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The world community is facing a problem that threatens the entire population of the
planet - reproductive health. This is a multifactorial problem that requires an integrated
approach and effective solutions. One of the important factors that is very difficult to
control and which in itself is a problem, and its prevalence can be called an epidemic
without exaggeration, is drug addiction. The solution of these problems determined the
purpose of our work - to establish what changes occur at the micro- and ultrastructural
levels under the action of opioids on the uterus of white laboratory rats. The method of
hematoxylin-eosin staining was used for histological examination, and the method of
electron microscopy was used for the study at the cellular level. After 4 weeks of
administration of Nalbuphine to white laboratory rats on histological sections, significant
changes were observed in all layers of the uterus. The vessels of the myometrium were
dilated, overflowing with erythrocytes, sometimes containing neutrophils and lymphocytes,
perivasally marked the appearance of macrophages, in the cytoplasm of which was
golden-brown pigment. The development of vacuolar dystrophy was also observed in the
myometrium. There were necrotic changes and vacuolar dystrophy in the epithelium of
the uterine mucosa, and epitheliocytes in which necrotic changes occurred exfoliated
into the lumen of the uterus. The outer surface of the perimetrium was uneven due to
necrotic changes of the monolayer squamous epithelium. Hyperplasia of the stratified
squamous epithelium was observed in the ectocervix, in the areas of which a chaotic
accumulation of low-differentiated epithelial cells was found. Electron microscopy
revealed that a significant number of smooth myocytes lost their characteristic process
shape, their nuclei were deformed and were in the stage of apoptosis, karyopyknosis
and even karyorrhexis. The nucleoplasm contained almost no nucleoli, and
heterochromatin is located on the periphery of the nucleus. The enlightened cytoplasm
is filled with myofilaments, which are randomly arranged in the cell. Mitochondria
acquired various shapes and sizes, mostly with destroyed cristae and areas of
enlightenment. Swollen connective tissue layers between myocytes testify to circulatory
disorders. The damage described in the experiment at all levels indicates the destructive
effect of Nalbuphine, which causes irreversible changes that lead to significant violations
of the structure and function of the uterus, which leads to the conclusion that excessive
drug use has a direct negative impact on the reproductive system.
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Introduction

Global key issues have formed in the world community,
which have not lost their relevance over the years. One
such issue is the problem of reproductive health. According
to the UN Declaration by definition (Cairo, 2014), it is a
state of complete physical, mental and social well-being in
all matters concerning the functions and processes of the
reproductive system, including harmony in psychosexual
relations in the family and reproduction [18]. Unfortunately,

according to the WHO, Ukraine is one of the last European
countries in terms of natural population growth. This
situation is due not only to economic and socio-
psychological factors, but also the state of reproductive
health of the population and women in particular [16]. After
all, a healthy woman gives birth to a healthy child, and she
has healthy offspring, and so the circle closes. Along with
this, modern society has acquired a much newer, but no
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less global problem - the problem of drug addiction [5, 11].
In 2016, 19.5 million women (or 15.4%) aged 18 and older
used illicit drugs [1, 12]. According to the report of the Center
for Medical Statistics of the Ministry of Health of Ukraine for
2018, 3830 people were diagnosed with a first-time
diagnosis of mental and drug-related behavioral disorders,
2299 of them used opioids, a total of 60686 people at the
end of the year, including 40618 were opioid addicts. The
vast majority are people of reproductive age from 15 to 35
years [6].

The aim of the study was to establish changes in the
structural organization of the uterine wall of white laboratory
rats at the micro- and ultrastructural levels under conditions
of 4-week exposure to Nalbuphine.

Materials and methods

The study was performed on 16 adult white female rats
aged 3.0-3.5 months and an initial body weight of 160-180 g.
All animals were divided into 2 groups: the first (experimental)
group of animals was administered intramuscularly
Nalbuphine daily for four weeks (first week - 8 mg/kg, the
second week - 15 mg/kg, the third week - 20 mg/kg, the fourth
week - 25 mg/kg), and the second (control) group of animals
during the experiment was injected with 0.9% NaCl solution.

