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Studied of macro- and microstructure of kidney, liver and spleen of female and male
rats did not show significant deviations from such structures of the control group. It has
been found that structure of spleen follicles of female and male control groups of rat is
better expressed comparing to those whose diet included soybean. The animals whose
diet included both conventional and transgenic soybean were found to have a slight
increase of Bowman’s capsule in kidney tissues enabled by glomerulus reduction that
is apparently due to the effect of both soybean varieties of biologically active compo-
nents on water-salt metabolism in animals. Considering that the internal structure was
preserved and conformed with the norms for animals of given species and age in both
control and experimental female and male rat groups, a conclusion on the absence of
significant negative or positive effect of GM soybean components on the histological
structure of liver, spleen and kidneys can be proposed.

Keywords: genetically modified soybean, histology of internals, liver, spleen,
kidney.

INTRODUCTION

During recent years there is a widespread use of transgenic plants characterized by
high resistance to herbicides, pathogenic agents or insect pests, although the question
of the safety of their influence on human or animal body unclear remains opened [1, 2].
A significant part of transgenic soybean contains insertions of gene responsible for the
expression of glyphosate-tolerant enzyme, 5-enolpyruvylshikimat-3-phosphate synthase
(EPSPS), which in its turn was CP4 strain isolated from Agrobacterium tumifaciens bac-
teria and, with the use of biolistic method, inserted in the genome of A5403 soybean
line [3]. This modification makes plants resistant to glyphosate, an active ingredient
of the most common Roundup herbicide. A number of studies have been focused on
agronomic characteristics, chemical composition and nutritional value of GM soybean
research, as soybean and its derivative products are the best source of protein in the
diet of many farm animals [4—6]. Literature contains the results of GM soybean feeding
studies conducted on various animal species, including rats, pigs, poultry, cattle and fish
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[7-10]. However, a number of publications on long-term research conducted on a few
generations of animals is limited. A transmissibility of transgenic DNA from GM crops
to animal organisms, as well as direct effect of toxic and allergenic transgenic proteins,
pleiotropic effect on plant metabolism, possible accumulation of herbicides and me-
tabolites in resistant varieties and types of agricultural plants points out a necessity of
long-term experiments. Other studies have shown that the DNA fragments obtained
from plant chloroplast genes are integrated into the immune cells of rodents [11], and
are also found in skeletal muscles, blood, liver, spleen and kidneys [12]. It is also found
that kidney and liver are the most vulnerable to the effect of transgenic food, modified
in resistance to herbicides. In particular, it was found that some varieties of GM maize
(NK 603, MON 810, MON 863) are characterized by hepatorenal toxicity, associated
with possible accumulation of herbicides [13—15]. This points out a necessity for further
studying of internals histological structure during a long-term feeding of glyphosate-
tolerant GM plants varieties. Thus, an objective of our work was to study the effect of
conventional and GM soybean feeding on growth and microstructure of the internal
organs (liver, spleen and kidney) of the first generation of female and male rats.

MATERIALS AND METHODS

Genetically modified soybean line GTS 40-3-2 (“Monsanto Canada Inc.”) was used.
Line GTS 40-3-2 soybean resistant to herbicides containing glyphosate was used. A de-
velopment of GTS 40-3-2 was based on recombinant DNA technology, through introduc-
tion of a glyphosate tolerant form of the enzyme 5-enolpyruvylshikimate-3-phosphate
synthase (EPSPS) gene isolated from Agrobacterium tumefaciens strain CP4, into the
commercial soybean variety “A5403” [3]. Also, we used a traditional domestically soy-
bean variety Chernivecka 9 which was not genetically modified. According to literature
data soybean variety Chernivecka 9 of chemical, fatty acid and aminoacid composition
compositionally were equivalent to genetically modified glyphosate-resistant varieties
soybean line GTS 40-3-2 [16].

The research was conducted in vivarium of the Institute of Animal Biology of UAAS
on 6 groups of rats, 6 rats of similar age (3 months), body weight (120-140 g) and hous-
ing conditions in each group. Rats of | (female) and IV (male) control groups were fed
by standard balanced diet along with feeding granulated all-mash throughout the study
period. The experimental group of animals were fed with diet according to the con-
trol group scheme with the replacement of 30% of all-mash nutrition with conventional
soybean (Il female and V male rat groups) and transgenic soybean (lll female and VI
male rat groups), respectively. Before feeding, the soybeans were subjected to heat
treatment for 2 hours at 140°C to destroy the antinutrients. The diet of lach group met
standard requirements and established norms. Sixty days following the start of soybean
feeding, the decapitation of animals was carried for physiological and histological stud-
ies. The euthanasia was carried out with the use of light ether anesthesia, with out vio-
lations of humane treatment of laboratory animals’ norms, with regard to the accepted
bioethical norms and compliance with the international regulations regarding vertebrate
animal experiments [17].

