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YEH, S Y The effect of antihustamimic drugs on pentazocine antinociception in the rat PHARMACOL BIOCHEM
BEHAV 24(4) 925-930, 1986 —The antinociception produced by pentazocine, diphenhydramine, promethazine, chlor-
pheniramine, cychizine and chlorcychzine in the rat has been measured with a low-temperature (51.5°C) hot-plate from 15 to
75 min following drug admimistration The mean reaction times measured at 15 min and the area under the antinociception
curves following admimistration of pentazocine (5 to 30 mg/kg) were hnear Diphenhydramine, chlorpheniramine,
promethazine, cychzine, and chlorcyclizine showed mild antinociceptive potency The antinociception produced by SC
pentazocine (5 and 10 mg/kg) was potentiated, rather than in a simple additive manner, by simultaneous [P administration
of 20 mg/kg of diphenhydramine, promethazine, cychzine, or chlorpheniramine, but not by chlorcyclizine After concurrent
admimistration of pentazocine and diphenhydramine, diphenhydramine did not alter pentazocine concentrations 1n the
brain and plasma 15 to 75 min following drug administration, nor did pentazocine change diphenhydramine concentrations
Results of this study demonstrate that pentazocine antinociception can be potentiated by several antihistamines and that
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the potentiation was not due to a mutual effect on metabolism but rather through an as yet undefined mechanism
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THE abuse of pentazocine with tripelennamine by heroin
addicts has prompted many studies to elucidate the mech-
anism of the interaction between these drugs [4, 5, 18, 19, 23,
24, 25] However, little information 1s available on the inter-
action between pentazocine and other antihistamines.
Promethazine had an additive effect upon mependine
analgesia 1n man [10,13]. Methdilazine, promethazine, and
diphenhydramine potentiated, while cinnarizine dimimished,
morphine analgesia; chlorpheniramine, pyrilamine and
tripelennamine were effective 1n the rabbit tooth pulp test
{11]. Diphenhydramine, cimetidine, chlorpheniramine and
hydroxyzine potentiated the antinociception produced by
morphine, fentanyl and nalbuphine, but not that induced by
pentazocine in the mouse [3,22]. Pynlamine (mepyramine)
did not interfere with the development of morphine
tolerance, but had a marked inhibitory effect on physical
dependence [9].

The aims of this study were to investigate' (1) the effect of
antthistamines other than tnpelennamine on the
antinociception produced by pentazocine; (2) the effect of
antihistamines, using diphenhydramine as a representative,
on pentazocine concentration in the brain and plasma; and
(3) the effect of pentazocine on diphenhydramine concentra-
tion in the brain and plasma. Five representative
antthistamines from the different classes (1.e., diphenhy-
dramine, chlorpheniramine, cychzine, chlorcychzine and
promethazine) were chosen for this study.

METHOD
Ammals

Sprague-Dawley male rats, 125-150 g (Laboratory
Supplies, Indianapolis, IN) were housed three per cage and
were given unlimited access to Purina lab chow and water in
an air-conditioned vivarium (22°C) with a 12/12 hr light/dark
cycle. All ammals were housed for one week after armval
before being used for an experiment.

Drugs

dl-Pentazocine and N-butylnormetazocine (Sterling-
Winthrop Research Institute, Rensselaer, NY), chlor-
pheniramine maleate (Schenng Corp, Kenilworth, NJ),
promethazine HCl (Wyeth Research Institute, Philadelphia,
PA), cychizine HCl and chlorcyclizine HCl (Burroughs
Wellcome Company, Research Tnangle Park, NC) were ob-
tained as gifts Diphenhydramine HCl was purchased from
Sigma Chemical Company (St. Louis, MO). dl-Pentazocine
was dissolved in lactic acid (8 5%) and neutralized with 1 M
sodium hydroxide solution. The ratio of lactic acid to sodium
hydroxide solution was 3:2. Antihistamunes were dissolved
in sterilized 0 9% sodium chloride solution and cyclizine HCl
in distilled water. The injection volume was 2 mlkg. All
doses were expressed as free base. Doses of pentazocine (5
and 10 mg/kg) and antihistamines (20 mg/kg) chosen for the

