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The epidemiological studies have shown that antibiotic treatment increases the susceptibility to in-
flammatory bowel disease development. The disturbance of mucus layer integrity might be one of the possible 
mechanisms. The aim of the present study was to investigate the effect of antibiotic ceftriaxone treatment 
on glycoproteins level and its carbohydrate composition in surface mucus layer of rat intestine. The study 
was done on male Wistar rats (140-160 g). Ceftriaxone (300 mg/kg, i.m.) was administered once a day for 14 
days. The surface mucus from terminal ileum and colon were collected on the 15th, 29th and 72nd days of the 
experiment. Total level of mucus glycoproteins, hexoses, hexosamines, fucose and sialic acids were measured. 
Ceftriaxone administration did not affect the levels of glycoproteins in rat ileum. In the colon, the levels of 
glycoprotein were 1.3-fold decreased (Р < 0.05) on the 72nd day of the experiment. These changes were ac-
companied by the 1.2-fold decrease of hexoses (Р < 0.05) and 3.1-fold (Р < 0.05) decrease of fucose level and 
1.5-fold (Р < 0.05) increase of the levels of sialic acids in the surface mucus of the rat colon. Thus, ceftriaxone 
administration induces the long-term changes in the levels of glycoproteins and carbohydrates composition in 
the rat colon surface mucus. This could potentially explain the susceptibility to inflammatory bowel disea ses 
development.

K e y  w o r d s: antibiotics, glycoproteins, hexose, fucose, hexosamines, sialic acids.

E pidemiologic investigations have shown 
that the use of antibiotics, which occupy a 
leading  place in the current medical practice, 

increases considerably the development of the in-
flammatory bowel diseases (IBD) and infection sus-
ceptibility [1-3]. The disturbance of function of the 
mucus barrier as a result of antibiotic-caused stable 
continuous changes of the bowel microbiota is one 
of potential mechanisms of such relation [3]. Thus 
Jernberg et al. [4] have shown that the peroral taking 
of klindamycine (7 days) by healthy volunteers in 
clinically recommended doses leads to stable distur-
bances of microbial association during next 2 years. 
A sharp decrease of diversity and continuous persis-
tence of resistant Bacteroides strains were revealed, 
in particular. Similarly administration of cephope-
rasone, antibiotic of cephalosporine family, caused 
essential changes in the composition of mice cecum 
microbiota, which were observed even 6 weeks after 
the drug administration, was stopped [5].

Mucus forms two layers at the surface of colon 
mucosa: the internal layer devoid of microbiota and 
the external one colonized with microorganisms [6]. 

Glycoproteins (mucins) are the basic high-
molecular component of mucus. About 20 diffe-
rent genes of mucins, from MUC1 to MUC20, in 
accordan ce with the order of their finding have been 
identified to date. All mucins are divided into two 
groups: secretory (gel-forming) mucins, such as 
MUC2, MUC5АС, MUC5В, MUC19, and mem-
brane-bound (MUC1, MUC3А, MUC3В, MUC4 
and others), which are localized on the apical mem-
brane of enterocytes. MUC2 is the main secretory 
mucin of the small intestine and colon [7]. The pro-
tein core of mucin molecules is characterized by the 
variable number of tandem repeats (VNTR) that 
contain the great number of amino acid residues 
of serine and threonine with attached oligosaccha-
rides. O-glycosylation occurs in the Golgi appara-
tus with adding N-acetylgalactosamine (GalNAc) 
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to hydroxyl groups of serine and threonine, forming  
GalNAcα1-О-S/T (Tn antigen). This glycan is fur-
ther elongated in positions С3 or С6 of GalNAc 
forming new core structures. The adding of sialic 
acid in C6 position of GalNAc  is a typical feature 
of molecules of O-glycanes of human MUC2. As a 
result C6 branch is terminated. Oligosaccharide is 
subsequently elongated in C3 position by residues of 
N-acetylglucosamine (GlcNAc) and galactose (Gal) 
[8]. Glycoproteins of the rat bowel contain 4 types 
of core structures: type І – Galβ1-3GalNAcα1; type 
ІІ – Galβ1-3(GlcNAcb1-6)GalNAcα1; type ІІІ – 
GlcNAcβ1-3-GalNAcα1; and type ІV – GlcNAcβ1-
3(GlcNAcβ1-6)GalNAcα1 [9]. 

Glycanes compose 60-80% of the mass of mu-
cin molecules. They cover protein skeleton and thus 
protect mucin from degradation by proteolytic en-
zymes and take effect on their gel-forming proper-
ties. Terminal oligosaccharides are potential ligands 
for microbe adhesines and nutritive substrates for 
symbiotic bacteria of the outer mucus layer [7].

