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Suppress ion of Ethanol Withdrawal by Dopamine 

K. BLUM, J. D. EUBANKS, J. E. WALLACE and H. A. SCHWERTNER 1 

Division o /Drug Abuse, Department o/ Pharmacology and Pathology, University o/ Texas Health Science Center, 7703 
Floyd Curl Drive, San Antonio (Texas 7828zt, USA), 9 June 7975. 

Summary. An e thano l - inha la t ion  t echn ique  was used to  de te rmine  a po ten t i a l  re la t ionship  be tween  dopamine  and  
cent ra l  nervous  effects p roduced  by  alcohol. B o t h  L-DOPA and in t racrania l ly  in jec ted  dopamine  resul ted  in a t t enu-  
a t ion  of e thanol - i iNuced  wi thd rawa l  convuls ion scores, whereas,  haloperidol ,  a k n o w n  dopaminerg ic  blocker  was 
found to s ignif icant ly  increase convuls ion scores. 

Prev ious  research has suggested a possible re la t ionship  
be tween  bra in  monoamines  and  the  neuropharmacolog iea l  
act ions  of e thanol  ~4. In  part icular ,  b ra in  dopamine  has  
been impl ica ted  in the  soporific 10 as well as t he  s t imu-  
la to ry  act ions  of e thanol  n.  A l though  GOLDSTEIN 12 has 
r epo r t ed  on the  effects  of drugs which  modi fy  neuro-  
t ransmiss ion  on e thano l  w i thd rawa l  reactions,  l i t t le  or 
no in fo rmat ion  is k n o w n  wi th  regard  to the  possible role 
of dopamine  on the  e thanol  dependence  phenomena .  
Here  we' p rovide  evidence to  impl ica te  dopamine  as a 
suppressor  of e thanol  w i thd rawa l  convulsions.  

Swiss W e b s t e r  mice were made  phys ica l ly  d e p e n d e n t  
on e thano l  b y  the  GOLDSTEIN and  PAL 13 inha la t ion  
technique.  Mice were placed in an a i r - t ight  c h a m b e r  and 
exposed  to  e thanol  vapor  for 3 days,  a f te r  which  t ime  
t h e y  were a b r u p t l y  w i t h d r a w n  and  measured  for e thanol  
dependence .  Dependence  was  def ined in t e rms  of resul- 
t a n t  convuls ion scores. Dur ing  the  ini t ial  3 days,  t he  
mice were r em oved  once a d a y  for a 45 rain per iod to  
pe rmi t  the  collection of blood samples  and  in jec t ion  of 
68 mg/kg  of pyrazole,  a c o m p o u n d  !~nown to  inh ib i t  
e thanol  me tabo l i sm x4 a n d  stabil ize blood e thano l  levels. 
The mice were exposed to  a vapor  concen t ra t ion  of 
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Fig. 1. Effects of dopamine on ethanol-induced symptoms in mice, 
@--@, Dopamine injected intraeerebrally (i.e.) at 10 [xg per mouse 
immediately after the 5th and 13th h post-alcohol withdrawal. 
@- - -@, Cerebral spinal fluid (CSF) injected intraeerebrally at equi- 
valent volume to the dopamine injection at the 5th h post-alcohol 
withdrawal. At least 10 mice were used in each drug treatment 
group. The mean convuIsion score (mean ISE) for SCF was 1.25 ~2 
0.09 whereas for dopamine it was 0.66 ~ 0.06 (p < 0.05). 

