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Abstract. Introduction. Cytostatic drugs used in oncological practice have a systemic effect on the body, including
on the mucous membranes of the gastrointestinal tract, the side effects of which are stomatitis and mucositis, which
complicate treatment. Objective — experimental study of the damaging effect of cytostatic drugs on the glandular
epithelium of the oral mucosa and assessment of the reversibility of these changes. Materials and methods. The
epithelium of the minor salivary glands of the tongue was studied on 20 mature white outbred mice after intraperitoneal
administration of the cytostatic drug cyclophosphamide at a dose of 400 mg/kg body weight for 5 days. Animals in
the control group (20 mice) were injected with isotonic sodium chloride solution at the same frequency. The material
was obtained 24 hours and 20 days after the last injection of the drug. Histological and histochemical methods were
used. Histochemical studies revealed the activity of the enzyme succinate dehydrogenase in the epithelial cells of
the secretory portions of the minor salivary glands, the content of total proteins in serocytes, and the content of
glycoproteins and glucosaminoglycans in mucocytes. Results. Exposure to cyclophosphamide led to a decrease
in the activity of cyclophosphamide in serocytes and mucocytes, a decrease in the concentration of proteins in
serocytes, and inhibition of the synthesis of glycoproteins and glucosaminoglycans in mucocytes. The changes were
reversible. Conclusions. Cytostatic therapy causes damage to the glandular epithelium of the oral mucosa, which is
expressed in the suppression of metabolic and synthetic processes. Serocytes are more sensitive to cytotoxic action
than mucocytes. There was a high degree of regeneration of the glandular epithelium of the oral mucosa after the
withdrawal of the cytostatic drug.
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Pestome. BeedeHue. Lintoctatuyeckue npenapatbl, IPUMEHSIEMbIE B OHKONOMMYECKOM NPaKTHKe, OKa3blBaKT CUCTEM-
HOe BO3JeNCTBIE Ha OPraH13M, B TOM YUCHe U Ha CAM3NCTbIE 060MOYKN KeNYA0YHO-KULIEYHOTO TpaKTa, NobOYHbIMM
apdekTamm KOTOPbIX ABASIOTCS CTOMATUT U MYKO3UT, 3aTPYAHSIOLMNe NpoBeaeHune nevenus. Llesb uccnedosaHus —
aKcnepuMeHTansLHoe U3yyeHne NoBpexjaroLlero AencTBMa LMTOCTaTUYECKUX NPenaparoB Ha XenesuncTblid anUTenui
CnmM3ncTon 060M0YKM NONOCTM pTa U OLeHKa 06paTUMOCTH 3TUX N3MeHeHUn. Mamepuanbl u Memodbl. IANUTENUNA
ManbIX CIHOHHbIX Xenes a3blka ncenegosanu y 20 nonoso3penbix 6enbiX Mbllleit nocne BHYTPUOPHOLLMHHOIO BBe-
[EeHUs LMTocTaTMyeckoro npenapata umknodocdara B ose 400 mr/kr maccbl Tena TeyeHne 5 gHei. XKnBOTHLIM
KOHTPOMbHOM rpynnbl (20 XMBOTHBIX) YEPE3 T€ Xe NPOMEXYTKM BpeMeH BBOAWIN W30TOHUYECKUI pacTBOP HATpUS
xnopuaa. Matepwan nonyyanu Yepes 24 yaca nocne nocnegHero BBEAEHUS npenapara, a Takke € Lenblo U3yyeHns
obpatumocTy usmeHeHuit, yepes 20 cyTok. MpUMEHSAN TMCTONOTMYECKII U TUCTOXUMUYECKNIA MeTOAbI. [MCTOXMMNYe-
CKue uccnefoBaHus BbISBASNN akTUBHOCTb (hepMeHTa cykumHaTtaeruaporeHasbl (CAlN) B anutennoumuTax KOHLEBbIX
OTAEN0B MarblX CAIOHHbIX Xenes, cogepxaHue CyMMapHbIx B6erkoB B cepouuTax, a Takxe COaepxaHue rmmukonpoTem-
HOB W IMIOKO3aMUHOIIMKAHOB B MykoLUuTax. Pesynbmamal. Bo3fenctsue LuknogocgaHa npuBoauno K CHUKEHMIO
aktueHocTu CLII" B cepoumTtax n MykouuTax, yMeHbLUEHWIO KOHLEeHTpaLmuu 6enkoB B CepoLmTax, yrTHeTEHUI0 CUHTEe3a
FFIMKONPOTEWNHOB U FI0KO3aMUHOTTIMKAHOB B MyKoLuTax. HapylweHnus 6binn obpatuMbiMi, U nokasatenyt BEpHYIUCH
K KOHTPOMNbHbIM 3HAYEHMSM B KOHLE SKCNepUMeHTa. Bbigodbl. Tepanus LMTOCTAaTUKaMM BbI3biBAET NOBPEXAEHNE
KENesncToro anNUTenNns Crm3ncTon 060104KK NONOCTU pTa, KOTOPOE BbIPAXaeTCs B YTHETEHUN MeTabonNnyeckux n
CUHTETUYEeCKUX npoueccos. CepouuTbl Bonee YyBCTBUTENbHbI K LUTOTOKCMYECKOMY AENCTBUIO, YEM MyKOLMTBI. Ha
(hoHe npekpaLleHns Tepanuu Habnoganack BbICOKas CTeneHb pereHepaLnn XenesncToro anuTenms Cam3ncTon
060noykn nonocTy pra.

