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ABSTRACT

The present study was attempted to investigate whether pentazocine, which is known to possess both
opioid agonistic and antagonistic properties, produces catecholamines (CA) secretion from the isolat-
ed perfused rat adrenal gland, and to establish the mechanism of its action, and also to compare its
action with that of some opioids.

Pentazocine (30 to 300 ug) injected into an adrenal vein caused a dose-dependent secretory response
of CA from the rat adrenal medulla. The pentazocine-evoked secretion of CA was remarkably dimin-
ished by the preloading with chlorisondamine (107° M), naloxone (1.22X 107 M), morphine (1.7x107°
M), met-enkephalin (9.68 X 10~° M), nicardipine (10~° M) and TMB-8 (10° M) while was not influenced
by the pretreatment of pirenzepine (2X10~° M). The perfusion of Ca**-free Krebs solution for 30 min
into the gland also led to the marked reduction in CA secretion evoked by pentazocine. Furthermore,
the CA release evoked by ACh and/or DMPP was greatly inhibited by the pretreatment with
pentazocine (1.75X107* M) for 20 min.

From these experimental results, it is thought that pentazocine causes markedly the increased secre-
tion of CA from the isolated perfused rat adrenal medulla by a calcium-dependent exocytotic mecha-
nism. The secretory effect of pentazocine appears to be mediated through activation of opioid recep-
tors located on adrenal chromaffin cells, which may be also associated with stimulation of cholinergic

nicotinic receptors.
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INTRODUCTION

It has been found that pentazocine possesses
both opioid agonistic action and weak antagonis-
tic activity (Lange and Lasinki, 1986; Thompson,
1983) as a chemical structurally benzomorphinan
derivative. Intravenous injection of pentazocine
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and tripelennamine in combination has been re-
ported to produce nausea, vomiting, headache,
seizures, agitation, anxiety, muscle spasms,
syncope and presyncope, and elevation of systolic
and diastolic blood pressure (Polkis and Whyatt,
1988; DeBend and Jagger, 1981, Langer and
Lasinki, 1986, Thompson, 1983). Pentazocine has
been also shown to increase the plasma concen-
trations of both norepinephrine and epinephrine,
accompanied by a rise in blood pressure and
heart rate in man (Tammisto et al,, 1971; Manner
et al., 1987). In patients with coronary artery dis-
ease, intravenous pentazocine elevates mean aor-
tic pressure, left ventricular end-diastolic pres-

— 299 —



sure, and mean pulmonary artery pressure, and
causes an increase in cardiac work (Alderman et
al, 1972; Lee et al., 1976). It is also found that
pentazcine reverses hemodynamic changes associ-
ated with anaphylactic shock in rats (Paciorek et
al., 1985). In patients with myocardial infarction,
it has been also shown to raise systemic vascular
resistance, which may relate to its ability to in-
crease serum catecholamine levels (Nagel and
Pilcher, 1972; McGwier at al., 1992). Takki and his
colleagues (1973) have reported that these effects
of pentazocine seem to be exerted through the fa-
cilitation of sympathetic neurotransmission. How-
ever, it is not still established whether the cardio-
vascular effects of pentazocine are mediated via
the central mechanism or the direct action on pe-
ripheral sympathoadrenal system. More recently,
Fukumitsu and his coworkers (1991) have found
that pentazocine directly acts on the adrenal me-
dulla of the dog and induces CA efflux via a non-
exocytotic mechanism which is not associated
with opiate receptors. Nevertheless, Bender and
Ardentova (1979) have shown in experiments on
white rats that pentazocine reduces the epineph-
rine content in cardiac and hepatic tissues, insist-
ing that the ascorbic pathway of carbohydrate ox-
ygenation being predominant. Moreover, beta-
endorphin and morphine have been also shown to
reduce secretion of CAs release to seventy-five
percent (Kumakura et. al, 1980). Barron and
Hexum (1986) found that opiates modulate the
secretion of CA and met-enkephalin-immuno re-
active materials from the perfused bovine ad-
renal gland.

Recently, it is also known that splanchnic nerve
stimulation-induced CA output was markedly re-
duced by opiate agonist (opioid peptides or mor-
phine) and also enhanced by an opiate antagonist
(naloxone or naltrexone) form the dog adrenal
gland in vivo, and that these effects are clearly as-
sociated with opiate receptor located in the
adrenal gland (Kimura et al., 1988). In support of
these hypotheses, more recently, Lim and his co-
workers (1992) have demonstrated that both met-
enkephalin and morphine decrease greatly CA se-
cretion evoked by DMPP and ACh in the per-
fused rat adrenal gland.

