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Abstract—Phenybut is an agonist of GABA, receptors. Adults of Trichogramma embryophagum Htg. were fed
with 0.5-20% solution of phenybut in 50% sugar solution. The experiments demonstrated that adult mortality dur-
ing 48 h increased significantly with phenybut concentration. Thus, a dose-dependent response was revealed by en-
teral application of a GABA, receptor agonist. When 7. embryophagum females were fed with 1% solution of
phenybut in 50% sugar solution, significant changes in the daily eclosion pattern in their progeny were revealed. In
particular, more intensive eclosion was observed under development at the photoperiod L : D = 12 : 12 and antici-
patory (after a 2-h long scotophase) light-on in the day when eclosion was recorded. The increased sensitivity to
light may be due to the phenybut effect on the serotonergic system, which controls daily rhythms.

The role of beneficial insects in human life is well
known. Speaking of laboratory and commercial rear-
ing of insects, one usually means the entomophagous
species, either predators or parasitoids (Monastyrskii
and Gorbatovskii, 1991). At the same time, the mor-
phological, physiological, and ecological diversity of
insects combined with relatively easy and inexpensive
culturing make them unique model objects for various
researches. Drosophila melanogaster Mg. has become
an irreplaceable test object for geneticists, and the
cockroach Periplaneta americana L., for physiolo-
gists. Experimental results obtained in many other
insect species, such as the blowfly Calliphora vicina
R.-D. (Vinogradova, 1984), were used to draw conclu-
sions concerning not only arthropods in general but
other animals as well.

Since the same mediators and neurotransmitters
(monoamines, y-aminobutyric acid, acetylcholine, gly-
cin, etc.) work in the nervous system of insects and
vertebrates, including man (Hill et al., 1981; Kerkut,
1985; Pitman, 1985; Neal, 1997; Bettler et al., 1998;
Aydar and Beadle, 1999), model insect species can be
used to study a number of pharmaceutical substances
affecting synaptic conduction.

This study is focused on phenybut, a phenyl deriva-
tive of y-aminobutyric acid (GABA) which is an in-
hibitory transmitter in the nervous system of verte-

brates and invertebrates. GABA acts on three types of
receptors: GABA,, GABA,, and GABA.. In clinical
practice, GABA and its derivatives are widely used as
central myorelaxants, and also for treating sleep dis-
turbance and psychostimulant dependence (Pharma-
ceutical Register of Russia, 2002).

Phenybut is an agonist of GABA, receptors located
in presynaptic terminals of excitatory and inhibitory
neurons. Stimulation of GABA, receptors in excitatory
neurons with phenybut inhibits neurotransmitter re-
lease into the synaptic cleft and thus blocks the excita-
tory signal. In inhibitory neurons, the action of pheny-
but decreases the release of GABA in the synaptic
cleft, reducing the inhibitory effect. Thus, phenybut
has a dual influence on the inhibitory processes in the
nervous system: on the one hand, it blocks the release
of excitatory mediators, reducing the responses, and
on the other hand, it partly blocks the inhibitory action
of GABA, enhancing the same responses. The preva-
lence of one of the two opposite effects (i.e., the
“sign” of the resulting effect) can depend on the re-
sponse specificity as well as dosage (MacDemott
et al., 1999).

The model object for our study was the egg parasi-
toid Trichogramma embryophagum Htg. Representa-
tives of this genus are used successfully as biological
agents of pest control and also as model objects in
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various experiments. Adult wasps under natural condi-
tions have a carbohydrate diet, feeding on various
plant fluids; besides this, they can consume the drop-
lets released from the punctured chorion of the host
egg, which also contain carbohydrates (Sander et al.,
1984). Numerous experiments of different workers
(Ashley and Gonzalez, 1974; Hohmann et al., 1988;
Leatemia et al., 1995; Hegazi and Khafagi, 1998)
clearly showed that survival rates and fecundity of
Trichogramma females in laboratory increased drasti-
cally when they were given various kinds of carbohy-
drate food, both natural (honey, nectar, plant sap) and
artificial (solutions of sucrose, glucose, fructose, etc.).
Addition of proteinic food (plant pollen, bee royal
jelly, meat or yeast hydrolysate) did not increase the
longevity and number of laid eggs as compared to the
control individuals which were given diluted honey
(Hegazi and Khafagi, 1998) or even clear water (Ash-
ley and Gonzalez, 1974). However, since insects
(unlike vertebrates) have almost no peptidases, they
can absorb unmodified peptides through the intestine
wall (Turunen, 1985). This allows one to use enteral
application by adding the substance to the sugar food.

