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Effect of Ethanol  on Toxicity and Metabol ism of Amphetamine  in the Mouse 

Whi le  classical  p o t e n t i a t i o n  i n t e r ac t i ons  of ten  occur  
b e t w e e n  e t h a n o l  a n d  cen t r a l  n e r v o u s  s y s t e m  depressan ts ,  
t he  effect  of e t h a n o l  on  s t i m u l a n t  ac t ion  is va r i ab l e  a n d  
no t  well  d o c u m e n t e d  ~. T h u s  e t h a n o l  will a n t a g o n i z e  
toxic  doses of a m p h e t a m i n e  in t he  r a b b i t  =, a l t e r  a m p h e t -  
a m i n e  induced  b e h a v i o u r a l  changes  in dogs a or h a v e  a 
p r o n o u n c e d  effect  on  a m p h e t a m i n e  m e t a b o l i s m  in t he  
r a t  4. 

The  p re sen t  s t u d y  has  d e t e r m i n e d  t h e  effect  of e t h a n o l  
on t he  t o x i c i t y  (LDso) a n d  u r i n a r y  m e t a b o l i t e  profi le  of 
a m p h e t a m i n e  in t h e  mouse.  Un l ike  t he  ra t ,  a m p h e t a m i n e  
m e t a b o l i s m  in t he  mouse  proceeds  to a s ign i f ican t  e x t e n t  
t h r o u g h  t he  ox ida t i ve  p a t h w a y s  w h i c h  are  be l ieved  to  
p r e d o m i n a t e  in  m a n  5. 

Methods. The  acu te  t o x i c i t y  of D - a m p h e t a m i n e  s u l p h a t e  
in  t h e  p resence  of e t h a n o l  (3 g/kg) was  d e t e r m i n e d  in ma le  
Swiss W e b s t e r  mice  weigh ing  20 4- 2 g, o b t a i n e d  f rom the  
C a n a d i a n  C o m m u n i c a b l e  Diseases  Centre ,  O t t awa .  
I n d i v i d u a l  mice  were i so la ted  in opaque  p las t ic  cages a t  
25 ~ and  t he  food r e m o v e d  o v e r n i g h t  p r io r  to  dosing.  A t  
leas t  15 mice  were used a t  each  dose level  of 10, 30, 50, 70, 
90, 110, 130, 150 and  170 m g / k g  D - a m p h e t a m i n e  s u l p h a t e  
or D - a m p h e t a m i n e  s u l p h a t e  mixed  w i t h  15% aqueous  
e t h a n o l  and  a d m i n i s t e r e d  i.p. a t  2.0 ml /100 g b o d y  wt.  
C u m u l a t i v e  m o r t a l i t y  was  d e t e r m i n e d  2.5 a n d  24 h a f t e r  
dosing.  The  LDs0 va lues  were d e t e r m i n e d  b y  t h e  m e t h o d  of 
LI*CHFIELD a n d  WILCOXOX 6. The  m e t a b o l i t e s  of a m p h e t -  
a m i n e  were e x a m i n e d  in ur ines  col lected in glass v ia ls  
fol lowing a d m i n i s t r a t i o n  of ~4C-D-amphetamine s u l p h a t e  
(10 mg/kg)  or a m p h e t a m i n e  a n d  2, 3 or 4 g /kg  e thanol .  
U r i n e  col lect ions  were m a d e  a t  6, 12 a n d  24 h a f t e r  
dosing.  I n d i v i d u a l  u r ine  samples  were m o n i t o r e d  for 
t o t a l  r ad ioac t i v i t y ,  p H  a n d  v o l u m e  a n d  t h e n  sub jec t ed  
to  descend ing  p a p e r  c h r o m a t o g r a p h y  on  s t r ips  'of W h a t -  