The samples of 0.3—0.5 cm in size from the left hepatic lobe (lobus hepatis sin.), the
cranial part of the spleen (splen margo cran.) and the bulging lateral border of kidney
(ren margo lat.) on the boundary between the cortex and medulla were taken for histo-
logical examination. The samples were fixed in 10% formalin solution and embedded
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into paraffin according to standard procedures [18]. The sections of 7 micron in size
together with the sections carrier system were produced on HM 340E microtome, and
stained with hematoxylin and eosin. The morphological studies were performed with the
use of histologic specimen visual analysis system. The histologic sections were pictured
with optical microscope built-in camera equipped with image freezing function by Med.
Cam application software package.

RESULTS AND DISCUSSION

Macroscopic examination of liver has shown that its structure is preserved both in
female and male control and research groups. The organ is typically dark cherry, with
rounded edges, and covered with connective-tissue capsule. The organ’s distinction
is a poor growth of interlobular connective tissue featuring rats. In the lobule center
there is a central vein from which the hepatic plates radiate, formed by two rows of
hepatocytes of cubic or polygonal shape featuring all animal groups (Fig. 1 and 2). The
hepatocytes were characterized microscopically by having a slightly granular cytoplasm
of pink-red color with clearly visible round nucleus. The parenchyma contains single he-
patocytes regeneration areas in the form of dual cells. Central and portal vein openings
are moderately plethoric. The histological sections of liver of control and experimental
group animals revealed neither vacuolization, nor lipid infiltration of hepatocytes. How-
ever, the minor disturbances in the beam-like structure of hepatocytes (Fig. 1) were
observed in liver of female rats (F1). As illustrated in the Figures, the cytoplasm makes
a clear line of liver cells and has a basophilic shade. Other researches conducted on
young (2—8 months) and adult (24 months) mice fed with GM soybean revealed some
hepatocyte nuclei modifications due to transcription/splicing disturbances, as well as
some morphofunctional changes in mitochondria [19, 20]. The cause of changes is
not fully established, but it should be mentioned that replacing of GM soybean with
the traditional analogue soybean induced the hepatocyte nuclei structure to recover
[20]. Histological studies involving pest resistant GM maize did not show evident liver
tissues structure changes [15]. Obviously, the GM negative impact concerning genetic
modification which enables plant herbicide resistance is caused by the same herbicides
impact. This is proved by an increased density of lysosomes, as well as by changes in
structure of hepatocyte mitochondrial membranes.

Similar results were obtained by Sakamoto, Y. et al. (2007, 2008) after studying
a short- and long-term influence of conventional and transgenic soybean feeding on liver
histologic structure of rats. The data indicate an absence of significant changes in liver
microstructure involving conventional and GM soybean in the diet [21, 22]. Similar results
of liver histological studies of mice and rats fed with transgenic glyphosate herbicide
resistant soybean were obtained [19, 23-25], which indicate its equivalence with other
varieties. Differences in liver microstructure in case of GM herbicide resistant soybean
feeding are associated with possible glyphosate accumulation in soybean. Particularly,
research conducted by Malatesta, M. has shown that glyphosate herbicide resistant soy-
bean feeding led to reduction of metabolic rate and hepatocyte mitochondrial respiration
[19, 23]. That was proved by an increased density of lysosomes, and by changes in
hepatocyte mitochondrial membranes.

It was shown that spleen morphological structure in female and male rats fed with
conventional and transgenic soybean did not lead to deviations from the control group.
Histological sections of rat spleen tissue of control and experimental groups clearly
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reveal a thin connective tissue capsule with no visible thickening (Fig. 3, a and 4, a).
Splenic parenchyma is composed of white and red pulp; their ratio is visually identical
in control and experimental groups (Fig. 3 and 4). A red pulp contains equally spaced
white pulp tissue in the form of lymph nodes around central veins and elongated lym-
phoid clusters adjacent to the arterial adventitia. Red pulp matrix is formed by reticular
tissue comprising macrophages, granular and non-granular leukocytes, single mega-
karyocytes, and erythrocytes. White pulp is formed by lymphoid tissue producing lym-
phocytes. The follicles have following zones: periarterial zone, germinal center, mantle
and marginal zones. Typically, the follicle structure of spleen in control group rat is better
clearly expressed than spleen structure of animals fed with diet including soybean, both
for females and males. However, the number and size of lymph follicles in experimental
group rat spleens coincide with those in control group (Fig. 3, b and 4, b). No significant
changes in the histological structure in spleens of experimental group of rats compared
to control one indicates a physiological level of lymphocytes reactivity in rat spleen un-
der the influence of both conventional and transgenic soybean components.

