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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 .  
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~ .  ~ 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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0.39 nmoles  pe r  m g  p ro t e in  of h a l o t h a n e  b o u n d  irre- 
vers ib ly .  The  two l iver  f rac t ions  were lyophi l ized a n d  
e x t r a c t e d  as m e n t i o n e d  above .  T h e  h igh  a m o u n t  of 
a c t i v i t y  in  t he  p ro t e in s  of cytosol  ind ica tes  t h a t  t he  
labe l l ing  occurs  also outs ide  t he  endop lasmic  m e m b r a n e s  
u n d e r  in -v ivo-condi t ions .  

30 m g  of mic rosoma l  p r o t e i n  f rom in v i t ro  a n d  in v ivo  
e x p e r i m e n t s  loaded  w i t h  t he  h a l o t h a n e  r a d i o a c t i v i t y  were 
d iges ted  w i t h  t r y p s i n e  (38~ 72 h, tris buf fe r  p H  8.0) 
and  s u b d u e d  to  ion exchange  c h r o m a t o g r a p h y .  U n d e r  
these  condi t ions ,  t he  r a d i o a c t i v i t y  wh ich  could be  e lu ted  
was  p r e sen t  in  severa l  pep t ide  f r agmen t s ,  i n d i c a t i n g  t h a t  
a m i n o  acids b o u n d  a h a l o t h a n e  m e t a b o l i t e  cova len t ly .  
The  e lu t ion  profi le  of d iges ted  mic rosoma l  p ro t e in s  f rom 
in v ivo  e x p e r i m e n t s  r e sembled  t h a t  of t he  p ro t e in  loaded  
in vi t ro ,  d e m o n s t r a t i n g  t h a t  t he  s ame  t y p e  of cova l en t  
b i n d i n g  occurs  in  v ivo  and  in v i t ro  (Figure)�9 

I n  ana logy  to  t he  well  e s tab l i shed  f o r m a t i o n  of radica ls  
in  t he  course of CC1, me t abo l i sm ,  a s imi la r  m e c h a n i s m  
could be  a s sumed  to exp la in  t h e  or igin of radicals13, 14 if 
h a l o t h a n e  is me t abo l i z ed  b y  t he  mic rosomal  h y d r o x y l a t -  
ing sys tem.  R e d u c i n g  equ iva len t s ,  f lowing f rom N A D P H  
to  t h e  i ron of c y t o c h r o m e  P-450, shou ld  be i n v o l v e d  in th i s  
react ion.  The  rea l  n a t u r e  of t he  rad ica l  is no t  ye t  known.  

If  one assumes  and  ave rage  molecu la r  we igh t  of micro-  
somal  p ro t e in s  of a r o u n d  50,000, i t  can  be  e s t i m a t e d  
t h a t  u n d e r  t he  cond i t ions  we used for  t he  in  v ivo  experi-  
men t s ,  wh ich  should  be s imi la r  to  t he  s i t ua t i on  of p a t i e n t s  
u n d e r  genera l  anaes thes ia ,  on ly  eve ry  30 th  p ro t e in  mole- 
cule is loaded  w i t h  a hap t en .  This  n u m b e r  increases  if t he  
m i c r o s o m a l  d r u g  m e t a b o l i z i n g  s y s t e m  is induced .  This  
smal l  a m o u n t  of a l t e red  p ro t e in  molecules  wh ich  also 
o r ig ina te  ou ts ide  t he  endop lasmic  m e m b r a n e s  b y  re- 
ac t ing  w i t h  a h a l o t h a n e  rad ica l  seems to  be  too  low to 
p roduce  l iver  in jury ,  b u t  m i g h t  be  suff ic ient  for ac t ing  as 
an t igens ,  if a p a r t i c u l a r  immuno log i ca l  s i t ua t i on  prevai ls .  

of t r i f luoroace t i c  ac id  to  pro te ins ,  however ,  p roduced  a n  
a n t i g e n  able  to sensi t ize  guinea-pigs  5, b u t  t he re  is no  
ev idence  t h a t  such  a con juga t ion ,  wh ich  requi res  p a r t i c u l a r  
r eac t i on  condi t ions ,  occurs  in  vivo.  