Therefore, in the present study it was sttempted
to investigate whether pentazocine acts directly
on the adrenal medulla of the rat to evoke CA se-

cretion and to clarify the mechanism of its action.

MATERIALS AND METHODS

Experimental animals

Mature male Sprague-Dawley rats, weighing
180-300 grams, were anesthetized with ether. The
adrenal gland was isolated by the methods de-
scribed previously (Wakade, 1981). The abdomen
was opened by a midline incision, and the left
adrenal gland and surrounding area were exposed
by placing three hook retractors. The stomach, in-
testine and portion of the liver were not removed,
but pushed over to the right side and covered by
saline-soaked gauge pads and urine in bladder
was removed in order to obtain enough working
space for tying blood vessels and cannulations.

A cannula, used for perfusion of the adrenal
gland, was inserted into the distal end of the renal
vein after all branches of adrenal vein (if any),
vena cava and aorta were Iligated. Heparin (400
IU/ml) was injected into venal cava to prevent
blood coagulation before ligating vessels and
cannulations.

A small slit was made into the adrenal cortex
just opposite entrance of adrenal vein. Perfusion
of the gland was started, making sure that no
leakage was present, and the perfusion fluid es-
caped only from the slit made in adrenal cortex.
Then the adrenal gland, along with ligated blood
vessels and the cannula, was carefully removed
from the animal and placed on a platform of a
leucite chamber. The chamber was continuously
circulated with water heated at 37+1°C

Perfusion of adrenal gland

The adrenal glands were perfused by means of
a ISCO pump (WIZ Co.) at a rate of 0.4 ml/min.
The perfusion was carried out with Krebs-bicar-
bonate solution of following composition (mM):
NaCl, 1184; KCl1, 4.7; CaCl, 2.5; MgCl, 1.18;
NaHCO,, 25; KH:PO,, 1.2; glucose, 11.7

The solution was constantly bubbled with 95%
0:+5% CO: and the final pH of the solution was
maintained at 7.4~7.5. The solution contained di-
sodium EDTA (10ug/ml) and ascorbic acid
(100 ug/ml) to prevent oxidation of CA.
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Drug administration

Single injection of pentazocine (30~300 ug) or
ACh (50 ug) in a volume of 0.05ml were made
into perfusion stream via a three way stopcock. In
the preliminary experiments it was found that
upon administration of the above drugs, secretory
responses to Ach and pentazocine returned to
preinjection level in about 4 min. Generally, the
adrenal glands were perfused with normal Krebs
solution for about one hour before the experimen-
tal protocols are initiated. The adrenal ferfusate
was collected in chilled tubes.

Collection of perfusate

As a rule, prior to each stimulation with
pentazocine or ACh samples were collected (4
min) to determine the spontaneous secretion of
CA (“packground sample”). Immediately after the
collection of the “background sample”, collection
of the perfusate was continued in another tube as
soon as the perfusion medium containing the
stimulatory agent reached the adrenal gland.
Each perfusate was collected for 4 min. The a-
mounts secreted in the “background sample” have
been subtracted from those secreted the “sti-
mulated sample” to obtain the net secretion value
of CA, which is shown in all of the figures.

To study the effects of a test agent on the spon-
taneous and drug-evoked secretion, the adrenal
gland was perfused with Krebs solution contain-
ing the agent for 20~30 min, then the perfusate
was collected for a specific time period (“back-
ground sample”), and then the medium was
changed to the one containing the test agent and
the perfusate were collected for the same period
as that for the “background sample”.

Measurement of catecholamines

CA content of perfusate was measured directly
by the fluorometric method of Anton and Sayre
(1962) without the intermediate purification
alumina for the reasons described earlier
(Wakade, 1981), using fluorospectrophotometer
(Shimadzu Co., Japan). A volume of 0.2 ml of the
perfusate was used for the reaction.

The CA content in the perfusate of stimulated
glands by ACh or pentazocine was high enough to

obtain readings several-fold greater than the read-
ing of control samples (unstimulated). The sample
blanks were also lowest for perfusates of stimulat-
ed and non-stimulated samples.

The content of CA in the perfusate was express-
ed in terms of norpinephrine (base) equivalents.

