d  to  t e s t  th e  s ig n i f i c a n c e  o f  th e  

f o l lo w in g :  (1 )  d i f f e r e n c e s  be tw een  re s p o n s e  th r e s h o ld s  m easu red

u n d e r c o n t r o l  c o n d i t io n s  and  th o s e  m easu red  u n d e r each  o f  t h e  f i v e  

e th a n o l  c o n d i t io n s ,  (2 ) th r e s h o ld  d i f f e r e n c e s  betw een  d o se s  f o r  each  

re s p o n s e ,  and (3) th r e s h o ld  d i f f e r e n c e s  be tw een  re s p o n s e s  a t  e a c h  d o s e . 

A d d i t io n a l ly ,  e th a n o l  e f f e c t s  on e a c h  re s p o n s e  o v e r  a l l  d o se s  was 

t e s t e d  w ith  t h e  F riedm an  2-way a n a ly s i s  o f  v a r i a n c e  ( S i e g a l ,  1 9 5 6 ) .

T e rm in a t io n  o f E x p e rim en ts  

An e x p e rim e n t was te r m in a te d  a t  th e  end o f th e  p r o to c o l  o r  

upon o b s e rv a t io n  o f p h y s io l o g i c a l  d e t e r i o r a t i o n  o f  th e  a n im a l b a s e d  

upon any one o f  s e v e r a l  c r i t e r i a :  (1 ) d e a th  to  r e s p i r a t o r y  a r r e s t  

d u r in g  a n e s th e s ia  o r  c a r d ia c  a r r e s t  a t  any t im e , (2) o b s e r v a t io n  o f 

c o n tin u o u s ,  sy n c h ro n o u s  h ig h  v o l t a g e  slow  w aves in  th e  e l e c t r o c o r t i c o -  

gram i n d i c a t i v e  o f  c o r t i c a l  d e p r e s s io n ,  (3 ) u n re s p o n s iv e n e s s  to  s tim u 

l a t i o n  to  th e  l i m i t  o f  n o n - in ju r io u s  c u r r e n t  i n t e n s i t y ,  (4 ) o b s e r v a t io n  

o f  h ig h  v o l t a g e ,  h y p e rsy n c h ro n o u s  s low  w aves e l i c i t e d  by r e t i c u l a r  

s t im u la t io n  i n d i c a t i v e  o f  c o r t i c a l  o r  b r a i n  s tem  d e p re s s io n  ( P r in c e  

and S a z n e r , 1 9 6 6 ) , (5 ) i n a b i l i t y  to  m a in ta in  no rm al b lo o d  gas  p a ra m e te r s .

V e r i f i c a t i o n  o f  E le c t ro d e  P la c e m e n ts  

F u n c t io n a l  c o n t r o l  o v e r  e l e c t r o d e  p la c e m e n t was m a in ta in e d  

d u r in g  th e  c o u rs e  o f th e  e x p e r im e n ts .  T h a lam ic  e le c t r o d e s  w ere  p la c e d  

f o r  m axim al re s p o n s e  a t  an a r b i t r a r y  s u p r a th r e s h o ld  c u r r e n t  i n t e n s i t y .

The r e t i c u l a r  fo rm a tio n  p lac e m e n t w as n o t  a l t e r e d  i f  i n i t i a l  t r i a l s
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showed c o n s i s t e n t  c o r t i c a l  and au tonom ic  re s p o n s e s  a t  s u p r a th r e s h o ld  

c u r r e n t s .

Upon c o m p le tio n  o f  th e  e x p e rim e n t th e  a n im a l was k i l l e d  w ith  

an o v e rd o se  o f  p e n t o b a r b i t a l ;  th e  b r a in  e x te n d in g  to  th e  b u lb  c a r e f u l l y  

rem oved and p la c e d  i n  f o r m a l in .  A f te r  s e v e r a l  days th e  b r a in  was 

rem oved from f o r m a l in ,  r i n s e d ,  b lo ck e d  and r e tu r n e d  to  f o rm a lin  f o r  

a d d i t i o n a l  h a rd e n in g .

U n s ta in e d  s l i d e s  w ere p re p a re d  o f  50 y c o ro n a l s e c t i o n s  ta k e n  

a t  th e  d e e p e s t  e le c t r o d e  p e n e t r a t i o n .  The s l i d e s  w ere  t r a n s i l l u m i n a t e d  

and p r o je c te d ;  th e  l o c a t i o n  o f  th e  e l e c t r o d e  t i p  was c lo s e ly  e s t im a te d .  

E le c t r o d e  p la c e m e n ts  and t h e i r  v e r i f i c a t i o n  w ere made w ith  r e f e r e n c e  

to  J a s p e r  and A jm one-M arsan (1 9 5 6 ). The e s t im a te d  c o o rd in a te s  w ere 

th e n  t r a n s f e r r e d  to  a  t r a c i n g  o f th e  a p p r o p r i a t e  a t l a s  p l a t e .

C o n tro l  E x p erim en ts

T h re sh o ld  s t a b i l i t y  o v e r  t im e . I n  o rd e r  to  a s s e s s  th e  s t a b i 

l i t y  o f  re s p o n s e  t h r e s h o ld s  o v e r  t im e , e x p e r im e n ts  w ere co n d u c te d  in  

w h ich  no in f u s io n s  w ere  m ade. T h re sh o ld  d e te r m in a t io n s  a c c o rd in g  

to  th e  above p ro c e d u re  w ere  made b e g in n in g  a t  two h o u rs  p o s t - a n e s t h e s i a  

and r e p e a te d  a t  o n e - h a l f  h o u r i n t e r v a l s  t h e r e a f t e r  o v e r  a  p e r io d  o f 

4 -6  h o u rs . P e r io d i c  b lo o d  sam ples w ere o b ta in e d  and a n a ly z e d  f o r  

b lo o d  g as  c o n c e n t r a t io n s  m.;-; h e m a to c r i t .

T h re sh o ld  s t a b i l i t y  w ith  h ig h  i n f u s i o n  v o lu m es. E x p e rim en ts  

w ere  c o n d u c te d  to  t e s t  t h e  e f f e c t s  o f th e  800 and 1600 mg/kg in f u s io n  

vo lum es on re s p o n s e  t h r e s h o ld s .  I n  th e s e  e x p e rim e n ts  norm al p ro c e d u re s  

w ere fo llo w e d  e x c e p t  t h a t  th e  f i r s t  th r e e  d o se s  w ere o m itte d  and
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e th a n o l—f r e e  d i lu e n t  s u b s t i t u t e d  in  th e  i n f u s i o n .  The in fu s io n  

volumes u sed  w ere w e ig h t a d ju s te d  to  g iv e  d o se s  o f  800 and 1600 

m g/kg, w i th o u t  th e  n o rm a lly  in te r v e n in g  low dose  in f u s io n s .



CHAPTER IV

EXPERIMENTAL RESULTS

S u b je c t  F a te

F o rty - tw o  a n im a ls  w ere  s u c c e s s f u l ly  c a r r i e d  th ro u g h  th e  

s u r g i c a l  p ro c e d u re . The f i r s t  sev en  se rv e d  a s  p i l o t  e x p e r im e n ts  u sed  

to  t e s t  v a r io u s  a s p e c t s  o f  th e  e x p e r im e n ta l  p r o to c o l  and e s t a b l i s h  

c r i t e r i a  f o r  th r e s h o ld  m easu rem en ts . S in c e  many o f  th e s e  p i l o t  e x p e r i 

m ents w ere in c o m p le te  a c c o rd in g  to  th e  l a t e r  d e f i n i t i o n  o f e x p e r im e n ta l  

c r i t e r i a , t h e y  w ere n o t in c lu d e d  in  th e  a n a ly s e s  r e p o r te d  be low .

The e x p e r im e n ta l  p r o to c o l  was co m p le ted  i n  12 e x p e r im e n ts ;

8 a d d i t i o n a l  e x p e r im e n ts  w ere  con d u c ted  a s  c o n t r o l s  f o r  s t a b i l i t y  o f  

re sp o n se  th r e s h o ld s  o v e r  tim e  (4  e x p e rim e n ts)  and th e  e f f e c t s  o f  h ig h  

d i lu e n t  volum es (4  e x p e r im e n ts ) . The rem a in in g  15 e x p e rim e n ts  f a i l e d  

to  m eet a l l  c r i t e r i a  o f  e x p e r im e n ta l  c o n t r o l s  i n  p o s t - e x p e r im e n ta l  

a n a ly s i s  o f  r e c o r d s .

The d a ta  d e r iv e d  from  each  e x p e rim e n t c o n s i s t e d  o f  a  d o s e -  

r e s p o n s e  th r e s h o ld  p r o f i l e  f o r  each  o f  f i v e  r e s p o n s e s .  Each p r o f i l e  

was com piled  by th e  m easurem ent o f th e  th r e s h o ld  f o r  each  re s p o n s e  

w ith o u t e th a n o l  ( c o n t r o l  m easurem ent) and a t  ea ch  o f  f i v e  d o se  l e v e l s  

o f  e th a n o l  g iv in g  6 m easurem ent c o n d i t io n s  and a t o t a l  o f 30 th r e s h o ld  

d e te r m in a t io n s  i n  each  e x p e r im e n t. D uring  f i n a l  a n a ly s i s  o f  p o ly g ra p h  

r e c o rd s  d e r iv e d  from  th e  12 e th a n o l  e x p e r im e n ts , i t  was found  t h a t  one

59



60

th r e s h o ld  d e te r m in a t io n  in  e a c h  o f  t h r e e  e x p e rim e n ts  and two d e te rm in a 

t io n s  i n  a f o u r th  e x p e rim e n t w ere u n s a t i s f a c t o r y .  S in c e  th e s e  e x p e r i 

m ents m et a l l  o th e r  c r i t e r i a  th e  in c o m p le te  p r o f i l e s  w ere d is c a rd e d  

and th e  re m a in in g  c o m p le te  p r o f i l e s  o b ta in e d  in  th e s e  e x p e rim e n ts  

r e t a i n e d .  B ecause  o f  th e s e  d e l e t i o n s  th e  f i n a l  n f o r  s t a t i s t i c a l  

t e s t s  was re d u c e d  from  12 to  11 f o r  p r e s s o r  and s k in  r e s i s t a n c e  

re s p o n s e  th r e s h o ld s  and  to  10 f o r  augm enting  r e s p o n s e  th r e s h o ld s .

Those t e s t s  u sed  to  exam ine in t e r - r e s p o n s e  th r e s h o ld  d i f f e r e n c e s  

u se d  th e  minimum n  o f  10.

E th a n o l  B lood C o n c e n tra tio n s  and C le a ra n c e  R a te s

I n tr a v e n o u s  i n f u s io n  o f  e th a n o l  in  d o se s  o f 100 , 200 , 40 0 ,

800 , and 1600 m g/kg p ro d u ced  mean b lo o d  c o n c e n t r a t io n s  (m easured  a t  

10 m in u te s  a f t e r  th e  end o f  e a c h  I n f u s io n )  o f  1 5 .6 ,  2 3 .6 ,  4 8 .9 ,

9 8 .5  and 2 1 4 .0  mg%, r e s p e c t i v e l y  (T a b le  2 ) .  A mean b lo o d  c o n c e n tra 

t i o n  f o r  th e  t h r e s h o ld  m easurem ent p e r io d  a t  ea ch  d o se  was d e r iv e d  by 

assum ing  th e  d e c re a s e  i n  c o n c e n t r a t io n s  betw een  th e  f i r s t  and second  

m easu rem en ts to  be a  l i n e a r  f u n c t io n  o f  tim e and d e te rm in in g  th e  mean 

o f th e s e  v a l u e s .  The c a lc u l a t e d  r a t i o s  o f  f i r s t  p o s t - i n f u s i o n  m easu re

ment (BS^ i n  T ab le  2) t o  in f u s e d  d o se  ran g e d  from  0 .1 1 8  t o  0 .156  b u t 

th e y  w ere  s u f f i c i e n t l y  c o n s i s t e n t  to  s u g g e s t  t h a t  a  rough  e s t im a te  o f  

th e  e x p e c te d  b lo o d  l e v e l  p ro d u ced  by a  g iv e n  d o se  i s  13% o f  t h a t  d o se  

in  m g/kg .

D e s p i te  p r e c i s e  c a l i b r a t i o n  o f  dosages and c a r e f u l  t im in g  

o f b lo o d  sa m p lin g  t h e r e  was c o n s id e r a b le  v a r i a b i l i t y  among an im a ls  

in  th e  b lo o d  l e v e l s  p ro d u ced  by a  g iv e n  d o s e . As shown by th e  s ta n d a r d



Table 2

SUMMARY OF BLOOD ETHANOL CONCENTRATIONS (EEC) 
DERIVED FROM ARTERIAL BLOOD SAMPLES (BS)

E la p se d  Time C le a ra n c e C o r r e l a t i o n
Dose BSi EEC BS2  EEC Mean EEC (BS1 -B S 2 ) R a te (B S i X R a te ) R a t io
(m g/kg) (mg%) (mg%) (mg%) (m in) (mg%/hr) ( r ) BS^/Dose

ICO 1 5 .6 * 9 .9 1 2 .8 1 5 .0 2 3 .0 0 .7 7 4 ^ 0 .1 5 6
1 . 4 b 1 .4 1 .2

200 2 3 .6 1 7 .0 2 0 .4 1 4 .9 2 8 .3 0.538® 0 .1 1 8
1 .8 1 .5 1 .2

400 4 8 .9 4 0 .5 4 4 .7 1 3 .0 3 6 .5 0 .3 3 0 0 .1 2 2
2 .6 2 .7 0 .7

800 98.5 8 3 .9 9 1 .2 1 6 .1 5 3 .5 ^ 0.609® 0 .1 2 3
5 .5 4 .2 1 .5

1600 2 1 4 .0 1 6 6 .0 1 9 0 .0 1 8 .3 1 7 2 .0 ^ 0 .4 6 2 0 .1 2 3
9 .7 4 .2 1.0

®Mean b lo o d c o n c e n t r a t io n (n = 1 3 ) . ‘̂ p< .01
S ta n d a rd  e r r o r  o f  m ean. ®p< .05
C le a ra n c e r a t e  a t  1600 m g/kg g r e a t e r th a n
800 m g/kg (jt = 3 .0 6 ,  ^  == 1 2 , p < .O I ) .

O '
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e r r o r s  (T a b le  2) a s s o c ia te d  w ith  th e  b lo o d  c o n c e n t r a t io n  m eans, the  

v a r i a b i l i t y  in  r e s u l t a n t  b lo o d  l e v e l s  i s  a p p a re n tly  an  I n c r e a s in g  

f u n c t io n  of in fu s e d  d o s e .

E th a n o l b lo o d  c le a ra n c e  r a t e s  w ere  c a lc u la te d  f o r  each  dose 

as  th e  r a t i o  o f  d e c re a s e  in  b lo o d  c o n c e n t r a t io n  be tw een  th e  two m easure

m ents (BS^ -  BS2 ) to  th e  tim e  b e tw e en  m easurem ents (E la p se d  T im e ) .

T hese d a t a  a r e  sum m arized i n  T a b le  2 and a  mean b lo o d  e th a n o l  concen

t r a t i o n  c u rv e  d e r iv e d  from  a l l  a v a i l a b l e  e x p e rim e n ts  (n  ■ 13) i s  shown 

a s  F ig u re  6.

These d a ta  s t r o n g ly  im p l ie d  th e  e x is t e n c e  o f a  f i r s t - o r d e r  

r e l a t i o n s h i p  betw een  c le a r a n c e  r a t e s  and b lo o d  c o n c e n t r a t io n ,  e x p e c ia l ly  

s in c e  th e  c a lc u la t e d  c le a r a n c e  r a t e  in c r e a s e d  by a  f a c t o r  o f  7 .5  

be tw een  th e  lo w e s t  and h ig h e s t  d o s e s .  T h is  p o s s i b i l i t y  was e x p lo re d  

by s t a t i s t i c a l l y  com paring  c le a r a n c e  r a t e s  betw een  c o n tig u o u s  d o s e s j  

th e s e  t e s t s  showed t h a t  c le a r a n c e  r a t e s  d i f f e r e d  s i g n i f i c a n t l y  o n ly  

be tw een  800 and 1600 mg/kg ( c o r r e l a t e d  ^  = 3 .0 6 ,  ^  = 1 2 , p < .0 1 ) .  T h is 

r e l a t i o n s h i p  was f u r t h e r  t e s t e d  by com puting  P e a rso n  r_ c o r r e l a t i o n s  

be tw een  th e  c a lc u la t e d  c le a ra n c e  r a t e  and f i r s t  p o s t - i n f u s i o n  b lo o d  

sam ple c o n c e n t r a t io n  (BS^) a t  e a c h  d o s e .  T hese c o r r e l a t i o n s  w ere s i g 

n i f i c a n t  f o r  th e  1 0 0 , 200 and 800 m g/kg d o s e s  (T a b le  2 , C o r r e la t io n  

BS^ X R a t e ) .

C om parison o f m easured  b lo o d  gas v a lu e s  w ith  e th a n o l  concen

t r a t i o n s  d id  n o t  i n d i c a t e  any ch a n g es  in  b lo o d  c h e m is try  w hich cou ld  

be o b v io u s ly  a t t r i b u t e d  to  th e  e f f e c t s  o f  e th a n o l .  S in c e  r e s p i r a t o r  

p a ra m e te rs  w ere c a r e f u l l y  a d ju s te d  d u r in g  th e  e x p e rim e n ts  to  m a in ta in  

n o rm a l v a l u e s ,  t h i s  l a c k  o f e f f e c t  c o u ld  n o t  be v e r i f i e d .  T here  were
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F ig u re  6 . Mean Blood E th a n o l C o n c e n tra tio n s  o v e r  D u ra tio n  o f  
E x p e r im e n t.

T h is g rap h  i l l u s t r a t e s  th e  mean b lo o d  c o n c e n t r a t io n s  p r o f i l e  

p roduced  by f i v e  s u c c e e d in g  d o se s  o f  e th a n o l  d e r iv e d  from  13 e x p e r i 

m en ts . The dashed  l i n e  shows th e  e x t r a p o la t e d  p eak  e th a n o l  c o n c e n t r a 

t io n  assumed a t  th e  en d  o f  i n f u s io n .  E th a n o l m easu rem en ts w ere  made 

on d u p l ic a te  b lo o d  sa m p le s  w ith  one s e t  o b ta in e d  a t  10 m in u te s  a f t e r  

th e  end o f  i n f u s i o n ,  th e  second  a t  th e  c o n c lu s io n  o f  a l l  m easu rem en ts 

a t  a  g iv e n  dose l e v e l .  The d e c l in in g  s lo p e  o f  th e  b lo o d  e th a n o l  p r o 

f i l e  i s  a  rough m easure  o f  e th a n o l  m e ta b o lism  and a s  may be s e e n ,  th e  

s lo p e  becomes g r e a t e r  a t  each  d o s e . The p r o f i l e  i s  d e r iv e d  from  d a t a  

sum m arized in  T ab le  2 .
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no changes in  h e m a to c r i t  v a lu e s  a s s o c ia te d  w ith  i n c r e a s in g  e th a n o l  

d o sa g es  o th e r  th a n  a s m a ll  and t r a n s i e n t  d e c re a s e  a t  th e  h ig h e s t  dose  

w hich  may have r e s u l t e d  from  s y s te m ic  d i l u t i o n  by h ig h  volum e in f u s io n s  

(See be low , " C o n tro l  E x p e r im e n ts " ) .

E f f e c t  o f  E th a n o l  on S pon taneous E l e c t r i c a l  A c t iv i t y

E th a n o l had  l i t t l e  a p p a re n t  e f f e c t  on sp o n ta n e o u s  e l e c t r i c a l  

a c t i v i t y  re c o rd e d  from  c o r t i c a l  and h ippocam pal e l e c t r o d e s .  F ig u re  7 

i l l u s t r a t e s  t y p i c a l  epochs from  a  s in g l e  e x p e rim e n t r e c o rd e d  a t  each  

dose  im m ed ia te ly  a f t e r  th e  end o f  i n f u s i o n .  Those c h a n g es  i n  spon 

ta n e o u s  a c t i v i t y  o b se rv e d  w ere  a s s o c ia te d  p r im a r i ly  w i th  th e  lo w e s t 

and h ig h e s t  d o s e s .

Low Dose E f fe c ts  

A t 100 m g/kg th e r e  was g e n e r a l ly  in c r e a s e d  v a r i a b i l i t y  in  

c o r t i c a l  a c t i v i t y  c o n s i s t in g  o f  an  in c r e a s e d  number o f  s u s ta i n e d  

p e r io d s  o f lo w -v o lta g e  f a s t  a c t i v i t y .  At t h i s  d o s e ,  c r i t e r i o n  b a c k 

g round  was more d i f f i c u l t  t o  m a in ta in  and t r a n s i e n t  p e r io d s  o f  e l e c 

t r i c a l  a c t i v a t i o n ,  i n d ic a te d  by c o r t i c a l  d e sy n ch ro n y  and h ippocam pal 

t h e t a  (4 -7  H z ) , w ere  accom panied  by I n c r e a s e d  v a r i a b i l i t y  in  b lo o d  

p r e s s u r e  and  s k in  r e s i s t a n c e .  Under m ost c ir c u m s ta n c e s  t h e r e  was 

e x c e l l e n t  c o r r e l a t i o n  betw een  th e  o b s e rv a t io n  o f in c r e a s e d  c o r t i c a l  

a c t i v a t i o n  and in c r e a s e d  au to n o m ic  l a b i l i t y .

W ith in c r e a s e d  p e r io d s  o f  c o r t i c a l  d e sy n ch ro n y  a t  low  d o ses  

t h e r e  was a  c o rre s p o n d in g  d e c r e a s e  in  th e  f re q u e n c y  o f  sp o n ta n e o u s  

c o r t i c a l  s p in d le s  and  th o s e  o b s e rv e d  a t  t h e s e  d o se s  w ere  u s u a l ly  o f 

s h o r t e r  d u r a t i o n .  H ippocam pal t h e t a  was n o t  r e l i a b l y  o b se rv e d  in  a l l
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Figure 7. Effects of Ethanol on Spontaneous Electrical Activity.