'Preliminary reports on these experiments appeared 1n Fed Proc 42: 4249, 1983, Pharmacologist 26: 162, 1984
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FIG 1 A and D are the chromatograms of the extract of the brain
homogenate and plasma, respectively, of a control rat B and E are
the chromatograms of the extract of the brain homogenate and
plasma, respectively, of a control rat with added diphenhydramine
(0 3 ug, peak 1, retention ttime=2 0 min), N-butylnormetazocine (0 §
upg. peak 2, retention time=4 2 min) and pentazocine (0 3 ug, peak 3.
retention ime=5 2 min) C and F are the chromatograms of the
extract of the brain homogenate and plasma, respectively, of a rat
killed 75 muin following simultaneous administration of pentazocine,
10 mg/kg, SC and diphenhydramine, 20 mg/kg, IP

present study were based the results of the interaction study
of pentazocine and tripelennamine [25)

Test of Antinociception

Antinociceptive  activity  of  pentazocine and
antihistamines in the rats was measured by the low tempera-
ture hot-plate (51.5°C) method of Eddy and Leimbach [6] as
descnibed previously [25].

Rats were divided into groups of 10 animals each (1) the
pentazocine group, in which each animal received a single
dose of pentazocine, S or 10 mg/kg, SC, (2) the antihistamine
group, m which each amimal received a single dose (20
mg/kg, IP) of one of the antihistamunes, and (3) the pen-
tazocine plus antihistamine group, in which each animal re-
ceived a single dose of pentazocine, 5 or 10 mg/kg, SC, fol-
lowed (within 10 sec) by a single dose of one of the
antihistamines, 20 mg/kg, IP. In addition, a saline control
group of 10 amimals, 1n which each animal received 2 ml/kg of
saline was studied

YEH

. . Periazocine
. ©30mg/ig
Sy ®29mg/kq
40- & -Omg/ag
QO Smgitg
¥ Sol ne

REACTION TIME { seconds)
n
]
-+

i 74“\/ =

Py —— —1 . L .

MINUTES

FIG 2 Antinociceptive activity of pentazocine in the rat measured
with a low temperature (51 5°C) hot-plate procedure The astenisks
indicate that the reaction time was significantly longer than the con-
trol reaction time at p<0 05 level

The Effect of Diphenhydramine on Pentazocine
Concentration, and Pentazocine on Diphenhvdranune
Concentration in the Brain and Plasma of Rats

Seventy-five rats were divided into three groups of 25
anmmmals each One group received pentazocine, 10 mg/kg,
SC The second group received pentazocine, 10 mg/kg, SC.
followed (within a few seconds) by diphenhydramine, 20
mg/kg, IP The third group received diphenhydramine, 20
mg/kg, IP Each group was subdivided into five groups of
five ammals each and killed at 15, 30, 45, 60 and 75 min
following drug admimistration At the time of sacnfice, each
rat was lightly anesthetized with ether Blood (7 to 10 ml)
was withdrawn from the abdominal aorta with hepann as
anticoagulant Plasma was separated by centnifugation and
frozen until drug analysis The plasma was thawed and cen-
trifuged for 15 min at room temperature to remove any fib-
rous matenal

The brain was removed immediately following with-
drawal of blood, rinsed with water, blotted dry, stored in a
vial and frozen At the time of drug analysis the whole brain
was weighed, thawed and homogenized with a teflon pestle
tissue homogemzer in a sufficient quantity of 0 1 M hydro-
chlonc acid to make a 10% (w/v) brain homogenate

