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Abstract: The preparation was first made 1o contract maximally with 100mM K, and allowed to relax completely

after washing in normal msect saline for 30-60 minutes before it was again recorded for spontaneous activity, stimulated

with K'-contracture and finally field stimulation responses. Tyramine alone was un effective on the foregut muscle,

suggesting a lack of either pre- or postsynaptic receptors responding exclusively to this monoamine. The fact that

{yramine suppresses myogenic activity in the foregut muscle could imply that this amine may disrupt the electrogenic

events that occur in the surface membrane of visceral muscle fibers. Until now, we know little of tyramine distribution in

the visceral nervous system or of its release, so to implicate this catecholamine in inhibitory neurotransmission in vivo is

premature.
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Introduction
Inhibitory drugs inhibit the postsynaptic
receptors and excitatory drugs excite the
neurons, thus directly affecting the nerve-
muscle synaptic-transmission.  Excitation-
contraction coupling describes the sequence of
clectrical and mechanical processes. In most
muscles, the fibers only contract when the cell
is first depolarized cither by endogenous
transmitter-induced action or by artificial
stimulation such as that induced by elevated
KCl levels or depolarizing square pulses
(Huddart and Oldfield, 1982; Oldfield and
Huddart, 1982; Mutwally, 1990).

The use of the field stimulation (FS)
technique, which produces controllable consis-
tent contractions of locust Locusta migratoria

foregut, provides another method of examining

the Ca’'-dependency of contraction in this
preparation. In conjunction with K -induced
depolarization, FS will allow the activity of any
slow voltage-dependent Ca® -channels to be
analyzed (Mutwally, 1990; 1998a and 1998b;
Mutwally and Jamel Al-Lyal, 1992 and 1993},
The present study has attempted to extend
the previous investigations of the possible role
of monoamines as visceral neuromuscular

transmitters in  locust Locusta migratoria

foregut as well as carrying out recent
techniques in insect physiology which measures
the spontancous activity (Spt. act) of locust
foregut muscles as well as the K'-contracture
100mM K'-

contracture. The response induced by the same

and the effects of drugs on

drugs under FS was also mnvestigated in relation
to the effects on the stimulation process and on
the foregut visceral muscles.
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Materials and Methods

Adult locusts (Locusta migraroria) of both
sexes were used throughout this study. The
colony was maintained at 25°C-27°C and fed
daily on fresh green barley and grass. Water
was  supplied ad labium. According to
Usherwood and Grundfest (1965) and Mutwally
(1990) insect saline of the following compo-
sitions was used throughout this study (g/1):
NaCl 8.12, KCl 0.74. CaCl, 0.294, MgCl,
0.406, NaH,PO. 0.936, NaHCO; 0.336 and
Sucrose 34.2. All drugs were supplied from
Sigma Company. dissolved in distilled water
and adjusted to pH 6.8 with HCl and NaOH at
room temperature. The formula was chosen due
to its ability to maintain viable preparations for
eight hours and more.

In both experimental techniques (mecha-
nical responses and field stimulation) the whole
locust foregut was used. Drugs used in both
experiments  were, potassium chloride (KCl)
and tyramine. All drugs were added to the
organ bath from standard laboratory con-
centrates, and were made up in distilled water
as concentrated stock solutions. The drug was
directly added to the perfusion baths, so that no
more than 0.25ml (1% of bath volume) of the
stock requircd to vield the desired
concentration.  Dosc-responses

was
curves  for
tyramine were determined by a serics of
scparatc drug trials and not by serial additions
(Mutwally 1990 & 1998b; Mutwally & Jamel
Al-Lvl, 1993).

The whole forcgut was isolated between the
proventriculus and the gastric cacca from onc
side and from the buccal cavity. from the other.
The mnervation was left intact throughout this
study.  All

room temperature for at least 30 minutes betore

preparations were equilibrated at

records were taken

To record tension the locust foregut was
threaded from both ends by monofilament
nylon thread. Two physiological experiments
were 1nvolved in this study. The foregut was
threaded and suspended between the glass hook
of a 25ml jacketed organ bath and the cantilever
arm of a grass instruments FT 0.36 force-
displacement transducer. The transducer was
adjusted in the vertical plane to impose a
passive load of approximately (0.2g) on the
preparations. All subsequent changes in tension
were recorded 1sometrically on a Grass
Instruments 79D polygraph.