All animals were kept in the vivarium of Danylo Halytsky
Lviv National Medical University, experiments were conducted
in accordance with the provisions of the European
Convention for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes (Strasbourg,
1986), Council of Europe Directive 2010/63/EU, Law of
Ukraine Ne 3447 - [V "On protection of animals from cruel
treatment". The materials of the work were considered by
the members of the commission on bioethics of Danylo
Halytsky Lviv National Medical University, who reached the
agreed opinion that the materials submitted for examination
are scientifically substantiated (Minutes Ne 9 of 31.10.2017).

Animals were removed from the experiment 4 weeks
after the introduction of the opioid through euthanasia by
overdose of diethyl ether.

Hematoxylin-eosin staining was used for histological
examination. Preparations of the uterus of a female white
rat were fixed in a 10% neutral solution of formalin, and
then clarified in alcohols of various concentrations. It was
later immersed in xylene and then in xylene/paraffin, the
paraffin blocks were poured into a mold, cooled with water
and 7 pm thick paraffin sections were cut with a knife. The
slice was dried in a thermostat at a temperature of 37-
40°C. Staining was performed according to standard
methods [7].

For electron microscopy, the samples were fixed with a
1.5% solution of 0sO, (Osmium Tetroxide SPI - CHEM USA)
in a 0.2 M solution of sodium cacodylate (Cacodylic acid
Sodium salt. Fluka) at pH 7.2 for 2-2.5 hours in the cold.
Dehydration in increasing concentrations of ethyl alcohol
(50°, 70°, 90° and absolute) for 30 minutes each.
Conduction through propylene oxide (Fluka) for 10 minutes

Pouring samples into epoxy resins Epon-812 (Fluka) and
polymerization for 24 hours in a thermostat at 60°C. Sections
were prepared on an ultramicrotome UMTP-6M using a
diamond knife (DIATOM). Contrast sections in 1% uranyl
acetate solution and in Reynolds contrast. Photographing
of uterine structures was performed using a microscope
UEMV-100K at an accelerating voltage of 75 kV.

Results

Histological examination of the uterus at 4 weeks of
experimental administration of Nalbuphine in the epithelium
of the mucous membrane of the uterine horns revealed
necrotic changes and vacuolar dystrophy, namely, in the
cytoplasm of epithelial cells marked enlightenment of the
cytoplasm, the appearance of small rounded vacuoles.
Epitheliocytes, in which necrotic changes took place,
exfoliated into the lumen of the uterus. Also found the
development of vacuolar dystrophy, increasing
dyscirculatory changes in the vascular system of the
myometrium. Small arteries and veins of the myometrium
were dilated, filled with erythrocytes, sometimes containing
neutrophils and lymphocytes (Fig. 1).

Due to necrotic changes of the myometrium, the outer
surface of the perimetrium was uneven. The own mucosal
plate was infiltrated by lymphocytes, single neutrophils and
eosinophils. The appearance of macrophages in the
cytoplasm of which a golden-brown pigment was localized
was noted in the connective tissue stroma around the
vessels (Fig. 2).

In the ectocervix of the cervix, which is represented by a
multilayered squamous epithelium, its hyperplasia was
observed, in the areas of which a chaotic accumulation of
low-differentiated epithelial cells was seen (Fig. 3).

In the myometrium of the cervix noted hyperemia and
blood stasis, as well as the progression of alternative
changes in smooth myocytes. Polymorphonuclear
infiltration of the myometrial stroma also developed.

Fig. 1. The hypermi of vesselsf myoerium of a uterine
horn is expressed. Necrotic changes of the monolayer squamous
epithelium of the myometrium. Hematoxylin and eosin. x100.
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Fig. 2. Polymorphonuclear infiltration of the myometrium. Brown-
yellow pigment inclusions in the cytoplasm of macrophages.
Hematoxylin and eosin. x100.

