“POTENTIATION” OF MEPERIDINE BY PROMETHAZINE
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Maxny antihi and related compounds,

when adminsitered to animals in doses which
do not produce sleep, will proleng the sleeping
time of barbiturate or alcohol narcosis in these
same animals.2-4 This type of drug response has
been called potentiation and it was expected
these drugs would potentiate the central nerv-
ous system depressant effects of hypnotic,
narcotic and anesthetic agents in man. - Several
such compounds (notably diphenhydramine,
chlorpromazine, and promethazine) . have
achieved wide popularity in clinical medicine
when used for this purpose. Most commonly
they have been used to reduce anxiety pre-
operatively, to control pain of labor, and to
decrease the quantities of anesthetic agents re-
quired for surgical anesthesia. Despite abun-
dant clinical reports, few precise pharmaco-
logical studies are available to indicate which
actions of the central nervous system depres-
sants are potentiated, or to what degree. This
study was undertaken to clarify the nature of
this potentiation, using the currently popular
promethazine and meperidine as the proto-
types. The effect of the addition- of pro-
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25 mg. alone, promethazine 25 mg. pl
meperidine 25 mg., and promethazine 50 mgS

plus meperidine 50 mg. were altemated Wit
100 mg. of meperidine. In the seventh groupd
meperidine 50 mg. plus promethazine 50 mg,
was altemated with meperidine 50 mg.  In lhé
last group a placebo was altemated with 56
mg. of promethazine. These doses refer to the.
weights of the salts (both hydrochlorides) ang
all doses were given per 70 kg. of body weighS
All drug solutions were prepared so that 1.8
ml. was the dose per 70 kg. All drugs wen
coded and the code changed at two-weef
intervals. All doses were given int lar]
within the first 30 postoperative hours. Thé
initial dose, either the test drug or the standardy
given to successive patients was altemateds
Patients were interviewed before and aftef
cach medication by technicians who did nof
know the identity of the drugs. The techniy
cians evaluated the degree of pain relicf at 4
and 90 minutes after administration of ea

drug. A dose was considered analgesic whe
“most of the pain” was relieved at both intersy
views. Only paired doses were included in th
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methazine on the 1 r y, and
subjective effects of meperidine was the
subject of this investigation.
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Anglgesic Potency. This was determined in
postoperative patients who had had surgical
procedures expected to produce moderate to
severe postoperative pain. The drug whose
potency was to be determined was altemnated
with a standard drug in individual patients in
treatment of their pain.*»* Eight groups of
patients were studied. In the first three groups
meperidine at either 0, 25, or 50 mg. (the
test drugs) was altemated in individual pa-
tients with 100 mg. of meperidine (the stand-
ard). In the next three groups promethazine
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tabulations. A pair was considered as on
dose of test drug and onc dose of standard
administered successively to the same patients
Patients included in the study received frong
one to three pairs of doses. The difference i
per cent of paired doses which were analgesies
between the test drug and the standard in eadl®
group of patients expressed relative :ma]gmi'g
potency (table 1). S

Respiratory Depression. The respiratory e@
fect of meperidine 50 mg., meperidine 106+
mg., and meperidine 50 mg. plus promcth:m'xi\stI
50 mg. was determined in five healthy malg
subjects between the ages of 20 and 30 year2
These doses were given per 70 kg. of bodg
weight.  All subjects received all drugs i
random order on separate occasions with aF
least four days between successive trials. Meas
urements of respiration were made at threg
intervals: before drug, one and three hour®
after drug. At each period subjects breathed
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Velume 22
Nesber 1
gs which approximated 1, 3, and
5 per cent CO, in oxygcn through a mouth-
piece hed to a hing valve with

a dead space of 35 ml. Expxred gases were
pamd (hmugh a low resistance dry gas meter.
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single expression the degree of xesplr.llnry
depression produced by the drug.