Drugs and their sources

The following drugs were used: pentazocine was
obtained from DaeWon Pharmaceutical Manuf,,
Co., Korea, acetylcholine chloride, 1.1-dimethyl-4-
phenyl piperazinium iodide (DMPP), methionine-
enkephalin, norepinephrine bitartrate, nicardi-
pine hydrochioride and 3. 4. 5-trimethoxy benzoic
acid 8-(diethylamino) octylester (TMB-8) from
Sigma Chemical Co., US.A..

Drugs were dissolved in distilled water (stock)
and added to the normal Krebs solution as re-
quired. Concentraiions of all drugs used are ex-
pressed in terms of molar base except the case of
pentazocine or ACh in ug.

Statistical analysis

The statistical significance between groups was
determined by utilizing the Student’s t-test. Data
obtained from animals which served own control
were analyzed for the significance using t-test for
paired observation.

A P-value of less than 0.05 was considered to
represent statistical significant changes unless
specifically noted in the text. Values given in the
text refer to means with standard errors of the
mean (S.E.M.). The statistical analysis of the pres-
ent experimental results was made by computer
program of statistics described previously by
Tallarida and Murray (1987).

RESULTS

The secretory effect of CA evoked by pentazocine

When the adrenal gland was perfused with oxy-
genated Krebs-bicarbonate solution for 60 min be-
fore experimental protocol is intitiated, the spon-
taneous CA secretion reached steady state. The
releasing effects to the initial injection of a range
of doses of pentazocine (30~300 ug) are shown in
Figure 1. This range of doses of pentazocine pro-
duced a nearly complete dose-dependent curve.
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Fig. 1. Concentration-dependent increase of catechola-
mine secretion evoked by pentazocine from the
isolated perfused rat adrenal glands. Secretion
of catecholamines (CA) was evoked by intro-
ducing injections of pentazocine (30, 100 and
300 ug) into the perfusion stream at 30 min in-
tervals after perfusion with normal Krebs solu-
tion for 60 min. Following the injection of drug,
the perfusate was collected for 4 min. The col-
umn indicates ACh-induced CA secretion. Ver-
tical bars indicate the standard error of the
mean (SEM). Numeral in the parethesis denotes
number of the experimental animals. Ordinate;
the amounts of catecholamines secreted from
the adrenal gland for 4 min. Abscissa: doses of
pentazocine in ug.

Injection of 30 ug-pentazocine into the perfusion
stream exerted significant output of CA over the
background release, which was 57.9+7.6 ng for 4
min. A gradual increase in pentazocine concentra-
tion resulted in greater amounts of CA released in
the perfusate. After administration of 100 ug and
300 ug pentazocine CA outputs were 165.6+14.2
ng and 506.9+40.3 ng for 4 min, respectively from
12 adrenal glands. These observations seem to be
consistent with those reported previously in the
perfused dog adrenals (Fukumitsu ef al., 1991). In
order to compare pentazocine’s secretory effect
with that of ACh, when ACh (50 ug) was given
into the adrenal vein through the perfusion
stream. CA output was increased to 823.9152.1 ng
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Fig. 2. The effect of chlorisondamine on ACh- and
pentazocine-evoked CA secretion. Chlori-
sondamine (10 M) was perfused into the
adrenal gland for 20 min before introducing the
drugs. Other legends are the same as in Fig, 1.

for 4 min from the background level in 12 glands
as shown in Figure 1.

Effect of chlorisondamine on pentazocine-evoked
CA secretion

In order to certify the effect of chlorisondam-
ine, a selective nicotinic receptor antagonist (Gil-
man et al., 1991) on pentazocine-induced CA re-
lease, the rat adrenal gland was preloaded with
10°° M chlorisondamine for 20 min before
pentazocine or ACh was introduced. In the pres-
ence of chlorisondamine effect, the CA outputs e-
voked by doses of 30, 100 and 300 ug of
pentazocine were markedly inhibited to 0 (P <
0.01), 18.8+4.7 ng (P<0.01) and 127.5+20.6 ng (P<
0.001) for 4 min as compared with their corre-
sponding control releases of 55.0£25.3 ng, 112.5+
28.5 ng and 275.0+:43.4 ng for 4 min from 8 gland,
respectively, In 8 glands, ACh-evoked CA secre-
tion after preloading with chlorisondamine was
also greatly attenuated to 251.3+32.4 ng/4 min (P
<0.001) in comparison with its control of 750.0+
81.4 ng/4 min. Figure 2 illustrates the inhibitory
effect of chlorisondamine on CA release evoked
by pentazocine and ACh.