21 mg/1 for these  3 days,  and  were t h e n  r emo v ed  f rom 
the  alcohol vapor  c h a m b e r  24 h af ter  the i r  last  dose of 
pyrazole.  The grading  sys t em for assessing the  sever i ty  
of the  w i thd rawa l  react ion has  been descr ibed by  GOLD- 
STEIN and  PAL 13. The mice are observed  for a p p r o x i m a t e -  
ly  20 h, w i th  scores recorded hourly.  In  th is  abs t inence  
syndrome,  the  mos t  useful sign is the  convuls ion el ic i ted 
b y  holding the  mouse  up by  the  tail.  The  mouse  arches 
his back, t igh tens  his facial muscles in to  an abnorma l  
grimace,  and  jerks or twir ls  violent ly .  E a c h  mouse is 
given a score f rom 0 to  4 according to  sever i ty  of con- 
vuls ion elici ted by  handl ing.  The more  severe response,  
as charac te r ized  by  spon taneous  tonic-clonic convuls ion 
upon  be ing  gen t ly  l i f ted by  the  tail, is assigned a score of 
4, if t he  mouse  cont inues  to  convulse when  replaced in 
t he  cage. A score of 3 is given if t he  mouse  convulses  im- 
med ia t e ly  when  picked up and  does no t  convulse  when  
placed back  in to  t he  cage. A score of 2 is ass igned when  
the  mouse  convulses af ter  he is gen t ly  giggled. A score of 
1 is given when  the  mouse  is gen t ly  t u rn ed  180 ~ A score 
of 0 is when  the re  is no convuls ions  following all t he  
above  manipula t ions .  

The m e t h o d  of HALEY and  McCoRMICK 1S was  used for 
in t racerebra l  in jec t ions  (i.e.) of drugs  in to  conscious 
mice. The l andmarks  used for locat ing the  site of injec- 
t ion  were s t r ic t ly  adhered  to  and  we no ted  the  same 
behaviora l  effects:  quie tness  for 1 rain fol lowed b y  nor-  
mal  ac t iv i ty  af ter  s h a m  inject ions  and  art if icial  cerebral  
spinal  fluid (CSF). A 27 guage needle  was used in t he  in- 
j ec t ion  procedure .  Separa te  groups  of mice were each 
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g iven  one of t h e  fol lowing d rug  t r e a t m e n t s :  1. L -DOPA 
(i.p.) a t  620 m g / k g  da i ly  for 3 days  du r ing  e t h a n o l  v a p o r  
exposure  and  t h e n  on  t he  4 th  d a y  a f t e r  t h e  5 th  and  13 th  h 
p o s t - e t h a n o l  w i thd rawa l .  Contro ls  were g iven  C S F  ac- 
cord ing  to  t he  same regimen.  2. D o p a m i n e  (i.c.) a t  10 ~g 
a f te r  t he  5th  and  13th  p o s t - e t h a n o l  w i thd rawa l .  Contro ls  
were g iven  sal ine accord ing  to t h e  same  regimen.  Blood 
ana lys i s  of a lcohol  was d e t e r m i n e d  b y  a modi f i ca t ion  of 
t he  gas c h r o m a t o g r a p h i c  p rocedure  of WALLACE a n d  
]:)AHL 16. 
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Fig. 2. ]~ffeets of haloperidoI on ethanol-induced withdrawal con- 
vulsions in mice. The fraction t-I - S/S represents the amount of 
intensification of ethanol-induced withdrawal convulsions. The 
ordinate as represented as excitatory effect of Haladol indicates 
percent excitation or intensification of the response studied. The 
abscissa represents hours after ethanol withdrawal. Haloperidol or 
saline was injected i.p. after the first hour post-ethanol withdrawal. 
Saline was injected at equivalent volume to 2 mg/kg of haloperidol- 
induced intensification of ethanol withdrawal was significant at 
least at the (p < 0.05). 

D o p a m i n e  H y d r o c h l o r i d e  was dissolved in ar t i f ic ia l  
ce rebra l  sp ina l  f luid a n d  in jec ted  i n t r ace r eb ra l l y  (i. c.) a t  
a v o l u m e  of 10 ~1 accord ing  to t h e  m e t h o d  of HALEu a n d  
McCoRMICK 15. T h e  fo rmu l a  for  t h e  a r t i f ic ia l  C S F  is as 
follows: NaC1 8.98, KC1 0.25 g/1 g, CaC12 0.14 g/1, MgCI~ 
0.11 g/1, N a H 2 P O  l 0.014 g/l, H a H P O  4 0.066 g/l, U r e a  
0.13 g/1 an d  glucose 0.61 g/1. 

