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Abstract. Introduction. Esophagitis of various etiologies, metaplasia (Barrett’s disease) and cancer are a serious
problem at the current stage of medical development. Understanding the regulation of esophageal epithelial proliferation
and differentiation is crucial for developing effective therapeutic strategies. The aim of the study was to conduct a
comparative analysis of the effects of the peptide morphogen hydra and the cytostatic drug cyclophosphamide on the
morphometric and histochemical parameters of the esophageal epithelium in mice, with special attention to changes
in tissue organization characterized as heteromorphism. For the first time, a comprehensive approach combining
morphometric, histochemical, and immunohistochemical methods is presented to assess the effect of these drugs
on epithelial cell proliferation and metabolism. Materials and methods. 45 white mongrel mice were used in the
experiment. Groups of animals were injected intraperitoneally with the peptide morphogen hydra (PMG) (100 mcg/kg)
or cyclophosphamide (CF) (400 mg/kg) for 5 days, the control group received saline solution. Histological analysis,
morphometry, histochemistry (NADH-diaphorase and succinate dehydrogenase activity), and immunohistochemistry
(detection of nuclear antigen of proliferating PCNA cells) were performed 24 hours after the last injection. The results
showed that the peptide morphogen of hydra induces epithelial hyperplasia, mainly due to the spiny layer, and increases
the activity of NADH-diaphorase and succinate dehydrogenase, as well as the proliferative index. Cyclophosphamide
causes hyperkeratosis, impaired differentiation, and decreased enzyme activity, with a paradoxical initial increase and
then decrease in proliferative activity. Conclusions. The peptide morphogen of hydra and cyclophosphamide cause
opposite changes in the epithelium of the esophagus, enhancing its heteromorphism. The data obtained are important
for understanding the pathogenesis of chemotherapy complications and developing new strategies for the treatment
of esophageal diseases.
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Pestome. BeedeHue. 330aruTbl pa3nuyHoii aTnonorum, Mmetannasus (bonesHs bappetra) u pak npeactaBnsioT
cepbesHyto Npobnemy Ha COBPEMEHHOM 3Tane pasBUTUS MeauLMHbL. NoHMaHue perynauuu nponudgepayum u
AN epeHLMpPOBKU ANUTENNS NMULLEBOAA KPUTUYECKU BaXHO 4Ns pa3paboTkn apdeKTUBHbIX TepaneBTUYeCKNX
ctpaternit. Ljenb uccnedoeaHusi — NpPOBECTW CPABHUTENbHbI aHanu3 BO3AENCTBUS NENTUAHOTO MopdoreHa
rMapbl U LMTOCTATMYECKOro npenapara uuknopocgarHa Ha MOpOMETPUYECKNE 1 TMCTOXUMUYECKUe NnapameTpebl
3MUTENNS NULLEBOAA Y MbIEN, C 0COObIM BHUMAHUEM K U3MEHEHWUSIM TKaHEBOW OpraHu3auumn, xapakTepuayo-
Wumcs kak rerepomopdusi. Bnepsble npeacTaBneH KOMMMEKCHbI noaxod, 06beanHALWNA MOpoMeTpUYECKMe,
TMCTOXUMUYECKUE U UMMYHOTUCTOXMMWUYECKNE METOLb! A5 OLeHKM BIIMSAHWS 3TUX NpenapaToB Ha nponngepawuio
n MeTabonuam anuTenuanbHbix knetok. Mamepuansi u MemoOdsbl. B akcnepumeHTe ucnons3osanu 45 6enbix 6ec-
NOPOAHbIX MblLLEN. [pynnam XMBOTHbIX BBOAWNN BHYTPUBPIOWKMHHO NenTuAHbI MopdoreH ruapbl (MMI) (100 mkr/kr)
unu yuknodocana (Lid) (400 mr/kr) B TeueHne 5 gHeRn, KOHTpONbHas rpynna, nonyyana gusnonornieckuin pactaop.
fucTonornyecknin aHanums, MopgomeTpus, ructoxummus (aktsHocts HAJH-anadopassl 1 CykyuHaTaernaporeHass!)
W UMMYHOTUCTOXUMMS (BbISIBNIEHWE SAEPHOT0 aHTUreHa nponudepupyrowmnx knetok PCNA) npoogunuck vepes
24 yaca nocrne nocnegHen UHbEKLMK. Pe3ynbmambl noka3anu, YTo NenTUAHbIA MOPQOreH ruapbl UHAYLMPYET ru-
nepnnasuio ANUTENNUS, NPEUMYLLECTBEHHO 3a CYET LUIMNOBATOrO C0S, U NOBbIWaeT akTuBHoCT HAJH-gnadopassl 1
CyKLMHATOEerngporeHassl, a Takxe nponudepaTtuBHbii MHAeKC. LinknoocdaH Bbi3blBaeT runepkeparos, HapyLeHue
AN epeHLIMPOBKU U CHUXEHWE aKTUBHOCTM (PEPMEHTOB C NapafoKcarbHbIM HayalbHbIM YBeIMYeHNeM, a 3aTem
CHUXEHUEM NponndepaTBHON akTUBHOCTU. Bb18odhbI. MenTuaHbIn MOPgOreH rnapbl 1 LKMo ocdaH Bbi3biBatoT
NPOTMBOMONOXHbIE U3MEHEHUS B ANUTENUW NULLEBOAA, YCUNUBas ero rerepomopguio. MNonyyeHHble AaHHbIe BaXHb
AN NOHUMaHWS NaToreHe3a OCNOXHEHWA XUMMoTepanuu 1 pa3paboTku HOBbIX CTpaTerui neyenns 3abonesaHuni
nuesoga.

