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Enhancement  of the Analgesic Effect of Morphine 

F r o m  t h e  o b s e r v a t i o n  t h a t  m o r p h i n e  d e c r e a s e d  t h e  
c a t e c h o l a m i n e  (CA) c o n t e n t  in  t h e  b r a i n  of  c e r t a i n  spec ies  
of  a n i m a l  ~ - 3  m a n y  a u t h o r s  h a v e  s u g g e s t e d  t h a t  m a n i f e s t a -  
t i o n  of  t h e  ana lges i c  a c t i o n  of  m o r p h i n e  m i g h t  be  r e l a t e d  
to  t h e  CA leve l  in  t h e  b r a i n  of  t h e s e  a n i m a l s .  Thus ,  t h e  
a n t a g o n i s t i c  a c t i o n  of  r e s e r p i n e  on  m o r p h i n e  ana lges ia ,  
f i r s t  d e s c r i b e d  b y  SCHNEIDER *, h a s  b e e n  w i d e l y  e x a m i n e d  
a n d  i t  is b e l i e v e d  t h a t  d e p l e t i o n  of  t h e  b r a i n  b iogen i c  
a m i n e s  c a u s e d  b y  r e s e r p i n e  is r e s p o n s i b l e  for  t h e  a n t a g o -  
n i s m  s. H o w e v e r ,  i t  is u n c e r t a i n  f r o m  d a t a  w i t h  r e s e r p i n e  
w h i c h  a re  t h e  ch ie f  a m i n e s  i n v o l v e d  in  t h e  ana lges i c  
a c t i o n  of  m o r p h i n e ,  b e c a u s e  r e s e r p i n e  r e d u c e s  t h e  leve ls  
of  n o r a d r e n a l i n e  (NA),  d o p a m i n e  (DA) a n d  s e r o t o n i n .  

S o d i u m  d i e t h y l d i t h i o c a r b a m a t e  (DDC),  w h i c h  lowers  
t h e  leve l  o f N A  in r a t  b r a i n  b y  i n h i b i t i n g  D A - f l - h y d r o x y -  
lase6, t h u s  s e e m s  a v e r y  su i t ab I e  d r u g  to  use  in  s o l u t i o n  
of  t h i s  p r o b l e m .  T h i s  p a p e r  d e s c r i b e s  t h e  e f f ec t  o f  D D C  
on  t h e  ana lges i c  a c t i o n  of  m o r p h i n e  in  r e l a t i o n  to  t h e  
N A  a n d  D A  c o n t e n t s  o f  r a t  'brain.  

Methods.  Male  S p r a g u e - D a w l e y  ra t s ,  w e i g h i n g  130 to  
180 g, w e r e  u sed .  A n a l g e s i a  w a s  e s t i m a t e d  b y  t h e  t a i l  
c l ip  m e t h o d  m o d i f i e d  b y  TAKAGI e t  al .L T h e  p r e s s u r e  
for  r a t s  w a s  f o u n d  to  be  ca. 4 kg,  u s i n g  a c l ip  of  6 m m  
d i a m e t e r .  To  a v o i d  pos s ib l e  d a m a g e  of  t h e  tai l ,  t h e  cl ip 
w a s  r e m o v e d  a f t e r  15 sec, a n d  if t h e  a n i m a l  d i d  n o t  
r e s p o n d  w i t h i n  t h i s  t i m e ,  a score  of  '15 sec '  w a s  g iven .  
I n  t h e  h o t  p l a t e  m e t h o d  s, if t h e  a n i m a l s  d i d  n o t  r e s p o n d  
b y  l i ck ing  t h e  h i n d  legs  or  j u m p i n g  f r o m  t h e  b a t h ,  in  60 sec, 
t h e y  w e r e  r e m o v e d  f r o m  t h e  p l a t e  a n d  g i v e n  a s co re  o f  
'60 sec ' .  A f t e r  a d m i n i s t r a t i o n  of  m o r p h i n e ,  t h e  r e s p o n s e  
was  e s t i m a t e d  a t  15 r a i n  i n t e r v a l s  for  a b o u t  180 r a in  in  
case  of  t a i l  c l ip  m e t h o d  a n d  120 m i n  in  h o t  p l a t e  m e t h o d .  
W i t h  b o t h  m e t h o d s ,  e x p e r i m e n t s  were  p e r f o r m e d  in  t h e  
m o r n i n g .  

