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TYRAMINE INJECTIONS REDUCE LOCUST VIABILITY™
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In the locust nervous system, tyramine is the direct precursor for octopamine synthesis and, as an
octopamine analogue, it can activate octopamine receptors. Furthermore, the identification of specific
tyramine receptors in Locusta migratoria and Drosophila melanogaster suggests that it is an important
transmitter or modulator candidate. In this paper, we report that repeated tyramine injections reduced the
viability of last instar larvae of Locusta and Schistocerca. In addition, a retardation of the last ecdysis
was abserved as a sublethal effect of the repeated tyramine treatment. Moreover, egg deposition by adult
females was also retarded and/or drastically reduced. These effects show similarity to sublethal effects
described for certain “insecticidal” octopamine receptor agonists, such as formamidines and phenylimi-
noimidazolidines. Since certain formamidine compounds were also shown to be agonists for the cloned
tyramine receptors, it cannot be excluded that some lethal or sublethal consequences of tyramine admi-
nistration are the result of an interaction with specific tyramine receptors.

Keywords: Amines — formamidines — octopamine — tyramine — G protein-coupled receptors.

INTRODUCTION

Monophenolic amines such as octopamine and tyramine are present in the insect
CNS. Tyramine (TA) is derived from the amino acid tyrosine via the action of a tyro-
sine decarboxylase enzyme, whereas octopamine (OA) is produced by hydroxylation
of TA. Several effects of TA are reported, but, from these studies, it is not entirely
clear whether TA acts as an OA-mimic or whether it exerts these activities as a na-
tural, endogenous messenger molecule [5, 14]. Recent studies have indicated that a
specific TA-uptake system is present in the locust nervous system [6]. The distribu-
tion patterns of OA and of TA show some important differences and there are spe-
cific, but distinct, binding sites for [’H]-OA and [*H]-TA [9]. Moreover, «,-adrenore-
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ceptor-like phenolamine receptors which display a much higher affinity for TA than
for any other endogenous amine (e.g. OA or dopamine) were cloned from Drosophila
melanogaster and from Locusta migratoria [1, 13, 16, 19]. These receptors are phar-
macologically distinct from the OA-receptor subtypes that have been described in
insect tissues [7, 18, 20]. The fruitfly TA-receptor, when expressed in cultured mam-
malian cells, shows high affinities towards the insecticidal formamidine compounds
demethyl-chlordimeform and amitraz [8]. Therefore, in addition to QA-receptors,
TA-receptors may be target sites for certain formamidines. Yohimbine (Yoh), an o,
antagonist, possesses a high affinity for the cloned TA-receptors [16, 20]. It is a re-
latively good antagonist for locust OA -mediated effects in the extensor tibiae mus-
cle preparation and a very weak antagonist for OA,-mediated effects [7, 14].

In order to investigate the effects of TA, we performed a number of simple injec-
tion experiments and monitored the viability of last instar larvae and adult locusts.

MATERIALS AND METHODS
Insect breeding

Locusts (Locusta migratoria and Schistocerca gregaria) were kept under stable
humidity and temperature (30 °C) conditions. Artificial light sources were used to
mimic a constant day/night rhythm with 13 h of daylight. The animals were fed with
fresh or frozen grasses and rolled oats. In addition, the desert locusts (Schistocerca
gregaria) were fed with fresh cabbage leafs. The two species were kept in separate
reoms and they did not leave the gregarious phase.

Injection experiments

Control and experimental animals were derived from the same synchronized breed:
all locusts (Locusta or Schistocerca) used in a single experiment had the same age.
Each control or experimental group (of at least ten insects) contained equal numbers
of males and females and all animals were treated in a very similar way.
Experimental animals were injected by using a graded Hamilton syringe with a dilu-
ted solution of one of the following substances (purchased from Sigma) dissolved in
PBS (phosphate buffered saline) at different concentrations: p-tyramine (TA), (+/-)-
octopamine (OA), yohimbine (Yoh), a mixture of p-tyramine and yohimbine
(TA/Yoh) or a mixture of (+/~) octopamine and yohimbine (OA/Yoh). Control ani-
mals were injected with PBS. All injections were repeated with an interval of one
day. The last instar larvae, adults (after the last ecdysis) and dead insects were coun-
ted daily in each group of animals. The results were visualized by using the SLIDE
or CORRELCHART computer programmes.
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RESULTS

The result of several independent injection experiments is displayed in Fig. 1. We can

summarize the observed effects as follows:

(1) The control animals injected with PBS did not significanily differ from the non-
injected animals in the main cage. The moment at which the last ecdysis took
place was identical. In addition, these control animals remained healthy and
extremely small numbers of dead animals were obtained even after multiple
repeats of the injections.

