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Effect of intragastric administration on the morphology
of laboratory rats’ gastrointestinal tract
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BACKGROUND: In preclinical studies on laboratory animals, oral administration with special probe for test sub-
stances is very in demand. Most studies are devoted to the psychophysiological and clinical-biochemical reaction of the
animal’s body to this effect, but extremely few studies consider the effect of the manipulation itself on the development
of pathology in the tissues of the gastrointestinal tract associated with the inevitable mechanical impact of the probe on
the mucous membranes.

AIM: To identify pathological changes in the organs of the gastrointestinal tract of laboratory rats that are associ-
ated with the effects of intragastric administration of the tested substances, and compare the data obtained with the
frequency of spontaneous diseases.

MATERIALS AND METHODS: The data of pathomorphological observations obtained from Wistar rats involved in the
course of scientific work carried out at NPO Dom Pharmacy in the period from 2018 to 2021 were used. 1400 sentinel
animals were analyzed, and the same number of intact rats. Intact animals were gavaged with a control substance (dis-
tilled water) for 14 days.

RESULTS: In less than 5% of clinically healthy animals, inflammatory diseases of insignificant intensity and preva-
lence in all parts of the intestine can be detected. As a result of the anipulation of intragastric administration, an almost
twofold increase in the number of cases of catarrhal esophagitis and gastritis, erosive and ulcerative lesions of the
mucous membrane of the esophagus and stomach in its glandular part and hyperkeratosis in its non-glandular part was
noted.

CONCLUSIONS: The type and frequency of occurrence of the background pathology of the gastrointestinal tract of
laboratory rats were determined. It has been proven that repeated traumatization of the mucous membrane associated
with mechanical contact of a solid metal probe with the epithelium provokes the development of inflammatory diseases
of the esophagus and stomach, without affecting the underlying parts of the intestine.

Keywords: biomedical research; rats; drug administration routes; pharmaceutical vehicles; digestive system; historical
control data.
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BnusHue BHyTpMIKENyA04HOro BBEAEHUSA Ha
Mop¢010ru1io JKeaya04uHO-KULLEYHOro TpakKTa
na6opaTopHbIX KpbiC
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AkmyansHocmb. B LOKIMHAYECKUX UCCNELOBAHMSAX C MCMOMIb30BaHUEM N1ab0paTOpHbIX XMBOTHbIX LLMPOKO BOCTPeOOBaHO
nepopasnbHoe BBEAEHUE TECTUPYEMbIX BELLLECTB NPY NOMOLLM CMELMANBHOMO 30HAA. BoMbLIMHCTBO MCCNEeA0BaHMI NOCBSALLEHO
NcUXoM3N0I0TMUECKON U KITMHUKO-OMOXMMUYECKON PeaKLMy OpraHM3Ma JXUBOTHOTO Ha 3TO BO3AEHCTBME, HO YPe3BbIYalHO
Maro 1ccnefoBaHuii, paccMaTpUBalOLLMX BAMSIHUE CaMO MaHWMYNALMM Ha pasBUTWE NaToNorMU B TKaHAX eNyA04YHO-KM-
LIEYHOrO TPaKTa, CBA3AHHbIX C HEU3DEKHBIM MEXaHUYECKWUM BO3LENCTBUEM 30HAA HA CIM3NCTbIE 0D0NOYKH.

Llene — BbISBUTL NaTONOTMYECKME U3MEHEHMS B OpraHaXx XeJy[A04HO-KMLLEYHOr0 TpaKTa 1abopaTopHbIX KpbIC, CBA3aH-
Hble C BO3AENCTBMEM MpoLieaypbl BHYTPUMKENYLO4YHOMO BBELEHUS TECTUPYEMBIX BELLECTB, U CPaBHUTb NOYYEHHbIE AaHHblE
C 4acTOTON BO3HWKHOBEHUSA CMOHTaHHBIX 3ab051eBaHMI.

