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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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Резюме. Введение. Цитостатические препараты, применяемые в онкологической практике, оказывают систем-
ное воздействие на организм, в том числе и на слизистые оболочки желудочно-кишечного тракта, побочными 
эффектами которых являются стоматит и мукозит, затрудняющие проведение лечения. Цель исследования — 
экспериментальное изучение повреждающего действия цитостатических препаратов на железистый эпителий 
слизистой оболочки полости рта и оценка обратимости этих изменений. Материалы и методы. Эпителий 
малых слюнных желез языка исследовали у 20 половозрелых белых мышей после внутрибрюшинного вве-
дения цитостатического препарата циклофосфана в дозе 400 мг/кг массы тела течение 5 дней. Животным 
контрольной группы (20 животных) через те же промежутки времени вводили изотонический раствор натрия 
хлорида. Материал получали через 24 часа после последнего введения препарата, а также с целью изучения 
обратимости изменений, через 20 суток. Применяли гистологический и гистохимический методы. Гистохимиче-
ские исследования выявляли активность фермента сукцинатдегидрогеназы (СДГ) в эпителиоцитах концевых 
отделов малых слюнных желез, содержание суммарных белков в сероцитах, а также содержание гликопротеи-
нов и глюкозаминогликанов в мукоцитах. Результаты. Воздействие циклофосфана приводило к снижению 
активности СДГ в сероцитах и мукоцитах, уменьшению концентрации белков в сероцитах, угнетению синтеза 
гликопротеинов и глюкозаминогликанов в мукоцитах. Нарушения были обратимыми, и показатели вернулись 
к контрольным значениям в конце эксперимента. Выводы. Терапия цитостатиками вызывает повреждение 
железистого эпителия слизистой оболочки полости рта, которое выражается в угнетении метаболических и 
синтетических процессов. Сероциты более чувствительны к цитотоксическому действию, чем мукоциты. На 
фоне прекращения терапии наблюдалась высокая степень регенерации железистого эпителия слизистой 
оболочки полости рта.
Ключевые слова: полость рта, слизистая оболочка, железистый эпителий, малые слюнные железы, 
циклофосфан
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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 complica ting 
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 
epit helium of the oral mucosa (OM) and assess the rever-
sibility of these changes.

MATERIALS AND METHODS

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 
glycop roteins 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 

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 dec reased 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

Structural changes in the minor salivary gland epithelium ac-
companied by suppressed synthetic and metabolic activity were 
observed, indicating high susceptibility to cytotoxic da mage 
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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                                          а/a                                        б/b
Fig. 1. Secretory portions of protein salivary glands of the tongue: а — control group; b — after three injections of cyclophosphamide. 

Reduction of protein content in serocytes. Histochemical detection of total proteins, ×400
Рис. 1. Концевые отделы белковых слюнных желез языка: а — контрольная группа; б — после трех инъекций циклофосфана. 

Снижение содержания белков в сероцитах. Гистохимическое выявление суммарных белков, ×400

                                          а/a                       б/b
Fig. 2. 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, ×400
Рис. 2. Концевые отделы слизистых оболочек слюнных желез языка: а — контрольная группа; б — после трех инъекций цикло-

фосфана. Снижение содержания гликопротеинов в мукоцитах. ШИК-реакция, ×400

                                          а/a      б/b
Fig. 3. Secretory portions of protein salivary glands of the tongue: а — control group; b — after three injections of cyclophosphamide. 

Decreased cyclophosphamide activity in serocytes. Histochemical detection of cyclophosphamide, ×400
Рис. 3. Концевые отделы белковых слюнных желез языка: а — контрольная группа; б — после трех инъекций циклофосфана. 

Снижение активности сукцинатдегидрогеназы в сероцитах. Гистохимическое выявление сукцинатдегидрогеназы, ×400

2. Serous cells show significantly greater sensitivity to 
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-
static drug.
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