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ABSTRACT: Addition of chlorpromazine (CPZ) at 5x10_6M - 5x10_4M severly
+
inhibited 100mMK -contractures of locust both gut divisions in dose-dependent

manner. Moreover, CPZ at 5x10_5M induced spontaneous activity (Sp.Act.) of locust
hindgut. However, the inhibitory effect of CPZ was stronger on hidgut muscle. These

results suggested that CPZ may block Ca2+-channels and may prevent Ca2+-influx
gradually, more likely via an inhibition of Ca2+—movements into the intracellular
compartments. Chlorpromazine (10_6M - 10_5M) inhibited field stimulation (FS)
responses of both gut divisions gradually. However, CPZ at 10_6M induced Sp.Act. of

+
hindgut muscle. These results confirmed above suggestion of K -responses and

previous conclusion of CPZ on locust mechanical activity and rat uterine muscles.

GENERAL INTRODUCTION

Cheung (1970) described calmodulin (CaM) as a heat stable Ca2+-depedent
protein activator. CaM and CaM-like proteins were found in a wide variety of
mammalian, amphibian and invertebrate tissues (Waisman, et a, 1975; Sahaf, 1989)
which suggests that many of calcium’s physiological functions may be mediated by

Ca2+—receptor protein such as CaM (Lin, et a, 1974). Sahaf (1989) proposed CaM

. . 2+ . 2+
as a mediator in many Ca -activator processes and in Ca -stimulated release of

neurotransmitter from frog nerve cells. In intact synaptosomes and isolated vesicle



: 2+ . :
preparations, Ca -CaM has been shown to stimulate neurotransmitter release and

parellel protein pohsphorylation (Del orenzo, 1982).

Recently, Mutwally and Sahaf (19944) reported that both locust gut muscles
are naturally active, but they do have some physiological differences. In addition,
these myogenic activities are secondarily modulated by the stomatogastric nervous
system, similar to the situation in the mammalian gut (Oldfield & Huddart, 1982;
Mutwally, 1990 & 1993).

Mutwally and Sahaf (1994a & b) rported that cumulative additions of CPZ

caused marked inhibition of both Sp.Act. and 100mM K+—contracture of rat uterine
smooth muscle and natural activity of both locust gut preparations. They suggested

that CPZ may block Ca2+—channels and may slow down Ca2+—influx mostly through

o 2+ . . .
inhibition of [ Ca ]i -movements into the intracellular environment of both guts.

This action may occur through inhibition of CaM-activity, since CaM is found to

: 2+ . : . . .
mediate many Ca -activated processes including muscle contractions. The aim of
this study is to extend previous results and to explore views of CPZ, CaM-
antagonists, and the possible involvement of CPZ / CaM in locust foregut and hindgut

visceral muscle in term of excitation / contractions-coupling (EC-coupling) using

+
100mMK  and field stimulation techniques.
MATERIALSAND METHODS

Adult locust Locusta migratoria of both sexes, reared in laboratory culture

were used throughout this study. The details of the dissection of the isolatesd foregut

and hindgut muscles, the salines used, the methods to record tension, K+—respons&
and field stimulation (FS) have all been described in the preceding papers (Oldfield &
Huddart, 1982; Mutwally, 1990; Mutwally & Jamel Al-Layl, 1992 & 1993; Mutwally
& Sahaf, 1994a). All the drugs and chemicals used in this study were obtained from
Sigma Chemica Co., and were added to the organ baths from standard |aboratory
concentrates and freshly made up in distilled water just before use. Dose-response

curves for CPZ were determined by a series of separated drug trails and not by serial



addition. Data presented in this study show the mean, the standard error and number

of replicates.

RESULTS

1- The effect of CPZ on K+-contracture:

In Figure 1, both locust foregut (A) and hindgut (B) muscles were responded
+
to 100mMK -additions (control). The inhibitory effect of 3 minutes pretreatment CPZ

- -5 -4 +
(5<10 6M, 5x10 M and 5x10 M) on 100mMK -responses were dose-dependent.