Mamepuanel u Memodel. Bbinn Ucnonb3oBaHbl AaHHbIE MATOMOP(ONOrMYeckux HabmoaeHni, Noly4eHHbIe 0T KpbIC Jin-
Hum Wistar, 3afeiicTBOBaHHbIX B X04e Hay4HbIx paboT, BbinonHeHHbIx B HMO «[om dapmauumn» B nepuog, ¢ 2018 no 2021 r.
MpoaHanuaupoBaHbl 1400 ceHTUHENbHBIX XMBOTHBIX M TaKOE e KOJIMYECTBO KPbIC MHTAKTHBIX TPy, KOTOPbIM MHOFOKPaTHO
Ha NpOTSXKEHUM 14 [HEN BHYTPUMKENYL04YHO BBOAUIA KOHTPOSIbHOE BELLECTBO (AVUCTUIMPOBAHHYK BOAY).

Pesynemamel. Y MeHee 5 % KNIMHUYECKM 3[,0POBbIX JKMBOTHBIX MOXHO BbISIBUTb HE3HAUUTENBHBIE MO CBOEN MHTEHCUB-
HOCTM W pacnpoCTPaHeHHOCTM BOCNaNnTeNbHbIe 3ab051eBaHWSA BO BCEX OTAENAX KULLIEYHWKA. B pe3ynbTaTe npoBefieHUs MaHu-
NyNALUKM BHYTPUIKENYA0YHOTO BBEAEHNSA BbIN0 0TMEYEHO NOYTHU BYKPATHOE YBENMYEHWE KOJINYECTBA CITy4aeB KaTapaibHoro
330(aruTa u racTpuTa, 3p03vBHO-A3BEHHOrO MOPAXKEHUS CAM3MCTON 0DONOYKM MULLEBOAA U KeNyAKa B ero XenesucroM
OTAeNe U rUnepKepaTosa B 6e3xene3ncTon YacTu.

Boieodsl. OnpepeneHbl BUA M 4acToTa pasBuTUS (QOHOBOW NATONOMMM JKeNy[A0YHO-KULLEYHOrO TpaKTa JabopaTopHbIX
Kpblc. [loKa3aHo, 4TO MHOrOKpaTHas TPaBMaTM3aLMs CIM3UCTOM 0D0M0YKM, CBA3aHHAs C MEXAHWMYECKMM KOHTaKTOM TBep-
L0r0 MEeTa/IMYECcKOoro 30HAa C 3NUTEIEM, NPOBOLMPYET pa3BuTUE BOCMASUTENbHLIX 3ab0NeBaHNA MULLEBOAA U XKENYAKa,
6e3 BMSHUA Ha HKeneKalume 0TAeNbl KULIEYHMKA.

KnioueBble cyioBa: b1oMeanLIMHCKME UCCNe[0BaHUS; KPbICbl; NyTU BBEAEHUA NEKApPCTB; dJapMauequecxue HOCUTeNw;
nuuiesapuTesibHaa CUCTEMa,; VICTOpVI‘-IECKVIf/'I KOHTPOJ1b AaHHbIX.
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BACKGROUND

Oral administration is the most common method of
drug delivery in both medicine and veterinary medicine.
In preclinical studies using laboratory animals, especially
for substances that are tested for safety, oral admin-
istration is also widely employed because it simulates
the most popular method of drug administration in clini-
cal practice. Oral administration is convenient, relatively
simple, safer for animals, and does not require long
staff training and expensive equipment, and some ani-
mals can be trained to voluntarily take the substance.
Although self-administration of the administered com-
pound is ideal, this method of dosing in most cases is
unreliable and unsuitable for all animals because of the
dosage forms, individual taste preferences of animals in
long-term studies, behavioral reactions, and organoleptic
qualities of the drug. The dosing accuracy is also affect-
ed. A good alternative is the use of an intragastric tube.
This is a widely used method for precise administration
of oral solutions [1, 2], when the substance to be deli-
vered cannot be added to the feed or is unpalatable [3].
An experienced staff member performs the procedure
quickly, without damage to the animal, allowing the exact
volume (or dose) of the substance to be delivered directly
to the stomach and then to the intestine, from where it
can be absorbed [4]. Intragastric probes vary, differing in
materials (rubber, plastic, silicone, and metal), rigidity
(flexible and rigid), and shape (straight and curved) [5],
and lubricants can be also used. Despite this wide range,
problems associated with the use of probes may occur,
especially when used for long periods [1] or when mul-
tiple daily injections are required [2]. These complications
can be divided into physiological, involving the response
of the animal body to the stressful effects of manipula-
tion, and iatrogenic, related to the procedure itself and
staff qualification, such as aspiration pneumonia, unin-
tentional insertion into the airways, severe esophageal
trauma, and gastric rupture [2, 6-8]. Although the major-
ity of studies are devoted to psychophysiological, clinical,
and biochemical reactions of the animal to, undoubtedly,
unpleasant actions, extremely few studies consider the
influence of manipulation on the development of patholo-
gies in the tissues of the gastrointestinal tract (oral cav-
ity, esophagus, and stomach), which are linked to the
inevitable mechanical influence of the probe on mucous
membranes.