m a n  No. 1, a t  room t e m p e r a t u r e .  The  so lven t  was  t h e  
organic  p h a s e  f rom 3 - m e t h y l b u t a n - l - o l ;  2 - m e t h y l b u t a n -  
2-oi; wa te r ;  formic  acid (5 : 5 : 10 : 2, b y  vol) ~. Metabo l i t e s  
were iden t i f i ed  b y  t h e i r  R f  va lues  s a n d  b y  co-chroma-  
t o g r a p h y  w i t h  k n o w n  compounds .  Af te r  r ad io - scann ing  
t he  s t r ips  were cu t  i n to  1 cm segmen t s  a n d  p laced  in 
sc in t i l l a t ion  via ls  a n d  c o u n t e d  s. Metabo l i t e s  were also 
v isual ized  b y  t he  fol lowing sp rays :  d iazot ized  p -n i t ro  
an i l ine  for  a m p h e t a m i n e  and  p - h y d r o x y  a m p h e t a m i n e S ;  
p - d i m e t h y l a m i n o b e n z a l d e h y d e  for  h ippur i c  acid 1~ and  
0 .04% b r o m p h e n o l  b lue  for  benzoic  acid ~1. 

Results. The  dose response  curves  for a m p h e t a m i n e  a n d  
a m p h e t a m i n e  p lus  e t h a n o l  are shown  in t he  Figure .  
E t h a n o l ,  a t  3 g/kg, d id  no t  s ign i f i can t ly  a l t e r  t he  LDs0 of 
a m p h e t a m i n e  a t  e i t he r  t i m e  period.  The  dose response  
curves  e x h i b i t  a smal l  m o r t a l i t y  increase  a t  lower  doses, 
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Table I. Urinary excretion of amphetamine and its metabolites expressed as percent (4- SE) of the total 14C excreted 0-6 h after dosing 
(N = 6} 

Dose p-Hydroxy p-Hydroxy Hippuric acid Unknown Amphetamine 
amphetamine glucuronide amphetamine 

I II 

Amphetamine (10 mg/kg) 
Amphetamine + 2 g/kg ethanol 
Amphetamine + 3 g/kg ethanol 
Amphetamine + 4 g/kg ethanol 

14.4 4- 0.8 3.7 4- 0.6 20.6 4- 2.3 1.5 2_ 0.3 15.9 4-4- 4.9 43.9 4- 3.6 
8.5 :~ 0.4 2.2 4- 0.2 19.3 -t- 1.8 1.5 4- 0.6 4.2 ::t- 3.3 64.4 ~ 5.1 
4.7 4- 0.3 1.9 :~ 0.3 18.9 ~ 1.6 1.0 4- 0.5 4.9 + 2.1 68.6 4- 1.4 
5.9 ~ 0.3 2.2 4- 0.3 16.0 • 1.1 0.4 -4- 0.2 3.6 4- 1.1 72.0 4- 2.3 
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Table II. Mean urine volulne (ml) and urinary excretion of amphetamine and total 14C expressed as percent of the dose administered (N = 6) 

Dose Total dose excreted (%) and urine volumes Total dose as unchanged Total dose 
(in brackets) amphetamine (%) (0-6 h) excreted in 24 h (%) 

0-6 h 6-12 h 12-24 h 

Amphetamine (10 mg/kg) 
Amphetamine -}- 2 g/kg ethanol 
Amphetamine + 3 g/kg ethanol 
Amphetamine + 4 g/kg ethanol 

70.6 (1.10) 4.5 (1.02) 2.9 (1.61) 31.0 77.9 
62.2 (0.99) 4.8 (0.14) * 7.5 (0.59) 39.8 74.6 
55.9 (0.59) 18.7 (0,27) 9.1 (0.90) 38.5 83.7 
55.3 (0.57) 20.4 (0,44) 3.5 (0.67) 39.8 79.2 

2 animals only. 