The  pI-I of t h e  so lu t ion  was a d j u s t e d  to  7.0 w i t h  0.1 N 
NaOH.  The  dose of d o p a m i n e  was ca lcu la ted  as t h e  base  
r a t h e r  t h a n  t h e  sa l t  form. L-DOPA was  dissolved in sal ine 
an d  ha loper ido l  was  suppl ied  in l iquid  form. C o m p a r a b l e  
doses of sal ine or  CSF  were a d m i n i s t e r e d  to  t h e  con t ro l  
groups.  

L-DOPA a t  a dose of 620 m g / k g  in jec ted  da i ly  for  
4 days  s ign i f i can t ly  depressed  t h e  w i t h d r a w a l  convu l s ion  
scores in  mice. W i t h  L-DOPA, t h e  m e a n  convu l s ion  score 
(Mean :E SE) was 1.39 =E 0.08 a n d  for  saline,  i t  was  
2.27 :t: 0.08 (p < 0.001). T h e  d u r a t i o n  of ac t ion  was  a t  
leas t  20 h. 

F igu re  1 shows t h a t  d o p a m i n e  a t  a dose of 10 ~g ad-  
min i s t e red  in to  t h e  b r a i n  of mice u n d e r g o i n g  w i t h d r a w a l  
f rom alcohol  s ign i f i can t ly  depressed  t h e  w i t h d r a w a l  reac-  
t i on  for t h e  f i rs t  pos t - in j ec t ion  per iod  (hours 6-13). C S F  
con t ro l  scores were h i g h e r  (by 157%) t h a n  those  of t h e  
d o p a m i n e  t r e a t e d  a t  p e a k  difference (Figure 1). 

T h e  m e a n  convu l s ion  score, over  a 15 h per iod,  for C S F  
was 1.25 :[: 0.09, whereas  for d o p a m i n e  i t  was  0.66 -4- 0.06, 
(p < 0.01), showing  m a r k e d  i n h i b i t i o n  of e t h a n o l  wi th -  
d rawa l  convuls ions  in mice. Af te r  t h e  second in jec t ion ,  
l i t t le  di f ference could  be  seen b e t w e e n  t h e  C S F  a n d  t h e  
d o p a m i n e - t r e a t e d  animals .  This  f ind ing  can  p r o b a b l y  be  
a t t r i b u t e d  to t h e  fac t  t h a t  n e i t h e r  of t h e  two groups  were  
w i t h d r a w i n g  a t  a s ign i f ican t  r a t e  13 h a f t e r  r e m o v a l  f rom 
t h e  chamber .  I t  is useful  to  no te  t h a t  in  do ing  exper i -  
m e n t s  of t h i s  t y p e  t h e r e  is v a r i a b i l i t y  in t h e  t y p e  of 
response  el ici ted b y  a g roup  of mice. Th i s  is w h y  i t  is 
v e r y  i m p o r t a n t  to  do pa i red  e x p e r i m e n t s  so t h a t  t h e  t r ue  
d rug  effect  could be  d e t e r m i n e d  r a t h e r  t h a n  u t i l i z ing  a 
g roup  of e x p e r i m e n t a l  con t ro l s  as a s t a n d a r d .  I n  fact ,  
in  t h i s  e x p e r i m e n t  t h e  convuls ions  d ropped  d r a m a t i c a l l y  
in  all  t h e  mice j u s t  p r io r  to  d rug  in jec t ions .  This  occurs  
in  some an i ma l s  b u t  is n o t  e o n s i s t a n t  enough  to  be con-  
s idered  a cha ra t e r i s t i c  s ign of th i s  syndrome .  I n  fact ,  in  
a n o t h e r  s t u d y  we h a v e  fu l ly  cha rac t e r i zed  th i s  s y n d r o m e  
a n d  h a v e  shown  t h a t  t h e  w i t h d r a w a l  convu l s ions  con-  
t i n u o u s l y  rise an d  reaches  a p e a k  a t  a b o u t  t h e  11 th  h 
fol lowing w i t h d r a w a l  f rom alcohol,  a n d  t h e n  falls precip-  
i tous ly  t h e r e a f t e r  ~6. 