The main purpose of the study was to determine
whether, and most importantly how, the use of intragas-
tric probes affects pathomorphological changes in or-
gans of the gastrointestinal tract of laboratory animals.
However, there was one more question: is the detected
pathology a result of the influence of manipulation or
a spontaneous (background) change? This refers to the
abnormalities already present in animals at the time of the
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study, which may be congenital or acquired, physiological
or pathological, or a unique characteristic of the species.
Thus, these changes in tissue morphology are outside
the range of normal variation in the population [9, 10].
Often, they can interfere with the analysis of tissue mor-
phology; thus, the researcher must be aware of them and
be able to interpret the data obtained, differentiating the
possible negative effect of the studied substances from
spontaneously occurring diseases of laboratory animals.
Unfortunately, although this problem is discussed in the
available literature, these include very few works and have
a scattered, rather than a descriptive character [11, 12],
stating the possible presence of diseases, but not giving
information about their share in the population. We tried
to correct this situation to determine the background
pathology of the gastrointestinal tract organs of labo-
ratory rats and identify the frequency of its occurrence
in clinically healthy rats. The obtained information will
help researchers in preclinical studies to interpret the
data they receive; however, we should not forget that a
proportion of possible pathology depends not so much
on the species and line of animals but on the living
conditions.

MATERIALS AND METHODS

Before the study, to identify the incidence of back-
ground gastrointestinal pathology in laboratory rats and
the effect of intragastric manipulation on this indicator,
the literature sources available in PubMed, Medline, and
eLibrary were analyzed. Searches were performed with-
out regard to the year of publication, using the keywords
“spontaneous,” “background,” “lesions,” “gastrointesti-
nal,” and “control animals.” Further, the most relevant
studies, which were less than one hundred, were selec-
ted by title and abstract. Among these few works, it was
extremely difficult to find a quantitative, rather than de-
scriptive, estimate of disease incidence. Only two sources
indicated that approximately 5%-7% of rats have degen-
erative and inflammatory changes in esophageal epithe-
lium, and inflammation of the gastric mucosa occurs in
<5% of animals [13, 14]. The situation was even worse in
determining the degree of the effect of intragastric ad-
ministration on tissue morphology. Further searches for
the keywords “gavage” and “intragastric” identified four
articles reporting that catarrhal gastritis and esophagi-
tis could be found in 1%-11% of animals receiving the
control substance intragastrically for 2-52 weeks [8, 12,
13, 15].

Based on these data, background pathology could be
detected in a maximum of 7% of sentinel animals and a
maximum of 11% of rats against the background of ma-
nipulation. In accordance with these values, the required
sample size was calculated using Statistica 10 soft-
ware, which was determined based on the two-sided
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independent Z-criterion used to compare proportions and
the need to ensure at least 80% power at a significance
level of a =5%. The required number of animals in the
study would be at least 1,356 in each group.

Sexually mature Wistar rats, without sex, weighing
200-300 g, were used as biological test systems. Ani-
mals subjected to routine euthanasia in the current study
performed at the NPO House of Pharmacy (Leningrad Re-
gion, Russia) between 2018 and 2021 were selected for
the study.

The animals were kept in standard conditions accord-
ing to Sanitary and Epidemiological Regulations (SanPiN)
2.2.1.3218-14 and Directive 2010/63/EU dated Septem-
ber 22, 2010, concerning the protection of animals used
for scientific purposes. For the whole period mentioned
above animal diet was not changed, the composition of
the used feed corresponded to GOST R50258-92, and
water quality corresponded to the requirements of San-
PiN2.1.4.1074-01.

