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Two apparently unrelated observations led 
to the investigations reported here: ( 1 )  Sul- 
fapyridine, which is not an analgesic or nar- 
cotic agent, potentiates the toxic effects of 
morphine, codeine, and methadone (1, 2 ) ;  
and ( 2 )  Morphine binds to plasma proteins 

In  view of these findings, we postulated 
that part of the administered morphine binds 
to blood and/or tissue components, forming 
pharmacologically inactive complexes, and 
that sulfapyridine potentiates the toxic effects 
of morphhe by preventing and/or reversing 
the binding, t’hus making more free morphine 
available for pharmacologicaliy active sites. 

If this hypothesis is correct, sulfapyridine 
should also potentiate the analgesic effect of 
morphine. One should also expect that sulfa- 
pyridine, injected in morphine.pretreated 
animals after the analgesic effect of morphine 
has worn off, would produce analgesia by dis- 
sociating morphine from the inactive mor- 
phine complexes. Furthermore, i t  should be 
anticipated that sulfapyridine, after repeated 
administrations, loses its abillity to produce 
analgesia due to dlepletion of the “morphine 
reservoir.” The resulcts of the experiments 
reported in this communication are consist- 
ent with these anticipations. 

Methods and Materials. Inbred male 
C57BL mice weighing 20-27 g were used. 
They were housed in metal cages in rooms 
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with controlled temperature ( 7 1  zk 2°F) and 
relative humidity (50%) and were fed 
Wayne Lab-Blox and Walter ad libitum. 

The latency of withdrawal response of 
mice to heat was selected as an index of 
analgesia. The hotplate method described 
by Eddy and Leimlbaoh (8) was used. A 
jump off the hot platle (maintained at  54.6’) 
served as the criterion for acute discomfort 
in measuring thie latency of the response to 
heat. To avoid desensitization to the heat 
stimulus, the animals were not permitted to 
remain on the hot plate for more than 30 
sec. All mice that did not respond within this 
interval were given the maximum score of 30 
sec. Baseline responses were established for 
each animal before each experiment by calcu- 
lating the mean reaction time of at  least two 
exposures made at  time zem and at  5 ,  15, 30, 
and 60 min. In  the majority of the animals, 
the baseline responses for this 60-min period 
were fairrly constant. After administration of 
the test substance to an animal, reaction 
times wene obtained at  the same ifitervals as 
before and plotted so that a time-response 
curve could be drawn over the corresponding 
baseline. The area between the baseline and 
the time-response curve (reaction-time area) 
was measured and expressed in min-sec. I t  
was assumed that this area reflected the to- 
tal analgesic effect of the test substance dur- 
ing the 60-min experimental pel;iod. Consid- 
ering the 30-sec exposure limit, it is evident 
that the reaction-time area for animals hav- 
ing a baseline response of 10 sec can reach 
a theoretical maximulm of (30 - 10) sec X 
60 min = 1200 min-sec. I t  is also evident 
that the less the analgesic effect of a sub- 
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stance, the more the reaction-time area ap- 
proaches zero. 

Potentiation of the analgesic eflect of mor- 
phine b y  sulfapyridine. One group of 10 mice 
received a subcutaneous injection of sulfapyri- 
dine (1.6 g/kg) and a second group of 10 
mice was subcultaneously injected with an 
equal volume of 0.9% saline (control). One 
hour following this treatment, both groups 
received a subcutaneous injecition of mor- 
phine (1 mg/kg). The reaction-time area, 
reflecting the degree otf analgesia, was mea- 
sured for each animal by the method de- 
scribed above, the mean values computed for 
each group and their difference staltisticalily 
evaluated. 

Production of analgesia b y  sulfapyridine in 
morphine-pretreated mice. A total of 29 mice 
received a subcultanleous injection of mor- 
phine (10 mg/kg). Three days later the ani- 
mals were randomly divided into two groups. 
The first group of 19 mice received a subcu- 
taneous injection of sulfapyridine ( 1.6 g/kg) , 
and the second group consisting of 10 mice 
was injected with an equal volume of 0.9% 
saline. Three days after this treatment (six 
days after morphine administration) both 
groups were subcutaneously injected with 
sulfalpyridine ( 1.6 g/kg) . Reaction-time areas 
were measured for alll animals before and af- 
ter each injection. Mean values for each 
group werte compulted and the differences sta- 
tistically evalualted. 