Haloper idol ,  wh ich  h a s  been  found  to  be  a n  i m p o r t a n t  
c en t r a l  d o p a m i n e  recep to r  b locker  ~ a t  doses as low as 
2 mg/kg ,  was  found  in th i s  s t u d y  to  be  effect ive  a t  b o t h  
2 m g / k g  a n d  10 m g / k g  in p o t e n t i a t i n g  w i t h d r a w a l  con-  
vuls ions .  A t  b o t h  dose levels, d i f ferences  were especia l ly  
d r a m a t i c  d u r i n g  t h e  f i rs t  6 pos t - in j ec t ion  hou r s  (p < 
0.05). F igure  2 emphas izes  t h e  e x c i t a t o r y  effect  of ha lo-  
per idol  in  t e r m s  of a r a t io  

H-Ss (haloperidol eonvulsion-salinesaline convulsion convulsion_) 

Accord ing  to  t h i s  ra t io ,  t h e  r ange  of ha loper idol -  
i nduced  e x c i t a t i o n  a t t a i n e d  a m a x i m u m  effect  of 231% 
a t  t h e  2 m g / k g  dose. Ha lope r ido l  a t  1 mg/kg,  s l igh t ly  
increased  w i t h d r a w a l  convuls ions .  

16 K. BLUM, K. C. HUDSON, R. N. FRIEDMAN and  J.  E. WALLACE, 
Drug Addiction (Eds. J.  M. SINGn and  HII.AL; Sympos ia  Specialists ,  
Miami,  Flor ida  1974), voI. 3, p. 39. 

17 T. F. BuRKs and  M. S. K~NNEI)u Pfoc. Wes t  Pharmae .  Soc. 
(1973). 
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L-DOPA reduced  t he  e t h a n o l - i n d u c e d  w i t h d r a w a l  con- 
vu ls ions  in mice.  Th i s  suppress ion  effect  was  also obse rved  
w i t h  a n  i n t r a c e r e b r a l  i n j ec t i on  of d o p a m i n e  in mice 
unde rgo ing  w i t h d r a w a l  f rom e t h a n o l  vapor .  Haloper idol ,  
a d rug  r epo r t ed  to  b lock  d o p a m i n e  r e c e p t o r s  in  t he  corpus  
s t r i a t u m  ~s, s ign i f i can t ly  e n h a n c e d  e t h a n o l  w i t h d r a w a l  
convuls ions  in mice. W e  sugges t  t h a t  b lock ing  d o p a m i n e  
recep tors  would  re su l t  in  a u g m e n t a t i o n ,  whereas  in- 
c reas ing  dopamine rg i c  a c t i v i t y  would  resu l t  in  i nh ib i t i on  
of e t h a n o l - i n d u c e d  w i t h d r a w a l  convuls ions  in mice. 

Of in te res t ,  sma l l  doses of e t h a n o l  h a v e  been  shown  to  
induce  b e h a v i o r a l  s t i m u l a t i o n  in m a n y  species, i nc lud ing  
manlY, ~~ Th i s  s t i m u l a t i o n  ha s  been  f o u n d  to  be  sup-  
pressed  b y  dopamine -agon i s t s .  