T h is  i l l u s t r a t i o n  shows 1 0 -se c o n d  e p o ch s  e x t r a c t e d  from  th e  

p o ly g ra p h  r e c o r d  o f  a  t y p i c a l  e x p e r im e n t . The p e r io d s  shown o c c u rre d  

im m e d ia te ly  a f t e r  t h e  end o f e th a n o l  in f u s io n  a t  e a ch  d o s e .  The epoch 

re c o rd e d  u n d e r c o n t r o l  c o n d it io n s  was ta k e n  a t  a  tim e  midway betw een 

th e  f i r s t  and seco n d  s e t  o f  c o n t r o l  m ea su rem e n ts . At th e  lo w e s t  dose 

(100 and 200 m g/kg) c o r t i c a l  s p in d l e  a c t i v i t y  w as l e s s  f r e q u e n t  and 

o f  s h o r t e r  d u r a t i o n ;  h ippocam pal (L  HP) a c t i v i t y  was o f  lo w er am p litu d e  

and o f  h ig h e r  f re q u e n c y . At 1600 m g/kg th e  c o r t i c a l  r e c o rd  i s  s l i g h t l y  

s lo w e r  th a n  t h a t  r e c o rd e d  d u r in g  c o n t r o l  c o n d i t io n s  and th e  hippocam pus 

shows c o n s id e r a b ly  lo w e r f r e q u e n c ie s .  C a l i b r a t i o n ,  100 pV and 1 se c o n d .



67

coNrioi

I .  M P

to o  m glkg

200 mglkg

,̂*i •>! .ifi

400 mgfkg

.\'JS;V^^><^;/Av'i^4!^'vyA\\f/v\Mv^WAA-v^

800 mg/kg 

1*00 mglkg

EFFECTS OF ETHANOL ON SPONTANEOUS CORTICAL EEC



68

e x p e rim e n ts  b u t when se e n  i t  w as alw ays con tem poraneous w ith  p e r io d s  

o f  in te n s e  c o r t i c a l  a c t i v a t i o n .  As sho\fn in  F ig u re  7 , th e  o n ly  changes 

o b se rv e d  in  th e  h ippocam pus w h i le  c r i t e r i o n  c o r t i c a l  b ack g ro u n d  was 

m a in ta in e d  was a s l i g h t  i n c r e a s e  in  f a s t  a c t i v i t y  and a  c o rre s p o n d in g  

d e c re a s e  in  slow -w ave a m p li tu d e .

In  two e x p e r im e n ts  t h e s e  e f f e c t s  w ere e x a g g e ra te d  to  such  an 

e x te n t  t h a t  d e te rm in a t io n  o f r e t i c u l a r  a c t i v a t i o n  th r e s h o ld s  was 

im p o s s ib le  and th re s h o ld  m easu rem en ts o b ta in e d  in  th e s e  e x p e rim e n ts  

a t  h ig h e r  d o ses  had t o  be  d i s c a r d e d .  In  one e x p e r im e n t , i l l u s t r a t e d  

in  F ig u re  8 , a  p e r io d  o f sp o n ta n e o u s  c o r t i c a l  a c t i v a t i o n  and h ip p o 

cam pal t h e t a  began d u r in g  m easurem ent o f augm en ting  re s p o n s e  th r e s h o ld  

and c o n tin u e d  fo r  s e v e r a l  m in u te s .  I n  th e s e  e x p e r im e n ts  th e  i n i t i a l  

p e r io d  o f a c t i v a t i o n  was p ro lo n g e d  and fo llo w e d  by r e c u r r e n t  p e r io d s  

o f  a c t i v a t i o n  of d e c re a s in g  d u r a t i o n .  In  th e  e x p e r im e n t i l l u s t r a t e d  

(F ig u re  8 ) ,  t h i s  p a t t e r n  c o n tin u e d  th ro u g h  th e  m easurem ent p e r io d  o f 

th e  su c c e e d in g  d o se .

H igh Dose E f f e c t s

G e n e ra l ly , sp o n ta n e o u s  a c t i v i t y  re c o rd e d  from  th e  c o r te x  

changed s lo w ly  o v e r  th e  in te r m e d ia te  d o se s  w ith  th e  o n ly  a p p a re n t 

e f f e c t s  b e in g  an in c r e a s e  in  s lo w  wave a m p litu d e  and  a  d e c re a s e  in  

f a s t e r  a c t i v i t y  i n  p r o p o r t io n  t o  th e  d o s e .  T hese e f f e c t s  a r e  more 

e v id e n t  a t  th e  1600 m g/kg d o se  w here much o f  th e  c o r t i c a l  f a s t  a c t i v i t y  

se e n  a t  lo w er doses was no  lo n g e r  d i s t i n g u i s h a b le .  In  m ost e x p e rim e n ts  

a  p e r io d  o f o b v io u s , p ro lo n g e d  s lo w in g  was o b s e rv e d  c o n c u r r e n t ly  w ith  

th e  l a t t e r  p a r t  o f  th e  i n f u s i o n .  However, c o r t i c a l  a c t i v i t y  alw ays
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Figure 8. Spontaneous Electrical Activation at 100 mg/kg.

T his  i l l u s t r a t i o n  shows th e  b e g in n in g  o f  a p ro lo n g e d  p e r io d  

o f  sp o n tan eo u s  a c t i v a t i o n  w hich  began  d u r in g  th e  m easurem ent o f aug

m en tin g  th r e s h o ld  a t  100 m g/kg .

A. A c t iv a t io n ,  b e g in n in g  a t  a rro w , i s  p re c e d e d  by a  b r i e f  

p e r io d  o f p a r t i a l  a c t i v a t i o n  and p ro ce e d s  to  become m ore in te n s e  as 

in d ic a te d  by d e c re a s e d  a m p litu d e s  and in c re a s e d  f r e q u e n c ie s  i n  c o r t i c a l  

a c t i v i t y  (L AC, R AC and R MSS). The hippocam pus (L H P ), as y e t  shows 

o n ly  a  s l i g h t  i n c r e a s e  i n  sy n c h ro n y .

B. S ix  m in u te s  l a t e r  a c t i v a t i o n  was s t i l l  c o n t in u in g .  S up ra- 

s y lv ia n  a c t i v i t y  (R MSS) was much reduced  in  a m p litu d e  and h ippocam pal 

a c t i v i t y  had p ro g re s s e d  to  h y p e rsy n ch ro n o u s t h e t a . T h is  i n i t i a l  p e r io d  

o f  a c t i v a t i o n  was c o n tin u e d  f o r  a  t o t a l  o f  n in e  m in u te s  fo llo w e d  by 

r e c u r r e n t  p e r io d s  o f  l e s s  in te n s e  a c t i v a t i o n  o f  d e c r e a s in g  d u r a t io n .  

C a l ib r a t i o n ,  100 pV and 1 se c o n d .
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r e v e r te d  t o  n o rm a l b ackg round  p a t t e r n s  b e f o r e  t h e  b e g in n in g  o f t h r e s 

ho ld  m ea su rem e n ts . In  many c a s e s ,  s lo w in g  was more e v id e n t  in  th e  

h ippocam pus w here th e  m ost e v id e n t  f re q u e n c y  d e c re a s e d  to  2-3 Hz f o r  

a  lo n g e r  p e r i o d .  Frank c o r t i c a l  s p in d l i n g  e p is o d e s  w ere d e c re a se d  

in  f re q u e n c y  and d u r a t io n  d u r in g  th e  m easu rem en t p e r io d .

I n  some e x p e r im e n ts ,  a d o se  o f  3200 m g/kg was g iv e n  a f t e r  

c o m p le tio n  o f th e  r e g u la r  p r o to c o l .  T h is  d o se  i n v a r i a b l y  produced  

e l e c t r i c a l  s ig n s  o f  s e v e r e  CNS d e p re s s io n  i n d i c a t e d  by d e l t a  range  

( l e s s  th a n  4 Hz) s low  waves and p e r io d s  o f  f r a n k  s u p p re s s io n  o f b o th  

c o r t i c a l  and  h ip p o cam p al e l e c t r i c a l  a c t i v i t y .  F ig u re  9 shows re c o rd  

sam p les ta k e n  from  an e x p e rim e n t in  w hich  t h i s  d o se  p roduced  m o d e ra te -  

t o - s e v e r e  CNS d e p r e s s io n .  The c o r t i c a l  d e sy n c h ro n y  re sp o n se  i s  s t i l l  

o b ta in a b le  b u t a t  a c u r r e n t  i n t e n s i t y  tw ic e  c o n t r o l  th r e s h o ld .  T h is  

dose r e s u l t e d  in  b lo o d  c o n c e n t r a t io n s  ra n g in g  to  450 mg% and i t s  

i n f u s io n  was fo llo w e d  by s e v e re  h y p o te n s io n  and  a  m arked in c r e a s e  i n  

b a s a l  s k in  r e s i s t a n c e .  One an im al d i e d  s h o r t l y  a f t e r  th e  end o f 

i n f u s i o n ,  a n o th e r  was m a in ta in e d  f o r  1 -2  m in u te s  w i th  e x te r n a l  c a r d ia c  

m assage  u n t i l  a  s p o n ta n e o u s  h e a r t  b e a t  r e t u r n e d ,  b u t c o r t i c a l  a c t i v i t y  

rem ained  c o m p le te ly  s u p p re s s e d  u n t i l  th e  a n im a l was s a c r i f i c e d .  Some 

s ig n s  o f  r e c o v e ry  w ere s e e n  in  o th e r  a n im a ls  w h ic h  w e re  alw ays a s s o 

c i a t e d  w ith  m a in te n a n c e  o f  a  b lood  p r e s s u r e  a d e q u a te  f o r  t i s s u e  

p e r f u s io n .

I n  g e n e r a l ,  sp o n ta n e o u s  e l e c t r i c a l  a c t i v i t y  p roved  to  be 

r e l a t i v e l y  u n a f f e c te d  by e th a n o l  d o ses  u se d  w i t h i n  th e  r e g u la r  p r o to c o l .  

Those e f f e c t s  o b s e rv e d  c o n s is te d  of I n c r e a s e d  c o r t i c a l  and h ippocam pal 

a c t i v a t i o n  accom panied  by in c re a s e d  au to n o m ic  l a b i l i t y  a t  100 mg/kg
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Figure 9. Effects of a 320U mg/kg Ethanol Dose on Spontaneous
Electrical Activity and Cortical Desynchrony Response.

A. B oth c o r t i c a l  and h ip pocam pal sp o n ta n e o u s  a c t i v i t y  i s  

red u c e d  to  random  d e l t a  w aves a lth o u g h  th e r e  i s  some r e t e n t i o n  o f 

f a s t e r  f r e q u e n c ie s  i n  th e  h ippocam pus. N ote expanded tim e s c a l e  

b e g in n in g  a t  a rro w . T h is  p a t t e r n  i s  s u g g e s t iv e  o f s e v e r e  c o r t i c a l  

d e p re s s io n .

B and C. R e s u l ts  o f  m id b ra in  r e t i c u l a r  s t im u la t i o n  ( 2 0 0 /s e c ,  

0 .0 5  msec d u r a t io n )  s h o r t l y  fo l lo w in g  A. I n  t h i s  e x p e r im e n t ,  c o n t r o l  

c o r t i c a l  d e sy n ch ro n y  was o b ta in e d  a t  50 yA. At 3200 m g/kg , c r i t e r i o n  

r e s p o n s e  was s t i l l  o b t a i n a b le  a t  100 yA. C a l i b r a t i o n ,  100 yV and 1 

se co n d .
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and e l e c t r i c a l  s ig n s  i n t e r p r e t e d  a s  s l i g h t  CNS d e p re s s io n  a t  1600 

m g/kg.

E f f e c t s  o f  E th a n o l on Evoked CNS R esponses

R e c ru it in g  R esponses 

C o n tro l  r e s p o n s e s . L a tency  and w aveform  c h a r a c t e r i s t i c s  

o f  s u p r a th r e s h o ld  r e c r u i t i n g  re s p o n s e s  re c o rd e d  from  th e  c o r te x  w ere  

s i m i l a r  to  e a r l i e r  d e s c r ip t i o n s  (M o rriso n  and  Dempsey, 1943; J a s p e r ,  

1954; A jm one-M arsan, 1 9 5 8 ). They w ere p r im a r i ly  s u r f a c e - n e g a t iv e  

c o r t i c a l  e v e n ts  w ith  peak l a t e n c i e s  o f  30-50 msec r i s i n g  to  m axim al 

a m p litu d e  by th e  n in th  o r  te n th  s t im u lu s  o f th e  t r a i n .  S u p ra th re s h o ld  

r e s p o n s e s  had  g r e a t e s t  am p litu d e  o v e r  th e  s e n s o r im o to r  c o r te x  ( a n t e r i o r  

c r u c i a t e  g y ru s )  I p s i l a t e r a l  to  th e  s t im u la te d  th a la m ic  s i t e .  No 

a p p a re n t d i f f e r e n c e s  betw een c o r t i c a l  re s p o n s e s  e l i c i t e d  by s t im u la t io n  

o f  n .  r e u n io n s  o r  ij. c e n t r e  m edian w ere  o b s e rv e d . I n  many e x p e rim e n ts  

r e c r u i t i n g - l i k e  a c t i v i t y  was o b se rv e d  in  th e  h ippocam pus. These 

re s p o n s e s  in c re m e n te d  a t  a  c o n s id e r a b ly  f a s t e r  r a t e  th a n  th o se  on th e  

c o r te x  and o f t e n  re a c h e d  maximal a m p litu d e  w ith  th e  second  s t im u lu s  o f  

th e  t r a i n  ( F ig u r e  1 1 ) .  Review o f  a l l  e x p e rim e n ts  in  w hich r e c r u i t i n g  

re s p o n s e s  w ere  e l i c i t e d  showed t h a t  h ippocam pal r e c r u i t i n g  was o n ly  

o b se rv e d  in  r e s p o n s e  to  s t im u la t io n  o f  c e n t r e  m ed ia n . com parab le  

r e s p o n s e s  w ere  n o t  e l i c i t e d  by s t i m u la t i o n  o f  r e u n io n s  (com pare F ig u re  

1 to  F ig u re  1 1 ) .

T h re sh o ld  r e c r u i t i n g  (F ig u re  1) e x h ib i te d  v a r i a b l e  a m p litu d e  

o v e r  th e  c o r t i c a l  r e c o rd in g  s i t e s  b u t  was u s u a l ly  f i r s t  c l e a r l y  o b se rv e d  

in  th e  i p s i l a t e r a l  s e n so r im o to r  a r e a  r e g a r d le s s  o f  th a la m ic  s t im u la t io n  

s i t e .  Com puter sum m ation o f th e  c o r t i c a l  r e c o r d in g s  (F ig u re  10)
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F ig u re  10. CAT A m p l if ic a t io n  o f  R e c r u i t in g  R e sp o n ses .

S u b - th re s h o ld  re s p o n s e s  c o u ld  be a m p l if ie d  by sum m ation w ith  

a com puter o f a v e ra g e  t r a n s i e n t s  (CAT). The i l l u s t r a t i o n  shows th e  

w aveform  a t  v a r io u s  c u r r e n t  i n t e n s i t i e s  w hich r e s u l t e d  from  th e  summa

t io n  o f th e  evoked re s p o n s e s  t o  each  s t im u lu s  o f  th e  t r a i n  (80  r e s p o n s e s ) .  

I n  t h i s  e x p e rim e n t, r e c r u i t i n g  th r e s h o ld  was 220 pA. S u b - th r e s h o ld  

re s p o n s e s  have low er a m p litu d e  b u t  show la te n c y  c h a r a c t e r i s t i c s  com

p a ra b le  to  th o se  o f th r e s h o ld  and s u p r a - th r e s h o ld  r e s p o n s e s .  C a l ib r a 

t i o n ,  50 pV and 10 m sec , c o r t i c a l  n e g a t i v i t y  upw ard s.
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F ig u re  1 1 . E f f e c t s  o f  E th a n o l on R e c r u i t in g  R esponse  T h re sh o ld .

In  t h i s  e x p e r im e n t ,  s t i m u la t i o n  ( 8 / s e c ,  0 .5  msec d u r a t io n )  

o f  n . c e n t r e  m ed ian  (CM) o f  th e  n o n - s p e c i f i c  th a la m ic  sy s tem  e l i c i t e d  

a  th r e s h o ld  r e c r u i t i n g  re sp o n se  a t  90 yA u n d e r  c o n t r o l  c o n d i t io n s . 

R e c r u i t i n g - l i k e  a c t i v i t y  may be o b s e rv e d  in  h ippocam pus (L HP); t h i s  

p a t t e r n  o c c u r r e d  o n ly  i n  re s p o n s e  t o  NCM s t i m u l a t i o n .  R e c ru i t in g  

th r e s h o ld  was i n c r e a s e d  to  100 yA a t  100 m g/kg and d e c re a s e d  to  85 yA 

a t  200 m g /kg . At h ig h e r  d o se s  th e  t h r e s h o ld  i s  a g a in  e le v a te d  above 

t h a t  o b ta in e d  u n d e r  c o n t r o l  c o n d i t io n s .  C a l i b r a t i o n ,  100 yV and 1 

se co n d .
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demonstrated the existence of recruiting-like activity elicited by 

sub-threshold stimulation. Usually, sustained recruiting was not 

elicited until current intensity reached some level at which the 

response suddenly appeared as a short "burst" with near maximal 

amplitude responses which was often delayed for 5-8 seconds from the 

onset of the stimulus train. In many experiments, and during most all 

measurements at low doses, this burst was not readily observed and 

threshold was determined only by the observation of frequency-specific 

activity.

If stimulation was purposely initiated when the spontaneous 

electrocorticogram was predominantly desynchronized, the response 

elicited was less prominent and had a much sharper waveform; under 

these circumstances "bursts" were never observed. However, if the 

resulting response was scored for frequency-specific activity rather 

than presence or absence of the typical recruiting pattern, thresholds 

determined during cortical activation were not different than those 

determined during criterion background. The mean control threshold 

current required for the elicitation of recruiting responses based on 

all experiments was 94.4 pA (range 20 to 180 pA) .

Effects of ethanol on recruiting thresholds. Individual 

dose-response threshold profiles for recruiting response were generally 

of a peak-trough-peak configuration. At low doses threshold peaked at 

some level above control; at intermediate doses most profiles showed 

a decrease in threshold from this peak which approached or was lower 

than control threshold. At high doses almost all profiles showed a 

monotonie (non-reversing) rise. The initial peak usually occurred
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at 100 or 200 mg/kg with the trough predominantly occurring at 400 

mg/kg, although in some experiments thresholds at 800 mg/kg were 

slightly lower or at the same level. In all experiments, thresholds 

were elevated above control at the highest dose. Figure 11 shows 

recruiting thresholds under control and ethanol conditions in a typical 

experiment.

The mean dose-response threshold profile is shown in Figure 12, 

and is based on 12 ethanol experiments. The mean profile shows an 

extended peak over 100 and 200 mg/kg, a return to near control thres

holds at 400 mg/kg followed by increasing thresholds above this inter

mediate dose. Table 3 summarizes mean thresholds and associated 

standard errors. Reference to this table shows that thresholds at 

200 mg/kg had the greatest individual variability. Table 3 also 

summarizes statistical evaluation of the differences between ethanol 

condition thresholds and those obtained under control conditions.

These tests showed that recruiting thresholds were significantly 

increased over control values at 100 mg/kg. They were not different 

than control at either 200 or 400 mg/kg, but they were again increased 

significantly at 800 and 1600 mg/kg. Analysis of overall drug effect 

was significant (Friedman, ^ “ 4, p<.01).

Results of the Wilcoxen test analysis are graphically illus

trated in the inset to Figure 12. In this plot, thresholds not signi

ficantly different than control are plotted at baseline and means 

different than control on the basis of this test are plotted at their 

absolute values.
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Figure 12. Üose-Response Threshold Profile for Recruiting.

The graph represents the mean dose-response threshold profile 

derived from 12 experiments. Vertical lines extending from each data 

point represent standard errors associated with the mean threshold at 

each dose (Table 3) . Inset represents statistical evaluation (Wilcoxen) 

of difference between dose thresholds and control. Thresholds not 

significantly different than control are plotted at the 100 % baseline; 

those different than control are plotted at their absolute value.
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Table 3

RESPONSE THRESHOLD DATA AND RESULTS OF WILCOXEN TEST 
ANALYSIS OF DIFFERENCES BETWEEN CONTROL 

AND ETHANOL DOSE THRESHOLDS

Response Dose (mg/kg)
ICO 200 400 800 1600

Recruiting 114.0* 116.3 104.6 125.6 152.0
(n=I2) 5.9b 10.7 8.2 10.2 9.5

.02^ --- — — .05 .01

Cortical 78.1 112.7 100.0 III.O 137.3
Desynchrony 4.0 12.6 6.6 7.8 II.5
(n*I2)

.01 --- --- — .02

Augmenting 118.5 113.5 113.9 116.4 122.7
(n“IO) 8.0 4.0 4.1 4.3 5.6

.02 .01 .01 .01 .01

Pressor 100.7 113.2 121.5 135.2 145.3
(n-II) 3.8 6.1 5.4 12.5 12.3

--- .05 .01 .01 .01

Skin Resistance 93.4 93.6 I0I.5 114.0 124.0
(n»II) 7.1 9.7 6.5 8.9 8.3

— — — — — ——

Mean threshold (% Control threshold).
^Standard error of mean.
^Significance level of difference between ethanol dose 
threshold and control (Wilcoxen).
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An analysis of the significance of inter-dose threshold dif

ferences was made with the Wilcoxen test (Table 4) . Results of these 

tests showed that thresholds at 1600 mg/kg were higher than all other 

doses; 800 mg/kg thresholds were higher than 400 mg/kg but there was 

no significant differences between 100, 200 and 800 mg/kg thresholds.

Overall, ethanol in low doses raised thresholds above those 

measured under control conditions; intermediate doses were associated 

with a return of thresholds to near control levels, and high doses 

caused an increase in thresholds above control that was proportional 

to dose.

Reticular Activation: Cortical Desynchrony Responses

Control responses. Suprathreshold cortical desynchronization, 

elicited by high frequency stimulation of the mesencephalic reticular 

formation was characterized by immediate activation of cortical spon

taneous activity. This activation consisted of immediate suppression 

of slow wave activity and a general increase in frequency and a sharp 

reduction in overall amplitude in all cortical channels. Hippocampal 

activation, marked by the replacement of generally fast, low amplitude 

activity with theta. was not seen consistently. In many experiments 

no remarkable change was noted in the hippocampus; although histology 

demonstrated that all electrodes were within the usual boundaries of 

the intermediate hippocampus (A-2), no explanation can be given for this 

inconsistency other than that the recording electrodes were in the 

wrong place.
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Table 4

RESULTS OF WILCOXEN TEST ANALYSIS OF RESPONSE
THRESHOLD DIFFERENCES BETWEEN DOSES

Response Dose 
(mg/kg)

Dose (mg/kg)
200 400 800 1600

Recruiting 100 . O i a

200 ----- — .01
400 .05 .01
800 .01

Cortical Desynchrony 100 .05 .01 .01 .01
200 —— —— ——

400 —— .05
800 .05

Augmenting 100
200 - ----- -
400 - ——

800 ——

Pressor 100 .01 .01 .01
200 — .05 .01
400 ” .05
800

Skin Resistance 100 „ .02
200 — .05 .05
400 — .02
800 —

aProbability of test result less than 
stated value.
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Against criterion background activity, suprathreshold stimu

lation resulted in a decrease in the amplitude of background activity 

and an increase in predominant frequencies well into the beta range 

(greater than 13 Hz). If stimulation was initiated in the middle of 

a cortical spindle, activity could be abruptly shifted from mid-spindle 

to desynchrony within 0.25-0.5 seconds.

