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Effects of genistein on insect haemocytes
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Summary

We evaluate the possibility of using insects as a haematological biomodel and we test phytoestrogen
isoflavanoid, genistein, in Schistocerca gregaria, Periplaneta americana and Dysdercus cingulatus.
Various reactions of haemocytes were found in these three species, both stimulation and inhibition
of haemocyte concentration. The observed data reflected well the possible effects of soy products
described in published studies on human subjects and it seems that future studies on the sensitivity
of insect haemocytes could lead to an aternative haematological biomode.
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INTRODUCTION

There are two reasons for safe compound tests on
invertebrates. (i) evaluation of xenobiotics, which
could kill these animals in nature (pesticides etc.)
and (ii) the use of invertebrates as biomodels before
a natural or synthesized chemical is pre-clinicaly
tested on mammals or human volunteers. Although
mammals, mainly rats, mice, dogs, rabbits and
monkeys seem to be necessary for pre-clinical tests,
economical, ethical, juridical and political aspects
represent limiting factors for their use (Berger
2000).

The further argument for the use of invertebrate
models should be that genistein, the subject of our
test, binds to the estrogen receptor (the data on
insect steroid receptors are not available) and
inhibits protein kinases and topoisomerase and other
enzymes. Hence there are numerous targets (severa
are mentioned below; Rickard et al. 2003, Lee et al.
2003 etc.). Insects could help to unravel the
relevance of the targets for biological functions and
give some information that can be further tested in
vertebrates.

The crucia signalling pathways in development
and some cellular and endocrine control processes
have been remarkably conserved in the Animal

Kingdom. As a result, invertebrate model systems,
in particular Drosophila and C. elegans, have been
used extensively to unravel the molecular control of
vertebrate differentiation processes. Furthermore,
these and other invertebrates have proven to be
extremely useful in the identification of molecular
targets for pharmaceuticals of interest.

Mammalian models are both morphologically
and physiologically similar to the human body.
Questions concerning the precision of predictions
for humans from studies on invertebrates can arise
and are difficult to answer. Considerable experience
with safety tests on bacteria, such as the Ames test
of mutagenicity (cf. Mortelmans and Zeiger 2000),
shows that predictability can be high if such atest
is not general but concentrated on the defined aim.
We hope that so-called alternative models on insects
could incorporate some economical advantage if we
gain greater experience in order to learn something
of the limitations on their use in the future

Genistein is a mgjor soy isoflavone that acts as
an estrogen agonist (cf. Rickard et al. 2003). It
binds to the oestrogen receptor, with greatest affinity
to receptor b. It was suggested that this compound
has an important role in the development,
maturation and function of a wide variety of
reproductive and non-reproductive tissues (Belcher
and Zsarnovsky 2001, Albertazzi 2002). Genistein
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influences different cells in a different manner
through tyrosine phosphorylation or the control
NADPH oxidase-associated reactive oxygen species
production mediated by tyrosine kinase inhibition
(Charalambidis et al. 1995, Lee et a. 2003), and
membrane protection (Zavodnik et a. 2000,
Bobrowska-Hagerstand et al. 2001); it inhibits
superoxide production (Hwang et a. 2003), induces
programmed cell death (Po et a. 2002), thymic and
immune changes (Yellayi et a. 2002), and
spermatogenesis (Scholz and Gutzeit 2001, Song
and Gutzeit 2003b).

Genistein is protective against several chronic
and degenerative diseases such as cancer,
cardiovascular diseases, stroke, cataracts, brain and
immune dysfunctional states (cf. Horvathova et al.
2001). This isoflavone produces effects in multiple
oestrogen-sensitive tissues, e.g. abnormal cellular
maturation in the vagina - included vacuolation and
mucinification of the vagina epithelium, a deficit of
sperm etc. (Delclos et a. 2001, Okazaki et al.
2002). Genistein stimulates protein synthesis in
osteoblasts and prevents bone loss caused by
oestrogen deficiency (Albertazzi 2002).