The process under study was the daily pattern of
eclosion of adult wasps from the host egg chorion. In
most Trichogramma species kept in a specific photo-
periodic regime, the peak of eclosion is observed
shortly before or after the light is switched on (Reznik
et al., 1998; Zaslavskii et al., 1999). A considerable
amount of data on the mechanisms controlling the
daily eclosion pattern in Trichogramma has been ac-
cumulated (see Discussion).

The aim of this study was to test the technique for
enteral phenybut application and to study its effect on
the daily eclosion pattern of 7. embryophagum.

MATERIALS AND METHODS

In the preliminary experiment, we determined the
mortality of Trichogramma in relation to the concen-
tration of phenybut in the sugar food. Freshly eclosed
adults were randomly divided into vials on the walls of
which were placed several drops of phenybut solution
in 50% sugar solution; the control individuals were
offered 50% sugar solution without phenybut. The
experiments were conducted under constant photope-
riodic conditions L:D = 18:6 and at 20°. Adult mortal-
ity was determined 48 h after the beginning of experi-
ment. Each concentration of phenybut was tested in
two trials including no less than 100 individuals each.
Since a certain level of mortality (about 10%) was
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Fig. 1. Effect on phenybut concentration in the sugar food on adult
mortality in Trichogramma embryophagum. Abscissa, phenybut
concentration (%); ordinate, fraction of individuals that died during
48 h since the beginning of experiment (% and 0.95 confidence
intervals).

observed in the control as well, the data were trans-
formed by the formula ¥ =(X —C)/(1-C), where X

is adult mortality during 48 h in the presence of
phenybut, and C is mortality in the control batches.
The transformed data (percentages and confidence
intervals) are shown in Fig. 1.

To characterize the effect of phenybut on the daily
eclosion pattern, Trichogramma females during the
first 24 h after eclosion were offered 1% phenybut
solution in 50% sugar solution; the control individuals
were offered 50% sugar solution. The adult eclosion
pattern was studied in the progeny of the experimental
and control insects, which developed under standard-
ized conditions L:D = 12:12 and 20°. In the first vari-
ant, these conditions were constant during the whole
experiment, and in the second variant light was
switched on after a 2-h scotophase. The experiment
comprised a total of 16 trials. The eclosed adults were
counted every 2 hours. The relative amounts of insects
which eclosed by the end of each 2-h period are shown
in Fig. 2. The significance of differences was evalu-
ated using Fisher test for f-transformed data (Ivanter
and Korosov, 1992).

RESULTS

As can be seen from Fig. 1, adult mortality depends
on the phenybut concentration in the sugar food. The
LDs, with the above experimental design was about
2%.
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Fig. 2. Pattern of eclosion of Trichogramma embryophagum adults from the host egg chorion. Abscissa, time (h); ordinate, fraction of
adults which emerged during the corresponding 2-h interval. In variant (a) the photoperiod L:D = 12:12 was constant during the whole
experiment (the position of scoto- and photophase is marked with dark and light bars above the graph, respectively); in variant (b) on the
day of recording the light was switched on prematurely (arrow). The maternal generation was fed with 1% phenybut solution in 50%

sugar (/) or with 50% sugar (control) (2).

As concerns the daily eclosion pattern, in the first
variant of the experiment (when both larval develop-
ment and adult eclosion proceeded at L. : D =12 : 12)
the eclosion peak was observed 2 h after switching on
the light, with practically no difference from the con-
trol (Fig. 2a). In the variant with premature “light-on”
(Fig. 2b) there was some difference between the ex-
perimental and control individuals. The progeny of
females treated with phenybut showed more intensive
early eclosion: the fraction of adults which emerged
during the first 2 h of the peak eclosion period (from 8
till 10 h through the experiment) was significantly
greater (F = 11.2, p < 0.01), and the peak intensity
(from 10 till 12 h), significantly lower (F = 14.2,
p < 0.01) than the corresponding parameters for the
progeny of control females. Thus, phenybut modified
the daily eclosion pattern in the filial generation but
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did not change the position of the peak and the general
rhythm.

DISCUSSION

The curve shown in Fig. 1 demonstrates a dosage
effect of enteral phenybut application. Therefore, in-
testinal absorption of phenybut (and possibly other
amino acids and monoamines) depends on its concen-
tration in food, and its effect may thus be quantified.

Our experiment (Fig. 2) revealed a significant influ-
ence of phenybut on the daily eclosion pattern in the
progeny of experimental females. The fact that the
effect was observed only in the variant with premature
“light-on” may be explained by the following traits of
the rhythm control in insects, and particularly in
Trichogramma.
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The daily activity pattern in insects is known to be
controlled by endogenous rhythmic processes, usually
termed the “biological clock.” In addition, changes in
illumination or temperature can directly increase or
reduce activity, producing the so-called “exogenous
effects” (Saunders, 1982). For example, switching on
the light can stimulate eclosion of Trichogramma from
host eggs at almost any time of day (Zaslavskii et al.,
1999).