Subjective Effects. These were estimated
in four groups of female patients who were
awaiting elective surgery, most commonly

thed cach gas for
ﬁ\c mlnutcs to obtain maximum response be-
fore data were collected. Expired minute
volumes were corrected to 37 C.  Alveolar air
was sampled continuously by means of a
Rahn end-tidal alveolar air sampler and passed
3 ' an = : ] mbon { PO
to determine alveolar carbon dioxide tmsxon
(Paco:). Data were collected during two
3-minute periods on cach gas mixture, The
mean values for these two periods provided the
data for further analysis.
Alveolar \cnhlahon (VA) was cnlculatcd

gical. Patients were considered suit-
nblc for study if they were not scriously ill
and were not receiving other medications. On
the aftermoon before operation, patients were
given either promethazine 30 mg., meperidine
50 mg., promethazine 50 mg. plus meperidine
50 mg. or meperidine 100 mg. intramuscularly
by the ward nurse without explanation as to
the purpose of the injection. These doses were

'pcr 10 kg. of body \vcxght. A technician

to one
of the four dmgs until 30 paht:nts were ob-
mmcd in each group. All drugs were coded

from expi and y
rate, assuming a dead space of 150 ml The
data from each subject at cach time interval
were plotted as PAco,-VA curve. The slope
of the control curve for each subject was ap-
plied to the two post-drug curves and the dis-
- placement of this stimulus-response curve at
Va 85 I./minute was determined for each sub-
ject. This displacement represented in a

in l vials and the code changed fre-
quently. All patients were interviewed by one
technician before and at 30, 60, and 120
minutes after injection. Three types of data
were collected. (1) Subjective: The p

or the absence of a variety of symptoms was
recorded, such as dizziness, sleepiness, and
nervousness. A list of signs and symptoms of
special interest was used by technicians as a

TABLE 1

Axarcesia FoLrowisag SEveraL Dose LEVELS or MEPERIDINE wrTu AXD wrrnovT
ProMETUAZINE (TEST DRUG) CospParen 1o MEPEripINE 100 Me./70 Ka.
(STAxDARD DRUG) 1x THE SaxE Pamests

Test Drug Stagdard
T
No. of Patients | o gf Paired Mings Sormrd
: Daones Meperidine, | Promethasine, | Per Cent Anal- | Per Cent Anal- Cent
me. por 30 kic. | me per 0 ke, | gesie Doses weale Doses | Analfesic Doses
. Meperidine,
. 100 mg.[70 kg.
18 44 0 273 81.8 . -54.5
17 24 25 0 50.0 75.0 -25.0
18 42 50 i} 66.7 786 -11.9
12 29 0 25 s %5 —517
pEY 24 25 25 66.7 L7 =250
18 35 50 50 714 80.0 - 86
Meperidine,
50 mg./70 kg.
20 45 50 50 06.7 L7 - 44
Promethazine,
50 mg./70 kg.
13 24 0 0 83 125 - 42
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. PER CENT ANALGESIC DOSES
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Fie. 1. Dosc-effect curves for analgesia follow-
ing mcpcndmc alone and mcpcndmc combined
wi The for
of analgesia was 100 mg./70 kg. of meperidine.
These curves are not S|g'mf‘ cantly different.

guide for recording drug effects.. - Information
was obtained in response to non-specific ques-
tions only, such as “How do you feel?”
(2) Objective, such as restlessness, sweating,
vomiting. (3) Value judgments. The techni-
cian estimated the following: depressed or
cheerful, sedated or stimulated. No patient
recéived more than one drug or drug combina-
tion. The occurrence of any sign or symptom
at one or more observation periods contributed
only once to the incidence reported for the
group (table 3).

To estimate intensity of subjective effects
as well as incidence, a scoring system was
used. - At each observation period all reported
signs or symptoms were graded numerically as
follows: 1=slight, 2=moderate or 3=marked.
For each effect observed a total score could
then be calculated for cach patient. The
mean of the 30- and 60-minute score was
added to the 120-minute score to obtain a
two-hour effect score. These scores provided
the basis for statistical comparisons between
drug effects (table 4) and for construction of
time effect curves (fig. 4).

