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Development of Tolerance to the Antinociceptive 

Recently, it has been shown by means of injection of 
morphine into the ventricular system (VS) and restricted 
parts of it that  the drug acts on structures in the surroun- 
ding of the 4th ventricle when inhibiting a nociceptive 
reaction in rabbits, the licking reaction elicited by elec- 
trical stimulation of the tooth pulp ~, 2. Furthermore, in 
the same species, it was found that  the inhibition of the 
hindleg flexor reflex is brought about by an action of 
morphine on similar periventricular structures of the 
caudal brain stem. A direct site of action in the lumbar 
spinal cord, where the reflex is mediated, seems to be of 
little importance for the inhibition of this reaction even 
when the drug is applied systemically a, 4. The question 
arose whether, and to what extent, tolerance to the inhi- 
bition of these two reactions develops upon repeated 
intraventricular morphine injection. Up to now, there are 
only meagre data showing development of tolerance to 
various actions of morphine when the drug is injected 
intraventricularly or directIy into brain tissueh-L The 
present investigation shows that  upon repeated intraven- 
tricular morphine injections considerable tolerance deve- 
lops to the inhibition of these two nociceptive reactions. 
This is interesting in view of the fact tha t  the lumbar 
spinal cord, where the hindleg flexor reflex is relayed, is 
reached by morphine only in small amounts. 

The development of tolerance to morphine following 
repeated intraventricular administration was compared 
with the tolerance upon systemic injection. The intra- 
ventricular injections were performed in animals with 
cannulae chronically implanted in the lateral ventricle. 
The licking reaction was elicited by electrical stimulation 
of the tooth pulp of the upper incisors. The hindleg flexor 
reflex was evoked by application of radiant heat to the sole 
of the rabbit 's  foot. (For details of these methods seel, a). 
Morphine sulfate (the doses refer to the free base) was 
injected twice a day (08.00 h and 20.00 h) under aseptic 
conditions either intraventricularly or i.m. for periods up 
to 4 weeks. The animals of the control series were injected 
with saline. Before an d during the injection period at one 
week intervals the antinociceptive effect of i.m. applied 
morphine was tested (test reaction) ill both series at 
about 10.00 h. On these days, the regular morphine 
injection in the morning was not given. 

Effect of Morphine After Intraventricular Injection 

Figure 1 shows inhibition of licking reaction in the 
morphine series in comparison to the saline series. After 1 
week of morphine injection (10 mg/kg twice a day) the 
previously effective test dose of 10 mg/kg i.m. had become 
almost ineffective. Increasing the test dose to 20 mg/kg 
and to 40 mg/kg in the later tests, also resulted in only 
slight effects. Upon intraventricular injection of 2 • 40 
Fg/day the tolerance was comparable to the effect of 10 
mg/kg/day applied i.m. A significant tolerance also 
developed for the inhibition of the hindleg flexor reflex 
(Figure 2). This tolerance, after 14 days, was more 
pronounced when 40 ~g of morphine was applied intra- 
ventricularly than when 10 mg/kg was given systemically 
(P < 0.05). I t  is quite clear that  in both tests morphine 
(when body weight is taken into account) is about 500 
times more,effective intraventricularly than i.m. A very 
similar proportion of systemic/intraventricular equief- 
fective doses was found in acute experiments for the 
antinoceptive activity of morphine S, K This result was 
not unexpected considering the development of tolerance 
for the licking reaction. The long persistance of high 
morphine concentrations in the VS and consequently in 
the surrounding brain tissue explains this result, and 
supports the theory that  tolerance develops when the 
receptors are interacting with the drug ~0. In  view of the 
hypothesis of CocI~IN and KORNtgTZIKY 10 concerning the 
involvement of immune processes in tolerance develop- 
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Fig. I. Development of tolerance to the mor- 
phine-induced inhibition of the licking reac- 
tion elicited by electrical stimulation of the 
tooth pulp in rabbits. Morphine (or saline) was 
applied either i. m. or intraventrieularly for 3 
weeks. Before and during the injection period 
the effects of test doses of morphine (i0 
mg/kg- 40 mg[kg i.m.) were checked at one 
week intervals. Controls: Stimulation thre- 
shold before injection of the test dose. The 
curves represent mean values and standard 
deviations of at least 8 animals. 
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Fig. 2. Development of tolerance to the morphine-induced inhibition 
of the hindleg flexor reflex elicited by radiant heat to the paw in rab- 
bits. Morphine (or saline) was applied either i.m. or intraventricularly 
for 2 weeks. Before and during the injection period the effects of test 
doses of morphine (10 mg/kg-20 mg/kg i. m.) were checked at one week 
intervals. Controls: Latency before injection of the test dose. The 
curves represent mean values and standard deviations of at least 6 
animals. 
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Fig. 3. Morphine concentrations in the lumbar spinal cord at different 
times after i.m. (20 mg/kg, O) or intraventrieular (80 #g, 0) injection 
of 14C-morphine. Rabbits which had received morphine i.m. (20 mg/ 
kg) or intraventricularly (80/*g} twice a day for a period of 14 days 
were used. Mean values and standard deviations of 3 experiments. 