F o r  d e t e r m i n a t i o n  of  CA, a n i m a l s  were  sac r i f i ced  b y  
d i p p i n g  t h e m  i n t o  d r y - i c e  a c e t o n e  s o l u t i o n  a n d  CA w a s  
e x t r a c t e d  f r o m  t h e  b r a i n  as  d e s c r i b e d  p r e v i o u s l y %  N A  
w a s  d e t e r m i n e d  b y  t h e  m e t h o d  of  EULER a n d  ~:PLODING 10 
a n d  D A  b y  t h a t  of  LAVERTY a n d  TAYLOR 11. 

Results.  As s h o w n  in  T a b l e  I, 4 h a f t e r  t h e  s e c o n d  
i n j e c t i o n  of  D D C  ( 5 0 0 m g / k g x  2, s.c.),  t h e  ana lges i c  
a c t i o n  of  10 m g / k g  of  m o r p h i n e  a d m i n i s t e r e d  s.c. w a s  
p o t e n t i a t e d .  M o r p h i n e  a n a l g e s i a  w a s  a lso  e n h a n c e d ,  1 h 
a f t e r  a s m a l l  dose  of  D D C  (350 m g / k g ,  i .p.) .  T h e  s a m e  
r e su l t s  w e r e  o b t a i n e d  w i t h  t h e  h o t  p l a t e  m e t h o d  (Table  I I ) .  
S o m e t i m e s ,  on  t r e a t m e n t  w i t h  D D C ,  t h e  n o r m a l  r e s p o n s e  
t i m e  w a s  s l i g h t l y  p r o l o n g e d  w i t h  t a i l  c l ip m e t h o d ,  b u t  
t h e s e  w e r e  r a r e l y  o b s e r v e d  w i t h  h o t  p l a t e  m e t h o d .  4 h 
a f t e r  t h e  s e c o n d  dose  of  D D C ,  t h e r e  w a s  a m a r k e d  de-  
c r ease  in  t h e  N A  leve l  in  t h e  b ra in ,  w h e r e a s  t h e  D A  
c o n t e n t  d id  n o t  c h a n g e  s i g n i f i c a n t l y  (Table  I I I ) .  1 h a f t e r  
a s m a l l  dose  of  D D C ,  h o w e v e r ,  t h e r e  w e r e  no  s i g n i f i c a n t  
c h a n g e s  in  t h e  c o n t e n t s  of  e i t h e r  N A  a n d  D A ,  t h o u g h  
t h e  ana lges i c  e f f e c t  o f  m o r p h i n e  w a s  p o t e n t i a t e d .  

Discussion.  C o n t r a r y  t o  ou r  e x p e c t a t i o n ,  on  i n j e c t i o n  
of  D D C  i n t o  r a t s  no  pa r a l l e l  w a s  f o u n d  b e t w e e n  t h e  
in i t i a l  c h a n g e  in CA c o n t e n t  in  t h e  w h o l e  b r a i n  a n d  
p o t e n t i a t i o n  of  m o r p h i n e  ana lges i a .  O u r  resu l t s ,  in  con -  
n e c t i o n  w i t h  t h e  f i n d i n g s  of  TAKAGI e t  al.  a a n d  w i t h  d a t a  
of  r e s e r p i n e  5 ,~  on  mice ,  a t  leas t ,  m a y  i n d i c a t e  t h a t  a 
c e r t a i n  level  of  D A  m u s t  be  m a i n t a i n e d  in  t h e  b r a i n  t o  
manifesto t h e  m o r p h i n e  ana lges i a .  

