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Abstract

The article provides data that genetically modified organisms are formed by introducing a gene of a
foreign organism into the gene of one organism and that such products include products containing a
genetically modified organism. The data on the presence of defects in the organisms of animals and
microorganisms due to changes in genes under the influence of genetically modified products are presented.
The impact of genetically modified organisms on animal health remains a subject of debate within the
scientific community. While genetically modified organisms offer significant benefits in agriculture and
medicine, concerns persist regarding their potential adverse effects on internal organs and microbiota.

This study aimed to investigate the effects of genetically modified organisms consumption on the
internal organs and associated microorganisms of laboratory guinea pigs. Twelve guinea pigs were divided
into control and experimental groups, with the latter receiving genetically modified organisms based food
products over six months. Histological analysis revealed structural alterations in the liver, heart, and
kidneys, including signs of inflammation, fatty degeneration, and necrosis. Additionally, microbiological
studies indicated an increase in opportunistic and pathogenic bacteria within these organs. These findings
suggest that prolonged consumption of genetically modified organisms may induce physiological and
microbiological changes, necessitating further research into their long-term implications for both animal
and human health.
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The impact of genetically modified organisms on living organisms is currently one of the
most urgent concerns. Experts indicate that in organisms consuming GMO foods, the action of
transgenic proteins can lead to reduced immunity, allergies, metabolic changes, health pathologies
in both humans and animals, and resistance of pathogenic microflora to antibiotics. This resistance
can result in a decreased supply of essential elements to human and animal bodies, as well as the
emergence of mutagenic changes [1-3].

In recent years, there has been an increasing number of foods containing chemical additives
that negatively impact living organisms. GMOs, or genetically modified organisms, are a
successful product of genetic engineering. They are created by inserting a gene from one organism
into the genome of another. Such foods include those that contain a genetically modified organism
(GMO) [4, 5].

There are many studies that aim to study and prove the harm of using genetically modified
organisms. The use of Genetically Modified animals in animal husbandry makes it possible to
solve not only the problems of hunger, but also the problem of obtaining some resources. When
breeding the «Nexia» goat species, you can get a protein from its milk, similar to the protein that
forms the cage. Therefore, the use of genetically modified goats allows you to accelerate research
and make more affordable and mass use of web products [6].

Cobwebs are highly useful materials that can be used to make armor, parachute ropes,
surgical threads, and artificial ligaments. Spider silk is extremely durable, being five times stronger
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than steel, yet it remains a very light and elastic material. However, breeding spiders for silk
production poses technical challenges. Spiders are territorial and tend to kill each other, making it
necessary to have a very large number of spiders to produce even a small amount of silk. For
instance, producing 500 grams of spider silk requires more than 600 spiders [7, 8].

Scientists at the Mayo Clinic College of Medicine in the United States have engineered a cat
with a gene that enables the production of an antiviral protein. This modification allows the cat's
cells to combat the feline immunodeficiency virus, which is very similar to HIV. The gene is
tagged with a fluorescent protein from jellyfish, causing the cat to glow green in the dark.
Researchers hope that this advancement in genetic engineering will contribute to the fight against
HIV [9].

The opinion on animals raised on genetically modified feed largely stems from the work of
Doctor of Biological Sciences Irina Ermakova, who demonstrated a link between the consumption
of GM products and cancer development in laboratory mice. In one of her studies, she reported a
high mortality rate and a significant number of malignant tumors in the group fed modified soy.
According to Ermakova, she created conditions for the mice that were close to their natural
environment. However, her major oversight was using a type of laboratory mice specifically bred
for laboratory conditions, not natural ones. These laboratory mice are particularly prone to cancer
as they are often used in testing anti-cancer drugs [10,11].

Genetically modified animals play a crucial role in the study of various diseases by offering
a multitude of individuals with identical genetic codes, minimizing randomness in research.
Moreover, these animals provide a valuable tool for investigating genetic diseases by introducing
mutated or "broken™ genes, allowing researchers to better understand the underlying mechanisms
of diseases, including oncological ones.

Genetically modified organisms offer numerous benefits in agriculture. They enhance the
taste and quality of food, hasten maturation, increase fertility, extend shelf life, and are
instrumental in creating new breeds through innovative breeding technologies. Examples include
cows with enhanced musculature, chickens larger than a calf, and artificially obtained chicken
eqggs.

It's important to acknowledge that alongside the benefits, genetically modified organisms
also come with risks and drawbacks. Genetic modifications and hybridization can lead to infertility
in new animal species. For instance, hybrids like mules, born from the crossbreeding of horses and
donkeys, often cannot reproduce. Research on rapidly reproducing rats fed with genetically
modified organisms products revealed concerning outcomes: 50% of offspring were stillborn, and
those that survived exhibited symptoms of various diseases and were incapable of reproduction.
Additionally, there are concerns about genetically modified organisms foods contributing to
obesity in both humans and animals. The international scientific community recognizes the
imperative to significantly increase agricultural production worldwide, possibly doubling or even
tripling it. Achieving such ambitious goals is feasible primarily through the utilization of
transgenic plants and animals [12-14].

Artificial genetic modification involves isolating a gene in laboratory conditions and
introducing it into another organism. Genetic engineering methods allow manipulation not only of
individual DNA molecules but also entire chromosomes. Laboratory techniques can produce
various genetically modified organisms (GMOs) by isolating entire chromosomes and inserting
cells from other species. Micromanipulation, a delicate cellular-level technique, is used to
transport gene material between cells. For instance, experiments on rats involve injecting them
with hormone to produce larger offspring.

Experiments in the field of genetic engineering are strictly regulated in many countries to
prevent the creation of DNA constructs that may pose a threat to biological safety. Alterations in
genes can lead to the formation of unknown toxic substances, which in turn may trigger allergic
reactions in humans and animals. Gene delivery into cells is most commonly achieved using
transposon-based viruses or plasmids as vectors. These agents enter the cell and, utilizing its
resources, replicate their genetic sequences [15].
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The widespread use of genetically modified organisms has raised concerns among some
well-known scientists regarding potential adverse effects on both humans and animals. Studies
suggest that the widespread adoption of genetically modified organisms may contribute to
decreased fertility in both humans and animals, an increase in cancer rates, and the emergence of
unusual hereditary disabilities.

Experimental studies on animals fed with genetically modified crops have revealed
pathological changes in their organisms and subsequent generations. These findings highlight the
need for continued research and thorough evaluation of the long-term impacts of genetically
modified organisms consumption on both human health and the environment [16-18].

Research has shown that organisms consuming genetically modified organisms experience
changes in their intestinal microflora, even when exposed to human saliva. Furthermore, scientists
have observed that GMOs can be detected not only in the products themselves but also in the
organisms that consume them, as well as in their offspring. For instance, experiments on mice have
demonstrated the presence of GMOs in subsequent generations [19].

Genetically modified organisms (GMOs) have been utilized in applied medicine since the
1980s. One prominent example is the production of insulin using genetically modified bacteria
through genetic engineering techniques. This genetically engineered insulin is widely used as a
medication for managing diabetes in humans [20].

Currently, the pharmaceutical industry manufactures numerous drugs derived from human
recombinant proteins. These proteins are produced using genetically modified microorganisms or
genetically modified cell lines from animals. For instance, antithrombotic medications are derived
from proteins obtained from transgenic goat's milk. In this process, plasmids isolated from strains
of Escherichia coli are combined; these plasmids have been genetically modified using genetic
engineering techniques such as restriction enzyme-mediated DNA cleavage, fragment ligation,
PCR-based amplification, and cloning into vectors. Studies by D. Luo and colleagues reported
effects of GMOs on animal physiology [21], whereas the study by A. Pandey and colleagues found
no significant effects of GMO consumption on the physiological development of white rat
offspring [22, 23]. However, experiments in mice revealed traces of GMOs in their offspring,
indicating that GMOs may be present not only in the consumed products but also in subsequent
generations.

Materials and methods of research

The aim of the study was to evaluate the effects of genetically modified (GM) products on
the internal organs and to determine the microbial load in the tissues of laboratory guinea pigs
(Cavia porcellus, 2—-3 months old, 350-450 g) housed in the vivarium of Khoja Akhmet Yassawi
International Kazakh-Turkish University. The animals were maintained under standard conditions
(temperature 22-24 °C, humidity 50-60 %, 12/12 h light/dark cycle) and divided into control and
experimental groups. The experimental groups received a diet containing GM products, whereas
the control group was fed a standard diet.

