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The purpose. To study influence of trans-gene soya of line MON 89788 on an organism of laboratory
animals. Methods. Toxic-hygienic researches were spent on the basis of department of toxicology, safety and
quality of agricultural production of NSC «IEKVM» in view of main principles of bioethics. Experiment in vivo
has been put on males of white mice (90 days). Before the beginning of the experiment animals were divided
by the principle of analogues into 3 groups (20 animals in each group) and during 10 days maintained in the
leveling period. In the further mice of control group received basic diet (BD) — grain mix without soya. Mice of
the I-st group received BD, in which 30% of weight of grain was replaced with crushed and thermally processed
(120°C, 30 min) soya of average ripeness without genic modification; mice in the 1l-nd group — received BD, in
which 30% of weight of components was replaced with crushed and thermally processed (120°C, 30 min) soya
of line MON 89788. During experiment with mice they carried out clinical supervision (considered appetite,
consumption of water, reaction on external irritation, behaviour, etc.) . On the 21-st, 45-th and 90-th day from
the beginning of experiment they carried out mice euthanizing by decapitation with the use of chloroformic
narcosis (5 animals from each group). They also selected blood samples for carrying out the further
biochemical researches and paid attention to presence of pathological-and-anatomic changes. Results. Long-
term receipt (during 90 days), unlike short-term (during 21, 45 days), in an organism of laboratory animals of
soya of line MON 89788 led to negative results. Pathological-and-anatomic changes in liver and gastroenteric
path were revealed. By biochemical markers (increase of activity alaninaminotranspherase in all periods of
research, increase of concentration of gama-globulins, for 21 day of experiment moderate growth of beta-
globulins (P<0,05), authentic increase of content of general protein for 90-th day) was fixed heavier
infringement of functional state of liver at animals who received modified soya, rather than traditional one.
Conclusions. It is expedient to continue researches of transgenic soya with the use of other kinds of laboratory
and agricultural animals.
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The volumes of transgenic crops have been increasing from year to year, despite the public concern
caused by insufficient study of the impact of genetically modified organisms (GMOs) on the human and
animal health, and an environment. Furthermore, thanks to the development of genetic engineering
technology in the world, new lines of GMO appear annually [1-3]. For example, in 2007 began substituting
the biotech soybeans of a first-generation (line 40-3-2) on the soybeans of a second-generation (line MON
89788), leading to an immediated increase productivity for the first time [1, 4].

Soybean line MON 89788 was genetically modified with a functional cp4 epsps gene, which encodes for
the CP4 EPSPS protein. The FMV/Tsf1 promoter drives constitutive expression of the CP4 EPSPS protein.
EPSPS is an enzyme involved in the biosynthesis of aromatic amino acids. Glyphosate inhibits EPSPS,
which results in a lack of amino acids essential for growth and development of plants. The majority of
EPSPS enzymes are sensitive to glyphosate. The CP4 EPSPS protein, however, is not inhibited by



glyphosate. MON 89788 expresses the CP4 EPSPS protein and is therefore tolerant to glyphosate. The CP4
EPSPS protein content is about 0.04% of the total protein in soybean MON 89788 [5, 6].

These genetically modified soybeans of a second- generation have gained access to the food market in
the USA, Canada, Taiwan, the Philippines, Japan (2007), Australia, China, Mexico, the European Union
(2008), Korea (2009) and Russia [ 2, 5, 7].

The purpose of our work was to investigate the effects of MON 89788 transgenic soybean on the
organism of laboratory animals.

Materials and methods of the research. The toxic-hygienic research was carried out in the Department
of Toxicology, Safety and Quality of Agricultural Products of the NSC "IECVM" taking into account the basic
principles of a bioethics. The in vivo experiment, which was performed on white mice males, lasted 90 days.
Before the experiment, the animals were divided into three groups based on analogues (20 individuals per
each) and maintained for 10 days in an alignment period. Subsequently, the control group of mice received
the main diet (MD) - a grain mixture that did not contain soybeans. Mice of the first experimental group
received MD, in which 30% of the weight of the grains was replaced with crushed and heat-treated (120°C,
30 min.) [8] soybeans without genetic modification. The second experimental group received MD, in which
30% of the weight of the ingredients was replaced with crushed and heat-treated (120°C, 30 min.) soybeans
MON 89788. An access to the water was unlimited for all animals throughout the experiment.

