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Effect of drugs that modify 3',5-AMP concentrations
on morphine analgesia

Several drugs affecting adrenergic transmission mechanisms can modify the responses
to nociceptive stimuli and alter the analgesic effect of morphine and related substances
(Gross, Holland & others, 1948; Leimdorfer & Metzner, 1949; Muiloz, 1963). Most
authors consider this fact an indication that some analgesic agents act through a
change of catecholamine concentrations in the central nervous system (cns) (Sigg,
Caprio & Schneider, 1958; Frommel, Fleury & Schmidt-Ginzkey, 1963; Contreras
& Tamayo, 1966; Muifioz & Paeile, 1967; Maynert, 1967; Contreras, Tamayo &
others, 1969). Since it is also accepted that some pharmacological properties of
catecholamines are mediated by cyclic 3',5-AMP (Sutherland & Rall, 1960), we
have examined the interactions of morphine with a number of drugs that affect the
cyclic adenylate concentrations.

Female albino mice, 28-33 g, were placed on a hot plate at 54° 4 0-5° before and
at 30, 60, 90 and 120 min after the administration of drugs according to Woolfe &
MacDonald (1944). Results are expressed as the mean of the maximum effect and
as the area under the time response curve formed by plotting the increase in the
reaction time (licking forepaws or a sudden jump) on the ordinate and the time
intervals after drug administration on the abscissae (Winter & Flataker, 1950).
The drugs employed were: morphine, theophylline, imidazole, sodium fluoride and
propranolol. Morphine and saline were injected subcutaneously, the other com-
pounds were administered intraperitoneally.

The effects of drugs that change cyclic 3',5-AMP concentrations are shown in
Table 1. A significant decrease in the maximum effect was observed in mice treated
with theophylline and propranolol, while no significant changes were observed in
the area. In contrast, imidazole increased the reaction time to significant levels
(as measured by the s-test) at the dose of 150 mg/kg. Imidazole produced this
effect accompanied by excitement and increased aggressiveness of animals. Sodium
fluoride did not significantly affect morphine analgesia. The combined effects of
morphine and other drugs are summarized in Table 2. Propranolol and imidazole
significantly increased the effect of morphine, the other compounds were ineffective.

Catecholamines stimulate the formation of cyclic 3',5-AMP in several tissues
including the cns (Sutherland, Rall & Menon, 1962; Klainer, Chi & others, 1962).
Theophylline and sodium fluoride allow an accumulation of the cyclic adenylate by
inhibiting phosphodiesterase and activating adenylcyclase, respectively (Sutherland

Table 1. Effects of theophylline, imidazole, sodium fluoride and propranolol on the
reaction to thermal stimulus in mice.

Effect
Max. change Area

Drug, mg/kg (Mean + s.e.) (Mean + s.e.)
Saline .. .. .. 09 + 05 366 + 46-2
Theophylline, 10 .. —1-0 &+ 0-5* —67-8 4 504
Theophylline, 15 —1-0 + 0-52* —660 4 49-8
Imidazole, 100 2:6 - 075 195-0 + 684
Imidazole, 150 42 + 1-21* 415-8 -+ 91-8**
Sodium fluoride, 10 1-8 -+ 095 146-4 4- 57-0
Propranolol, 5 —0:9 4 Q-74%** —252 £ 546
Propranolol, 10 1-3 4 0-41 264 4+ 70-8

* P<0-02. ** p<0-001. *¥% P <0-05. No. of mice: 15 per group.



66 LETTERS TO THE EDITOR, J. Pharm. Pharmac., 1972, 24, 66

Table 2. Effect of theophylline, imidazole, sodium fluoride and propranolol on the
analgesic response to morphine in mice.

Max. change Area

Drug, mg/kg (Mean + s.e.) (Mean + s.e.)
Morphine, 5§ .. .. .. 12-1 4 1-44 9216 + 1014
Theophylline, 10 + morphine, 5 122 + 172 8514 + 127-8
Theophylline, 15 + morphine, 5 13-5 4- 1-18 1004:4 + 666
Imidazole, 100 + morphine, 5 13-8 + 1-24 13074 + 96-0*
Imidazole, 150 + morphine, 5 . 17:6 + 0-92%* 1537-2 - 96-0***
Sodium fluoride, 10 + morphine, S 12-3 + 1-44 10662 -~ 102-6
Propranolol, 5 4 morphine, 5 .. 131 + 1-17 1344-0 + 103-8*
Propranolol, 10 + morphine, 5 .. .. 147 + 1-30 12156 4 1356

* P<<0-01. ** p<0-008. *x* p<0-001. No. of mice: 20 per group.

& others, 1962). Imidazole induces the opposite effect in that it stimulates phospho-
diesterase (Butcher & Sutherland, 1962) and propranolol blocks the adenylcyclase
(Robison, Butcher & Sutherland, 1967). The present experiments do not provide
evidence in favour of the assumption that morphine analgesia is mediated by an
increase in 3’,5-AMP concentrations, since no significant results were observed
after theophylline or sodium fluoride administration, whereas imidazole, which
decreases the adenylate concentrations, exhibited a synergistic action with morphine.
However, negative results obtained do not discard a possible relation of morphine
analgesia with cyclic AMP, since the drugs used in conjunction with morphine have
many other effects that may induce concomitant changes in animal reactions to

painful stimuli.
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