p e a k i n g  a t  50 mg/kg ,  a n d  a s u b s e q u e n t  decl ine a t  70 rag/  
kg. Th i s  p h e n o m e n o n  has  been  r epo r t ed  b y  severa l  
workers  ~2, ~a b u t  genera l ly  w i t h  g rouped  mice, where  t he  
m o r t a l i t y  a t  low a m p h e t a m i n e  doses is ve ry  m u c h  greater .  
I n  t h i s  s t u d y  e t h a n o l  was  effect ive in r educ ing  or e l imina t -  
ing th i s  smal l  in i t ia l  m o r t a l i t y  response.  Because  of th i s  
non- l inea r  response,  the  LD~0 ca lcu la t ions  were based  on 
t h e  f ina l  increase  in m o r t a l i t y  b e g i n n i n g  a t  70 mg/kg.  

The  effects  of e t h a n o l  on  the  u r i n a r y  excre t ion  of 
a m p h e t a m i n e  and  i ts  m e t abo l i t e s  in  t he  mouse  are shown  
in Tab le  I. I n d i v i d u a l  m e t abo l i t e s  were d e t e r m i n e d  in t he  
0-6  h u r ine  only, The  ur ine  p H  was 6.6-7.0. As t he  e thano l  
dose increased,  t he  excre t ion  of u n c h a n g e d  a m p h e t a m i n e ,  
expressed  as pe r cen t  of t o t a l  ~C excre ted ,  increased  f rom 
44% to  72%.  All o the r  me tabo l i t e s ,  w i t h  t he  excep t ion  of 
h ippu r i c  acid, decreased  as t he  e t h a n o l  dose increased.  
On t he  o the r  h a n d ,  expressed  as a pe r cen t  of t he  dose 
a d m i n i s t e r e d  (Table  II) ,  excre t ion  of t o t a l  r a d i o a c t i v i t y  
decreased  f rom 71% to 55% resu l t ing  in on ly  a s l ight  ne t  
increase  (31% to  39%) in t he  excre t ion  of a m p h e t a m i n e  
in t he  presence  of e t h a n o l  (Table  II) .  Simiiar ly ,  a t  24 h 
t he  excre t ion  of t o t a l  r ad ioac t iv i ty ,  expressed as pe r cen t  
of t he  dose admin i s t e red ,  was  on ly  s l ight ly  g rea te r  
(77.9% to  79.2%) in t he  presence  of 4 g/kg e thanol .  

Discussion. The  lack of effect  of e t h a n o l  on  t he  acu te  
t ox i c i t y  of a m p h e t a m i n e  would  suggest  t h a t  t he  alcohol  is 
no t  s ign i f i can t ly  a l t e r ing  i n t e r ac t i on  of the  a m i n e  w i t h  i ts  
r ecep to r  site. A decrease  in t he  in i t ia l  m o r t a l i t y  phase  a t  
50 m g / k g  was noted ,  b u t  i t  is d i f f icul t  to  exp la in  th i s  
ac t ion  since t h e  p h e n o m e n o n  is p r o b a b l y  seen as a 
res idua l  effect  of g roup ing  stress. 

The  i n h i b i t o r y  effect  of e t h a n o l  on  m e t a b o l i s m  is 
s t r ik ing  if one considers  t he  pe rcen t age  increase  in 
u n c h a n g e d  a m p h e t a m i n e  a p p e a r i n g  in t he  0-6  h ur ines  
(Table  I). I n  t e r m s  of pe r cen t  of a / n p h e t a m i n e  admin is -  
te red ,  t he  i n h i b i t o r y  effect  of e t h a n o l  is no t  as marked ,  

increas ing  u n c h a n g e d  a m p h e t a m i n e  in t he  u r ine  f rom 
31.0~ to 39.8% (Table  II) .  I n  t h i s  con tex t ,  2 g /kg 
e t h a n o l  was j u s t  as effect ive as 4 g /kg in  increas ing  0-6  h 
u r i n a r y  o u t p u t  of u n c h a n g e d  a m p h e t a m i n e .  