Effect of pirenzepine on pentazocine-evoked CA
secretion

It has been found that pirenzepine is a selective
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Fig. 3. The effect of pirenzepine on CA secretion e-
voked by pentazocine. Pirenzepine {2X107° M)
was present 20 min before perfusion of
pentazocine or ACh. Other legends are the same
as in Fig. 1.

muscarinic Mi-receptor antagonist (Doods et al.,
1987; hammer ef al., 1988). Thus, it would be inter-
esting to examine the effect of pirenzepine on CA
release evoked by pentazocine and ACh. In the
present work, the CA output induced by
pentazocine or ACh was not affected in the rat
adrenal gland preloaded with 2X10° M-pir-
enzepine for 30 min. In 8 rat adrenal glands, pen-
tazocine-evoked CA releases at doses of 30, 100
and 300 ug after pretreatment with pirenzepine
were 59.6+11.8 ng, 1359+15.0 ng and 458.5+95.7
ng for 4 min, respectively as compared with their
control secretions of 70.4+10.3 ng, 127.5+21.8 ng
and 472.51+75.7 ng, respectively as shown in figure
2. There was no statistical significance in differ-
ence between the control responses and
pirenzepine-treated responses in pentazocine-in-
duced CA secretion. However, ACh-induced CA
secretion was considerably inhibited to 586.5 +
71.3 ng (P<0.001) by comparing with its control
release of 905.8+76.5 ng/4 min (Fig. 3).

The effect of naloxone on pentazocine-evoked CA
secretion

Since it is known that opiate antagonists facili-
tate the splanchnic nerve stimulation-induced CA
secretion from the adrenal gland of anesthetized
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Fig. 4. The effect of naloxone on pentazocine-induced
CA secretory response. Naloxone (1.22X 107" M)
was administered for 30 min prior to perfusion
of pentazocine or ACh. Other legends are the
same as in Fig. 1.

dogs (Costa et al., 1983; Kimura et al,, 1988) and re-
verse the inhibition of the DMPP-stimulated CA
secretion evoked by etorphine, an opiate agonist
from the bovine adrenal gland (Barron and
Hexum, 1986) while it has been reported that nal-
oxone, an opiate antagonist, inhibited markedly
nicotinic agonist-induced CA release from the
perfused rat adrenal gland (Lim ef al, 1992), it is
exicting to test the influence of naloxone on
pentazocine-evoked CA outputs from the per-
fused rat adrenal medulla. After naloxone (1.22X
1077 M) was preloaded into the adrenal gland for
30 min, CA releases at doses of 30, 100 and 300 ug
of pentazocine were markedly attenuated to 7.5+
3.4 ng (P<0.01), 114.0+£22.5 ng (P<0.05) and 262.5
+61.5 ng (P<001) as compared to their corre-
sponding control releases of 45.0113.4 ng, 1920+
15.3 ng and 592.5£727 ng/4min from 6 glands,
respectively (Fig. 4). ACh(50 ug)-induced CA re-
lease in the absence of naloxone amounted to 812.
5+90.3 ng for 4 min from 6 rat adrenal glands, but
following the preloading with naloxone (1.22X 107
M) for 30 min, it was greatly reduced to 485.5 +
51.8 ng (P<0.01)/4 min, which was 60% of the cor-
responding control release as illustrated in Figure
4.
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Fig. 5. The effect of morphine on CA secretion evoked
by pentazocine. Morphine (1.73X10™° M) was
perfused in to the adrenal gland 30 min before
introducing pentazocine of ACh. Other legends
are the same as in Fig. 1.

