THE COMBINED ACTION OF PENTOBARBITAL AND MEPERIDINE,
AND OF PROCAINE AND MEPERIDINE, IN GUINEA PIGS!

MapzLANE O. MAYKUT, PH D.2

SEVERAL AUTHORS (1, 2, 3, 4, 5) have noted that meperidine reduces the amount of
barbiturate required to produce adequate narcosis. It is known that morphine, to
which meperidine is distantly related, prolongs the depressant action of bar-
biturates (6, 7, 8, 9). Recently a profound respiratory depression was reported
with thlopental when premedication with morphine or meperidine was given
(10) This respiratory depression had been reported earlier (11), but the degree
of depression was not considered serious at the tune since 1t was compared with
that occurring with methadone.

On the other hand, reports have appeared (12,13) indicating that meperidine
possesses local anaesthetic action preceded by preliminary irritation. It was there-
fore of interest to see whether meperidine would augment the action of procaine
and whether the combined effect of meperidine and pentobarbital had both
antagomstic and synergistic trends, as was previously found with procaine and
pentobarbital (14).

MATERIALS AND METHODS

The substances used were Nembutal® (pentobarbital sodium), Demerol®
(meperidine hydrochloride), and procaine hydrochloride (Novocaine®).

The experimental animals were white guinea pigs. Injections were made in
areas where the hair was clipped and, when only one drug was injected, physio-
logical saline replaced the mjection of the second druz. The first of a series of
experiments, during which each animal was closely ooserved was designed to
survey qualitatively the effects of the combination of two drugs. The most con-
spicuous and consistent symptoms were subsequently translated into symbols.
From such a survey dosages of the two drugs could be chosen to give graded
responses which could then be analysed.

The acute toxicities of the drugs, admimstered by intramuscular or subcu-
taneous mnjection, alone and in combination, were determined; all animals died
within the 24-hour period. The LD50’s (lethal dose) and their standard errors
were estimated as described by Finney (15)

Pentobarbital and Meperidine

The average body weight of the guinea pigs was 624 gm. with a standard
deviation of 144 gm.

Pentobarbital 2 per cent solution was injected 1n divided doses intramuscularly
nto the hind limbs of the animals, after which an injection of 4 per cent meperi-
dine solution in divided doses was made intramuscularly into the fore limbs of

1The data included herein were taken partly from a Thesis submutted in partial fulfilment
of the requirements for the degree of Doctor of Philosophy, University of Toronto, May, 1957.
2Department of Pharmacology, Umiversity of Toronto.
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the animals. Sleeping times indicated by the absence of the righting reflex were
measured using ten animals at each dose level The same animals were used only
once a week since it had been reported (16, 17, 18, 19, 20, 21) that tolerance
results in decreased sleeping time after the first few daily injections of pentobar-

bital.

Procaine and Meperidine

The guinea pigs used had an average body weight of 537 gm. with a standard
deviation of 180 gm

A 4 per cent solution of meperidine was injected in divided doses intramuscu-
larly into the hind limbs of the animals following which 10 per cent procaine was
injected subcutaneously on both sides of the back of the guinea pig.

Since convulsions produced by meperidine and procaine were intermittent and
not continuous, it was decided that it would not be possible to use the duration
of convulsive state as an index of action; instead it was decided to determine
merely the CD50, that is, the dose required to produce convulsions. A total of 178
animals was used in these experiments, the number at each dose level ranging
from 10 to 35 guinea pigs because the convulsive response obtained was irregular.

Resvrts

Pentobarbital and Meperidine

Pentobarbital alone gave rise to sleep; meperidine alone produced convulsions.