UEHLEKE et  a1.1~ p r e s e n t e d  ev idence  t h a t  h a l o t h a n e ,  
s imi la r ly  to  CC14, b inds  i r r eve r s ib ly  to  mic rosoma l  pro te ins ,  
if i t  is i n c u b a t e d  w i t h  mic rosomes  a n d  a N A D P H -  
g e n e r a t i n g  sys tem.  T he  e x p e r i m e n t s  p r e sen t ed  here  
sugges t  t h a t  a h a l o t h a n e  m e t a b o l i t e  is b o u n d  c o v a l e n t l y  
to  mic rosoma l  p r o t e i n  and  also to  p ro t e in s  ou t s ide  t he  
m i c r o s o m a l  m e m b r a n e ,  e.g. B S A  a d d e d  to  t he  t e s t  t ubes  
or cy top l a smic  p ro t e in s  in  vivo.  

~ j_ver  icrmicrAsnm~s of ~ were  i n c u b a t e d  w i t h  14C- 
h a l o t h a n e  (1 raM)  a n d  a N A D P H - r e g e n e r a t i n g  s y s t e m  
as descr ibed  e lsewhere  n.  Af te r  90 m i n  0.5 ml  of TCA 
(15%) was  added  to  1 m l  of t he  i n c u b a t e d  suspension.  
The  p r ec ip i t a t e  was e x t r a c t e d  twice  w i t h  m e t h a n o l ,  
twice  w i t h  m e t h a n o l / c h l o r o f o r m  1:1 a n d  aga in  w i t h  80% 
m e t h a n o l ,  u n t i l  no  f u r t h e r  r a d i o a c t i v i t y  could be  removed .  
The  r e m a i n i n g  p r o t e i n  was solubi l ized in h y a m i n  and,  
a f t e r  d i sso lv ing  in B r a y ' s  solut ion,  coun ted .  The  p rocedure  
co r responds  to  the  m e t h o d  used for  t he  d e m o n s t r a t i o n  
of c o v a l e n t  b i n d i n g  of es t rogens  to  mic rosomal  p ro te ins  ~2. 
3.5 • 0.8 nmoles  of h a l o t h a n e  pe r  m g  mic rosoma l  p ro t e in  
were b o u n d  i r revers ib ly .  I f  t he  mice  were p r e t r e a t e d  w i t h  
p h e n o b a r b i t a l ,  t h e  va lue  increased  up  to  7.2 :t: 0.9. The  
a m o u n t  of r a d i o a c t i v i t y  wh ich  could no t  be  r e m o v e d  
was d e p e n d e n t  on  t he  d u r a t i o n  of i n c u b a t i o n  up  to  90 ra in  

�9 a n d  on t h e  c o n c e n t r a t i o n  of h a l o t h a n e  up  to 1 raM.  
V~i thout  a NADPI - I - r egene ra t i ng  sys tem,  t h e  va lue  was 
in s ign i f i can t  a n d  d id  n o t  exceed 8% of t he  a m o u n t  
m e a s u r e d  in t he  p resence  of the  r educ ing  sys tem�9  

The  same  e x p e r i m e n t s  were r e p e a t e d  w i t h  b o v i n e  
a l b u m i n  added  to  mic rosomes  of u n t r e a t e d  mice. A b o u t  
20% of t h e  t o t a l  r a d i o a c t i v i t y  b o u n d  to  p ro t e in s  in  and  
ou ts ide  t he  m e m b r a n e s  was found  in a l b u m i n  isola ted 
f rom the  mic rosomes  b y  u l t r a c e n t r i f u g a t i o n  a n d  pur i f ied  
b y  d issolv ing in e t h a n o l  a n d  p r e c i p i t a t i o n  b y  add i t i on  
of d i e thy l  e t h e r  in  t he  cold ( - -30~ This  ind ica tes  t h a t  
r e ac t i ve  m e t a b o l i t e s  can  also leave t he  m i c r o s o m a l  
m e m b r a n e s .  2 h a f t e r  i.p. i n j ec t ion  of 5 tzl l~C-halothane  
(spec. act .  1 mCi /mmole)  to  mice, p ro t e in s  of mic rosomes  
c o n t a i n e d  0.74 a n d  those  of t he  cytosol  of t he  mouse  l iver  

Zusammenfassung. Die B i n d u n g  yon  34C-Halothan - 
m e t a b o l i t e n  an  mik rosoma le s  P ro t e in  wurde  in v i t ro  in 
m i k r o s o m a l e n  I n k u b a t i o n e n  u n d  in v ivo  and  der  Mans  
u n t e r s u c h t .  T r y p t i s c h e  S p a l t u n g  des P ro t e ins  zeigt, dass  
die R a d i o a k t i v i t ~ t  k o v a l e n t  g e b u n d e n  ist. 
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Elution profile of polypeptides loaded with radioactivity from 14C- 
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