To record FS-responses, the foregut was
threaded and passed through 2 sliver/silver
chloride ring electrodes, mounted 10mm apart
on a Perspex road. The electrode assemblies
were then placed in a jacketed 25ml organ baths
which were continuously aerated with O, and
whose contents could be rapidly changed. The
upper muscle ligatures were attached to a set of
Grass FT 03 force displacement transducers
held in adjustable rack work, and the racks were
adjusted to put slight (Cal. 0 2g) tension on the
preparations. After mounting in the perfusion
baths the preparations were allowed 30-60
minutes to equilibrate, the bath salinc being

10-15 minutes. The
transducer  outputs
a 4 Channel Grass model 79
Polyvgraph. The stimulation clectrode terminals

changed every force

displacement were

connected to

were attached to Grass SIU S isolation units
connected to 2 Grass S48 stimulators driven in
tandem. Stimulation train paramecters varicd in
different
consisted of a 3000 ms (train durations) train of
pulses at 80 HZ (PPS. stimulation ratc). cach
(dclay). at 60-120 Volts.
Trams were automatically repeated  usually at

preparatrons but  common  regime

pulsc bemng Ims

60 sce mtenvals
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To prepare the preparation for the
experiment, 100mM K" was added in the organ
bath to depolarize the preparation which was
then left for about 30-60 minutes to relax. The
Spt. act was recorded as well as the normal FS.
In Spt. actand 100mM K'-responses, tyramine
was added in the organ bath then in 2-4 minutes
later 100mM K was added. However, in FS
experiments, preparations left to response to FS
for about 2-4 minutes to create a control for
each single experiment. Drugs then were added
and left for about 8-12 minutes to record the
effect of the drug on locust foregut whole
preparation in FS-responses. Generally, after
cach experiment, saline was washed off and
replaced automatically, and between cach
experiment there was a 10 minutes intervals.
Numerical data presented are plotted as a
percentage control of 100mM K-
responses. Each point represents the mean
positive and negative standard errors of 8
replicates (Mutwally, 1990; 1998a and 1998b;
Mutwally and Jamel Al-Lyal, 1992 and 1993).

of a

Results
Locust foregut showed spontaneous
rhythmic contractions even when it ‘was

denervated. Therefore, locust foregut visceral
muscles can be classified as truly myogenic
without regulation by an intrinsic neural
network (Figure 1).

Raising the external K+-concentration can
bring about depolarization of locust foregut.
The duration of K'-induced contracture is
variable. As KCl is increased the membrane
progressively depolarize, accompanied by a
graded mechanical contracture. Up to 100 mM
K’, where maximum tension was reached, it is
clear that, tension is a linear function of

membrane potential.

Generally, tyramine inhibited the response
of 100mM K of locust foregut muscle (Figure
2 and 3).

Tyramine at 10’M has no effect on
100mM K'-response. But from 35x107M - 10
*M the inhibition increased gradually from 12%
to 49% (Figure 3). It 1s noticed in figure 2 that
2.5x10™"M tyramine caused unexpected inhibi-
tory result.

Preparations were field stimulated in
normal saline for 3 hours without washing out.
The responses became irregular as can be seen
in figure 4. However, the Spt. act remains
unchanged.

The effect of tyramine on FS-responses of
foregut preparation was inhibitory (Figure 4
and 5). Tyramine from 10°M-2.5x10*M
decreased the responses of FS slightly. At high
concentration of tyramine (5x10°M - 10°M),
the inhibitory effect increased of up to 18%.
The drug shifted the base line tension at lower
concentration, and lowered the base line tension
at high concentration (Figure 4).

Discussion
This study followed previous studies,
which were adapted the single approach of drug

response¢ (Cook and Holman, 1978; 1980,
Freeman, 1966; Huddart and Oldfield, 1982;
Oldfield and Huddart, 1982; Mutwally, 1990;
1993 and 2002; Mutwally and Jamel Al-Layl,
1992 and 1993).

The locust foregut is spontaneously active,
and was continuously and rapidly separated by
clear periods of quiescence as in the gut of
locust and some insects (Huddart and Oldfield,
1982; Oldfield and Huddart, 1982; Dunbar,
1980 and Alohan, 1979; Mutwally, 1990;
2002).
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Fig 1. The effect of tyramine (A) 107 M, (B) 10” M and (C) 10”* M, added at arrowed points, on locust foregut spontanesous activity.
Lower arrows are washout.

