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Ho, Loh and Way have reported (1, 2) 
thiat the administration of cyclic adenosine 
3’,5’~monophosphate (CAMP) to naive mice 
or rats antagonized the analgesic effeot of 
morphine when tested by the tail-flick re- 
sponse to a thermal stimulus. The antago- 
nism of morphine analgesia appeared to be 
relatlively specific for cAMP because dibuity- 
ryl CAMP, a phosphodiesterase-resistant 
cAMP analog, and theophyllbine, a phospho- 
diesterase inhibitor which reduces the break- 
down of CAMP, aoted in a similar manner 
whereas uridline, guanosine, or cyclic cytidine 
3’,5’-rnonc~phosphate did not (unpublished 
results cited by Hlo et al., Ref. 3 ) .  Surpris- 
ingly, cAMP was just as effective in antago- 
nizing morplhine analgesia when it was ad- 
ministered iv as it was when admlinistered 
intracerebralily although the maximum an- 
tagonism after iv administration required 6 
hr to develop. Attempts to demonstrate that 
cAMP can traverse cell membranes have been 
unsuccessful (4, 5 ) .  Furthermore, it is un- 
likely that a significant amount of exogenous 
CAMP would remain in the body 6 hr after 
injection. It seems possible that soon after 
iv injection cAMP was transformed in the 
body to other products which may have pene- 
trated to the site of morphine’s analgesic 
action. The present expepiments were per- 
formed to dellineate further the qxcificity of 
cAMP as an antagonist of morphinle anal- 
gesia by testing certain other purines as well 

1 This investigation was supported in part by NSF 
Grant OB 29558. The technical assistance of Cheryl 
K. Cooper in the preliminary experiments and the 
helpful suggestions of Dr. Gary Brooker and Prof. 
W. Schneider are gratefully acknowledged. 

2 Present address: Department of Pharmacology, 
Eastern Virginia Miedical School, 358 Mowbray 
Arch, Norfolk, Va. 23507. 

as some compounds whose concentration in 
the body might be expeated to increase as a 
result of cAMP admlinistration. Because of 
the potential imiportance of establishing a 
relationship between CAMP levels and mor- 
phine analgesia, a second objective of this 
work was to Confirm the effect of cAMP re- 
ported by Ho et al. (1, 2) by using anal- 
gesic assays different from the tail-flick tech- 
nique. 

Materials and Methods. Male Swiiss-Web- 
ster mice (26-33 g) ,  the strain used in the 
original work reported by Ho et a!. ( 1 ) , were 
obtained from Hilltop Lab Animals, Inc. 
(Scottdale, Pennsylvania) and maintained 
in the laboratory a t  21-23’ ffor a t  least one 
day, but no longer than 3 days, before use. 
Food (pelllets of Purina mouse chow) and 
water were supplied ad libitum. Each mouse 
was used only once. Assays were performed 
in the morning in a room relatively free of 
extraneous noise and activity. 

C y ti dine, uri d i ne, adenosine? adenosine 5’- 
monophosphate*2H20 (AMP) ? and disodlium 
adenosine 5’-triphoslphate ( ATP) were pur- 
chased from P-L Biochemioals, Inc. (Mil- 
waukee, Wisconsin) ; disodium adenosine 5’- 
dliphosphatle (ADP) , CAMP, 2’-deoxyadeno- 
sine, and 8~bro~moadenosine from Sigma 
Chemical Co. (St. Louis, Missouri) ; adenine 
and hypoxanlthine from Schwarz/Mann (Or- 
angeburg, New York) ; phenyl-p-benzoqui- 
none [ 2.phenyl-l,44benzoquinone, (PBQ) ] 
from Eastman Organic Chemicals (Rochester, 
New York); morphine sulfate from Merck 
and CO., Inc. (Rahway, New Jersey). The 
pwines, nucleosides, and nucleotides were pre- 
pared in 0.9% sodiulm chloride and adjusted, 
when necessary, to the pH of the control 
0.9% sodium chloride solution. These ah- 
tions were used to pretreat the animals 18- 
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19 hr before the analgesia tlests except in a 
few prekminary experiments in which the in- 
terval was 6 hr. The operator did not know 
which of the two solu,tions in a given pretreat- 
ment contained the test chemical. For the 
hot-phte test, monphine wlas prepared in 
0.9% sodiuim chloride; for the srtretclking 
test, morphine was prepared in distilled wa- 
ter. Morphine solutions were prepared at  con- 
centrations such that each dose was given in 
a volume of 10 pl/g. ED50 values are ex- 
pressed as milligrams of morphine base per 
kilogr'am of mouse body weight. 