The  m a j o r  effects of e t h a n o l  a p p e a r  to  be  a decrease  in 
ur ine  volume,  n o t e d  a t  h igher  levels of e thanol ,  coupled  
w i t h  a n  i n h i b i t i o n  of m e t a b o l i s m  or excre t ion  of m e t a b o -  
l i tes  in  t he  0-6  h period.  Th i s  is cons i s t en t  w i t h  t he  large 
increase  of u r i n a r y  r a d i o a c t i v i t y  (20%) in t he  6-12 h 
ur ines  a t  4 g /kg e thano l  c o m p a r e d  to  t he  4 %  o u t p u t  w i t h  
a m p h e t a m i n e  alone.  Some effect  on m e t a b o l i s m  would  be  
expec t ed  since t he  m e t a b o l i s m  of e t h a n o l  i tself  would  
change  t he  N A D / N A D H  ra t io  of t he  l iver.  These  effects 
howeve r  do no t  h a v e  a s ign i f ican t  effect  on t ox i c i t y  since 
t h e  LD~0 va lue  a t  2.5 h is l i t t l e  d i f f e ren t  f rom t h a t  a t  24 h. 

Summary. E t h a n o l ,  3 g /kg i.p., d id  no t  s ign i f ican t ly  a l t e r  
the  acu te  t ox i c i t y  of a m p h e t a m i n e  in t h e  mouse.  However ,  
t he  u r i n a r y  m e t a b o l i t e  p a t t e r n  was changed ,  sugges t ing  
t h a t  e t hano l  suppressed  m e t a b o l i s m  of t he  s t i m u l a n t  
d u r i n g  t h e  in i t ia l  6 h per iod.  Af te r  24 h,  t h e  mouse  
me tabo l i zed  ti le same f rac t ion  of a g iven  dose of a m p h e t -  
amine ,  w h e t h e r  i t  was  g iven  as a m p h e t a m i n e  a lone  or 
a m p h e t a m i n e  mixed  w i t h  2, 3 or 4 g /kg e thanol .  

t?. IVERSON, B. B. COLDWELL, R. H, DOWNIE 
a n d  L. W. WHITEItOUSE 

Drug Research Laboratories, Health Protection Branch, 
Health and Welfare Canada, Tunney's Pasture, 
Ottawa (KIA  OL2, Canada), 77 December 1974. 

12 D. J. GEORGE and H. H. WOLF, Life Sci. 5, 1583 (1966). 
13 j .  F. GARDOCKI, M. E. SCHULFR and L. GOLDSTEIN, Toxic. appl. 

Pharmae. 8, 550 (1966). 

~ .  ~ e ~ _  to P~te ins  In~v3vo and i n . t o  Studies on Irreversible "Binding of alothan Metabolites 

The h a l o t h a n e  h e p a t i t i s  is a v e r y  ra re  b u t  e x t r e m l y  
serious inc ident .  The  r ea son  for i ts  d e v e l o p m e n t  ha s  no t  
been  e luc ida ted .  I t s  course and  s y m p t o m s  p o i n t  to  a n  
allergic process  ~-a. However ,  t he  h a l o t h a n e  molecule  does 
no t  posess t he  chemica l  p roper t i e s  essent ia l  for r eac t i ng  
as h a p t e n  w i t h  p ro t e in s  in  order  to  fo rm a n  an t igen ic  
molecule  ~-s. Th i s  seems to  be  t he  reason  w h y  m a n y  
a t t e m p t s  h a v e  failed to  el ici t  w i t h  h a l o t h a n e  a t r a n s f o r m a -  
t i o n  of l y m p h o c y t e s  f rom p a t i e n t s  h a v i n g  su rv ived  a 
h a l o t h a n e  hepa t i t i s  v, s. E f fo r t s  to  sensi t ize r a b b i t s  aga ins t  
t r i f luorace t i c  acid 9, t he  m a i n  m e t a b o l i t e  of h a l o t h a n e ,  d id  
n o t  p r e sen t  conv inc ing  resul ts .  T he  chemica l  coupl ing  
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