Following the completion of the experiment, tissue samples were collected from the liver,
spleen, kidneys, and intestines. Microbial load was determined by plating on nutrient media,
counting colony-forming units (CFU), and identifying the microorganisms. Histological analysis
involved fixing tissues in 10 % formalin, embedding in paraffin, sectioning at 5—7 pm, and staining
with hematoxylin and eosin. Microscopic examination allowed for the assessment of
morphological changes in the organs.

All procedures were conducted in accordance with the approval of the Laboratory Ethics
Committee (LEK, 2025; see PDF “LEK_approval.pdf”) and complied with biosafety regulations
[24]. Specifically, the study focused on the effects of GM products on the heart, liver, and kidneys,
as well as on the microorganisms residing in these organs. Histological examinations of the heart,
liver, and kidneys were performed with the assistance of staff from the Department of Pathological
Anatomy of the university. Microbiological analyses were carried out in a specialized
microbiology laboratory. To assess microbial counts, samples from the internal organs were
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cultured on meat-peptone agar, a universal nutrient medium. After three days of incubation at 28—
30 °C, quantitative changes in microorganisms were recorded.

Histological analysis: tissues were fixed in 10 % formalin for 24—48 h, embedded in paraffin,
and sectioned on a microtome at 57 um thickness. The sections were stained with hematoxylin
and eosin. Using a light microscope, the morphology of the organs was evaluated, including the
density of cardiac muscle fibers, the structure of hepatocytes and intercellular spaces in the liver,
and the morphology of glomeruli and tubular systems in the kidneys, with attention to tissue
disorganization and pathological changes.

Results and discussion

The study demonstrated the effects of genetically modified (GM) products on the
morphofunctional state of internal organs in laboratory guinea pigs (Cavia porcellus) and on the
microbial load in these organs. Histological analysis revealed moderate changes in the liver and
kidneys, whereas the structure of the heart remained largely unchanged. Microbiological analysis
showed an increase in colony-forming units (CFU) in the liver and kidneys of the experimental
animals compared to the control group.

Twelve guinea pigs with a total body weight of 400-500 g were used in the study. The
duration of the experiment was six months. Six guinea pigs constituted the control group and
received standard feed according to the daily norm. The remaining six animals were assigned to
the experimental group and were fed genetically modified products—*“chips,” “kirieshki,” and
“hrustyashki”’—daily. Each animal in the experimental group received 10 g of these products per
day, divided into two feedings. The GM content in the products, according to the manufacturer’s
labeling, ranged from 5-10 % of the total product mass. The diet was balanced to ensure that all
other nutrients met the standard requirements for guinea pigs. Throughout the six-month
experiment, body weight, general condition, and behavior of the animals were monitored.

Histological examination of the hearts of laboratory guinea pigs from the control group
demonstrated a normal structural organization of the cardiac tissue. The muscle fibers were closely
aligned, and the nuclei of cardiomyocytes were clearly distinguishable (Figure 1, A).

Figure 1 - Manifestation of structural changes in cardiac tissue under normal and pathological conditions
in histological examinations of laboratory guinea pigs
(A - control group, B — experimental group)

Histological examination of the hearts of laboratory guinea pigs from the experimental group
that consumed GMO-based products revealed structural abnormalities.
The findings demonstrated significant alterations in the internal organs of guinea pigs fed with
GMO products.

The ventricular cavity of the heart exhibited moderate irregularities, attributed to the
presence of perivascular and diapedetic hemorrhages of moderate intensity. In some cases,
dystrophic changes in cardiomyocytes were also observed.
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The cytoplasm of cardiomyocytes appeared cloudy, pale, and granular, while the nuclei were
poorly distinguishable (Figure 1, B).

Figure 2 - Manifestation of liver change in norm and pathology in histological studies of laboratory
guinea pigs
(A- control instruction, B-experimental indication)

Histological examination of the liver of laboratory guinea pigs from the control group
demonstrated a normal structural organization of hepatic tissue. The central veins and capillaries
of the hepatic lobules were filled with blood (Figure 2A).

In contrast, histological examination of the liver of guinea pigs from the experimental group
that consumed GMO-based products revealed structural abnormalities. The central veins appeared
empty, large vessels were dilated, and localized varicose-like alterations were observed. In certain
areas, infiltration by lymphohistiocytes and plasma stasis were detected. The endothelium was
partially elevated and in some regions depressed.

Within the hepatic parenchyma, zones of colliquative necrosis with signs of hydropic
vacuolization of hepatocytes were observed, along with areas of preserved parenchyma (Figure
2B).

Figure 3 - Manifestation of structural changes in renal tissue under normal and pathological conditions in
histological examinations of laboratory guinea pigs
(A - control group, B — experimental group)

Histological examination of the heart from laboratory guinea pigs in the control group
revealed a normal cardiac tissue structure (Figure, A). Histological examinations in the
experimental group revealed structural alterations in the kidneys of laboratory guinea pigs that
consumed GMO-based products. The glomerular capillaries were dilated, with hyperemia and
edema of endothelial cells observed in certain areas. Dystrophic changes, vacuolar degeneration,
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and granular structures in the cytoplasm of epithelial cells were detected in the renal tubules. In
some tubules, narrowing or complete obliteration of the lumen was recorded.

The large stromal artery appeared dilated, with altered blood rheology, focal diapedesis of
erythrocytes, and intravascular leukocytosis. The endothelium was partially elevated and, in some
areas, detached. This description indicates vascular abnormalities in the large stromal artery,
including dilation, changes in blood rheological properties, focal erythrocyte extravasation,
increased intravascular leukocyte accumulation, as well as partial elevation or detachment of the
endothelium. These alterations may suggest vascular dysfunction and warrant further investigation
(Figure 3, B).

Microbiological analyses revealed changes in the number of microorganisms in the internal
organs of guinea pigs consuming GM products. To quantitatively assess microorganisms in the
tissues, samples of the liver, kidneys, and heart were collected after the completion of the
experiment. The tissues were homogenized under sterile conditions, and the resulting samples
were suspended in physiological saline to obtain a uniform suspension. The suspensions were then
plated on standard nutrient media to determine colony-forming units (CFU). CFU counts were
obtained using the serial dilution method and colony enumeration after incubation at 37 °C for 24—
48 hours.

Specifically, in the control group the number of microorganisms in the heart of guinea pigs
fed a standard diet was 93, whereas in the experimental group consuming GMOs, the number
decreased to 22. In the liver, the number of colonies in the control group was 104, while in the
experimental group it decreased to 24. In the kidneys, the number of colonies in the control group
reached 78, whereas in the experimental group of guinea pigs fed GMOs it decreased to 57.

Conclusion

The experiment conducted to study the effects of GMOs on the internal organs of guinea
pigs and the number of microbial colonies grown within them demonstrated significant alterations
in internal organs, particularly in the heart, liver, and kidneys, as well as in the animals’ behavior.

It was observed that guinea pigs developed a dependence on GMOs, which led to weight
gain, aggressive behavior, and weakness. Furthermore, analysis of microorganisms isolated from
the internal organs of guinea pigs consuming GMO-based products revealed notable alterations,
namely a reduction in the abundance of microflora within the organs.