Fig. 3. Hyperplasia and violation of cell differentiation of the
multilayered squamous epithelium of the vaginal part of the cervix
(ectocervix). Hematoxylin and eosin. x100.

Fig. 4. Fragment of the uterine wall of a white laboratory rat after
4 weeks of Nalbuphine administration. Electronic microphotography.

x8000.

Neutrophils and macrophages predominated in the
infiltrates, and eosinophils and lymphocytes were
somewhat less common.

The study by electron microscopy revealed significant
changes in the ultrastructural organization of the uterus of
white laboratory rats under conditions of 4-week
administration of Nalbuphine. A significant number of
smooth myocytes lost their characteristic process shape,
their nuclei were deformed and were in the stage of
apoptosis, karyopyknosis and even karyorrhexis (Fig.4).

In the nucleoplasm there are almost no nucleoli,
heterochromatin, which predominates, is located on the
periphery of the nucleus. The cytoplasm is enlightened
and filled with myofilaments, which are randomly arranged
in the cell. Mitochondria come in different shapes and sizes,
mostly with destroyed cristae and areas of enlightenment.
Connective tissue layers between myocytes are swollen,
which is characteristic of circulatory disorders.

Discussion

In today's world, where there is unrestricted access to
anything, the problems of drug addiction and the state of
reproductive health of the population, closely intertwined
with each other, are acute for the world community. Drug
control over pharmacotherapy is becoming more stringent
every year, and international health organizations are
working intensively to develop effective programs for the
prevention, control and treatment of drug addiction [14, 15].
In fact, opioids occupy a leading position among all groups
of drugs that are abused, as they are widely used in medical
practice.

After analyzing the professional literature, it was found
that this group of drugs has a negative effect on the female
genitals [2, 8]. A number of authors have described the
effect of different groups of opioids on pregnant female
rats, namely on the muscular membrane of the uterus - the
myometrium, where a violation of the contractile ability of
the uterine muscles [9, 17].

Maryam Dehghan et al., who described changes in the
micro- and ultrastructural changes in the uterus of pregnant
rats under the influence of morphine, made a significant
contribution to the study of the female reproductive organ,
the uterus. Light microscopy revealed the following
histological changes: inflammatory polymorphic infiltration
of the stroma, areas of apoptosis and overflowing and
dilated vessels, electron microscopy observed deformation
and destruction of the nuclear envelope of epithelial cells
of the endometrium, the appearance of wide gaps between
the nuclei and heterochromatin which is not typical in the
control groups [3].

Heba Atef EI-Ghawet conducted a study of the synthetic
opioid tramadol on the reproductive system, which found
that both the structure of the ovary and the quality of follicles
in it deteriorated, ovarian dysfunction was confirmed by
massive atrophy and dysfunction of the endometrial glands
[4]. Changes in muscle tissue at the ultrastructural level in
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the study of the effect of Nalbuphine on cardiomyocytes,
showed the destruction of mitochondria, the expansion of
the intercellular space, the marginal location in the nucleus
of chromatin [13].

In general, the trend of negative destructive effects of
opioid drugs has been observed in many scientific studies,
but in order to get a complete picture and systematize the
effects of opioids on the female reproductive system,
including the uterus, additional targeted studies are
needed [10].

In our work, a comprehensive morphological study of
the uterus at the micro- and ultrastructural level on the
background of long-term exposure to Nalbuphine using
electron microscopic and histological methods, as well as
features of the restructuring of the cell structure of this
organ. The obtained results will expand the idea of
quantitative and qualitative changes in the cellular
composition of the uterus with the use of Nalbuphine and

References

[1]1Adams, K. T., Adams, T., Aldworth, J., Asman, K. J., Barnett, S.
N., & Bishop, E. (2016). Results from the 2016 National Survey
on Drug Use and Health: detailed tables. Center for Behavioral
Health Statistics and Quality (CBHSQ), Substance Abuse and
Mental Health Services Administration (SAMHSA), US
Department of Health and Human Services (HHS), RTI
International.