()
(b

(b

| — Control Il — Conventional soybean Il — GM soybean

Fig. 1. Normal microstructure of liver in | and Il group F1 female rats. Disturbances in beam-like structure of
liver in 11l group rats. Hematoxylin and eosin. 10x ocular, 200x objective; (a — hepatocytes; b — vessel
opening)

Puc. 1. HopmarnbHa mikpocTpykTypa neviHku camok wypis F1 | Ta Il rpyn. MNopyleHHs 6ankoBoi cTpykTypwu
neuviHku wypis Il rpynun. Fematokeunix Ta eosuH. Ok. 10, 06. 200; (a — renatounT; b — NPOCBIT CyAWH)

| — Control Il = Conventional soybean Il — GM soybean

Fig. 2. Normal microstructure of F1 male rat liver. Hematoxylin and eosin. 10x ocular, 200x objective; (a —
hepatocytes; b — vessel opening)

Puc. 2. HopmarnbHa MikpocTpykTypa neviHku camuis wwypiB F1. lematokcunin Ta eo3uH. Ok. 10, 06. 200; (a —
renaTtoumTun, b — NPOCBITU CyANH)
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| — Control Il = Conventional soybean II'= GM soybean

Fig. 3. Normal microstructure of F1 female rat liver. Hematoxylin and eosin. 10x ocular, 200x objective; (a —
vessel opening; b — lymphatic follicle)

Puc. 3. HopmanbHa MikpocTpykTypa cenesiHku camok wypiB F1. lematokeunin ta eosuH. Ok. 10, 06. 200;
(a — npocBiT cyauHu; b — nimatnyHun onikyr)

| = Control Il —= Conventional soybean Il — GM soybean

Fig. 4. Normal microstructure of F1 male rat liver. Hematoxylin and eosin. 10x ocular, 200x objective; (a —
vessel opening; b — lymphatic follicle)

Pwuc. 4. HopmanbHa 6ygosa cenesiHku camuis wypis F1. lematokcunit Ta eo3uH. Ok. 10, 06. 200; (a — npo-
CBIT CyaunHK; b — nimdatnyHuii gonikyn)

The obtained results also confirm a the results of other scientists studying rats and
mice fed on conventional and transgenic soybean in 30% amount from standard diet
for 15 weeks. The researchers point out the absence of histological differences in the
structure of immune system organs, i.e. the spleen, thymus, mesenteric lymph nodes
and Peyer’s glands [26]. The absence of potential changes in the spleen structure is
also proved by a number of studies conducted in rats and mice involving different dura-
tion of transgenic and conventional soybean feeding [21, 22, 25]

There are studieds of functional status and histology of single organs, including
spleen, conducted on different generations of animals. Recent data are limited, in par-
ticular, internals histologic examination carried on two generations of sheep fed on GM
maize [27], the research aimed at identifying transgenic DNA fragments in internals
tissues conducted on five generations of mice fed on GM ftriticale [28] evaluation of en-
zyme strength in spleen tissues of two generations of goats fed on transgenic soybean
[29]. The results of those studies indicated no significant effect of ingredients of GM
plants feed on the internal structures and their functions well as activity of the studied
enzymes.
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The effect of alimentary factors is strongly influnced by urinary system, studied
microstructurally, particularly on the kidneys level. It was found that kidney and liver
are most easily affected by transgenic feed modified in resistance to herbicides. In par-
ticular, it was proved that some GM maize varieties (NK 603, MON 810, MON 863) are
marked by a hepatorenal toxicity associated with possible accumulation of herbicides
[13—15]. Similar data were obtained in the study of kidney histology in broiler chicken
fed with GM soybean in the amount of 75 and 100% from the diet [30]

The microscopic structure of kidney was conduit in each animal group. The organ
was of firm texture and typical color. The analysis of kidney microstructure in control
and experimental group males and females (F1) indicates a distinct capsule, cortex and
medulla. The cortex contains numerous clearly distinguished nephron glomerulus of
spherical shape and a slightly rough surface (Fig. 5, b and 6, b). The glomerulused are
enclosed in the Bowman’s capsules with lumen of falciform or surrounding the glom-
erulus in the ring form (Fig. 5, a and 6, a). Capsule cavities are content free. The space
between the glomeruluses consists of numerous rounded sections of tubules and cortex
vessels. Tubular epithelium is firmly against basement membrane surface. There are
visible proximal and distal kidney tubules with typical structure between renal corpuscle
of each animal group. Straight tubules in medulla substance and collector tubules have
no changes in the experimental group females and males compared to control ones.