men t ,  t he  p r e sen t  resu l t s  show t h a t  if such  processes  do 
occur, t h e n  t h e y  would  t a k e  place  in s t r u c t u r e s  s imi la r  to  
those  wh ich  are  i nvo lved  w h e n  m o r p h i n e  i nh ib i t s  t h e  
t e s t ed  r eac t i on  in t he  acu te  expe r i m en t .  As also in t he  
i n t r a v e n t r i c u l a r  series, t h e  l ick ing  r eac t ion  was t e s t ed  
a f t e r  sys t emic  i n j ec t i on  of t h e  drug,  one m a y  conc lude  
t h a t  t h e  processes  i n v o l v e d  t a k e  p lace  in s t r u c t u r e s  easi ly  
r eached  w h e n  t h e  d rug  is app l ied  i n t r a v e n t r i c u l a r l y .  

The  p r e sen t  f ind ing  t h a t  i n h i b i t i o n  of t he  h ind leg  
f lexor ref lex  also deve lops  to le rance  a f t e r  i n t r a v e n t r i c u l a r  
i n j ec t ion  is of i n t e r e s t  in  v iew of t he  d i f f e r en t i a t i on  of 
sp ina l  and  sup ra sp ina l  m e c h a n i s m s  i n v o l v e d  in t he  
i n h i b i t i o n  of th i s  r eac t ion  8. One m i g h t  expec t  t h a t  sp ina l  
m e c h a n i s m s  are  u n m a s k e d  w h e n  t h e  s u p r a s p i n a l  mecha -  
n i sms  b e c o m e  to l e ran t .  However ,  t h i s  does no t  seem to  
t a k e  place. I n  o rder  to  a sce r t a in  t h e  above  i t  is necessa ry  
to p r o v e  t h a t ,  u p o n  i n t r a v e n t r i c u l a r  i n j ec t i on  of m o r p h i n e  
insuf f i c ien t  a m o u n t s  of t h e  d rug  r each  t h e  l u m b a r  sp ina l  
cord. For  th i s  purpose ,  14C-morphine was  in j ec t ed  i l l t ra-  
v e n t r i c u l a r l y  or i .m. in  t o l e r a n t  r a b b i t s  a n d  i ts  concen-  
t r a t i o n  ill va r ious  s egmen t s  of t h e  sp ina l  cord was de ter -  
m i n e d  b y  rad ioassay .  The  same  r a d i o a s s a y  t e c h n i q u e  was 
used as in  p rev ious  exper imel l t sK F igure  3 gives t he  
m e a n  m o r p h i n e  c o n c e n t r a t i o n  in t he  l u m b a r  sp ina l  
cord  (L1-L6) a t  d i f fe ren t  t i m e s  a f t e r  i .m. and  in t r a -  
v e n t r i c u l a r  in jec t ion .  U p o n  i n t r a v e n t r i c u l a r  i n j ec t ion  of 
80 btg m o r p h i n e ,  t h e  c o n c e n t r a t i o n  is far  be low t h e  
c o n c e n t r a t i o n  r eached  a f t e r  i .m. i n j ec t i on  of 20 m g / k g  (in 
b o t h  cases t he  e q u i p o t e n t  doses of F igure  i are doub led  
in o rder  to  increase  r ad ioac t iv i ty ) .  However ,  a re l iable  
c o m p a r i s o n  of these  c o n c e n t r a t i o n s  is on ly  poss ible  w h e n  
t he  d i s t r i b u t i o n  w i t h i n  t he  sp ina l  cord  segmen t s  is no t  
too  d i f fe ren t  u p o n  b o t h  i n j ec t i on  modes .  P r ev ious  inves t i -  
gat ions ,  conce rn ing  t he  p e r m e a t i o n  of m o r p h i n e  f rom t h e  
Vel l t r icular  l u m e n  in to  p e r i v e n t r i c u l a r  t issue,  showed  t h a t  
t h e  f r o n t  of t h e  p e r m e a t i n g  s u b s t a n c e  a l r eady  reaches  a 
d e p t h  of a l m o s t  2 m m  1 h a f t e r  i n t r a v e n t r i c u l a r  i n j ec t ion  n.  
Since t h e  cord  a t  l u m b a r  level  has  a d i a m e t e r  in  a n t e r i o r /  