Extraction of Pentazocne and Diphenhvdramine From
Brain Tissue and Plasma

Samples of the brain homogenate (2 0 ml) or plasma (2.0 ml),
and N-butylnormetazocine (0 5 ugin 10 ul methanol. an inter-
nal standard (I S )), were placed 1n a 40 ml centnfuge tube The
sample was alkalinized to pH 10 with 1 M sodium hydroxide
solution, buffered with 1 ml of 1 M potassium phosphate buffer,
pH 10, shaken with S ml of benzene-isopropanol (9 1) at 280 os-
cillations/min for 15 min, and centrifuged for 10 min The aque-
ous phase was aspirated without removal of a trace amount of
the organic phase The organic phase was recentnfuged for S
min to settle the emulsion on the glass wall to the bottom The
organic phase was then transferred to another clean cen-
tnfuge tube, shaken with 2 ml of 1 M hydrochlonc acid at
280 oscillations/min for 15 mun, and centnfuged for 10 min



PENTAZOCINE AND ANTIHISTAMINES 927
TABLE 1
ANTINOCICEPTIVE ACTIVITY OF PENTAZOCINE AND ANTIHISTAMINIC DRUGS IN THE RAT
Antithistamine Pentazocine Pentazocine Pentazocine Pentazocine
(5 mg/kg) + (10 mg/kg) +
Antihistamine Antihistamine
Drugs (20 mg/kg, IP) (5 mg/kg, SC) (20 mg/kg) (10 mg/kg, SC) (20 mg/kg)
Area of Antinociception (minute-seconds), mean * (S.E )
Diphenhydramine 301 = 55 190 + 80 1143 = 113 725 77 1853 = 113
p<0 001 p<0 001
Chlorpheniramine 272+ 79 190 + 80 795 + 134 725 = 717 1084 = 202
p<001 NS
Promethazine 340 = 95 466 = 74 1606 + 134
p<0 001
Cyclizine 344 + 84 175 = 89 442 + 113 301 + 82 932 + 154
NS p<001
Chlorcychzine 318 = 90 176 + 44 242 + 97 570 + 166 749 = 116
NS N S.
Vehicle 67 + 67

Companson was made between the antinociceptive area produced by pentazocine plus anthistamine and that of the sum of

antinociceptive areas of pentazocine and antihistaminic drug alone
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FIG 3 Potentiation of pentazocine antinociception by diphenhydramine in the rat
The astenisk indicates that the reaction ume was significantly longer than that of the

control at p<0 05 level

The organic phase was aspirated off. It should be pointed out
that the organic phase and the hexane washing (below) were
aspirated off completely, otherwise an extra peak having the
same retention time of p-hydroxytnpelennamine appeared in
the chromatogram. The aqueous phase was washed with 5 ml
of hexane by shaking for 15 min and centnfuged for 5 min.
After aspiration of the hexane layer, the aqueous phase was
adjusted to pH 10.0 (first with 2 ml of 10 M KOH, then
titrated with 1.0 M of NaOH or HCI), buffered with 1 ml of |
M potassium phosphate buffer, pH 10, and extracted with §
ml of the organic solvent as mentioned above. After aspira-
tion of the aqueous phase, all the organic phase, without any
of the aqueous phase, was transferred to a 13 ml conical
centrifuge tube. A few drops of 1 M hydrochlonc acid n
methanol was added to the extract, which was concentrated
under a steam of nitrogen 1n a water bath at 50°C to about 0.1

to 0.2 ml. The tube was rinsed with 0 1 to 0.2 ml of methanol,
and was vortexed. The methanol was evaporated under a
steam of mitrogen 1n a water bath at 50°C just to dryness. The
residue was dissolved in 50 ul of methanol, vortexed, and 1
ul of the solution was njected to a gas chromatograph.