Genistein is a selective oestrogen receptor
modulator in normal and malignant uterine tissue
(Diel et a. 2001). It inhibits a subset of 1L-3/GM-
CSF-mediated signals resulted in the abrogation of
DNA synthesis (Kinoshita et al. 1995). Soy, and

more specificaly genistein, is a dietary component
that may help to explain the dramatic disparity in
breast cancer risk between Asians and Caucasians
(Bouker and Hilakivi-Clarke 2000). Epidemiologica
data supports the prostatic cancer protective effects
of genistein (cf. Castle and Thrasher 2002). It has
been reported that genistein can decrease prostate-
specific antigen (Ghafar et a. 2002). It reduces the
mean number of cancer foci per colon (Steele et al.
1995). It is conceivable that anti-cancer effects are
mediated by its property of being the protein kinase
inhibitor to the membrane-associated anti-apoptotic
CD19-UYN complexes.

It was shown that genistein has very low
toxicological risk: since it can only cause aterations
in serum lipids, bone metabolism, and possibly
casmition in higher doses (cf. Fitzpatrick 2003).
lodine deficiency greatly increases its antithyroid
effects, whereas iodine supplementation is protective
(Doerge and Sheehen 2002). Genistein has
mutagenic effects on mouse lymphoma and
erythropoietic cells (Misra et a. 2002) but this
characteristic can be the other side of the shield, i.e.
the above-mentioned anti-neoplastic effects.

As genistein effects were tested on severa
systems except haematol ogical characteristics, which
are essential among safety tests (Berger 1987), we
assessed its effects on haemocyte morphology.
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Fig. 1. Single genistein administration to Periplaneta americang; * statistically significant versus ethanol administration
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Fig. 2. Sub-chronic administration of genistein to Periplaneta americana, symbols asin Fig. 1

MATERIAL AND METHODS

We used adult Schistocerca gregaria, Dysdercus
cingulatus (both from the Institute of Entomology in
Ceské Budgjovice) and Periplaneta americana (from
the ZOO in Prague), which were under constant
temperature of 30 °C (D. cingulatus under 25 °C),
light/dark regime 12h/12h (D. cingulatus under
regime 16h/8h). Usua diets and water were
available ad libitum. We examined at least six
animals at each time point.

Haemolymph was taken after cutting of 1 mm of
antennae (D. cingulatus, P.americana) or leg
(S. gregaria, D. cingulatus) or after inserting the
iliac membrane (S. gregaria). The total haemocyte
count was estimated using the Birker chamber and
Tark solution. Blood smears were stained
panoptically with overnight incubation in ethanol
and then in May-Grunwald solution for 6 min and
Giemsa-Romanowski one (1:3, solution:weater) for
45 min and haemocytes were differentiated from at
least 100 cells/animal.
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100 mmol/l of genistein in ethanol was
administered s.c. in the dose 5 ml/anima
(S. gregaria, behind pronotum), 2.5 ml/animal

(P. americana, under blade on the abdomen) or
2 ml/animal (D. cingulatus, under blade on the
abdomen); these volumes were in the ratio to the

3

animal size. Genistein was administered as a single
dose or sub-chronically for seven consecutive days,
that is one genistein application each day.

Results are expressed as meants.em. The two
sided Mann-Whitney U test at the significance level
2a=0.05 was used.
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Fig. 4. The influence of sub-chronic genistein on haemocytes of Schigocerca gregaria; symbols asin Fig. 3

RESULTS AND DISCUSSION

The total haemocyte number following a single
genistein application to P. americana is documented
in Fig. 1. illustrating that ethanol s.c. and handling
did not significantly influence this characteristic, but
the genistein induced an increase of haemocyte
concentration. The increase of haemocyte numbers
persisted for 24 hrs after treatment of the animals,
but the fall is significant versus the value observed
at 24 h. No changes in the differential count were
observed.