The hypnotic action of the combined drugs was investigated, and the results
are presented in Table I and in a three-dimensional diagram (Fig. la); this
diagram is similar to that presented in a previous report on procaine and pento-
barbital (14). The axes indicate concentrations of pentoburbital (N) and
meperidine (D) expressed in logarithms, the height of the diagram representing
the average duration of sleep in minutes. The lowest combination N;D; represents
65 minutes and the highest N3Ds 563 minutes. While the duration of sleep
obtained with pentobarbital and meperidine increases with increasing concentra-
tions of meperidine for all doses of pentobarbital, it should be noted that the con-
centration of meperidine must be increased considerably to bring about any
change (Fig. 1a).

The data were subjected to statistical analysis using, the logarithm of response.
The x* test for over-all homogeneity of variance, athough slightly significant,
did not vary significantly and the variance does not change with increasing doses

TABLE I

DuURrRATION OF SLEEPING TiME 1 MINUTES FOLLOWING
MEPERIDINE AND PENTOBARBITAL

Dose of peptobarbltal ({mg /kg )

Dose of Meperidine

(mg /kg ) 15 21 2 30
2 65 3 126 6 190 1
18 124 8 175 7 270 4

162 201 4 326 € 563 4
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of either drug. It seemed reasonable, therefore, to calculate the results using the
logarithm of the response sinde the data would be presented in a more stiaight-
forward fashion and the curved surface approaches a plane when the log response
is used (Fig. 1b). The increase in sleeping time with increase in pentobarbital
(N; to N3) and meperidine (D, to Ds) is statistically significant. The slopes of the
lines for increasing pentobarbital dose effects at each meperidine dose level are
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Ficure 1. Hypnotic action of combinations of meperidine and pentobarbital in guinea pigs.
The two horizontal axes represent increasing doses of the two drugs in logarithms; D stands for
meperidine, N for pentobarbital: (a) the vertical axis represents sleeping time in min. (b) the
vertical axis represents sleeping time in log min.

similar; the same is true for increasing meperidine dose effects at each pentobar-
bital dose level Since the slopes are quite similar, interaction does not occur as
is indicated in the analysis. On the basis of this statistical analysis the surface may
be interpreted as-a simple plane since no deviation from linearity occurs and the
slopes are the same.

Table II lists the ﬁgures obtained for the acute toxicities of pentobarbital and
‘meperidine, alone and in combination. The effect of meperidine on the LD50 of
pentobarbital, as well as that of pentobarbital on the LD50 of meperidine is

TABLE I

AcUTE TOXICITIES OF PENTOBARBITAL AND MEPERIDINE(INTRAMUSCULAR)
\LONE AND IN COMBINATION

LD50 <S.E. Number of
mg./ke. Slope* giuiinea pigs
Pentobarhbital 70.3 - x4.7 7.9 35
Pentobarbital ‘ ,
~+35 mig./kg. meperidine 46.5 =+ 6.5 7.1 40
Meperidine 111.0 =+14.0 9.2 30
Meperidine
+10 mg. /kg. pentobprbltal 315.0 220 14.6 40

*Probit units per log dose.
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- significant. In the presence of meperidine (35 mg./kg. which is less than LD1)
the LD50 of pentabarbital is decreased to 46.5 mg./kg. This amount of pentobar-
bital when used alone is equivalent to LD4. The toxicity of meperidene is de-
creased by pentobarbital, the LD50 being raised from 111 mg./kg. to 315 mg./kg.
The latter amount of meperidine alone is equivalent to LD92.

Procaine and Meperidine

The symptoms noted, excitement, tenseness, unsteadiness, convulsions, resulting
from the administration of various concentrations of meperidine and procaine, are
shown in Figure 2. Attention is directed to the observations that the combination
of meperidine and procaine is more toxic than either drug alone in similar dosage.
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Ficure 2. Symptoms of indivi- Ficure 3. Lethal action of meperidine
dual guinea pigs given various dose (Demerol) aad pentobarbital (Nembutal),
combinations of meperidine (De- alone and in combination, in guinea pigs.

merol) and procaine.

The values obtained for the CD50 of meperidine and of procaine are shown in
Table III. When one-half the CD50 of both drugs was injected, the combined
effect resembled potentiation; it was expected that 41.5 mg./kg. meperidine and
90.5 mg./kg. procaine injected into 40 animals would give a 50 per cent response
but an 87.5 per cent response was observed.