Subthreshold cortical desynchrony responses (Figure 2) were 

usually marked by periods of desynchrony within the period of stimula

tion whose duration increased as threshold was approached. Reduction 

of mean amplitude, increase in mean frequency, decrease in latency of 

activation, and the duration of desynchrony continuing after offset 

of stimulation were all proportional to current intensity. In some 

experiments, where the absolute threshold was relatively low (e.g..,

30 yA), the range of current intensity between that eliciting no 

response and that producing criterion threshold response was quite 

small. Mean control threshold current intensity was 58.8 yA with a 

range of 20 to 120 yA.

Effects of ethanol on cortical desynchronv thresholds. In 

almost all experiments, thresholds for cortical desynchrony decreased 

below control at 100 mg/kg. In some experiments this effect continued 

through the next dose but, overall, thresholds at the 200 mg/kg dose 

were extremely variable as indicated by the standard error of the mean 

of this dose (Table 3). The cortical desynchrony response showed a 

return of thresholds to control levels at the intermediate doses 

similar to that observed with the recruiting response, followed by a 

rise through the highest doses. Figure 13 illustrates cortical



87

Figure 13. Effects of Ethanol on Cortical Desynchrony Response
Threshold.

Threshold cortical desynchrony elicited by high frequency 

stimulation (200/sec, 0.05 msec duration) of the mesencephalic 

reticular formation was obtained at 80 pA in this experiment. At 

100 and 200 mg/kg criterion threshold was obtained at a much lower 

current intensity. Threshold was comparable to control at 400 mg/kg 

and then it increased rapidly at the two highest doses. Interesting

ly, hippocampal theta (L HP) becomes more prominent at higher doses. 

Calibration, 100 pV and 1 second.
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desynchrony thresholds recorded in a typical experiment under control 

and ethanol conditions.

Comparison of the mean dose-response threshold profiles for 

cortical desynchrony (Figure 14) and recruiting (Figure 12) shows that 

at 100 mg/kg mean threshold for desynchrony is decreased to 78% of 

control while mean recruiting threshold is elevated to 114% of control. 

At 400 mg/kg both mean response thresholds have returned to near 

control levels (desynchrony, 100%; recruiting, 104.6% of control).

Mean thresholds and standard errors are summarized in Table 3.

The inset in Figure 14 shows the results of analysis of 

differences between ethanol dose thresholds and control. Thresholds 

for cortical desynchrony response were significantly (p<.01) below 

control at 100 mg/kg and significantly above control at 1600 mg/kg 

(p<.02). Thresholds at the intervening doses (Table 3) were not 

reliably different than control although the overall ethanol effect 

on cortical desynchrony was significant (Friedman, ^  ■ 4, p<.001).

An analysis of the significance of inter-dose threshold 

differences showed (Table 4) that thresholds at 100 mg/kg were lower 

than those at all other doses, thresholds at 1600 mg/kg were higher 

than at all other doses. No differences were found between thresholds 

at the intervening doses.

In general, the results show that thresholds for cortical 

desynchrony are sharply decreased at 100 mg/kg, return to and are 

maintained at control values over the 200, 400 and 800 mg/kg dosage 

levels and are elevated above control values at 1600 mg/kg.
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Figure 14. Dose-Response Threshold Profile for Cortical Desynchrony.

This graph represents the mean dose-response threshold profile 

derived from 12 experiments.
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Augmenting Responses

Control responses. Characteristics of suprathreshold aug

menting responses conformed to earlier descriptions (Spencer and 

Brookhart, 1961). They were observed as short latency (peak latency 

10-20 msec) surface positive-negative events with highest amplitude 

over sensorimotor cortex ipsilateral to the stimulated thalamic site 

(n,. ventrolateralis thalami) . In contrast to the slow development of 

the recruiting response to full amplitude, the augmenting responses 

achieved maximal amplitude (Figure 3) by the third to fifth stimulus 

and remained relatively constant over the remainder of the stimulus 

train.

Subthreshold augmenting responses (Figure 3) exhibited charac

teristics similar to subthreshold recruiting: with increasing current, 

periods of frequency specific activity increased in duration. In 

many experiments near-threshold stimulation elicited a "burst" of 5-10 

responses which might be delayed from the onset of stimulation by 

several seconds. The range of current between an intensity eliciting 

no discriminable response and that eliciting a threshold response was 

usually quite small and often spanned no more than 3-5 pA. As with 

recruiting, subthreshold augmenting responses could be amplified by 

computer and exhibited waveform characteristics similar to those of 

threshold and suprathreshold responses (Figure 15).

The transition from subthreshold to suprathreshold augmenting 

response (Figure 3) was usually marked by the increased duration of 

periods of frequency specific activity, a rapid shift to the fully 

developed response for a variable period, then increased duration of
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Figure 15. CAT Amplification of Augmenting Responses.

Sub-threshold responses could be observed by response summation 

on a computer of average transients (CAT). The illustration shows the 

waveform of augmenting responses elicited at various current intensi

ties. The waveforms shown resulted from the summation of 80 responses. 

Augmenting threshold was obtained at 40 pA in this experiment. Calibra

tion, 50 pV and 10 msec, cortical negativity upwards.
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response repetition with higher currents. Mean control threshold 

current for the augmenting response was 52.1 pA (range 20 to 175 pA).

Effects of ethanol on augmenting response thresholds. Indivi

dual dose-response threshold profiles were generally elevated at 100 

or 200 mg/kg and remained fairly constant at this increased level 

through all higher doses. In some experiments thresholds were noted 

to decline slightly from a low dose peak at intermediate doses; many 

profiles showed some increase over the initial elevation at higher 

doses. Generally, the effects of ethanol were seen as a low dose 

elevation of augmenting response thresholds with almost invariant 

continuation of this initial elevation at higher doses. Figure 16 

shows records taken at threshold under control and five ethanol 

conditions in a typical experiment.

The mean dose-response threshold profile (Figure 17) shows 

these results quite clearly. Mean threshold is increased to 118.5% 

at the lowest dose, is decreased from this value only a few percent 

at the 200, 400 and 800 mg/kg doses and shows only a slight additional 

increase to 122.7% at 1600 mg/kg. These data are summarized in Table 

3; the standard error tabulated there demonstrates that a much smaller 

degree of variability was associated with augmenting thresholds in 

comparison to other responses.

The results of Wilcoxen test analysis of differences between 

thresholds at the ethanol doses and control levels are shown in Table 

3 and are graphically illustrated in the inset to Figure 17. Results 

of these tests showed that the initial increase above control at 

100 mg/kg was significant and augmenting response thresholds were
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Figure 16. Effects of Ethanol on Augmenting Response Threshold.

In this experiment, augmenting response threshold elicited 

by stimulation (8/sec, 0.5 msec duration) of n. ventrolateralis (VL) 

of the specific afferent thalamus was measured as 65 uA. This thres

hold was maintained at 100 mg/kg, increased to 70 pA at the 200 and 400 

rag/kg dose levels, then to 75 and 80 pA at the highest doses. Response 

amplitude was greatest on specific cortex ipsilateral (LAC) to the 

thalamic stimulation site. Calibration, 100 pV and 1 second.
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F ig u re  1 7 . D ose-R esponse T h re sh o ld  P r o f i l e  f o r  A ugm enting R esponse .

The p r o f i l e  r e p r e s e n t s  mean re s p o n s e  t h r e s h o ld  d a t a  d e r iv e d  

from  10 e x p e r im e n ts .
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s i g n i f i c a n t l y  in c re a s e d  over c o n t r o l  v a lu e s  a t  a l l  h ig h e r  d o s e s .

As may be e x p e c te d  from  th e  la c k  o f  l a r g e  d i f f e r e n c e s  b e tw een  th re s h o ld  

means a c ro s s  th e  d o s e s , o v e r a l l  d rug  e f f e c t  was n o t  s i g n i f i c a n t  

(F riedm an , ^  = 4 , p < .2 0 ) . A n a ly s is  o f  i n t e r - d o s e  th r e s h o ld  d i f f e r e n c e s  

a l s o  r e f l e c t s  th e  c o n s ta n c y  o f  augm en ting  th r e s h o ld  o v e r  a l l  dose  

l e v e l s .  No d i f f e r e n c e s  w ere found  betw een any o f  th e  th r e s h o ld s  

(T a b le  4 ) .

The o v e r a l l  e f f e c t  o f  e th a n o l  was to  r a i s e  th e  th r e s h o ld  fo r 

augm enting  re s p o n s e s  a t  low d o s e s .  T h is  in c r e a s e  rem a in ed  f a i r l y  

c o n s ta n t  o v e r  h ig h e r  d o s e s . Mean th re s h o ld s  ra n g e d  from  1 13 .5  to  

122.7% o f c o n t r o l  o v e r a l l  d o s e s ,  and mean th r e s h o ld  a t  th e  h ig h e s t  

dose was o n ly  4% g r e a t e r  th a n  a t  th e  lo w e s t d o s e .

R e t ic u la r  A c t iv a t io n :  C a r d io v a s c u la r  
P re s s o r  R esponses

C o n tro l  r e s p o n s e s . S u p ra th re s h o ld  s t i m u la t i o n  o f  th e  mesen

c e p h a l ic  r e t i c u l a r  fo rm a tio n  r e s u l t e d  in  a  p h a s ic  p r e s s o r  re sp o n se  

w ith  a  l a t e n c y  o f 3 -5  seco n d s from  th e  o n s e t  o f  s t im u la t i o n  (F ig u re  4 ) .  

The re s p o n s e  c o n tin u e d  th ro u g h  th e  end o f th e  s t im u lu s  t r a i n  b u t peaked 

w i th in  th e  1 0 -seco n d  s t im u la t io n  p e r io d .  I n c r e a s e s  o f more th an  100 

mm Hg cou ld  be e l i c i t e d  in  b lo o d  p r e s s u r e  w ith  c u r r e n t  i n t e n s i t i e s  

s e v e r a l  tim e s  t h r e s h o ld .

The t r a n s i t i o n  from s u b th r e s h o ld  to  s u p r a th r e s h o ld  resp o n se  

was c h a r a c te r iz e d  by an in c r e a s e d  re s p o n s e  a m p litu d e  in  p r o p o r t io n  to  

s t im u la t io n  c u r r e n t  i n t e n s i t y .  T h re sh o ld  was s e t  a t  an  o b se rv e d  r i s e  

o f  10 mm Hg in  s y s t o l i c  p r e s s u r e  above th e  b a s e l i n e  p r e s s u r e  e s ta b l i s h e d  

i n  th e  10 se co n d s  p re c e d in g  th e  s t im u la t io n  p e r io d .  A lthough  t h i s
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c r i t e r i o n  was somewhat a r b i t r a r y ,  i t  was found to  be s u f f i c i e n t l y  

h ig h  in  p i l o t  e x p e r im e n ts  to  p r e v e n t  s c o r in g  o f " f a l s e  p o s i t i v e s "  due 

to  sp o n ta n e o u s  ch an g es  i n  p r e s s u r e .

W ith  i n c r e a s i n g  c u r r e n t  i n t e n s i t y  th e  p r e s s o r  r e s p o n s e  was 

s e e n  to  em erge from  th e  norm al c y c l i c  v a r i a t i o n  in  b lo o d  p r e s s u r e  

a s s o c i a te d  w i th  r e s p i r a t i o n  ( F ig u r e  4 ) .  Mean a b s o lu te  th r e s h o ld  

c u r r e n t  was 6 0 .1  pA ( ra n g e  30 to  90 pA ).

E f f e c t s  o f  e th a n o l  on p r e s s o r  r e s p o n s e  t h r e s h o ld s . I n d iv id u a l  

d o s e - r e s p o n s e  t h r e s h o ld  p r o f i l e s  w ere  g e n e r a l l y  c h a r a c te r iz e d  by 

in c r e a s e s  i n  p r e s s o r  re s p o n s e  t h r e s h o ld  i n  p r o p o r t io n  to  th e  In fu s e d  

d o s e .  Few p r o f i l e s  showed any d e c re a s e  i n  th r e s h o ld  below  c o n t r o l  

v a lu e s  w ith  any d o s e .  T h is  i s  d e m o n s tra te d  in  F ig u re  1 8 , w h ich  shows 

re c o r d  sam p les  ta k e n  a t  th r e s h o ld  d u r in g  c o n t r o l  and f iv e  e th a n o l  

c o n d i t io n s  from  a  t y p i c a l  e x p e r im e n t.

The mean d o s e - r e s p o n s e  th r e s h o ld  p r o f i l e  (F ig u re  19) shows 

t h a t  e th a n o l  had l i t t l e  e f f e c t  a t  t h e  lo w e s t  dose  w h e re in  p r e s s o r  

t h r e s h o ld s  rem a in ed  r e l a t i v e l y  c o n s ta n t  a t  c o n t r o l  v a lu e s .  Mean t h r e s 

h o ld  in c r e a s e s  to  113.2%  of c o n t r o l  a t  200 mg/kg and f u r t h e r  I n c r e a s e s  

to  1 2 1 .5 ,  1 3 5 .2  and 145.3% w ith  s u c c e e d in g  d o se s  (T ab le  3 ) .  O v e r a l l  

e th a n o l  e f f e c t  on p r e s s o r  t h r e s h o l d s ,  shown c l e a r l y  i n  th e  mean t h r e s 

h o ld  p r o f i l e  a s  a  m o no ton ie  i n c r e a s in g  f u n c t io n  o f e th a n o l  d o s a g e , 

was s i g n i f i c a n t  (F rie d m a n , ^  = 4 ,  p < .0 0 1 ) .  A n a ly s is  o f  th e  d i f f e r e n c e  

be tw een  th r e s h o ld  m eans a t  each  d o se  and th o s e  o b se rv e d  under c o n t r o l  

c o n d i t io n s  showed t h a t  t h r e s h o ld s  a t  200 mg/kg and a l l  h ig h e r  d o se s  

w ere  s i g n i f i c a n t l y  h ig h e r  th a n  c o n t r o l  v a lu e s  (T a b le  3 ) .
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Figure 18. Effects of Ethanol on Cardiovascular Pressor Response
Threshold.

In  th e  e x p e r im e n t i l l u s t r a t e d ,  a  c r i t e r i o n  p r e s s o r  r e s p o n s e ,  

e l i c i t e d  by s t i m u la t i o n  (2 0 0 /s e c ,  0 .0 5  msec d u r a t io n )  o f  m ld b ra ln  

r e t i c u l a r  f o rm a tio n  w as o b ta in e d  a t  60 uA. T h is  th r e s h o ld  was m ain 

t a in e d  a t  th e  100 m g/kg d o se  l e v e l  and t h e r e a f t e r  ro s e  i n  p r o p o r t io n  

to  th e  i n c r e a s i n g  d o s a g e . Time c a l i b r a t i o n , 5 s e c o n d s .
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F ig u re  19 . D ose-R esponse  T h re sh o ld  P r o f i l e  f o r  P r e s s o r  R esp o n se .

T h is  g ra p h  r e p r e s e n t s  t h e  mean d o s e - r e s p o n s e  th r e s h o ld  

p r o f i l e  d e r iv e d  from  11 e x p e r im e n ts .
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A n a ly s is  o f  i n t e r - d o s e  th r e s h o ld  d i f f e r e n c e s  (T ab le  4) showed 

t h a t  c o n tig u o u s  d o se s  w ere  n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( e . ^ . , t h r e s h o ld s  

a t  400 m g/kg w ere  s i g n i f i c a n t l y  h ig h e r  th a n  a t  100 m g/kg b u t th e y  c o u ld  

n o t  be d i f f e r e n t i a t e d  from  th o s e  a t  200 m g /k g ).

O v e r a l l ,  th e  e f f e c t s  o f  e th a n o l  on th e  p r e s s o r  re s p o n s e  w ere 

o b se rv e d  a s  an i n c r e a s e  i n  th r e s h o ld  p r o p o r t io n a l  t o  d o se ; t h r e s h o ld s  

w ere n o t  s i g n i f i c a n t l y  h ig h e r  th a n  c o n t r o l  v a lu e s  u n t i l  th e  200 mg/kg 

d o s e . O th e r  ch an g es  i n  th e  r e s p o n s e  a s  a  f u n c t io n  o f  e th a n o l  dosage  

w ere o b se rv e d  b u t  n o t  a n a ly z e d . T hese in c lu d e d  a  m ore r a p id  r e tu r n  

to  b a s e l in e  p r e s s u r e  a s  d o sag e  in c r e a s e d  a s s o c i a te d  w ith  an i n c r e a s e  

in  th e  l a t e n c y  o f  th e  re s p o n s e  from  th e  o n s e t  o f s t i m u l a t i o n .

R e t i c u l a r  A c t iv a t io n :  S k in  R e s is ta n c e  R esponses

C o n tro l  r e s p o n s e s . S k in  r e s i s t a n c e  re s p o n s e s  to  h ig h  f r e -  

q u e n ty  s t i m u la t i o n  o f  th e  r e t i c u l a r  fo rm a tio n  w ere o b se rv e d  a s  p h a s ic  

d e c re a s e s  in  b a s a l  s k in  r e s i s t a n c e ;  re s p o n s e  a m p litu d e  was p r o p o r t io n a l  

to  s t im u la t io n  c u r r e n t  and w ith  s u f f i c i e n t  i n t e n s i t y  changes o f  s e v e r a l  

hundred  ohms c o u ld  be  e l i c i t e d .  The f i r s t  d i s c r im in a b le  d e c re a s e  in  

r e s i s t a n c e  c o u ld  u s u a l ly  be  o b se rv e d  w i th in  2-3  se c o n d s  o f  s t im u lu s  

o n s e t ;  re s p o n s e  peak  l a t e n c i e s  w ere u s u a l ly  w i th in  t h e  range  o f  4-6 

seco n d s and d e c re a s e d  w i th  i n c r e a s in g  c u r r e n t  i n t e n s i t y .  The t r a n s i 

t i o n  from  s u b th r e s h o ld  to  s u p r a th r e s h o ld  re s p o n s e  (F ig u re  5) was s im i

l a r  to  t h a t  o b se rv e d  w ith  th e  p r e s s o r  r e s p o n s e :  i t  em erged from  a  r e l a 

t i v e l y  f l a t  b a s e l in e  b a s a l  r e s i s t a n c e  and a m p litu d e  in c r e a s e d  in  p ro p o r

t i o n  to  th e  a p p l ie d  c u r r e n t .  T h re sh o ld  was s e t  a t  a  p h a s ic  d e c re a s e  o f 

50 ohms, a  v a lu e  s u f f i c i e n t l y  h ig h  to  p r e v e n t  s c o r in g  o f  sp o n ta n e o u s
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and artifactual changes yet sensitive to small changes due to reticular 

stimulation. Mean control threshold current Intensity was 62.4 nuA with 

a range of 30 to 100 yA.

Effects of ethanol on skin resistance response thresholds. 

Individual thresholds were considerably more variable than those 

for other responses. Thresholds were generally decreased below control 

values through the lower doses with some tendency to increase to and 

above these values at the higher doses. Standard errors associated 

with the mean response at each threshold (Table 2) were not exceedingly 

large compared to those calculated for other response thresholds, but 

they do not reflect the fact that in one experiment skin resistance 

thresholds dropped to 40% of control threshold at one dose and in 

others, threshold changes were somewhat erratic. Figure 20 shows 

records derived from an experiment which reasonably approximated the 

mean dose-response threshold profile (Figure 21) .

Although mean threshold values declined to 93% at 100 and 

200 mg/kg and increased above control values at the higher doses, none 

of these changes were significant. The results of inter-dose difference 

tests (Table 4) showed, however, that thresholds at 1600 mg/kg were 

significantly higher than those at all other doses except at 800 mg/kg. 

The only other significant difference found was between thresholds at 

200 and 800 mg/kg.

Increasing concentrations of ethanol led to a decrease in the 

duration of the skin resistance response and usually increased the 

latency of the response after the onset of reticular stimulation 

(Figure 20). Basal resistance was also sensitive to the effects of
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Figure 20. Effects of Ethanol on Skin Resistance Response Threshold.

Under control conditions, a criterion threshold skin resis

tance response, elicited by stimulation (200/sec, 0.05 msec duration) 

of the mesencephalic reticular formation, was obtained at 70 pA in 

this experiment. Threshold was decreased below control at the 100,

200 and 400 mg/kg dose levels then increased above control values at 

800 and 1600 mg/kg. The response at 100 mg/kg demonstrates one of the 

measurement problems associated with this response. Skin resistance 

showed a marked phasic decrease in response to stimulation. There 

apparently was a slight change in basal resistance during the response 

to a level approximating the peak decrease of the phasic response and, 

hence, resistance did not return to the previous baseline. Time 

calibration, 5 seconds.
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Figure 21. Dose-Response Threshold Profile for Skin Resistance.

Means data for this profile of skin resistance thresholds 

were derived from 11 experiments.



^  140

100

80 - - 140
-  120

I- 80
60 -

RA-SKIN RESISTANCE 
___________ I____________ I I1 1 1 1

CONTROL 100 200 400 800 1600
DOSE (m g/kg)



112

higher doses; in many cases the infusion of 800 and 1600 mg/kg doses 

was accompanied by a 100-130 ohm decrease in basal resistance although 

pre-infusion values were usually recovered by the beginning of thres

hold measurements 10 minutes after the end of infusion.

In general, the effects of ethanol on skin resistance response 

thresholds were variable but were observed to be most frequently a small 

decrease in threshold below control values at lower doses and a rise 

above control threshold at the higher doses. Neither of these changes 

were significant. Increased variability was not obviously seen in 

basal resistance.