H o w e v e r ;  t h e r e  s e e m s  to  be  a n o t h e r  p o s s i b i l i t y  t h a t  
t h e  p o t e n t i a t i n g  a c t i o n  of  D D C  is c o n n e c t e d  w i t h  i m p a i r -  
m e n t  of  t u r n o v e r  r a t e  of  CA in t h e  b r a in ,  because ,  as  is 
wel l  k n o w n ,  D A - f l - h y d r o x y l a s e  is i n h i b i t e d  b y  D D C  s, 
a n d  b e c a u s e  in  r a t  t r e a t e d  w i t h  r e s e r p i n e  w h i c h  sup -  
p r e s s e s  t h e  m o r p h i n e  ana lges i a ,  o n  t h e  c o n t r a r y ,  DA-/~- 

by Sodium Diethyldithiocarbamate in Rats 

Table I. Effect of DDC on morphine analgesia in rats estimated 
by the tail clip method 

Pretreatment Hours Analgesia ~ 
after (morphine : 
DDC 10 mg/kg, s.c.) 

Saline 74.1 :~ 7.7 (26) b 
DDC, 500 mg/kg x 2, s.c. c 4 125.1 ~ 9.0 (12) a 
DDC, 350 mg/kg, i.p. 1 127.0 -1- 5.7 (20) a 

Analgesia was expressed as the difference between the sum of the 
lag times after morphine and saline administration, b Values are 
means 4- standard error. The number of animals used is shown in 
parenthesis, o Animals received 2 injections of DDC 7 and 4 h 
before the test. a Difference from the control statistically significant, 
P <  0.01. 

Table II. Effect of DDC on morphine analgesia estimated by the 
hot plate method 

Pretreatment Hours Analgesia 
after (morphine : 
DDc 10 mg/kg, s.c.) 

Saline 262.0 q- 14.5 (8) b 
DDC, 500 mg/kg • 2, s.c. ~ 4 379.0 q- 24.0 (10) a 
DDC, 350 mg/kg, i.p. 1 360.3 :[: 10.0 (8) a 

References a-a are the same as in Table I. 

Table III. Effect of DDC on the catecholamine content of the whole 
brain of rats 

Pretreatment Hours Catecholamine content ([zg/g) 
after Noradrenaline Dopamine 
DDC 

Saline 0.31 q- 0.02 (4) a 0.77 • 0.03 (4) 
DDC, 500mg/kg• s.c. c 4 0.12-4-0.03 (4) b 0.89 :~: 0.07 (4) 
DDC, 350 mg/kg, i.p. 1 0;25 ~ 0.03 (5) 0.81 :]: 0.05 (5) 

Values are means :[: standard error. The number of experiments is 
shown in parenthesis, b Difference from the control statistically 
significant, P < 0.01. c Animals received 2 injections of DDC 7 and 
4 h before the test. 
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hydroxylase  and dopa decarboxylase  act iv i t ies  in the  
bra in  were accelerated la. 

On the  o ther  hand,  some another  propert ies  of DDC 
mus t  be considered, i.e. the  inhibi t ion of enzyme act ivi t ies ,  
including those invo lved  in morphine  destruct ion.  

Our results  show t h a t  D D C  potent ia tes  the  morph ine  
analgesia  and t h a t  the  ini t ial  changes in CA conten t  
itself in whole bra in  by  D D C  do no t  seem to be responsible 
for this phenomenon.  

