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Effects 1°f phencyclidine on contractile forces of isolated rabbit papillary

muscles

DAIT Jia—Le,
Shanghat 200032, China)

ABSTRACT Phencyclidine (PCP) (0.01-50 gmol «

L™ and its analogue, TCP {0.01-50 gmol+ L")
exhibited positive inotropic effects on electrically
stimulated rabbit papillary muscle preparations.

Dextrorphan (5 or 10 pmol - L) antagonized the
actions of PCF in non—competitive manner
(pD; =525). This demonstrated the involvement of
PCP reccptors in the positive inotropic effects of
PCEFE. By using high performance liquid
chromatography with electrochemical detector
(HFLC—ECD),. an increase of DOPAC content was
found in bath medium after PCP addition. Each of
the dopaminc receptor antagonists SCH23390,
haloperidol and sulpiride (1 umol « L™" attenuated the
maximal inotropic effects of PCP. These results sug-
gest that PCP induces positive inotropic effects by in.
creasing the release and /or blocking the uptake of
dopamine.

KEY WORDS  papillary muscles; phencyclidine;
high pressure liquid chromatography: dextrorphan:
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Phencyclidine (PCP) has well—described
effects on the cardiovascular system"?. There

were contradictory reports of positive and
negative  inotropic effects of PCP on
~ventricular muscle preparations. Radio—

ligand binding assay demonstrated the exist—
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cnce of specific PCP receptors in guinea pig
and rat hearts®. Activation of PCP receptors
increased the release and blocked the uptake of
norepinepherine (NE)®, dopamine (DA)Y®,
etc. The purpose of the present study is to in-
vestigate the involvement of PCP receptors in
inotropic cffects of PCP on papillary
muscles, and to examine the relationship be-
tween monoamine transmitters and the
inotropic actions, to explore the mechanism
of effects of PCP on ventricular muscles.

MATERJALS AND METHODS

PCP was synthesized by Shanghai Medi-
cal University. Dextrorphan, SCH23390
and N-(1—[2—thiényllcyclohexyl})3,4—piperi—
dine {TCP} were kindly donated by Prof
Avram Goldstein (Addiction Research Foun-
dation, USA), Prol Reizo Inoki (Osaka
University, Japan) and Beijing Military Med-
ical Institute, respectively. Haloperidol and
sulpiride were purchased from Shanghai
Tianfeng Pharmaceutical Factory.

Rabbits of either sex, weighing 2.61 +
SD 0.23 kg, were stunned by a blow to the
head, and the right heart papillary muscles
were dissected Free,  suspended vertically un-
der 1.0 g of tension, and incubated in a bath
containing 4 ml of Tyrode‘s solution {pH =
7.4). The soluion was gassed with 95% O, +
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5% CQ, gas mixture, and maintained at 30
+ 0.5C . Papillary muscles were stimulated
through a pair of bipolar platinum electrodes
by electrical pulses (0.3 ms, 1.0 Hz, 1.0 V),
and developed tensions were monitored with a
force—displacement transducer and a pen-—re-
corder (LM 14), After 60 min equilibration,
the preparation was exposed 1o  drugs
cumulatively. The interval between concen-
trations was 10 min.

Moncamines and their metabolites were
detected by ion—pair reverse phase HPLC
with electrochemical detector. HPLC-ECD
system (Waters) consisted of a M 510 pump. a
UéK injection system coupled to a M460
electrochemical detector and a M740 data
module. Determination condition was con-
trolled as previously reported”. Samples of 1
ml incubation medium were collected before
and 10 min after PCP administration,
lyophilized and stored at —30C. Belore detec-
tion, the lyophilized samples were dissolved
in purified water, and the injection volume
was 50—100 ul.

Developed tension = (contractile forces
after administration — contractile forces before
administration). Results are presented as x
SD. Statustical significance was examined by
paired ¢ test.

RESULTS

Effects of PCP and TCP on contractile
forces of rabbit papillary musclkes PCP or
TCP was cumulatively injected into the bath
medium at 10 min interval. PCP (final con-
centration 0.01~50 umol » L") increased the
contractile forees in a concentration dependent
manner. TCP (0.01-50 gmol - L™"), a selec-
tive PCP ligand. induced analopous concen-
tration dependent effects (Fig 1), The
maximal effects of PCP were more potent than
those of TCP.

Effects of dextrorphan on inotropic actions
of PCP Dextrorphan, an antagonist for
PCP receptors®, was added into the bath

medium 10 min prior to PCP administration.
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Fig 1. Effects of phencyclidine {(PCP} and
N—(1—2—thiemy] cytlohexy]} 3,4—piperidime (TCP)} on
contractlle forces of rabhit paplllary muscles. x+ SD.