The results indicate a potential negative impact of GMO consumption on animal health and
their internal organs, highlighting the necessity for further research into its long-term
consequences.
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I'EHETUKAJIBIK MOJIN®UKAIUAITAHFAH OHIMJAEPAIH ’KAHYAPJIAP IIIIKI
AT'3AJTAPBI MEH MUKPOBUOMACBIHA 9CEPI

Tyidin

Makaana reHeTHKAIBIK TYPJICHIIPUIreH OpraHu3M Oip OpraHW3MHIH TeHiHe 0erje opraHu3MHIH
TeHiH €HTi3y apKbUIbl TY3UICTiHI XOHE MYHJall eHiMIepre KypamblHOa T'€HETHKAaJbIK TYPJICHAIpiIreH
opranu3M Oap eHIMIep KIpIKTIHAUIETIHI Typaibl aepektep OepuireH. ['eHEeTHKaNBIK TYpJICHIIPIITCH
OHIMIEP/IIH  OoCepiHeH TeHACPHiH o3repyiHe  OaillaHBICTHI  jKaHyapiap  ar3achlHIa  JKOHE
MHUKPOOPraHM3MJIECpAE aKaylapAblH OOdybl Typajbl MONIMETTED KeNTipireH. | eHeTHKaIbIK
TYPJICHAIPUITeH OpraHu3MAEpIiH )KaHyapiap JeHCAYJIbIFbIHA dCePi FBUIBIMA KOFaMAACTBIKTA MIKipTAIacThl
TaKbIPBITI OOJIBIT Kenei. ['eHeTHKAaNBIK TYPJICHAIPUITeH OpraHu3M aybuUl IapyanibUIbIFGI MCH METUIIHA A
alTapipIKTall apTHIKUIBUIBIKTap OepreHiMeH, ONapblH iMIKi aF3anap MEH MUKpPOOMOMAachlHA BIKTUMAl
JKaFBIMCBI3 9cepJiepi Typajibl allaHAAYIIBUIBIK S Ae 0ap.

byn 3epTrey TeHETHMKANBIK TYPICHIIPIATEH OpraHu3M TYTHIHYIBIH 3€pTXaHaNbIK TEHI3
IIONIKAIAPBIHBIH 1IIKI MYIIIEJCPIHE J)KOHE OHBIMEH OalTIaHBICTHI MUKPOOPTraHU3MIEPIe 9CEPiH 3ePTTEyre
OarpiTTanrad. OH eKi TeHi3 MOoLIKackl 0aKbLUIay KOHE SKCIIEPUMEHTTIK TonTapra 0eJiH/i, COHFbUIAPHI Al ThI
ail imriHAe TeHeTHKANBIK TYPJICHAIPLIreH OpraHW3M HETi3iHIEeri a3bpIK-TYJIK OHIMIepiMEH KOPEKTEHII.
lucronorusanbeik Tanaay Oaybipia, )KYypeKTe jxoHe OyHpeKTe KYphUIBIMIABIK ©3repicTep/ii, COHBIH ilIiHae
KaObIHY, MalJIbl IereHepays XKoHe HeKpo3 Oenrinepin aHbIKTaabl. COHBIMEH KaTap, MUKPOOHOIOT USUIBIK
3epTTeyiep OChl MYIIENep/e ONMOPTYHHCTIK XKoHE MaTOTeH K OaKTepHsiapIbiH KoOetiH kepceTTi. by
HOTIKEJIep TEeHETUKANBIK TYPJICHAIPUITeH OpPraHM3MHIH Y3aK YakKbIT TYTHIHY (DU3HOJOTHSIIBIK JKOHE
MUKPOOHOJIOTHSUIBIK ©3repICTepre oKenyl MyMKIH €KeHIH KepceTe i, Oy oJlap IblH KaHyapiap MEH ajiaM
JIEHCAYJBIFBIHA Y3aK MEP3iM/Ii 9CEPiH OJIaH 9pi 3ePTTEYli KAXKET eTe/i.

KinTTi ce3nep: reHeTHKAIBIK TYPJICHAIPUITEH OpraHu3M, MUKpOAF3ajiap, TUCTOIOTHSJIBIK TaJIay.
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BJIUAHUE TEHETUYECKU MOJAN®UIIUPOBAHHBIX TIPOAYKTOB HA
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AHHOTALIUA

B cratbe mpencraBicHBI JAaHHBIE O HAJIWYUM JAC(PEKTOB B OpPraHM3Max IKHBOTHBIX U
MUKPOOPTaHU3MOB, OOYCIIOBJICHHBIX W3MCHCHUSMHU B TEHax T1I0J] BO3JICHCTBUEM T'€HECTUYCCKU
MOIU(UIIMPOBAHHBIX MPOAYKTOB. BiHsHHEe T€HETHUESCKH MOIU(MUIMPOBAHHBIX OpPraHM3MOB Ha
MOKAa3aTelId JKUBBIX OPTraHW3MOB OCTACTCSA TMPEAMETOM AWCKYCCHH B HAYYHOM CoOOmIecTBe. XOTS
TEHETHYECKU MOAU(UIIMPOBAHHBIC OPTAHU3MBI IPUHOCAT 3HAUYUTEIILHYIO MOJIB3Y B CEIILCKOM XO3SHCTBE U
MEIUITMHE, TeM HE MEHEE COXPAHSIOTCS OMACCHHS IO MOBOAY MX IMOTCHIIMAIHLHOTO HEOJIArompHUsSTHOTO
BO3MICHCTBHS Ha BHYTPCHHHE OPTaHbl 1 MEKPOOHOTY KMBBIX OPTaHU3MOB.

Lenpto maHHOTO WCCIEAOBAHUS SIBISETCS HW3YYCHUE BIMSHUS TOTPEONIIEMBIX TE€HETHUYECKU
MOIU(UIIMPOBAHHBIX OpPraHW3MOB Ha BHYTPEHHHE OpraHbl J1a0OpaTOPHBIX MOPCKHX CBUHOK U
onpej:[eneHHe KOJIMYECTBA MHKpOOpI‘aHI/I3MOB, O6H&py>KeHHBIX B YKaSaHHI)IX opraHax JAHHBIX JKXUBOTHBIX.

st uccnenoBanvst ObUTM 0TOOpaHBI BEHAIIATH MOPCKUX CBHHOK, JIajiee OHU OBUIH pa3zelieHbl Ha
KOHTPOJIbHBIE U AKCIIEPUMEHTANbHBIC TPYIIBI, MPUYEM MOCICAHSS IMONTydalia MUILEBBIE MPOAYKTHl HA
OCHOBC I'CHCTHUYCCKH MOJII/I(l)I/I]_II/IpOBaHHI)IX OpFaHI/I3MOB B TCUCHUC ICCTHU MECCIIICB.

FI/ICTOJIOI‘I/IT-ICCKI/II‘/'I AHAJIN3 BBISIBUJI CTPYKTypHBIe N3MCHCHUA B cep)lue, IICYCHHU M ITI0OYKaX, BKJIrO4Yas
MIPU3HAKYU BOCIIAIICHUS, )KUPOBOH TUCTPOPUHN U HEKPO3A.

MI/IKpO6I/IOJIOI‘I/I'-IeCKI/Ie HUCCJICOOBAHUA IIOKa3ajIn YMCHBHIGHI/IC KOJIN4YEeCTBA MI/IKpOOpFaHI/ISMOB B
yKaSaHHLIX opraHax MOpCKI/IX CBHUHOK. CJ]C]IOBaTeHBHO, HpI/IBe):[eHHLIe JAHHBIC CBI/I)Z[eTe.HBCTBy}OT O TOM,
YTO JJINTENEHOE MOTPeOIeHNe TeHeTUYeCKH MOAU(UIIMPOBAHHBIX OPTraHU3MOB JKUBBIMH OpPTaHU3MaMU
MOJKET BBI3BATh (YM3MOIOTUYECKHE U MHKPOOHMOIOTUYECKHE W3MEHEHHS, T.€. YMEHBIICHUS KOJIUYECTBA
MHUKpPOOPTaHU3MOB, YTO TpeOyeT MaNbHEWIIMX HCCIENOBAaHUM WX JIOJTOCPOYHOTO BO3JEHUCTBUS Kak Ha
3JI0pPOBbE JKUBOTHBIX, TAK M HA 3JJOPOBHE UECIIOBEKA.

KamoueBble cioBa: TEHETHYECKH MOAM(DHUIMPOBAHHBIE OPTraHU3MBI, MHKPOOPTaHU3MEI,
THUCTOJIOTUUECKUN aHAIN3.