A Vanan aerograph (series 2700) equipped with a ther-
mionic specific detector, and a 6 ft X 2 mm glass column
packed with 3% OV-17 coated on 120/140 mesh Gas Chrom
Q were used The temperatures of the ector and de-
tector were 220 and 275°C, respectively. The gas flow rate of
nitrogen was 30 ml/min with hydrogen and air adjusted to
optimum. The column temperature was programmed from
220 to 260°C at 10°C/min. Under these conditions, the reten-
tion times of diphenhydramine, N-butylnormetazocine and
pentazocine were 2.0, 4.1 and 5.0 min, respectively. Concen-
trations of pentazocine and diphenhydramine as low as 50 to
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FIG 4 The effect of diphenhydramine on the concentration of pen-
tazocine n the brain and plasma of rats

100 ng per mi of plasma or brain homogenate were detecta-
ble No interference was observed No metabolite of pen-
tazocine and diphenhydramme was observed in the extract
of the plasma and brain homogenate, although metabolites of
these drugs could be extracted by the solvent (Fig 1) The
drug concentrations in the samples were quantified by com-
parison of the peak height ratios of pentazocine or di-
phenhydramne to 1 S with those of a standard curve pre-
pared with the brain homogenate or plasma of naive rat

Analysis of Data

Time-related antinociceptive responses and drug concen-
trations 1n the brain and plasma following single and com-
bined drug or saline administration were evaluated by
analysis of vanance. In cases where F-value was significant,
post-hoc analysis was performed using Dunnett’s test The
area under curve (AUC) of the antinociceptive responses
and drug concentrations following single and combined drug
or saline admmstration were evaluated by analysis of van-
ance and comparnson by Student-Newman-Keul's r-test
p<0 05 was used as the cniterion for significance

RESULTS

Pentazocine antinociceptive activity was observed with
the peak etfect occurring between 15 and 30 min, and lasting
to about 75 min (Fig 2) The mean analgesic potency in-
creased at 15 min, and the antinociceptive AUC were 1n-
creased proportionally to the admimistered doses (5 to 30
mg/kg) of pentazocine This confirmed the observation of
O'Callaghan and Holtzman [11] The reaction time and the
antinociceptive AUC after administration of 5 mg/kg of pen-
tazocine were not significantly different from those of saline
control.

The reaction time after diphenhydramine treatment
showed a tendency towards an increase and was significantly
longer at 45 min after diphenhydramine than the control re-
action time. This suggested that diphenhydramine has a mild
antmociceptive activity The antinociceptive AUC for the
response to 20 mg/kg of diphenhydramine was smaller than
that for 10 mg/kg of pentazocine and was not significantly
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FIG S5 The effect of pentazocine on the concentration of
diphenhydramine in the brain and plasma of rats

different from that for 5 mg/kg of pentazocine or saline
Antmociception produced by pentazocine (5 or 10 mg/kg,
SC) was significantly potentiated by simultaneous adminis-
tration of diphenhydramine, 20 mgkg. IP (Fig 3) The
antinociceptive AUC of pentazocine plus diphenhydramine
was increased by 80 to 100% over the sum of the
antinociceptive AUC for the individual drugs (Table 1)

The reaction time showed a trend toward an mcrease fol-
lowing adminstration of chlorpheniramine and was signifi-
cantly longer at 75 mun after chlorphemramne than the con-
trol reaction time The antinociceptive AUC for the response
to 20 mg/kg of chlorphemramine was smaller than that for 10
mg/kg pentazocine, and was not significantly different from
that for either 5 mg/kg of pentazocine or saline The
antinociceptive AUC for the response to 5 mg/kg of pen-
tazocine plus chlorpheniramine, but not 10 mg/kg of pen-
tazocine, was significantly larger than that for pentenzocine
alone (Table 1)

The reaction ume showed a trend toward an increase fol-
lowing administration of promethazine and was significantly
longer at 30 min after promethazine than the control reaction
ttime The antinociceptive AUC for response to 20 mg/kg of
promethazine was not significantly different from that for 10
mg/kg of pentazocine Pentazozine antinociception was
potentiated by promethazine After simultaneous admins-
tration of pentazocine (10 mg/kg, SC) and promethazine the
antinociceptive AUC increased by 1007 over the sum of the
antinociceptive AUC for individual drugs (Table 1)