Readiness for eclosion in 7. embryophagum was
previously shown to change in a 24-h cycle under the
control of an endogenous circadian rhythm (Karpova
and Reznik, 2002). This parameter is the lowest during
early “night” and reaches its maximum by the end of
scotophase (i.e., by the 12th hour at L : D = 12 : 12).
Switching on the light at this time triggers mass emer-
gence of adult wasps from host eggs. The high degree
of endogenous readiness for eclosion obviously le-
veled the fine difference between the experimental and
control individuals in the variant with a 12-h scoto-
phase (Fig. 2a).

In order to study the response to this factor against
the background of a lower sensitivity, experiments
with premature switching on the light were conducted
(Fig. 2b). After a short period of darkness, light causes
a very weak response with an 8-h delay, allowing
a significant difference between the experimental and
control individuals to be detected. In our opinion, the
more intensive eclosion within the interval from 8 till
10 h in the progeny of females treated with phenybut
indicates an increase in photosensitivity induced by
this neurotransmitter.

It is well known that the effect of light on the
mechanisms controlling the daily rhythms in both in-
vertebrates and vertebrates is to a considerable extent
regulated by the serotonergic system (Takahashi et al.,
1989; Morin and Blanchard, 1991; Proseer et al.,
1993). Injection of serotonin in insects reduces photo-
sensitivity of neurons in the visual system (Tomioka
et al., 1993; Kloppenburg and Erber, 1995; Tomioka,
1999). The action of methergoline (a non-specific
serotonin antagonist) on the optic lobes of crickets
caused an opposite effect, i.e., increased neuronal re-
activity (Saifullah and Tomioka, 2002). Blocking of
serotonin synthesis in crickets with a neurotoxin was
shown to enhance their behavioral response to switch-
ing on the light (Germ and Tomioka, 1998).

The increased light sensitivity of Trichogramma
under the influence of phenybut may also be explained
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by inhibition of serotonergic conduction, since stimu-
lation of GABA, receptors is known to inhibit mono-
aminergic conduction in neuronal nets, including those
employing serotonin as a postsynaptic mediator (Neal,
1997).

Of special interest, in our opinion, is the very possi-
bility of using insects to study the fine mechanisms of
action of a number of psychotropic drugs (agonists and
antagonists of dophamine, serotonin, catecholamines,
and GABA receptors) by enteral application.

REFERENCES

1. Ashley, T.R. and Gonzalez, D., “Effect of Various Food
Substances on Longevity and Fecundity of Tricho-
gramma,” Environ. Entomol. 3 (1), 169-171 (1974).

2. Aydar, E. and Beadle, D.J., “The Pharmacological Pro-
file of GABA Receptors on Cultured Insect Neurons,”
J. Insect Physiol. 45 (3), 213-219 (1999).

3. Bettler, B., Kaupmann, K., and Bowery, N., “GABA,
Receptors: Drugs Meet Clones,” Current Opinion
Neurobiol. 8, 345-350 (1998).

4. Germ, M. and Tomioka, K., “Effects of 5,7-DHT Injec-
tion into the Optic Lobe on the Circadian Locomotor
Rhythm in the Cricket, Gryllus bimaculatus,” Zool. Sci-
ence 15, 317-322 (1998).

5. Hegazi, EIM. and Khafagi, W.E., “Studies on Three
Species of Trichogramma. 111. Comparison of Longevity
and Fecundity of Adult Wasps Fed on Selected Foods,”
Alexandria J. Agric. Res. 43 (2), 79-88 (1998).

6. Hohmann, C.L., Luck, R.F., Oatman, E.R., and Plat-
ner, G.R., “Effects of Different Biological Factors on
Longevity and Fecundity of Trichogramma platneri Na-
garcatti (Hymenoptera: Trichogrammatidae),” Ann. Soc.
Entomol. Brasil. 18 (Suppl.), 61-70 (1989).

7. Ivanter, E.V. and Korosov, A.V., Basic Biometry (PGU,
Petrozavodsk, 1992) [in Russian].

8. Karpova, S.G. and Reznik, S.Ya., “Interaction of Ex-
ogenous Factors (Light and Temperature) in Their Influ-
ence on the Daily Pattern of Adult Eclosion in Tricho-
gramma embryophagum (Hymenoptera: Trichogram-
matidae),” Eur. J. Entomol. 99 (4), 427-436 (2002).

9. Kerkut, G.A., “Insect Pharmacology Comes of Age,” in
Comprehensive Insect Physiology, Biochemistry and
Pharmacology (Oxford, 1985), Vol. 11, pp. 1-3.