BnusHue reHernyeck MOIM(PHUIMPOBAHHBIX OPraHU3MOB Ha JKUBBIE OPraHU3MBI B
HACTOsIIEee BpeMsl SBISETCS OJHOM M3 HanboJiee akTyallbHBIX IpobiieM. [lo MHEHHIO SKCIIepTOB,
BO3/ICCTBUE TPAHCTCHHBIX OEJIKOB B OpraHu3Max, MoTpedistoumx npoaykrtel ¢ I'MO moxer
MPUBECTU K CHUYKEHUIO HMMYHHTETA, AJUIEPIHUECKUM PEAKIUSAM, METa00IMUYEeCKUM U3MEHEHUSAM,
[ATOJIOTUSAM 370POBbsI YEJIOBEKAa M JKMBOTHBIX, a TaKXe K IOBBIIIEHUIO YCTONYMBOCTHU
MAaTOT€HHBIX MHUKPOOPTaHM3MOB K aHTUOMOTHMKaM. Takasi yCTOMYMBOCTH MOXKET MPHUBECTH K
CHIDKEHHIO MOCTYIJICHUS B OPraHU3M HEOOXOJMMBIX AJIEMEHTOB, @ TAKXKE BbI3BATh MyTarcHHBIC
usmenenus [1-3].

B mnocnennue roasl Bce Oombine (GUKCHPYETCS HETaTUBHOE BIHMSHHE MPOIYKTOB C
XUMHYECKMMH J100aBKaMH Ha >XKuBble opraHu3mbl. MO (reHeTmuecku MOAU(PUIIMPOBAHHBIC
OpraHMU3MBl) ABIISIOTCS PE3yNbTaTOM AOCTHKEHUM FreHHOW MHKeHepuH. OHHU MOTY4aroTCs IIyTeM
BHEJIPEHUS T€HA OJHOTO OPTaHU3Ma B T€HOM JIpyroro. K TakuM mpoaykraMm OTHOCSATCS MUILEBbIE
NPOAYKTHI, COACPIKAIINE TeHETHUECKU MOAU(DUITUPOBAHHBIC OpraHu3Mel [4, 5].
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CymiecTByeT MHOXECTBO HAy4yHBIX MCCIEAOBAHUN, HANpaBICHHBIX Ha U3Y4YEHHUE U
JI0Ka3aTeIbCTBO BpEla MCIOJIB30BAaHUS TEHETUYECKH MOAM(PHUIMPOBAHHBIX OpPraHu3MoB. B
KHUBOTHOBOJCTBE HCIONb30BaHHEe [ MO-KHBOTHBIX MO3BOJSIET HE TOJBKO PEIIUTH MPOoOJieMy
rojioJla, HO M IOJIy4aTh OINpeneleHHbIe pecypcebl. Hanpumep, myrem pasBeneHUs KO3 MOPOIBI
Nexia MOKHO TOJYYHUTh U3 MX MOJIOKa OEJOK, CXOKHUH C OCHOBHBIM OEJIKOM IIEIKOBOW HUTH.
Taxum 06pa3zom, UCTIOIB30BaHHE T€HETUUECKH MOJU(PUIIMPOBAHHBIX KO3 YCKOPSIET UCCIIEI0BAHUS
¥ JIeNIaeT IIEeIKOBBIE U3ISNUs JOCTYITHBIMU JIJIsl MACCOBOT'O MCIIONIb30BaHus [ 6].

[TayTrHa nayka — O4€Hb MOJIE3HBIM MaTepUall, UCIIOJIb3YEMbIN JJ1s1 U3TOTOBJICHUS 3aIUTHOU
OJIeXK/Ibl, TAPAIIIOTHBIX CTPOI, XHUPYPTUYECKUX HHUTEH M MCKYCCTBEHHBIX CBsA30K. lllenk,
NOJIy4EeHHBIH 13 ayTUHBI 00J1a1a€T BEICOKOH IPOYHOCTHIO: OH B IIATh pa3 IPOYHEE CTAJIU, HO IPU
TOM OYE€Hb JIETKUH M 3nacTuyHblid. OIHAaKO pa3BeAECHHE NAyKOB Ul MPOU3BOJCTBA ILEIKA
TEXHUYECKH 3aTpyaHUTENbHO. [layku 00najgaroT TeppUTOPUANBbHBIM IOBEACHUEM U CKIIOHHBI
YHUYTOXKATh JPYr Jpyra, HO3TOMY JUIsl TOJYYEHHUS Jake HeOONBIIOro KOJIWYEeCTBA HUTH
Tpebyercs o4eHb MHOTO maykoB. Hampumep, mis npousBoacta 500 rpaMMOB Maydbero Imeika
HeoOxoaumo 6osiee 600 maykos [7, 8].

VYuensie Megunnackoro komemka Mayo Clinic (CIIIA) uckycctBeHHO MOAUGUIIMPOBATH
KOILIKY, BHEAPHB €l TeH, MO3BOJSIOUIMNA BBIpaOATHIBaTh NPOTHBOBUPYCHBIM Oenok. Ora
MOIU(UKAIMS JaeT KIETKaM KOLIKHM BO3MOXXHOCTb OOpOTBCS C BHPYCOM HMMYHOJE(QUIMTA
KOILIEK (aHaJOTMYHBIM BUpYCY MMMYHOAeduuuTa yenoBeka — BUY). B ren takxke Obl1 100aBiIeH
(uryopecLeHTHbII OeloK, NOIYyYeHHbIH OT MeIy3bl, YTO JIeJIaeT KOLIKY CBETALIEHCS B TEMHOTE
3eseHbIM LBeTOM. MccnenoBaTenn HaACHOTCs, YTO 3TO JOCTUKEHHE N€HHONM MH)KEHEPUH BHECET
BKJa1 B 60pp0y ¢ BUY [9].

UccnenoBanust nokropa Ouonormuyeckux Hayk W.EpmMakoBOi BBISBHIM CBSI3b MEXKIY
noTpeOIeHneM TeHHO-MOAM(DULIMPOBAHHBIX MPOAYKTOB M pa3BUTHEM paka y Ja0opaTOPHBIX
MbIed. B ogHOM U3 ee ucclieZJoBaHMiA TPyIIa, MATABIIAsICS TeHHO-MOAU(DUIIMPOBAHHON COCH,
IIPOJEMOHCTPUPOBAJIA 3HAYUTEIBHOE KOJIMYECTBO 3JIOKAYECTBEHHBIX OIyXOJIEH Yy JKUBOTHBIX U
BBICOKMH ypOBeHb cMepTHOCTH. OJHAKO OCHOBHOW OIIMOKOW 3THUX SKCIEPUMEHTOB OBLIO
UCIOJIb30BaHUE JTA0OPATOPHBIX MBILIEH, alalTUPOBAHHBIX K CIELUAIBHBIM YCIOBUSM, a HE K
IPUPOIHON cpene. OTH MBIIIM YacTO NPUMEHSIOTCA A TECTUPOBAHUSA OHKOJOTMYECKHX
IIPENapaToB, W3-3a YEro OHM HMMEIOT IOBBIIICHHYIO MPEIpPACIOIOKEHHOCTh K Pa3BUTHIO paka
[10,11].

I'enetnueckn mMoaupuuupoBanHbie (I'M) KUBOTHBIE MIPAlOT BaXKHYIO POJb B H3YYEHHUU
pa3nuyHBIX 3a00JIeBaHUIl, TOCKOJIBKY TMO3BOJSIOT CHHU3UTHh DJIEMEHT CIy4alHOCTH B
MCCIIEIOBAHMAX OJ1aroaaps TeHETHUECKOM OJTHOPOTHOCTH MHOXKECTBA ocoOeil. Kpome Toro, Takue
KUBOTHBIC SIBJISIFOTCSI IIEHHBIM MHCTPYMEHTOM JUISI M3Y4YECHHs T'eHETHYECKHUX 3a00JIeBaHUM,
IIOCKOJIBKY B MX T€HOM MOTYT OBITh BBEIEHBI MyTAllUU WU «IOBPEKICHHBIE» T€Hbl. JTO JAET
UCCIIEIOBATEIsIM BO3MOXHOCTh TJIyO’KE€ TOHATH OCHOBHBIE MEXaHU3MBbl MATOJOTHMYECKUX
IPOLIECCOB, BKIIIOYAsi OHKOJIOTMUECKUE 3a00JIeBaHMSL.