After adminmstration of cychlizine, the reaction times
measured at 15 and 30 min were sigmficantly increased as
compared with the control reaction time The antinocicep-
tive AUC for the response to cyclizine was not significantly
different from those for 5 or 10 mg/kg of pentazocine The
antinociceptive AUC for the response to cychzine plus 10
mg/kg, but not 5 mg/kg, of pentazocine was significantly
larger than that for pentazocine alone (Table 1)

The reaction time showed a trend toward an increase fol-
lowing the administratton of chlorcyclizine and was sigmifi-
cantly longer at 45 min after chlorcyclizine as compared with
the control reaction time The antinociceptive AUC for the
response to 20 mg/kg of chlorcychizine was not significantly
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different from those for 5 or 10 mg/kg of pentazocine or
saline. Potentiation of pentazocine antinociception by chlor-
cyclizine was not observed (Table 1).

After SC admimistration of 10 mg/kg pentazocine the
mean brain concentrations of pentazocine were 4 55, 4.71,
3.55, 3 26 and 2.38 ug/g tissue at 15, 30, 45, 60 and 75 min,
respectively. The plasma concentrations at the respective
time ntervals were 0.93, 0.67, 0.49, 0.38 and 0.31 ug/ml.
These results agree with those obtained previously [25]. The
brain to plasma ratios of pentazocine are comparable to
those of 5.59, 6.11 and 7.33 observed at 15, 30 and 60 min n
the rat admimistered 15 to 20 mg/kg of the drug SC [2,7]

After IP administration of 20 mg/kg diphenhydramine, the
mean brain concentrations of diphenhydramine were 8.1, 3 9,
4.1, 39 and 2 6 ug/g tissue at 15, 30, 45, 60 and 75 min,
respectively. The plasma concentrations at the respective
intervals were 0.37, 0.33, 0 19, 0.21 and 0.13 pug/ml. The
brain to plasma ratio of diphenhydramine at 30 min was
comparable to that (brain, 2.0 ug/g, plasma, 0.1 ug/ml after
IP admimstration of S mg/kg) of diphenhydramine 1n the rat
observed by Glazko and Dill [8].

After concurrent administration of pentazocine and di-
phenhydramine, concentrations of pentazocine and
diphenhydramine in the brain and plasma at all time intervals
as well as the area under concentration-time curves were not
statistically different from those obtained after administra-
tion of pentazocine or diphenhydramine alone (Figs 4 and 5)

DISCUSSION

The results of the present study, based on the reaction
time, but not the antinociceptive AUC, demonstrated that at
the one time tested all tested representative antihistamines
have mild antinociceptive activity. Tripelennamine, chlor-
pheniramine, pyniamine and diphenhydramine have shown
antinociceptive activity in the earlier studies [1, 23, 24]
Local anesthetic properties of antihistamines also have been
observed. Diphenhydramine and trnipelennamine were the
most effective and least toxic among eight antihistamines
(tnipelennamine, diphenhydramine, antazoline, promethazine,
dimenhydnnate, methapynlene, chlorphemramine and
pynlamine) evaluated [12,17]. Antinociceptive effects of
antthistaminics have been recently reviewed [15] and have
been shown to be dose dependent (25].

The anticociceptive potency, expressed as antinocicep-
tive AUC, of pentazocine plus antihistamine increased from
equal to the sum of and to about 80 to 1009 over the sum of
the antinociceptive AUC of the individual drugs, indicating
that the mechanism on the potentiation of pentazocine
antinociception by an antihistamine appeared to be additive
or synergetic effect, depending on the drugs used and the
dosages (Table 1).

After concurrent admimistration of pentazocine and di-
phenhydramine, diphenhydramine did not alter pentazocine
concentrations nor did pentazocine change diphenhydramine
concentrations in the brain and plasma. These findings
suggest that diphenhydramine did not alter pentazocine me-
tabolism and pentazocine did not change diphenhydramine
metabolism Similar results were obtained in a study of the
effect of tripelennamine on pentazocine concentration and
pentazocine on tripelennamine concentration 1n the brain
and plasma of rats [25] Also, a similar result was observed
related to the effect of tripelennamine on the concentration
of total radioactivity of [*H]}morphine in mice [4], although
confhicting results were reported in the rat [24].
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Our previous studies [25] have shown that potentiation of
pentazocine antinociception by another antihistamine,
tripelennamine, was not observed when tripelennamine was
administered 2 hr prior to pentazocine administration and
chronic tnpelennamine treatment for 14 days did not affect
pentazocine antinociception [25]. These data suggest that
tripelennamine administered acutely or chromically did not
affect pentazocine metabolism.