Interaction of Changes in Response Thresholds

Figure 22 shows a combined plot of all mean dose-response 

threshold profiles. This figure shows that all mean response thres

holds rise monotonically above 400 mg/kg. Three responses, recruiting, 

cortical desynchrony and skin resistance, have mean thresholds approx

imating control values at 400 mg/kg. Below 400 mg/kg the pattern 

becomes more complex although there is an obvious difference between 

recruiting and cortical desynchrony thresholds at 100 mg/kg. Statis

tical analysis of differences between response thresholds at each dose 

were made (Table 5) and for clarity each dose will be discussed 

separately.

100 mg/kg

The most striking effect at this dose is the significant 

difference between cortical desynchrony and recruiting. Skin resis

tance and pressor responses could not be differentiated, but both of
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Figure 22. Combined Dose-Response Threshold Profiles for all 
Responses.



^  140
M 
50n 
m

o
0  120

1
0  r

1m 100
§c o
5

80

60
COMBINED DOSE-RESPONSE PROFILES

  I ________ I____________1____ I

Recruiting

Cort. D esync. O " ' " O  
A ugm anting ^

Pressor 0 “ " " 0
Skin. R esis.

1

CONTROL 100 200 400 800 1600
DOSE (m g/kg)



115

Table 5

RESULTS OF WILCOXEN TEST ANALYSIS OF RESPONSE 
THRESHOLD DIFFERENCES BETWEEN RESPONSES

Dose Response CDS
Response 

AUG CV SR

100 mg/kg RR .01® .05 .02
CDS .01 .01 —
AUG —— .05
CV

200 mg/kg RR
CDS — --- ---
AUG —— —
CV .05

400 mg/kg RR .05
CDS “ .02 —
AUG — —
CV .02

800 mg/kg RR
CDS --- .02 —
AUG — —
CV .02

1600 mg/kg RR
CDS
AUG
CV

—— .01
—

.05

P r o b a b i l i t y  o f  t e s t  r e s u l t  l e s s  th a n  s t a t e d  v a lu e .

RR = R e c r u i t i n g  Response
CDS ■ C o r t i c a l  Desynchrony Response
AUG “  Augmenting Response
CV ■ P r e s s o r  Response
SR "  S k in  R e s i s t a n c e  Response
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t h e s e  r e s p o n s e s  w ere  s i g n i f i c a n t l y  d i f f e r e n t  t h a n  r e c r u i t i n g  and 

d e s y n c h ro n y .  Augmenting t h r e s h o l d s  w ere  n o t  d i f f e r e n t  t h a n  r e c r u i t i n g  

t h r e s h o l d s .  H ence, th e  f i v e  r e s p o n s e s  may be ro u g h ly  d iv id e d  i n t o  

t h r e e  c l a s s e s  a t  t h i s  d o s e :  (1) t h a l a m ic  r e s p o n s e  t h r e s h o l d s  i n c r e a s e d ,

(2 )  au tonom ic  a c t i v a t i o n  th r e s h o ld s  rem a in ed  u n ch an g ed ,  and (3) c o r t i c a l  

a c t i v a t i o n  t h r e s h o l d s  d e c r e a s e d  a t  t h i s  d o s e .

200 mg/kg

At t h i s  d o se  s t a t i s t i c a l  s e p a r a t i o n  b e tw e en  t h e  f i v e  r e s p o n s e  

t h r e s h o l d s  f a i l e d  and showed o n ly  t h a t  p r e s s o r  r e s p o n s e  t h r e s h o l d s  a r e  

h i g h e r  t h a n  s k i n  r e s i s t a n c e  t h r e s h o l d s .  A l l  r e s p o n s e  t h r e s h o l d s  a re  

e s s e n t i a l l y  e q u i v a l e n t .

400 mg/kg

At t h i s  do se  r e c r u i t i n g ,  c o r t i c a l  d e s y n c h ro n y  and s k i n  r e s i s 

t a n c e  a r e  n o t  d i f f e r e n t  th a n  c o n t r o l ,  w h i l e  au g m en tin g  and p r e s s o r  

r e s p o n s e  t h r e s h o l d s  a r e  s i g n i f i c a n t l y  h i g h e r  t h a n  c o n t r o l .  S t a t i s t i 

c a l l y ,  o n ly  t h e  p r e s s o r  t h r e s h o ld  can  be  s e p a r a t e d  from t h e  rem a in in g  

r e s p o n s e s .  Augm enting, r e c r u i t i n g ,  d e s y n c h ro n y  and s k in  r e s i s t a n c e  

t h r e s h o l d s  a r e  e s s e n t i a l l y  e q u i v a l e n t  a t  t h i s  d o s e .

800 mg/kg

The p a t t e r n  o f  t h r e s h o ld  d i f f e r e n c e s  a t  800 mg/kg i s  abou t  

t h e  same a s  t h a t  a t  th e  n e x t  lo w e r  d o s e .  The p r e s s o r  r e s p o n s e  t h r e s h o ld  

can  b e  d i f f e r e n t i a t e d  from a l l  o t h e r  r e s p o n s e s  b u t  th e  r e m a in in g  t h r e s 

h o ld s  c a n n o t  be  s e p a r a t e d .
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1600 mg/kg

At t h e  h i g h e s t  dose  r e c r u i t i n g  i s  s i g n i f i c a n t l y  d i f f e r e n t  

th a n  augm en ting  and s k i n  r e s i s t a n c e  t h r e s h o l d s .  The p r e s s o r  t h r e s h o ld  

i s  n o t  d i f f e r e n t  th a n  r e c r u i t i n g .  Com parison o f  a l l  d i f f e r e n c e s  a t  

t h i s  dose s u g g e s t e d  t h a t  a  ro u g h  d icho tom y can  be  made be tw een  more 

and l e s s  s e n s i t i v e  t h r e s h o l d s  w i th  r e c r u i t i n g ,  c o r t i c a l  desynchrony  

and p r e s s o r  t h r e s h o l d s  fo rm in g  a  g roup more s e n s i t i v e  t o  e th a n o l  and 

au g m en t in g ,  and s k i n  r e s i s t a n c e  t h r e s h o l d s  fo rm in g  a  l e s s  s e n s i t i v e  

g roup .

O v e r a l l ,  t h i s  a n a l y s i s  d e m o n s t ra te d  a  l a r g e  d i f f e r e n c e  be tw een  

c o r t i c a l  d e s y n c h ro n y  and r e c r u i t i n g  a t  t h e  100 mg/kg d o s e .  I t  a l s o  

showed t h a t  p r e s s o r  t h r e s h o l d s  were i n c r e a s e d  t o  a  g r e a t e r  e x t e n t  a t  

lo w er  d o se s  th a n  any o t h e r  r e s p o n s e  and t h i s  g r e a t e r  i n c r e a s e  c o n t in u e d  

th ro u g h  h i g h e r  d o s e s .  R e c r u i t i n g  and a u g m en t in g  t h r e s h o l d s  were n o t  

s i g n i f i c a n t l y  d i f f e r e n t  a t  any dose  d e s p i t e  t h e  o b v io u s  d i f f e r e n c e s  

i n  mean d o s e - r e s p o n s e  t h r e s h o l d  p r o f i l e s .

C o n t r o l  E xper im en ts

Two s e t s  o f  c o n t r o l  e x p e r im e n ts  w ere  deemed n e c e s s a r y  to  show 

t h a t  o b s e rv e d  changes  i n  r e s p o n s e  t h r e s h o l d s  w e re  a  f u n c t i o n  of e t h a n o l  

d o sa g e  and n o t  o f  e x t r a n e o u s  u n c o n t r o l l e d  f a c t o r s .  The f i r s t  s e r i e s  

examined t h e  s t a b i l i t y  o f  r e s p o n s e  t h r e s h o l d s  o v e r  t im e .  Four a n im a ls  

w ere  o b s e rv e d  f o r  a  maximum o f  s i x  h o u r s  beyond t h e  s t a r t  o f  normal 

c o n t r o l  t h r e s h o l d  r e c o r d in g .  S in c e  a  t o t a l  o f  t h r e e  h o u rs  was a l lo w e d  

f o r  r e c o v e r y  from  g e n e r a l  a n e s t h e s i a ,  t h i s  m ean t  t h a t  t h e s e  c o n t r o l  

a n im a ls  w ere  o b s e rv e d  f o r  up t o  n in e  h o u r s  a f t e r  t h e  c o m p le t io n  o f
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s u r g e r y .  No s i g n i f i c a n t  c h an g es  were found  i n  any r e s p o n s e  t h r e s h o ld  

o v e r  th e  t im e  u s u a l l y  u se d  f o r  r e c o r d in g  i n  e t h a n o l  e x p e r im e n t s .  

T h re sh o ld s  w ere  found  t o  re m a in  r e l a t i v e l y  c o n s t a n t  d u r in g  t h e  l a t t e r  

h a l f  o f  t h e  s i x  h o u r  o b s e r v a t i o n  p e r io d  a s  w e l l ,  a l t h o u g h  t h e r e  was 

some s u g g e s t i o n  o f  s l i g h t  i n c r e a s e s  i n  c o r t i c a l  d e s y n c h ro n y  t h r e s h o l d s .

The s e co n d  s e r i e s  o f  e x p e r im e n ts  examined t h e  e f f e c t s  of 

h ig h  volume i n f u s i o n s  o f  t h e  e th a n o l  d i l u e n t  on r e s p o n s e  t h r e s h o l d s .

T h is  c o n t r o l  was th o u g h t  n e c e s s a r y  b ecau se  t h e  7% e t h a n o l  s o l u t i o n  

used  r e q u i r e d  a  t o t a l  i n f u s i o n  o f  22 .85  m l/kg  o f  R i n g e r ' s  S o l u t i o n  to  

re a c h  th e  h i g h e s t  d o se  o f  1600 mg/kg. R a i s in g  th e  d o s e  from  800 to  

1600 mg/kg r e q u i r e d  a  f i n a l  i n f u s i o n  o f  1 1 .4  m l/kg  o r  h a l f  t h e  t o t a l  

in f u s e d  vo lum e. T h is  f i n a l  i n f u s i o n  r e p r e s e n t e d  an  i n c r e a s e  o f  20-25% 

in  th e  a n i m a l ' s  b lo o d  volume w i t h i n  th e  s p a c e  o f  4 -7  m in u te s  depend ing  

upon i t s  w e i g h t .  Most o f  t h i s  e x c e s s  volume w as ,  o f  c o u r s e ,  q u ic k ly  

red u ced  by a b s o r p t i o n  from  t h e  b lo o d  and d i u r e s i s .

I n  f o u r  e x p e r im e n t s  i n f u s i o n s  w ere  made w i t h  e t h a n o l - f r e e  

R i n g e r ' s  S o l u t i o n  i n  t h e  same volume as  t h a t  r e q u i r e d  t o  r e a c h  800 and 

1600 mg/kg. No s i g n i f i c a n t  d e v i a t i o n s  w ere  found i n  r e s p o n s e  t h r e s h o ld s  

a l th o u g h  t h e r e  w e re  s l i g h t  changes  i n  o t h e r  p a r a m e t e r s .  At t h e  1600 

mg/kg l e v e l ,  h e m a t o c r i t ,  d e r i v e d  from th e  f i r s t  p o s t - i n f u s i o n  b lood  

sam p le ,  was u s u a l l y  2-3% lo w e r  th a n  when m easured  p r i o r  t o  i n f u s i o n .

I t  was found  t o  be w i t h i n  t h e  norm al ran g e  in  t h e  s e c o n d  p o s t - i n f u s i o n  

m easu rem en t.  A ls o ,  b lo o d  p r e s s u r e  d e c l in e d  10-20 mm Ug d u r in g  th e  

h ig h  d ose  sham i n f u s i o n  b u t  r e c o v e re d  to  p r e v io u s  b a s e l i n e  v a lu e s  

b e f o r e  th e  o n s e t  o f  t h e  o r d i n a r i l y  sc h e d u le d  t h r e s h o l d  m easurem ent 

p e r i o d .  No s i g n i f i c a n t  c hanges  w ere found i n  b lo o d  g as  v a l u e s  w i th  

e i t h e r  o f  t h e  sham d o s e s .
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V e r i f i c a t i o n  o f  E le c t r o d e  P lacem en ts  

F ig u re s  23 and 24 show t h e  r e s u l t s  o f  h i s t o l o g i c a l  v e r i f i c a t i o n  

o f  t y p i c a l  s u b c o r t i c a l  e l e c t r o d e  p la c e m e n ts .  I n  a l l  b u t  two e x p e r im e n t s  

u sed  f o r  a n a l y s i s ,  e l e c t r o d e s  w ith  n .  v e n t r o l a t e r a l i s  a s  th e  s p e c i f i c  

t h a l a m ic  t a r g e t  f e l l  w e l l  w i th in  i t s  b o r d e r s  (F ig u r e  2 3 ) .  The r e m a in in g  

two f e l l  a p p ro x im a te ly  on th e  a t l a s - d e f i n e d  ( J a s p e r  and A jm one-M arsan, 

1954) b o r d e r  o f  t h i s  n u c le u s .  D i f f e r e n c e s  betw een augm enting r e s p o n s e s  

a s  a  f u n c t i o n  o f  e l e c t r o d e  p lacem ent w ere n o t  o b s e rv e d .  E l e c t r o d e s  

d i r e c t e d  a t  n o n - s p e c i f i c  tha lam us w ere  w e l l  p la c e d  i n  e i t h e r  n .  c e n t r e  

m ed ian  o r  n .  r e u n i e n s  depending upon t h e  i n te n d e d  l o c u s .  R e c r u i t i n g  

r e s p o n s e s  r e c o r d e d  a t  th e  c o r te x  c o u ld  n o t  b e  u se d  to  d i f f e r e n t i a t e  

b e tw e en  th e  two n u c l e i  b u t  r e c r u i t i n g - l i k e  r e s p o n s e s  r e c o r d e d  i n  th e  

h ippocam pus w ere  on ly  a s s o c i a t e d  w i th  s t i m u l a t i o n  o f  n .  c e n t r e  m e d ia n . 

E l e c t r o d e s  d i r e c t e d  to  th e  m e se n c e p h a l ic  r e t i c u l a r  f o rm a t io n  ( F ig u r e  24) 

f e l l  w i t h i n  a r e l a t i v e l y  sm a l l  l o c u s .  A c t i v a t i o n  r e s p o n s e s  w ere  o b s e rv e d  

to  o c c u r  w i th  p lacem en ts  anywhere w i t h i n  t h e  g e n e r a l  v i c i n i t y  o f  th e  

t a r g e t  lo c u s  u se d  i n  t h e s e  e x p e r im e n ts  (A2, L3, H 3) . Hippocampal 

p la c e m e n ts  w ere c o n s id e r a b ly  more v a r i e d  t h a n  w i th  o t h e r  t a r g e t s .

S e v e r a l  e x p e r im e n ts  a p p a re n t ly  had  e l e c t r o d e s  p la c e d  more m e d ia l l y  

t h a n  th e  c l a s s i c  b o rd e r s  o f  the h ippocam pus . A lthough  i t  m ig h t  be  

e x p e c t e d  t h a t  s i m i l a r  a c t i v i t y  s h o u ld  be r e c o rd e d  i n  t h i s  m e d ia l  a r e a ,  

t h e  b e s t  r e c o r d s  o f  hippocampal a c t i v a t i o n  w ere  d e r i v e d  from  e l e c t r o d e s  

p l a c e d  more l a t e r a l l y .



120

F ig u re  23. H i s t o l o g i c a l  V e r i f i c a t i o n  o f  E le c t ro d e  P lacem en ts  i n  
S p e c i f i c  and N o n -S p e c i f ic  Thalamus.

T h is  i l l u s t r a t i o n  shows h i s t o l o g i c a l  v e r i f i c a t i o n  o f  t y p i c a l  

e l e c t r o d e  p la c e m e n ts  i n  n .  v e n t r o l a t e r a l i s  (VL, s q u a re s )  o f  th e  s p e c i 

f i c  a f f e r e n t  tha lam us and n .  c e n t r e  m edian (NCM, t r i a n g l e s )  and n .  

r e u n ie n s  (RE, c i r c l e s )  o f  t h e  n o n - s p e c i f i c  th a la m u s .  V e r i f i c a t i o n  

was made by c om par ison  of u n s t a i n e d  f r o z e n  s e c t i o n  s l i d e s  ta k e n  from 

th e  p o i n t  o f  d e e p e s t  e l e c t r o d e  p e n e t r a t i o n  w i th  a p p r o p r i a t e  s t e r e o t a x i c  

a t l a s  p l a t e s .  (A dap ted  from  J a s p e r  and Ajmone M arsan, 1954 .)
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F ig u re  24. H i s t o l o g i c a l  V e r i f i c a t i o n  o f  E l e c t r o d e  P lacem en ts  in  
Hippocampus and M e sencepha lic  R e t i c u l a r  F o rm a tio n .

T h i s  i l l u s t r a t i o n  shows v e r i f i c a t i o n  o f  t y p i c a l  e l e c t r o d e

p lac e m e n ts  i n  hippocam pus ( t r i a n g l e s )  and m id b ra in  r e t i c u l a r  f o rm a t io n

(R e t  Mes, c i r c l e s ) .  (A dapted from J a s p e r  and Ajm one-M arsan, 1954 .)
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CHAPTER V

DISCUSSION

These r e s u l t s  show t h a t  e th a n o l  e x e r t s  p ro fo u n d  e f f e c t s  upon 

CNS re s p o n s e  t h r e s h o l d s ,  b u t  th e y  a l s o  d e m o n s t ra te  t h a t  o n ly  a t  h ig h  

d o se s  a re  t h e s e  e f f e c t s  s im p le  f u n c t i o n s  o f  i n c r e a s i n g  e t h a n o l  concen 

t r a t i o n .  Comparison o f  d o s e - r e s p o n s e  t h r e s h o l d  p r o f i l e s  r e v e a l s  th e

e x i s t e n c e  o f  t h r e e  d i s t i n c t  p h a s e s  o f  e th a n o l  a c t i o n  on th e  CNS. The

f i r s t  phase i s  d e f i n e d  a t  low d o s e s  by a  d e c r e a s e  i n  t h r e s h o l d  f o r  

c o r t i c a l  desynch rony  r e s p o n s e s  and  a  c o n c o m ita n t  i n c r e a s e  i n  t h e  t h r e s 

h o ld  f o r  r e c r u i t i n g  r e s p o n s e s .  A second  ph ase  i s  d e f i n e d  a t  i n t e r 

m e d ia te  d o s e s  by th e  r e t u r n  o f  c o r t i c a l  d e sy n ch ro n y  and  r e c r u i t i n g  

re s p o n s e  t h r e s h o l d s  t o  c o n t r o l  v a l u e s .  The o b s e rv e d  i n c r e a s e  i n  a l l  

r e s p o n s e  t h r e s h o l d s  a t  h ig h  d o s e s  may d e f i n e  a  t h i r d  p h a s e  i n  which 

e t h a n o l  p ro d u ce s  a  n o n - s p e c i f i c  d e p r e s s io n  o f  a l l  CNS r e s p o n s e s .

One q u e s t i o n  m ust b e  answ ered  p r i o r  to  any d e t a i l e d  i n t e r p r e 

t a t i o n  of t h e s e  r e s u l t s  : G iven t h a t  changes  i n  CNS r e s p o n s e  t h r e s h o l d s  

a r e  d e m o n s t ra te d ,  w hat i n f o r m a t io n  a b o u t  t h e  CNS i s  conveyed  by th e s e  

changes?  T h re sh o ld  was d e f i n e d  a s  t h a t  amount o f  e n e r g y ,  c a l i b r a t e d  

in  u n i t s  o f  c u r r e n t  i n t e n s i t y ,  r e q u i r e d  f o r  th e  e l i c i t a t i o n  o f  a  g iv en  

re s p o n s e .  Energy was added  t o  t h e  o b se rv e d  sy s tem  i n c r e m e n t a l l y  u n t i l  

i t s  c h a r a c t e r i s t i c  r e s p o n s e  s a t i s f i e d  c e r t a i n  p r e s e t  c r i t e r i a ;  a

t h r e s h o ld  r e s p o n s e  was e l i c i t e d  when th e  sum o f  a l l  e x c i t a t i o n  i n  th e
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sy s te m  was s u f f i c i e n t  f o r  i t s  p r o d u c t i o n .

I f  th e  a r t i f i c i a l l y  i n t r o d u c e d  e ne rgy  r e q u i r e d  f o r  r e s p o n s e  

e l i c i t a t i o n  i s  l e s s  under  some c i r c u m s t a n c e s  th an  o t h e r s  th a n  e i t h e r  

t h e  t o t a l  e n e rg y  r e q u i r e d  f o r  t h e  r e s p o n s e  has  d e c re a s e d  o r  t h e  l e v e l  

o f  endogenous (o r  n a t u r a l l y  im posed)  e x c i t a t i o n  h a s  i n c r e a s e d .  Opera

t i o n a l l y ,  t h e s e  a l t e r n a t i v e s  a r e  e q u i v a l e n t :  i f  t h e  t h r e s h o l d  i s  lo w e r ,  

th a n  i t  may be assumed t h a t  t h e  l e v e l  o f  endogenous e x c i t a t i o n  h as  

i n c r e a s e d .  A change  i n  t h r e s h o l d  may t h e n  be t a k e n  as e q u i v a l e n t  to  

a  change in  e x c i t a t i o n  i n  th e  s y s te m ,  a t  l e a s t  on some a r b i t r a r y  o r d i n a l  

s c a l e .

Note t h a t  i f  t h e  a n im a l  i s  m a in ta in e d  i n  some a r b i t r a r y  b u t  

c o n s t a n t  s t a t e  o f  CNS a c t i v a t i o n ,  a s  m easured  by c e r t a i n  common i n d i c e s  

( e . g . ,  g r o s s  c o r t i c a l  e l e c t r i c a l  a c t i v i t y  o r  au tonom ic  s t a b i l i t y ) ,  

t h a n  th e  endogenous e x c i t a t i o n  s h o u ld  be  m a in ta in e d  a t  some f a i r l y  

c o n s t a n t  l e v e l .  I f  a c e n t r a l l y - a c t i v e  compound, such  a s  e t h a n o l ,  i s  

a d d e d ,  t h e  changes w h ich  i t  p r o d u c e s  i n  t h e  sy s tem  w i l l  be  s e e n  as an 

i n c r e a s e  o r  d e c r e a s e  i n  e x c i t a t i o n  o f  t h e  sy s tem . Change i n  t h r e s h o l d  

sh o u ld  th e n  be  p r o p o r t i o n a l  t o  t h e  e x c i t a t o r y  e f f e c t  o f  t h e  d r u g .  I t  

may th e n  be assumed t h a t  t h e  i n f o r m a t i o n  conveyed by a  change  i n  t h r e s 

h o ld  i s  a  change i n  e x c i t a t i o n  w i t h i n  t h e  o b se rv e d  sy s te m .