KnioyeBble cnoBa: anutenui nuiLesoaa, rerepomopus, LuknogocdaH, nenTuaHbln MopgoreH ruapbl
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INTRODUCTION

Diseases of the esophagus, including esophagitis of
various etiologies, metaplasia (Barrett's disease) and can-
cer, represent a serious medical problem [7, 9, 14]. Under-
standing the regulation of esophageal epithelial proliferation
and differentiation is critical for the development of effective
therapeutic strategies [10, 11, 15]. In this study, we com-
pared the influence of two agents with opposite mecha-
nisms of action on esophageal epithelium: peptide morpho-
gen hydra (PMG), known for its regenerative properties,
and cyclophosphamide (CPh), a cytostatic drug widely used
in oncology. The study hypothesis was that these agents
would induce opposite changes in epithelial morphometry
and histochemistry.

AIM

The aim of the study is to conduct a comparative experi-
mental investigation of changes in the histological structure
of the esophageal mucosal epithelium, its proliferative and
metabolic activity under the influence of a cytostatic agent
and a morphogen, taking into account the heteromorphism
of this tissue

MATERIALS AND METHODS

The experiment was conducted on 45 adult outbred
white male mice (23-25 g), randomly divided into three
groups of 15 animals each: control (intraperitoneal admi-
nistration of physiological NaCl solution), PMG group (in-
traperitoneal administration of PMG at a dose of 100 ug/kg
body weight), CPh group (intraperitoneal administration of
CPh, LENS-Pharm, Russia, 400 mg/kg body weight). Daily
intraperitoneal administration of the drugs was carried out
for 5 days. 24 hours after the last injection, the animals
were euthanized [2]. Esophageal samples were fixed in
Carnoy’s fluid, histological sections were prepared, and he-
matoxylin and eosin staining was performed. Morphometric
analysis (thickness of the epithelial layer and its parts) was
performed using an ocular micrometer (x280). Proliferative
activity was assessed by counting mitoses in the basal layer
(23000 cells per animal, x900). NADH diaphorase (NADH-d)
and succinate dehydrogenase (SDH) activities were de-
termined histochemically on cryostat sections (tetrazolium
method) with quantitative assessment on a spectrophoto-
meter (x280, A=545 nm) [6]. Imnmunohistochemical detection
of the nuclear antigen of proliferating cells PCNA (DAKO
A/S, Denmark, dilution 1:100) was performed on paraffin
sections. Statistical data processing was performed using
Student’s t-test (Statistica for Windows v.6.0). The signifi-

cance of differences was accepted at p <0.05. The work
was carried out in accordance with the ethical principles
established by the European Convention for the Protection
of Vertebrate Animals used for Experimental and other Sci-
entific Purposes (adopted in Strasbourg on 18.03.1986 and
confirmed in Strasbourg on 15.06.2006) and approved by
the Local Ethics Committee.