I'enernueckn MoaudUUIMpPOBaHHBIE OPraHU3MbI 00J7IaJal0T MHOKECTBOM INPEHMYILECTB B
CEJIBCKOM XO3siicTBe. OHM YJIy4INalOT BKYC M Ka4eCTBO NPOJIYKTOB, YCKOPSIOT MX CO3PEBAHME,
MOBBIIIAIOT YPOXKAMHOCTD, MPOAJICBAIOT CPOK XPAaHEHHs M CHOCOOCTBYIOT CO3JaHUIO HOBBIX
COPTOB C IIOMOINBID HHHOBALIMOHHBIX CEJNEKLUUOHHBIX TexHojoruil. Hampumep, k Takum
JOCTHKEHHUSM MOXKHO OTHECTH KOPOB C YBEJIMYEHHOU MBIIIIEYHON MACCOM, a TAKXKE Kyp, pa3MepOM
IIPEBOCXOJAUINX TENAT, U HICKYCCTBEHHO I10IY4aTh KypUHBIE M.

Opnako Hapsany c¢ npeumymiectBamMu I'MO BakHO yYWTBHIBaTh ONPEIEIIEHHBIE PUCKH U
HelocTaTku. B pe3ynbrare TreHETHYECKHX MOIUGUKAUM M CKPEIIMBAaHUS CYLIECTBYET
BEPOSTHOCTH OECIUIOINS y HOBBIX BUIOB )KHBOTHBIX. Hanmprumep, MyJ1, MOSBUBIIMIACS B pe3ysIbTaTe
CKpeLMBaHMs JIOIAIN U OCJIa, Yallle BCEro TepsieT CIOCOOHOCTH K pa3MHOkeHuto. MccnenoBanus,
IpOBE/ICHHBIC Ha OBICTPO Pa3MHOXKAIOUIMXCS KpbIcax, muTaBmuxcs I MO-nipoaykTaMu moxa3anu
TpeBOXKHBIE pe3yabTaTel: 50% HMX IOTOMCTBAa PpOXAAIMChb MEPTBBIMHM, a y BBDKUBIIMX
HaOMIOAaMNCh TNPHU3HAKK PA3TUYHBIX 3a00J€BaHWN, W OHU YTPaTWIM CIOCOOHOCTh K
BOCIpon3BOACTBY. Kpome Toro, cymectByer onacenwe, 4to ['MO-mpoaykTel MOryT
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CIOCOOCTBOBaTh OXKUPEHUIO Yy JIIOJEH W JKUBOTHBIX. MEXIyHapOJHOE HAydHOE COOOIIECTBO
MpPU3HACT HEOOXOAMMOCTh 3HAYUTENIBHOIO YBEJIIMYEHUS TJI00ATBHOTO CENbCKOXO3SICTBEHHOTO
MPOU3BOJICTBA, MpEAycMaTpUBasi BO3MOXKHOCTb €r0 pocTa B ABa-TpU pasza. [locTkeHHe Takux
MacIITa0HBIX IeNiel, MPeXJe BCEro, MOXKET OBITh pPeaJn30BaHO 3a CYET HCIHOJIb30BaHUS
TPaHCTCHHBIX PACTEHHH M )KUBOTHBIX [ 12-14].

HckyccTBeHHast reHHas Moau(UKaIys BKIIOYAeT B ce0sl BbIJIEJICHHE FeHa B JIa0OpaTOPHBIX
YCIIOBHUSIX M €r0 BHEAPEHHE B APYrOM OpraHu3M. MeTonpl I'€HHONM HMH)KEHEPUU I103BOJIIOT
W3MEHATh HE TOJIbKO oTneibHble Mosiekynbl /JIHK, Ho u membie xpomocomsl. JlaGopaTopHbie
METO/Ibl MO3BOJISIIOT BBIJIEIATH XPOMOCOMBI M BBOJIUTH MX B KIIETKH JAPYTUX BUJIOB, CO3aBast
pa3nYHbIe TEHETHYECKH MOauuImpoBanHbie oprann3msel ('MO). st nepeHoca TeHeTHIeCKOoTro
MaTepuaia MeXJIy KIETKaMU HUCIOJIb3YeTCsl METOJ MHUKPOMAaHUNYJSALHUH, KOTOPBIM SBIsSETCS
BBICOKOTOYHBIM HMHCTPYMEHTOM Ha KJIETOYHOM YypoBHe. Hampumep, B psjae HcciieqOBaHUN
IPOBOJIWINCH SKCIIEPUMEHTHI 110 BBEJCHUIO T€HA KPhICaM C IIEJIbI0 MOJIyueHHs 0ojiee KpYIHOTro
MIOTOMCTBA.

[IpoBenenue KCIIEPUMEHTOB B 00JacCTH T'€HHOW MHXKEHEPHH BO MHOTHX CTpPaHAX CTPOTO
periIaMeHTUpYeTCs ¢ LeNblo npeaoTBpaiieHus co3nanus JJHK-KoHCTpyKInii, peacTaBIIsIIOIINAX
yrpo3y OuoJoruueckoi 06e30macHOCTH. M3MeHeHus B reHax MOTYT NMPHBECTH K 00pa3oBaHHIO
HEN3BECTHBIX TOKCUYHBIX BEIIECTB, YTO B CBOIO OUEPEb MOXKET BbI3BATh AJIIEPTUUECKUE PEAKLIUN
y JII0JIeH ¥ AKUBOTHBIX. J{J151 BBEJIEHUS T€HOB B KJIETKY Yalll€ BCETO UCTIOIb3YIOTCS TPAHCIIO30HHBIE
BHUPYCBHI WJIN IJIa3MUbI B KAUECTBE IEPEHOCYMKOB. DTH areHThI IPOHUKAIOT B KJIETKY U UCIIOIb3YS
€€ Pecypchl, BOCIIPOU3BOIST CBOKO TEHETUYECKYIO TIOCIIeI0BATEIbHOCTD [15].

[[npokoe pacnpoctpaneHue ['MO BbI3BalI0 00ECIIOKOSHHOCTh CPEIM M3BECTHBIX YUEHBIX
MO0 TOBOJY BO3MOXHOTO HEraTMBHOTO BO3JICUCTBHS Ha OpPraHU3M 4YEJIOBEKAa W KUBOTHBIX.
HccnenoBanus moKasajiM, YTO MaccoBoe Hcmoab3oBanue I'MO MoxeT c¢mocoOCTBOBAThH
MOBBIIICHUIO YPOBHS OECIUIONNS, POCTY OHKOJOTHYECKHX 3a00JIEBAaHUN W TOSBICHHUIO PEIKUX
HACJIEICTBEHHBIX aHOMAJIMN Y JIFOJICH U )KUBOTHBIX.

OKCIEpUMEHTAIbHbIE HUCCICAOBAHMS, TMPOBEACHHbIE Ha JKUBOTHBIX, MHUTABIINXCS
FeHETUYECKH MOAM(PUIMPOBAHHBIMA PACTEHHMSIMM BBIABHJIM Yy HUX U Yy HUX IOTOMCTBa
MATOJIOTUYECKUE HM3MEHEHUS B OpraHu3Me. OTH BBIBOJBI TMOMYEPKHBAIOT HEOOXOIUMOCTH
BCECTOPOHHETO U3YUYEHUSI TOATOCPOUHOTro BiausHus ' MO Ha 310pOBb€ YeIOBEKA U OKPYKAIOIILYIO
cpeny [16-18].

HccnenoBanus mokasai, 4TO Yy Opranu3MoB, motpedisroniux ' MO u3MeHseTcs KUIeuHas
mukpoduiopa. Kpome toro, ydensie oOHapyxwimu, 9ro cienbl [ MO BBISIBISIFOTCS HE TOJIBKO B
caMHX MPOAYKTax, HO U B OpraHu3Max, X ynoTpeOISomnX, a Tak’ke B UX nmotToMctse. Hampumep,
HKCIIEPUMEHTBI, MPOBEJACHHBIE Ha MBIIIAX IOKa3aiau, yto cieasl MO coxpaHsTCS y HX
caeayromero nokosiaeHus [19].

I'enernueckn MoauduupoBanubie opranusmel  (I'MO) Hayanmu NpPUMEHATHCS B
npukiaaaHo meauuuHe ¢ 1980-x rogoB. SpkuM mpuMepoM SBISIETCA UCIOJIb30BaHUE METOHO0B
TeHHOW MHXKEHEPUH JIJISl TPOU3BOJICTBA MHCYINHA C TOMOIIBI0 T€HETHYECKH MOTUDUITUPOBAHHBIX
OakTepuil. DOTOT HWHCYJIWH, TOJYYCHHBIH C TPUMEHEHHEM TEHHOH WHXXEHEPUH MIMPOKO
UCTIONB3YETCs JUIs JIeUeHHs caxapHoro nuadera [20].

