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It is known that crop plants’ induced resistance to
phyllophages, which is due to accumulation of second-
ary metabolites, decreases the viability of phyllophages
and changes the sensitivity to entomopathogens [1].
One of the most important classes of compounds that
are involved in defensive responses of deciduous plants
is phenols, in particular, flavonoids and polymeric tan-
nic compounds (tannins). Results of experiments show
that correlation between the content of tannins and the
viability of phyllophage depends primarily on the spe-
cific characteristics of the insect. Today, data on the
effect of tannic acid on the sensitivity of insects to viral
infections are almost absent, although it is known that
viruses can markedly influence the populational
dynamics of many species of phyllophagous insects,
including the gypsy moth Lymantria dispar L. (Lepi-
doptera, Lymantriidae) [2]. The latter can regularly
form foci of mass-scale reproduction nearly every-
where in Russia, except for the northern regions.

It is known that tannins, including tannic acid, can
form complexes with proteins; when oxidized to quino-
nes in the midgut of insect, they can produce semi-
quinone radicals and other forms of reactive oxygen
species [3]. In the course of evolution, phytophages, in
turn, developed a number of adaptations with respect to
the secondary metabolites (allelochemicals) of plants
that attenuate the deleterious effect of allelochemicals
on insect’s organism. These adaptations include behav-
ioral adaptations, physiological isolation, and meta-
bolic transformation [4]. A key role in detoxication and
elimination of many xenobiotics belongs to the antiox-
idant system of insects, which include both enzymatic
and nonenzymatic antioxidants. The second group
comprises high- and low-molecular-weight thiol-con-
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taining compounds [5]. The proportion of these com-
pounds in the midgut of insects provides information
on the processes of free radical peroxidation in insect
organs and is an important criterion of the so-called
oxidative stress [6].

In view of this, the goal of this study was to investi-
gate the effect of a phenolic compound, tannic acid, on
the development of L. dispar and its sensitivity to
nuclear polyhedrosis. The ratio between the concentra-
tions of oxidized and reduced thiol-containing com-
pounds in insect midguts—an index reflecting the anti-
oxidant status of the insect—was used as a criterion of
the effect of this allelochemical on insect’s organism.

MATERIALS AND METHODS

This study was performed with the gypsy moth
(L. dispar L., Lepidoptera: Lymantridae) caterpillars.
The insects were collected at the egg phase in the natu-
ral population and then grown under laboratory condi-
tions. The experiments were performed in spring and
summer. The insects were grown either in an artificial
nutrient medium in Petri dishes or on birch shoots in
rearing cages at 23—25°C under at 16-h light period per
day.

Forage was treated with 0.9% aqueous solution of
tannic acid (Sigma, United States). This concentration
corresponds to the content of tannins in birch leaves
defoliated in the previous year [7]. Caterpillars of the
third instar were infected perorally by finely-dispers-
ated spraying of forage with a viral suspension at a con-
centration of 107 polyhedrons/ml.

Weight of caterpillars was determined by group
weighing, and sex was determined by morphological
traits of pupae—the structure of the last belly segments
[2]. The mortality rate of the insects was expressed as
the aggregate percentage of dead caterpillars over the
entire period of larval stage. The presence of viral poly-
hedrons in the body of dead caterpillars was detected
with a light microscope.

Biochemical analysis of the midgut was performed
using the fourth-instar caterpillars on the fourth day
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Fig. 1. Effect of tannic acid on the weight of caterpillars
feeding on an artificial nutrient medium: (/) control, (2) tan-
nic acid. Data were statistically processed using ANOVA
(p > 0.05).
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Fig. 2. Effect of tannic acid on the weight of infected cater-
pillars feeding on birch leaves: (/) control, (2) tannic acid,
(3) virus, and (4) tannic acid + virus. Data were statistically
processed using ANOVA. Asterisks and crosses indicate the
points significantly differing between each other (* and +,
at p <0.05; ++, at p <0.01).
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Fig. 3. Effect of tannic acid on the ratio of females to the
total number of insects whose caterpillars fed on birch
shoots: (a) control, (b) tannic acid. Data were statistically
processed using Student’s ¢ test. The asterisk indicates sta-
tistically significant difference from the control at p < 0.05.
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after molt. The ratio of concentrations of oxidized and
reduced thiol-containing components (RSSR/RSH) in
gut tissues as an index of oxidative stress in the organ-
ism was determined [6]. Protein concentration in sam-
ples was determined by the method of Bradford [8]
using bovine serum albumin as a standard.

The results were processed statistically using
ANOVA and Student’s ¢ test [9].

RESULTS AND DISCUSSION

As evident from Figs. 1 and 2, neither addition of
tannic acid to the nutrient medium nor the treatment of
the surface of birch leaves with this compound caused
changes in the weight of caterpillars throughout the lar-
val phase (p > 0.05). However, the treatment with tan-
nic acid, in combination with infection with nuclear
polyhedrosis virus, resulted in a significant decrease in
the weight of caterpillars grown on leaves as compared
to both the control group and the group of insects
treated with tannic acid (Fig. 2). Feeding the insects
with the birch leaves treated with tannic acid resulted in
an increase in the number of females in the experimen-
tal group (Fig. 3). The sensitivity to the virus of the cat-
erpillars that developeding on natural forage decreased
when the latter forage was treated with tannic acid
(Fig. 4). When caterpillars were fed on the artificial
diet, no significant changes in their sensitivity to the
virus were observed, irrespective of the presence of tan-
nic acid in the forage.