RESULTS

In the control group, the stratified squamous non-kerati-
nizing epithelium of the esophagus demonstrated typical
architecture: clear stratification into basal, spinous, granular
and horny layers, as well as characteristic vertical cellular
polarization. Basal cells had a cuboidal or low prismatic
shape, basophilic cytoplasm, and an approximately equal
ratio of eu- and heterochromatin in the nuclei. Mitotic activity
was predominantly localized in the basal layer, appearing as
individual foci. The spinous layer was formed by 2—-4 rows
of polygonal cells with predominance of euchromatin in the
nuclei and intense basophilic colour of the cytoplasm. The
granular layer consisted of 1-2 rows of flattened cells with
pronounced heterochromatin in the nuclei and a large num-
ber of basophilic keratohyaline granules in the cytoplasm.
The stratum corneum was represented by densely packed
horny scales with acidophilic cytoplasm.

Peptide morphogen hydra group

Histological study. In animals receiving PMG, the gene-
ral structure of the esophageal epithelium was preserved,
but statistically significant hyperplasia was observed
(p <0.001), mainly due to an increase in the thickness of the
spinous layer. The morphology of cells in different layers,
including the size of nuclei and the distribution of chromatin,
did not visually differ from the control group. At the same
time, an increase in the number of mitoses in the basal layer
was noted.

Morphometric study. Quantitative morphometric analysis
showed an increase in the total thickness of the epithelial
layer by 1.4 times (p <0.001) compared to the control group.
This increase was mainly due to an increase in the thick-
ness of the spinous layer (1.7 times, p <0.001) and, to a
lesser extent, the basal layer (1.3 times, (p <0.05)). The
thickness of the stratum corneum did not differ statistically
significantly from the controls. Mitotic activity in the basal
layer increased by 1.4 times (p <0.01) compared to the
controls (Fig. 1). The proliferative index also demonstrated
a reliable increase (p <0.05).

Histochemical study. In the control group, NADH-d acti-
vity was recorded in all layers of the epithelium, except for
the stratum corneum, with uniform distribution of the reaction

& pOCCHIICKIE BHOMETHIHCKAE HCCTETOBAHMA  TOM 10 Nl 2025

ISSN 2658-6576 ( Online )




34

ORIGINAL PAPERS

60

Fig. 1.

Puc. 1.

05—

04

03—

02—

01—

0,0

Fig. 2.

Puc. 2.

nMr nMr UoK/  Ud Lo
K/IMC 5-e cyTkn / CPhC 2-ecyT- 6-ecyT-
M K/ CPh  kn/CPh
5th day M 2nd day  6th day

CPh CPh

Mitotic activity in the basal layer of the esophageal
epithelium after administration of morphogen (M) and
cyclophosphamide (CPh). Ordinate axis: mitotic activity
(in %o). Abscissa axis here and in Figs. 2 — index values:
C — control group, 2, 5, 6 — days of the experiment.
* Difference from control is significant (p <0,05)

MuTtoTuyeckas aKTUBHOCTb B 6a3anbHOM Croe anuTenus
nuweBoga nNpu BBeAeHUM NenTUAHOTO MopchoreHa ruapbl
(MMI) u uuknodocana (LP). Mo ocu opauHaT: MUTOTU-
Yyeckas aKTMBHOCTb (B %o). Mo ocu abcumcc 3pechb M Ha
puc. 2 — 3HayeHua nokasatens: K — KoHTponbHas rpyn-
na, 2, 5, 6 — cyTku akcnepumeHTa. * OTNUYMe OT KOHTpONS
3Haymmo (p <0,05)

fmr OnbIT L®K / OnbIT
K/MC MMr/ CPh C Uo/
Experiment Experiment
M CPh

product in the cell cytoplasm. Enzyme activity was higher in
the basal layer than in the spinous layer. The introduction of
PMG did not change the localization of enzymatic activity,
but an increase in the reaction in the basal and spinous
layers was visually observed. No significant changes were
detected in the stratum corneum and granular layers. Quan-
titative assessment showed a 1.6-fold increase in NADH-d
activity in the basal layer and 1.3-fold in the spinous layer
(p <0.01) (Fig. 2). SDH activity also increased significantly
(p <0.01) — 1.4 times in the basal layer and 1.5 times in the
spinous layer.