B mnacrosmee Bpems (apmarieBTHUECKass HTPOMBIIIIEHHOCTh BBITYCKA€T MHOKECTBO
JICKapCTBEHHBIX TPEnapaToB Ha OCHOBE PEKOMOMHAHTHBIX OCNKOB YeIOBeKa. JTH OeNKH
MIPOU3BOJATCS C MCIOJNB30BAaHHUEM T'€HETHYECKH MOAM(PHUIMPOBAHHBIX MUKPOOPTaHU3MOB MU
KJIETOYHBIX JIMHUN TEeHETHYEeCKM HW3MEHEHHBIX >KMBOTHBIX. Hampumep, aHTHUKOAryJISHTHbBIE
npenapaTbl M3roTaBIMBAIOTCS M3 OEIKOB, MOJTYYEHHBIX W3 MOJIOKAa TPAaHCT€HHBIX K03. B 3ToM
nporecce 00beANHIIOTCS TIA3MHIBI, BBIICICHHBIC U3 InTaMMoB EScherichia coli, koTopbie ObuH
TeHEeTUYECKH MOAU(DUIMPOBAHBI C MCIOJIb30BAHUEM TAKUX METOJOB T'€HHOW WHKEHEPUH, Kak
pectpukTasHoe paspezanue JAHK, nuruposanue ¢pparmentos, ammummdukanus ¢ nomorpbio TP
U KJIOHMPOBAHHE B BEKTOPBHL. DTH METONBI IO3BOJIAIOT co3/aBaTh pekomOmHaHTHBIE JIHK-
KOHCTPYKLIUHU, O0ECIIEYMBAIOIINE IKCIPECCHIO HYKHBIX T'€HOB M HMCCIEIOBaHUE UX (YHKUUH B
OaKkTepusax M IPYruxX OopraHu3Max. JTU IUIa3MHbI 00JIaJal0T YCTOMYMBOCTHIO K aHTUOMOTHKAM
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TETPALMKINHY ¥ KaHAMHULMHY, YTO MPHUBOAUT K OOPa30BaHUIO IITaMMa, YCTOHYHMBOTO Cpasy K
JIBYM aHTHOMOTHKAM. DTO T03BOJISAET 3P (HEKTUBHO MPOU3BOIUTH HEOOXOIUMBIC OCITKH.

B pa6orax /1. JIroo u coaBTopoB oTmMeueHo BiausisHue I’ MO Ha opraHusM >KUBOTHBIX [21],
Torga kak B wuccienoBaHuu A. Ilannmedt ¢ koiieraMu He BBISIBJICHO 3HAYMMOIO BIUSHUS
notpednenuss MO Ha ¢uU3MOIOrHUECKOe pa3BUTHE MOTOMCTBa OenbIX Kpbic [22, 23]. OgHako
SKCHEPUMEHTHl HAa MbIIaX MoKa3zanu Hamuuue cieqoB ['MO y uxX nmoTromcTBa, 4TO
CBHUJIETEJILCTBYET O TOM, 4TO ' MO MOTyT NpUCYTCTBOBAThH HE TOJIBKO B CAMUX MPOAYKTaX, HO U B
MOCTEAYIOIUX TOKOJICHHUSX.

Matepuanbl M1 MeTOABI HCCJIEOBAHUS

Lenp nccnenoBanus 3akiovaiach B OLEHKE BIMSHUS T€HETHUECKH MOIU(PHUIIMPOBAHHBIX
IPOJYKTOB Ha BHYTPEHHHUE OPraHbl U OMPEIENICHUU KOJINYECTBA MUKPOOPIaHU3MOB B TKaHIX
1ab0opaTOpHBIX MOpPCKMX CBHHOK (2-3 w™ecsna, 350-450T), comepkammxcs B BHBapuu
MexyHapoJHOTO Ka3axXCKO-TypelKOro yHuBepcutera uMeHM X.A. ScaBu.  JKuBoTHBIE
COJIEpKaINCh B CTAaHAAPTHBIX yCIOBUAX (TeMiepatypa 22-24 °C, BnaxHoctb 50—60 %, cBeToBOMI
pexuM 12/12 49) 1 1eTuIrch Ha KOHTPOJIBHYIO U ONBITHBIC TPYIIIBI. OTBITHBIE TPYIIIBI MTOTyYaIn
paunoH c¢ ['M-nmpoaykramu, KOHTpOJbHas — CTaHAapTHbId KopM. Ilocne 3aBepiueHus
JKCIIEPUMEHTA MIPOBOMIICS 3a00p TKaHEH neueHu, ceae3éHky, Ioyek U KuneyHuka. KonnuectBo
MUKpPOOPTraHU3MOB  ONPENENAJIOCh IIOCEBOM HAa IHTATENbHBIE CpPEOpl €  IOACYETOM
kononueoOpasytomux enununl  (KOE) wu  waentudukamumein  Mukpoopranm3moB. Jlms
THCTOJIOTUYECKOT0 aHajIn3a TKaHu ¢pukcupoBanuch B 10 % (opmanune, 3anuBanuch B napadpuH,
Hape3aJuch Ha MUKPOCPE3bl S—7 MKM U OKpalIMBAJIMCh T€MaTOKCHIMH-303MHOM. MccnenoBanue
10J] MUKPOCKOIIOM TTO3BOJIMJIO OLEHUTh MOP(OIOrnyeckre N3MEeHEeH!s1 OpraHoB. Bee npouenyps
BBITIOJTHSUTHCH B COOTBETCTBUH C 3aKimroueHreM JlabopaTopHoi stnueckoit komuccuu (JIDK, 2025;
cMm. PDF «LEK approval.pdf») u cooTBercTBOBamiu TpeboBanusM OuobesomacHoctu [24]. B
YaCTHOCTH, UCCJIeIOBaHKE OBIJIO HAIIPABJICHO Ha M3ydeHue Bo3aeicTBus ' MO Ha cepalie, e4eHb,
MIOYKH, a TAK)KE MUKPOOPTaHU3MBbI, 0OUTAIOIINE B 3THX OpraHax. [ ncromornueckue ucciae10BaHus
cep/ua, MeYeH! U MoYeK MPOBOIUINCH TP CONEUCTBUU COTPYAHUKOB Kadeaphl NaTOJIOTHYECKON
aHATOMHMM JAHHOTO YHHUBEpCUTEeTa. MUKpPOOMOJOTHMUYECKUE HCCIIEOBAHNS BBHINOJIHSINCH B
CIEIUATTM3UPOBAHHON MHKpPOOMOJIOTHYECKON JnabopaTtopun. Jlis WM3y4eHHS KOJIWYECTBA
MHUKPOOPTaHU3MOB ObUIM OTOOpaHBl 00pa3ibl W3 BHYTPEHHUX OPraHOB MOPCKMX CBHHOK MU
KYJIbTBUPOBaHbl Ha MSICO-TIEITOHHOM arape, KOTOpbIi SIBISIETCS YHHUBEpPCAIbHOW MUTATEIbHOU
cpenoit. Ilocne TpéxaHeBHOM MHKyOaumu npu temneparype 28°C-30°C B tepmocrare ObuH
BBISIBJICHBI KOJINYECTBEHHbIE N3MEHEHUSI MUKPOOPTaHU3MOB.

I'ucronornueckoe uccnenpoBanue: Tkanu puxcupoBanmuck B 10 % dopmanune Ha 24-48 y,
3aTeM 3IMBAINCH B TapadWH W HAPE3AIUCh MHUKPOTOMOM Ha CpPE3bl TOJIIWHON S5—7 MKM.
Mukpocpesbl  OKpalllUBaIMCh TI'€MaTOKCHMJIMH-303MHOM. [loag  CBETOBBIM  MHKpPOCKOIIOM
OlleHMBaJlach MOpP(OJIOTHS OpPraHOB: IJIOTHOCTh MBIIIEYHBIX BOJIOKOH Cepllla, CTPYKTypa
TeMaTolUTOB U MEXKIETOYHBIX MPOCTPAHCTB MEYECHU, MOP(OIOTHS KITyOOUKOB U KaHAIbLIEBOM
CUCTEMBI TIOYEK, BBISIBIISIIUCH JA€30pTaHU3allMs] TKAaHEH U AaTOJIOTHYECKHE U3MEHEHHUS.

