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ABBOTT, F V AND K B J FRANKLIN Nonc ornpetmve antagont~m oJ morphine analgesta by dtazeparn m the 
fi>rmahn test PHARMACOL BIOCHEM BEHAV 24(2) 31%321, 1986 - -The  effects of dlazepam on morphine analgesia 
dose effect curves in the formahn test and m two forms of the tall flick test were examined In one form of the tall flick test 
the ammals were restrained m w,re restrainers (a stressful procedure) whde m the other they were left free and briefly hand- 
held for testing Morphine analgesia m the restrained form of the test is known to depend on raphe magnus 5HT projections 
to the spinal cord whde the other tests do not revolve this system Dmzepam (0 2 and 1 0 mg/kg) noncompetmvely 
antagomzed morphine analgesia m the formahn test but had no effect on morphine analgesia m the tall flick test It ~s 
concluded that dlazepam does not antagomze morphine analgesia through its antlanxlety acUon reducing the serotonerglc 
response to stress It ,s suggested that the sensitivity of the formahn test to dlazepam antagonism of morphine analgesm 
may be of chmcal slgmficance since formahn test pain resembles postoperative pare in humans 

Morphine Dlazepam Analgesia Tall flick test Formahn test Stress 

B E N Z O D I A Z E P I N E S  (BDZs)  are of ten used toge the r  with  
na rco t i c  ana lges ics  bu t  the in t e rac t ions  of  these  d rugs  are  no t  
well u n d e r s t o o d  Severa l  g roups  of  inves t iga to rs  have  re- 
po r t ed  that  d t azepam,  ch lo rd l azepox lde  and  o t h e r  BDZs  an- 
tagonize  the  analges ic  effect  of  m o r p h i n e  or  m e p e n d i n e  in 
an imal  mode ls  of  pa in  [7. 14, 23] O the r s  have  not  found any  
rehab le  effect  o f  d i a z e p a m  on m o r p h i n e  ana lges ta  [18,20] 
while  two s tudies  repor t  tha t  chlordlazepox~de p o t e n t m t e s  
m o r p h i n e  ana lges ia  [7,8] 

One  r e a s o n  for  the l ncons t s t en t  in te rac t ion  of  B D Z s  and  
m o r p h i n e  ana lges ia  m ay  he  in the  d i f ferent  tes t ing  s i tua t ions  
e m p l o y e d  by di f ferent  l abora to r i e s  Recen t ly  it has  b e e n  
s h o w n  tha t  there  are at  leas t  two types  of  m o r p h i n e  ana lges ia  
found  in an imal  tes t s  One  type ,  e x e m p h f i e d  in ra ts  tha t  are 
r e s t r a ined  d u n n g  tall f l ick tes t ing,  is sens i t ive  to an mte rac -  
tmn  b e t w e e n  m o r p h i n e  and  bra in  5HT,  the  level  o f  which  is 
e l eva ted  by res t ra in t  s t ress  [13] This  type  of  ana lges ia  de- 
p e n d s  on  r aphe  m a g n u s  5H T  f ibres  p ro jec t ing  to the  spmal  
cord  dorsa l  ho rn  [3,12] In the  tall flick tes t  wi th  u n s t r e s s e d  
a m m a l s  [ 12] and  in the  formal in  test ,  wh ich  m e a s u r e s  a f reely 
m o v i n g  a n i m a l ' s  r e s p o n s e  to a m i n o r  t i ssue  injury p roduced  
by  a s u b c u t a n e o u s  in jec t ton  of  di lute  formal in  [6], ana lges ia  
does  not  d e p e n d  on  se ro tonergIc  r aphe  p ro jec t ions  to the  
spinal  cord  ([1,2], Watk lns ,  L R , persona l  c o m m u n i c a t i o n )  

