233
The Effect of 20-Hydroxyecdysone on Hemocytes of Galleria Mellonella (Lepidopteray...

G.U. Fen Bilinleri Dergisi, ISSN 13039709 G.U. Journal of Science
16(2):233-238, 2003 16(2):233-238, 2003

THE EFFECTS OF 20-HYDROXYECDYSONE ON HEMOCYTES OF
GALLERIA MELLONELLA (LEPIDOPTERA) IN VITRO CONDITIONS

Savas IZZETOGLU, Sabire KARACALI*

Ege Universitesi, Fen Fakiiltesi, Biyoloji Boliimii, Molekiiler Biyoloji Anabilim Dal,
35100, Bornova-Izmir, TURKIYE, karacali@sci.ege.edu.tr

ABSTRACT

The effects of different concentrations of 20-hydroxyecdysone (20-E) on
hemocytes of Galleria mellonella were investigated in vitro. Hemocyte culture
was performed in Grace's insect medium with fetal calf serum. The hormone was
added to the cultures at two different concentrations. During a period of three
days, the cells (plasmatocytes, granulocytes and total cell number) were counted
under an inverted microscope. Obtained numbers were evaluated with one way
variance analysis (ANOVA). Hormone treatment led to a dose-dependent decrease
in total cell and granulocyte number. The number of plasmatocytes, which are
the predominant cells for phagocytose activity in immune response, was
enhanced by hormone treatment.
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20-HIDROKSIEKTIZONUN IN VITRO KOSULLARDA GALLERIA
MELLONELLA'NIN (LEPIDOPTERA) HEMOSITLERINE ETKILERI

OZET

20-hidroksiektizonun (20-E) Galleria mellonella'nin hemositlerine etkileri in vitro
da arastirildi. Hemosit kiiltiirii fetal calf serumlu Grace'in bécek kiiltiir ortaminda
gergeklestirildi. Hormon Kiiltiirlere iki farkli konsantrasyonda verildi. Ug giin
boyunca, hiicreler (plazmatositler, granulositler ve toplam hiicre sayis1) inverted
mikroskop altinda sayildi. Elde edilen sayilar tek yonlii varyans analizi ile (ANOVA)
degerlendirildi. Hormon uygulamasi toplam hiicre ve granulosit sayisinda doza
bagli bir azalmaya neden olmustur. immiin yanitta fagositoz aktivitesi bakimindan
en etkili hiicre olan plazmatositlerin sayis1 hormon uygulamasi ile artmistir.

Anahtar Kelimeler:  20-hidroksiektizon, hemosit, in vitro, Galleria
mellonella, bicek.

1.INTRODUCTION

Insects have an active immune system in order to survive in habitats that are highly infected
with microorganisms. Research on insect immunity has got enormous interest due to the fact that
insects are the most important for humans as vectors of many diseases. Knowledge of insect
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defense system can provide new strategies for the biological control of the insect pests or
vectors (1).

Insect immune systems consist of molecules, cells and mechanisms. The immune defense against
the potential pathogens is composed of humoral and cellular mechanisms (1-4). The humoral im-
mune response is characterized by rapid and transient synthesis of immune proteins. The humoral
factors react with foreign surfaces to damage or mark them for cellular attack (1,3). The cellular
immune response reacts against pathogens, parasites or eggs by phagocytosis (invading organisms
by single hemocytes), multicellular encapsulation and nodule formation (1,3,4,5,6,7). The cellular
defense system is based on hemocytes circulating in hemocoel. The system is able to distinguish
between self and non-self. (1,7,8). Granulocytes and plasmatocytes are important in recognition of
pathogens and parasites. They are the effector cells to the responses of these defense reactions.
Plasmatocytes are the predominant cells for phagocytose behavior. Granulocytes possess a small
phogocytic activity (3.8.9).