CARLSSON n suggests  t h a t  t h e  i n h i b i t o r y  effects of 
dopamine -agon i s t s  on  t he  e t h a n o l - i n d u c e d  s t i m u l a t i o n  of 
locomotor  a c t i v i t y  m a y  be  m e d i a t e d  b y  a c t i v a t i o n  of 
p r e s y n a p t i c  i n h i b i t o r y  receptors :  O t h e r  work  in our  
l a b o r a t o r y  ha s  shown  t h a t  ra i s ing  b r a i n  d o p a m i n e  levels 
a u g m e n t s  e t h a n o l - i n d u c e d  depressionS~ 

S ~ M A N  and  LE~ ~,22 h a v e  s h o w n  t h a t  e t h a n o l  can  
induce  a release of dopamine ,  f rom neu r ons  v ia  a ca lc ium-  
p r o p a g a t e d  coupl ing  m e c h a n i s m  be t w een  t he  impulse  a n d  
t he  neu rosec re t ion  of dopamine .  In  th i s  r ega rd  R o s s  
e t  al. 2~ has  shown  a ca lc ium dep le t ing  effect  for e t h a n o l  
a n d  a d o p a m i n e - d e r i v e d  t e t r a h y d r o i s o q u i n o l i n e  (TIQ) 
a lkaloid .  W o r k  in our  l a b o r a t o r y  ~ ha s  s h o w n  t h a t  TIQ 
a lka lo ids  in t ens i fy  e t h a n o l - w i t h d r a w a l  r eac t ions  a n d  
SHEPPARD and  BURGHARDT 25 found  t h a t  T I Q  de r iva t i ve s  
h a d  d o p a m i n e  recep to r  b lock ing  ac t iv i ty .  E t h a n o l  ad-  

m i n i s t r a t i o n  a t  t he  same  dose levels as were used for  
TIQ can  s ign i f i can t ly  b lock  a lcohol  w i t h d r a w a l  convu l -  
sions in  mice  24. This  b lock ing  effect  of e t h a n o l  on  wi th-  
d r a w a l  convuls ions  m a y  be  due to  i ts  effect  on  re leas ing  
d o p a m i n e  22. 

W e  sugges t  t h a t  d rugs  wh ich  increase  f u n c t i o n a l  
a c t i v i t y  of d o p a m i n e  b y  inc reas ing  i ts  release,  p r e v e n t i n g  
i ts  b r e a k d o w n  or increas ing  i ts  syn thes i s  wou ld  r e t a r d  
e t h a n o l  w i t h d r a w a l  convuls ions ,  whereas  d rugs  wh ich  
induce  lower d o p a m i n e r g i c  a c t i v i t y  b y  b lock ing  d o p a m i n e  
receptors ,  e n h a n c i n g  i ts  b r e a k d o w n  or i n h i b i t i n g  i t s  syn-  
thes i s  would  in t ens i fy  t h e  e t h a n o l  convuls ion  syndrome .  
E x p e r i m e n t s  are now in progress  to  t e s t  t h i s  hypo thes i s .  
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Acute Toxicity of Dimethylni trosamine in the Presence of Inhibitors of DMN Demethylase  

M. A. FRIEDMAN a n d  VIRGINIA SANDERS 1 

Department of Pharmacology, Medical College of Virginia, Health Sciences Division, Virginia Commonwealth University, 
Richmond (Virginia 23298, USA),  18 August 1975. 

Summary. The  LDs0 of D M N  was d e t e r m i n e d  in groups  of mice in t h e  presence  of i nh ib i to r s  of D M N  demethy la se .  
P i p e r o n y l  bu tox ide ,  d i b u t y l n i t r o s a m i n e  a n d  n i t rososarcos ine  h a d  no  effect  on  t h e  acu te  t o x i c i t y  of DMN.  Die thy l -  
n i t r o s a m i n e  a n d  D M N  were  m a r k e d l y  synergis t ic .  All mice t r e a t e d  w i t h  100 m g / k g  d i e t h y l n i t r o s a m i n e  a n d  10.7 m g / k g  
D M N  died. These  resu l t s  sugges t  t h a t  D MN  d e m e t h y l a s e  m a y  no t  be  i nvo lved  in t he  acu te  t o x i c i t y  of DMN. 