The substances used were morphine sulfate 
( Mallinlckrodt Chemical W(orks) dissolved in 
0.9% saline to produae concentrations of 0.1 
and 1.0 mg/ml, and sulfapyridine (City 
Chemical Corporation) sonicated in 0.9% 
saline to produce a suspension of 40 mg/ml. 

Results. Potentiation of the analgesic ef- 
fect of morphine b y  sulfapyridine. Table I 
shows that morphine alone produces anal- 
gesia with a mean reaction-titme area of 281 
min-sec. Following sulfapyridine, which in 
itself producled no analgesia (mean reaction- 
time area 2 7  t 18 min-sec), the same dose 
of morphinle exhibited a significantly grealter 
analgesic effmt b o ~  in magnitude and in du- 
ration, with a mean reaction-time area of 511 
min-sec. The analgesic effect in the group 
treated with morphine alone peaked at 15 
min following the injection and had almost 

TABLE I. Potentiation of the Analgesic Effect 
of Morphine by Sulf apyridine. 

Treatment 

Readion- 
time areaa 
(min-see) p 

Morphine (1 mg/kg) alone 

Morphine (1 mg/kg) after 
sulfapyridine (1.6 g/kg) 

281 k lob 

511 -+ 39 
< O . O O l  

a Reaction-time area (see text) reflects degree 

blCfean 2 SEM. 
of analgesia. 

completely worn off by the end of the 1-hr 
period. In  the group treated with sullfapyri- 
dinemlorphine, analgesia reached the higheslt 
level at  30 min fiollowing morphine adminis- 
tration and remained xt this level for the 
remainder of the experimental period. 

Analgesia produced b y  sulfapyridine in 
morphine-pretreated mice. Following the 10 
rng/kg dose of mlorphiine, the latency of re- 
sponse to heat reached the maximum allow- 
able time (30 sec) in all animals 15 min af- 
ter the injection, and remained at  this maxi- 
mum level for the rest of the 60-rnin experi- 
mental period. The mean reaction-time area 
was 1022 min-sec (TabPle 11). Three days 
later the analgesic effect of morphine had 
worn off co8mpletely in all mice, as was indi- 
cated by the fact that responses to heat had 
returned to bcaseline levels. At this time, sul- 
fapyridine administered to the animals of the 
first gvoup pmduced considleralble analgesia 
with a mean reaction-time area of 709 min- 
sec. In 5 animals, the latency of  resiponlse 
reached the 30-sec limilt in 15 min after sul- 
fapyridine administration, and mmained a t  
this level for the rest of the experimental 
period, thus resulking in a timle-response 
curve indistinguishable from that origintally 
produced by 10 mg/kg morphine. In  the re- 
maining animalis of this group, the time-re- 
sponse curves shloiwed a progressive risle with 
three mice reaching the 30-sec cut-off time 
at the end of the 60-min pefiiod. A second 
sulfapyridine injeation ( 1.6 g/kg) adminis- 
tered to the animals of this group three days 
after the first sulfapyridine dose (six days 
after morphine administration) produced 
analgesia of a significantly lesser degree than 



7 7 2  MORPHINE-SULFAPYRIDINE ANALGESIA 

TABLE 11. Produetioii of Analgesia by Sulfapy- 
ridine in  Morphine-Pretreated Mice. 

Treatment 

Reaction- 
time area” 
(min-sec) P 

- 

Morphine (10 mg/kg) 1022 & 31b 
Sulfapyridine (1.6 g/kg) 709 & 63 

1st dose” 
<O.OOl  

Sulfapyridine (1.6 g/kg) 106 & 134 
2nd dosed 

< O . O O l  
Sulf apyridine (1.6 g/kg) 465 145 

single dose@ 

a Reaction-time area (see text) reflects degree 

“Mean +_ SEM. 
of analgesia. 

Administered 3 days after the morphine injec- 
tion. 

dAdmirlistered 6 days after the morphine in- 
jection (3 days after the first sulfapyridine dose). 

“Administered 6 days after the morphine in- 
jection (3 days after salrine administration). 

the first sulfapyridine injection. In the sec- 
ond group 0.9% saline, administered three 
days after the morphine injection, did not in- 
fluence rlesponses to heat. A sulfapyridine in- 
jection (1.6 g/kg) administered to this group 
three days later (six days after morphine ad- 
ministration) produced appreciable analgesia 
which was of a significantly higher degree 
than that produmd in the first group by the 
same dose of sulfapyridine injected at  the 
same period (six dlays) after morphine ad- 
ministration. Table I1 shows the respective 
mean reaction-time areas and the statistical 
significance of their differences. The individ- 
ual time-response curves following the single 
sullfapyridine injeation given to thle second 
group, in most animals reached a peak a t  30 
min and then declined but did not return to 
baseline level by the end of the 60-min peri- 
od. 