w7
Conventional soybean

ST ey e -

Fig. 5. Normal microstructure of control group F1 female rat kidney. Increased Bowman'’s capsule lumen in |
and Il group F1 female rat kidney. Hematoxylin and eosin. 10x ocular, 200x objective; (a — Bowman’s
capsule; b — vascular glomerulus; ¢ — vessel opening)

Puc. 5. HopmanbHa MikpocTpykTypa HUpPOK camok wwypiB F1 KOHTponbHOI rpynu. 36inblUeHHst MPOCBITY
kancynu LLymnsaHcekoro-boymeHa Hupok camok wypis F1 Il [ll rpyn. FemaTokcunin Ta eo3uH. Ok. 10,
06. 200; (a — kancyna LlymnsHcbkoro-boymeHa; b — cyauHHMI knybo4voK; ¢ — CKYNYeHHst epUTPOLIUTIB
y NPOCBITi cyanHn)

Kidney tissues of females of the first generation have slightly increased lumen of
Bowman'’s capsule. Taking into consideration that similar histological changes occurred
in kidney tissues of animals fed wiht both conventional and GM soybean, this obviously
was not caused by genetic modification but rather by a particular effect of soybean com-
ponents on water-salt metabolism. Reduced diameter and volume of vascular glomeru-
lus indicates a decline of renal function in experimental groups. Similar changes of the
Bowman’s capsule lumen were also identified in kidney tissue specimen of male rats
(F1) — the lumen is slightly increased due to reduction of vascular glomerulus. One of
the most important kidney processes is the excretion of toxic metabolic waste products
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Fig. 6. Normal microstructure of control group F1 male rat kidney. Increased Bowman'’s capsule lumen of
F1 male rat kidney. Hematoxylin and eosin. 10x ocular, 200x objective; (a — Bowman’s capsule; b —
vascular glomerulus; ¢ — vessel opening)

Puc. 6. HopmanbHa MikpoCTpyKkTypa HUpPOK camuiB wypiB F1 koHTponbHOi rpynu. 36inblUeHHA MpOCBIiTY
kancynu LymnsHcbkoro-boymena Hupok camuis wypis F1. Mematokcunii 1a eosuH. Ok. 10, o6.
200; (a — kancyna LWymnaHcbkoro-boymeHa; b — cyaMHHMIA KNyBOYOK; C — CKYMYEHHS epuTpoLMUTIB
y NPOCBITi CyANHW)

by filtration in the glomeruluses and tubules. Therefore, such changes in the Bowman’s
capsule lumen may suggest changes in organ functioning. The results indicate no sig-
nificant disfunction in histological structure of kidney bringing them into line with the
literature data of other authors [24, 26, 31].

CONCLUSION

Summarizing, it was confirmed that the morphological and histological study of
the internals organs of the first generation females and males did not reveal significant
differences between control and experimental groups. It was found that spleen follicle
structure in female and male rats of control groups is better expressed comparing to
animals fed with diet including soybean. The experimental group animals had a slight in-
crease of the Bowman’s capsule lumen in kidney tissues due to a reduction of vascular
glomerulus, obviously caused by the influence of biologically active components of both
soybean varieties on water-salt metabolism in animal. Considering that both female
and male rat tissue structure of control and experimental groups, fed with diet including
conventional and transgenic soybean, was retained and conformed with the norms for
animals of the given species and age, we conclude that there is no clear negative or
positive impact of GM soybean components on the histological structure of liver tissue,
spleen and kidney.
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CTPYKTYPA TKAHWH BHYTPILUHIX OPTAHIB LLYPIB NEPLUOIO NMNOKOJIIHHA
3A 3rogoBYBAHHS COI HATYPAIIbHOIO | TPAHCITEHHOIO COPTIB
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JocnigpkeHHAMN Makpo- | MIKPOCTPYKTYPU HUPKK, NMEYiHKM Ta CenesiHKM CaMoK
i camuiB WypiB gocnigHWX rpyn He Byrio BCTAHOBMEHO CYTTEBUX BiOXWUIMEHb Bif iX CTPYK-
TYpW Yy LLYpPiB KOHTPOMbHOI rpynu. BcTaHoBREHO, WO CTpykTypa donikyniB cenesiHkm ca-
MOK | CaMLiiB LLypiB KOHTPOSbHWX rpyn BinbLL Y4iTKO BUPaXeHa, NOPIBHAHO 3 TBApMHAMW,
00 pauioHy siKknx Bxoamna cosl. Y TBapuH, 40 paLioHy SIKMX BXoAMNa cosl 5K HAaTUBHOTO,
TaK i TpaHcreHHoro copTiB, O6yno BCTAHOBMEHO He3HayHe 36iNbLUeHHS NPOCBITY Kamn-
cynu WymnsaHcekoro-boymeHa y TKaHMHaX HUPKK, 33 paxyHOK 3MEHLUEHHS CyAWHHOro
knyoouka, Lo, 04eBUOHO, 3yMOBIIEHO BMIIMBOM GiONOriYHO aKTMBHUX KOMMOHEHTIB COI
060X CopTiB Ha BOAHO-CONMbOBUI OBMiH OpraHiamy TBapuH. BpaxoBytoun, WO CTpyKTypa
opraHiB Byna 3bepexeHa i Bignosigana HOpMi AN TBapyH AaHOro BUAY i BiKy Y CamMOK
Ta camuiB LLYypiB SIK KOHTPOSMbHUX FPyn, Tak i JOCMIAHMX, MOXHA 3pobUTM BUCHOBOK NPO
BIJCYTHICTb BUPaXEHOro HEraTUBHOIO YK NO3UTUBHOIO BNNuBY ["M-KOMMNOHEHTIB COT Ha
riCTOMNOrYHY CTPYKTYPY TKAHUH NEYiHKW, CeNEe3iHKN i HUPKK.