[2] Benningfield, M. M., Dietrich, M. S., Jones, H. E., Kaltenbach, K.,
Heil, S. H., Stine, S. M., ... Martin, P. R. (2012). Opioid dependence
during pregnancy: relationships of anxiety and depression
symptoms to treatment outcomes. Addiction, 107, 74-82. doi:
10.1111/j.1360-0443.2012.04041.x

[3] Dehghan, M., Jafarpour, M., & Mahmoudian, A. R. (2010). The
effect of morphine administration on structure and
ultrastructure of uterus in pregnant mice. Iranian Journal of
Reproductive Medicine, 8(3), 111-118.

[4] EI-Ghawet, H. A. (2015). Effects of tramadol on the reproductive
function of wistar albino rats. Eur. J. Exp. Biol., 5, 56-64.
Available online at www.pelagiaresearchlibrary.com

[56] Gorman, M. C., Orme, K. S., Nguyen, N. T., Kent Ill, E. J., &
Caughey, A. B. (2014). Outcomes in pregnancies complicated
by methamphetamine use. American Journal of Obstetrics
and Gynecology, 211(4), 429-e1. doi: 10.1016/
j-aj0g.2014.06.005

[6] Government agency "Center for Mental Health and Monitoring
of Drugs and Alcohol of the Ministry of Health of Ukraine"
(2018). National report on the drug situation in Ukraine for
2018 (according to 2017).Kyiv. http://cmhmda.org.ua

[7] Horalskyi, L. P., Khomych, V. T., & Kononskyi, O. . (2011).
Fundamentals of histological technique and morphofunctional
research methods in normal and pathology. Zhytomyr:
Polissya.

[8] Ivankiv, Y. (2019). Structural organization of the links of
hemomicrocircular channel of the rat’'s uterus under the
conditions of 6-week long administration of Nalbuphine.
Proceeding of the Shevchenko Scientific Society. Medical
Sciences, 55(1), 111-117. doi: https://doi.org/10.25040/
ntsh2019.01.01

[9] Kayacan, N., Ertugrul, F., Arici, G., Karsli, B., Akar, M., & Erman,
M. (2007). In vitro effects of opioids on pregnant uterine muscle.
Advances in therapy, 24(2), 368-375. doi: 10.1007/

its subsequent ability to perform reproductive function, as
well as the ability of uterine cells to reparative and/or
compensatory processes with drug withdrawal. This will
allow us to review and improve the treatment of obstetric
and gynecological diseases in women who are forced to
use opioids for a long time or are drug addicts.

Conclusions

Prolonged exposure to Nalbuphine causes significant
micro- and ultrastructural changes in the uterine wall. The
injuries described in the experiment indicate a destructive
effect that can cause irreversible changes, which in turn
lead to significant violations of the structure and function of
the uterus. Disorders that occur at all levels, from
organelles to the level of organs and the system as a whole,
prompt special attention to this problem, both scientists
and practitioners.

BF02849906

[10] Mateshuk-Vatseba, L. R., Ivankiv, Ya. T., & lvankiv, T. M. (2019).
The influence of opioid on the microstructural organization of
the Wall OT the uterus of the white laboratory rat. Clin. J.
Obstet. Gynaecol., 2, 135-137. doi: dx.doi.org/10.29328/
journal.cjog.1001036

[11]McHugh, R. K., DeVito, E. E., Dodd, D., Carroll, K. M., Potter, J.
S., Greenfield, S. F,, ... Weiss, R. D. (2013). Gender differences
in a clinical trial for prescription opioid dependence. Journal of
Substance Abuse Treatment, 45(1), 38-43. doi: 10.1016/
jJjsat.2012.12.007

[12] NIDA (2020). Substance Use in Women. Retrieved from https:/
/www.drugabuse.gov/publications/research-reports/
substance-use-in-women/sum

[13] Pokotylo, V. Yu. (2017). Ultrastructural features of rat
myocardium and its hemomicrocirculatory bed at the early
stages of opioid intoxication. Bulletin of Problems of Biology
and Medicine, 1(135), 304-309.