Note a l s o  t h a t  w h e th e r  c r i t e r i o n  t h r e s h o ld  i s  t a k e n  a s  th e  

f i r s t  o b s e r v a t io n  o f  t h e  c h a r a c t e r i s t i c  r e s p o n s e  i n  t h e  g r o s s  e l e c t r o 

e n c e p h a lo g ra p h  o r  some o t h e r  a r b i t r a r y  a m p l i tu d e  t h e r e  i s  l i t t l e  d i f f e r 

ence  i n  i n t e r p r e t a t i o n  so  lo n g  a s  c o n s ta n c y  i s  m a in ta in e d .  E x a m in a t io n  

o f  any o f  th e  o b se rv ed  r e s p o n s e s  a t  h i g h e r  a m p l i f i c a t i o n  o r  w i t h  th e  

a i d  o f  com puter  summation ( F ig u r e s  10 and 15) d e m o n s t ra te s  p r e s e n c e
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o f  t h e  r e s p o n s e  a t  c u r r e n t  l e v e l s  lo w er  t h a n  t h a t  d e f in e d  as t h r e s h o l d .  

N e v e r t h e l e s s ,  t h e  u s e  of t h r e s h o l d  c r i t e r i a ,  s e t t i n g  th e  t h r e s h o l d  as 

n e a r  as  p o s s i b l e  t o  t h e  " r e a l  t h r e s h o l d , "  i f  one  e x i s t s ,  i s  d e s i r a b l e  

b e c a u s e  o f  s p e c i a l  p r o p e r t i e s  t h i s  i n f o r m a t i o n  may h a v e .  Namely, th e  

r e a l  t h r e s h o l d  may be e x t r e m e ly  s e n s i t i v e  t o  changes  in  CNS e x c i t a t i o n .

Low Dose E f f e c t s  o f  E th a n o l

The low d ose  phase  o f  e th a n o l  a c t i o n  i s  c l e a r l y  d e f in e d  by

th e  d e c r e a s e d  c o r t i c a l  d esy n ch ro n y  r e s p o n s e  t h r e s h o l d s  a t  100 m g/kg. 

D e c rea se  i n  t h i s  t h r e s h o l d  s u g g e s t s  t h a t  e t h a n o l  p ro d u ces  e i t h e r  an 

i n c r e a s e  i n  th e  r e l a t i v e  e x c i t a b i l i t y  o f  t h e  r e t i c u l a r  a c t i v a t i n g  

sy s tem  o r  a  d i r e c t  i n c r e a s e  i n  c o r t i c a l  e x c i t a b i l i t y .  Two f a c t o r s

s u g g e s t  t h a t  t h e  l a t t e r  may be t h e  b e s t  a l t e r n a t i v e .

F i r s t ,  t h e  c a r d i o v a s c u l a r  p r e s s o r  r e s p o n s e  i s  m e d ia te d  v i a  

a c t i v a t i o n  o f  a d r e n e r g i c  v a s o c o n s t r i c t o r  and  c a r d i o r e g u l a t o r y  mech

an ism s c e n te r e d  i n  t h e  m e d u l la  (Gunn, 1968) . I t  i s  assumed

t h a t  t h i s  a c t i v a t i o n  i s  d e r i v e d  th ro u g h  d e s c e n d in g  pathways from  th e  

m e s e n c e p h a l ic  r e t i c u l a r  f o r m a t i o n .  U n le s s  t h e r e  was a d i s s o c i a t i o n  

be tw een  a s c e n d in g  and d e sc e n d in g  a c t i v a t i o n  d e r i v e d  from th e  same 

s t i m u l u s ,  c o n s ta n c y  o f  t h e  p r e s s o r  t h r e s h o l d  i n d i c a t e s  t h a t  m id b ra in  

r e t i c u l a r  f o r m a t io n  e x c i t a b i l i t y  r em a in s  r e l a t i v e l y  unchanged .

S e c o n d ly ,  a t  t h i s  d o sa g e  e t h a n o l  c a u s e d  a  d e c re a s e  i n  th e  

e x c i t a b i l i t y  o f  t h e  n o n - s p e c i f i c  t h a l a m ic  s y s te m  d e m o n s t ra te d  by an 

i n c r e a s e  i n  r e c r u i t i n g  r e s p o n s e  t h r e s h o l d s .  T h i s  change i n  n o n - s p e c i f i c  

t h a l a m i c  r e s p o n s i v i t y  s u g g e s t s  t h e  f o l l o w i n g  i n t e r p r e t a t i o n :  The p r im a ry  

e f f e c t  o f  e t h a n o l  i n  th e  low d o se  r a n g e  i s  t o  d e c r e a s e  c o r t i c a l  i n h i 

b i t i o n  d e r i v e d  from  th e  n o n - s p e c i f i c  t h a l a m i c  s y s te m  which r e s u l t s  i n
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an o b s e rv e d  I n c r e a s e  i n  c o r t i c a l  e x c i t a b i l i t y .  At t h e  lo w e s t  dose  l e v e l ,  

th e  e f f e c t s  o f  e t h a n o l  a r e  u n d o u b te d ly  d e p r e s s i v e ,  b u t  t h e  in d u c e d  

d e p r e s s io n  i s  p r e d o m in a n t ly  r o s t r a l  t o  t h e  m id b ra in  r e t i c u l a r  fo rm a t io n  

s i n c e  t h e r e  i s  no change  i n  p r e s s o r  t h r e s h o ld s  m ed ia te d  c a u d a l  t o  th e  

r e t i c u l a r  f o r m a t io n .  And, t h e s e  e f f e c t s  a r e  e x e r t e d  p r i m a r i l y  upon 

i n h i b i t o r y  s y s te m s .

Functional Significance of Decreased 
Thalamic Excitability

The d e f i n i t i o n  o f  t h e  n o n - s p e c i f i c  t h a l a m ic  sy s te m  a s  t h e  

p r im a ry  m e d ia to r  o f  c o r t i c a l  i n h i b i t i o n  i s  n o t  a  r a d i c a l  d e p a r t u r e  

from a c c e p te d  n e u r o p h y s io lo g y ,  b u t  i t s  u s e  h e r e  t o  e x p l a i n  some of 

th e  e f f e c t s  o f  e t h a n o l  on th e  CNS r e q u i r e s  some e x p la n a to r y  comment. 

A lthough  J a s p e r  (1954) s u g g e s t e d  t h a t  t h e  n o n - s p e c i f i c  t h a l a m ic  n u c l e i  

were a  r o s t r a l  e x t e n s i o n  o f  th e  m ese n c e p h a l ic  r e t i c u l a r  f o r m a t i o n ,  

t h e r e  i s  now s u b s t a n t i a l  e v id e n c e  t h a t  t h e s e  n u c l e i  may b e ,  i n s t e a d ,  

a  s o u rc e  of i n h i b i t i o n  e x e r t i n g  m odu la to ry  c o n t r o l  o v e r  th e  c e r e b r a l  

c o r t e x .  The c o r t i c a l  s y n c h r o n i z in g  a b i l i t i e s  o f  n o n - s p e c i f i c  tha lam us  

a r e  w e l l  known. C o n s id e r in g  t h e  c o r r e l a t i o n  o f  c o r t i c a l  s lo w  wave 

a c t i v i t y  w i th  s l e e p ,  i n a t t e n t i o n  and CNS d e p r e s s i o n ,  e v e n t s  known to  

be d e p e n d e n t  upon t h e  i n t e g r i t y  of t h a l a m o c o r t i c a l  c o n n e c t io n s ,  t h e  

n o n - s p e c i f i c  th a la m ic  sy s tem  may be c i t e d  a s  a  s o u rc e  of " i n t e r n a l  

i n h i b i t i o n . "  Magoun (1963) i d e n t i f i e s  t h i s  sy s tem  w i t h  i n t e r n a l  

i n h i b i t i o n  and s t a t e s  t h a t  " th e  consequences  o f  t h e  a c t i o n  o f  t h i s  

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

sy s te m  f o r  i n t e r n a l  a c t i v a t i o n . "



128

P r o p o s a l  o f  th e  n o n - s p e c i f i c  th a la m ic  sy s te m  as  an e x te n s i o n  

o f  th e  m id b ra in  r e t i c u l a r  f o rm a t io n  was founded upon th e  a b i l i t y  o f  

h ig h  f re q u e n c y  s t i m u l a t i o n  o f  n o n - s p e c i f i c  n u c l e i  to  p roduce  c o r t i c a l  

a c t i v a t i o n  s i m i l a r  t o  t h a t  p ro d u ced  by d i r e c t  r e t i c u l a r  s t i m u l a t i o n  

(H u n te r  and J a s p e r ,  1 9 4 9 ) .  However, S ch lag  and C h a i l l e t  (1963) found 

t h a t  such  a c t i v a t i n g  e f f e c t s  w ere  m ed ia ted  on ly  th ro u g h  d e s c e n d in g  

c o n n e c t io n s  t o  m id b ra in  r e t i c u l a r  fo rm a t io n .  R e v e r s ib l e  c ry o g e n ic  

b lo c k a d e  o f  a s c e n d in g ,  c o r t i c a l l y  d i r e c t e d ,  n o n - s p e c i f i c  o u t f lo w  

r e s u l t s ,  n o t  i n  c o r t i c a l  d e p r e s s i o n ,  b u t  i n  s e n so ry  evoked  p o t e n t i a l  

a u g m e n ta t io n ,  a b o l i t i o n  o f  r e c r u i t i n g  r e s p o n s e s  and s p o n ta n e o u s  s p i n d l e  

b u r s t s  and d e f i c i t s  i n  b e h a v io r  h ig h ly  s u g g e s t i v e  of f r o n t a l  b r a i n  

l e s i o n s  and l o s s  o f  i n t e r n a l  i n h i b i t i o n  ( S k in n e r  and L i n d s l e y ,  1967 ) .

C o r r e l a t i o n  o f  f r o n t a l  lo b e  symptoms and n o n - s p e c i f i c  tha lam us 

b lo c k a d e  s u g g e s t s  t h e  e x i s t e n c e  o f  f u n c t i o n a l  r e l a t i o n s  b e tw e en  th e s e  

a r e a s .  A na tom ica l  e v id e n c e  e x i s t s  f o r  w e l l  d e v e lo p e d  b i d i r e c t i o n a l  

c o n n e c t io n s  be tw een  f r o n t a l  c o r t e x  and n o n - s p e c i f i c  n u c l e i .  More 

i m p o r t a n t l y ,  l e s i o n s  of o r b i t a l  f r o n t a l  c o r t e x  r e s u l t  i n  co m p le te  

a b o l i t i o n  o f  s p o n ta n e o u s  s p i n d l e  waves and r e c r u i t i n g  ( V e la s c o ,  e t  a l ,  

1968) . B lockade  o f  n o n - s p e c i f i c  thalam us f u n c t i o n s  by  l e s i o n s  o f  a 

s i t e  known t o  m e d ia te  p o w e r fu l  i n h i b i t o r y  f u n c t i o n s  ( S a u e r l a n d ,  Nakamura 

and C lem en te ,  1967) i m p l i c a t e s  t h e  n o n - s p e c i f i c  tha lam us as a  p a r t  o f  

a t h a l a m o - o r b i t o - c o r t i c a l  i n h i b i t o r y  sy s tem  (V e la s c o ,  ad ,  1 9 6 8 ) .

I f  r e c r u i t i n g  i s  t a k e n  a s  th e  c h a r a c t e r i s t i c  r e s p o n s e  o f  th e  

n o n - s p e c i f i c  th a lam u s  th e n  i n c r e a s e d  a c t i v a t i o n  sh o u ld  r e d u c e  r e c r u i t i n g  

i n  some f a s h i o n .  V e lasco  and L in d s le y  (1968a) found p e r i p h e r a l  and 

d i r e c t  m id b ra in  r e t i c u l a r  s t i m u l a t i o n  t o  be  e q u iv a l e n t  i n  r e d u c in g
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r e c r u i t i n g  a m p l i tu d e .  S i m i l a r l y ,  W e in b e rg e r ,  ejt ^  (1968) found  s u p p r e s 

s i o n  o f  r e c r u i t i n g  w i th  p r e s e n t a t i o n  o f  a  c o n d i t io n e d  s t i m u l u s  b u t  

n o t  w i t h  an h a b i t u a t e d  n o n - c o n d i t io n e d  s t i m u l u s .  C o n v e r s e ly ,  l e s i o n s  

o f  th e  r e t i c u l a r  fo rm a t io n ,  l e a d i n g  to  d e c re a s e d  a c t i v a t i o n ,  lo w e r  

th e  t h r e s h o ld  f o r  r e c r u i t i n g ,  h a s t e n  i t s  developm ent and i n c r e a s e  i t s  

a m p l i tu d e  m o d u la t io n  (waxing and  waning) (V e lasco  and L i n d s l e y ,  1968b ) .

Taken t o g e t h e r ,  t h e s e  s t u d i e s  i n d i c a t e  a much more i n t i m a t e  

r e l a t i o n s h i p  be tw een  n o n - s p e c i f i c  th a la m u s  and f r o n t a l  c o r t e x  th a n  

betw een thalam us and r e t i c u l a r  f o r m a t i o n .  A natom ical  c o n n e c t io n s  

be tw een  n o n - s p e c i f i c  tha lam us  and  r e t i c u l a r  fo rm a t io n  have  b e e n  w e l l  

d e s c r ib e d  (Bowsher, 1966; N au ta  and K uypers , 19 5 8 ) ,  how ever .  The 

f u n c t i o n s  o f  t h e s e  pathways c o u ld  b e  t o  m e d ia te  i n h i b i t i o n  o f  non

s p e c i f i c  tha lam us  by th e  m id b r a in  r e t i c u l a r  f o r m a t io n ;  h e n c e ,  a c t i v a t i o n  

of th e  r e t i c u l a r  fo rm a t io n  would p ro d u ce  d i r e c t  c o r t i c a l  a c t i v a t i o n  as 

w e l l  as  a d e c r e a s e  in  n o n - s p e c i f i c  th a la m ic  i n f l u e n c e  on t h e  c o r t e x .  

P r e l i m i n a r y  s u p p o r t  f o r  t h i s  h y p o t h e s i s  o f  r e t i c u l a r  f o r m a t io n  t o  

n o n - s p e c i f i c  tha lam us i n h i b i t i o n  i s  i n d i c a t e d  by showing t h a t  t h e  

p redom inan t  e f f e c t  o f  r e t i c u l a r  f o r m a t io n  s t i m u l a t i o n  on n e u ro n s  i n  

n o n - s p e c i f i c  tha lam us  i s  i n h i b i t i o n  ( D i l a ,  1971; M a n d a ,  e t  19 7 1 ) .

While t h e s e  s t u d i e s  s u g g e s t  t h a t  th e  n o n - s p e c i f i c  th a la m u s  

m e d ia te s  some a s p e c t s  o f  " i n t e r n a l  i n h i b i t i o n , "  i t  may a l s o  c o n t r o l  

i n f o r m a t io n  p r o c e s s in g  t o  some e x t e n t  th ro u g h  i t s  c o r t i c a l  m o d u la to ry  

pow ers . When c o r t i c a l  s e n s o ry  u n i t s  a r e  d i r e c t l y  s t i m u l a t e d  d u r in g  

s u rg e r y  on humans, i t  i s  found t h a t  p e r c e p t i o n  o f  t h i s  s t i m u l a t i o n  

r e q u i r e s  a minimum of 0 . 3 - 0 . 5  s e c o n d s  o f  r e p e t i t i o n  ( L i b e t ,  1964 ;

L i b e t ,  e ^  19 6 5 ) .  S in g le  s t i m u l i ,  r e g a r d l e s s  o f  t h e i r  i n t e n s i t y .
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a r e  n o t  p e r c e i v e d .  O b s e rv a t io n  o f  c o r t i c a l  a f t e r - d i s c h a r g e  o u t l a s t i n g  

th e  no rm al c o r t i c a l  evoked p o t e n t i a l  to  s t i m u l i  (Cobb and Dawson, 1960) 

s u g g e s t s  t h a t  no rm al  p e r c e p t i o n  r e q u i r e s  r e p e t i t i o n  o f  a f f e r e n c y .  On 

t h i s  b a s i s ,  A nde rsen  and A ndersson  (1968) h y p o t h e s i z e  t h a t  th e  c o r t e x  

r e q u i r e s  a  r e p e t i t i v e  v o l l e y  a t  1 0 -2 0  Hz to  r e a c t  t o  a f f e r e n t  im p u ls e s  

w i th  some s i g n  of p e r c e p t i o n .  Such r e p e t i t i v e  a f t e r - d i s c h a r g e  i s  

p ro b a b ly  t h e  r e s u l t  o f  r e c u r r e n t  t h a l a m o c o r t i c a l  i n h i b i t o r y  c i r c u i t s .

I t  may be  assum ed t h a t  such  rh y th m ic  a f t e r - d i s c h a r g e  w i l l  r a i s e  t h e  

p r o b a b i l i t y  o f  p e r c e p t i o n  o f  n e a r  t h r e s h o l d  s t i m u l i .  H ence , th e  i n h i 

b i t o r y  f u n c t i o n s  o f  th e  n o n - s p e c i f i c  th a la m u s  s e r v e  to  em phasize  c e r t a i n  

i n f o r m a t io n  r e c e i v e d  by th e  CNS, a  f u n c t i o n  s h a r e d  w i th  t h e  m id b ra in  

r e t i c u l a r  f o r m a t i o n  b u t  accom plished  by e n t i r e l y  d i f f e r e n t  means.

I n  t h i s  l i g h t ,  a  d e c r e a s e  i n  n o n - s p e c i f i c  th a lam u s  e x c i t a 

b i l i t y ,  d e m o n s t r a t e d  by th e  r i s e  o f  r e c r u i t i n g  r e s p o n s e  t h r e s h o l d ,  

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

e s p e c i a l l y  th e  c e r e b r a l  c o r t e x ,  and t h u s ,  a s i g n i f i c a n t  d e c r e a s e  

i n  p o t e n t i a l  m o d u la to ry  c o n t r o l  o f  a f f e r e n t  c h a n n e l s .  F u r th e r  d i s i n 

t e g r a t i o n  o f  p o t e n t i a l  in f o r m a t io n  p r o c e s s i n g  c a p a b i l i t i e s  i s  s u g g e s t e d  

by  i n c r e a s i n g  t h r e s h o l d s  f o r  t h e  a u gm en ting  r e s p o n s e .  I f  t h e  augm enting  

r e s p o n s e  i s  i n d i c a t i v e  o f  th e  i n t e g r i t y  o f  i n t e g r a t i o n  and in f o r m a t io n  

p r o c e s s i n g  i n  s p e c i f i c  t h a l a m o c o r t i c a l  a f f e r e n t  c h a n n e l s  th a n  t h e s e  

r e s u l t s  s u g g e s t  an e a r l y ,  s u s t a i n e d  d e c r e a s e  i n  i n f o r m a t i o n  p r o c e s s in g  

a b i l i t i e s  i n  t h e  low d o s e  p h a se  o f  e t h a n o l  a c t i o n .

The 200 mg/kg d o se  i s  i n c l u d e d  i n  t h e  low  ra n g e  phase  f o r  

s e v e r a l  r e a s o n s .  A l th o u g h  t h i s  p h a s e  i s  b e s t  d e f i n e d  by t h e  t h r e s h o ld  

changes  o b s e rv e d  a t  100 mg/kg, c h a n g es  o b s e rv e d  a t  th e  200 mg/kg do se
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s u g g e s t  a  t r a n s i t i o n  betw een th e  low and i n t e r m e d i a t e  p h a s e s .  T h i s  dose  

p ro d u ce s  a  ra n g e  of e th a n o l  c o n c e n t r a t i o n s  a t  w h ich  v a r i a b i l i t y  in  

t h r e s h o l d s  i s  t h e  g r e a t e s t .  S ta n d a r d  e r r o r s  f o r  c o r t i c a l  d e sy n c h ro n y ,  

r e c r u i t i n g  and s k in  r e s i s t a n c e  r e s p o n s e  a r e  l a r g e r  a t  t h i s  dose t h a n  a t  

any o t h e r .  A lthough th e  t h r e s h o l d  f o r  c o r t i c a l  d e sy n ch ro n y  ca n n o t  be 

d i f f e r e n t i a t e d  from c o n t r o l  a t  200 m g/kg i t s  d r a m a t i c  r i s e  from th e  

lo w e s t  d o s e  may d e m o n s t ra te  t h a t  d i r e c t  d e p r e s s i o n  o f  e x c i t a t o r y  

sy s te m s  b e g in s  in  t h i s  c o n c e n t r a t i o n  r a n g e .

S k in  r e s i s t a n c e  t h r e s h o l d s  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  

th a n  ^ c n t r o l  w i t h i n  th e  low d o se  r a n g e .  T h e i r  d e c l i n e  w i t h  low d o se s  

does  s u g g e s t  a t r e n d  tow ards an  i n i t i a l  a c t i v a t i o n  w i t h  a  maximum a t  

an  e th a n o l  c o n c e n t r a t i o n  g r e a t e r  th a n  t h a t  r e q u i r e d  f o r  maximal 

d e c r e a s e s  i n  c o r t i c a l  d e sy n ch ro n y  t h r e s h o l d .  The s k i n  r e s i s t a n c e  d a t a  

w ere  f o r  t h e  m ost p a r t ,  much more v a r i a b l e  t h a n  t h o s e  f o r  o t h e r  

r e s p o n s e s .  T h is  may be p r i m a r i l y  a  f u n c t i o n  o f  p o o r  m easurem ent 

t e c h n i q u e .