The effect of morphine on pentazocine-evoked CA
secretion

It was tried to investigate the influence of mor-
phine on pentazocine-induced CA release from
the perfused rat adrenal gland since it has been
known that several opioid agonists inhibit the nic-
otinic receptor-mediated CA release from adrenal
chromaffin cells and perfused adrenal glands
(Kumakura ef al., 1980; Saiani and Guidotti; 1982;
Dean et al.,, 1982; Costa et al, 1983; Marley et al.,
1986 a, b; Barron and Hexum, 1986; Kimura ef al.,
1988; Jary ef al., 1989; Lim ef al., 1992). Under the
presence of morphine (1.73X107° M) which was
preloaded for 30 min, pentazocine-evoked CA se-
cretions at doses of 30, 100 and 300 ug were signif-
icantly attenuated to 20.6£3.5 ng (P<0.01), 67.5%+
142 ng (P<0.001) and 206.3+12.3 ng (P<0.001)
for 4 min from 8 glands as compared with their
corresponding control releases of 79.4+20.3 ng,
180.0+16.4 ng for 4 min, respectively. ACh 50 ug)
~induced CA output was considerably weakened
10 23401+38.0 ng (P<0.001) for 4 min which was
32% of the control(735.0+56.7 ng/4 min). Figure 5
illustrates the inhibitory responses of morphine
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Fig. 6. The effect of enkephalin on pentazocine-evoked
CA secretion. Enkephalin (9.68 X 107° M) was in-
troduced into the adrenal gland for 30 min be-
fore pentazocine of ACh was injected. Other
legends are the same as in Fig. 1.

on pentazocine- and ACh-induced CA secretions.

The effect of met-enkephalin on pentazocine-
evoked CA secretion

In the light of these facts that pentazocine-in-
duced CA release was significantly inhibited by
the pretreatment with morphine as in Figure 5,
and that met-enkephalin also blocked ACh- and
DMPP-induced CA secretory responses from the
perfused rat adrenal glands (Lim et al,, 1992), and
that beta-endorphine and morphine reduced CA
secretion induced by nicotine by as much as fifty
percent whereas [Met*]l-enkephalin diminishes
CA release by seventy five percent (Kumakura et
al., 1980), it was of interest to examine the influ-
ence of met-enkephalin on pentazocine-induced
CA secretion in the perfused rat adrenal gland. In
the presence of met-enkephalin (9.68X107° M)
which was preloaded into the gland for 30 min,
the secretory responses of pentazocine at doses of
30, 100 and 300 ug were significantly attenuated
to 254+5.7 ng (P<0.01), 108.8+2.5 ng (P<0.01)
and 277.5+4.9 ng (P<0.001) for 4 min from 8
glands as compared with their corresponding con-
trol releases of 83.6+22.6 ng, 2400+25.7 ng and
52501+ 17.5 ng, respectively. ACh (50 ug)-induced
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Fig. 7. The effect of perfusion of calcium-free Krebs
solution on secretory response of CA evoked
by pentazocine. Calcium-free Krebs solution
was infused for 30 min prior to introduction of
pentazocine or ACh. Other legends are as in
Fig. 1.

CA secretion following the pretreatment with
met-enkephalin was greatly inhibited to 25.4+%5.7
ng (P<0.001, n=8)/4 min by comparing with its
control of 997.5+118.2 ng. Figure 6 shows the in-
hibitory effect of met-enkephalin on pentazocine-
and ACh-evoked CA responses.

The effect of perfusion with calcium-free Krebs on
pentazocine-evoked CA secretion

Since it is found that the physiological release
of CA and dopamine-beta-hydroxylase from the
perfused cat adrenal gland is dependent on the
extracellular calcium concentration (Dixon, Gar-
cia and Kirpeka, 1975), it is of particular interest
to test whether the secretory effect induced by
pentazocine is also related to extracellular calci-
um ions. Thus, the adrenal gland was preperfused
with calcium-free Krebs solution for 30 min prior
to introduction of pentazocine or ACh. In the
absence of extracellular calcium, CA releases of
pentazocine at doses of 30, 100 and 300 ug were
significantly blocked to o ng (P<0.01,n=8),47.1+
17.8 ng (P<0.01, n=8) and 1800+192 ng (P<
0.001, n=8) for 4 min as compared with their cor-
responding control responses of 84.7 £ 11.5 ng,
139.3+£7.1 ng and 341.3+40.2 ng as shown in Fig-
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Fig. 8.The effect of nicardipine on pentazocine-e-
voked CA secretory responses. Nicardipine
(107 M) was perfused for 30 min before intro-
ducing pentazocine or ACh. Other legends are
the same as in Fig, 1.

ure 7. ACh (50 ug)-induced CA release following
preloading with calcium-free Krebs solution was
also markedly reduced to 321.0+45.1 ng (P<
0.001, n=10), which was 38% of its control (846.0+
119.6 ng) as depicted in Figure 7.