(2) In some experimental groups, the viability of the animals was severely affected.
Repeated injections with 4 pl of TA at concentrations above 10~* M (which is the
TA concentration in the injected solution and not the resulting TA-titre in the
insect’s haemolymph) clearly had an insecticidal effect. This lethal effect was
usually not immediate. [t occurred after several daily injections. In sublethal con-
ditions, the moment at which the last ecdysis took place was retarded. Although
the effect of tyramine injections was stronger, similar effects were also observed
when octopamine was injected.

(3) Interestingly, co-injection of yohimbine together with tyramine or octopamine
clearly antagonized these lethal or sublethal effects, whereas injection with
yohimbine alone had only a slight effect on locust viability. The observation indi-
cates that yohimbine blocked the deleterious effects of (repeated) tyramine
and/or octopamine injections.
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Fig. 1. Histogram showing the percentages of surviving animals ¢(Schistocerca gregaria) obtained from

injection experiments with Schistocerca gregaria last instar larvae. Injected solutions contained 4 pl of

PBS (PBS), 4 ul ofa 0.1 mM yohimbine solution (Yoh), 4 pl of a 0.1, 1 and 10 mM TA solution (TA-4,
TA-3, TA-2) or 6 pl of a TA/Yoh mixture (4 pl 1 mM TA + 2 pl 0.1 mM Yoh)
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{4) Repeated injections of adult locusts with tyramine (and to a lesser extent with
octopamine) appeared to retard the moment of egg deposition. This was shown
by comparing several experimental (injections with TA or OA) and control
groups (injections with TA or OA in combination with yohimbine) of adult
locusts. In an experiment with Schistocerca, the TA-treated animals showed a
delay of 2-3 days for egg deposition and for subsequent larval hatching. In a si-
milar experiment with Locusta, the TA-injected animals deposited no eggs dur-
ing the time of the experiment. A delay of about 5 days was observed for the OA-
injected group compared to the TA/Yeh or OA/Yoh groups. Again, ychimbine
antagonized the effects of TA and of OA.

DISCUSSION

Many physiological effects of OA as well as the pharmacelogy of OA binding sites
have bheen intensely studied in locusts, Compounds such as formamidines and
phenylimine-imidazolidines, which are thought to interact as agonists with OA-
receptors, or cocaine, which probably affects the octopaminergic system, possess an
insecticidal activity [3, 12]. Sublethal effects of these compounds have been
described and include many behavioural effects related to crucial physiological
processes of insects: hatching and eclosion, control of locomotion, the “arousal syn-
drome”, egg deposition, phototaxis and learning, growth delay and developmental
retardation, etc. [2, 3, 4, [1].

The effects observed after injection of TA (and of OA} appear to be very similar
to the ones that are elicited by formamidine insecticides. Since the pharmacedyna-
mics of TA administration into the haemolymph are not fully understood, there are
some unknown elements: (1) the true concentration of TA (or OA) present in the
haemolymph before and after the injections and the effect of inactivation and/or
uptake mechanisms for TA (or OA) [6, 10, 15, 17]; (2) the accessibility of the possi-
ble target sites and the role of the existing blood-brain barrier; (3) the effect of repeat-
ed injections on octopaminergic and/or tyraminergic systems, on feedback and
desensitization mechanisms. Therefore, it is quite difficult to speculate about the
physiological mechanisms that are responsible for the observed effects. The repeat-
edly injected TA (and OA) has probably mimicked the effect of formamidines in a
direct or indirect way. Specific receptor targets could have mediated the lethal and
sublethal effects of TA (or OA). Alternatively, TA may have induced (additional)
changes to the octopaminergic or tyraminergic systems. The idea that specific recep-
tors might be involved, is supported by the observation that the effects of TA
appeared to be stronger than these of OA and by the remarkable fact that yohimbine
was a very good antagonist for these effects. Cloned TA receptors from fruitfly and
locust display a high affinity for yohimbine and have a much higher affinity for TA
than for OA, Furthermore, it was reported that TA-receptors indeed represent poten-
tial target sites for certain formamidine compounds [8].
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Our results form a basis for further studies on the role(s) of phenolamines in
insects. The elucidation of the specific functions of OA and of TA will probably
depend on the characterization and localization of the pharmacologically distinct
receptor subtypes that are involved in mediating the cellular responses to these
amines [18]. This will most probably enrich our understanding of the complicated
aminergic systems in insects and of the mode of action of certain insecticidal com-
pounds.
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