ResuLTs

Analgesia. The differences in the frequency
of analgesia following the test drug and
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standard drug in the eight groups of patieny,
are presented in the last column of table
These differences (relative analgesic potency)
have been plotted as a dose-effect curve fg
meperidine with and without promethazing
(fig. 1) and their cquations calculated. F
promethazine increased the analgesia provided
by meperidine, a displacement of the m
methazine-meperidine curve to the left woulf
be expected. The two curves were not sﬁ
nificantly different when tested by covariand
analysis,” indicating that analgesia produce®
by promethazine-meperidine mixtures was du
entirely to their meperidine content.

To confirm this, two additional groups
patients were studied. In one, meperidine
mg. plus promethazine 50 mg. was alternat
with meperidine 50 mg. and no- significan
difference in analgesia found (table 1). Simi
larly no significant difference was found in th
analgesia which followed promethazine 50 mj
comparcd to a placebo.

To investigate the possibility that prE
methazine may prolong meperidine nnalgaﬂ’
without increasing its intensity of effect, i?;
scoring system for anmalgesia was also
in the group in which meperidine 50 mg. plﬂ:
promethazine 30 mg. was compared tt
meperidine 50 mg. Prior to the injection
cither drug, pain was graded as: O=no paif}
1=slight, 2=moderate pain; and 3=seveg
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Fic. 2. Time-effect curves of analgesia fo¢

meperidine alone and meperidine combined with.
promethazine, Forty-five doses of each drug wers
administered to the same 20 patients, The diffefd
ence between the two curves at three hours poft
drug was not statistically different.



{means of 15 determinations). The post-drug
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pain.  Pain was graded on the same scale at TABLE 2 o
each hour following every dose for three hours.  Dspracusiests oF Paco—Va Cuaves AT Va 8 58
The difference between the pain score before L./Mixcre 15 Frve Heamir Sumtects By S
and at cach hour after injection was used as MepERIDINE WrTH OR ';'rmovr Proueru-  §
the index of analgesia. The sums of scores at azixe (18 s He Pacos) @
each hour for the 45 doses of each drug were N 3
plotted as a time-effect curve (fig. 2). The Meperidine. mm",,"ﬁod”k'“, Meperidine, 3
curves were identical except at three hours cubjeat] LB/ Promethasice, | 100 m&/50 Kz, I
when the Igesia of the p hazi o 50 me./70 kg, il
L Ly 3
mependme mlxt.urc exceeded chendlnc alene, 1 Hour| 3 Hours} 1 Wour |3 Hours | 1 Hourl3 "ouug
However, the difference between the means at R
three hours was not statistically significant.” 1 175 28| 73 | 27 [120] 55 Z
Respiration. The mean data for Va and 2 |68 35 | 70 135 |08} A0 ©
Paco, of the 5 subjects are presented in figure 3 31484 224 2 A7 10T 62 z
® e 4 6.5 35 7.8 60 | 108 58 2
as a stimulus response curve. The pre-drug 5 |50l 20| 635 47 85| 18 5
curve was calculated from the three pre-drug  Mean| 61 | 28 | 7.2 | 45 | 106 | 55 S
determinations on cach of the 3 subject oy
[v]
[2]

curves were caleulated from the means of 5
subjects on each drug.. The displacements of
the stimulus response curve at Va 8.5 1./minute
for cach subject from his control of the day
of study arc presented in table 2. The sig-
nificance of the differences between mean
displacements was tested by the #-test for
paired replicates.”  The respiratory depression
produced by 100 mg. of meperidine was sig-
nificantly greater than that following the other
two drugs at one hour (P <0.01). Three
hours after admi ation the respi y de-
pression caused by meperidine 100 mg. re-

ONE HOUR
4r  POST DRUG

THREE - HOUR
POST DRUG

O Mapetidine 50 mg
® Meperidine 100 mg.