Hot-plate test .  The apparatus and meltlhod 
used were essentially the same as described 
by Eddy and L&-nbach (6) .  The closed cop- 
per vessel contained boiling acetone ( 5 6.5 ' ) . 
A plexiglass cylinder (15 cm diam, 25 cm 
high), open on both ends, was placed on top 
of the copper vessel to confine the animal to 
the constant temperature plate. A mouse was 
placed within the cylinder and the elapsed 
time for the reaction endpoint nioted in sec- 
onds. The miost reliable endpoint was con- 
sidered to ble licking the forepaws or hind- 
paws which occurred in mice not treated with 
morphine wiith a mean latency of about 10 
sec. A mouse was removed as soon as this re- 
action endpoint was observed, or in 30 sec if 
it failed to react. To test h e  effect of pre- 
treatment on morphine analgesia, a 6-pint  
assay was performed with three dosage lev- 
els of morphine in eaah assay. Each dose was 
administened to a group of 8 mice; 3 groups 
were pretreated with test chemical and 3 
groups were pretreated with the control sa- 
line solution. In a preliminary experiment, 
maximuim analgesia to the thermal stimulus 
occurred 30 min after injection sc of 10 mg/ 
kg morphine. Each mouse was tested, there- 
fore, exactly 30 min after morphine adminis- 
tration. The pexentage of mice in each group 
not reacting within 30 sec was plotted on 
probalbililty paper against t-he do% of mor- 
phine. 

Stretching test .  The method used wias simi- 
lar to that described by Smits and Takemori 
( 7 ) .  PBQ, used as the irritant to induce 
stretching, was precpared fresh daily by dis- 
solving 10 rng in 2.6 ml 95% ethanol and 
dilutinig to 50 ml with warm water (final 
concentnation, 0.0276 PBQ in 5% ethanol). 

The PBQ solution was stored in a darkened 
bottle during use. Each mouse received 2 
img/kg PBQ ip. In  a preliminary eqeri-  
menk, the maximulm numiber of stretches oc- 
curred 7-13 min after administration of 
PBQ. Thus, monphine or water (control) 
was injected at  0 timle, PBQ was injected 
ip inito all animals a t  20 min, the counting 
of stretches commenced at  27  min and 
stopped at  33 min. The midpoint od the 6- 
rnin observation period was at  30 min after 
administration of morphine and 9 min after 
administration of PBQ. Control mice ( N  = 
130) strebchled an average of 20 times dur- 
ing this observation period in response to 
PBQ. The number olf stretcchles was reduced 
by momhine. To test the effect of pretreat- 
ment on this miorphine action, an 8-point 
assay was perfoirmed. Four dosage levels of 
morphine were administered to groups of con- 
trol animals and to gnoups of animals pre- 
treated with a test chemical. Each grolup 
consisted of 10 mice. After injecltion of PBQ, 
each m1ouse was placed in an individual 
transparent container. Five mice were ob- 
slerved at  one time. Fcom the control group 
which had received water, the percent pro- 
tection against PBQ-induced stretching re- 
sponse was calculated as follows: 

"/o protection against PBQ-induced 
stretching responses = 

100- - 100 G ) 
where S, = total number of stretlching re- 
sponses per 10 mice in the test group and 
S, = total number of strfetching responses 
per 10 mice in the control group. The per- 
cent protection in each grotup was plotted on 
probabiliity paper against the dose of mor- 
phinle. 

For both types of tlest, the EDBo of mor- 
phine and its 95% confidence limits were 
calculated by thle method of Litchfield and 
Wilcoxon (8). 

Results and Discussion. In demonstrating 
that cAMP antagonized the analgesic effect 
of morphine, Ho et al. (1, 2) used the tail- 
flick response to a thlenmal stimulus. I t  
seemed desirable to confinm tihe analgesia an- 
tagonism action of cAMP by procedures 
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which use other endpoints in response to 
pain, and the hot-plate test and the stretch- 
ing test were chosen. The stretching response 
is considerably more sensitive to the effects 
of morphine than either the tail-flick or the 
hot-plate besit. 