However, the inhibitory effect was clearly stronger on hindgut muscle. In addition,
CPZ -induced Sp.Act. on hindgut muscle. But at SX1O_4M, CPZ demolished

+
100mMK -responses. Moreover, both gut compartments did not resume their
activities even after 2 washout. Figure 2, shows dose-response curves for CPZ

additions and its percentage inhibition responses of both preparations.

2- The effect of CPZ on FS-responses:

Figure 3, shows that CPZ at 10_6M and 10_5M inhibited FS-responses of both

gut divisions in dose-dependent manner. CPZ aIlO_GM induced Sp.Act. of locust
hindgut. However, the inhibitory effect of CPZ was stronger on hindgut muscles. The
effect of CPZ on FS-responses of both preparations was plotted as a percentage of a

control responses (Figure 4).

DISCUSSION

Mutwally and Jamel Al-Layl (1992 & 1993) concluded that K+—induced

muscle depolarization and FS allows to study the activity of any slow voltage-

dependent Ca2+—channels along with their modulation by drug additions. This
technique was applied to extend previous studies and to established the role of CPZ in
locust visceral muscles (Mutwally & Sahaf, 1994a). Huddart and Butler (1986) and

Mutwally (1990) reported that FS-technique provide another Ca2+—dependency of



both locust gut divisions. Moreover, locust foregut possesses Ca2+—channels which
are analogous to those of mammaian muscle in terms of their voltage
inactivation/activation (Mutwally, 1990). However, locust hindgut
electrophysiological studies indicated that action potential was generated by labial

+
pacemaker areas (Dunbar, 1980). Natural activities, K -contractures and FS-responses

of locust both gut muscles are dependent upon [Ca2+]o (Dunbar, 1980; Mutwally,
1990; Mutwally & Jamel Al-Layl, 1993). The results of this present study also goesin

harmony with previous studies and confirmed above conclusions.

Psychoactive drug like CPZ is very potent in inhibitory the alkaline
phosphatase activity in rat brain which may lead to a change in neuronal permeability
through glucocrticoid theraby affecting mode (Nag & Nandi, 1994). Argov and Y arri
(1979) described CPZ as an antipsychotic and membrane stablizing agent and is one
of the CaM binding phenothiazines (Weiss, et a, 1980). In addition, CPZ was found
to inhibit chlorinergic transmission and adrenoceptors of animal and human nervous
system (Argov & Yarri, 1979; Foster, 1990). Xiong and Li (1994) suggested that the
inhibitory effect of CPZ on mice intestinal movement was produced by preventing the

release of acetylcholine from the central nervous system. CaM was found to be a

+ +
Ca2 -dependent  activator  protein  of Ca2 -dependent  cyclic  nucleotide

phosphodiesterase (Cheung, 1970). It was also found that some important enzymes in

+
the brain, number of Ca2 -dependent enzyme activities and muscles require the
presence of CaM in vivo and in vitro (Cheung, 1970; Dabrowska & Hartshorne, 1978;
Wolff & Brostrom, 1979). Moreover, Sahaf and Publicover (1987) concluded that

CPZ have a stimulatory effect on transmitter release at frog neuromuscular junction,

an effect which is suggested to be through an inhibition of CaM-activated Ca2+—
buffering processes. Mutwally and Sahaf (1994a & b) reported that CPZ induced
Sp.Act. of locust hindgut, but caused severe inhibitions to the locust foregut and

hindgut Sp.Act. and to the rat uterine natural activities and K+—responses respictively.
They suggested that CPZ may block Ca2+-channels and prevent Ca2+-influx

gradually, more likely via an inhibition of Ca2+-movements. Such an action may



involve interference of CaM activity in these muscle. Although, in this study, CPZ

inhibited both responses of 100mM K+ and FS, but it induced Sp.Act. of locust
hindgut. This action could be due to structural and functiona differences between
these two guts. In addition, these results suggest that CPZ may have stimulatory effect
on hindgut muscles, but its inhibitory effect could be through an inhibition of CaM-

activated Ca2+-bufferi NQg Processes.

