
15.9. 1974 Specialia 1043 

in  v i t ro  cond i t ions  now  used, t he  a t r i a  r e sponded  mar -  
ked ly  to  P H E  and  th i s  response  was s ign i f i can t ly  lowered 
a f t e r  a week ' s  cold exposure .  I t  can  t h u s  be concluded,  
s u p p o r t e d  b y  t he  f ind ings  f rom frogs a n d  toads  s ,n ,  
t h a t  th i s  lowered sens i t i v i t y  resu l t s  f rom a decreased  
s ens i t i v i t y  of card iac  c~-adrenoreceptors. F u r t h e r m o r e ,  i t  is 
r ea sonab le  to  a s sume  t h a t  t he  e n h a n c e d  s y m p a t h e t i c  
a c t i v i t y  of cold-exposed r a t s  is respons ib le  for  t h i s  
subsens i t i v i t y  of ~-receptors .  This  a s s u m p t i o n  is s u p p o r t e d  
b y  t he  f ind ings  t h a t  t h e  decreased  s y m p a t h e t i c  a c t i v i t y  
in r a t s  r e su l t ing  f rom decen t r a l i z a t i on  or f rom 6-hydroxy-  
d o p a m i n e  t r e a t m e n t  causes  s u p e r s e n s i t i v i t y  to  N A  b u t  
no t  to  I SO13,~3. On t he  o the r  hand ,  s y m p a t h e t i c  h y p e r -  
i n n e r v a t i o n  caused  b y  t he  t r e a t m e n t  w i t h  n e r v e  g r o w t h  
fac to r  resu l t s  in  s u b s e n s i t i v i t y  to  N A  w h e n  measu red  in a n  
i so la ted  mouse  i n t e s t i ne  1~. Actua l ly ,  t he  increase  in N A  
release a t  t he  b e g i n n i n g  of cold acc l ima t ion  ~5 is r e l a t ed  
t e m p o r a l l y  to  t he  subsens i t i z a t i on  of t he  c~-adreno- 
r ecep to r s  found  in th i s  s tudy .  However ,  i t  s t i l l  r e m a i n s  
obscure  w h y  t h e  s ens i t i v i t y  s u b s e q u e n t l y  r e t u r n s  a l t h o u g h  
t he  h igher  NA release st i l l  cont inues .  

The  p re sen t  resu l t s  f u r t h e r  show t h a t ,  a f t e r  p ro longed  
cold acc l imat ion ,  t he  m a x i m u m  response  increased  to 
ISO  a n d  to N A  b u t  n o t  to  P H E .  I t  has  been  found  t h a t  
co ld-acc l imated  r a t s  s h o w  a s t r i k ing  increase  in t h e i r  
me tabo l i c  response  to  N A  and  to ISO,  due to  a n  increased  
capac i t y  of t h e  /3-receptors to  r e spond  r a t h e r  t h a n  to  
increased  s ens i t i v i t y  16, ~7. I t  is t he  h igher  level  of NA in 
cold-exposed r a t s  wh ich  resul t s  in  th i s  increased  fi-re- 
sponse  1, 2. Thus  t he  increased m a x i m u m  response  to ISO 
a n d  to N A  found  in t he  p r e s e n t  s t u d y  a f te r  p ro longed  
cold acc l ima t ion  can  be  r ega rded  as a n  increased  /% 
response,  due  to  a n  increased  release of N A  f rom the  
s y m p a t h e t i c  ne rve  endings.  

The  p ro longed  cold acc l ima t ion  also caused a n o t h e r  
s ign i f ican t  change  in response  to NA. The  sens i t i v i t y  of 
a t r i a  to  N A  was m a r k e d l y  increased  a f t e r  40-45 days  of 
cold acc l imat ion .  Th i s  t y p e  of s upe r s ens i t i v i t y  was n o t  

found  to  I SO or to  P H E ,  wh ich  p r o b a b l y  m e a n s  t h a t  
ne i t he r  /~- nor  e - receptors  are invo lved .  Th i s  super-  
s ens i t i v i ty  to  N A  could be  exp la ined  b y  a r educ t i on  in N A  
uptake ,  because  t he  a f f in i ty  of N A  for t he  u p t a k e  process  
is m u c h  g rea te r  t h a n  t h a t  of e i t he r  ISO or  P H E  18. This  
exp lana t ion ,  however ,  is u n s a t i s f a c t o r y  on  t he  basis  t h a t  
a h igher  level  of NA (or I SO) in t he  organism,  as p roduced  
b y  r epea t ed  in jec t ions ,  d id  no t  affect  t he  a c t i v i t y  of t h e  
u p t a k e  process  in  t he  r a t  heart~% Thus ,  t he  mechan i sm(s )  
i nvo lved  in th i s  sens i t i za t ion  sti l l  h a v e  to be  e luc ida ted  in 
f u r t h e r  expe r imen t s .  