During the experiment, clinical observations were performed: appetite, water intake, reaction to external
stimuli, behavior, etc. At the 21st, 45th and 90th days from the beginning of the experiment, an euthanasia of
mice was carried out through decapitation using a previous deep chloroform anesthesia (5 individuals from
each group) [9]. Blood samples were taken for further biochemical studies. Pathoanatomical changes were
noted.

The content of creatinine and urea; the content of total protein, albumin, B- and y-globulins concentration,
an activity of alanine aminotransferase (AIAT) and aspartate aminotransferase (AsAT) were determined in
samples of the blood plasma of mice [10]. The research was conducted using sets of reagents of the
Scientific-Research Enterprise "Filisit-Diagnostika" (Ukraine).

Statistical processing of the results was performed using the Student's criterion (p < 0.05) [11].

Results of the research. During the experiment, the general state of health of all experimental animals
was normal. The mice have eaten well and did not feel thirsty; the coat had a healthy look and shine; the
animals were active and did not show aggression or inhibition.

The autopsy showed any macroscopic changes were not in bodies of animals of both experimental
groups on the 21st and 45th day. On the 90th day in mice receiving genetically modified soybean,
pathological lesions were noted: the liver was flabby, with a clayey colour or much lighter than that of control
animals; spleen slightly enlarged, dark-"cherry" color; the small and large intestines are much blown, filled
with gas. There was catarrhal inflammation of the mucous membrane of the small intestine in three of five
animals in this group.

The biochemical studies results of blood plasma of the white mice are shown in the Table and in Figures
1-4. Available evidence suggests that the impact of both soybeans, as without GM and the line MON 89788,
has been mixed on organism of the white laboratory mice. Thus, on the 21st day of the experiment,
statistically significant reductions of creatinine and urea were observed in organism of animals of both
experimental groups relative to control: urea by 16.9% and 9.7%, and creatinine by 14.4% and 8.1%,
respectively in the first and the second experimental group. On the 45th days after the beginning of the
experiment, the indicated values were lower than controls for 38.3% urea and 24.2% creatinine in the blood
samples of the experimental animals in the first group. In the second group, the tendency to decrease these
indicators remained, but there were no statistically significant differences. On the 90th day of the experiment
in blood plasma of experimental animals in both groups, the level of urea and creatinine stabilized, and its
value approached those in control mice.

The level of activity of aspartate aminotransferase did not differ from the values of this indicator in the
control and was stable in blood plasma of experimental animals throughout the experiment. At the same



time, the level of activity of alanine aminotransferase in blood plasma of mice | and Il experimental groups on
the 21st day was higher than control by 35% and 29.5%, respectively. This trend continued: on the 45th day,
this indicator was statistically higher than control in 30.2% of animals in the first experimental group and
45.8% in animals of the second experimental group; on the 90th day, the difference was 35.4% and 47.9%,

respectively.

Table

Biochemical studies results of urea, creatinine content, AIAT and AsAT activity

in blood plasma of the white mice (M + m; n = 5)

Group of animals
Biochemical indicator Control The first group | The second group
On the 21st day of the experiment
Urea, mmoles/ | 6,99+0,14 5,81+0,29* 6,31£0,14*
Creatinine, umoles/ | 52,00+2,00 44,50£1,17* 47,80%0,40*
AIAT, pmoles/hrx | 0,88+0,07 1,19+0,05* 1,140%0,003*
AsAT, nmoles/hrx | 2,10+0,13 1,97+0,07 2,11+0,07
On the 45th day of the experiment
Urea, mmoles/ | 8,45+0,86 5,21+0,29* 7,00+0,52
Creatinine, pmoles/ | 62,00+4,12 47,00%2,32* 58,20+3,85
AIAT, pmoles/hrx | 0,96+0,45 1,25+0,03* 1,400%0,003*
AsAT, umoles/hrx | 2,00+0,08 2,0410,05 2,021+0,04
On the 90th day of the experiment
Urea, mmoles/ | 8,00+0,90 7,41+0,86 8,25+0,75
Creatinine, pmoles/ | 60,00+3,08 57,00+4,12 59,80+4,00
AIAT, pmoles/hrx | 0,96+0,45 1,30+0,02* 1,420%0,005*
AsAT, pmoles/hrx | 2,00£0,08 2,04+0,05 2,02+0,04