Ho et al. (2) found that consistent an- 
tagonism of the antinociceptive action of mor- 
phine was orbserved by the tail-flick test 6- 
24 hr after 10 mg/kg cAMP was adminis- 
tered iv. In  our pwliminlary experiments, 10 
mg/kg CAMP injected either iv or ip 6 hr 
before the assay occasionally antagonized the 
antinociceptive action of morphine as tested 
by either the hot-plate or the stretching test 
but this result was inconsistent. However, 
when the dose administemd ip was increased 
to 50 mg/kg and was given at least 16 hr 
prior to tesrting, cAMP consistently antago- 
nized the actions of morphine when tested 
by either procedure. All of tihe animals used 
in the experiments reportled in Table I, there- 
fore, wene injected ip with either 50 mg/kg 
of the test chemical (weighled in the form in 
which thle drug was obtained) or 0.9% sodi- 
um chloride 18-19 hr prior to the beginning 
of the assay. It is shown in Table I, in which 
each line gives the data for a separak test, 
that under these conditions CAMP approxi- 
mately doulbled the ED50 of morphine in both 
tests. This confirms the observation of Ho 
et al. (2) that cAMP administered iv in a 
lower dose either 6 or 24 hr earlier doubled 
the AD5O3 of morphine determined by the 
tail- f lick test . 

To test the hypothesis that the primary 
substance responsible for the antagonism of 
morphine analgesia is a catabollic product of 
cAMP to which membranes are more per- 
meable, the effeots of pretreatment with ade- 
nine or adenosine were studied. The results 
are given in Tarblle I and show that in anitago- 
nizing morphine analgesia, both substances 
were about as efiective as CAMP by the hot- 
plate test and somewhat more effective than 
cAMlP by the stretching test. Other adenine 
nucleotides which might be expected to form 

3The ADm (median analgetic dose) is defined 
as thle dose sf mollplhine which delays the tail- 
flick response to a thermal stimulus by 3.5 sec in 
50% 'of the animals tested 30 min aftler molrphine 
administration (2). 

catabolic products similar to those of CAMP 
were also tested. AMP and ATP were ap- 
proximately as effective as cAMP in antago- 
nizing morphine analgesia in both types of 
test. On the other hand, ADP, which should 
form the sam'e catabolic products as AMP 
and ATP, did not significantly alter the 
EDSo of morphine in either test. We have no 
explanation for this discrepancy but i t  may 
be significant that ADP appears to have 
unique effects on memlblranes as suggested by 
the faot that ADP indluces aggregation of 
platelets whereas adenosine, AMP, and ATP 
inhibit ADP-induced platelet aggregation 

Two adenosine derivatives, 2'dmxyadeno- 
sine and 8dbromoadenosine, when adminis- 
tered to mice 18-19 h.r earlier, did not signi- 
ficantly alter the ED5o of morphine, indic&- 
ing that these particular substitutions in ei- 
ther the ribose moiety or the purine ring of 
adenosine neutralized its analgesia antago- 
nistic property. The requirement of an in- 
tact adenine structure is funther suggested by 
the finding that hypoxanthine did not signi- 
ficantly increase the EDSo of morphine. At- 
tempts to test the effeclts of pretreatment 
with guanosine were unlsuccessful owing to its 
poor solubility in aqueous media. 

Another indication that the purine ring has 
an important role in the antagonism of mor- 
phine analgesia derives firom the finding that 
uridine pretreatment did not reduce the EDSO 
of morphine in either test. Another pyrh i -  
dine nuclmside, cytidine, also did not an- 
tagonize the action of morphine in either 
test. Unexpectedly, in the stretching test but 
not in the hotqlate test, the EDs0 of morphine 
for the cytidine-pretreated animals was signi- 
ficantly lower than the ED50 for the corre- 
sponding controls. We have no explanatbn 
for this observation but i t  was confirmed in 
a second stretching test assay and appears to 
be real. 

Lt is clear from the experiments reported 
here that the antagonism by cAMP of the 
antinociceptive action of morphine previous- 
ly reported (1, 2 )  is not h i t e d  to CAMP 
since i t  occurred with several other com- 
pounds that can be converted to adenine in 
the body. These results, however, do not ex- 
clude the possibility that exogenous adenine, 

(9). 

1 
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adenosine, and the adenine nucleotidjes lead to 
an increase in the synthesis of cAMP in the 
central nervous system. The negative results 
with ADP suggest that some other action of 
this adenine nucleotide prevented i t  from 
producing an adenine-like antagonism of mor- 
phine analgesia. 

Summary. Antagonism of the antinowimp- 
tive action of morphine in mice by prior par- 
enteral administration of cAMP has been 
confirmed using two additional analgesic test- 
ing procedures, the hot-plate test and the 
stretching test. The analgesia-antagonistic 
property, however, is not specific for cAMP 
because it also occurred after pretreatment 
with compounds which probably increased 
the concentration of adenosine or adenine in 
the body. Preliminary inddcations are that 
an unsubstituted purine ring is a requimment 
for the adenine derivative that is primarily 
responsible for the antagonism of the anal- 

gesic action of morphine. 
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