The effect of nicardipine on pentazocine-evoked
CA secretion

In order to investigate the effect of nicardipine,
a dihydropyridine derivative and L-type Ca*"
channel blocker {Gilman ef al, 1991) on pen-
tazocine-evoked CA secretion, nicardipine (107
M) was preloaded into the adrenal gland for 30
min. In the presence of nicardipine effect, CA re-
leases induced by pentazocine at the indicated
doses (30, 100 and 30 ug) were greatly depressed
to 0 ng (P<0.01) 56.3+24.5 ng(P<0.01) and 198.8
16.7 ng (P<0.01) for 4 min from 8 adrenal glands
in comparison with their corresponding control
values of 95.0+25.8 ng, 183.8+37.7 ng and 397.5+
24.5 ng for 4 min, respectively. ACh-induced CA
release was also decreased to 315.0%13.8 ng/4 min
(P<0.001) as compared to its control of 1059.0+
40.2 ng/4 min from 10 glands. Figure 8 illustrates
that nicardipine inhibits CA secretory responses
evoked by pentazocine and ACh.

— 305 —



The effect of TMB-8 on pentazocine-evoked CA
release

Since it has been reported that muscarinic, but
not nicotinic activation causes CA secretion inde-
pendent of extracellular calcium in the perfused
adrenal glands of the cat (Nakazato et al., 1988),
suggesting that the presence of an intracellular
calcium pool linked to a muscarinic receptors,
and that TMB-8, an intracellular calcium antago-
nist, inhibits both nicotinic and muscaric stimula-
tion-induced CA release in the rat adrenal glands
(Lim et al,, 1992), an attempt was made to test the
TMB-8 on pentazocine-evoked CA secretion. In 4
rat adrenal glands, CA secretions evoked by
pentazocine at doses of 30, 100 and 300 ug after
preloading with TMB-8 (107 M) for 30 min were
clearly blocked to 7.5+2.3 ng (P<0.05), 300+1.5
ng (P<0.01) and 172.5£12.9 ng (P<0.05) for 4 min
in comparison with their control releases of 72,5+
43 ng, 202.5£30.3 ng and 510.0+103.9 ng for 4
min, respectively as shown in figure 9. ACh (50
ug)-induced CA output following pretreatment
with TMB-8 (10°° M) was also greatly diminished
to 150.0+34.6 ng (P<001)/4 min as compared
with its control response of 607.5+77.5 ng/4 min
from 4 rat adrenal glands (Fig. 9).

10°M-TMB-8

P<001
P<00S

Catecholarine  Secretion{ng}

300  (ug)

ACh
(4)

Fig. 9. The effect of TMB-8 on CA secretion evoked
by pentazocine. TMB-8 (10~° M) was given into
. the perfusion stream for 30 min after obtaining
the corresponding control responses of
pentazocine or ACh. Other legends are as in

Fig. L.

The effect of pentazocine infusion on DMPP- and
ACh-evoked releases

In terms of the facts that pentazocine-induced
CA release was markedly inhibited by the pre-
treatment of chlorisondamine as in Figure 2 and
that met-enkephalin and morphine also depressed
ACh- and DMPP-induced secretory responses in
the perfused rat adrenal gland (Lim ef al., 1992), it
is of interest to examine the influence of
pentazocine perfusion on DMPP- and ACh-in-
duced CA secretion. The adrenal gland was
preloaded with 1.75X107* M pentazocine for 30
min before DMPP and ACh were introduced. In
the presence fo pentazocine effect, ACh-induced
CA output was greatly attenuated to 306.3+25.6
ng (P<0.01, n=12) for 4 min as compared to its
corresponding CA secretion of 608.8164.3 ng/4
min prior to perfusion with pentazocine. In the
present work, in the absence of pentazocine,
DMPP (10~ M)- evoked CA secretion was 846.8 +
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Fig. 10. The effect of pentazocine infusion on CA se-
cretory responses evoked by ACh and DMPP.
Pentazocine (1.75X 107" M) was perfused for 20
min after obtaining the control response of
DMPP- and ACh-evoked CA secretory res-
ponses. Other legends are the same as in Fig. 1.
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105.1 ng (0~4 min) ng and 275.8+63.7 (4~8 min)
ng while in the presence of pentazocine (1.75X 107
M) which was preperfused into the giand, DMPP-
evoked CA secretion was prominently reduced to
43.6+12.2 ng (0~4 min, P<0.01) and 92+2.7 ng
(4~8 min, P<001) from 10 adrenal glands,
respectively. Figure 10 illustrates the inhibitory
effect of pentazocine perfusion on the secretory
responses induced by DMPP and ACh.