KntoueBble cnoBa: nonocTb pra, cnuauctas 060noyka, XenesuncTblil ANUTENNIA, Manble CIOHHbIE Xenesbl,
uuknogocaH
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INTRODUCTION

Cytostatic drugs used in oncological practice [1, 2] exert a
systemic effect on the body, including the mucous membranes
of the gastrointestinal tract [3-5]. Side effects such as stomati-
tis and mucositis are common complications of chemotherapy,
significantly impairing patients’ quality of life and complicating
treatment regimens. Damage to the oral mucosa leads to xe-
rostomia, which causes significant physical discomfort and
compromises the suprapepithelial protective mechanisms of
the oral mucosa (OM), thereby predisposing patients to infec-
tious complications. The minor salivary glands of the oral cavity
are primarily located in the submucosa. They are classified into
three types: serous, mucous, and mixed. The secretory end
pieces of serous glands consist of serous cells (serocytes),
those of mucous glands are composed of mucous cells (mu-
cocytes), while mixed glands contain both cell types [6].

AIM

The aim of this study was to experimentally investigate
the damaging effect of cytostatic drugs on the glandular
epithelium of the oral mucosa (OM) and assess the rever-
sibility of these changes.

MATERIALS AND METHODS

were assessed by Student's t-test, with p <0.05 considered statisti-
cally significant. The study complied with the European Convention
for the Protection of Vertebrate Animals used for Experimental and
Other Scientific Purposes (Strasbourg, March 18, 1986; revised
June 15, 2006) and was approved by the Local Ethics Committee.

RESULTS

Histological analysis demonstrated a reduction in the
volume of secretory end pieces in both serous and mucous
glands of the tongue, along with decreased size of their constit-
uent serocytes and mucocytes. These findings were supported
by quantitative histochemical data, which revealed: a reduction
in total protein content within serous cells (from 0.32+0.02 to
0.21+0.03 relative units, RU; Fig. 1), along with suppressed
glycoprotein synthesis (Fig. 2) and decreased glycosaminogly-
can levels in mucous cells (from 0.55+0.05 to 0.42 + 0.02 RU
and from 0.30£0.02 to 0.22+0.02 RU, respectively). SDH acti-
vity decreased from 0.32+0.02 to 0.21+0.02 RU in serocytes
(Fig. 3) and from 0.41£0.02 to 0.36+0.01 RU in mucocytes.

By day 20 after treatment cessation, total protein con-
centration, glycoprotein and glycosaminoglycan levels, and
SDH activity in both serous and mucous cells had returned
to baseline control values.

DISCUSSION

The study utilized 40 female outbred white mice weighing
23-25 g. Animals in the experimental group (n=20) received
intraperitoneal injections of the alkylating cytostatic agent cyc-
lophosphamide (CF, LENS-Pharm, Russia) at a dose of 400 mg/kg
body weight every 48 hours for 5 days. Control group animals
(n=20) were administered isotonic sodium chloride solution fol-
lowing the same schedule. The investigation focused on the
minor salivary glands of the tongue. Tissue samples (tongue)
were collected 24 hours after the third CF injection. To assess
the reversibility of CF-induced changes, additional samples were
obtained 20 days following the final drug administration.

The study targeted the ventral tongue mucosa. Conventional
histological analysis was carried out on transverse sections stained
with hematoxylin and eosin. Histochemical and cytophotometric
analyses included the detection of total proteins using tetrazo-
lium reactions for histidine, tyrosine, and tryptophan (Burstone’s
method), glycosaminoglycans with Alcian blue (pH 2.7), and
glycoproteins via the periodic acid-Schiff (PAS) reaction in paraffin-
embedded sections. Succinate dehydrogenase (SDH) activity was
determined in cryostat sections using Lloyd’s tetrazolium method.
Quantitative cytophotometric analysis of histochemical reactions
was performed using a plug-in spectrophotometer, with results
expressed as relative optical density units. Statistical analysis was
conducted using Statistica for Windows v6.0. Intergroup differences

Structural changes in the minor salivary gland epithelium ac-
companied by suppressed synthetic and metabolic activity were
observed, indicating high susceptibility to cytotoxic damage
from chemotherapeutic agents. These findings correlated with
reported data on major salivary gland damage during cyto-
static therapy [7, 8]. The resulting xerostomia compromises
the protective mechanisms of the OM. Our data revealed more
pronounced structural and functional impairment in serocytes
than in mucocytes, consistent with the previously reported
preferential damage to serous cells in major salivary glands
during chemotherapy [8]. Comparative analysis of metabolic
and synthetic process disturbances in glandular epithelium
versus previously identified disturbances in the surface epithe-
lium of the OM [9] demonstrated that changes in the surface
epithelium were less pronounced than in glandular epithelium.