[14] Substance Abuse and Mental Health Services Administration
(SAMHSA). (2011). Addressing the needs of women and girls:
Developing core competencies for mental health and
substance abuse service professionals. U.S. Department of
Health and Human Services.

[15] Wizemann, T. M., & Pardue, M. L. (2001). Institute of Medicine
(US) Committee on Understanding the Biology of Sex and
Gender Differences. Exploring the biological contributions
to human health: does sex matter. Washington (DC): National
Academies Press (US).

[16] World Health Organization. Department of Mental Health,
Substance Abuse, World Health Organization, International
Narcotics Control Board, United Nations Office on Drugs, &
Crime. (2009). Guidelines for the psychosocially assisted
pharmacological treatment of opioid dependence. World
Health Organization.

[17] Yoo, K. Y., Lee, J., Kim, H. S., & Jeong, S. W. (2001). The
effects of opioids on isolated human pregnant uterine muscles.
Anesthesia & Analgesia, 92(4), 1006-1009. doi: 10.1097/
00000539-200104000-00037

[18] Yuzko, O. M. (2016). Reproductive health benefits: medical
and social aspects. Health, (6), 3-6.

Vol. 26, Ne1, Page 32-36

35



Micro- and ultrastructural organization of the uterine wall of a white laboratory rat under conditions of...

MIKPO- TA YNbTPACTPYKTYPHA OPTAHI3ALIA CTIHKA MATKU BINNOrO NIABOPATOPHOIO LLYPA 3A YMOB 4-TUXXHEBOI
Ol HANBY®IHY

leaHkie 51.T.

Ceimose cycninbcmeo 3iuWmosxHysocs 3 MpobneMoro, sika CmaHo8UMb 3a2po3y Ofs yCb020 HacesleHHs rniaHemu - pernpodyKmusHe
300pos's. Le € mynbmughakmopianbHot rpobremoro, sika nompebye KomrnekcHo20 nidxody ma diegux piweHb. OOHUM i3 8axuux
YUHHUKI8, siKull Oyxke cknadHO KOHMpPO/Ireamu ma sikuli cam rno cobi cmaHosums rpobnemy, a (io2o nowupeHicmb 6e3 nepebinbueHb
MOXHa Ha3deamu enidemicto, € HapKkoMaHisi. BupiweHHs yux npobrem 3ymosuno memy Hawoi pobomu - ecmaHosumu, siki 3MiHU
8i0bysarombCsi Ha MiKpO- ma yribmpacmpyKmypHUX pigHsix ripu Oii onioidy Ha mamky 6inozo nabopamopHoz2o wypa. [ns sicmonoaidyHo2o