The study of the content of oxidized and reduced
thiols in caterpillar guts showed that the addition of tan-
nic acid to forage shifted the ratio of thiols towards the
accumulation of oxidized forms (table). This effect was
manifested irrespective of infection and the type of
food (table).

Thus, the results regarding the dynamics of the
weight of caterpillars, the sex ratio, and the morality
rate indicate that tannic acid has no detrimental effect
on the development of L. dispar. It is known that
polyphages may be less sensitive to the detrimental
effect of tannins than the species with a narrow food
specialization, owing to the structure of peritrophic
matrix and the presence of high concentrations of sur-
factants in the midgut contents [10]. A high pH value
in L. dispar midgut may also prevent the irreversible
binding of tannic acid to proteins owing to an
increase in the coefficient of dissociation of phenol—
protein conjugates [11].

The increase in the RSSR/RSH ratio in the midgut
of L. dispar caterpillars under the treatment with tannic
acid is possibly due to the prooxidants properties of tan-
nic acid, which is characteristic of the majority of phe-
nolic compounds [12]. Similarly to many other phe-
nols, tannic acid can undergo autooxidation to form
reactive compounds, including reactive oxygen species
(semiquinone radicals, superoxide anion, hydroxyl rad-
ical, peroxides, etc.). This process can be considerably
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Fig. 4. Effect of tannic acid on the mortality rate of infected
caterpillars fed on birch leaves: (a) control, (b) tannic acid,
(c) virus, and (d) tannic acid + virus. Data were statistically
processed using Student’s ¢ test. Asterisks indicate the
points significantly differing between each other at p <0.05.

accelerated in the presence of phenol oxidases, which
are contained in plant leaves. The process of feeding of
L. dispar caterpillars is accompanied by the disruption
of integrity of leaf-plate tissues, which leads to the
release of these enzymes from cellular compartments
and their subsequent activation. As a result, the pro-
cesses of lipid peroxidation may be triggered in midgut
epithelium, leading to the formation of peroxide radi-
cals in the gut lumen. Reactive oxygen species gener-
ated in the midgut can damage the virions released from
the protein capside in the midgut lumen during infec-
tion of the insect. On the other hand, when epithelial
cell membranes are damaged, the penetration of viral
particles into host cells may be disturbed. As a result,
the addition of tannic acid to forage decreases the infec-
tion load exerted by the virus on the insect and reduces
the number of caterpillars that die for from virosis. Ear-
lier, a similar result was reported for the cutworm
Heliothis virescens infected with nuclear polyhedrosis
virus [13, 14]. The decrease in the weight of L. dispar
caterpillars that fed on birch shoots treated with tannic
acid was apparently determined by the aggregate dam-
aging effect of radicals and virions retained in the mid-

Ratio between the concentrations of oxidized and reduced
thiols in the midgut of infected caterpillars feeding on forage
containing tannic acid

RSSR/RSH ratio
Variant feeding on birch |feeding on artificial
leaves nutrient medium
Tannic acid 1.738 £0.427* | 5.04 &+ 2.544%%%
Virus 1.536 £ 0.516 239+ 1.167**
Virus + tannic acid 1.714 £0.354% | 3.75 £ 1.347*
Control 0.999 +0.246 1.11 £ 0.658

Note: Data were statistically processed using Student’s ¢ test. One,
two, and three asterisks indicate variants significantly differing
from the control at * p < 0.05, ** p <0.01, and *** p <0.001,
respectively.
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gut lumen on midgut epithelium. Possibly, this is asso-
ciated with the disturbance of synthesis of digestive
enzymes, which may be accompanied by deterioration
of food assimilation. In addition, it cannot be ruled out
that the absence of significant changes in the mortality
of caterpillars that fed on the artificial tannin-contain-
ing nutrient medium after infection with the virus is
apparently related to a decreased level of oxidation of
tannic acid as a result of the absence of phenol oxidases
in the nutrient medium. At the same time, the increase
in the content of oxidized thiols in the midgut is indic-
ative of oxidative processes (autooxidation of tannic
acid) in the midgut lumen (table). However, the inten-
sity of these processes cannot significantly influence
the process of infection of caterpillars. Furthermore,
tannic acid itself can interact with reactive molecules
formed in the course of its oxidation, functioning as an
antioxidant.

Thus, the results obtained in this study suggest that
tannic acid does not play the key role in the develop-
ment of resistance birch to L. dispar. We assume that
one of the mechanisms by which tannic acid affects
insect’s organism is the effect of the products of its oxi-
dation on midgut epithelium. Probably, evolution of
L. dispar and its forage plant was accompanied by the
adaptation of the insect antioxidant system for the
action of this secondary metabolite. The results of other
studies indicate that the content of tannins in birch
leaves increases upon defoliation and may have a detri-
mental effect on the viability of insects [7], whereas the
artificial increase in the content of tannins in our exper-
iments has no adverse effect on the viability of
L. dispar. Therefore, the response of the insect to
changes in the chemical composition of the plant
largely depends on the species of phytophage and,
probably, on its the antioxidant status of the insect.
However, additional studies are required to corroborate
this assumption.

Thus, the results of this study led us to conclude that
tannic acid can significantly affect the development of
viral pathogenesis of L. dispar grown on natural forage.
This fact should be taken into account in studies of rela-
tionships in three-component systems and in modeling
the dynamics of abundance of forest phytophages.
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