Zusammenlassung. L i n e  W o c h e  K ~ l t e a d a p t a t i o n  ver-  
m i n d e r t  die F r e q u e n z  der  i sol ier ten  R a t t e n h e r z - V o r -  
k a m m e r n  u n d  r eduz i e r t  ihre  c h r o n o t r o p e  E m p f i n d -  
l i chke i t  besonders  gegen P h e n y l e p h r i n ,  weniger  gegen 
Noradrena l in ,  u n d  gar  n i c h t  gegen I soprena l in .  H ingegen  
v e r s t ~ r k t e  eine 6w6chige K~Llteadaptat ion die i n a x i m a l e n  
Ef fek te  yon  I sop rena l in  u n d  Noradrena l in .  
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B e m e g r i d e  A n t a g o n i s m  to the  D e v e l o p m e n t  of P h y s i c a l  D e p e n d e n c e  on B a r b i t o n e  in R o d e n t s  1 

The  p robIem of phys ica l  dependence  on b a r b i t u r a t e s  a n d  
re l a t ed  s e d a t i v e - h y p n o t i c s  a n d  m i n o r  t r anqu i l i ze r s  is one 
of p ro found  scient if ic  and  medica l  impor t ance ,  especial ly  
in t he  p r e sen t  social  a t m o s p h e r e  where  misuse  of drugs  is 
so p r e v a l e n t  3, 3. The  p r e s en t  p a p e r  r epo r t s  a s t u d y  in t h e  
r a t  r e l a t i ng  t he  i n t e n s i t y  of phsy ica l  dependence  on  t he  
h y p n o t i c  b a r b i t o n e  to  t h e  d e p t h  of assoc ia ted  cen t r a l  
ne rvous  s y s t e m  (CNS) depression.  The  degree of CNS de- 
press ion  was modi f ied  b y  a d m i n i s t e r i n g  b a r b i t o n e  to-  
ge the r  w i t h  the  ana l ep t i c  bemergr ide*.  

Materials and methods. I n  3 rep l ica te  expe r imen t s ,  
g roups  of 20 fern.ale W i s t a r  r a t s  (140-180 g) rece ived  

b a r b i t o n e  sod ium (BARB) ,  bemegr ide  (4-methyl-4-  
e thy lg lu t a r imide ,  BEM)  or a m i x t u r e  of b o t h  drugs  
( B A R B - B E M )  b y  t he  r eg imen  shown in Tab le  I. The  
drugs  were p r e p a r e d  in a s accha r in  so lu t ion  (0.05%, 
SACC) to  m a s k  t h e i r  t a s t e  and  a d m i n i s t e r e d  in t he  
d r ink ing  w a t e r  5. A con t ro l  group of 20 r a t s  rece ived  
SACC alone (Table  I). 

Since t he  3 d rug  so lu t ions  r e t a i n e d  t h e i r  p o t e n c y  for 
a t  l eas t  24 h, t h e y  were changed  each  even ing  and  t he  
vo lume  of f luid inges ted  b y  each  group  was  de t e rmined .  
The  b e h a v i o u r  of the  r a t s  was obse rved  a t  va r ious  t imes  
t h r o u g h o u t  t he  d a y  a n d  each  group  was weighed  twice  

Table I. Oral dose regimen for rats 

Drug ~ Week of treatment 

(mg/kg/day) 1 2 2 3 4 5 

BARB 100 200 300 400 500 
BEM 75 100 125 150 150 

Given ad libitum in drinking water containing saccharin (0.05%). 
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weekly.  The  drugs  were rep laced  b y  SACC on day  35 
a n d  t he  r a t s  cha l l enged  12, 24, 48, 72 a n d  96 h la te r  w i t h  a 
m i n i m a l l y - c o n v u l s a n t  dose of B E M  ( C D  1 = 10.9 mg/kg)  

g i v e n  i.p. The  n u m b e r  of an i m a l s  in  each  group  w h i c h  
showed s p o n t a n e o u s  convuls ions  d u r i n g  t he  96 h observa-  
t i on  per iod  or a ton ic  ex tensor  seizure w i t h i n  30 m i n  of 
B E M  chal lenge was noted .  