pos te r io r  d i r ec t ion  of a b o u t  4 m m  a n d  t he  d rug  can  en t e r  
t he  cord  f rom all  sides, one m a y  suppose  t h a t  no  large 
g r ad i en t s  of m o r p h i n e  c o n c e n t r a t i o n  are  p r e sen t  even  ill 
t h e  ear ly  hou r s  a f te r  i n t r a v e n t r i c u l a r  m o r p h i n e  in jec t ion .  
Thus ,  t he  m o r p h i n e  c o n c e n t r a t i o n s  g iven  in F igu re  3 for 
sys temic  a n d  i n t r a v e n t r i c u l a r  m o r p h i n e  a d m i n i s t r a t i o n  
can  be  c o m p a r e d  (see also VIGOURET et  al. 8). 

I n  s u m m i n g  up  t he  d i s t r i b u t i o n  s tudies ,  one m a y  
conc lude  t h a t  t he  m o r p h i n e  c o n c e n t r a t i o n s  a t  t he  l u m b a r  
level  a f te r  i n t r a v e l l t r i c u l a r  i n j ec t ion  are  far  be low the  
level  o b t a i n e d  a f t e r  sys t emic  in j ec t ion  of equ ipo te l l t  
doses. Since t he  h ind leg  f lexor  ref lex also deve loped  
to le rance  u p o n  i n t r a v e l l t r i c u l a r  in jec t ion ,  i t  is ev iden t  
t h a t  a sp ina l  s i te  of ac t ion  of m o r p h i n e  is n o t  u n m a s k e d  
w h e n  to l e rance  develops.  Th i s  is a f u r t h e r  i n d i c a t i o n  t h a t  
sup ra sp ina l  s t r u c t u r e s  exer t  power fu l  i n h i b i t i o n  on  
noc icep t ive  sp ina l  reflexes.  

Zusammen/assung. Die E n t w i c k l u n g  yon  To le ranz  bei  
der  H e m m u l l g  noc i cep t ive r  R e a k t i o n e n  (Leckreak t ion  
u n d  F lexor re f lex  a m  K a n i n c h e n )  n a c h  fo r tgese tz t e r  i n t r a -  
ven t r iku l / t r e r  u n d  sys t emische r  M o r p h i n i n j e k t i o n  wurde  
ve rg le ichend  u n t e r s u c h t .  Be ide  1Reaktionen en twicke ln  
bei  be iden  Appl ika t io l l sweisen  des Morph ins  eine ~ihn- 
l iche Toleranz ,  obwohl  im Fa l l  des Flexorref lexes  die 
Scha l t s t e l l en  des Ref l exbogens  im R t i c k e n m a r k  n n r  yon  
ge r ingen  M o r p h i n k o l l z e n t r a t i o n e n  e r re i ch t  werden .  
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