S ince  B D Z s  are  ef f icacious  anx~olytlc agen ts  they may  
an t agon ize  m o r p h i n e  ana lges ia  by  reduc ing  the  effects  o f  
s i tua t ional  s t ress  If  th is  were  so, B D Z  should  an t agon ize  

m o r p h i n e  ana lges ia  in the  r e s t r a ined  tall flick tes t  r a the r  t han  
in the  formal in  tes t  or  the  tall flick tes t  with  u n s t r e s s e d  
an imals  To examine  this  poss lb lh ty  and  exp lore  the  na ture  
o f  BDZ a n t a g o n i s m  of  morph ine  ana lges ia  we e s t a b h s h e d  
dose-e f fec t  re la t ions  for  m o r p h i n e  ana lges ia  wi th  and  with- 
ou t  c o n c u r r e n t  d l a z e p a m  t r e a t m e n t  m the formal in  tes t  and 
the  r e s t r a ined  and  u n r e s t r a i n e d  tall flick tes t s  

METHOD 

Male Long  E v a n s  hooded  ra ts  were  ass igned ,  in g roups  of  
3 to 5, to be  in jec ted  SC wi th  m o r p h i n e  su lpha te  (2-8 mg/kg) 
a lone  or  m c o m b i n a t i o n  wi th  an IM injec t ion o f  d l a z e p a m  
(0 2-1 0 mg/kg) Each  rat  was  t es ted  once  only  D lazepam 
was  re jected 15 mln a f te r  m o r p h i n e  F o r m a h n  was  Injected 
immedia te ly  af te r  d l a z e p a m  Pare scores  in the  f o r m a h n  tes t  
were  ave raged  o v e r  the  per iod  30 to 45 mln af te r  m o r p h i n e  
Tall fhck tes ts  were  g iven  40 rain af te r  morph ine  A pilot 
s tudy s h o w e d  that ,  m the f o r m a h n  test ,  m a x i m u m  In te rac t ion  
b e t w e e n  d l azepam and  m o r p h i n e  occu r r ed  wi th  drug injec- 
t ions  at  these  t imes  

P r e h m l n a r y  tes ts  s h o w e d  that  the  c o m b i n a t i o n  of  an 
oplold and  d t azepam p r o d u c e d  so m u c h  seda t ion  that  pain 
ra t ing was  difficult  S ince  it is k n o w n  that  to l e rance  to mor-  
ph ine  does  not  a l te r  the  p h a r m a c o k l n e t l c s  of  m o r p h i n e  [11] 
or  opia te  r ecep to r  b ind ing  [9] it was  dec ided  to p re -adap t  ra ts  
to the oplold for  6 days  p reced ing  the  tes t  (2 days  at  4 mg/kg, 
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FIG 1 Dose response curves for morphine analgesia in the formalin 
test in rats treated with 0 2 mg/kg dlazepam (solid line and circles), 
1 0 mg/kg dlazepam (solid line and triangles) or with the dlazepam 
vehicle (dotted hne and squares) In dlazepam treated rats the mor- 
phine dose effect curve was not well fitted by a regression hne and 
sohd lines connect raw data points 
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FIG 2 Dose response curves (regression lines) for morphine 
analgesia in tall flick test in rats tested restrained (solid lines and 
circles) or unrestrained (dotted lines and squares) Filled symbols 
represent groups of animals tested after dlazepam (l 0 mg/kg) pre- 
treatment and open symbols represent groups tested after Injections 
of the dlazepam vehicle 

4 days at 8 mg/kg) Adaptation was earned out in the room 
where the experament was to be done and rats to be formalin 
tested were placed In the apparatus for 30 mln per day 

Formahn Te~t 

Formalin (0 05 ml of 2 5%) was injected SC into the plan- 
tar surface of one hind paw of each rat The rat was then 
placed in a Plexiglas viewing chamber and, beginning 15 min 
after injection, behavior was rated for 15 min 

The experimenter recorded the amounts of  time the rat 
spent walking firmly on the injured paw (pain=0), partially 
elevated or favoured the paw (pain=l) ,  elevated the paw 
(pain=2), or licked and chewed at the paw (pain=3) 