Knrovoei crioga: reHeTMYHO mMoandikoBaHa COsi, TiCTOMOris BHYTPILUHIX OpraHis,
rneviHka, cenesiHka, HUpKa.

CTPYKTYPA TKAHEW BHYTPEHHMUX OPITAHOB KPbIC NMEPBOIO MOKOJIEHUA
NP CKAPMITMBAHUM COU HATYPAIIbHOIO U TPAHCITEHHOIO COPTOB

O. Jonaliuyk, P. ®edopyk

WHemumym 6uonoauu xueomHbix HAAH YkpauHsbl, yn. B. Cmyca, 38, Jlbeos 79034, YkpauHa
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ViccnepgoBaHuamm MaKpO- U MUKPOCTPYKTYpPbI MOYKK, NeHYeHN N Cere3eHKn CaMokK
M CaMLOB KpPbIC OMbITHbIX rpynn He Obino YCTaHOBI1E€HO CYLLUECTBEHHbIX OTKITOHEHUI OT
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MX CTPYKTYPbI Y KPbIC KOHTPOSIBHOW rpynibl. YCTAHOBIIEHO, YTO CTPYKTYpa pOnnmnKynos
CeneseHKM CaMoK U CaMLIOB KPbIC KOHTPOIbHbIX rpynn 6oree YeTKo BbipaykeHa no cpas-
HEHWIO C TAKOBOW Y KMBOTHbIX, B PALIMOH KOTOPbIX BXOAMMA COSl. Y KUBOTHbLIX, B PALMOH
KOTOPbIX BXOAWMA COSl Kak HAaTMBHOIO, Tak U TPaHCreHHOro copToB, BbINo ycTaHoBIe-
HO He3Ha4uTeNnbHOe yBenuyeHne npoceeTa kancynbl LLymnsiHckoro-boymeHa B TKaHsX
MOYKM, 33 CYET YMEHbLLEHNS COCYAMCTOrO KiyBoyka, 4To, 04EBUAHO, 0OYCMOBNEHO BN~
SAHMEM GUONOrMYECKN aKTUBHBLIX KOMMOHEHTOB COM 0BOUX COPTOB Ha BOAHO-CONEBOW
0OMeH opraHunama XMBOTHbIX. YUMTbIBasi, YTO CTPYKTypa OpraHoB Obifia coxpaHeHa U
COOTBETCTBOBAsIAa HOPME ANS KMBOTHBIX AAHHOTO BUAA U BO3pacTa y CaMoK U caMLiOB
KPbIC KaK KOHTPOSIbHbIX Py, Tak U OMbITHbIX, MOXHO cAenaTb BbiBOA 06 OTCYTCTBUM
BbIPa)KEHHOrO OTPULIATENBHOMO WUAN MONOXKUTENBHOTO BRUSIHUSA TM-KOMMNOHEHTOB coM
Ha MCTOMOMMYECKYIO CTPYKTYPY TKaHel NeYeHn, CENe3eHKN 1 NoYKM.

Knroveenle cnoea: reHeTUYECKN MOAMMULIMPOBAHHAS COSl, TMCTOMOMMS BHYTPEH-
HWX OpraHoB, NeYeHb, cerneseHka, noyka.
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