Zusammen/assung. Nach  DDC-Vorbehand lung  wurde 
bet  mgnnl ichen  R a t t e n  eine deut l iche Potenzierung der  
Morphinanalgesie  beobachte t .  Es  konnte  nachgewiesen 
werden, dass dieses Ph~nomen  nicht  durch die nach DDC- 

Gabe auf t re tende  Ver/ tnderung des CA-Gehal tes  im Ge- 
hirn bedingt  ist. 
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Aggress ion  in Mice Associated with Changes in the Monoamine-Metabol i sm of the Brain 

I t  is known t h a t  the  admin i s t r a t ion  of L-DOPA and 
psycho tomime t i c  drugs m a y  provoke  an aggressive be- 
hav iour  in cer ta in  animals  (VALZELLI1). However ,  in 
pr inc ipal  the  b iochemical  background  creat ing aggressive 
a t t i tudes  is unknown.  

Prev ious ly  LYCKE and R o o s  ~ repor ted  t h a t  the  Herpes 
simplex virus (HSV) encephal i t is  in mice will cause raised 
synthesis  o f  dopamine  (DA) as well as 5-hydroxy- 
t r y p t a m i n e  (5-HT). These studies suggested the  use of 
specific inhibi tors  for D A  and 5-HT. In  one series of 
exper iments  the  mice were t rea ted  wi th  the  me thy l -  
es terhydrochlor ide  of DL-p-chlorophenylalanine (H 69/17), 
an effect ive  inhibi tor  for the  hydroxy la t ion  of t ryp to-  
phane  to 5 -hydroxy- t ryp tophane .  

Swiss albino mice of our own labora to ry  breed were 
inocula ted  in t racerebra l ly  wi th  a mouse-bra in-adap ted  
s t ra in  (St 2 Gbg 11) of H S V  (15 LDs0 ). H 69/17 was given 
by  inject ion,  400 mg/kg,  one day  prior  to  virus  inocula- 
t ion and then  dai ly  for 4 days, af ter  which the  animals  
were sacrificed and the  brains  analyzed for the  contents  
of DA, 5-HT, homovani l l ic  acid (HVA) and 5-hydroxy-  
indoleacet ic  acid (5-HIAA).  De te rmina t ions  of D A  and 
H V A  were m a d e  spec t rophotof luoromet r ica l ly  according 
to t i le me thods  described by  CARLSSON and WALDBCK 8 
and AND~N et  al. 4. Assays of 5-HT and 5 - H I A A  were 
made  according to ANDt~N and MAGNUSSON 5 and R o o s  6, 
respect ively.  In fec t ive  v i rus  was t i t ra ted  by  de te rmin ing  
the  number  of p laque- forming  uni ts  (pfu) on monolayer  
cultures of G M K  cells, over layed  wi th  Eagle ' s  complete  
med ium conta in ing 3% bovine  serum and 1% methyl -  
cellulose. 

The  H S V  infected animals,  t r ea ted  wi th  H 69/17, 
demons t ra ted  a t  4 days  af ter  the  virus infect ion marked  
exci ta t ion  and, in addit ion,  an aggressive behaviour .  
Thus, t hey  no t  only  revealed the  character is t ic  jumpiness  
and sens i t iv i ty  to l ight  and sound effects, usual ly  found 
dur ing  the  exc i ta to ry  stage of the  disease, bu t  were 
f requent ly  found involved  in fights. No aggressiveness 
was noted in mice only inocula ted  wi th  H S V  or only 
t rea ted  wi th  H 69/17, a l though bo th  these  groups of 
animals  showed signs of exci ta t ion.  Table  I presents  the  
results oi assays of monoamines  and infect ive  virus. 

The  rise in DA synthesis  due to the  herpet ic  ence- 
phal i t is  is ref lected in the  increased concent ra t ions  of 
HVA.  The  inhib i tory  effect  of H 69/17 on 5 -HT synthesis  
appears  f rom the  5 -HT as well as the  5 - H I A A  concentra-  
tions. No inhib i tory  effect on synthesis  of H S V  by  
H 69/17 was observed.  

As the  aggressiveness was assumed to  be  condi t ioned 
by  an increased DA synthesis  and a s imul taneous  reduc- 
t ion of the  format ion  of 5-HT, a series of exper iments  
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