E f f e c t s  o f  E th a n o l  a t  I n t e r m e d i a t e  Doses

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

t h r e s h o l d  c h a n g e s  a t  400 mg/kg a l t h o u g h  th e  e x a m in a t io n  o f  i n d i v i d u a l  

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

th ro u g h  e t h a n o l  c o n c e n t r a t i o n s  p ro d u ced  by 800 m g/kg . At 400 mg/kg 

b o th  r e c r u i t i n g  and c o r t i c a l  d e s y n c h ro n y  t h r e s h o l d s  c a n n o t  be d i f f e r 

e n t i a t e d  f rom  th o s e  o b se rv e d  u n d e r  c o n t r o l  c o n d i t i o n s .  However, no 

s u c h  t r e n d  i s  o b se rv e d  i n  p r e s s o r  t h r e s h o l d s ,  w hich  a t  t h i s  dosage  a r e  

c l e a r l y  i n c r e a s e d .
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R e tu rn  o f  r e c r u i t i n g  and c o r t i c a l  d e sy n c h ro n y  th r e s h o ld s  t o  

c o n t r o l  l e v e l s  may i n d i c a t e  t h a t  e th a n o l - i n d u c e d  d e p r e s s i o n  o f  both 

i n h i b i t o r y  and e x c i t a t o r y  sy s te m s  h as  r e a c h e d  a  p o i n t  w here  a  new 

b a la n c e  i s  a c h i e v e d ,  a  b a la n c e  which h as  a  " s e t  p o i n t "  d i f f e r e n t  th an  

t h a t  w h ich  e x i s t s  under  c o n t r o l  c o n d i t i o n s .  At t h i s  d ose  t h r e s h o ld s  

f o r  r e c r u i t i n g  and c o r t i c a l  desynch rony  a r e  n o t  d i f f e r e n t  th a n  c o n t r o l  

o p e r a t i o n a l l y ,  b u t  c o n s id e r in g  t h e i r  h i s t o r y  a t  lo w e r  d o s e s ,  they may 

be d i f f e r e n t  i n t r i n s i c a l l y .

The i m p l i c a t i o n s  o f  t h i s  r e - e s t a b l i s h e d  b a l a n c e  a r e  n o t  c l e a r ,  

b u t  i t  may mean t h a t  th e  e a r l y  l o s s  o f  c o r t i c a l  i n h i b i t i o n  obse rved  

in  th e  low  d o se  phase  i s ,  a t  t h i s  dose  l e v e l ,  c o u n te r b a l a n c e d  by 

d i r e c t  d e p r e s s i o n  o f  e x c i t a t o r y  s y s te m s .  I n  t h e  low d o se  p h a s e ,  

c o n s ta n c y  o f  p r e s s o r  t h r e s h o l d s  l e d  t o  t h e  c o n c lu s i o n  t h a t  e th a n o l  d id  

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

sy s tem . I n c r e a s e  o f  t h a t  t h r e s h o l d  a t  i n t e r m e d i a t e  d o s e s  may i n d ic a te  

t h a t  t h e  r e t i c u l a r  fo rm a t io n  i s  d i r e c t l y  d e p r e s s e d  a t  t h i s  e th a n o l  

c o n c e n t r a t i o n  a n d ,  h e n c e ,  t h e  u n b a la n c e d  c o r t i c a l  a c t i v a t i o n ,  observed  

a t  low d o s e s ,  i s  c o u n te r a c t e d .  I f  t h e  i n t e r m e d i a t e  p h a se  o f  e th a n o l  

a c t i o n  i s  d e f i n e d  by d e p r e s s io n  o f  b o th  i n h i b i t o r y  and  e x c i t a t o r y  

i n f l u e n c e s ,  t h e  o p e r a t i o n a l  r e e s t a b l i s h m e n t  o f  a new b a l a n c e  between 

th e s e  s y s te m s  may n o t  t r u l y  r e f l e c t  th e  s t a t e  o f  t h e  CNS.

S e v e r a l  f a c t o r s  s u g g e s t  t h a t  t h i s  b a l a n c e  i s  i l l u s o r y .  

I n c r e a s e d  t h r e s h o l d  f o r  au tonom ic  a c t i v a t i o n  ( p r e s s o r  r e s p o n s e )  

d e m o n s t r a te  t h a t  autonom ic r e a c t i v i t y  i s  d e c r e a s e d .  I n t e g r a t i o n  in  

s p e c i f i c  t h a l a m o c o r t i c a l  c h a n n e ls  c o n t in u e s  t o  be  d e p r e s s e d  (augm enting 

r e s p o n s e )  and evoked  p o t e n t i a l  a m p l i tu d e s  a r e  d e c r e a s e d  i n  t h i s
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c o n c e n t r a t i o n  ra n g e  (N a k a i ,  1964; N ak a l ,  e t  f d ,  1 9 6 6 ) .  T h is  e v id e n c e  

l e a d s  to  th e  c o n c lu s i o n  t h a t  b o th  CNS au tonom ic  r e s p o n s i v i t y  and 

in f o r m a t io n  p r o c e s s i n g  p o t e n t i a l  a r e  d e c re a s e d  i n  t h i s  r a n g e .  At th e  

l e a s t ,  t h e  i n t e r m e d i a t e  p h a se  o f  e th a n o l  a c t i o n  r e p r e s e n t s  a  c l e a r  

d i s s o c i a t i o n  b e tw e en  c e n t r a l  r e s p o n s i v i t y ,  m easured  by c o r t i c a l  desyn

chrony and r e c r u i t i n g ,  and p e r i p h e r a l  p r e p a r a t o r y  r e s p o n s i v i t y ,  m easured 

by au tonom ic  t h r e s h o l d s .

E f f e c t s  o f  E th a n o l  a t  High Doses

R e fe re n c e  t o  d o s e - r e s p o n s e  t h r e s h o l d  p r o f i l e s  ( F ig u r e  24) 

shows t h a t ,  w i th  t h e  e x c e p t io n  o f  au g m en t in g ,  a l l  r e s p o n s e  t h r e s h o l d s  

i n c r e a s e  above 400 mg/kg i n  d i r e c t  p r o p o r t i o n  t o  r i s i n g  e t h a n o l  

c o n c e n t r a t i o n .  C o n t r o l  e x p e r im e n ts  d e m o n s t ra te  t h a t  t h e s e  i n c r e a s e s  

a r e  n o t  due t o  t h e  p a s s a g e  o f  t im e  o r  th e  i n f u s i o n  o f  l a r g e  volum es o f  

d i l u e n t .  These r e s u l t s  may be t a k e n  t o  d e f i n e  t h e  t h i r d  and f i n a l  

phase  o f  e th a n o l  a c t i o n :  a  n o n - s p e c i f i c  d e p r e s s i o n  o f  CNS r e s p o n s i v i t y  

which w i l l  i n c r e a s e  i n  d e p th  u n t i l  u n c o n s c io u s n e s s  and f i n a l l y  d e a th  

e n s u e .

The r e s u l t s  show t h a t  r e c r u i t i n g  r e s p o n s e  t h r e s h o l d s  can be  

c l e a r l y  d i f f e r e n t i a t e d  from c o n t r o l  a t  800 mg/kg w h i le  n e i t h e r  c o r t i c a l  

desynch rony  n o r  s k i n  r e s i s t a n c e  t h r e s h o l d s  can be d i f f e r e n t i a t e d  s t a t i s 

t i c a l l y  u n t i l  t h e  f i n a l  d o s e  a t  1600 m g/kg. The p r e s s o r  and augm en ting  

t h r e s h o l d s  have a l r e a d y  b e e n  shown t o  be s i g n i f i c a n t l y  above c o n t r o l  

v a lu e s  b e f o r e  t h e  f i n a l  p h a s e  o f  e t h a n o l  a c t i o n  i s  e n t e r e d .  These  

d i f f e r e n c e s  p r o v id e  some e v id e n c e  o f  an o v e r a l l  d i f f e r e n c e  i n  s u s c e p t i 

b i l i t y  to  e th a n o l  among t h e  f i v e  sy s tem s  o b s e rv e d .  These d i f f e r e n c e s
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a r e  most a p p a r e n t  a t  t h e  1600 mg/kg d o se  where s t a t i s t i c a l  a n a l y s i s  

s u g g e s t s  a  ro u g h  d i v i s i o n  of the  r e s p o n s e s  i n t o  two g ro u p s :  augm enting  

and s k i n  r e s i s t a n c e  t h r e s h o l d s  are  n o t  d i f f e r e n t  a t  t h i s  dose  b u t  b o th  

a r e  s u b s t a n t i a l l y  lo w er  th a n  the  t h r e e  r e m a in in g  r e s p o n s e s .

Com parison w i t h  E a r l i e r  I n v e s t i g a t i o n s  

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

p roduces  s i g n i f i c a n t  changes in  CNS r e s p o n s i v i t y  a t  a  b lo o d  c o n c e n t r a 

t i o n  ra n g e  o f  10 -15  mg%, a  ran g e  o n ly  2 -3  t im es  th e  endogenous l e v e l  

(M ardones, 1 9 6 3 ) .  W hile m ost a c t i v a t i o n  e f f e c t s  o b se rv e d  by o t h e r s  

o ccur  a t  somewhat h i g h e r  c o n c e n t r a t i o n s  ( K a l a n t ,  19 7 0 ) ,  t h e r e  i s  

e v id e n c e  to  s u p p o r t  th e  c o n c lu s io n  t h a t  b lo o d  c o n c e n t r a t i o n s  j u s t  

b a r e l y  above endogenous l e v e l s  are  s u f f i c i e n t  t o  cau se  changes i n  

c e r t a i n  CNS r e s p o n s e s .

I n  man, a  c o n c e n t r a t i o n  of 10 mg% i s  s u f f i c i e n t  to  s i g n i f i 

c a n t l y  low er  t h e  r o t a t i o n  v e l o c i t y  r e q u i r e d  t o  p ro d u ce  f u s i o n  i n  t h e  

o p t o k i n e t i c  drum (Blomberg and Wassen, 1962 ) .  A c o n c e n t r a t i o n  o f  26 

mg% i s  s u f f i c i e n t  t o  a l t e r  a lp h a  power d i s t r i b u t i o n  to  i t s  f u l l e s t  

o b se rv e d  e x t e n t  (D o c to r ,  ejt a l , 1966) and some o b s e r v a b le  d e c r e a s e  i n  

th e  e f f e c t  of o r b i t a l - f r o n t a l  i n h i b i t i o n  on s o m a t ic  r e f l e x e s  i n  c a t s  

i s  found a t  25 mg% ( S a u e r l a n d ,  a l ,  1 9 6 7 ) .  A lso  i n  c a t s ,  s p o n ta n e o u s  

c o r t i c a l  a c t i v a t i o n  has  b e e n  observed  a t  l e s s  t h a n  50 mg% (Horsey and 

A k er t  , 1953; H adju-D im o, e ^  1968) and t h i s  a c t i v a t i o n  i s  c o r r e l a t e d  

w i th  a t r a n s i e n t  i n c r e a s e  i n  c o r t i c a l  b lo o d  f lo w  (H adji-D im o, et^ a l . ,  1968) 

H ence , t h e r e  i s  c o n s id e r a b l e  s u p p o r t  f o r  th e  c o n c lu s io n  t h a t  

o n ly  a  v e r y  s m a l l  amount o f  e th a n o l  i s  n e c e s s a r y  to  s i g n i f i c a n t l y  a l t e r
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CNS f u n c t i o n s .  W ith th e  e x c e p t io n  of t h e  change i n  o p t o k i n e t i c  f u s i o n ,  

a l l  o f  t h e s e  s t u d i e s  s u g g e s t  t h a t  e t h a n o l  i n  low d o s e s  i n c r e a s e s  CNS 

e x c i t a t i o n  b u t ,  a s  d i s c u s s e d  be lo w , t h i s  change may a l s o  r e s u l t  from 

i n c r e a s e d  e x c i t a t i o n .

Few s t u d i e s  p r o v id e  any b a s i s  f o r  com parison  w i th  r e s u l t s  

found a t  h i g h e r  d oses  i n  t h i s  i n v e s t i g a t i o n .  S t o r y ,  eit ^  (1961) 

examined th e  e f f e c t s  o f  e th a n o l  on augm en ting  and r e c r u i t i n g  ( n e i t h e r  

o f  which s a t i s f i e d  t h e  a c c e p te d  d e f i n i t i o n s  o f  t h e s e  r e s p o n s e s  s i n c e  

p a i r e d  and n o t  r e p e t i t i v e  s t i m u l i  w ere  u s e d )  and found  co m p le te  b lo c k a d e  

o f  r e c r u i t i n g  and s e v e r e  d e p r e s s i o n  o f  a u g m en ting  r e s p o n s e s  a t  c o n c e n 

t r a t i o n s  o f  250-300  mg%. B lockade  o f  t h e s e  r e s p o n s e s  would n o t  be 

e x p e c te d  on th e  b a s i s  o f  th e  r e s u l t s  o f  t h e  p r e s e n t  s tu d y  a l t h o u g h  

e x a m in a t io n  o f  s u p r a t h r e s h o l d  r e c r u i t i n g  and a u g m en t in g  m ig h t  show 

t h a t  t h e i r  a p p e a ra n c e  was d e la y e d  from  t h e  o n s e t  o f  th e  s t i m u l u s  t r a i n  

in  t h i s  c o n c e n t r a t i o n  r a n g e .  I f  on ly  p a i r e d  s t i m u l i  w ere  u se d  u n d e r  

th e s e  c i r c u m s ta n c e s ,  r e s p o n s e s  would n o t  be  o b s e r v e d ,  l e a d i n g  t o  t h e  

c o n c lu s io n  t h a t  e t h a n o l  " b lo c k e d "  t h e s e  r e s p o n s e s .

K og i ,  e ^  ^  (1960) exam ined t h r e s h o l d s  f o r  c o r t i c a l  a c t i v a t i o n  

t o  r e t i c u l a r  s t i m u l a t i o n  and f o r  r e c r u i t i n g  b u t  o n ly  w i t h i n  a  r a n g e  of 

250-300 mg%. They found a  48% i n c r e a s e  i n  r e c r u i t i n g  t h r e s h o l d s ,  a 

r e s u l t  c o n t r a r y  t o  t h a t  found  by S t o r y ,  e t  ^  ( 1 9 6 1 ) ,  and an 83% i n c r e a s e  

i n  c o r t i c a l  d e sy n ch ro n y  t h r e s h o l d .  T hese  c hanges  f u r t h e r  s u p p o r t  t h e  

c o n c lu s io n  made i n  t h i s  s t u d y ,  t h a t  i n  t h e  f i n a l  p h a se  of a c t i o n  e t h a n o l  

e x e r t s  a  n o n - s p e c i f i c  d e p r e s s i v e  e f f e c t  o v e r  t h e  e n t i r e  CNS.

When r e c r u i t i n g  t h r e s h o l d s  a r e  exam ined  u n d e r  low d o se s  o f  

b a r b i t u r a t e s  a  q u i t e  d i f f e r e n t  p a t t e r n  o f  a c t i o n  i s  fo u n d .  K ing (1956)
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found d e c r e a s e d  r e c r u i t i n g  t h r e s h o l d s  and enhanced  s u p r a t h r e s h o l d  

r e c r u i t i n g  w h i le  c o r t i c a l  desy n ch ro n y  t h r e s h o l d s  w ere  d e c r e a s e d .  The 

doses  u s e d ,  3-5 m g/kg, a r e  p ro b a b ly  ro u g h ly  e q u i v a l e n t  t o  t h e  low er  

e th a n o l  d o s e s  u sed  h e r e .  At h i g h e r  b a r b i t u r a t e  d o s e s  r e c r u i t i n g  t h r e s 

h o ld s  d e c r e a s e d  f u r t h e r  w h i l e  d esy n ch ro n y  r e s p o n s e s  w ere  c o m p le te ly  

a b o l i s h e d .  A l p h a - c h l o r a l o s e ,  t e s t e d  u n d e r  t h e  same c o n d i t i o n s  by 

King ( 1 9 5 6 ) ,  c a u s e s  enhancem ent of r e c r u i t i n g  a t  low d o s e s  and  d e p r e s 

s io n  a t  h i g h e r  d o s e s ;  i t  does  n o t  a l t e r  t h r e s h o l d s  f o r  c o r t i c a l  d e sy n 

ch rony  a t  low d o se s  a s  e th a n o l  d i d  i n  t h i s  i n v e s t i g a t i o n .

A lthough  o t h e r  C N S-ac tive  d r u g s ,  i n c l u d i n g  c h lo r a p r o m a z in e ,  

e t h e r  and m e p h e n e s in ,  have  been  t e s t e d  (K in g ,  1956) u n d e r  s i m i l a r  c o n d i 

t i o n s ,  n o t  enough d a t a  a r e  a v a i l a b l e  t o  c o m p i le  a  d o s e - r e s p o n s e  r e l a t i o n 

s h i p .  Only u r e t h a n  shows some s i m i l a r i t y  t o  e th a n o l  ( T a k a o r i ,  e t  a l .  

1966; G ogolak , e t  1969) and i t  s h o u ld  b e  i m p o r ta n t  to  t e s t  u r e th a n  

u n d e r  c o n d i t i o n s  s i m i l a r  to  th o s e  used  i n  t h i s  s t u d y .

Com parison o f  CNS evoked p o t e n t i a l s  w i th  t h e  p r e s e n t  r e s u l t s  

shows o n ly  a  few s i m i l a r i t i e s .  The r e s u l t s  o f  N akai ( T a k a o r i ,  e t  a l ,  

1966; N akai and Domino, 1969) d e m o n s t r a te  a  m ono ton ie  d e c r e a s i n g  evoked  

p o t e n t i a l  a m p l i tu d e  w i t h  i n c r e a s i n g  e t h a n o l  c o n c e n t r a t i o n .  D ip h a s ic  

changes  were n o t  o b s e r v e d .  However, n e i t h e r  o f  t h e s e  s t u d i e s  used  a 

d ose  o f  100 mg/kg com parab le  to  th e  lo w e s t  d o se  used  i n  t h i s  i n v e s t i g a 

t i o n .  The l a t t e r  s tu d y  (Nakai and Domino, 1969) d e m o n s t r a t e s  r e l a t i v e  

r e s i s t a n c e  o f  t h e  r e t i c u l a r  fo rm a t io n  t o  e t h a n o l ,  compared t o  t h e  

c e r e b r a l  c o r t e x ,  a  r e s u l t  i n  a g reem en t  w i t h  t h e  p r e s e n t  r e s u l t s .

D i f f e r e n c e s  i n  r e s u l t s  p ro d u ce d  by t h e  CNS evoked p o t e n t i a l  

p a rad igm  and r e s p o n s e  t h r e s h o l d  d a t a  c a n n o t  b e  a c c o u n te d  f o r  by d i f f e r e n t
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p r e p a r a t i o n s .  The a c u t e ,  p a r a l y z e d  c a t  i s  coimncn to  b o th  i n v e s t i g a t i o n s .  

Hence, d i f f e r e n c e s  m ust be a f u n c t i o n  o f  t h e  r e s p o n s e  m e a su re s  them

s e l v e s .  I t  may be co n c lu d e d  t h a t  t h e  s t a n d a r d  evoked  p o t e n t i a l  p a r a 

digm does  n o t  g iv e  a c c e s s  to  t h e  same i n f o r m a t io n  as  t h r e s h o l d  d a t a .  

Evoked p o t e n t i a l s  a r e  a n  e n t i r e l y  a r t i f i c i a l  p r o d u c t i o n  i n  t h e  CNS, 

th e  r e s u l t  o f  s i n g l e ,  m a s s iv e  s t i m u l i  h a v in g  no s i g n i f i c a n t  d u r a t i o n .  

T h e r e f o r e ,  any s e n s i t i v e  m o d u la to ry  i n f l u e n c e s ,  w hich  may a l t e r  c o r t i 

c a l  r e c e p t i o n  o f  a f f e r e n t  i n f o r m a t i o n ,  a r e  n o t  o p e r a t i v e .  Under most 

c i r c u m s ta n c e s  t h e  evoked p o t e n t i a l  waveform i s  a  m easu re  o f  r e l a y  

c a p a b i l i t i e s  o v e r  th e  m ost f a v o r a b l e  pathway to  t h e  c o r t e x .

P o t e n t i a l  CNS m o d u la to ry  mechanisms may b e  invoked  by r e p e 

t i t i v e  s t i m u l a t i o n .  The n e u r a l  c o n n e c t io n s  and s y n a p t i c  a c t i v i t i e s  

r e s p o n s i b l e  f o r  r e c r u i t i n g  a r e  m a in ly  o f  a  r e c u r r e n t  i n h i b i t o r y  n a t u r e  

(A ndersen  and A n d e rsso n ,  1 9 6 8 ) .  The r e s p o n s e  r e s u l t s  when s t i m u l a t i o n  

f re q u e n c y  ap p ro ach es  t h e  n a t u r a l  f r e q u e n c y  o f  th e  i n t r a t h a l a m i c  and 

t h a l a m o c o r t i c a l  c i r c u i t r y .  High f r e q u e n c y  s t i m u l a t i o n  o f  t h e  m id b r a in  

r e t i c u l a r  fo rm a t io n  a l s o  p ro d u c e s  a  m o d u la t io n  o f  a f f e r e n t  i n f o r m a t i o n — 

a l th o u g h  b ia s e d  tow ards  e x c i t a t i o n — which i s  n o t  s t i m u lu s - b o u n d  o r  

n e c e s s a r i l y  a p p a re n t  u n t i l  s e v e r a l  h u n d red  m i l l e s e c o n d s  a f t e r  s t im u lu s  

o n s e t .  I t  may be conc luded  t h a t  i f  sy s te m s  a r e  a c t i v a t e d  so  t h a t  t h e  

r e s u l t a n t  o p e r a t io n s  a r e  a r e a s o n a b l e  f a c s i m i l e  o f  t h e i r  n a t u r a l  o p e r a 

t i o n s  ( e . g . ,  m o d u la t io n )  th a n  e t h a n o l  e f f e c t s  w i l l  be more a p p a r e n t  

and more u n d e r s t a n d a b le .

The r e s u l t s  s u g g e s t  t h a t  t h e  augm enting  r e s p o n s e  may r e p r e s e n t  

some m id d le  ground  betw een  s t r i c t  i n f o r m a t io n  t r a n s f e r  and m o d u la t i o n .  

Evoked p o t e n t i a l  s t u d i e s  ( T a k a o r i ,  e t  1966; N akai and Domino, 1969)
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show t h a t  th e  f i r s t  a p p a r e n t  d e c r e a s e  i n  a m p l i tu d e  o c c u r s  i n  th e  200-400 

mg/kg r a n g e .  Augmenting t h r e s h o l d s  a r e  f i r s t  s i g n i f i c a n t l y  e l e v a t e d  

above c o n t r o l  a t  200 mg/kg a l th o u g h  t h e r e  i s  no g r e a t  change  i n  t h r e s 

ho ld s  a t  h i g h e r  d o s e s .