Cyclophosphamide group

Histological study. Short-term exposure to high doses
of CPh resulted in significant thickening of the epithelial
layer already by the second day of the experiment, accom-
panied by uneven thickening and looseness of the stratum
corneum. The overall thickening of the epithelium was sta-
tistically significant (p <0.001) and was primarily due to hy-
perkeratosis. Impaired stratification and differentiation of
epithelial cells were observed, with dyskeratosis. Altered
relief of the epithelial surface and interstitial edema were
observed. Basal cells were randomly located, forming a
multi-row layer with variability of basophilic cytoplasm.
An increase in the number of cell rows and the volume
of epit helial cell cytoplasm were observed in the spinous
layer. The size of keratohyaline granules increased in the
cells of the granular layer.

fmr OnbIT L®K / OnbiT
K/MC [IMr/ CPhC Uo/
Experiment Experiment
M CPh

Activity of NADH diaphorase in the basal (I) and spinous (ll) layers of the esophageal epithelium after administration of morphogen
(M) and cyclophosphamide (CPh). Ordinate axis: enzyme activity (relative units)

AxtuBHocTb HA[IH-anacbopa3bi B 6asansHom (1) n wunosatom (ll) cnosx anutenus nuieBoga npyu BBeAEHUM NenTuaHoro Mmopgo-
reHa rugpbl (MMI) u uuknodocdana (L®P). Mo ocn opanHaT: akTMBHOCTL (hepMeHTa (OTH. ef.)
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Morphometric study. The maximum increase in the
thickness of the epithelial layer (by 1.7 times) and the
thickness of the stratum corneum (by 2.3 times) (Fig. 1)
was recorded on the 6th day of the experiment. Mitotic
activity after the first injection of CPh increased by 3 times,
but by the 8th day it decreased by 1.3 times relative to the
control (Fig. 1). The proliferative index showed paradoxi-
cal dynamics: the initial increase was replaced by a sig-
nificant decrease by the end of the experiment (p <0.05).

Histochemical study. NADH-d activity remained rela-
tively stable at the beginning of the experiment, but by
the 6th day it decreased by 1.2 times in the basal and
spinous layers (p <0.01) (Fig. 2). Similarly, SDH activity
in the cytoplasm of spinous cells decreased on average
by 1.5 times (p <0.01), which correlates with the suppres-
sion of mitochondrial activity under the influence of CPh.
Immunohistochemical study. Detection of PCNA showed
an initial decrease in the number of PCNA-positive cells
by 27% relative to the control, followed by an increase of
23% in the basal layer and 99% in the spinous layer on
the 6th day.

DISCUSSION

The results demonstrate the antagonistic effect of PMG
and CPh on the esophageal epithelium. Since PMG belongs
to the class of regulatory neuropeptides [1, 13], it can be as-
sumed that, like other representatives of this class, it is one of
the elements of a complex neuropeptide regulatory system that
controls various functions of esophageal epithelial cells — pro-
liferation, differentiation, functional activity. This study confirms
that PMG induces stimulation of proliferation and metabolism,
leading to hyperplasia predominantly in the spinous layer.

The increase in NADH-d activity in the esophageal epithe-
lium after the administration of PMG and the early identified
stimulating effect of PMG on SDH activity [3] corresponds to an
increase in oxidative metabolism of the tissue.

In general, histological, morphometric and quantitative
histochemical data provide grounds to speak about the sti-
mulating effect of PMG on the esophageal epithelium, which
is manifested by increased proliferation, general thickening,
an increase in the pool of differentiating cells and metabolic
activation.