docnidxeHHs1 3acmocysanu Memo0 3abaperieHHs 2eMamoKCUIiH-e03UHOM, 05151 OOCIOXEHHS Ha KNimMUHHOMY pigHi eukopucmosysarsnu
mMemod enekmpoHHOI Mikpockonil. [licna 4 muxHie esedeHHsi HanbyiHy 6inum nabopamopHUM wypam Ha 2icmosoeiyHuUX 3pizax
criocmepieanu 3HaqHi 3MiHU y 8ciX wapax mamku. CyOuHu miomempisi 6ynu po3wupeHi, nepenosHeHi epumpoyumamu, nodekyou
micmunu Helmpogbinu ma niMghoyumu, nepusasanbHO 8i03Haqanu rnosisy Makpogaeie, y yumonnasmi SKUX JI0Kanisyeaecsi niaMeHm
30510mucmo-6ypoeo Komnbopy. Takox y miomempii cnocmepieanu po38UMOK 8aKyonbHOI ducmpodgpii. B enimenii ¢riu3080i 06010HKU
poeie mamku bynu HeKpOmMuYHi 3MiHU ma 8akyornbHa ducmpodis, a enimenioyumu, 8 SKUX 8i06yuCb HEKPOMUYHI 3MiHU, 31yulyeanuch
y npocsim mMamku. 308HiWHSs MOBEPXHS nepumempisi byrna HepieHoO, 8HAC1IOOK HEKPOMUYHUX 3MiH 0OHOWap0o8020 M/1I0CKO20 enimertito.
B ekmouepsikci criocmepieanu zinepnnasito bazamowapogoeo MiocKo2o enimennitro, 8 OifsiHkax sIKoi UsIBUIU XaomuyHe Ha2poMaKeHHs
Hu3bKoOughepeHuiltiogaHux enimenianbHUX KnimuH. Memodom ernekmpoHHOI MiKpockonii 6yfi0 8CmaHO8/1eHO, W0 3HaYyHa KifbKicmb
enadkux mioyumie empadana xapakmepHy eidpocmyacmy ¢opmy, ixHi sdpa OechopmosaHi ma nepebysanu y cmadiii anornmoasy,
KapionikHo3y ma Haeimb Kapiopekcucy. Hykrneonnasma npakmuyHO He micmurna sidepeub, a eemepoxpomamuH po3mauwiogaHul rno
nepugpepii a0pa. MpoceimneHa yumonnasma eurnogHeHa MioginamMeHmamu, siKi Xaomu4yHO po3mawosaHi y KrimuHi. MimoxoHdpif
Habysarnu pi3HoOi chopmu ma po3mipie, nepesaxHo 3i 3pyliHosaHUMU Kpucmamu ma OinsHKaMmu ripoceimnieHHs. [1po nopyweHHs
Kpogoobiay ceidqunu HabpsiKmi cronyYHOMKaHUHHI npowapKu MixX mioyumamu. OnucaHi 8 eKkcriepuMeHmi MOWKOOXeHHST Ha yCiX
pigHsix cgid4yamb rpo decmpyKkmueHul ernnue HanbyciHy, Wo CrpuYUHSIE HE380POMHI 3MiHU, SKi npu3eodsimb A0 3HaYHUX MOPYWEHb
cmpykmypu ma yHKUit Mamku, wo 003807159€ 3p0bumu 8UCHOBOK, W0 HaOMIpHE 8XXKUBaHHS HAPKOMUYHUX peqyosuH mae b6e3rnocepedHili
HeazamueHUU 8ru8 Ha opaaHu pernpodyKmueHoOi cucmemu.