N e v e r t h e l e s s ,  b o th  t h r e s h o l d s  and evoked p o t e n t i a l s  were 

m easured  u n d e r  r e l a t i v e l y  abnorm al c o n d i t i o n s — t h e  a c u t e ,  p a ra ly z e d  

c a t .  However, t h e  a c u t e  p r e p a r a t i o n  a l lo w s  th e  n o n - t r a u m a t i c  i n f u s i o n  

of l a r g e  volumes o f  d ru g s  a s  w e l l  a s  a c c u r a t e  m easurem ent of t h e  d r u g ' s  

b lood  c o n c e n t r a t i o n .  A d d i t i o n a l l y ,  w i th  f u l l  c o n t r o l  o v e r  b lood  g a s e s ,  

most d e v i a t i o n s  from  "no rm a l"  p h y s i o l o g i c a l  t o l e r a n c e s  r e s u l t i n g  from  

drug  s i d e - e f f e c t s  can  be a d e q u a te ly  c o n t r o l l e d  and s e p a r a t e d  from p u re  

CNS d rug  e f f e c t s .

One a s p e c t  o f  e t h a n o l  a c t i o n  n o t  a c c o u n te d  f o r  i n  th e  a c u t e  

e x p e r im e n t  i s  th e  p o s s i b l e  e f f e c t s  o f  a d a p t a t i o n  t o  e t h a n o l .  A d a p ta t i o n ,  

though p r i m a r i l y  a phenomenon of c h r o n i c  a l c o h o l i s m ,  may a l s o  be  p r e s e n t  

on a f a i r l y  s h o r t  t e rm  b a s i s .  I t  would  b e  o b s e rv e d  h e r e  a s  an i n c r e a s e  

in  th e  d o sa g e  r e q u i r e d  t o  a c h ie v e  e f f e c t s  found  a t  lo w e r  doses  a f t e r  

c o n t in u e d  o r  r e p e a t e d  p r e s e n c e  of e th a n o l  i n  t h e  s y s te m .  I f  th e  a n im a l  

i s  r a p i d l y  a d a p t in g  to  t h e  p r e s e n c e  o f  e t h a n o l — i f  t h e  r e s p o n s e  o b se rv e d  

i s  " r e c o v e r i n g "  t o  some e x t e n t — th e  e s s e n t i a l  p a t t e r n  o f  r e s u l t s  would 

p ro b a b ly  n o t  be a l t e r e d .  A d a p ta t io n  would r e q u i r e  t h a t  CNS r e s p o n s i v i t y  

w i l l  be changed  l e s s  w i t h  s u c c e e d in g  e t h a n o l  d o s e s  o r  t h a t  r e s p o n s i v i t y  

would p a r t i a l l y  r e c o v e r  i f  a  c o n s t a n t  c o n c e n t r a t i o n  was m a in ta in e d .  I f  

a d a p t a t i o n  w ere  o c c u r r i n g  i n  t h e s e  e x p e r im e n ts  o b s e rv e d  changes i n  

r e s p o n s e  t h r e s h o l d s  would a c t u a l l y  b e  found  a t  a  lo w e r  c o n c e n t r a t i o n .

I f  i n f u s i o n  b r o u g h t  t h e  a n im a l  d i r e c t l y  t o  a  g iv e n  d o s e  l e v e l  th e  o n ly
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e f f e c t  o f  a d a p t a t i o n  on th e  p r e s e n t  r e s u l t s  would  be t o  c o n s t r i c t  th e  

o bse rved  t h r e s h o l d  changes o v e r  a more n a rro w  d o sa g e  r a n g e .

M etabo lism  of E thano l

The r e s u l t s  summarized in  F ig u re  6 and T a b le  2 i n d i c a t e  t h a t  

e th a n o l  m e ta b o l i s m ,  a s  m easured  by t h e  r a t e  o f  c l e a r a n c e  from th e  b lo o d ,  

i s  r e l a t e d  to  b lo o d  c o n c e n t r a t i o n  by a t  l e a s t  a f i r s t - o r d e r  e q u a t i o n .  

A lthough  t h e s e  r e s u l t s  a r e  d e r iv e d  from  o n ly  two m easurem ents  o f  con

c e n t r a t i o n  a t  each  d o s e ,  th e  c l e a r a n c e  r a t e s  a t  each  o f  t h e s e  d o s e s  a r e  

c l e a r l y  d i f f e r e n t  and a r e  d i r e c t l y  p r o p o r t i o n a l  t o  c o n c e n t r a t i o n .  T h is  

r e l a t i o n s h i p  was v e r i f i e d  by s t a t i s t i c a l  c o r r e l a t i o n  o f  t h e  i n i t i a l  

b lood  sam ple  c o n c e n t r a t i o n  w i t h  the  c a l c u l a t e d  c l e a r a n c e  r a t e  f o r  

dose w i t h i n  e v e ry  e x p e r im e n t  f o r  which co m p le te  d a t a  w ere a v a i l a b l e .

The r e s u l t s  o f  t h e s e  c a l c u l a t i o n s  d e m o n s t ra te d  s i g n i f i c a n t  c o r r e l a t i o n s  

a t  3 d o s e s  (1 0 0 ,  200 and 800 m g/kg). There  i s  e v e ry  r e a s o n  to  b e l i e v e ,  

t h e r e f o r e ,  t h a t  more p r e c i s e ,  r e p e a te d  e x a m in a t io n  o f  c l e a r a n c e  r a t e s  

i n  e x p e r im e n ts  d e s ig n e d  f o r  t h a t  pu rpose  w i l l  g i v e  th e  same r e s u l t .

A lthough  E g g le to n  (1940b) found b lo o d  c l e a r a n c e  r a t e s  i n  c a t s  

to  be p r o p o r t i o n a l  t o  b lo o d  c o n c e n t r a t i o n ,  s t u d i e s  conduc ted  on humans 

have  found o n ly  a  z e r o - o r d e r  ( r a t e  in d e p e n d e n t  o f  c o n c e n t r a t i o n )  r e l a 

t i o n s h i p s  ( J a c o b s o n ,  1952; L u n dqu is t  and W o l th e r s ,  1958; S i d e l l  and 

P l e s s ,  1 9 7 1 ) .  I f  t h i s  i s  a  s p e c i e s  d i f f e r e n c e  i t  s u g g e s t s  th e  p re s e n c e  

of a more e f f i c i e n t  a l c o h o l  dehyd rogenase  sy s te m  i n  low er  mammals. 

C le a ra n c e  r a t e s  i n  t h e  p r e s e n t  s tu d y  ( ra n g in g  from  23 t o  172 mg%/hr) 

a r e  s u b s t a n t i a l l y  f a s t e r  th a n  th o s e  found i n  humans (L u n d q u is t  and 

W o lth e r s ,  1958, 21 mg%/hr; Edwards and E vans ,  1967 , 1 8 .2  mg%/hr;

S i d e l l  and P l e s s ,  1971 , 18 .9  m g% /hr).
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A lthough  methods o f  e th a n o l  a d m i n i s t r a t i o n  and measuremeuL 

v a r i e d  o v e r  t h e s e  s t u d i e s ,  one t y p i c a l  i n v e s t i g a t i o n  ( S i d e l l  and P l e s s ,  

1971) found  peak b lo o d  c o n c e n t r a t i o n s  s i m i l a r  t o  t h o s e  r e p o r t e d  h e r e .  

Doses of 400 , 800 and  1600 mg/kg a d m in i s t e r e d  o r a l l y  r e s u l t e d  i n  peak 

b lo o d  l e v e l s  of 45 , 70 and 200 mg%, r e s p e c t i v e l y ,  compared t o  f i r s t  

m easurem ent p o s t - i n f u s i o n  mean c o n c e n t r a t i o n s  o f  4 9 ,  98 and 214 mg% 

i n  t h i s  s t u d y .

R e l a t i o n s h i p s  o f  T h re sh o ld  Changes t o  
B e h a v io ra l  A l t e r a t i o n s

Low Dose Phase

The p r im a ry  e f f e c t s  o f  e th a n o l  i n  t h e  low dose  p h ase  a p p e a r  to  

be a  d e c r e a s e  i n  t h e  e f f i c i e n c y  o f  i n h i b i t o r y  c o n t r o l  o v e r  t h e  c e r e b r a l  

c o r t e x .  The s o u rc e  o f  t h a t  i n h i b i t i o n  i s  p r o b a b ly  t h e  n o n - s p e c i f i c  

t h a l a m u s - f r o n t a l  c o r t e x  sy s tem  which p r o v id e s  m o d u la t io n  o f  c h a n n e ls  

a f f e r e n t  t o  th e  c o r t e x  as  w e l l  as an upper l i m i t  f o r  c o r t i c a l  a c t i v a 

t i o n .  P a r t i a l  l o s s  o f  t h i s  i n h i b i t i o n  w i l l  r e s u l t  i n  i n c r e a s e d  r e l a t i v e  

e x c i t a t i o n  o f  t h e  c o r t e x  and w h erev er  i n  t h e  CNS t h i s  i n h i b i t o r y  system  

e x e r t s  some c o n t r o l .

The b e h a v i o r a l  a l t e r a t i o n s  a s s o c i a t e d  w i th  th e  low dose  phase  

o f  e t h a n o l  w i l l  be  a  f u n c t i o n  of t h e s e  changes  i n  i n h i b i t o r y  c o n t r o l .  

T h re s h o ld  changes  o b s e rv e d  i n  t h i s  phase  s u g g e s t  b e h a v i o r a l  symptoms 

r e m i n i s c e n t  o f  t h e  " j a g  s t a t e "  a s s o c i a t e d  w i t h  s u b - a n e s t h e t i c  d o se s  

o f  b a r b i t u r a t e s  and v o l a t i l e  a n e s t h e t i c s ,  a  s t a t e  marked by t a l k a t i v e 

n e s s ,  h y p e r e x c i t a b i l i t y ,  and i n a p p r o p r i a t e  r e s p o n s e s .

They f u r t h e r  s u g g e s t  t h a t  c e r t a i n  changes  in  p s y c h o p h y s ic a l  

o p e r a t i o n s  and i n f o r m a t io n  p r o c e s s in g  w i l l  be  o b s e r v e d .  Due t o  th e
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d e p r e s s io n  of m o d u la to ry  m echanism s, t h e r e  w i l l  be a r e d u c t i o n  i n  th e  

p e r c e iv e d  c o n t r a s t  be tw een  s p a t i a l l y  and t e m p o r a l ly  s e p a r a t e d  s t i m u l i .

T h is  e f f e c t  may b e  p a r t i c u l a r l y  e v i d e n t  i n  t h e  p e r c e p t i o n  o f  r e l a t i v e l y  

weak s t i m u l i  and may e x p la i n  why e x t r e m e ly  low e th a n o l  c o n c e n t r a t i o n s  

c a u se  a  s i g n i f i c a n t  d e c r e a s e  in  t h e  o p t o k i n e t i c  drum v e l o c i t y  n e c e s s a ry  

f o r  f u s i o n  (Blomberg and  Wassen, 1 9 6 2 ) .  At t h e  same t i m e ,  r e l a t i v e l y  

s t r o n g  s t i m u l i  may be enhanced  s i n c e  m o d u la to ry  c o n t r o l  i s  r e d u c e d .

T hus , d e c r e a s e d  r e a c t i o n  t im es  w i l l  b e  o b se rv e d  f o r  s t i m u l i  c a p a b le  

o f  e l i c i t i n g  an " o r i e n t i n g  r e s p o n s e "  and th o s e  i n t e r p r e t e d  a s  " im p e r a t iv e "  

by th e  i n d i v i d u a l .

These  a l t e r a t i o n s  may p r o v id e  an e x p l a n a t i o n  f o r  known e f f e c t s  

on i n f o r m a t io n  p r o c e s s i n g .  P r o c e s s in g  o f  " im p o r t a n t "  i n f o r m a t i o n  i s  

shown to  be i n c r e a s e d  a t  low doses  b u t  s im u l ta n e o u s  p e r c e p t i o n  o f  p e r i 

p h e r a l ,  and th u s  weak, s t i m u l i  i s  d e c r e a s e d  (H am ilton  and  Copeman, 19 7 0 ) .  

F u r t h e r ,  p r o c e s s i n g  d e t e r i o r a t e s  i n  t h e  p r e s e n c e  o f  s t r o n g ,  i r r e l e v a n t  

s t i m u l i  when p r e s e n t e d  i n  a d d i t i o n  t o  an i m p e r a t iv e  c e n t r a l  t a s k  (F o rn e y ,  

e t.  1961, 1964 ; Hughes and F o rn e y ,  1 9 6 3 ) .

The low p h a se  o f  e th a n o l  a c t i o n  w i l l  a l s o  be m arked  by i n c r e a s e d  

au tonom ic  l a b i l i t y .  T h is  f e a t u r e  i s  p r i m a r i l y  s u g g e s t e d  by o b s e r v a t io n s  

in  s e v e r a l  e x p e r im e n t s  i n  which e x c e s s i v e  v a r i a b i l i t y  i n  au tonom ic  

r e c o r d s  accom pan ied  by p ro lo n g e d  c o r t i c a l  a c t i v a t i o n  p r e v e n t e d  t h r e s h o l d  

m easu rem en t .

The n e t  r e s u l t  o f  low d o se  p h a se  a c t i o n  may b e  a  n a r ro w in g  of 

t h e  p e r c e p t u a l  f i e l d  and  a  p o s s i b l e  enhancem ent o f  s t i m u l i  a t  t h e  c e n t e r  

of a t t e n t i o n  accom panied  by i n c r e a s e d  au tonom ic  l a b i l i t y .  T h is  s u g g e s t s  

t h a t  one o f  th e  rew a rd s  o f  i n t o x i c a t i o n  i s  a  s t a t e  o f  d i s s o c i a t i o n
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d e s c r i b e d  by s h a rp e n e d  aw areness  o f  c e r t a i n  im p o r ta n t  f e a t u r e s  o f  th e  

en v iro n m en t  and an  in d u c e d ,  d e c re a s e d  p e r c e p t i o n  of weak and i r r e l e v a n t  

s t i m u l i .

I n t e r m e d ia t e  Dose P h a se

E l e c t r o p h y s i o l o g i c a l l y ,  t h e  i n t e r m e d i a t e  p h ase  i s  marked by 

th e  a p p a r e n t  r e e s t a b l i s h m e n t  o f  b a l a n c e  be tw een  CNS e x c i t a t i o n  and i n h i 

b i t i o n .  T h is  b a la n c e  does n o t ,  h ow ever ,  i n c l u d e  th e  c a r d i o v a s c u l a r  

sy s tem . T h r e s h o ld  changes a s s o c i a t e d  w i t h  t h e  i n t e r m e d i a t e  phase  

s u g g e s t  t h e  p o s s i b i l i t y  o f  a  u n iq u e  b e h a v i o r a l  s t a t e  i n  which t h r e s h o l d s  

f o r  a s c e n d in g  a c t i v a t i o n  a r e  com parab le  t o  th o s e  in  t h e  n o n - i n t o x i c a t e d  

s t a t e  b u t  w h e re in  t h e r e  i s  i n c r e a s e d  t h r e s h o l d  f o r  au tonom ic  a c t i v a t i o n .  

T h is  d i s s o c i a t i o n  be tw een  c e n t r a l ,  a s su m e d ly  p e r c e iv e d ,  e v e n ts  and 

au tonom ic  r e a c t i v i t y  t o  them may p r o v id e  t h e  n e c e s s a r y  p h y s i o l o g i c a l  

i n g r e d i e n t s  o f  " t r a n q u i l i z a t i o n . "

I n  t h i s  p h a s e ,  a u to n o m ic - c e n t r a l  d i s s o c i a t i o n  w i l l  d e la y  

a d a p t iv e  s o m a t ic  a c t i v a t i o n  when i t  i s  r e q u i r e d  t o  m eet chang ing  

demands o f  t h e  e n v iro n m e n t .  D e p re s s io n  o f  s o m a t ic  a c t i v a t i o n  w i l l  be  

o b s e rv e d  a s  a  g e n e r a l  l o s s  o r  s lo w in g  o f  t h e  a d a p t iv e  p r e p a r a t i o n ,  

w hich  i n c l u d e s  i n c r e a s e d  b lo o d  f lo w  to  m u s c le ,  e n d o c r in e  a c t i v a t i o n  

and a  g e n e r a l  i n c r e a s e  in  s o m a t ic  t o n e ,  o r d i n a r i l y  o c c u r r i n g  w i th  th e  

t h r e a t  o f  a c u t e  s t r e s s .  T h is  w i l l  b e  e s p e c i a l l y  t r u e  i f  t h e  " b a la n c e  

s t a t e "  o f  th e  i n t e r m e d ia t e  p h a se  i s  i n  f a c t  an i l l u s o r y  b a la n c e  a t  a 

d e c r e a s e d  s t a t e  o f  i n t r i n s i c  a c t i v a t i o n .  I n  t h i s  e v e n t ,  n o t  o n ly  i s  

th e  i n d i v i d u a l  s low ed  i n  h i s  s o m a t ic  r e a c t i o n  t o  s t r e s s  i n  em ergency 

s i t u a t i o n s  b u t  he must b e g in  t h a t  a c t i v a t i o n  from an a l r e a d y  d e p re s s e d  

s t a t e .
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T hus, l o s s  o f  e m o t io n a l  r e a c t i v i t y  ( K a l a n t , 1970; Forney and 

Hughes, 1 9 63 ) ,  th o u g h  p e rc e iv e d  as a b e n e f i c i a l  a s p e c t  o f  m ild  i n t o x i 

c a t i o n  by th e  d r i n k e r ,  m ig h t  r a t h e r  s u g g e s t  a  d i s s o c i a t i o n  between him 

and h i s  e n v iro n m en t  t h a t  i s  b o th  r e w a rd in g  and d a n g e ro u s .

High Dose P h ase

Above t h e  40-60  mg% c o n c e n t r a t i o n  r a n g e  p roduced  by a  400 

mg/kg d o s e ,  a l l  t h r e s h o l d s  r i s e  i n  a m o n o to n ie  f a s h i o n .  I t  may be 

e x p e c te d  t h a t  t h e r e  w i l l  be  a  p a r a l l e l  d e p r e s s i o n  o f  n o t  o n ly  modula

t o r y  m echan ism s, w hose f a i l u r e  i n  t h i s  p h a s e  w i l l  r e s u l t  i n  a  f l a t  

p e r c e p t u a l  f i e l d ,  b u t  a l s o  o f  i n f o r m a t io n  t r a n s m i s s i o n  from th e  p e r i 

p h e ry .  These  c h a n g es  i n  f u n c t i o n  w i l l  be  accom pan ied  by a  deepen ing  

b e h a v i o r a l  d e p r e s s i o n .  N e v e r th e l e s s ,  t h i s  i n v e s t i g a t i o n  shows t h a t  a l l  

r e s p o n s e  t h r e s h o l d s  w ere  w e l l  w i t h i n  a  m e a s u r a b le  ran g e  a t  th e  h i g h e s t  

b lo o d  c o n c e n t r a t i o n s  p ro d u ced  w i t h i n  t h e  p r o t o c o l ,  s u g g e s t in g  t h a t ,  

i f  s t i m u lu s  i n t e n s i t y  i s  s u f f i c i e n t l y  g r e a t ,  t h e  i n d i v i d u a l  w i l l  s t i l l  

be a b le  to  r e a c t  t o  h i s  e n v irn o m e n t .

T h is  i s  p r o b a b ly  u n f o r t u n a t e  f o r  him and h i s  d e p e n d e n ts .  

A l though  a b le  t o  r e a c t  t o  s t r e s s ,  i t  may b e  e x p e c t e d  t h a t  h i s  r e s p o n s e s  

w i l l  be  made th ro u g h  c lo u d e d  p e r c e p t i o n s ,  w i t h  g r e a t  l a t e n c i e s ,  and w i t h  

no g u a r a n t e e  o f  a p p r o p r i a t e n e s s .  These  r e s u l t s  s t r o n g l y  em phasize  t h a t  

e th a n o l  p ro d u c e s  p u r e l y  d e p r e s s a n t  e f f e c t s  a t  r e l a t i v e l y  low b lood  

c o n c e n t r a t i o n s .  Tlie m ost s t r i n g e n t  d r u n k - d r i v i n g  law c o n s id e r s  100 mg% 

prim a f a c i e  e v id e n c e ;  even t h i s  c o n c e n t r a t i o n  may be  too  h i g h .
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The M otives  f o r  I n t o x i c a t i o n  

Being f u l l y  k n o w led g eab le  of t h e  u l t i m a t e  e f f e c t s  of c o n t in u e d  

i n g e s t i o n  of e t h a n o l ,  i n d i v i d u a l s  n e v e r t h e l e s s  d r i n k  and u s u a l l y  t o  

e x c e s s .  S e v e ra l  s o u rc e s  o f  m o t iv a t io n  f o r  t h e  phenomenon of s e l f 

in d u ce d  i n t o x i c a t i o n  a r e  a p p a r e n t  from t h i s  and o t h e r  i n v e s t i g a t i o n s .  

E th a n o l  in d u ce s  a  s t a t e  o f  d i s s o c i a t i o n  t h a t  i s  a t  l e a s t  p a r t i a l l y  unde r  

c o n t r o l  o f  th e  d r i n k e r .  W ith a  s u r p r i s i n g l y  s m a l l  amount th e  d r in k e r  

may v o l u n t a r i l y  s u p p r e s s  many o f  t h e  ann o y in g  a s p e c t s  o f  h i s  env ironm en t 

as  w e l l  a s  enhance  c e r t a i n  f a v o r a b le  o n e s .  The induced  s t a t e  o f  e u p h o r ia  

(Ekman, ejt a l ,  1964) r e s u l t i n g  i n  the  low do se  p h a s e  can p ro b a b ly  be 

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

I f  t h i s  s t a t e  i s  p e r c e iv e d  as  su ch  by t h e  d r i n k e r  i t  may b e  p o s s i b l e  

f o r  red u c e d  p h y s i o l o g i c a l  i n h i b i t i o n  t o  c i r c u l a r l y  r e i n f o r c e  red u c e d  

s o c i a l  i n h i b i t i o n .

In  a d d i t i o n  t o  low d o se  e u p h o r i a ,  t h e  i n t e r m e d i a t e  dose  phase  

of p h y s i o l o g i c a l  " b a l a n c e "  and b e h a v i o r a l  t r a n q u i l i z a t i o n  c e r t a i n l y  has  

m o t i v a t i n g  p r o p e r t i e s .  At h i g h e r  c o n c e n t r a t i o n s  t e n s i o n  r e d u c t i o n  may 

be summed w i th  t h e  r e d u c t i o n  o f  p a in ,  w h e th e r  r e a l  o r  im a g in e d ,  and 

th u s  p r o v id e  th e  m ost b a s i c  s o u rc e  of m o t i v a t i o n .