Pe3yabTaThl M 00Cy:KIeHHE

HccnemoBanue mokas3alio BIWSHUE TEHETUYECKH MOAU(DHUIIMPOBAHHBIX MPOIYKTOB Ha
MOP(POPYHKITMOHATHHOE COCTOSIHHE BHYTPEHHUX OPraHOB JAOOPATOPHBIX MOPCKHUX CBHHOK
(Cavia porcellus) u KOTU4eCTBO MUKPOOPTaHU3MOB B 3TUX OpraHax. [ MCTOIOTMYECKUil aHaIu3
BBISIBUJI yMEpPEHHbIE M3MEHEHHUS B MEYEHM M MOYKaX, B TO BpeMsl KaK CTPYKTypa cepaua
OCTaBajach TNPEUMYIIECTBEHHO HEW3MEHHOW. MUKpPOOMOIIOTUYECKUI aHalnM3  MoKas3all
yBeJMYEHHE KoimdecTBa KosnoHueoOpasyromux enaunul (KOE) B medyeHn u moykax OMBITHBIX
JKUBOTHBIX IO CPaBHEHUIO ¢ KOHTposieM. [ ucciaenoBaHusi ObUTH MCTIOIB30BaHBI JBEHAIATh
MOPCKHX CBHHOK ¢ oOmield maccoil tena B mpenenax 400-500 rpammoB. [IpomomkuTenbHOCTD
AKCIIEPUMEHTA COCTaBuja mecTbh MecaueB. lllecT MOPCKMX CBMHOK COCTAaBHIJIA KOHTPOJIBHYIO
rpynmny v MNojay4yajid CTaHIapTHBIA KOPM B COOTBETCTBUU C CYTOYHOM HOpMOM. OCTaBIIMECS IIECTh
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JKUBOTHBIX OBUIH pAaCIpeleleHbl B JKCHEPUMEHTATBHYIO TPYIIY W €KEAHEBHO IMOIydald
TCHETUYECKH MOTU(MUIIMPOBAHHBIC TPOAYKTBI: UHUIICHI», KKUPUEIIKI» U «XpyCcTAmKny. Kaxmoe
JKUBOTHOE B OMBITHOW rpynme moxydano 10T 3TUX MpOAYKTOB B JICHb, pPa3fciEHHBIX Ha JIBa
kopmiernus. Cogepxanne MO B HCITONTB3YEMBIX MPOIYKTaX COCTABHIIO, COTIACHO MapKHUPOBKE
npousBoautens, 5—10% ot oOmieir maccel mpoaykra. Pammon ObuT cOamaHCHpOBaH TaKUM
00pa3oM, YTOOBI OCTaJbHBIC MUTATEIbHBIC BEUIECTBA COOTBETCTBOBAIM HOPME IUII MOPCKHX
CBUHOK. DKCIIEPUMEHT MPOJI0JDKANICS IIECTh MECSIIEB, B TEUEHUE KOTOPHIX (PMKCUPOBAIIUCH Macca
Tela, 00Iee COCTOSTHHIE U TIOBEACHUE )KUBOTHBIX.

l'ucronornueckoe uccie0BaHue CepAla JIAOOPATOPHBIX MOPCKUX CBUHOK U3 KOHTPOJIBHOM
TPYIIIBI IOKa3bIBACT HOPMAIBHYIO CTPYKTYPY CEpJCYHOW TKaHW. MBIIIEYHbIE BOJIOKHA TUIOTHO
MPWJIETAIOT APYT K APYTy. Sapa MHOIUTOB 4€TKO pasnudaumsl (PucyHok 1, A).

Pucynok 1 - IIposiBineHue u3MeHeHHs TKaHU CepALla B HOPME U IATOJIOIMH IPU TUCTOJIOTHYECKUX
HCCIIEIOBAHUAX 1a00PaTOPHBIX MOPCKUX CBUHOK
(A-KOHTpPOJIbHBIN BapHaHT, B-aKciepuMeHTaIbHBII BapUaHT)

l'ucronmornueckoe  McCCleOBaHUE cepiala JIaOpaTOPHBIX MOPCKHMX CBHHOK W3
AKCTIIEPUMEHTAIBHOW Tpynmbl, moTpednsronmx ['MO-npoaykTsl BBISIBUIO CTPYKTYPHBIC
OTKJIOHEHMUSL.

PesynbTarsl vccneaoBaHu MOKa3ail 3HAUMTENbHbIE U3MEHEHHUSI BO BHYTPEHHUX OpraHax
MOPCKHX CBUHOK, MOTpeOasBmmX [ MO-TipoyKTHI.

BuyTpeHHee mNpoCTpaHCTBO JKelylouKka CeplAla BBIABISET YMEPEHHYIO HEPOBHOCTb,
OOYCIIOBJICHHYI0 HAQJIMYUEM T[EPUBACKYISIPHBIX M JUANEAC3HBIX KPOBOM3IUSHUN CpemHen
BBIPQXEHHOCTH. B HEKOTOpBIX  CiIy4asX  OTMEYEHbl JUCTPOPUUYECKHE  H3MEHEHUs
KapJInOMHUOIUTOB.

Huronnasma KapaIuOMHOLMTOB MYyTHas, OjenHas, 3epHUCTas. Sapa cmabo pazmuyuMbl
(Pucynok 1, B).

Pucynok 2 - IlposiBaeHHE U3MEHEHUS CTPYKTYphl MEYEHU B HOPME U MATOJIOTUH MPU TUCTOJOTHUECKUX
UCCIIEIOBAHUSX J1a00PaTOPHBIX MOPCKUX CBUHOK
(A-KOHTpPOINBHBII BapuaHT, B-3kcriepuMeHTaIbHbIM BapUaHT)
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l'ucronoruueckoe wuccileAOBaHWE TE€YEHH JAOOPATOPHBIX MOPCKUX CBHUHOK U3
KOHTPOJILHOM  TpYMNINbl  MOKAa3blBa€T HOPMAJIbHYIO  CTPYKTYpY  II€UEHOYHOM  TKaHH.
[lenTpanpHbIe BEHBI U KAaUJUIAPHI MEYEHOYHBIX J0JIEK 3aM0JHEHBI KpoBbIo (PucyHok 2, A).
l'ucronorudeckoe WCCIEIOBaHWE TEYEHH JIA0OPATOPHBIX MOPCKHX CBHHOK U3
SKCIIEPUMEHTANBHON  rpynmbl, mNOTpeOnsBmMX ['MO-IpoayKThl BBISIBUWIO CTPYKTYpPHBIE
OTKJIOHEHHUs. L{eHTpanbHble BEHBI MMYCThIE, KPYIHBIE COCY/Abl PACHIMPEHBI, JOKATHLHO OTMEUYAETCS
UX BapUKO3HOE U3MEHeHHWe. B  HEKOTOpeIX ywyacTKax oOHapyXeHa HHpUIbTpauus
TUMGPOTUCTHOLIUTAMY U THIA3MOCTa3. DHAOTENNNH YaCTUYHO MIPHUIIOIHSAT, MECTaMH OITYIIIEH.
B napenxume nedeHu HaOII0AalOTCS 30HBI KOJUIMKBAI[MOHHOTO HEKpO3a C MpH3HAKaMU
TUAPONUYECKON BAKYOJU3AlMU TEMaTOLUTOB, HApSAY C Yy4acTKaMU COXPaHEHHOW MapEHXUMBI
(Pucynoxk 2, B).