D i m e t h y l n i t r o s a m i n e  (DMN) is a p o t e n t  ca rc inogen  in 
all  species t e s t e d  2. Gene ra l ly  t h i s  carc inogenic  ac t ion  ha s  
b e e n  re l a t ed  to e n z y m a t i c  a c t i v a t i o n  (DMN demethy la se )  
a n d  m e t h y l a t i o n  of biological  macromolecu les  2. I nh ib i -  
t i on  of th i s  e n z y m e  a c t i v i t y  genera l ly  resu l t s  in  a sup -  
press ion  of t he  acu te  t o x i c i t y  a-6, m o s t  f r e q u e n t l y  measu r -  
ed as i n h i b i t i o n  of p ro t e i n  synthes is .  Fo r  example ,  amino-  
ace ton i t r i l e  3 a n d  cys te ine  4 i n h i b i t  D M N  d e m e t h y l a s e  and  
also suppress  D M N  m e d i a t e d  i n h i b i t i o n  oI l iver  p ro t e in  
synthes is .  More recent ly ,  n i t rososa rcos ine  5 d ie thy l -  
n i t r o s a m i n e  5, d i b u t y l n i t r o s a m i n e  5 a n d  p ipe rony l  b u t -  
oxide  6 h a v e  been  s h o w n  to  i n h i b i t  D M N  d e m e t h y l a s e  
a c t i v i t y  and  suppress  t he  i n h i b i t i o n  of l iver  p r o t e i n  
syn thes i s  b y  DMN. 

However ,  t h e  c leares t  i nd i ca t i on  of acu te  t ox i c i t y  is 
mor t a l i t y ,  due  to  t he  unequ i voca l  n a t u r e  of t he  response.  
D M N  is h i g h l y  tox ic  w i t h  a m u r i n e  LDs0 of 19 mg/kg.  
W e  r e p o r t  here  a n  absence  of effect  b y  n i t rososarcos ine ,  
d i b u t y l n i t r o s a m i n e  a n d  p ipe rony l  b u t o x i d e  on  D M N  
LDs0 a n d  a m a r k e d  syne rgy  b e t w e e n  d i e t h y l n i t r o s a m i n e  
a n d  d i m e t h y l n i t r o s a m i n e .  

Male Swiss a lb ino  mice  weigh ing  be t w een  20 a n d  25 g 
were m a i n t a i n e d  on  P u r i n a  chow a n d  w a t e r  ad  l ib i tum.  

All in jec t ions  were i.p. D i b u t y l n i t r o s a m i n e  a n d  p ipe rony l  
b u t o x i d e  were dissolved in corn  oil and  all o t h e r  chemica ls  
were a d m i n i s t e r e d  in aqueous  solut ions .  Ni t rosa rcos ine  
was neu t r a l i zed  w i t h  10 N N a O H  pr ior  to  in ject ion.  

Seven  loga r i t hmica l ly  spaced  dose levels of D M N  were 
used in each  oI these  s tudies .  7 an ima l s  were used in 
each  group.  LDs0's were ca lcu la ted  b y  t he  p r o b i t  m e t h o d  
of L i tchI ie ld  a n d  W i l c o x o n L  E a c h  e x p e r i m e n t a l  p o i n t  
was  fed in to  a c o m p u t e r  and  r educed  to  p rob i t s .  T h e  
c o m p u t e r  pe r fo rmed  regress ion ana lyses  a n d  t he  LD~0 
a n d  i ts  conf idence  l imi ts  a n d  t he  slope a n d  i ts  conf idence  
l imi t s  were ca lcula ted .  These  e x p e r i m e n t s  were r epea t ed  
on  sepa ra t e  occasions w i t h  the  resul t s  all  ident ica l .  

1 We thank Dr. D. B. COUCH, Mr. E. J. GR~E~CE and Dr. A. E. 
MUNSOX for their technical assistance. 
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