Although there was little change of contractile
force alter dextrorphan administration,
dextrorphan (5 or 10 umol - L7} significantly
inhibited the positive inotropic effects of PCP
(Fig 2). As shown in log concentration—-re-
sponse curve, Lhe maximal height was de
creased as compared with the control. The
curve did not shift parallelly to the right. This
phenomena suggested that dexirorphan an-
tagonized PCP actions in 8 non—competitlive
manner on rabbit papillary muscle prepara-
tions (pD; = 525,

Effect of PCP on monoamine contents
NE, DA and DOPAC, but not MHPG,
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Fig 2. Effects of dextrorphan {I}¢x) om inotrple actions
of phencyclidine (PCP) In rahblt paplllary muscles.
rt 8D “P>0.05 ‘"P<00S, °“"TP<0.01 s
control.


http://www.cqvip.com

~ 133 -

Tab 1. Contents of monoamines and thelr metabolites (ng » mi™') im Incubation medium of electrically paced rabbit

paplllary muscles after PCP administration. x+ 8D, “P>0.05, ""P< 0,05, Digit in the parentheses represents
the number of tested preparations.
Normal saline Phencyclidine {5 gmol = L")
befare after before after
NE 5405 5235 6+ 7N T4
DA 0.35x0.14(5) 0.50+0.17(%)° 0.11 £ 0.14(5) 0.15+£0.29(6)"
DOPAC 0.10 £ 0.10(5) 0.0920.12(5" 0.5+ 0.3(6) 0.8 0.4(6)"

5—-HIAA and 5-HT were able to be detected
in bath medium. No change in contents of
monoamines and their metabalites were found
before and after the administration in the
normal saline control group. PCP induced lit-
tle change of NE content, while DOPAC
content was enhanced significantly (P <0.05}.

DA contenl was not much augmented (Tab

1). Contents of DOPAC, a metabolite of
DA, was high due to the fast metabolism
rate. This supgested DA release from the

nerve terminals be promoted and / or the up-
take blocked.

Inotropic actions of PCP after DA
receptor antagonists (DARA) pretreatment
PCP was given to isolated rabbit papillary
muscles 10 min after SCH23390, haloperidol
and sulpiride (1 gmol » L) respectively. Al
of the 3 DARA attcnuated the inotropy in-
duced by PCP (Fig 3). The sequence of
attenuation potency was haloperidol >
sulpiride > SCH23390, which showed that
D, antaponists (haloperido] and sulpiride)
were more potent than D) antagonists
(SCH23390Y*" in inhibiting PCP actions.

DISCUSSION

Radio—ligand binding assay demon.
strated that PCP receptors existed in
brains™,  blood vessles’” and hearts®.
TCP and dextrarphan were proven to be selec-
live PCP receptor agonist and antagonist™
respectively. Contractile forces of papillary
muscles were increased by both PCP and
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Flg 3. Effects of SCH23390 (1 ymol »+ L™, sulpiride
{1 gmol » L™Y) and haloperidol (1 zmol L_l} om the
inoiropy Induced by phencyclidiae (PCP)} In rtabbit
paplilary muscles. x = SD. "P>0.0%,
**P<0.05, “""P<{(.01 vs control.

TCP. while dextrorphan dose—dependently
inhibited such actions of PCP in non—competi-
tive manner. These results suggested the ex-
istence of PCP receptors in rabbit papillary
muscles. The negative inotropy of PCP on
myocardium™ may be the result of high con-
centration of YCP, which was also able to be
found in our data.

Many reports revealed close relationship
between PCP actions and monoamines. Our
results indicated an increase of DOPAC con-
tents  in bath medium after PCP
administration, suggesting that PCP aug-
mented the release and / or-blocked the uptake
of DA from nerve terminals, which con-
formed to the previous reports’™®. DA en—
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hanced cardiac contractility"”, and that ex-
plained the inotropic effects of PCP. Tt was
also proven by using DARA which inhibited
PCP actions sufficiently. PCP and sigma
opiate receptors were extensively overlapped in
membrane preparations'”, and D, receptor
antagonists, including haloperidol"?, in-
hibited the binding of sigma receptor ligands
as well as PCP. This may partially explain the
rank arder of 3 examined DARA im inhibiting
PCP actions. We had not revealed the actions
of sigma receptor ligands and ther
interactions with DA system. and they need
Ffurther investigations.
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