Thus, in this study, we used pathomorphological
observation data obtained from 1400 sentinel animals,
which were not subjected to intragastric injection or oth-
er manipulations affecting their health. The same number
of intact rats was repeatedly injected intragastrically for
14 days with a control substance, in which distilled water
was used. The injection was performed by experienced
laboratory assistants, trained accordingly, once a day us-
ing a special rigid metal probe equipped with “olive” on
the end. The diameter of the “olive,” probe length, and
injection volumes did not exceed those recommended for
this type of animal [16, 17].

In all cases, euthanasia was performed according to
the schedule (day 14) of the study using carbon dioxide
(CO,) in a special chamber, followed by external examina-
tion of the animals, autopsy, and evisceration of internal
organs. The obtained material was fixed in 10% formalin
and transferred to the laboratory of histology and patho-
morphology, where histological processing of samples
according to the conventional methods was performed,
and micro preparations stained with hematoxylin and eo-
sin were made.

Statistical analysis

Descriptive statistics were applied to all data. Data
were checked for their compliance with the normal dis-
tribution using the Shapiro—Wilk criterion. Nominal data
were compared using Fisher’s exact test. Statistical sig-
nificance was evaluated at the level of p < 0.05. Statisti-
cal analysis was performed using GraphPad Prism 9.0
software (GraphPad, USA).

RESEARCH RESULTS

In the majority of animals in both groups, the struc-
ture of the studied gastrointestinal organs corresponded
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to the norm, both macroscopically and microscopically.
However, separate pathologies were detected in some
animals (Table).

The results of the data analysis revealed statistically
significant differences in the incidence of pathology be-
tween the groups, as expected, exclusively in the upper
gastrointestinal tract (esophagus and stomach), which
were subjected to the mechanical impact of the probe.
Besides, we should note the comparability of macro-
and microscopic manifestations of diseases, which once
again proves the necessity of a thorough visual examina-
tion of the objects under study (macroscopic examination)
and not only “tissue collection” for subsequent histologi-
cal analysis.

Esophagus

In both groups, the animals macroscopically showed
slight hyperemia and small pinpoint erosions. Moreover,
hyperemia was observed twice as often during the injec-
tion procedure. The result of the histological analysis of
esophageal tissue revealed that diseases occurred about
twice as often in animals with intragastric injection.
Esophagitis presenting small clusters of lymphocytes
and plasma cells with a small admixture of neutrophil
granulocytes was located predominantly in the lamina of
the mucosa (Fig. 1, a). Quite often, areas of hyperkerato-
sis, in which the thickness of the horny layer increased,
with slight thickening of the thorny layer, could be
detected.

Erosions of the esophageal mucosa in the presence
of weakly to moderately expressed mixed lymphoplasma
inflammatory infiltration, with moderate amounts of neu-
trophilic granulocytes, affected small areas of the epi-
thelium and spread deep into the wall up to the mucosa
plate, without penetrating deeper than the submucous
layer.

A deeper lesion is ulcerous, mostly without signs of
healing, deep down to the muscular layer, with moder-
ate and pronounced inflammatory infiltration and nu-
merous neutrophil granulocytes (Fig. 1, c¢). However, in
certain cases, signs of mucosal defect healing were ob-
served, such as marginal hyperplasia and “overhanging”
of the epithelium along the edge of the ulcer, slightly
pronounced fibrosis in the fundus area. The number of
neutrophils was significantly reduced, and inflammatory
infiltration was mostly represented by lymphocytes, plas-
mocytes, and macrophages.