With short-term administration of high doses of CPh,
pronounced disturbances in the processes of differentiation
and keratinization are observed in the esophageal mucosal
epithelium: thickening of the epithelial layer, especially
pronounced in the stratum corneum, hyperkeratosis, dis-
turbance of vertical anisomorphism and cytoarchitectonics,
such as multi-row arrangement of cells in the basal layer,
an increase in the number of rows of epithelial cells in the

spinous layer, the appearance of cells with atypical nuclei,
an increase in the size of keratohyalin granules in the epi-
thelial cells of the granular layer, loosening of the stratum
corneum and its disintegration into complexes of scales,
widening of intercellular spaces and interstitial edema.
Similar changes have been described in various forms of
esophagitis, as well as in foci of esophageal epithelial dys-
plasia [11, 15]. Morphological changes are accompanied by
a decrease in the activity of mitochondrial enzymes NADH-d
and SDH, which is consistent with information on the sup-
pression of mitochondrial enzyme activity by cytostatics and
the damaging effect of CPh on mitochondria [3-5].

Since CPh is a cytostatic, it could be assumed that its
administration would inhibit cell proliferation. However,
after the first injection, we, on the contrary, observed a
sharp increase in mitotic activity, which can probably be
explained by the synchronous completion of mitoses by
cells that had already entered the G1 period before the ad-
ministration of CPh. Perhaps this was also a consequence
of the long-term delay of epithelial cells in the S-phase,
associated with the alkylating effect of CPh, as well as the
processes of reparation of DNA damaged by the cytosta-
tic. This can also explain the decrease in the proportion of
PCNA*+ cells during this period, since PCNA marks cells in
the early S phase and is also a marker of neoplastic trans-
formation of the esophageal epithelium [12]. Decrease of
mitotic activity is led by DNA damage of epithelial cells.
CPh has cytostatic influence, characterised by hyperkera-
tosis, impaired differentiation and decreased metabolic
activity [8], probably due to mitochondrial dysfunction. The
biphasic change in the proliferative response to CPh may
be associated with cell cycle synchronization and subse-
quent cell death.

The obtained results confirm opposite influence of PMG
and CPh on epithelial cells of the esophagus. PMG increa-
ses proliferation and metabolic function of epithelial cells
leading to hyperplasia, predominantly in the spinous layer.
This effect is due to the data about regenerative function of
PMG. In contrast, CPh causes cytotoxic action, accompa-
nied by hyperkeratosis, differentiation impairment and sup-
pression of metabolic activity, which is probably associated
with mitochondrial dysfunction. The initial increase in the
proliferative index in the CPh group may be associated with
cell cycle synchronization and subsequent cell death.

CONCLUSION

1. The obtained data indicate the opposite effect of
PMG and CPh on the morphofunctional characteristics
of the esophageal epithelium: PMG stimulates regenera-
tion, while CPh causes damage.
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2. The effect of PMG and CPh leads to a pronounced in-
crease in the heteromorphism of the esophageal epithelium.
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AONONMHUTENBHAA NHOOPMALINA

Bknap aBTopoB. Bce aBTOpbI BHECU CYLUECTBEHHbIN
BKNapj B pa3paboTky KOHLEeNuuu, NpoBeAeHne uccnenosa-
HWS 1 MOAFOTOBKY CTaTbM, NPOYNN U 040BpUIv PrUHANBHY
Bepcuto nepeq nybnvkavuen.

KoHdnukt mHTepecoB. ABTOpbI AeKNapupytT OTCyT-
CTBME SIBHbIX W MOTEHUMANbHbIX KOH(IMKTOB MHTEPECOB,
CBSI3aHHbIX C Nybnukauyeit HacTosLen cTaTb.

WUcTouHuk chmHaHcupoBaHMA. ABTOpbI 3asBRAOT 00
OTCYTCTBUM BHELUHEro PUHAHCUPOBAHUS NPU NPOBELEHWM
“ccneaoBaHms.

JKcnepuMeHTbI ¢ XMBOTHbIMK. PaboTa npoBeaeHa B
COOTBETCTBUM C 3TUHECKAMM NPUHLMNAMU, YCTAHOBMEHHbI-
My EBponeickoin KOHBEHLMEN NO 3aLLMUTE NO3BOHOUHbIX XN-
BOTHbIX, MCMOMb3YEMbIX AJ1 3KCNEPUMEHTAIbHbIX 1 APYTUX
HayuHbIX Lenen (npuHston B Ctpacbypre 18.03.1986 r. un
nogTeepxaéHHomn B Ctpacbypre 15.06.2006 r.) n ogobpeHa
TokanbHbIM 3TUYECKUM KOMUTETOM.
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