The potentiation of opioid antinociception by
antthistamines has been hypothesized that antihistamines
may (1) facilitate the binding of opioids to the opioid recep-
tors and or (2) replace opioids bound to nonspecific receptors
The role of opiate receptor binding 1n the potentiation of pen-
tazocine antinociception by antihistamines s not clear. Combi-
nations of tnipelennamine with pentazocine resulted i an en-
hanced displacement of [*Hldihydromorphine, which may be
due to an enhanced affinity of pentazocine for the mu receptor
[19]. However, 1n another assay for opioid mu receptor bind-
ing, tripelennamine had no significant effect on the inhibition of
[3H]naloxone binding by pentazocme, and tripelennamine
alone did not affect [3H]naloxone binding [18]. The latter
observation coincides with the results that tnpelennamine
antinociception in the rat was not antagonmized by naloxone,
further suggesting that tnipelennamine may not act at mu
opioid receptor site [25]. Tripelennamine displaced
[*H]SKF-10,047 in the sigma opioid receptor binding assays,
suggesting that tripelennamine probably was interacting at
the sigma opioid receptor site [18,20). Tripelennamine and
diphenhydramine have been shown to be relatively inactive
(IC;=10,000 nM) in inhibiting {*H]ethylketocyclazocine
(kappa oproid) binding [21]

The possible mechanism for potentiation of pentazocine
antinociception by antihistamines could be due to a possible
antiserotoninergic effect exerted by antihistamines and a con-
sequent release of B-endorphine. For example, fluoxetine, a
serotomn uptake blocker has been shown to increase cir-
culating B-endorphine levels in the rat [16). Whether
antihistamine could stimulate release of pituitary 8-endorphine
has yet to be determined The mechanisms of antinocicep-
tive effects of antihistamines have recently been reviewed [15].
Rumore and Schlichting [ 15) stated that there 1s considerable
evidence to support the hypothesis that: (1) a direct
serotonergic pathway exists to modulate noxious input; (2)
several antihistamines (brompheniramine, chlor-
phemiramine, diphenhydramine, phenindamine, pyrilamine
and tripelennamine) have been shown to block norepineph-
rine, dopamine, and serotonin uptake 1n synaptosomes; and
(3) the increased availability of the amines causes a reduction
n central pain response by some as yet undetermined mech-
anism.

Based on the results obtained in the present study, 1t is
concluded that enhancement of pentazocine antinociception
by antimistamines appears to be either potentiative or addi-
tive effect, depending on the antihistamines and doses em-
ployed. The potentiation may result from antihistamines
being able to exert either additive or synergetic effect on the
pain pathway responsible for pentazocine in the central
nervous system.

ACKNOWLEDGEMENT

The author thanks Ms Pat Ilioff for aid in the preparation of this
manuscript



930

YEH

REFERENCES

Baird-Lambert, J] and D D Jamieson Possible mediators of
the writhing response induced by acetic acid or phenylben-
zoquinone in mice Clin Exp Pharmac ol Physiol 10: 15-20, 1983
Berkowitz. B A and E L Way Analgesic activity and central
nervous system distnbution of the optical isomers of pen-
tazocine 1n the rat J Pharmacol Exp Ther 177: 500-508. 1971
Bluhm, R E,E K Zsigmond and A P Winme Potentiation
of oproid analgesia by H, and H, antagonists Lifc Sci 31: 1229-
1232, 1982