4F I |2 Meperidine 50 mq. +
Promethazine 50 mg

1 PR B | B I T I - |

40 50 €0 40 50 60

Py COpimmhg)

Fic, 3. Changes in r mtory stimulus re-
sponse curve in five heall y su bjects followmg

’ mc[ alone an wi h p
rbon di i Ordi-
nate; alveolar ventilation. A shift of stimulus re-

mained significantly greater than that resultingz
from meperidine 50 mg. (P <0.01) but not"’
grmter dmn that following the mepen'dine-E
o The t Y

dcpr(ssmn caused by the mcpcndme-pmm
methazine mixture was not significantly dif-3
ferent from that after meperidine 50 mg. cxtherg
at one or three hours after ndmxmstmuon.m
Therc xs the suggestion, however, that pro-p

prol 1 the respi y depress:mtb
effect of mependme.

Subjective Effects. Since a crossover studyN
was not possible, only female patients wereS
used to provide more homogeneous samples.S
The per cent frequency of the most prominento
subjective “cffects. which followed the fourd
drugs are presented in table 3. These data,
expressed as mean two-hour scores (mu]tiph‘ed,‘i’
by 10 to facilitate statistical comparisons), are2
presented in table 4. In the categories ofg
sleepy, nervous, restless, and cheerful, pahenlso
could report either an increased (positive) or8
a decreased (necgative)  effect. chons of°°
increased ner and d
were rare and therefore omitted from table 3.<

Increased restl was included b é2
previous observers 2 have noted a high fre}
of restl g normal subjectsg

given promethazine. This was not true in ouro
patients in whom the net effect of promcthn->
2ine with or without meperidine was to de=.
crease restlessness (table 4). N

nse curve to the right represents respiratory
mmssmn.

Although all patients studied were in :an>
anxiety laden situation, i.c., preoperative, the
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TABLE 3
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Incipexce (Per Cext) or Sumsective Errects 1¥ Fourr Grouvrs or Fesank Pamesms

(30 Panexts rEr Grour)

Promethazine,

i i 50 mg./70 -1
Drug Efect BReAte | DAt | sochuee | 10mcHT
50 mg./70 kx.
Per cent White 29 23 13 43
Per cent over 40 years 26 37 33 46
Drunk 3 v 17
Groggy 40 7 i7 -
Sleepy 73 70 86
Hard to Concentrate 3 T 13
Less Nervous 29 10 36
Restless 3 4 3
Dizzy 33 60 86
Sight Difficulty 26 b i3
Heavy Feeling 13 K 40
Perspiration 3 13 30
Feels Hot K] 27 3
Nausen 0 17 20
Vomiting [} 3 3
Dry Mouth 3 3 3
Disliked Drug Effect ar 40 53
Evaluation By Technician
More Cheerful 3 7 10 43
Less Cheerful 13 13 26 bA)
Sedation 70 70 o3 83
TABLE 4
MeaN Scone (X 10) PEr PamieNTt ror Susskctive Errecrs
I:(r)cme%ife.
. .t 50 mg./70 kx. A idine,
Drug Effect Promcthnsiar, oleperidine. eritie, 100 e 0 B,
50 mg./70 kg,
Drunk 0.7 0.5 1.8
Groggy 5.3 1.7 6.7f
Sleepy 16.0 14.5 28
Hard to Concentrate 0.7 0.3 L7
Nervous 0 - 33 —-12.7
Restless ) - 13 — 20
Dizzy 5.2 127t 5 18.0
Sight Difficulty 4.3 28 T 27
Heavy Feeling 23 18 73 7.8
Cheerful - 4.7 - 13 - 73 - 15
Perspiration 0.7 22 1.8 25
Feels Hot 0.3 3.8° 22 28
Nausea 0 2.0 L5 3.3
Vomiting 0 03 0.3 1.0
Dry Mouth 0.2 0.7 03 0.3

Statistical comparisons were made by the t-test for significance of the difference between means,?
each drug effect, the means were compared as follows: meperidine 50 mg. versus promethazine 50 mg.;
promethazine 50 mg -+ meperidine 50 mg. versus meperidine 30 mg. ; meperidine 100 mg. versus prometh-
azine 50 mg. + meperidine 50 mg. * = P <005, { = P < 0.01.