KniouoBi cnoBa: mamka, cmpykmypa, onioidu, ekcriepumeHm, perpodyKmueHe 300po8's.

MUKPO- U YNIbTPACTPYKTYPHAAl OPTAHU3ALIUA CTEHKU MATKU BENOW IABOPATOPHOW KPbIChI B YCITOBUAX
4-HEQENbHOIO AEACTBUSA HANBY®UHA

NeaHkue 51.T.

Mupoeoe 0buw,ecmeo cmonkHynock ¢ npobnemod, komopasi npedcmasrissem y2po3y Orsi ce20 HacesieHUs niaaHemsl - perpodyKmugHoe
300posbe. Mo MyrnbmugakmopuanbHas rnpobnema, mpebyroujas KOMIIEKCHO20 nodxoda u AelicmeeHHbIx peweHuld. OOHUM u3
B8aXHbIX chakmopos, KOMOPbIU OYEHb C/I0XHO KOHMpPoOupogsamb U Komopkll caMm rno cebe siensemcs npobnemol, a e2o
pacnpocmpaHeHHOCmb 6e3 rpeyesenuyeHuUs MOXHO Ha3eamb 3rudemuel], 76/19emcsi HapKoMaHusi. PeweHue amux npobnem obycrnoeuno
uenb Haweul pabomsl - ycmaHo8UMb, Kakue U3MEHEHUs MPoucXo0sim Ha MUKPO- U yribmpacmpyKmypHbIX YpO8HSIX npu eo3delicmauu
onuouda Ha mamky benol nabopamopHoU KpbiChl. [na 2ucmono2udyeckoeo ucciedosaHusi NPUMEHUIU Memool OKpawusaHus
2eMamoKCU/IUH-303UHOM, Orisi uccre®o8aHUsi Ha K/emo4YHOM ypOBHe UCMob308ariu Memod 3neKmpoHHoU mukpockonuu. [locne 4
Helersb 8gedeHusi HanbyguHa berbiM n1abopamopHbIM KpbiCaM Ha 2UCMOI02UYECKUX cpe3ax Habmodanu 3HadumesibHbIe USMEeHeHUs
80 8cex crosix mamku. Cocydbl muomempusi bbiniu pacuupeHsbl, nepernosiHeHbl apumpoyumamu, uHoa0a codepxanu Heldmpogursbl U
numgouumsl, nepusasanbHO OMMeYanu rosierieHue Makpogazos, 8 yumornasme KomopbIX /IOKanu308ascsi nueMeHm 30/10mucimo-
6ypozo uysema. Takxe 8 Muomempuu Habrodanu passumue 8akyornbHoU ducmpocgpuu. B sanumenuu cnusucmol o60/104KU po2os
Mamku 6binu HEKpOMUYeCcKUe USMEHEHUS U 8aKyosnbHas ducmpoghusi, a 3numesuoyumsl, 8 KOMOPbIX 8bisi8NeHbl HEKpomuYeckue
u3mMeHeHusi, 0eckeamupos8aucCh 8 Npoceem Mamku. BHeWHsiss nogepxHocmb rnepumempusi bbina HeposHoU ecriedcmeaue HeKPOmMuU4YeCcKUX
U3MeHeHuUl 0OHOCTOUHO20 NI0CKO20 anumerus. B akmouepsukce Habmodanu auneprnas3uro MHO20CIOUHO20 MI0CKO20 anumernus, 8
yyacmkax Komopo2o 0OHapyXusu Xaomu4ecKoe HagpoMoxoeHUe HU3KoOUGghepeHUUpo8aHHbIX anumesnuarnbHbiX Knemok. Memodom
3/1eKMPOHHOU MUKPOCKOMUU ObIfI0 yCMaHOo8/1eHo, YMO 3Ha4umesibHOe Koru4yecmeo 21adKux MUOUUmos8 mepsnio XxapakmepHYHo
ompocmyamyto ¢popmy, ux sidpa bbinu echopmuposaHsl U Haxodunucb 8 cmaduu arnornmosa, KapuornuKkHo3a U Qaxe Kapuopekcuca.
Hykneonna3ama npakmuyecku He colepxana s0pbIUeK, a 2emepoxpoMamuH pacrionazasncs no nepugepuu sidpa. lpoceemneHHas
yumorna3sma 8blIfosiHeHa MuogunameHmamu, Komopble XaoOmu4HO pacrosnoxeHbl 8 Kremke. MumoxoHApuu npuobpemarnu pasinudHyto
opmMy u pa3mepsbi, NPEUMYWECmBEHHO C paspyweHHbIMU Kpucmamu U ydacmkamu rnpoceemieHusi. O HapyuweHuUU KpogoobpauwieHusi
ceudemernbcmeosanu Habyxuiue coeQUHUMEeIbHOMKaHHbIe NPOCOUKU Mex0y muoyumamu. OnucaHHbIe 8 IKCIIEPUMEHME 108PEeXOeHUs
Ha 8cex yposHsix ceudemernbcmeyom 0 0eCmpyKmMUSHOM 8/IUSHUU HanbyguHa, Ymo 8bi3bisaem HeobpamumMblie USMEeHeHUSs], Komopble
npugodsam K 3HadyumeribHbIM HapyweHUsIM cmpyKkmypbl U ¢byHKUUl Mamku, Ymo rno3gosnssem cdenampb 8b1800, YMO Ype3MepHoe
yrnompebrieHue HapKoOMUYeCKUX 8euwecme umeem HernocpedcmeeHHOe He2amueHoe 8MuUsiHUe Ha op2aHbl penpodyKmusHOU CUCMeMbI.
KnroueBble cnoBa: mamka, cmpykmypa, ornuoudbl, aKcriepuMmeHm, pernpodykmugHoe 300po8be.
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