Discussion. The results obtained in the 
first series of experiments indicate that sulfa- 
pyridine administered prior to morphine po- 
tentiates the analgesic effeat of the latter. 
This is in accord ~ t h  the hypothesis that 
part of the administered morphine forms 
pharmacologically inactive complexes with 
blood and/or tissue components, and that 

sulfapyridine potentiates the analgesic effect 
of morphine by preventing or reversing such 
binding. 

The second series of ex\periments have 
shown that sulfapyridine, which is not an 
analgesic drug, produces analgesia when ad- 
ministered three and even six days after a 
single morphine injection. This observation 
is also consistent with the hypothesis that 
sulfapyridine uncouples morphine from inert 
complexes, thus mlaking i t  available fur phar- 
macological~ly active sites. Supporting this 
concept regarding the sulfapyridine-induced 
anallgesia is the observation thart a second 
sulfapyridine injection produces minimal or 
no analgesic effect. I t  is possible that the first 
injection depletes the “morphine reservoir” 
so that very little, if any, rnoqhiine remahs 
to be displaced by the second sulfapyridine 
dose. The faot that this depletion is produced 
by the first sulfapyridine dose, and is not a 
spontaneous process, is indicated by the ob- 
servation that when sulfapyridine adminlis- 
tered six days after morphine is not preceded 
by another sulfapyridine dose, i t  produces 
analgesia of signi fiicanbl y greater degree . 

The binding of morphine to proteins has 
already been shown in vitro and in vivo (3 ,  
4, 6, 7 ) .  That such binding may constitute 
pharmacologically inactive complexes is sug- 
gested by the observation that binding of 
morphine to human serum in vitro resullts in 
a diminution of the analgesic effect of mor- 
phine (6 ) .  The ability of sulfapyridline to 
dissociate morphine from its protein complex 
would not be a unique phenomenon. Sdfona- 
mides have already been reported to displace 
other drugs bound to proteins (9).  Although 
lit is possible that morphine may bind to sev- 
eral blood and/or tissue mmponenlts, the 
Eikelilhood that inactive morphine complexes 
are formed within the brain merits greater 
consideration. Prevention or reversal of mor- 
phine binding to inert sites in the brain, re- 
sulting in greater mounts  of free analgesic 
in the vicinity of active receptors, seems a 
more llikely mechanisim of the prolfound sub 
fapyridine effects observed in the present in- 
vestigation. The pharmacodogically inactive 
sites to which morphine binds may corre- 
spond to what has been referrled to as “silent 
receptolrs” ( 10). These mechanisms, al6hough 
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plausible, are at present only speculative 
since, for one thing, no direct evidence has 
been obtained yet demonstrating that sulfa- 
pyridine is capable of displacing movphine 
from inactive complexes. On the basis of the 
data presented and of the postulated mecha- 
nisms, one could still venture certain theo- 
r eti ca(1 implications. 

The possibility, for example, that increased 
capacity of tissiues or blood to form pharma- 
cologically inactive complexes with morphine 
may contniibute to the develiopment of toler- 
ance, is an attractive consideration. I t  is evi- 
dent, in that case, that drugs capaible of pre- 
venting or reversing tlhe process of formation 
of inactive morphine complexes would influ- 
ence the degree of tolerance. The recently 
reponbed production of anti'blodies that bind 
morphine and the diminution of morphine 
effects in mice injected with a morphine im- 
munogen (7 ) ,  support the possibility bhat in- 
activation of miorphine by binding to pro- 
teins may play a rol'e in thle developmenit of 
tolerance. It is conceivable that the forma- 
tion of inactive morphine complexes may in- 
volve bobh immune as well as non' immune 
mechanisms. 

The findings of this investigation and the 
postulated mechanisms may provide the basis 
for new theoretical considerations and poten- 
tial clinical applications regarding morphine 
analgesia, tolerance, and addiction ( 11 ) . 

Summary. Sulfapyridine potentiates the 
analgesic effect of morphine. I t  also produces 

analgesia when administered to morphine- 
pretreated mice long after the analgesic ef- 
fect of morphine has worn off, Morphine pos- 
silbly binds to bdood and/or t i m e  comrpo- 
nents, most likely in the brain, fiorminlg phar- 
macologically inactive complexes, and sulf$a- 
pyridine prevents and/or reverses bhe bind- 
ing, thus freeing active mowhine. 
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