Exclusively in animals subjected to the intragas-
tric injection procedure, we visually observed the con-
sequences of iatrogenic pathology, i.e., perforation of
the esophageal wall with the probe resulting in a pu-
rulent process (phlegmon) confined to the neck fas-
cia, and in two cases spreading into the mediastinum
(Fig. 1, d). Subsequently, histological examination re-
vealed the pathological process as split inflammation
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Table. Incidence of gastrointestinal pathology (%) in Wistar rats
Tabnuua. BctpeuaeMocTb NaToNOrUK Xenya04HO-KULLIeYHOro TpakTa (%) y Kpbic nnHuM Wistar
Microscopically Macroscopically
Group Group
Identified pathology WG Sentinel. Identified pathology WG Sentinel.
(n = 1400) (n =1400) (n = 1400) (n = 1400)
Esophagus
Esophagitis 4.5 24 Frosive and ulcerafive 15 0.9
Erosion 2.1* 1.0 Hyperemia 2.2¢ 1.1
Plagues 0.8* 0.1 Perforation 0.6* 0.0
Hyperkeratosis 2.9* 1.7
Perforation 0.6* 0.0
Epithelial hyperplasia 2.6 2.0
Stomach
Erosive and ulcerative
Glandless erosions 1.1 0.6 lesions of the gland-free 1.5 0.9
part
Erosive and ulcerative
Glandular erosions 2.2 1.1 lesions of the glandular 3.0 1.9
part
Gastritis 6.9 5.0 Hyperemia 10.6* 8.4
Glandless ulcers 1.0 0.4 Hemorrhages 53 bt
Glandular ulcers 1.9* 0.8
Hyperkeratosis 5.0 3.3
Glandular expansion 5.2 3.9
Epithelial hyperplasia 0.8 0.5
Duodenum
Duodenitis 2.6 2.2 Hyperemia 3.9 4.2
Erosion 0.5 0.6 Hemorrhages 2.2 1.7
Plagues 0.4 0.2
Small intestine
Enteritis 4.0 2.9 Hyperemia 3.8 3.4
Erosion 07 04 Frosive and ulcerative 04 0.8
Plagues 0.6 0.5 Hemorrhages 2.8 3.1
Large intestine
Colitis 5.4 IATA Hyperemia 33 3.8
Erosion 12 10 Frosive and ulcerative 04 04
Plagues 0.6 0.7 Hemorrhages 2.4 1.9

Note. WG, animals subjected to intragastric injection procedure; Sentin., sentinel animals. *Differences are statistically significant compared
with the sentinel group, Fisher's exact test, p < 0.05.
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Fig. 1. Pathomorphological changes in the rat esophagus: (@) catarrhal esophagitis, hematoxylin and eosin staining, magpnification x100;
(b) acute ulcer, hematoxylin and eosin staining, magpnification x100; (c) epithelial hyperplasia, hematoxylin and eosin staining, magnifica-
tion x100; (d) soft tissue phlegmon of the neck resulting from the perforation of the esophageal wall by a probe

Puc. 1. MatoMopdonormyeckne U3MeEHEHWUs MULLEBOAA KPbIC: @ — KaTapasbHblii 330(aruT, OKpacka reMaToKCMIMHOM W 303UHOM,
yBeni. x100; b — ocTpas A13Ba, OKpacKa reMaToKCUIMHOM U 303uHOM, yBes. x100; ¢ — runepnnasus anuUTenus, OKpacka reMaToKCUIMHOM
1 303uHoM, yBen. x100; d — dnermMoHa MArkuUX TKaHel Lweu B pe3ynbTate nepgopaLmuy CTEHKU MULLEBOAA 30HAOM

affecting all layers of the esophageal wall and surround-
ing soft tissues. The cellular composition of the inflam-
matory infiltrate was mixed with numerous neutrophilic
granulocytes. Large areas of tissue necrosis were pres-
ent in the center and periphery of the focus. In several
animals, the inflammatory process changed from an
alterative to a proliferative stage, and necrotized tissue
replacement by connective tissue with abscess formation
could be observed at the periphery of the focus.

Focal hyperplasia of multi-row squamous epithelium
of the esophageal mucosa predominantly due to basal
layers was observed in both groups in approximately
equal numbers (Fig. 1, ).

Stomach

In the majority of animals in both groups, the struc-
ture of the stomach both macroscopically and micro-
scopically was normal. The stomach was represented by
two sections, i.e., glandless and glandular, with distinct
borders between them. The mucous membrane was shin-
ing, and folding was strongly expressed.

In animals subjected to intragastric injection proce-
dure, we could observe hyperemia of the gastric mucosa
more often, which predominantly affected its richly vas-
cularized glandular part, and erosive—ulcerative lesions.
Small pinpoint erosions and ulcers could be also seen
mostly in the glandular part of the rat stomach and they
differed from hemorrhages by a visible change in mu-
cous membrane luster in the defect area, presence of

DOl https://doi.org/10.17816/RCF21157-68

“crater-like depression,” and rarely black bottom (Fig. 2, a).
However, estimating the depth of spread is not possible
macroscopically, and a more detailed differentiation was
performed during the histological examination.