Results and discussion. T he  fol lowing are t h e  c o m b i n e d  
resu l t s  of t he  3 expe r imen t s .  T he  ave rage  da i ly  f luid 
i n t a k e  of an ima l s  d r ink ing  t he  SACC, B A R B ,  B E M  a n d  
B A R B - B E M  solu t ions  p l a t e a u e d  a t  40, 15, 12 a n d  16 ml /  
r a t  r e spec t ive ly  b y  day  10-15 and  r e m a i n e d  fai r ly  c o n s t a n t  
the rea f te r .  All groups  ga ined  we igh t  a t  a p p r o x i m a t e l y  
t he  same ra t e  un t i l  t h e  5 th  week  w h e n  r a t s  ill t h e  B A R B  
and  B E M  groups  lost  a n  ave rage  of 10 and  20 g respect -  
ively.  The  ave rage  pe rcen tages  of d e a t h s  in  t he  groups  
rece iv ing  SACC, B A R B ,  B E M  a n d  B A R B - B E M  were 0, 
20, 12 a n d  16 respec t ive ly ;  d e a t h s  occur red  sporad ica l ly  
in  the  B E M  and  B A R B - B E M  groups  whereas  mos t  d e a t h s  
in  the  B A R B  group occur red  d u r i n g  t he  las t  10 days.  

R a t s  d r i nk ing  B E M  appea red  s l ight ly  exc i ted  t h r o u g h -  
ou t  t he  e x p e r i m e n t  b u t  no  t r em or s  or convuls ions  were 
observed .  An ima l s  rece iv ing  B A R B  showed increas ing  
CNS depress ion  mani fes t ing ,  a t  doses b e y o n d  300 mg/kg,  
as weakness ,  a t a x i a  and  f r equen t  loss of r i gh t i ng  reflex. 
R a t s  rece iv ing  B A R B - B E M  were m u c h  less depressed  
t h a n  those  g iven  B A R B  alone and  showed only  mi ld  
a t a x i a  a t  c o m p a r a b l y  h igh  doses of B A R B .  

Fol lowing d rug  w i t h d r a w a l  on  day  35, B A R B - t r e a t e d  
r a t s  showed h y p e r e x c i t a b i l i t y  for a t  leas t  48 h a n d  10% 
h a d  s p o n t a n e o u s  convuls ions  w i t h  a peak  incidence  a t  
24-48 h. R a t s  w i t h d r a w n  f rom B A R B - B E M  were m u c h  
less ag i t a t ed  whi le  those  w i t h d r a w n  f rom B E M  b e h a v e d  
n o r m a l l y ;  none  of these  an ima l s  convulsed  s p o n t a n e o u s l y  
d u r i n g  t he  96 h obs e r va t i on  period.  

The  pe rcen t age  of an ima l s  in  each  group wh ich  con- 
vulsed  fol lowing B E M  chal lenge is shown in Tab le  I I .  
None  of t he  B E M - t r e a t e d  ra t s  and  on ly  a n  occas ional  
SACC- t rea ted  an ima l  convulsed  w h e n  cha l lenged  w i t h  
B E M  12-96 h a f te r  d rug  w i t h d r a w a l ;  indeed,  t he  fo rmer  
an ima l s  showed ve ry  few signs of s t i m u l a t i o n  sugges t ing  
t h a t  to l e rance  to  B E M  m a y  h a v e  developed.  W h e n  
s imi la r ly  chal lenged,  5 0 - 7 0 %  of t he  B A R B - t r e a t e d  r a t s  
h a d  severe and  long- las t ing  convuls ions  w i t h  a peak  
inc idence  a t  48-72 h whi le  on ly  10% of an ima l s  rece iv ing  
B A R B - B E M  showed convuls ions  which  genera l ly  were 
m u c h  br iefer  and  milder .  

I t  appea r s  t h e n  t h a t  t he  c o n c o m i t a n t  a d m i n i s t r a t i o n  
to t he  r a t  of t he  h y p n o t i c  B A R B  a n d  t he  ana lep t i c  B E M  
decreased  b o t h  t h e  degree of CNS depress ion  a n d  t he  
i n t e n s i t y  of phys ica l  dependence  p roduced  b y  B A R B  
alone. A s imi la r  resu l t  ha s  been  ob t a ined  in mice t r e a t e d  
b y  t h e  same d rug  r eg imen  as t he  r a t  (Table  I). However ,  
conclusions were no t  as def in i t ive  in  t he  mouse  since t he  
B E M - i n d u c e d  w i t h d r a w a l  s y n d r o m e  was m u c h  less 
p ronounced .  I t  could  be  a rgued  t h a t  t he  smal ler  n u m b e r  
of r a t s  in  t he  B A R B - B E M  group r e spond ing  to  B E M  
chal lenge was due  to t he  d e v e l o p m e n t  of to l e rance  to  
BEM.  However ,  t h i s  seems un l ike ly  to be  t he  p r i m a r y  
cause  since, fol lowing d rug  wi thd rawa l ,  none  of t he  r a t s  
in  t he  B A R B - B E M  group  showed spon t aneous  convu l s ions  
and  all  were m u c h  less ag i t a t ed  t h a n  r a t s  wh ich  h a d  
received B A R B  alone.  N o t w i t h s t a n d i n g ,  t h e  d e v e l o p m e n t  
of t o l e r ance  to B E M  in t he  r a t  is u n d e r  inves t iga t ion .  