Bluhm, R E, M A Evans and E K Zsigmond Apalgesic
potentiation and the distribution of morphine in the presence of
tnpelennamine in mice Life Scr 33: Suppl 1, 673-676, 1983
Cleary. J . S Wallace, D Grossett, M Picker and A Poling
Effect of pentazocine and tnipelennamine on analgesia Phar-
macol Biochem Behav 19: 911-915. 1983

Eddy, N B and D Lemmbach Synthetic analgesics II
Dithienybutenyl and dithienylbutylamides J Pharmacol Exp
Ther 107: 385-393, 1953

Fukawa, K , O Irno, K Maruyama, Y Ohsawa and K Saitoh
Studies on absorption, biotransformation and excretion of drug
(6) The fate of pentazocine 1 the rat Ovo Yakuri 17: Special
Publication, 179-187, 1979

Glazko, A J and W A Dill Biochemical studies on diphenhy-
dramine (Benadryl). I Distnbution 1n tissues and urinary excre-
uon J Biol Chem 179: 403-408, 1949

Hui, K S and M B Roberts The effect of mepyramine on the
development of morphine tolerance and physical dependence in
mice Life Sci 17: 891-900. 1975

Keats, A S, J Telford and Y Kurosu Potentiation of
mependine by promethazine Anesthesiology 22: 34-41, 1961
Matlla,J J and L Saarmivaara Modification by antihistaminic
drugs of the morphine analgesia in rabbits Ann Med Exp Biol
Fenn 46: 72-77, 1968

Meyer. R A and W Jakubowski Use of tripelennamine and
diphenhydramine as local anesthetics / Am Dent Assoc 69:
112-117, 1964

Moore, J and ] W Dundee Alteration in response to somatic
pain 1n association with anesthesia V The effect of
promethazine Br J Anacsth 33 3-8, 1961

14

20

21

22

23

24

25

O'Callaghan,J P and S G Holtzman Quantification in anal-
gesic activity of narcotic antagomists by a modified hot-plate
procedure J Pharmacol Exp Ther 192: 497-505, 1975

Rumore, M M and D A Schlichting Analgesic effects of
antiistaminics Life Sci 36: 403-416. 1985

Sapun-Malcolm, D, J M Farah, Jr and G P Mueller Ewvi-
dence for serotonergic stimulation of pituitary 8-endorphine re-
lease Preferential release from the antertor lobe i vivo Life Sci
33: 95-102, 1983

Schacher, V| B Iranpour and J Mills The local anesthetic
efficiency of tnipelennamne HCI J Oral Ther 3: 308-315. 1967

Shannon, H E and T P Su Effect of the combination of
tripelennamine and pentazocine at the behavioral and molecular
levels Pharmacol Biochem Behay 17 789-795, 1982

Shook.J E .M J Kallman, B R Martin and W L Dewey
Characterization of the interaction of pentazocine and tripelen-
namine Drug discnmination and mu-receptor binding assay
Pharmac ol Biochem Behav 21: 877-881, 1984

Su, T P Possible explanation of **T's and Blues™ interaction
Trnpelennamine (Trip) and pentazocine (PTZ) are potent hgands
for psychotommetic sigma-opioid receptor Fed Proc 42: 1017
1983

Su. T P Further demonstration of kappa opioid binding sites in
the brain evidence for heterogenmity J Pharmacol Fxp Ther 232,
144148, 1985

Tagashira, E . J F Kachurand W L Dewey Enhancement of
antinociceptive action of pentazocine and morphine by tripelen-
namine Pharmacologise 24; 188, 1982

Tagashira, E | J F Kachur, W H Carter and W 1. Dewey
Potentiation of narcotic-induced antinociception by tripelen-
namine in morphine-tolerant and drug-naive mice J Pharmacol
Exp Ther 229: 2142217, 1984

Vadlamami, N L [ R B Pontanm and A L Misra Increased
brain uptake of morphine in the presence of the antuhistamine
tripelennamine / Pharm Pharmacol 36: 61-63. 1984

Yeh. S Y Potentiation of pentazocine analgesia by tripelen-
namine in the rat J Pharmacol Exp Ther 235 683-689  [9KS