The results obtained by combining procaine and meperidine in-various doses
are indicated in Table IV. This table shows that an increase in percentage of
convulsions occurs with increasing procaine doses at all meperidine dose levels
and a similar increase occurs with increasing meperidine doses at all procaine
levels, but an erratic trend can be noted at the 9.0 mg./kg. meperidine level.

4 TABLE 111
ConNvuLsiVE DOsSE 50 oF MEPERIDINE AND PROCAINE ALONE
CD50 +5.E. Number of
(mg./kg.) Slope guinea pigs
Meperidine (intramuscular)  83.1 9.9  12.6 35

Procaine {(subcutaneous) 180.9 +28.0 6.8 40
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TABLE IV

PERCENTAGE OF CONVULSIONS IN GUINEA Pi1Gs FOLLOWING MEPERIDINE
AND PROCAINE

Dose of meperidine (mg /kg )
Dose of procaine

(mg /kg ) 45 65 90 12 5
104 20 40 36 40
125 35 50 50 72
150 70 80 61 100
CD50 134 5 119 0 126 6 110 1
+SE 17 5 17 9 21 5 88

In Table V are recorded the values obtained for the acute toxicities of procaine
and meperidine, alone and in combination The effect of procaine on the LD50
of meperidine, as well as that of meperidine on the LD50 of procaine, is not

51gn1ﬁcant meperidine 90 mg./kg represents LD42 and procaine 402 mg /kg.,
LD45:

TABLE V
AcuUTE TOXICITIES OF MEPERIDINE AND PROCAINE ALONE AND IN COMBINATION
LD50 XSE ;Number of
. (mg /kg ) Slope* guinea pigs
Meperidinet 111 +14 9 2 30
Meperidine
+300 mg /kg procaine 90 +5 117 30
Procainef 438 423 10 4 30
Procaine '
435 mg /kg meperidine 402 £76 54 40

*Probit units per log dose
tMeperidine given intramuscularly, procaine subcutaneously

Discussion
Pentobarbital and Meperidine

The results obtained are similar to those previously reported for pentobarbital
and procaine (14). That is, meperidine hke procame, increases the toxicity of
pentobarbital. Further, pentobarbital appears to antagonize the effects of mepen-
dine since the LD50 of meperidine is raised in the presence of pentobarbital.
These double effects are represented graphically in- Figure 3, In such a plot a
strictly additive effect of the two drugs would be characterized by points lying on
a straight line joining the . LD50 of meperidine and the LD30 of pentobarbital
(22). The hump in the curve represents the antagonistic effect of pentobarbital
and meperidine; the lower part of the curve indicates that the central depressant
action of meperidine is very nearly additive to that of pentobarbital. From this it
could be argued that a patient under the toxic influence of meperidine might be
saved by the administration of pentobarbital, whereas in a case of barbiturate
poisoning an additional injection of meperidine might prove fatal. Furthermore,
these investigations emphasize that meperidine has two independent actions on
the central nervous system; one is the production of convulsions, and this effect
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is counteracted by pentobarbital; the second action is a depressant one and aug-
ments the action of pentobarbital. Isonicotinic acid hydrazide (INA) and some
related compounds appear to have similar actions to procaine and meperidine
when combined with pentobarbital (23). That is, pentobarbital action is pro-
longed by these compounds, and it antagonizes the stimulant action of INA on
the central nervous system. Other drugs which have been reported to enhance the
action of barbiturates are benadryl (24), thiambutene (25), 5-hydroxy tryptamine
(26, 27), sulfonamides and derivatives (28, 29, 30), disulfiram (31 ), antihistamine
(32), chlorpromazine (33), SKF 525A (34, 35), reserpine (36), and serotonin
(37).