Barnette, et al (1983) suggested that severa peptides were found in insect

venom including melittin, apamin and mastoparan inhibited the activity of CaM-

stimulated phosphodiesterase. Papazian, et a (1984) reported that Ca2+-ATPase£ of
synaptosomal plasma membrane are activated by CaM. It is therefore, anticipated that

effective CaM inhibition would induce arise in interneuronal [Ca2+] by inhibition of

Ca2+—pumpi ng and such an action would bring about the stimulatory effect caused by
CPZ on MEPP frequency in this study and other studies (Argov & Yaari, 1979;
Publicover, 1983; Sahaf, 1989; Mutwally & Sahaf, 1994a & b). This stimulatory

effect of CPZ on MEPP frequency at both normal saline and Ca2+-free sdine a a
relatively high room temperature may be found as a result of elevation of [Ca2+] [

which is possibly produced by inhibition of CaM-activated Ca2+-buffering processes
(Publicover & Duncan, 1979). It was reported previody, that the excitation-

contraction coupling, FS- and electrical-responses of locust visceral muscles depend

upon [Ca2+]o (Dunbar, 1980; Mutwally, 1990 & 1993; Mutwally & Jamel Al-Layl,
1993). In this study, CPZ inhibited both responses possibly in a similar way as

described earlier.

Quastel, et a (1972) suggested that the increase in quantal content resulted

from CPZ’s ahility to increase spontaneous transmitter release through an elevation of

[Ca2+]i, possibly by inhibiting CaM-activated Ca2+—buffering processes by the drug
action (Sahaf, 1989; Mutwally & Sahaf, 1994a & b). Recently, Baines and Downer
(1994) found that octopamine antagonist, CPZ partialy blocked the octopamine-
mediated increase in cockroach survival. Sepulveda, et al (1994) reported that the



effect of electrophysiological studies of CPZ on 5HT; was not voltage- or use-
dependent and there was no blocking action when CPZ was applied from inside the

mouse neuroblastomacell. Tanabe, et a (1989) reported that parasites were more

sensitive to camidazolium and W-7, in addition, all Ca2+—blockers and CaM-
inhibitors suppressed parasite development at later stages. They concluded that

athough all Ca2+ and CaM-antagonists tested influence parasite development at later

stages, they are multifunctional, having effects not directly associated with Ca2+-
channels or CaM. In addition CPZ inhibited the binding of radiolabeled SHT; receptor

antagonist. These conclusions may also give support to CPZ inhibitory action in this
present study, and would confirmed that CPZ block Ca2+-channel and inhibiting

Ca2+—pumping or slow Ca2+—influx an action may suppresed CaM-activity which
may caused EC-uncoupling. Moreover, the present results goes in harmony with
previous studies of Argov and Yaari (1979) and Mutwally and Sahaf (1994a & b), and
would take Tanabe, et a (1989) conclusion for concederation in explaning the action
of CPZ on locust both gut divisions especially for hindgut muscles. More studies are
needed for CPZ on insect electrophysiology and biochemistry before establishing a
solid correlation between CPZ / CaM and EC-coupling.
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FIGURE LEGENDS

FIGURE 1: The effect of 3 minutes pretreatment with CPZ on locust foregut (A) and
hindgut (B): In (A) and (B) Initial 100mMK*-responses (control). Then, pretreatment
with CPZ (5x10-6M, 5x10-5M and 5x10-4M) (first points). Note, that CPZ-induced
Sp.Act. of locust hindgut. In (A) and (B), the second points indicated the addition of

100mMK*. Lower points of all traces indicated washout. Calibration and time scales
appliesto all traces.

FIGURE 3: The effect of CPZ (10-6M, 10-5M) (upper points) on FS-responses of
intact isolated locust foregut (A) and hindgut (B) muscles. Lower points indicated
washout. Calibration and time scales appliesto all traces.
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