Dot hemorrhages, from single to multiple, and ero-
sive—ulcerous lesions of the glandless part of the stom-
ach were found in both groups with statistically equal
frequency.

Histological examination

Mild manifestations of catarrhal gastritis were detect-
ed in both groups (Fig. 2, b), namely, focal lymphocytic
accumulations with a small or moderate number of neu-
trophils accompanied by slight edema and full bloodiness
of the vascular bed. Inflammatory infiltration was limited
to the intrinsic lamina of the mucous membrane; how-
ever, spread to the submucosa and glandular epithelium,
which was often accompanied by gland enlargement,
were noted, and in single cases, microabscesses were
formed in the lumen. Several animals showed signs of
transition to a chronic disease course (Fig. 2, ¢). Inflam-
mation in the non-glandular part of the stomach occurred
in isolated cases. When intragastric manipulation was
performed, the number of detected cases of gastritis was
statistically higher (Fisher’s exact test, p < 0.05) than in
sentinel animals. Erosions and ulcers in the glandular re-
gion of the stomach were detected nearly twice as often
in animals from the experimental group. In most cases,
the lesion was acute and accompanied by a pronounced
perifocal inflammatory reaction of the tissue (Fig. 2, d).
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Fig. 2. Pathomorphological changes in the rat stomach: (a) erosive and ulcerative defect in the glandular region (arrow); (b) acute catarrhal
gastritis, magpnification x100; (c) gastritis with signs of chronicity, magnification x100; (d) acute glandular erosion, hematoxylin and eosin
staining, magnification x40; (e) glandular ulcer in healing stage, magnification x40; (f) dilated glands, magnification x200, hematoxylin and

eosin staining

Puc. 2. lMatomopdonormyeckue U3MeHEHUS eNy[Ka KpbiC: @ — 3PO3UBHO-A3BEHHbI AedeKT B XenesucToM otaene (CTpeska);
b — ocTpbiit KaTapanbHblil racTput, yBen. x100; ¢ — racTpuT c Npu3HaKamu xpoHusauuw, yBen. x100; d — ocTpas 3posus enesu-
CTOro OTZENa, OKPacKa reMaTOKCUIMHOM W 303MHOM, yBen. x40; e — 513Ba XenesucToro oTAena B CTafuW 3aXMBeHus, yBen. x40;
f — pacwwmpenve xenes, ysen. x200, oKpacka reMaToKCUIIMHOM U 303UHOM

Less often, we could observe old ulcers that passed
through the acute phase and were in the healing phase
(Fig. 2, e). Moreover, in the gland-free part of the gastric
mucosa, the injection procedure did not significantly af-
fect the development of erosions and ulcers, although
an increase in their frequency in this area was observed
(0.5%-1%). In both groups, small areas of hyperkeratosis
of the multilayer squamous epithelium, which was often
combined with epithelial hyperplasia, were detected in
the gland-free area. However, the number of pathologies
detected in sentinel animals was significantly lower than
that in experimental animals (3.3% and 5%, respectively,
at p < 0.05).

Equally (p > 0.05), in both groups, small areas of
weak hyperplasia of the glandular epithelium could be
observed; however, it occurred in <1% of the animals.

A not uncommon phenomenon found in 3.9% of sentinel
animals and 5.2% of experimental rats was the presence

D0l https://doiorg/1017816/RCF21157-68

of local sites of gland enlargement: in the lumen of closely
located enlarged glands, weakly basophilic mucus accumu-
lated, and epithelial cells acquired a cubic shape or were
flattened, but showed no signs of atrophy. In addition, this
condition was not accompanied by any inflammatory phe-
nomena around the affected area (Fig. 2, f).

Intestines

All detected pathological changes were present in
both groups, in both sentinel and animals with intragas-
tric manipulation, and no statistically significant differ-
ences were found in the frequency of occurrence (Fish-
er's exact test, p > 0.05).