Insect tissue culture has a long history beginning in 1915 (10). Although this began early, culture
was carried out by a few scientists. In contrary to mammalian cells, insect cells usually do not grow
in a continuous culture. For this purpose, various media have been developed. They are suitable for
short-term maintenance of hemocytes. Production of hemocyte lines for continuous in vitro has
not been successful because mitosis occurs rarely (3,10). Addition of insect body fluids or tissue
extracts and own hormones to the media have been helpful for establishing the insect cell lines.
Especially, insect molting hormone ecdysone and 20-hydroxyecdysone (20-E) were the most influ-
ence to the mitotic rate. Ecdysone releasing from prothoracic glands controls the molting processes
during post embryonic developments. 20-E is used as a growth-promoting factor in cell culture and
causes to more alterations on cell lines such as; proliferation, morphogenesis, biochemical changes,
and increases in phagocytosis and lysis (11-16).

In this work, the effects of 20-E on hemocytes which play an important role in immune response
were investigated in vitro conditions. The other aim of the study was to determine hemocyte
culture conditions required for future studies on insect immunity.

2. MATERIAL and METHOD

The great wax mouth, Galleria mellonella (Lepidoptera; Pyrallidae) was used in this study.
Larvae were reared on an artificial diet (18-20) at 30+2 °C in darkness, natural relative humidity
within large size petri dishes. Hemocytes (insect blood cells) obtained from last instar larvae were
used for the experiments.

Cell culture medium was composed of Grace's insect medium supplemented with fetal calf
serum (Sigma, f-3018) and antibiotic-gentamycin (GIBCO). 2 ml cell culture medium and 1 ml
medium with hemolymph were put to each flask. 20-hydroxyecdysone (20-E) (Rohto-Pharmaceu-
tical) was added to the selected cultures at concentrations of 10 LL (16.7 Lg/mL active matter)
and 30LL (50 pg/mL active matter). The cells were maintained at 26 °C and natural relative
humidity in 25 cm? tissue culture flasks.

The experiments were repeated twice. Hemocytes were counted at randomly determined re-
gions that were the same all flasks under the inverted microscope in the course of three days. Cells
in question were first counted approximately after 30 min-incubated.

The experimental data was evaluated with statistical programs, so-called STATGRAF and
STATISTICA 5.0 on a computer and also analyzed for the statistical significance. Obtained num-
bers for the 3-days were tested by one way analysis of variance (ANOVA). The Student's t-test
was applied to among the combined data obtained from the repeated groups (combined criteria
p <0.05) (Table 1).
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Table 1: Results of student's t-test (P: Statistically significant P<0.05, t0.05(9): 2.262)

Experiments Plasmudocyte Granulocyte Total Hemocyte

Control P 0497 0299 0905 0296 0450 0.542 0446 0.168 0.600

I-I teal 0693 1068 0121 1.077 0772 0622 0778 1.436 0.534

10pL 20E P 0282 0175 0154 0234 0799 0.747 0419 0409 0351

I-I teal 1109 1411 1489 1233 0258 0327 0826 0.845 0956

30uL 20E P 0.101 0115 0.08 0558 0780 0.700 0.131 0222 0361

I-I teal 1730 1655 1857 0597 0284 0391 1580 1.265 0.936

Days L 2. 3. 1L 2. 3. 1 2. 3.
3. RESULTS

Hemocytes obtained from the last instar larvae of G.mellonella were used in all experiments.
Effects of 20-hyroxyecdysone (20-E) were studied in vitro conditions. In order to obtain the num-
ber of plasmatocytes, granulocytes (Fig. 1a,b) and total cell, all cell types were counted respec-
tively.

e

Figure 1. Hemocytes in culture. P: plasmatocyte, G: granulocyte. (a: x161.7, b: x173.2)

According to our counting, total cell number of control group was increased within the second
days. The increase was continued in the third days. Treatment of low dose 20-E led to a statistically
important increase in total cell number in the second days. In the third days, the increase was
continued but the value was not statistically meaningful. After treatment of higher dose of 20-E,
obtained results in total cell number were similar to the ones found in low dose treatment for the
second and third days. Interestingly, according to comparison of results in third days, hormone
treatments resulted in reduction of cell numbers at concentrations 10 LL and 30 L L as compared
with control groups (Fig. 2A).