The  p r e sen t  resu l t s  sugges t  t h a t  B A R B - i n d u c e d  
phys ica l  dependence  and  CNS depress ion  in t he  r a t  are 
r e l a t ed  p h e n o m e n a .  I~c has  been  suggested  t h a t  B E M  
ana leps i s  to  h y p n o t i c  depress ion  occurs  a t  ce r t a in  syn-  
ap t ic  s i tes  in  t he  a scend ing  r e t i cu la r  fo rmat ion ,  h y p n o t i c  
and  ana lep t i c  mod i fy ing  the re  in  oppos i te  d i rec t ions  the  
release of t r a n s m i t t e r  subs t ance  p r e s y n a p t i c a l l y  or t he  
f lux of ions pos t synap t i ca l l y ,  or b o t h  6,7. Since B E M  
a t t e n u a t e s  b o t h  B A R B - i n d u c e d  CNS depress ion  and  
phys ica l  dependence ,  i t  is possible  t h a t  these  or associa ted  
s y n a p t i c  re t i cu la r  m e c h a n i s m s  are also i m p o r t a n t  in t he  
p r o d u c t i o n  of phys ica l  d e p e n d e n c e  on  B A R B  and  p e r h a p s  
re la ted  CNS dep re s san t  drugs.  The  i n v o l v e m e n t  of t h e  
r e t i c u l a r  f o r m a t i o n  would  be  cons i s t en t  w i t h  t he  widely-  
r ang ing  signs a n d  s y m p t o m s  t h a t  comprise  t he  abs t i nence  
s y n d r o m e  fol lowing w i t h d r a w a l  of b a r b i t u r a t e s  in 
an ima l s  and  m a n  ",3. 

The  p r e sen t  suggest ions,  if t rue ,  would  lend s u p p o r t  to  
theor ies  on  to lerance,  phys ica l  dependence  and  t he  
w i t h d r a w a l  s y n d r o m e  based  on  the  ab i l i ty  oI ce r t a in  CNS 
dep re s san t  drugs  to p r o m o t e  p r e s y n a p t i c  a c c u m u l a t i o n  of 
t r a n s m i t t e r  s u b s t a n c e  a t  respons ive  cen t r a l  neu rones  2, 3, s. 
A h y p o t h e s i s  has  been  proposed  t h a t  a t t e m p t s  to  expla in  
for t he  b a r b i t u r a t e s  t he  occurrence  of these  p h e n o m e n a  
in t e r m s  of t he  d i f fe ren t ia l  ac t ions  of t he  d rugs  on  t he  
func t i ona l l y - i n t e r r e l a t ed  p ro t e in  and  l ip id  c o m p o n e n t s  
of t he  respons ive  synap t i c  m e m b r a n e  4, 7 
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Table II. Response to BEM challenge ~ following drug withdrawal 

Time after Percentage of rats convulsing b 
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withdrawal (h) SACC BARB BARB-BEM BEM 

12 0 (12) 12 (s) 0 (10) 0 (10) 

24 8 (12) 50 (10) 10 (10) 0 (10) 

48 16 (12) 70 (10) 9 (11) 0 (13) 

72 0 (12) 60 (10) 10 (10) 0 (10) 

96 0 (12) 50 (10) 10 (10) 0 (10) 

CD t = 10.9 mg/kg, i.p. b The number of rats challenged is given in 
brackets. 

6 G.M. LAYCOCK and A. SHULMAN, Nature, Lond. 213, 995 (1967). - 
A. SHULMAN and G. M. LAYCOCK, Eur. J. Pharmac. 7,282 (1967). 
A. S~tVLMAN and G. M. LAYCOCK, Eur. J. Pharmac. 7,295 (1967). 

8 W. D. 1Vf. PATON, in Scientific Basis o/ Drug Dependence (Ed. 
H. STEINBERG; Churchill, London 1969), p. 31. - H. O. J. COLLIER, 
in Scienti/ic Basis of Drug Dependence (Ed. H. STEINBERG] 
Churchill, London 1969), p. 49. 

9 Acknowledgment. We gratefully acknowledge the generous gift 
of bemegride (Megimide) from Nicholas Pty Ltd, Australia. 


