158

17. Barron, E. S. G.; Sights, W. P., and Wilder,
V., Arch. exp. Path. u. Pharmakol., 1953, v219, 338.

18. Cori, C. F., and Cori, G. T., J. Biol. Chem.,
1031, v94, 581.

19. Cohen, S. S,, in Chemical Pathways of Metabo-
lism, (ID. M. Greenberg, Editor), Academic Press Inc.,

NALORPHINE vS. NARCOTIC OVERDOSAGE

New York, 1954, vI, pp173-234.
20. Groth, D. P, LePage, G. A., Heidelberger, C.,
and Stoesz, P. A., Cancer Research, 1952, v12, 529.

Received August 27, 1056. P.S.E.B.M,, 1956, v93.

Effect of N-Allylnormorphine Upon Massive Doses of Narcotic Drugs.
(22694)

CHARLES A. WINTER AND LArs FLATAKER.
Merck Institute for Therapeutic Research, West Point, Pa.

Although N-allylnormorphine (nalorphine)
is an effective antagonist against a wide spec-
trum of pharmacological actions of opiates
(1,2), and has proven to be clinically useful
in cases of narcotic overdosage(3-6), Kop-
panyi and Karczmar(7) did not succeed in
saving mice from lethal doses of morphine by
single injections of nalorphine. On the other
hand, Unna(8) reported that nalorphine in
divided doses reduced mortality in mice re-
ceiving 800 mg/kg of morphine, and Gruber
(9) showed that even a single dose of the an-
tagonist was protective against morphine sul-
fate up to 800 mg/kg if the ratio of the two
drugs was properly chosen.

The present experiments demonstrate a dif-
ference in the protective effect of nalorphine
against lethal doses oi various opiates and a
species difference in the responses.

Experimental.  Preliminary experiments
were performed in rabbits receiving meperi-
dine hydrochloride by slow intravenous injec-
tion. The dose of meperidine used was 25
mg/kg, except in two rabbits in which severe
convulsions forced discontinuance of the in-
jection at 15 and 20 mg kg, respectively. The
results (Groups I-I1I, Table 1) show that nal-
orphine, administered subcutaneously 30
minutes before the opiate. was in no case
successful in preventing convulsions. In each
case where death occurred, respirations ceased
at about the same time convulsions set in.
Respirations were maintained, however, in the
meperidine-injected rabbits pre-treated with
10 mg/kg of nalorphine (Group III). In
these, the convulsant action of the opiate

persisted for 4 to 10 minutes, and the animals
then recovered. Two animals (Group 1V)
receiving the anticonvulsant agent, phenobar-
bital, in addition to nalorphine exhibited nei-
ther convulsions hor grossly visible respiratory
depression when 25 mg/kg of meperidine was
injected.

These preliminary observations in rabbits
suggested that nalorphine antagonized the
respiratory depressant effect of the opiate
without markedly influencing the convulsant
activity. In Group III, sufficient nalorphine
was administered so that respiration did not
stop and the animals survived, but the con-
vulsions were as severe as in the previous
groups. It appeared, then, that convulsant
activity might be one effect of opiates that
nalorphine would not antagonize. In order
to test this further, experiments were con-
ducted in mice and rats.

For these experiments, male I1S32 mice of
about 20 g body weight and male Holtzman
rats of about 130 g were employed. Table II

TABLE 1. Effect of N-Allylnormorphine upon

Convulsant  and  Lethal Effects of Intravenous
Meperidine in Rabbits.
No. ot No.con- No.sur-
Group Autidote animals vulsing  viving
| None 2 2 0
11 Nalorphine, 2 2 0
1 mg/kg
111 Nulorphine, 4 4 4
10 mg/kg

(RY Nalorphine, 10mg 2 0 32
/kg + pheno-
barbital, 100

mg/kg
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TABLE II. Protection of Mice by Nalorphine Hydrochloride against Lethal Doses of Mor-
phine or Methadone.

Morphine sulfate N - Methadone hydrochloride——
No. dead/total No. dead/total
Dose, Without With Dose, Without With
mg/kg nalorphine  nalorphine* mg/kg nalorphine  nalorphinet
350 6/10 0/10 25 3/10 0/10
440 7/10 2/10 29.5 7/10 0/10
555 7/10 1/10 35 8/10 0/10
700 10/10 5/10 41 8/10 0/10
50 9/10 0/10
70 10/10 2/10
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* Nalorphine HCl dose: 25 mg/kg, repeated at 1%- to 1-hr intervals until total of 225 mg/kg

had been given.

t Nalorphine HCI dose: 10 mg/kg 15 min. beforc methadone, repeated 1 hr and 6 hr after

methadone.

demonstrates that, contrary to the findings of
Koppanyi and Karczmar (loc. cit.), adequate
doses of nalorphine offer considerable protec-
tion to mice receiving lethal doses of mor-
phine. It is evident, however, that nalorphine
is more effective against methadone than
against morphine in mice. One difference
was observed between the mice receiving mor-
phine and those receiving methadone: These
high doses of morphine produced convulsions
in the animals, while methadone did not. The
results are therefore consistent with the find-
ing in rabbits that nalorphine is less effective
against convulsions than against respiratory

depression.