DISCUSSION

In the present study, it has been found that
pentazocine causes a dose-related increase in CA
secretion from the isolated perfused rat adrenal
medulla by a calcium-dependent exocytotic
mechanism, and that this releasing effect of CA
seems to be mediated through activation of opioid
receptors located on adrenomedullary chromaffin
cells, which may be also associated with stimula-
tion of cholinergic nicotinic receptors. In terms of
the fact that pentazocine produces CA secretion
in the perfused rat adrenal gland, the present ex-
perimental result appears to be similar to the case
of the perfused dog adrenals (Fukumitsu et al.,
1991) but the mechanism of its secretory action is
much different from each other. Fukumitsu and
his colleagues (1991) have shown that penta-
zocine directly acts on the dog perfused adrenal
medulla to induce CA efflux via a non-exocytotic
mechanism, and that opioid receptors do not play
a role in this action. On the other hand, Bender
and Ardentova (1979) have reported in experi-
ments on white rats that pentazocine (3 mg/kg) re-
duces the adrenaline content in cardiac and he-
patic tissues, the ascorbic pathway of carbohy-
drate oxygenation being predominant. However,
the present experimental data demonstrate that
pentazocine-induced CA secretory effect is surely
exerted through the activation of opiate receptors
existed on adrenomedullary chromaffin cells of
the rat. Thus, pentazocine-evoked CA secretory
activity is also surely due to peripheral sympa-
thetic stimulation, not to the direct of central
action. In support of this idea, Takki and his co-
workers (1973) have reported that epidural block-
ade prevents the pressor response to pentazocine
in man but fails to cause any significant differ-

ence in plasma CA levels. Although they insisted
the site of pentazocine-evoked sympathomimetic
stimulation was central, it has not been veruvied.
Sellevold and his researchers (1985) reported a
case of phaeochromocytoma in  which
pentazocine caused a marked increase in blood
pressure in spite of the presence of spinal block-
ade. In this case, the pressor response to
pentazocine seemed to be mediated not by a cen-
tral action but by a direct action on tumor cells to
induce CA efflux, because the spinal anesthesia
would block sympathetic discharge, and further-
more, tumor cells ordinarily have no sympathetic
innervation (Winkler and Smith, 1968). In the
present work, the fact that pentazocine-induced
CA release was greatly inhibited by naloxone-pre-
treatment illustrates that pentazocine causes CA
secretion through the opiate receptors. Further-
more, this idea could be supported by the findings
that pentazocine-evoked CA secretion was also
depressed by preloading with morphine and met-
enkephalin which are known to be opiate ago-
nists.

It has been also reported that opioid antago-
nists, including naltrexone and naloxone, inhibit
the nicotine-induced CA secretion from the
adrenal chromaffin cells in culture (Lemaire et af.,
1981; Dean et al., 1982; Marley et al., 1986a), and
that naloxone also depresses ACh- and DMPP-e-
voked CA secretion in the perfused rat adrenal
glands (Lim et al., 1992). In terms of these findings,
the present experimental results that naloxone
markedly inhibits pentazocine-evoked CA release
in the perfused rat adrenal gland suggest strongly
that naloxone markedly inhibits pentazocine-e-
voked CA release in the perfused rat adrenal
gland suggest strongly that the inhibitory effect of
nicotinic stimulation-evoked CA secretion by nal-
oxone may be exerted through the other unknown
mechanism in addition to the opiate antagonism.
Opioid receptors have been shown to exist in the
chromaffin cells and to play a significant role in
modulating CA release (Saiani and Guidotti,
1982). Most opioid receptors in adrenal medullary
cells are k-receptors (Castanas er al., 1983; 1985a;
1985b). Pentazocine is a benzomorphan derivative
and is considered to possess k-and J-agonistic
activities and weak g-receptor antagonistic action
(Martin, 1983). The present findings demonstrate
that the actions of pentazocine, i.e. both the stimu-
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latory effect on CA secretion and the inhibitory
effects on DMPP-and ACh-evoked CA release ap-
pear to be mediated through the activation of
opioid receptors, because naloxone inhibit
pentazocine-evoked CA secretory activity, sug-
gesting that pentazocine may activate k- or 4-
opioid receptors.