Pucynoxk 3 - IIposiBjieHne U3MEHEHHUs TKaHU OYKU B HOPME U NATOJIOIUHU IIPU FMCTOJIOIMYECKUX
HCCIIEIOBAHUSAX 1a00PaTOPHBIX MOPCKUX CBUHOK
(A-KOHTpPOJIbHBIN BapHaHT, B-3KciepruMeHTaIbHbII BapuaHT)

l'ucronornueckoe uccie0BaHuEe CepAla JIAOOPATOPHBIX MOPCKUX CBUHOK U3 KOHTPOJIBHOM
TPYIIBI  MOKAa3bIBa€T HOPMAJIbHYIO CTPYKTYpy cepaeuHodt TkaHu (Pucynok 3, A).
I'ucronornueckue uccae0BaHusl B SKCIIEPUMEHTAIBHON IPYIIE BhISIBUIN U3MEHEHHS B MTOYKaAX
71a00paTOPHBIX MOPCKUX CBUHOK, MOTpeOsiBInX ' MO-nipoaykThl. [ 1oMepyssipHble Kamuuisapsl
pacmMpeHsl B HEKOTOPBIX 00J71acTSIX HAOIIOAAEeTCs TUIIEPEMHES U OTEK dHIOTENNAThHBIX KIIETOK.
B noyeunsix kaHanbpax 0OHApPYKEHBI TUCTPOUUECKUE U3MEHEHUS, BaKyOJIbHAs JereHepalus u
TpaHyJISIpHBIE CTPYKTYPhl B LUTOIUIA3ME€ SIMUTEIUATbHBIX KJIETOK. B OTIenbHBIX KaHanbIax
3a)MKCUPOBAHO CY)KCHHE WJIM TIOJIHAs oOymTeparus nmpocseta. CTpoMaabHas KpylHas apTepus
pacupeHa, peojorust KpoBU U3MEHEeHa, HabJII0Aal0TCsl MEJIKOOYaroBbli AHareze3 3puTPOLUTOB
U BHYTPHUCOCYIUCTBIA JIEMKOLMTO3. DHAOTENUNA YaCTUYHO MPUIIOAHST, B HEKOTOPBIX MeECTax
oTciiauBaetcs. JlaHHas XapakTEPUCTHKA YKAa3bIBa€T HA COCYIUCTHIE AaHOMAIMU B KPYIHOMH
apTepuu CTPOMBI, BKJIOYAas €€ pacUIMpeHue, HW3MEHEHMsI PEOJIOTMYECKHX CBONCTB KpPOBH,
MEJIKOOYaroBO€ pacCeUBaHUE HPUTPOLIUTOB, YBEIUUYCHUE KOJIMYECTBA JIEUKOLMTOB BHYTPHU
COCYZIOB, @ TAK)K€ YaCTUYHOE MPUMOJHATHE WU OTCJIauBaHUE YHAOTENNS. DT U3MEHEHHS] MOT'YT
CBUJICTENLCTBOBATh O COCYIUCTON TUCHYHKIIMH U TPEOYIOT TOMOTHUTEIHLHOTO HCCIEIOBAHUS
(Pucynok 3,B).

Mukpobuonornueckue UCCIIEI0BAHUS MoKa3aju W3MEHEHUS KOJIMYEeCTBa
MUKpPOOPTraHW3MOB BHYTPEHHHMX OPraHOB MOPCKHUX CBHHOK, moTpeOsitomux ['MO-mpoayKThl.
J1s KOJNMYECTBEHHOTO OMNpEAENIEHUs MHKPOOPTaHM3MOB B TKAHSIX MOPCKHUX CBHUHOK IOCIE
3aBepUICHUS SKCIIEPUMEHTA TPOU3BOIMIICS 3a00p MEeUEHH, MTOYEK U cepAla. TkaHu U3MeNbYalluCh
B CTEPUWJIBHBIX YCIOBHSIX, ITOCTE Yero o0pasiisl pa3BOJMWINCE B (PU3HOIOTMYECKOM PacTBOPE IS
MOJIyYEHUsl OAHOPOJIHON cycneH3uu. [lanee mpoBoauiica MOCEB HAa CTaHJIApTHbHIE MUTATENbHBIE
CpeIBI C TENbI0 KOJIMYECTBEHHOTO ojicueTa kojgonueobpazyromux equauil (KOE). KonudectBo
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KOE onpenensiinoch METOJJOM CEPHUMHBIX pa3BECHUN M MOJICUETOM KOJIOHUH MOCIe UHKYOAIH
nipu 37 °C B TeueHue 24—48 4acos.

Wnentudukanuss MUKPOOPraHU3MOB IPOBOAMIACE HAa OCHOBE MOP(OIOTHYECKUX
IPU3HAKOB KOJIOHUH, OKpalIMBaHus 110 I'paMy U cTaHAapTHOro Habopa OMOXMMHUYECKHUX TECTOB.
Haubosee 3HaunTENBHBIC U3MEHEHUS KOJIMUYECTBA MUKPOOPTAaHU3MOB HAOMIOAAUCH B TKAHIX U
CTPYKTYypax cepila, Me4eHH M modkax. Jlusg Oosjee TOYHOrO M3ydeHHsl BIMSHUSA OSTHX
MHUKPOOHOJIOTHYECKUX W3MEHEHHUI Ha 3J0POBbE MOPCKUX CBMHOK HEOOXOIMM JOTOIHUTEIbHBINA
aHanu3. BIABICHO CHUYKEHHME KOJIMYECTBA MUKPO(IIOPEl BHYTPEHHUX OPraHOB MOPCKUX CBUHOK,
norpetsromux ' MO-TIpoayKThl IO CPABHEHUIO C KOHTPOJIBHOW TPYIIITON.

CrnenoBarenbHO, €CIM B KOHTPOJIIBHOM BapHaHTE KOJIMYECTBO MUKPOOPTaHU3MOB B CEPALE
MOPCKOW CBUHKH, NMUTABIIEHCS OOBIYHON MUIel cocTaBuiio 93, Torna Kak y MOPCKOM CBHHKH,
notpebasBmeir ['MO, KOIMYeCTBO MHUKPOOPTaHHW3MOB CHH3WJIOCH 10 22; B KOHTPOJBHOM
Bapuante neueHu — 104, a B SKCIEpUMEHTAIbHOM BapuaHTe IeueHH — 24; B KOHTPOJIBHOM
BapMAHTE KOJIMYECTBO BBIPOCIIMX KOJOHMM MHKPOOPIadHM3MOB B IIOYKE MOPCKOM CBUHKH,
NUTaBIICHCS OOBIYHOM MUIEH cOCTaBUIIO 78, TOTa Kak y MOPCKO#M CBUHKH, oTpedsBieit [MO
KOJINYE€CTBO MUKPOOPTAaHU3MOB CHU3HUIIOCH 10 57.

3akiroueHue

OKCHEpUMEHT, NPOBEAEHHbIM NO u3yueHUto BiusHUA ['MO Ha BHYTpEHHHE OpraHbI
MOpPCKHX CBHHOK M KOJMYECTBA BBIPOCHIMX B HUX KOJIOHUH MHUKPOOPraHU3MOB MOKa3bIBAET
3HAYUTEIbHbIC U3MEHEHUSI BO BHYTPEHHUX OpraHax, OCOOCHHO B Cep/lle, MEYCHU U MOYKaX, a
TaK)Xe B UX [TOBEJCHUMN.

Bbu10 BBIABIIEHO, YTO MOPCKHE CBUHKHU MPOSBISUIN 3aBUCUMOCTh OT 'MO, uro npuseno k
YBEJIMYEHUIO HMX MAacchl, arpecCUBHOMY TMoOBeAeHHIO U cinaboctu. Kpome Toro, anamus
MHUKPOOPTIaHU3MOB, BBIJICIICHHBIX U3 BHYTPEHHHMX OPraHOB MOPCKHUX CBHHOK, YHOTPEOJISIONINX
['MO-nipoayKThI MOKa3aJl 3HAYUTENIbHOE U3MEHEHUE, T.€. YMEHBIICHUE KOJINYECTBAa MUKPO(DIOPHI
BO BHYTPEHHMX OpraHax.

Pe3ynbTaThl CBUACTENBCTBYIOT O BO3MOXHOM HETaTUBHOM BJIMSIHUM TioTpedsenns [ MO Ha
3/I0pPOBbE KHUBOTHBIX U UX BHYTPEHHHUE OPraHbl U HEOOXOAMMOCTDH JabHEHUIIEr0 N3y4EeHUs ero
JIOJITOCPOYHBIX MTOCIIEICTBUM.
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