Codeine phosphate and prisilidene hydro-
chloride are convulsant drugs at toxic dose
levels in mice, but not in rats. In the latter
species, hypnosis, catalepsy and respiratory
depression are the prominent effects of toxic
doses of these drugs, and convulsions do not
develop except terminally (probably asphyx-
ial in origin). In Table III, it is shown that
rats, but not mice, are easily protected by
nalorphine against lethal doses of these drugs.

Another experiment therefore was per-
formed in which an anticonvulsant drug was
included. Forty mice were divided into 4

TABLE III. Species Difference in Response of Rats and Mice to Nalorphine Hydrochloride
when Given Lethal Doses of Codeine or Prisilidene.

r Mice N - Rats— —
No. dead/total No. dead/total
Dose, Without With Dose, Without ‘With
mg/kg nalorphine  nalorphine* mg/kg nalorphine  nalorphinet
A. Codeine phosphate

300 3/10 3/10 500 7/10 0/10
330 3/10 4/10 700 5/ 5 0/ 5
363 2/10 9/10 1000 5/ 5 0o/ 5
400 9/10 10/10

* Nalorphine HCI dose: 25 mg/kg immediately before codeine, repeated % hr later. Death
oceurred before a third dose could be given.
t Nalorphine HCI dose: 25 mg/kg 5 hr beforc codeine, repeated 1 hr and 4 hr after co-

deine.

Mice

B. Prisilidene hydrochloride

Rats:

' Y [ TN
50 0/10 0/10* 40 5/5 0/5t
72 1/10 2/10 60 4/5 0/5
104 7/10 5/10 80 5/5 0/5
150 9/10 10/10

* Nalorphine HCI dose: 25 mg/kg repeated at 4-hr intervals to a total of 200 mg/kg.
t Nalorphine HCl dose: 25 mg/kg—no repetition.
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TABLE 1V. Effcet of Combination of Anticonvul-
sant. Drug and Nalorphine in Mice Receiving
T.wethal Dose of Codeine,

Effect of co-
deine PO,
(450 mg/kg)
No. animals
No. of Con-
Group animals  Pretreatment vulsing  Dead
[ 10 Phenobarhital Na, 2 9
50 mg kg
I 10 Nalorphine HCE 10 8
S0 mg/kg
[RR 10 Combination 1 1
v 10 None 10 10

groups. with drugs injected subcutaneously as
follows: 7. Phenobarbital sodium 50 mg kg.
11. Nalorphine hydrochloride 50 mg ‘kg. 7/1.
Both phenobarbital and nalorphine. each 350
mg kg. 1V. Uninjected controls. One-half
hour later. the animals received codeine phos-
phate 450 mg kg, a dose slightly above the
LD, according to the data in Table TII.
The results of this experiment are shown in
Table IV. Tt is apparent that phenobarbital
alone controlled the convulsions in most of
the mice, but did not prevent death. Nalor-
phine alone failed to control the convulsions.
and saved the life of only 2 of 10 mice. When
both nalorphine and phenobarbital were
given, convulsions and death were prevented
in 9 of 10 animals.

Discussion. It appears from these experi-
ments that not all of the effects of opiates are
equally well inhibited by nalorphine. One ef-
fect in particular seems to be poorly antag-
onized, and that is the convulsant action. The
tendency of narcotic analgesic drugs to pro-
duce convulsions varies among drugs and
among species. For example, large doses of
morphine are convulsant in some species, but
convulsions are rare in man(10). Our results
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indicate that codeine and prisilidene are
highly convulsant for mice, but not for rats.
I{ one assumes that nalorphine competes with
morphine-like drugs at their sites of action,
it is possible that it has less affinity for sites
responsible for convulsions than do the con-
vulsant opiates.

Summary. Nalorphine is an effective anti-
dote for doses of opiates which would other-
wise De lethal, in those instances where signs
of depression are the dominant toxic mani-
festations. It is relatively ineffective, how-
ever, in those instances where convulsions are
a prominent feature. In rabbits and mice re-
ceiving convulsant doses of meperidine, co-
deine or prisilidene, nalorphine alone was sel-
dom life-saving, but administration of both
phenobarbital and nalorphine adequately pro-
tected the animals. Codeine and prisilidene
did not produce convulsions in rats; nalor-
phine alone was an effective antidote in these
instances.
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