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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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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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Table I. Effects of inhibitors of dimethylnitrosamine metabolism on dimethylnitrosamine LDb0 

EXPERIENTIA 32/4 

Treatment DMN LDb0 Slope 
(confidence limits (mg/kg) (confidence limits) 

Experiment I 

Control 19.0 (16.2-22.2) 1.23 (0.78-1.92) 
Dibutylnitrosamine (250 mg/kg) 17.8 (14.2-22.2) 1.35 (1.01-1.79) 
Dibutylnitrosamine (500 mg/kg) 17.0 (15.9-18.2) 1.07 (1.05-1.09) 
Diethylnitrosamine (50 mg/kg) 15.8b (14.2-17.6) 1.11 (1.06-1.16) 
PiperonylButoxide (640mg/kg) 23.4 (18.6-29.4) 1.63 (10.4-2.56) 

Experiment 5 

Control 20.0 (18.3-21.8) 1.15 (1.03-1.29) 
Nitrososarcosine (500 mg]kg) 20.0 (18.3-21.8) 1.15 (1.03-1.29) 
Nitrososarcosine (1000 mg/kg) 19.7 (17.6-22.1) 1.19 (1.06-1.33) 
Nitrososarcosine (2000 mg/kg) 18.9 (16.6-21.8) 1.22 (1.09-1.37) 

b Denotes statistically different from control. 7 groups of 7 mice were treated with one of the inhibitors 45 rain prior to dimethylnitrosamine. 
Groups of 7 mice then received 0, 10.7, 12.7, 15.0, 17.8, 21.6 or 24.9 mg/kg DMN. Control and piperonyl butoxide mice received 29.6 mg/kg 
instead of 10.7 mg/kg DMN. Mortality was observed for 7 days. Diethylnitrosamine (100 mg/kg) was also tested in these experiments but 
100% mortality was observed at 10.7 mg/kg. 

Table II. LDs0 Calculations for Experiment 

Treatment Slope Ratio Fsr Potency ratio Fpr 

Dibutylnitrosamine (250 mg/kg) 
Dibutylnitrosamine'(500 mg/kg) 
Diethylnitrosamine (50 mg/kg) 
Piperonyl Butoxide (640 mg/kg) 

1.098 1.72 1.07 1.32 
1.147 1.57 1.12 1.20 
1.104 1.57 1.20 b 1.16 
1.330 1.90 1.23 1.33 

b Denotes statistically different from control because potency ratio exceeded Fpr. These calculations were performed by the method of LICKT- 
FIELD and WILCOXONL It is notworthy that their convention defines the potency ratio as LDb01/LDb0 s where LDb01 > LDb0 v 

The effects of each of these  metabol ic  inhibi tors  are 
shown in Table  I (Exp.  I). Of pe rhaps  grea te r  in te res t  is 
t he  p o t e n c y  ra t ios  and  slope rat ios  shown in Table II .  
I n  t he  case of each compound,  t he  slope rat io (SR) is less 
t h a n  the  f iduciary  conf idence l imits  of the  slope. This  
indicates  t h a t  t he  slopes are no t  d i f ferent  and t h a t  the  
LDs0's m a y  be compared .  This is also indicat ive  t h a t  
DMN is p robab ly  act ing by  the  same mode of ac t ion in 
each case. The calculat ion of s ta t i s t ica l  significance occurs 
ill co lumns 4 and  5 of Table II .  The po t ency  rat io is t he  
ra t io  of the  2 LDb0's w i th  t he  larger value in t he  numera to r .  
Sta t is t ica l  significance occurs when  the  p o t e n c y  rat io  
exceeds the  Fpr .  As can be seen, only  d ie thy ln i t rosamine  
t r e a t m e n t  induced  a s ta t i s t ica l ly  di f ferent  LDb0. DMN 
tox ic i ty  was increased 20% by  admin i s t r a t ion  of a 'non-  
toxic '  dose of d ie thy ln i t rosamine .  Al though  no t  shown 
here, admin i s t r a t ion  of 100 mg/kg  d ie thy ln i t rosamine ,  
resul ted  in 100 ~/o mor t a l i t y  a t  10.7 mg/kg  DMN. P iperony l  
bu tox ide  induced a 19~o e levat ion ill DMN LDb0 b u t  th is  
was no t  d i f ferent  f rom cotnrols.  

Resul ts  of expe r imen t s  w i th  ni t rososarcosine and  DMN 
are shown in Table  1 (Exp.  II). E v e n  a t  a dose of 2000 mg/  
kg nitrososarcosine, there was no s ta t i s t ica l  effect on 

DMN LDb0. 
Each  of these  compounds  a t  t he  doses t e s t ed  and  the  

t imes  tes ted ,  induce a grea ter  t h a n  50% inhib i t ion  of 
DMN demethy lase  5, 6. Similarly, each of these  compounds  
marked ly  suppresses  the  mutagen ic  act ion of DMN s. I t  
was ve ry  surpr iz ing to f ind t h a t  only  d ie thy ln i t rosamine  
effected the  LDb0. Die thy ln i t rosamine ,  i t  m u s t  be stressed,  
induces  a marked  inhib i t ion  of DMN demethy lase  and  

DMN mutagenic i ty .  At  a dose of 200 mg/kg  in our 
labora tory ,  we observed  no mor t a l i t y  f rom d ie thy ln i t ro -  
samine.  I t ,  therefore ,  m u s t  be concluded t h a t  th is  
response  is synergist ic,  in con t r a s t  to  addi t ive.  

The ques t ion  remains  as to  w h a t  is t he  mechan i sm of 
acute  l e tha l i ty  of DMN in mice. Apparen t ly ,  in co n t r a s t  
to mutagenic i ty ,  enzymat i c  ac t iva t ion  of DMN does n o t  
appear  to be involved in the  killing of the  animal.  F u r t h e r  
research on th is  ques t ion  is cer ta in ly  war~anted.  

I t  also m u s t  be emphas ized  t h a t  these  s tudies  are no t  
involved wi th  t he  carcinogenic aspec t  of th is  n i t rosamine .  
The prac t ica l  re levance of D1VIN as an en v i ro n men t a l  
c o n t a m i n a n t  lies in the  area of its carcinogenic act ion in 
con t r a s t  to its l e tha l i ty  9. 

8 D. B. Couch and M. A. FRIEDMAN, Mutation Res., in press (1975). 
9 Supported by Grants Nos. ES00701 and ES00713. 