In the macroscopic analysis of all sections of the
small and large intestines in 3.2%-4.7% in both groups,
hyperemia of separate sections of the intestine could
be found, ranging from 0.5 to 4.5 cm in length. In most
cases, further histological examination of these sections

63



64

OPUTHAJTBHBIE VICCTIEJOBAHNA

Tom21,Ne 1, 2023

0630ps N0 KVHAYECKON hapMaKonoruy
VI IEKapCTBEHHOM Tepanin

Fig. 3. Pathomorphological changes in the rat intestine: (a) catarrhal enteritis, x100 magnification; (b) catarrhal colitis, x100; (c) acute small
intestinal ulcer, x40; (d) acute colorectal ulcer, x100. Hematoxylin and eosin staining

Puc. 3. laToMopdonornyeckue M3MeHeHWs! B KMILEYHMKE KpbiC: @ — KaTapanbHbli 3HTeput, yBen. x100; b — kaTapab-
Hblii konuT, x100; ¢ — ocTpas s3Ba TOHKOM KMLKK, x40; d — ocTpas s3Ba ToncTol Kuwwku, x100. Okpacka reMaToOKCUIMHOM

1 303MHOM

revealed that the microscopic structure of the intestinal
wall was not disturbed, and only dilation of blood ves-
sels without any accompanying inflammatory reaction
was noted.

In 1.9%-2.2% of animals in both groups, small pin-
point hemorrhages from single to scattered in long ar-
eas were diagnosed. Microscopically, they represented
limited areas imbibed with blood, predominantly in the
submucosal layer, partially affecting the mucosal lamina.
In the absence of any secondary inflammatory reaction,
their appearance was assumed to be the result of the
euthanasia of the animals.

The frequency of erosive and ulcerative lesions of the
intestinal mucosa also did not depend on the intragastric
injection manipulation (p > 0.05). Small single erosions
and ulcers measuring up to 0.2 cm were detected in both
groups in <1% of the rats.

Histological examination

The use of an intragastric probe for substance ad-
ministration also did not affect the incidence of inflam-
matory intestinal diseases, which can be characterized
by catarrhal duodenitis, enteritis, and colitis of minimal
activity (Fig. 3, a, b). Inflammatory infiltration, repre-
sented by lymphocytes, plasmocytes, histiocytes, and
neutrophils of a weak or moderate degree of severity,
could be found in small areas of the intestinal mucosa
in both sentinel and experimental animals. More of-
ten, it was limited to the superficial epithelium and its
lamina. It had a pronounced character in only a few ani-
mals, spreading to the submucosa and, in a few cases,
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to the muscular layer. Moreover, the height of duodenal
and ileum villi was slightly decreased, and reactive hy-
perplasia of lymphoid follicles was noted. In the colon,
crypts were slightly shortened, bocal cells were slightly
hypertrophied, and the number and size of lymphoid fol-
licles increased. Chronic inflammatory processes such as
mucosal atrophy with damaged structural elements and
scleroses occurred in single animals.

No statistical differences in the frequency of erosions
and ulcers of the intestinal mucosa were found between
the animal groups (Fisher’s exact test, p > 0.05). Ero-
sions and ulcers were found in <1% of animals, and the
number of erosions increased to 1.3% only in the co-
lon. Predominantly small in size, single ones were in the
acute stage (Fig. 3, ¢, d); however, one could observe
in different stages of healing marginal epithelialization,
inflammatory infiltration with lymphocytes, plasma cells,
and neutrophils in the periphery of the mucosal defect,
and at the bottom, numerous fibroblasts are present.
In some cases, signs of scarring were observed.

Some findings were not included in the statistical
analysis because they were exceptionally rare and found
in isolated cases. A congenital malformation of the soft
tissues of the gastric mucosa such as a squamous cell
cyst located in the ridge area extending to the submucosa
and muscularis was detected in one animal (Fig. 4, a).
The cyst, which was clearly separated from the surround-
ing tissues, contained keratin plates in the center, and
very weakly expressed lymphocytic infiltration was pres-
ent on the periphery.
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Fig. 4. Pathomorphological changes in the rat intestine: (a) gastric squamous cyst, x40; (b) glandless gastric squamous hyperplasia, x100;
(c) glandless gastric squamous papilloma, x40; (d) basal cell hyperplasia of glandular epithelium of the stomach, x100. Hematoxylin and

eosin staining

Puc. 4. MNatoMopdonornyeckne UMEHeHNs! B KULLIEYHWMKE KPbIC: @ — MOCKOKNETOYHas KUCTa XenyaKa, x40; b — nnockoknetouHas
runepniasua B 6e3xenesnuctoM otaene xenyaka, x100; ¢ — NNOCKOKIETOYHaA nanuinoMa 6e3xenesucToro oTaena xenyaxa, x40;
d — Ba3anbHOKETOUYHAA TMNepnasns XeNe3ncToro anuTenusa xenyaka, x100. OKpacKa reMaToKCUIMHOM U 303UHOM