When cell types were compared separately, different effects of 20-E were observed on granu-
locytes and plasmatocytes. In the control cultures, a much stronger enhancement was found in the
number of granulocytes. In the second and third days cell number was significantly increased.
After day, there were no significant increases. In both hormone treatments, the number of granu-
locyte was increased statistically in the second days but no significant change was found in the
following days. Although these increases appear important in second days, the values were smaller
than that of their control values. As a result of hormone applications, 20-E caused cell numbers to
reduce. The negative effect was more conspicuous when hormone concentration was enhanced
(Fig. 2B).

According to our counting, proliferation rate of plasmatocytes was lower than granulocytes
(Fig. 2B,C). Applications of 10 L L and 30 iLL 20-E increased dramatically
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Figure 2.Comparison of the effects of 20-hydroxyecdysone (20-E) on hemocytes number at low and high
concentrations (A total hemocyte, B granulocyte and C plasmatocyte)
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plasmatocyte number in the second days when compared to the control group. Interestingly, at low
dose of 20-E treatment was more effected on these cells. In comparison of results during three
days, hormone treatments promoted plasmatocyte number especially at the concentration of low
dose 20-E (Fig.2C).

As a result, hormon treatments reduced the rate of total cell number. Essentially, similar results
were obtained on granulocyte number in presence of the same hormone concentrations. These
findings showed that hormone treatment cause the dose-dependent to decrease in total cell and
granulocyte number. In contrast, hormone application enhanced the number of plasmatocytes. This
effect was inhibited in low dose of 20-E. However, plasmatocyte number was not able to prevent
reducing total cell number.

4.DISCUSSION

Most of the tissue culture studies of insect hormones have focused on ecdysteroids (20). Vari-
ous forms of ecdysone, especially 20-hydroxyecdysone (20-E) have been added to insect cell
cultures as a growth-promoting activity (14). First report of the effects of ecdysone on cultured
lepidopteran imaginal disc cells in vitro was carried out by Oberlander and Fulco (1967). Recently,
studies in the field of insect immunology and endocrinology were led to development of cell culture
methods for the research of hormonal action and immune system (20).

Different amounts of the hormone were applied to various insect cultures. According to the
treatments for studying the effects of 20-E, generally there were significantly different results
obtained on proliferation among the ecdysone doses. For example, midgut stem cells of Manduca
sexta and wing disc cells of Bombyx mori were stimulated and entered mitosis by the presence of
20-E in vitro concentrations of 0.001 Lg/mL and 0.01 L g/mL respectively (21.22). In contrast,
when the concentration was increased, a reduction of cell division depending on the concentration
of 20-E was obtained in some insects. Wing disc cells of B. mori were suppressed at 10-fold higher
concentration than 0,01 1 g/mL (22). Furthermore, IPLB-Tcon 1 cells of Tichogramma confusum
had slower growth rates when ecdysone concentration increased from 0,01 1Lg/mL to 10 Lg/mL
(12). Similar result was obtained from hemocytes of Galleria mellonella using two different con-
centration of 20-E. As reported in this study, hormone treatments had reduced of the cell number
particularly in total cells and granulocytes as shown in Figure 2. The result was strongly confirmed
by the effects of high dose 20-E in vitro.

Another effect of 20-E in cell culture conditions is to enhance phagocytose activity. Plasmatocytes
and granulocytes are the most efficient of hemocytes in cellular defense mechanisms of insects
(1,3,7,9,23,24). In accordance with studies related to the subject, ecdysone treatments in vitro
increased phagocytic capacity of [(2)mbn cells and mutant blood cells of Drosophila melanogaster
(16, 25). Plasmatocytes are the predominant cells for phagocytose behavior (3,9) and their number
of G. mellonella was enhanced by hormone treatment in the present study.
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