E.
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data on relicf of nervousness must be inter-
preted with caution because of the difficulty in
quantitating “nervousness™ before drug injec-
tion by our interview technique of nonspecific
questions. A “heavy feeling” usually referred
to the extremities, but at times to the head or
“il over.” “Sight difficulty” included double
vision, difficulty focusing cyes or extreme

The over-all effect of promethazine was
sedation manifested by slecpiness and relief
of nervousness. The high incidence of
“groggy” following promethazine alone was
in contrast to its low score, indicating that it
was not marked in the patients who reported
it. Dizziness, a heavy fecling, a hot feeling,
perspiration, nausea, and vomiting were more

characteristic of meperidine effects. - Neither
restlessness  nor  dry mouth  reported by
others > as ¢ after pr h was

prominent in these patients.

In table 4, statistical validation of the dif-
ferences between scores have been made be-
tween drugs whose comparison would be most
meaningful.  Thus, meperidine 50 mg. pro-

TIME EFFECT CURVES OF "SLEEPY"

A Meperidine 100 Mg/ 70 Kg.

X Promethozine 50 Mg/ 70 Kg

® Meperidine 50Mg /70 Kg.

O Promethazine S0Mg /70 Kg +
Meperidine 50Mg /7 70Kg

150~
e
2 125t
o
5 /"\A
& LOOF
a
2 —x\x
o 751
o
(]
§ .50
L4
.= ] 1 ] 1
30 60- 90 120
Minutes Following Injection
Fie. 4. Time-effect curves for “sleepy”. ex-
pressed as mean score per patient at inter-

view. The sum of the scores for meperidine 50
mg. and promethazine 50 mg. given separately
cxc'ccd the score for the drugs when given to-
gether.
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TIME EFFECT CURVES OF"DIZZY"

A Meperidine 100Mg /70 Kg

X Promethazine 50 Mg/70 Kg.

® Meperidine 50 Mg/ TOKg.

O Promethazine 50 Mg./ 70 Kg +
Meperidine 50Mg./70 Kg.

.25~
3
= LOO
o
a.
s .75
a
e
° .50
w
S .25
L]
=
1 1 1 3
30 60 20 120
Minutes Following Injection
Fic. 5. Time-cflect curve for “dizzy.” Both

doses of meperidine produced significantly more
dizzi than did hazine alone. The dizzi-
ness of meperidine 50 mg. could account for most
of the dizzil seen  followi) hazil

meperidine combined.

duced significantly more dizziness, hot feeling,
and nausea than did promethazine alone.
Promethazine-meperidine  produced .~ more
drunkenness, slecpiness, and relief of nervous-
ness than did meperidine 50 mg. alone.
Meperidine 100 mg. was different from the
meperidine-promethazine combination only in
producing more grogginess. The nausea and
vomiting produced by meperidine was not
prevented by the addition of promethazine.
The data on table 4 permit a quantitative
comparison of the subjective effects of meperi-
dine and promethazine alone and in combina-
tion. For most effects recorded, the sum of the
mean scores of columns 1 and 2 are greater
than those of column 3. In the case of the
exceptions (drunk, hard to concentrate, rest-
less, heavy feeling and cheerful) the sums of
the scores of promethazine alone and meperi-
dine alone are not much different from the
score for the meperidine-promethazine mixture.
These data were further analyzed by con-
struction of time-effect curves of the prominent
subjective effects (nervous, drunk, nausea,

%20z Iudy 60 uo 3sanb Aq jpd-80000-000TOTIET-Z7S0000/962ETI/VE/T/ZZ/4Pd-31onIe/AB0j0ISaUISaUER/ WO IIRYDIDA|IS ZeSE//:dRYy Woi) papeojumoq
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heavy limbs, dizzy, slecpy, and sight difficulty).
Time-effect curves of slecpy and dizzy are
presented in figures 4 and 5. The sum of
effects of promethazine alone and meperidine
alone were cither equal to or more than the
cffects of the drugs given together. In all
time-effect curves ' constructed, drug cffects
were decreasing at the two-hour observation
period. There was no cvidence that pro-
methazine prolonged meperidine  cffects.