In the present investigation, pentazocine- as
well as ACh-induced CA release was greatly de-
pressed by prior treatment with chlorisondamine,
an autonomic ganglionic blocking agent. This
finding indicates strongly that pentazocine-e-
voked CA secretion is associated with stimulation
of cholinergic nicotinic receptors in adrenal me-
dulla. Moreover, the fact that ACh- and DMPP-e-
voked CA secretion was prominently attenuated
by prior perfusion of pentazocine for 20 min con-
firms that pentazocine-induced CA release may
be surely associated with cholinergic nicotinic re-
ceptors similar to that of ACh or DMPP. Pretreat-
ment with pirenzepine, a selective muscarinic M-
receptor antagonist (Doods et al., 1987; Hammer et
al, 1988) did not affect the CA secretion of
pentazocine while did inhibit greatly ACh-in-
duced secretory effect of CA. This finding indi-
cates that pentazocine-evoked CA release is not
related to muscarinic Mi-receptor activation.

Generally, the indispensible role of calcium in
the neurosecretory process has been well estab-
lished. Yet, according to the assumptions of Baker
and Knight (1978; 1980), the relationship between
the concentration of intracellular calcium and the
transmitter release has not been determined in
nerve terminals. As mentioned above, calcium
ptays the crucial role in process of depolari-
zation-neurotransmitter release coupling in many
types of secretory cells (Douglas, 1968; Schultz
and Stolze, 1980; Williams, 1980). In the present
work, removal of extracellular Ca*™ inhibited
greatly CA secretion evoked by pentazocine or
ACh. The secretory effect of CA by pentazocine is
apparently dependent on extracellular calcium.

However, in the present experiment, the reason
for considerable response to pentazocine is not
clear. It may be that chromaffin cells of the rat
adrenal gland contain an intracellular store of
calcium which participates in the secretion of CA
as shown in the bovine adrenal gland (Baker and
Knight, 1978). Such a store may not be easily de-
pleted by mere removal of extracellular calcium.

Some investigators (Boxler, .1968; Ohashi et al,
1974; Casteels and Raeymeakers, 1979; Malagodi
and Chiou, 1974; Takahara et al., 1990) reported
that intracellular stores of calcium have been
shown to play some role in contraction of smooth
muscle produced by noradrenaline of ACh in
Ca™*free medium.

Moreover, in the present study, the finding that
considerable response to pentazocine still re-
mained in the presence of a Ca*"-channel blocker
nicardipine although the secretory effect of CA
evoked by pentazocine is significantly diminished
by pretreatment with Ca**-entry blocker may
support above the results.

In addition, in terms of the fact that prior
administration of TMB-8 inhibited clearly CA se-
cretion evoked by pentazocine as well as that by
ACh in the perfused rat adrenal gland, it is felt
that pentazocine-evoked CA release may be ex-
erted at least partly through mobilization of calci-
um from the intracellular store located with in
chromaffin cells. TMB-8 [3. 4. 5-trimethoxy-
benzoate 8-(N.N-diethylamino) octylester], a ben-
zoic acid derivative, is known well to act by pre-
venting mobilization of calcium from intracellular
stores without altering Ca™" influx into stores
(Charo et al, 1976; Chiou and Malagodi, 1975;
Rubin et al, 1980; Smith and ldea, 1979;
Wiedenkeller and Sharp, 1984). In support of the
present results, Yamada and his colleagues (1988)
have found that the secretory effect of CA evoked
by caffeine is inhibited by TMB-8 from perfused
cat adrenal glands in the absence fo extracellular
calcium. The similar results were also obtained
from the rat adrenal gland (Lim ef al,, 1991; Lim et
al., 1992). Moreover, it is known that ACh and
pilocaprpine cause a partial increased CA release
from both guinea pig adrenal glands (Nakazato et
al, 1984) and perfused cat adrenal glands
(Nakazato et al., 1988) with Ca**-free Lock solu-
tion. :

At least a part of the pentazocine-evoked CA
secretion is induced by a sustained intracellular
calcium rise due to the continuous Ca** influx
through Ca** channels. These channels are sensi-
tive to dihydropyridine, dut do not appear to be
identical to the L-type voltage-sensitive Ca**
channel. Anyway, from the present experimental
results, CA secretion evoked by pentazocine is ex-
erted through stimulation of opioid receptors and
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still remains considerably even after removal of
Ca** from the Krebs solution, at least partly
being due to the liberation of Ca** from the inter-
nal stores.
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