Note * - the difference between the values of the indicator in the blood of experimental animals relative
to the level of the corresponding indicator in the control animals is probably at p < 0.05

The content of the total protein (Fig. 1) in the blood plasma of the control group mice throughout the
experiment was stable and was on average (55.5 + 0.87) g/ I. On the 21st day, there was a tendency to
increase this indicator in animals in both experimental groups. On the 90th day, the total protein in blood
plasma of mice receiving soybean was statistically higher than control (p < 0.5) and was equal to (60.05 +
3.25)g/land (59.96 + 1.45) g/l in the first and the second experimental groups, respectively.
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Fig. 1 - Dynamics of the total
protein content in blood plasma of white mice

In this time, the concentration of albumin in blood plasma of control and experimental animals during the
experiment varied from (23,00 + 0,15) g / | to (26,00 + 1,56) g / | and had no statistically significant changes

(Fig. 2)
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Fig. 2 - Dynamics of the albumin concentration in blood plasma of white mice

The concentration of B-globulins (Fig. 3) on the 21st day of the experiment was (11.00 £ 0.06) g / | in the
control group. In animals of the 2nd experimental group receiving GM-soybean, this indicator was statistically
lower (9.39 + 1.08) g/ | (p < 0.5). On the 45th day, the concentration of 3-globulins in blood plasma of control
mice and Il experimental group equaled - (10.70 = 1.05) g/l and (9.58 + 0.92) g / |, respectively did not have
statistically significant differences.

However, in control animals and experimental groups receiving soybean without GM, this indicator was
statistically lower than control and equaled (8.41 £ 0.78) g / | (p < 0.5). On the 90th day, the concentration of
B-globulins in blood plasma of control mice, the 1st, and the 2nd experimental groups did not differ
statistically and amounted to (9.30 £ 0.95) g /1, (9.71 £ 1.82) g /1, and ( 10.08 £ 1.04) g/ |, respectively.
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The concentration of y-globulins (Fig. 4) in the blood plasma of control mice was stable throughout the
experiment and was equal to (8.93 + 0.33) g / I. In animals of both experimental groups, a statistically
significant (p < 0.5) increase of this indicator was observed. Thus, in animals of the 1st experimental group
on the 21st day it was (10,11 £ 0,08) g / I, on the 45th day - (12,04 + 0,38) g / l,on the 90th day - (12,34 %
0.44) g / I; in animals of the 2nd experimental group - (11,19 £ 0,08); (13.00 £ 1.52); (12.20 £ 1.02) g / |,
respectively.
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Fig. 4 - Dynamics of the y-globulins concentration in blood plasma of white mice

Thus, an increase in the activity of the alanine transaminase, a statistically significant increase of the level
of y-globulins in animals of both experimental groups throughout the experiment, a moderate increase in 3-
globulin concentration (on the 21st day in the 2nd experimental group and on the 45th day in the 1st
experimental group) and a statistically significant increase of the total protein content on the 90th day
indicate a violation of the functional state of the liver of mice of both experimental groups. The above may be
related to the effect of high levels of protein and fat in the diet of animals in experimental groups compared to
the control. At the same time, the dynamics of the increase of AIAT activity, the content of creatinine and
urea in plasma of blood of experimental animals and the presence of lesions of liver and bowel on the 90th
day in the mice of the 2nd experimental group indicate that a long-term feeding of soybean of line MON
89788 leads to more serious effects in the organism of animals than when feeding soya without GM. Such



an impact, in our opinion, may be related to the presence of MON 89788 soya beans in the unidentified
biologically active compounds formed as a result of the pleiotropic effect of the inbuilt genes and on the
possible cumulation of the herbicide gyphosate (roundup) and / or its metabolites [12-14].

Conclusion

A long-term (about for 3 months and more), unlike a short-term (about 21-45 days), feeding to white mice
MON 89788 soybean leads to the lesions: the liver is a light color, flabby consistency; swelling and
inflammation of the intestinal mucosa is. According to biochemical markers (a probable increase in the
activity of alanine aminotransferase throughout the experiment, an increase in the concentration of y-
globulins, a moderate growth of B-globulins on the 21st day, an increase in the total protein content on the
90th day) it was revealed a violation of the functional state of the liver in the experimental animals.

We consider it expedient to continue the study of transgenic soybean of the second generation
MONB89788 with the involvement of other types of laboratory animals and poultry for a more profound
analysis of its effects on the organism of animals and human.
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