Fig 2. The effect of a2 minute pretreatment with tyramine (first arrow) on 100mM K- contracture (second arrow), washout (lower
arrow). Treatments were as follows: 1) control 100mM K'-contracture. Tyramine concentrations: a) 10°M Tyramine, b) 5x10°
°M Tyramine, ¢) 10 Tyramine, d) 5x10°*M Tyramine, e) 10~M Tyramine. f) 2.5x10*M Tyramine. g) 5x10™M Tyramine. h) 10°
’M Tyramine. Calibrations: (1g and 2 min) apply to all traces.
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Fig 3. Theeffect of a 2 minute pretreatment with tyramine on 100 mMK " responses of locust foregut muscle. The responses are plotted
as a percentage of a control 100 mMK” response. Each point represents the mean + S.E. n=8.
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Mutwally ~ (1990; 2002) reported that
progressive elevation of the external K™ content
of the bathing medium caused the development
of contracture responses in the lowest foregut,
with a threshold of about 10mM K. Tonic
contracture of foregut muscles was obtained at
K’-concentrations of greater than 10mM K*, for
periods in excess of 10 minutes or until wash
out. There is no obvious depolarization point at
which Ca”™ is suddenly made available to the
contractile apparatus. This event was unlike K-
contracture of hindgut longitudinal muscle
(Dunbar, 1980; Oldfield and Huddart, 1982;
Mutwally, 1990 and 2002; Mutwally and Jamel
Al-Lyal, 1992).

The present study, confirmed previous
results of Huddart and Butler (1986) and
Mutwally (1990; 1998b) that FS-responses of
locust foregut visceral muscle and its natural
Spt. act do indeed depend upon the activity of
slow  voltage-dependent Ca*'-channels which
provide the stimulus to maintain intracellular
Ca®"-mobilization.

Most insect muscle fibers are thus both
multi-terminally and poly-neuronally inner-
vated, which are in complete
contrast to that existing in vertebrates (Huddart,
1973).

Many visceral muscles are spontancously
active and their resting membrane potentials,
are known to be far from being maintained at a
stable level as in the case of skeletal muscles
and multi-unit muscles (Huddart and Hunt,
1975).

A number of reports implicate tyramine in

conditions

visceral muscle activity. Tyramine was shown
to be the least effective stimulatory catecho-
lamine on cockroach heart, and all other reports
of tyramine action on visceral muscle implicate
an mhibitory function. Cook and Holman

(1978) showed that tyramine (5x10°M)
produced a marked suppression of Leucophaea
foregut and hindgut Spt. act. In Locusta,
tyramine had a similar depressant action on the
foregut and hindgut in the concentration range
from 10°M-10"M (Oldfield and Huddart,
1982). The present study found similar results.

The catecholamine tyramine, which
suppressed Spt. act in both gut divisions, acted
as a proctolin antagonist. It was found that
tyramine at 10”M inhibited the action of
glutamate (Huddart, 1985).

This present study confirmed previous
results, that the FS-responses as well as 100mM
K'-contracture were inhibited by tyramine,
which confirmed that excitation-contraction
coupling is achieved via Ca® -activated release
of Ca¥-ions bound to intracellular Ca*-stores
(Dunbar, 1980, Dunbar and Huddart, 1982;
Mutwally, 1990 and 2002).

It was found that K'-contracture of the
locust foregut is dependent upon the presence
of Ca®-ions. In addition, Ca® -ions are consi-
dered to be necessary in reactions linking the
electrical and mechanical events in muscle
fibers (Mutwally, 1990 and 2002).

The dependence of FS-response of locust
foregut visceral muscle upon extra-cellular
Ca®-ions is clearly evident by their responses
to Ca’-frec media (Mutwally, 1990). This
suggests that FS-response and Spt. act are
mediated by similar trans-membrane Ca*'-
influx mechanism.

The present study describes the effect of
tyramine on the isolated foregut of Locusta
migratoria as inhibitory. Suggesting presence
of either pre- or postsynaptic receptors respon-
ding exclusively to this monoamine tyramine.
The inhibitory action of tyramine could be due
to disruption in the electrogenic events that
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Fig 4. The effect of tyramine on FS responses of locust foregut muscle. Treatments were as follows: a) 10°M tyramine, b) 5x10*M
tyramine, c) 10°M tyramine, d) Sx10"°M tyramine, e) 10“M tyramine. f) 2.5x10°*M tyramine. g) 5x10"*M tyramine. h) 10°M
tyramine. Calibrations: (1g and 2 min) apply to all traces.

—~0 | T
.
1
-3} T
[)
1
-~ =30}
8 .
5 f
I -5t
z
] T T
2 i
Q -0} *
g l
e |
[ 3
oS
-
1
-+ T,
[ ]
<4
o b—gt— g — Y
Q0 0 P © 5O ©

TYRAMINE CONCENTRATION, M

Fig 5. The effect of tyramine on field stimulation responses of locust foregut muscle. The responses are plotted as a percentage
inhibition of a control response. Each point represents the mean + S.E. n=8.
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occur in the cell membrane of locust foregut
visceral muscles.
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