Acute toxicity studies of meperidine have been conducted in many species such
as the mouse, rat, rabbit, cat, and dog, using various routes of administration (38).
The present data cannot be compared since results were obtained on guinea pigs
using the intramuscular route. However, the symptoms of excitement and con-
vulsions observed were similar (39).

Procaine and Meperidine

The toxicities for both drugs, procaine and meperidine, were increased by using
them in combination, as may be seen from the graphical presentation of the
results (Figs. 4 and 5). The contours of the curves indicate that the convulsive
effects of the two drugs combined are more than additive, whereas the lethal
effects of the drugs are less than additive.
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Ficure 4. Convulsive action of meperidine Ficurk 5. Lethal action of meperi-
{Demerol) and procaine, alone and in com- dine (Demerol) and procaine, alone
bination, in guinea pigs. and in combination, in guinea pigs.

Both drugs, meperidine and procaine, produce convulsions but the mechanisms
responsible for this action may be different, since the slopes obtained for the
CD50 of the drugs are different (Table III). However, the drugs combined pro-
duce additive effects. Also the slopes obtained for the CD50 (Table III) and the
LD50 (Table V) of procaine as well as of meperidine are different, which may
indicate that the mechanism of action giving rise to convulsions differs from that
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causing death. Similar potentiation phenomena hve been reported (40) where the
analgesic effect of some drugs increases with the simultaneous admimistration of
local anaesthetics and a synergism of acute toxicity occurs when quinidine,
meperidine, and procaine are used in combination (41).

SuMMARY

Mependme increases the sleeping time mduced by pentobarbital m guinea
pigs

The effect of pentobarbital on the toxiaty of meperidine was antagonistic,
whereas the effect of raeperidine on the toxicity of pentobarbital was nearly
additive.

The results of these experiments show that pentobarbital will protect experi-
mental animals against the convulsive effects of meperidine and that the depres-
sant action of pentobarbital is augmented by the presence of meperidine It has
been pointed out that when meperidine and procaine are combined there is a
potentiation of convulsive effects, but their combined lethal effects, while greater
than that of either one alone, are not additive.
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REsumME

Des résultats expenmentaux ont laissé croire que la mependme ( Demerol®)
avait un certamn pouvonr comme anesthésique local et quelle pourrait diminuer
également la quantité de barbiturique requise pour produire une narcose satis-
faisante Il nous a donc paru intéressant de vénfier s1 la meperidine n’augmen-
terait pas l'action de la procaine (un anesthésique local) et de vérifier également
si l'effet associé de la mepnandme et du pentobarbital (ux barbiturique) ne
présenterait pas des tendances 4 la fois antagoniste et synergique comme on
I'avait découvert au préalable pour la procame et le pentobarbital.

Chez les cobayes, l'expérience a démontré que la meperidine augmente la
durée du sommeil provoqué par le pentobarbital. Nous avons déterminé les doses
toxiques (LD50) de ces médicaments employés seuls ou associés. Sur la toxicité
de la meperidine, la pentobarbital s’est révélé un antagoniste et, sur la toxicité du
pentobarbital, la meperidine a semblé avoir un effet presqu ‘additionnel. Les
résultats de lexpérience font croire que le pentobarbital peut protéger les
animaux contre les effets convulsivants de la meperidine et que cette méme
meperidine augmente I'action déprimante du pentobarbital
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Si Yon associe la meperidine et la procame, il se produit une potentialisation de
leurs effets convulsivants mais leurs doses léthales associées ne s’additionnent pas
bien qu’elles soient plus grandes que I'une ou l'autre seule. Les mécanismes en
jea & Toccasion de convulsions peuvent éire différents puisque les courbes
obtenues pour les doses convulsivantes de ces médicaments 50 (CD50) sont
différentes. Ainsi, les courbes obtenues pour le CD50 et le LD50 de F'un ou
Pautre des médicaments, sont différentes, ce qui peut laisser croire que le
mécanisme qui entre en jeu a I'occasion de convulsions est différent de celui qui
cause la mort.
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