Tad FIb(~. Test 

Responses to a thermal pain stimulus were assessed by 
the latency with which a rat removed its tall from 55°C water 
Maximum latency was set at 20 sec In the restrained form of 
the test rats were placed m wire restraining tubes from 10 
min before drug injection till the end of the test In the unre- 
strained form of the test rats were left free in their home 
cages (3-4 rats per cage) and handheld dunng each test for 
approximately 30 sec 

Data Analyst~ 

Analgesia was expressed as percent of maximal effect by 
the formula 

(observed score - mlmmum score) × 100/maximum score 
- minimum score 

Maximum score was 20 sec for the tad flick test and 0 for the 
formalin test Minimum scores were the undrugged control 
averages of 2 5 sec and 2 2 respectively 

Drug effects were plotted against log dose and least 
squares regression lines fitted to the steeply rising portion of 

the dose effect curves An AD50 was defined as the dose at 
the half-maximal effect An AD50 and its standard error was 
computed by jackknifing the estimates of the dose producing 
half-maximal analgesia [17] 

R E S U L T S  

In the formalin test (Fig 1) diazepam 1 0 mg/kg markedly 
attenuated morphine analgesia and significantly reduced the 
slope of the morphine dose effect relation, t(26)=4 416, 
p < 0  025 Dlazepam 0 2 mg/kg also slightly reduced the 
asymptote of the morphine dose effect relation but the 
change in slope did not reach significance, t(24)= 1 19, NS 
In controls tested without morphine, dlazepam (1 0 mg/kg) 
did not alter the formalin pain rating (U=6, n l=n2=4 ,  
p = 0  343, Mann Whitney) Though these animals appeared 
sedated, they continued to protect the formalin-injured paw 
even when lying down Morphine increased the sedation but 
most animals still protected the injured paw even with 8 
mg/kg morphine With 16 mg/kg morphine plus 1 0 mg/kg 
diazepam animals were so sedated they appeared unable to 
stand on three legs so data for this dose were discarded 
Nevertheless,  when disturbed, most animals showed clear 
signs of pain in the injured paw 

Morphine dose effect curves for the tall flick tests are 
shown in Fig 2 Dlazepam did not alter the slope of the dose 
effect relation in either the handheld, t(26)=0 88, NS, or the 
restrained, t(22)=0 36, NS, form of the test In both cases 
the AD50s for diazepam treated rats lay within the 95% con- 
fidence interval for the AD50 for morphine alone Both with 
and without dlazepam the slope of the morphine dose effect 
relation was steeper when animals were restrained than 
when they were handheld, t(24)=2 29 and t(24)=2 36 re- 
spectively, p < 0  05 

D I S C U S S I O N  

These results show that low doses of dlazepam can antag- 
onize the analgesic effect of morphine in the formalin test 



D I A Z E P A M  A N D  M O R P H I N E  A N A L G E S I A  321 

and  indica te  tha t  the  a n t a g o n i s m  is n o n c o m p e t l t t v e  D1- 
a z e p a m  i tself  did not  a l t e r  fo rmalm pain  scores  