U n f o r tu n a t e l y ,  t h e  m ore p l e a s a n t  a s p e c t s  o f  i n t o x i c a t i o n  o c c u r  

w i t h in  a  v e ry  com pressed  r a n g e  o f  b lood  c o n c e n t r a t i o n .  S o b r i e t y  i s  

q u i c k ly  r e p la c e d  by e u p h o r i a ,  t h e n  t r a n q u i l i z a t i o n ,  and f i n a l l y  d e p re s 

s io n  o v e r  a r a n g e  p roduced  by no  more th a n  l e s s  t h a n  0 .5  t o  1 .5  ounces 

of e t h a n o l .  One can  o n ly  c o n c lu d e  t h a t  i t  t a k e s  a  s o b e r  man to  know 

when he  h a s  had to o  much t o  d r i n k .



CHAPTER VI

SUMMARY

E l e c t r o p h y s i o l o g i c a l  and b e h a v io r a l  i n v e s t i g a t i o n s  have  demon

s t r a t e d  th e  e x i s t e n c e  o f  a  t r a n s i e n t  p e r io d  o f  CNS e x c i t a t i o n  a t  e t h a n o l  

b lo o d  c o n c e n t r a t i o n s  r a n g in g  be tw een  10 and 50 mg% (0 .0 1 -0 .0 5 % ) .  These  

i n v e s t i g a t i o n s  h a v e  f o r  t h e  m ost p a r t  conc luded  t h a t  t h i s  low dose  e f f e c t  

i s  a  f u n c t i o n  o f  th e  d i f f e r e n t i a l  s u s c e p t i b i l i t y  to  e t h a n o l  o f  v a r i o u s  

p a r t s  o f  th e  CNS. However, a  more p a rs im o n io u s  e x p l a n a t i o n  i s  t h a t  

e t h a n o l ,  i n  low d o s e s ,  p r i m a r i l y  d e p r e s s e s  th o se  CNS m echanism s r e s p o n 

s i b l e  f o r  th e  m o d u la t io n  o f  e x c i t a t i o n  and i n h i b i t i o n .  E x te n s iv e  re v ie w  

o f  t h e  e f f e c t s  o f  e th a n o l  on CNS e l e c t r o p h y s i o l o g y  shows t h a t  e th a n o l  i s ,  

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

N e v e r th e l e s s ,  b e h a v i o r a l  s t u d i e s  show improvement on v a r i o u s  t e s t s  o f  

i n f o r m a t io n  p r o c e s s in g  and c o g n i t i v e  p e rfo rm a n c e .  T h is  i s  t r u e ,  h ow ever ,  

o n ly  so  long  a s  th e  o p e r a t i o n s  r e q u i r e d  a r e  r e l a t i v e l y  s im p le  and rem a in  

u n c o m p l ic a te d  by e x t r a n e o u s ,  d i s t r a c t i n g  s t i m u l i  p r e s e n t e d  i n  a d d i t i o n  

t o  t h e  c e n t r a l  t a s k .  T hese  b e h a v i o r a l  e f f e c t s  m ig h t  b e  e x p la i n e d  by 

e t h a n o l ' s  d e p r e s s io n  o f  CNS m o d u la to ry  mechanisms which e x e r t  c o n t r o l  

o v e r  a f f e r e n t  i n f o r m a t io n .

These f a c t o r s  s u g g e s t e d  t h a t  d i r e c t  e x a m in a t io n  o f  t h e  e f f e c t  of 

e th a n o l  on CNS sys tem s  known to  m e d ia te  c e r t a i n  a s p e c t s  o f  m o d u la to ry
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c o n t r o l  would p r o v id e  v a l u a b l e  i n s i g h t  i n t o  th e  c h a n g es  i n  CNS f u n c t i o n  

and b e h a v io r  known t o  d e f i n e  t h e  s t a t e  o f  e t h a n o l  i n t o x i c a t i o n  i n  man. 

A d d i t i o n a l l y ,  i t  was assumed t h a t  s y s t e m a t i c  e x a m in a t io n  of th e  e x c i t a 

t i o n  t h r e s h o ld  r e q u i r e d  f o r  e l i c i t i n g  th e  o p e r a t i o n  o f  t h e s e  sy s tem s  

would p r o v id e  a  s e n s i t i v e  in d e x  o f  changes i n  t h e  b a l a n c e  o f  CNS e x c i t a 

t i o n  and i n h i b i t i o n .

On t h e  b a s i s  o f  t h e s e  a ssu m p tio n s  a  s e r i e s  o f  p i l o t  e x p e r im e n ts  

was i n i t i a t e d  to  d e f i n e  t h r e s h o l d  c r i t e r i a  f o r  e a c h  o f  f i v e  CNS re s p o n s e s  

e l i c i t e d  by c e n t r a l  s t i m u l a t i o n .  These r e s p o n s e s  w e re  t h e  r e c r u i t i n g  

and augm en ting  r e s p o n s e s  o f  t h e  n o n - s p e c i f i c  and s p e c i f i c  th a la m u s ,  

r e s p e c t i v e l y ,  and t h e  c o r t i c a l  d e sy n ch ro n y ,  c a r d i o v a s c u l a r  p r e s s o r  and 

s k i n  r e s i s t a n c e  r e s p o n s e s  o f  t h e  r e t i c u l a r  a c t i v a t i n g  s y s te m .  These 

r e s p o n s e s  w ere  s e l e c t e d  b e c a u s e  th e y  w ere  s t e r e o t y p i c a l  t o  a p p r o p r i a t e  

s t i m u l a t i o n  o f  th e  CNS, th e y  w ere  c h a r a c t e r i s t i c  r e s p o n s e s  o f  t h e  modu

l a t o r y  sy s te m s  to  be i n v e s t i g a t e d ,  and th e y  w ere  w e l l - d e f i n e d  i n  th e  

l i t e r a t u r e .

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

c u r r e n t  i n t e n s i t y  r e q u i r e d  f o r  th e  e l i c i t a t i o n  o f  e a c h  o f  t h e  5 r e s p o n s e s  

u n d e r  n o n -d ru g  and 5 e t h a n o l  dose  c o n d i t i o n s .  The r e s p o n s e s  w ere  r e q u i r e d  

t o  m ee t  c e r t a i n  p r e c i s e  c r i t e r i a  f o r  t h e  a s s ig n m e n t  o f  t h r e s h o l d  c u r r e n t  

i n t e n s i t y ,  and th e y  had  t o  be  e l i c i t e d  d u r in g  t h e  p r e s e n c e  o f  a  "d row sy" 

p a t t e r n  o f  s p o n ta n e o u s  e l e c t r i c a l  a c t i v i t y ;  a  p a t t e r n  f o r  w hich  a d d i t i o n a l  

c r i t e r i a  w ere  d e v e lo p e d .

S u b je c t s  i n  th e  s tu d y  w ere  a c u t e ,  p a r a l y z e d  c a t s .  Under b r i e f  

g e n e r a l  a n e s t h e s i a  ( e t h e r ) ,  e n d o t r a c h e a l ,  f e m o r a l  a r t e r y  and fem o ra l  

v e i n  c a t h e t e r s  w ere  i n s e r t e d  and  e x t e n s i v e  l o c a l  a n e s t h e s i a  s e c u r e d .
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To p r e v e n t  t h e  u s u a l  i n c r e a s i n g  p h y s i o l o g i c a l  d e p r e s s i o n  r e s u l t i n g  

from p ro lo n g e d  g e n e r a l  a n e s t h e s i a ,  th e  a n im a ls  w ere  a l low ed  to  p a r 

t i a l l y  r e c o v e r  b e f o r e  p a r a l y s i s  and a r t i f i c i a l  r e s p i r a t i o n  was i n i t i a t e d ;  

s u r g i c a l  p r o c e d u r e s  w ere  t h e n  c o n t in u e d .  A f t e r  p la c e m e n t  i n  a s t e r e o 

t a x i c  a p p a r a t u s , th e  s k u l l  was exposed  and  e p i d u r a l  sc rew  and b i p o l a r  

s u b c o r t i c a l  e l e c t r o d e s  w ere i n s e r t e d .  M onopolar r e c o r d in g s  were made 

from a n t e r i o r  c r u c i a t e  g y r u s ,  b i l a t e r a l l y ,  and m e d ia l  s u p r a s y lv ia n

g y ru s .  Depth e l e c t r o d e s  w ere p la c e d  in  n .  r e u n i e n s  o r  n. c e n t r e

m edian f o r  s t i m u l a t i o n  (8 Hz, 0 .5  msec) o f  t h e  n o n - s p e c i f i c  th a la m ic

sy s tem , i n  n .  v e n t r o l a t e r a l i s  to  e l i c i t  (8  Hz, 0 . 5  msec) augmenting

r e s p o n s e s  and i n  t h e  m e s e n c e p h a l ic  r e t i c u l a r  f o r m a t io n  t o  e l i c i t  (200 

Hz, 0 .0 5  msec) r e t i c u l a r  a c t i v a t i o n .  An a d d i t i o n a l  r e c o r d in g  e l e c t r o d e  

was p la c e d  i n  th e  i n t e r m e d i a t e  h ippocam pus.

T h roughou t  t h e  s u r g i c a l  and e x p e r im e n ta l  p ro c e d u re s  Lead I I  

e l e c t r o c a r d i o g r a p h ,  s y s te m ic  b lood  p r e s s u r e ,  s k i n  r e s i s t a n c e  and c o re  

t e m p e ra tu re  w e re  c o n t i n u o u s ly  m o n i to re d .  A d d i t i o n a l l y ,  p e r i o d i c  b lo o d  

sam ples  w ere  ta k e n  and a n a ly z e d  f o r  b lo o d  g a s e s  (pH, pOg, pCOg) and 

h e m a t o c r i t .  D uring  t h e  t h r e e - h o u r  e t h e r  b lo w - o f f  p e r i o d ,  r e s p i r a t o r  

p a ra m e te rs  w ere  a d j u s t e d  u n t i l  t h e  r e s u l t s  o f  b lo o d  gas  measurements 

w ere w i t h i n  n o rm a l  v a l u e s  f o r  th e  c a t .  S p o n ta n eo u s  e l e c t r i c a l  a c t i v i t y  

was r e c o r d e d  v i a  a G rass  Model VI p o ly g ra p h  and p l a c e d  on FM ta p e ;  

b lo o d  p r e s s u r e  and s k i n  r e s i s t a n c e  ( d e r i v e d  from t h e  forepaw  c o n t r a 

l a t e r a l  t o  r e t i c u l a r  s t i m u l a t i o n )  w ere r e c o r d e d  on a  Grass Model IV 

p o ly g ra p h .

E th a n o l  i n f u s i o n  was made by c a l i b r a t e d  pump (4 .5 2  m l/min) and 

p r e c i s e l y  t im ed  to  g iv e  w e ig h t  c a l i b r a t e d  d o s e s .  The 5 e th a n o l  c o n d i t i o n s
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c o n s i s t e d  o f  su c ce e d in g  d o s e s  o f  e t h a n o l  i n  a 7% (w/v) s o l u t i o n  of 

l a c t a t e d  R i n g e r 's  w hich  p ro d u c e d  t o t a l  d o s e  l e v e l s  o f  100 , 200, 4 0 0 ,

800 and  1600 mg/kg. Ten m in u te s  a f t e r  t h e  end o f  e a c h  i n f u s i o n  and 

a f t e r  th e  c o m p le t io n  of t h r e s h o l d  m easurem ents  of e a ch  d o s e ,  a r t e r i a l  

b lood  sam ples were ta k e n  f o r  b lood  gas a n a l y s i s  and g as  c h ro m a to g r a p h ic  

m easurem ent o f  serum e t h a n o l  c o n c e n t r a t i o n s .

The e x p e r im e n ta l  p r o t o c o l  c o n s i s t e d  o f  th e  m easu rem en t o f  t h e  

s t im u lu s  c u r r e n t  i n t e n s i t y  r e q u i r e d  f o r  t h r e s h o ld  r e s p o n s e s  a t  e a c h  o f  

th e  5 e th a n o l  dose l e v e l s .  Two t h r e s h o l d  d e t e r m i n a t i o n s  w ere  made 

under  each  c o n d i t i o n ,  t h e  r e s u l t a n t  t h r e s h o l d s  a v e ra g e d ,  and t h e  mean 

c o n v e r te d  to  p e r c e n t  of c o n t r o l  t h r e s h o l d .  The d a t a  c o n s i s t e d  o f  a  

d o s e - r e s p o n s e  t h r e s h o ld  p r o f i l e  f o r  e a ch  re s p o n s e  o v e r  5 e t h a n o l  c o n d i 

t i o n s .  N o n -p a ra m e tr ic  s t a t i s t i c a l  a n a ly s e s  were p e rfo rm e d  on t h e  

r e s u l t i n g  d a ta  t o  t e s t  f o r  d e v i a t i o n  o f  d rug  c o n d i t i o n  t h r e s h o l d s  from 

th o se  o b ta in e d  under  n o n -d ru g  c o n d i t i o n s ,  f o r  d i f f e r e n c e s  i n  r e s p o n s e  

t h r e s h o l d s  between d o s e s  f o r  each  r e s p o n s e  and d i f f e r e n c e s  b e tw e en  

r e s p o n s e  t h r e s h o ld s  a t  e a c h  d o s e .

The r e s u l t s  of t h e s e  a n a ly s e s  d e m o n s t ra te d  t h e  e x i s t e n c e  o f  

t h r e e  p h a ses  o f  e th a n o l  a c t i o n  on t h e  CNS. At low d o s e s ,  e th a n o l  

in c r e a s e d  r e c r u i t i n g  r e s p o n s e  t h r e s h o l d s  (mean, 114% o f  c o n t r o l )  and  

s h a r p l y  d e c re a se d  t h r e s h o l d s  f o r  t h e  c o r t i c a l  d e sy n ch ro n y  r e s p o n s e  (78%). 

P r e s s o r  and s k in  r e s i s t a n c e  r e s p o n s e  t h r e s h o l d s  rem a in e d  c o n s t a n t  a t  th e  

lo w e s t  dose  bu t  augm en ting  t h r e s h o l d s  w ere  im m ed ia te ly  i n c r e a s e d  (mean, 

118%) zt t h e  lo w e s t  dose  and th e y  rem a in e d  e le v a te d  a t  a r e l a t i v e l y  

c o n s t a n t  v a lu e  th ro u g h  a l l  h i g h e r  d o s e s .  At i n t e r m e d i a t e  d o s e s ,  r e c r u i t i n g
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and c o r t i c a l  desy n ch ro n y  t h r e s h o l d s  r e t u r n e d  to  c o n t r o l  l e v e l s  (105 and 

100%, r e s p e c t i v e l y )  w h i l e  p r e s s o r  t h r e s h o l d s  i n c r e a s e d  i n  p r o p o r t i o n  to 

dose (113% a t  200 mg/kg and 121% a t  400 m g /k g ) .  At h i g h  d o se s  a l l  

t h r e s h o l d s  w ere i n c r e a s e d  above c o n t r o l  l e v e l s  ( e x c e p t  s k i n  r e s i s t a n c e  

which was n o t  d i f f e r e n t  th a n  c o n t r o l  a t  any d o s e ) .  T h e se  r e s u l t s  were 

i n t e r p r e t e d  to  s u g g e s t  t h r e e  p h a s e s  o f  e th a n o l  a c t i o n  o f  w hich th e  f i r s t  

phase  c o n s i s t s  o f  a  d e c r e a s e  i n  t h e  m o d u la t in g  i n h i b i t i o n  d e r i v e d  from 

th e  n o n - s p e c i f i c  th a la m u s .  T h is  d e c r e a s e  r e s u l t s  i n  a  s h i f t  i n  t h e  CNS 

e x c i t a t i o n - i n h i b i t i o n  b a la n c e  tow ards  a s t a t e  o f  i n c r e a s e d  e x c i t a t i o n  

and i n c r e a s e d  c o r t i c a l  e x c i t a b i l i t y .  The seco n d  p h a se  o f  a c t i o n  c o n s i s t s  

o f  a r e c o v e r y  o f  CNS b a la n c e  b u t  a t  a " s e t  p o i n t "  a s s o c i a t e d  w i th  a 

low er t h a n  no rm a l l e v e l  o f  i n t r i n s i c  e x c i t a t i o n .  T h is  s t a t e  o f  r e g a in e d  

b a la n c e  i s  accom panied by a r e d u c t i o n  in  au tonom ic  r e s p o n s i v i t y . In  

th e  t h i r d  p h a s e ,  e th a n o l  e x e r t s  a n o n - s p e c i f i c  d e p r e s s i v e  e f f e c t  on a l l  

CNS f u n c t i o n s  w h ich  would c o n t in u e  w i th  i n c r e a s i n g  c o n c e n t r a t i o n s  u n t i l  

u n c o n s c io u s n e s s  and d e a th  e n su ed .

These d a t a  s u g g e s te d  t h a t  t h e  p r im a ry  e f f e c t  o f  e th a n o l  a t  low 

doses  i s  to  d e p r e s s  CNS m o d u la to ry  f u n c t i o n s .  Such an e f f e c t  e x p la i n s  

many o f  th e  changes  i n  CNS i n f o r m a t io n  p r o c e s s in g  known t o  d e f i n e  th e  

e a r l y  s t a g e s  of e th a n o l  i n t o x i c a t i o n .  A d d i t i o n a l l y ,  t h e  i n t e r m e d i a t e  

phase  s u g g e s t s  t h a t  p a r t  o f  t h e  d e f i n i t i o n  o f  t r a n q u i l i z a t i o n  in d u ced  

by e t h a n o l  a t  t h e s e  d o se s  i s  a  d i s s o c i a t i o n  betw een d e p r e s s e d ,  b u t  

o p e r a t i o n a l l y  a d e q u a t e ,  c e n t r a l  f u n c t i o n s  and au tonom ic  r e s p o n s i v i t y .  

T h is  d i s s o c i a t i o n  m igh t  l e a d  t o  a  s i t u a t i o n  i n  w hich  t h e  i n d i v i d u a l  

i s  i n t e l l e c t u a l l y  a b le  t o  cope w i t h  h i s  env ironm en t a c c o r d in g  t o  h i s  own 

i n t r o s p e c t i o n ,  b u t  a u to n o m ic a l ly  u n p re p a re d  f o r  th e  demands o f  a c u te  

s t r e s s .
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R e s u l t s  o f  t h e  m easurem ent o f  b lo o d  e th a n o l  c o n c e n t r a t i o n s  

p roduced  by th e  i n f u s e d  d o se s  d e m o n s t ra te d  a  s i g n i f i c a n t  f i r s t - o r d e r  

r e l a t i o n  betw een b lo o d  l e v e l s  o f  e th a n o l  and i t s  r a t e  o f  m e ta b o lism .  

C le a ra n c e  r a t e s  w ere  c o n s id e r a b l y  f a s t e r  th a n  th o s e  o b s e rv e d  i n  humans, 

and r o s e  from a mean r a t e  of 23 mg%/hr a t  t h e  lo w e s t  d o s e  to 174 mg%/hr 

a t  th e  h i g h e s t  d o s e .  These r e s u l t s  s u g g e s t  t h a t  th e  c a t  p o s s e s s e s  an  

e t h a n o l  d e h y d ro g e n a s e  sys tem  much more e x t e n s i v e  than  t h a t  w hich i s  

found  i n  humans. Mean b lood  e th a n o l  c o n c e n t r a t i o n s  w ere  13 , 20 , 45,

91 and 190 mg%, r e s p e c t i v e l y .  Com parison o f  t h e s e  d a t a  w i th  o b se rv e d  

changes  i n  r e s p o n s e  t h r e s h o l d s  shows t h a t  t h e  f i n a l  p h a s e  of n o n - s p e c i f i c  

d e p r e s s i o n  may be a t t a i n e d  w i t h  o n ly  m in im al amounts o f  e t h a n o l .
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APPENDIX I

THRESHOLD CRITERIA

A g a in s t  a  s p o n ta n e o u s  background  e l e c t r o c o r t i c o g r a m  c o n s i s t i n g  

of l o w - v o l t a g e  f a s t  mixed w i th  s low -w ave a c t i v i t y  w i t h  o c c a s i o n a l

s p i n d l i n g ,  t h e  f o l l o w in g  c h a r a c t e r i s t i c s  a r e  r e q u i r e d  fo r  each  r e s p o n s e :

I .  R e c r u i t i n g  r e s p o n s e — In  any o r  a l l  c o r t i c a l  l e a d s  t h e r e  

must be  g r e a t e r  th a n  a  tw o -seco n d  p e r i o d  i n  t h e  t e n  seconds o f  s t i m u l a 

t i o n  t h a t  th e  e l e c t r o c o r t i c o g r a m  e x h i b i t s  evoked  a c t i v i t y  fo l lo w in g  

th e  f r e q u e n c y  of th e  s t i m u l u s .

I I .  Augmenting r e s p o n s e — In  th e  l e f t  a n t e r i o r  c r u c i a t e  l e a d  

( i p s i l a t e r a l  t o  t h e  s t i m u lu s )  t h e r e  must be a  g r e a t e r  th an  tw o -se c o n d  

p e r io d  i n  t h e  t e n  seco n d s  o f  s t i m u l a t i o n  t h a t  t h e  e l e c t r o c o r t i c o g r a m  

e x h i b i t s  evoked  a c t i v i t y  f o l l o w in g  t h e  f r e q u e n c y  o f  th e  s t i m u l u s .

I I I .  R e t i c u l a r  a c t i v a t i o n —

(a)  C o r t i c a l  a c t i v a t i o n  ( c o r t i c a l  desynch rony  r e s p o n s e )  

c o n s i s t s  o f  (1 )  a t  l e a s t  a  50% r e d u c t i o n  i n  mean a m p l i tu d e ,  (2 )  l o s s  of 

a l l  waves l e s s  t h a n  8 / s e c  w i th  no s p i n d l e s  o r  (3) t h e  d u r a t i o n  o f  th e

s t i m u l a t i o n  i n  a t  l e a s t  o n e  c o r t i c a l  c h a n n e l .

(b) C a r d io v a s c u la r  a c t i v a t i o n  ( p r e s s o r  r e s p o n s e )  c o n s i s t s  

o f  an i n c r e a s e  o f  a t  l e a s t  10 mm Ug i n  s y s t o l i c  p r e s s u r e  w h ich  m ust b e g in  

w i t h in  t h e  p e r io d  of s t i m u l a t i o n .
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(c )  S k in  r e s i s t a n c e  re sp o n se  c o n s i s t s  o f  a  p h a s i c  d e c re a s e  

i n  c o n d u c ta n c e  o f  a t  l e a s t  50 ohms w i th in  t h e  d u r a t i o n  o f  t h e  s t i m u l u s .