_.However, the observation period was only two
hours.

DiscussioN

By decfinition, potentiation of drug action
occurs when the total effect of two drugs given
together is greater than the sum of their indi-
vidual effects. When the combined cffect is

_simply the algebraic sum of their individual
effects, this is known as summation.’* Despite
the common chmml observation in man that
both uuul and h cn-
hance the hypnotic actions of narcotics and
decrease the amount of intravenous barbiturate
necessary- for anesthesia, no quantitative data
are available to determine whether this repre-
sents summation or potentiation. A review of
the evidence for a potentiating action of the
phenothiazine derivatives on the other actions
of narcotics is equally disappointing.

Both Dundee and Jackson and Smith 1
have claimed that chlorpromazine potentiated
the analgesic effects of morphine in man, since
satisfactory analgesia could be obtained “with
a lower dose of morphine when combined
with chlorpromazine. However, in both
studies, chlorpromazine alone produced some
analgesia and the data’ were not sufficiently
quantitative to determine whether this was
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feet, this represented potentiation.  Eck

and associates® found no respiratory dcpm.g
sion following promethazine alone in man3
Their data even suggest that stimulation dz
respiration occurred. However, this may beQ
an artifact due to restlessness produced by
drug in their subjects. Further studies by3
these investigators ® showed that the combina=S
tion of promethazine and meperidine did not=

Yy

i)

reduce minute volume any more than ﬁwz
same dose of meperidine alone. However™

NS

alveolar or arterial P,, was not measured.

Although. there is good evidence that lhc;
hypnotic effects of central nervous svstcmg)
depressants are potentiated by phcnolhmzmso
in animals, there is little evidence that t}ug
occurs in man. Since chlorpromazine ahmg
possesses hypnotie, analgesic and respiratory
depressant  activity, and promethazine poss
sesses potent hypnotic activity, the evidenced:
suggests that these effects are additive in mang
At least this is true with regard to intensity ofS-
effect, although it is still possible that these=.
drugs may prolong the effects of narcotics.

This study demonstrated that the effects o2
promethazine were simply added to those of\
meperidine and that promcthazine by ltsellE
was a potent sedative without analgesic oX
respiratory depressant actnnt) This observa®
tion is of significance -in the management aff¢>>
the pain of labor and in preanesthetic medicaS
By the addition of 50 mg. of promclhno
zine to 50 mg. of meperidine, the sedative m'O
psychic effects of 100 mg. of meperidine cand
be achieved with the respiratory depression of;
50 mg. of meperidine. However, it would alsq‘l’
be true that if such a combination were usedocl
for alone, | d sedation \mho
little analgesia might result, since it has beens

e/,

pY-ajol

ion or p iation. Others 3t have demonslmlcd that sleep or sedation is not§
been unable to d trate i 1 analgesi ily d with pain relief.1¢ 2
when morphine was combined with chlor- =3
p i Similar with promethazine - SUMMARY g
" have not been done. - . )
" Wendel, Lambertsen and Longenhagen 33 The FOE v dey ““d‘%

investigated the respiratory effects of chlor-
promazine alone and in combination with
meperidine in man. The degree of respiratory
depression following the combination of drugs
suggested additive effects, but chlorpromazine
significantly prolonged the respiratory depres-
sion of meperidine. In the sense of total ef-

subjective effects resulting from mf:pendlm:O
were measured in man and compared to theZ

effects produced when identical doses ofw
meperidine were given in combination wxﬂk
promethazine. It was found that the addmoms
of promethazine to meperidine did not in®
crease the analgesic activity of meperidine, did




Ysme 22

Namber 3

pot i the iratory depression of
idine, did not p the and

mung of meperidine, but markedly in-
creased the sedative effects of meperidine.
Expressed quantitatively these data indicated
that promethazine did not potentiate the

peridine actions d. Their effects
were simply additive.

This study was supported by funds pmvidcd by
Wyeth hlzomlnrlcs?l?’lnhdt.rp
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