The  da ta  for  the  tall flick tes t  are c o n s i s t e n t  wi th  a previ-  
ous  r epor t  tha t  d l a z e p a m  does  not  s lgntf icant ly  affect  mor-  
ph ine  ana lges ia  in the  ra t  [18] One  s tudy  tha t  d~d find antag-  
on i sm of  morph ine  In the  rat  [14] used  ln t r ace reb ra l  injec- 
t ions  of  d m z e p a m  so the  ef fec t ive  dose  levels  m ay  have  been  
h igher  than  those  ob ta ined  in the p re sen t  s tudy  Studies  
which  repor t  b e n z o d l a z e p l n e  a n t a g o m s m  of  m o r p h i n e  
ana lges ia  m the  m o u s e  have  used  m u c h  larger  doses  of  
d~azepam (AD50 2 1  mg/kg) [7,19] or  ch lo rd l azepox lde  
[19,23] S h a n n o n  et al [20] found  no  effect  of  1 0 mg/kg 
d l azepam on the  dose  effect  cu rve  for m o r p h i n e  ana lges ia  in 
the  mouse  Th~s resul t  is m comple te  a g r e e m e n t  wtth  our  
p resen t  da ta  for the  rat  tall flick tes t  The  da ta  for  d l a z e p a m  
is cons i s t en t  m showing  tha t  low doses  (1 0 mg/kg or less)  do  
not  a l te r  m o r p h i n e  ana lges ia  m the  tall flick tes t  while  a b o v e  
2 0 mg/kg d l a z e p a m  an tagon izes  m o r p h i n e  The  na ture  of  the  
a n t a g o n i s m  is not  e s t a b h s h e d  for  the tad flick tes t  t hough  we 
have  here  found  tha t  in the  formal in  tes t  the  a n t a g o n i s m  
seems  to be n o n c o m p e t i t i v e  

The  resul t s  did not  suppor t  the  hypo thes i s  tha t  d l a z e p a m  
an tagon izes  ana lges ia  by  reduc ing  s t ress  po ten t i a t ion  of  
morph ine  ana lgesm In th~s e x p e r i m e n t  res t ra in t  s t ress  in- 
c reased  the s lope of  the  m o r p h i n e  dose-ef fec t  re la t ion  and 
d m z e p a m  d~d not  a l te r  th~s effect  M o r e o v e r ,  the f o r m a h n  
test ,  which  is insens i t ive  to the  t r y p t a m m e r g l c  m e c h a n i s m  
that  under l ies  res t ra in t  p o t e n t m h o n  of  m o r p h i n e  ana lges ia  [ l ,  
2, 12], was mos t  sens~hve to a n t a g o m s m  of  morph ine  
ana lgesm by d l a z e p a m  

The  fact  tha t  morph ine  ana lges ia  m the  fo rmahn  tes t  
s eems  to be  par t icu la r ly  sens i t ive  to d l a z e p a m  may  be  of  
cl inical  s~gmficance A n t a g o n i s m  was found  wi th  low doses  
o f  d m z e p a m  tha t  are  n e v e r t h e l e s s  e f fec t ive  m an t t anx te ty  
a s says  [5,22], l e , doses  which ,  a l lowing for  species  differ- 
ences  In p h a r m a c o d y n a m l c s ,  are  c o m p a r a b l e  to those  used  
chntca l ly  F u r t h e r m o r e ,  the  fo rmahn  tes t  pain may  r e semble  
pain for  which  opia tes  are used in h u m a n s  more  than  mos t  
an imal  tes ts  Fo rma l in  pain resul t s  f rom t i ssue  injury,  IS rel- 
a t ively  long last ing (1 to 2 hours) ,  and  e x p e r i m e n t e r s  who  
have  expe r i enced  it desc r ibe  ~t as poor ly  Iocahzed ,  bu rn ing  
and  ach ing  [6] T h e s e  charac te r i s t i c s  are typical  of  pain 
expe r i enced  by pa t ien ts  a f te r  injury [4,16] B e n z o d l a z e p m e  
a n t a g o m s m  of  m o r p h i n e  ana lges ia  has  not  appa ren t ly  been  
o b s e r v e d  chnlca l ly  [10,18] H o w e v e r  the  p re sen t  f indings  
sugges t  tha t  b e n z o d l a z e p l n e s  may  reduce  the  m a x i m u m  
analges ia  ob ta inab le  whi le  h a w n g  little effect  on  low levels  of  
ana lges ia  Recen t  s tudies  o fc l lmca l  p rac t ice  are cons i s t en t  in 
f indmg that  pa t i en t s  who  do rece ive  opia te  med ica t ion  for  
pare  usual ly  rece ive  minimal  r a the r  than  opt imal  doses  
[15,21] Thus  any  effect  of  c o n c u r r e n t  b e n z o d m z e p m e  treat-  
men t  would  be difficult  to de tec t  
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