The post-treatment recovery period showed normaliza-
tion of morphofunctional parameters in the glandular epithe-
lium of the OM, indicating its high regenerative capacity.

CONCLUSION

1. Our findings demonstrate that cytostatic therapy indu-
ces damage to the glandular epithelium of the OM, manifes-
ting as suppression of both metabolic and synthetic processes.
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Fig. 1.

Puc. 1.

Fig. 2.

Puc. 2.

Fig. 3.

Puc. 3.

6/b

Secretory portions of protein salivary glands of the tongue: a — control group; b — after three injections of cyclophosphamide.
Reduction of protein content in serocytes. Histochemical detection of total proteins, x400

KoHueBble oTAenbl 6eNKOBbIX CIOHHbIX Xene3 f3blka: a — KOHTpONbHaA rpynna; 6 — nocne Tpex MHBEKLUIA I.IMKHO(*)OC(*)HHa.
CHuxeHue cofepxaHua 6enkoB B cepoyuTax. FmcToxumuyeckoe BbisiBNEHUE CYyMMapHbIX 6enkoB, x400

6/b

Secretory portions of mucous salivary glands of the tongue: a — control group; b — after three injections of cyclophosphamide.
Reduction in the content of glycoproteins in mucocytes. PAS reaction, x400

KoHueBble oTAenbI CNU3UCTLIX 060M04EK CNIOHHbIX Xene3 A3blka: @8 — KOHTPONbHasA rpynna; 6 — nocne Tpex MHbLEKLMUIA LKNo-
¢ocdhana. CHMKeHne copepxaHmnsa rnukonpoTemHoB B MykouuTax. LUNK-peakums, x400

aa o ' 6/b

Secretory portions of protein salivary glands of the tongue: a — control group; b — after three injections of cyclophosphamide.
Decreased cyclophosphamide activity in serocytes. Histochemical detection of cyclophosphamide, x400

KoHueBble oTaenbl 6eNKoBbIX CIHOHHBIX XKenes fA3blka: a8 — KOHTPOJSIbHAA rpynna; 6 — nocne Tpex WHbeKuuiA umknodocdana.
CHMXeHUe aKTUBHOCTM CyKLMHaTAEerMaporeHasbl B cepouuTax. FMCToXUMMYeckoe BbIsIBNEHWE CyKUMHATAeruaporeHasol, x400

2. Serous cells show significantly greater sensitivity to  AOMOJIHUTENIbHAA UHOOPMALINA

cytotoxic effects compared to mucous cells.
3. There was a high degree of regeneration of the glan-
dular epithelium of the OM after the withdrawal of the cyto-

Bknapg aBTOpoB. Bce aBTOpbI BHECNN CYLLECTBEHHBIN
BKNaz B pa3paboTky KOHLENUMM, NPoBeAEeHWe uccnenoBa-
HUS ¥ NOATOTOBKY CTaTbU, NPOYNN 1 0806pUAN DUHATBHYIO

static drug. Bepcuio nepeg nybnukauuen.
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KoHnukt mHTepecoB. ABTOpbI EKNapupytT OTCyT-
CTBME SBHbIX W MOTEHUManbHbIX KOH(IMKTOB MHTEPECOB,
CBSI3aHHbIX C Nybnukauyein HacTosLen cTaTbi.

WUcTouHMK ¢hmHaHCcMpoBaHuA. ABTOpbI 3asBRsOT 00
OTCYTCTBWWN BHELLHEr0 (hUHAHCUPOBAHWS NPU NPOBELEHWM
“ccnegoBaHus.

JKcnepuUMeHTbI ¢ XMBOTHbIMU. PaboTa npoBeaeHa B
COOTBETCTBUN C 3TUYECKAMW NPUHLMNAMM, YCTAHOBMNEHHbI-
MU EBpONeNckoin KOHBEHLMEN NO 3aLLMTE NO3BOHOYHbIX XKK-
BOTHbIX, UCMONb3YEeMbIX AN 3KCNepUMEHTaNbHbIX U ApYTiX
HayuHbIX Uenen (npuHsaToin B Ctpactypre 18.03.1986 r. u
noateepxaénHon B Ctpacbypre 15.06.2006 r.) n ogobpeHa
JlokanbHbIM 3TUYECKUM KOMUTETOM.
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