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1. BnuB ridocaT-pe3ncTeHTHOI reHeTHYHO MoAN(IKOBaHOI COi Ha TOKa3HUKU 61JIKOBOTO OOMiHY Ta

AHTUOKCUJAHTHY CUCTEMY ILIyPiB.

2. The effects of glyphosate-resistant genetically modified soybean on protein metabolism and on rats’ antioxidant
system.

Pedepar:

1. Inceprauiiiny po60Ty IIPUCBSIYEHO AOCIiIKEHHIO JOBIOTPUBAJIOrO BIUIUBY IJiOCAT-PE3UCTEHTHOI FeHETUYHO
Moau@dikoBaHoi coi, He06po6eHOI i 06pobIeHOi repbinuaom Roundup, Ta BIIJIMBY caMoro repoinuny Ha
MIPOAYKTUBHICTb CAMOK IIypiB, NOCTHATaJbHUI PO3BUTOK LIYPiB i iX MACOMETPUYHI XapaKTEPUCTUKY, HA TTOKa3HUKU
IIPOTEIHOBOrO I A30TUCTOro0 OOMiHY y TKAHMHAX Ta Cedi IypiB TPbOX MIOKOJIiHb. BUBU€HO BMiCT KapOOHINIBHUX
MOXiJHUX y TKAaHVMHAX NOCJIII)KYBaHMX TBAPUH iCTaH IX aHTMOKCUAHTHOI CUCTEMHU, SIK OLUH i3 KpUTEPIiB OLIHKK
0€3MeYHOCTi FeHETUYHO MOAM(PIKOBAHUX OpraHi3miB. CTAaTUCTMYHUN aHaJi3 OTPUMAHUX Pe3yJbTaTiB CBIUATD IIPO
OKMCHIOBaJIbHY MOJM(]iKallilo NPOTeiHiB i nopyieHHs piBHOBaru y GyHKLiOHyBaHHI IPOOKCUIAHTHO-

AHTHOKCHUJIAHTHOI CUCTEMU y TKAaHNHAX L1yPiB, IKUM3roJoByBaju repo6inuy Roundup i3 mUTHOI BOIOKO Ta



06po6eHy reHeTHYHO MoAM(iKOBaHy COIo, o 6inbuie BupakeHo B Fli F2 nokomniHHAX. AHani3 610XiMIiYHUX [aHUX,
OJlep>KaHUX I1if, YyaCc BUKOHAHHS IMCePTaLiiiHOi po60TH, CBIIYMTS PO MiflBUIIEHHS aKTUBHOCTI amiHOoTpaHcdepas y
KpoBi (0oco6snBo AnAT) Ta piBHS MOJIEKYJI CEpeIHbOI MacH (SIK TOKa3HMKA iHTOKCHUKallil OpraHiamy) y LIUX JBOX

rpymnax.

2. One of the transgenic crops widely used both in agriculture and in the food industry is genetically modified
soybean (GTS 40-3-2) with the new Roundup Ready trait. This transgenic soybean is resistant to Roundup
herbicide due to the introduced gene of the Agrobacterium tumefaciens bacterium. The GM-soybean synthesizes
bacterial 5-enolpyruvylshikimat-3-phosphate synthase (EPSPS) replacing the herbicide-inhibited enzyme in the
plant, hence, after Roundup herbicide application in the field, the transgenic soybean continues to grow, whereas
weeds die. The widespread use of Roundup Ready transgenic soybean and Roundup herbicide gives rise to concern
about their safety for the environment, as well as animal and human health. The thesis is devoted to the study of
the long-term effects of glyphosate-resistant genetically modified soybean untreated and treated with Roundup
herbicide and of the herbicide itself on female rat reproduction for two generations, on rat postnatal development
and massometric parameters, on protein metabolism indicators (alanine aminotransferase, aspartate
aminotransferase, gamma-glutamyltransferase, creatinine, urea, uric acid and total protein) in tissues, urine and
blood of three rat generations. The content of carbonyl derivatives in tissues of three rat generations and the state
of their antioxidant protection system (concentrations of superoxide dismutase, catalase, glutathione and
glutathione-dependent enzymes) were studied as one of the criteria for safety assessment of genetically modified
organisms. The thesis has confirmed the negative effects of Roundup herbicide and transgenic soybean GTS 40-3-
2 treated with herbicide on both structure and function of rat kidneys and livers, namely, causing reversible
cellular swelling in kidney and liver cells, which is the most pronounced in the third rat generation. It has also been
shown that soybean seeds are able to accumulate the herbicide, which can be partially neutralized by heat
treatment. Long-term use of both the GM soybean treated with the herbicide and the herbicide itself has been
found to lead to an increase in mortality of the next two rat generations, especially for rats aged up to two months.
In addition, the changes in their massometric parameters (an enlargement of liver mass among the experimental
groups), especially in the F1 and the F2 generations of rats were established. Analysis of biochemical data of rat
blood and liver obtained during carrying out the thesis work confirms the hepatocytes structure disruption,
namely, some damage to their cell membranes, as evidenced by an increase in aminotransferase level in the blood
(especially alanine aminotransferase). An increase in the De Ritis Ratio (alanine aminotransferase /aspartate
aminotransferase ratio) indicates the liver origin of this enzyme. Some changes in other biochemical parameters, in
particular, a rise in the level of average mass molecules in blood (indicator of intoxication) prove the toxicity of this
herbicide. The studies of the carbonyl derivatives level, SH-groups content and the proteolytic enzymes activity
have showed an increase in the protein oxidative modification, subsequently, the proteins become sensible to
proteolysis. The obtained results testify to the rise in the number of reactive oxygen species, contributing to the
initiation of free radical processes in the liver and kidney cells of the rats received the herbicide with drinking
water and the rats fed with soybean seeds, containing the herbicide residues. The depletion of antioxidant
protection system and the oxidant-antioxidant system imbalance have been also observed. The glutathione
peroxidase and glutathione transferase activities also decreased in blood, liver, and kidneys of the rats received the
Roundup herbicide with drinking water and of the rats fed with transgenic soybean treated with herbicide. The
decrease was more pronounced for the F1 and F2 generations of rats. For the rats fed with untreated transgenic
soybean the antioxidant protection enzymes activity remains almost unchanged compared to the control group.
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