10. Kloppenburg, P. and Erber, J., “The Modulatory Effects
of Serotonin and Octopamine in the Visual System of
Honeybee (Apis mellifera L.), 1I. Electrophysiological
Analysis of Motion-Sensitive Neurons in the Lobula,”
J. Comp. Physiol. A 176, 119-129 (1995).

11. Leatemia, J.A., Laing, J.E., and Corrigan, J.E., “Effects
of Adult Nutrition on Longevity, Fecundity, and Off-
spring Sex Ratio of Trichogramma minutum Riley (Hy-
menoptera: Trichogrammatidae),” Canad. Entomol. 127
(2), 245-254 (1995).

ENTOMOLOGICAL REVIEW Vol. 85 No. 4 2005



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

ENTOMOLOGICAL REVIEW Vol.

INFLUENCE OF PHENYBUT ON REGULATION

Lund, H.O., “Studies on Longevity and Productivity of
Trichogramma evanescens,” J. Agric. Res. 56, 421-439
(1938).

MacDermott, A.B., Role, L.W., and Siegelbaum, S.A.,
“Presynaptic Ionotropic Receptors and the Control of
Transmitter Release,” Ann. Rev. Neurosci. 22, 443—485
(1999).

Monastyrskii, A.L. and Gorbatovskii, V.V., Mass Rear-
ing of Insects as Biological Agents of Plant Protection
(Agropromizdat, Moscow, 1991) [in Russian].

Morin, L.P. and Blanchard, J., “Depletion of Brain
Serotonin by 5,7-DHT Modifies Hamster Circadian
Rhythm Response to Light,” Brain Res. 566, 153-185
(1991).

Neal, M.J., Medical Pharmacology at a Glance
(Blackwell Sci., London, 1997).

Pharmaceutical Register of Russia, 9th ed. (RLF, Mos-
cow, 2002).

Pitman, R.M., “Nervous System,” in Comprehensive
Insect Physiology, Biochemistry and Pharmacology
(Oxford, 1985), Vol. 11, pp. 5-54.

Proseer, R.A., Dean, R.R., Edgar, D.M., et al., “Sero-
tonin and the Mammalian Circadian System: 1. In vitro
Phase Shifts by Serotonergic Agonists and Antagonists,”
J. Biol. Rhythms 8, 1-16 (1992).

Reznik, S.Ya., Zinov’eva, K.V., Umarova, T.Ya., and
Zaslavskii, V.A., “Dependence of Eclosion Rhythm on
Photo- and Thermoperiod in Species of the Genus
Trichogramma Westw. (Hymenoptera, Trichogram-
matidae),” Entomol. Obozr. 77 (1), 17-25 (1998).
Saifullah, A.S.M. and Tomioka, K., “Serotonin Sets the
Day State in the Neurons that Control Coupling between

85 No. 4 2005

22.

23.

24.

25.

26.

27.

28.

29.

351

Optic Lobe Circadian Pacemakers in the Cricket Gryllus
bimaculatus,” J. Exp. Biol. 205, 1305-1314 (2002).
Sander, K., Gutzeit, H.O., and Jackle, H., “Insect Em-
bryogenesis: Morphology, Physiology, Genetical and
Molecular Aspects,” in Comprehensive Insect Physiol-
0gy, Biochemistry and Pharmacology (Oxford, 1985),
Vol. 1, pp. 319-385.

Saunders, D.S., Insect Clocks (Pergamon Press, Oxford,
1982).

Takahashi, J.S., Nelson, D.E., and Eskin, A., “Immuno-
cytochemical Localization of Serotonergic Fibers Inner-
vating the Ocular Circadian System of Aplysia,” Neuro-
science 28, 139-147 (1989).

Tomioka, K., “Light and Serotonin Phase-Shift the
Circadian Clock in the Cricket Optic Lobe in vitro,”
J. Comp. Physiol. A 185, 437-444 (1999).

Tomioka, K., Ikeda, M., Nagano, T., and Tamotsu, S.,
“Involvement of Serotonin in the Circadian Rhythm of
an Insect Visual System,” Naturwissenschaften 80,
37-139 (1993).

Turunen, S., “Absorption,” in Comprehensive Insect
Physiology, Biochemistry and Pharmacology (Oxford,
1985), Vol. 4, pp. 241-277.

Vinogradova, E.B., The Blowfly Calliphora vicina as
a Model Object of Ecological and Physiological Studies
(Nauka, Leningrad, 1984) [in Russian].

Zaslavskii, V.A., Zinov’eva, K.B., Umarova, T.Ya., and
Reznik, S.Ya., “Interaction between Circadian Rhythm
Synchronized with Photo- and Thermoperiod and Direct
Action of Temperature in the Eclosion Control of Two
Trichogramma Species,” Entomol. Obozr. 78 (1), 3-14
(1999).