One sentinel animal and two animals that were in-
jected showed areas of squamous cell hyperplasia in the
non-glandular part of the stomach (Fig. 4, b). In these
areas, the squamous epithelium was sharply thickened at
the level of the thorny layer, and there was a pronounced
proliferation of epithelial cells with increased mitotic
activity and increased keratinization. The formation of
unbranched papillary outgrowths without a pronounced
fibrovascular layer was noted. In one case, a squamous
cell papilloma that had a branched well-defined stroma
was detected, and the epithelium had no signs of dyspla-
sia but had pronounced hyperkeratosis (Fig. 4, c).

In one rat, basal cell hyperplasia was detected.
An area of basophilic stained cells was clearly separated
from the glandular epithelium of the stomach by an intact
basal membrane (Fig. 4, d).

CONCLUSIONS

This study revealed that spontaneous pathologies of
the gastrointestinal tract in laboratory Wistar rats are not
uncommon. In clinically healthy animals, inflammatory
diseases of minor intensity and prevalence can be de-
tected in all parts of the intestine. However, these patho-
logical conditions are sporadic and can be detected in not
more than 5% of animals for individual diseases. Thus,
these indicators are not absolute for the whole species
of animals but reflect the state of health in a particu-
lar vivarium. The frequency of their development can be
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affected not only by the sex and age of animals but also
by the conditions of the vivariums, i.e., although stan-
dardized, they are kept in vivariums with relatively dif-
ferent conditions, such as the composition of the feed or
bedding and water quality. Moreover, the psychological
state of animals is not an unimportant factor [11, 19, 20].

Determining the frequency of background patholo-
gies in sentinel and intact animals proves that direct
manipulation during intragastric insertion influences the
morphological state of organs and tissues of the diges-
tive system, but exclusively in its upper part. Imminent
repeated traumatization of the mucous membrane as-
sociated with mechanical contact of the epithelium with
the solid metal probe induces the development of inflam-
matory diseases of the esophagus and stomach. In this
study, in cases of catarrhal esophagitis and gastritis, the
incidence of erosive-ulcerative lesions of the mucous
coat of the esophagus and stomach in its glandular part
and hyperkeratosis in its non-glandular part increased
by nearly twofold. However, the injection procedure did
not affect the lower intestinal parts, and no differences in
the frequency of pathology development were revealed.

The exceptionally damaging effect of manipulation can
explain the few cases of iatrogenic pathologies, i.e., esopha-
geal perforation, followed by severe purulent processes in
soft tissues. However, the probability of such severe damage
directly depends on the qualification of the personnel, dura-
tion of insertion, and psychological state of the animals, i.e.,
their readiness to tolerate this manipulation [1-3].
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In the course of the morphology study of the gas-
trointestinal tract, several single pathologies were re-
ported, as described in the literature [10, 11, 20], but
are extremely rare. These include squamous cell cysts,
basal cell and squamous cell hyperplasia of the gastric
epithelium, and papilloma of its gland-free part. If the
pathomorphologist is “lucky” to find these structures in
the study of animal organs and tissues, they should not
immediately attribute their appearance to the influence of
the studied substances. The object being tested, its sup-
posed mechanism of action, and its study duration must
be evaluated. However, this also applies to the more
frequently observed pathologies of the digestive sys-
tem. The researcher must not only record the presence
of diseases but also, when forming a conclusion, dif-
ferentiate the background pathology from the pathology
provoked by the administered substance. For examp-
le, one should not expect a picture of chronic atrophic
gastritis after a single injection and an acute ulcer at
the end of a delayed 2-week follow-up. Nevertheless,
this is a topic for a separate discussion, and the results
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