Similar findings were found in P. americana after
sub-chronic treatment: an estimation of the total
haemocyte count only 30 mins after genistein
application was not elevated significantly while this
number was significantly decreased 3 days after the
last compound application (Fig. 2). The relative
number of prohaemocytes dightly increased in
contrast to the equivalent very slight decrease in the
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proportion of plasmatocytes and granulocytes.
Similar oscillations were observed in haematology
studies carried on mammals (Berger 1980) where
stimulation of blood cell increase resulted in a
consequent decrease caused by the previous
depletion of the possibility of cell multiplication.
Thus, we suggest that genistein can stimulate the
haemocyte number in P. americana.

In contrast, the total haemocyte count in
S. gregaria was significantly suppressed after both
single or sub-chronic genistein administration (Fig. 3
and 4). Only minor changes were observed in the
proportion of individua types of haemocytes, and
absolute counts of haemocyte type, therefore, mimic
the total haemocyte count (Fig. 3 and 4). A single
dose of the tested compound induced a slightly
significant increase in the total haemocyte count 72
hrs after treatment in D. cingulatus (Fig. 5). No
significant changes of this characteristic were
observed in sub-chronically treated animals (Fig. 6),
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while the proportion of prohaemocytes increased
significantly following both single or sub-chronic
treatment.

Thus, we have documented three different
reactions in three different insect species following
genistein administration. As haemocytes play an
important role in insects, analogous to mammalian
blood cells, it is likely that we have described an
alternation in the immune system. Our preliminary
data (unpublished results) indicate a decrease of

nucleolar coefficient not only in suppressed
haemocytes of S. gregaria but also in haemocytes of
P. americana after sub-chronical genistein
administration. Such results were observed even in
the time points when we have found increased
numbers of these cells. Therefore, we can favour the
data of O’ Connor et al. (2002) and Yellayi's group
(2003) which found that genistein induced
suppression of immunity.
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Fig. 5. Effects of a single dose of genistein on total haemocyte countsin Dysdercus cingulatus * significant versus intact

controls

Findings of other authors (reviewed by Yellayi et
al. 2003) indicate a higher risk of allergy, reduced
titers of antibodies, and morbid upper respiratory
infections in human subjects fed soy-formula.
Genistein can, therefore, suppress immunity and
high soy intake may bring a risk of health injury.

Are our results and the above mentioned
published results in contradiction to the observed
benefit of soy diet for prevention of prostate cancer
(Ghafar et a. 2002), cardiovascular and many other
(Horvathova et a. 2001) diseases? Our finding of
the genistein-induced stimulation of the total
haemocyte count in P. americana seems to be in
keeping with observations of Seike et a. (2003)
who document that genistein has the potentia to
promote rat lung carcinogenesis possibly via the
stimulation of cell proliferation and DNA changes
caused by oxygen radicals, but we should first
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characterise the insect system in more detail before
talking about predictability in this area: we suppose
that genistein could rather mimic an ecdysteroid-like
effect. With respect to proliferation, the stimulation
could be analysed further by BrdU incorporation
using flow cytometry as it was carried out with
primary testis cultures (Song and Gutzeit 2003a, b).
Genistein  cancerogenity in  common dietary
concentration is, moreover, very improbable with
respect to its anti-mutagenicity (Park et al. 2003),
epidemiologically documented benefit (Horvathova
et al. 2001, Castle and Thrasher 2002) and many
other published data. Another hypothesis for the
observed increase in haemocyte number could be
that genistein is a trigger for lowered cell
aggregation (cf. Gottstein et al. 2003) which makes
available a higher concentration of haemocytes
which are normally deposited in tissues.
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The findings presented of different reactions in
three selected insect species are in agreement with
previous data on mammals, including humans, but

the molecular mechanisms of genistein-induced
changes are too poorly understood to exactly
interpret the observed data.
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Fig. 6. Effects of a sub-chronic genistein administration on total haemocyte counts in Dysder cus cingulatus
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