The importance of correct glycosylation of 
mucins was shown on mice models with deficiency 
of glycosyltransferases. Thus, mice lacking β1,3-
acetylglucosaminyltransferase (C3GnT), which adds 
GlcNAc residue to Tn antigen (GalNAcα1-S/T) with 
formation of the core structure of type III, become 
more susceptible to development of the colon inflam-
mation, in particular on the model of dextransulphate 
sodium (DSS)-induced colitis [10]. Colitis develops 
spontaneously in the distal sections of the colon 
in mice knocked out by β1,3-galactosyltransferase 
(C1GalT1, or T-synthase) [11].

Residues of fucose, sialic acids and sulphated 
monosaccharides are localized in the terminal po-
sition of mucin oligosaccharides. Sulphation and 
sialylation of mucin oligosaccharides provide addi-
tional mucus stability under the destruction by bac-
terial glycosides [12, 13]. Thus, not only the mucus 
amount, but also its quality are of the decisive im-
portance for ensuring the barrier function.

Normal degradation of the mucus glycans is a 
relatively slow process, but if they become short, the 
decay of oligosaccharides considerably increases, 
and both the inner and outer mucus layer is degrad-
ed and bacteria can get through it to the epithelium 
surface [14]. 

There was the only research when administra-
tion of clinically recommended doses of antibiotics 
(bacitracin, clidamycin, vancomycin) conditioned 
the long-term changes of the general composition of 

fecal mucins of healthy volunteers. These changes 
were determined by electrophoretic distribution that 
was similar to that in excrements of germ-free rats 
[15]. But the data concerning antibiotics influence on 
the quantitative and qualitative composition of car-
bohydrate part of glycoproteins of the bowel surface 
mucus are insufficient.  

The broad spectrum antibiotics [16] are often 
used today. Their action mechanism is connected 
with inhibiting peptidoglycan synthesis in the bacte-
rium cell wall. Thus, this work objective was to de-
termine carbohydrate composition and general con-
tent of glycoproteins of the rat bowel surface layer 
in different periods after ceftriaxone administration.

materials and methods

Investigations were conducted on Wistar 
male rats (140-160 g, n = 24) kept in the vivarium 
at ESC Institute of Biology and Medicine of Taras 
Shevchenko National University of Kyiv under 
standard conditions as to temperature, illumination, 
humidity and diet. The experiment was carried out 
meeting the requirements of Bioethical Commission 
of the Taras Shevchenko National University of Kyiv 
(protocol # 8 of November 2, 2015). The first day of 
administration of the acting or control substance was 
conside red as the experiment beginning.  

Ceftriaxone (Ind. Stock Company Darnytsya, 
Ukraine) was administered intramuscularly to ani-
mals for 14 days in a dose of 300 mg/kg. The control 
group animals received 0.1 ml of water for injec-
tions, respectively. The rats were killed on the 15, 
29 and 72nd days from the experiment beginning by 
СО2 inhalation with further cervical dislocation. A 
section of colon from the anus to cecum and 15 cm 
of the small intestine from the ileocecal valve were 
isolated during autopsy. The small intestine was cut 
longitudinally, washed in cool physiological solution 
and blotted with the filter paper. The surface mucus 
was separated from the layer of epithelial cells with 
6 N N-acetyl-1-cystein (Sandoz, Switherland). One 
centimeter of the colon from the anus and 1 cm of 
small intestine from the ileocecal valve were placed 
into 3 ml of 6 N N-acetyl-1-cystein solution to quali-
tatively determine the oligosaccharide part of mucus 
by means of Schiff reaction. The rest of the colon 
and small intestine was cut and plunged into test-
tubes with 9 ml of 6 N N-acetyl-1-cystein solution 
for further determining the content of glycopoteins, 
hexoses, fucoses, hexosamines and sialic acids. Each 
test-tube was mixed on the vortex during 4 min, 
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then the samples were centrifuged at 3000 g during 
15 min. Supernatant was taken with sediment and 
supernatant liquid of 1 ml volume remained. The 
content of test-tubes was resuspended and homoge-
nized by a disperser T10 basic Ultra Turrax® (IKA, 
Germany) with the speed of 5 (20500 rpm) during 
20 s.  

Glycoproteins were determined with the help 
of Schiff reaction on PVDF-membrane [17]. The 
PVDF-membrane (Hybond-P, Amersham Inter-
national, Little Chalfont, Great Britain) was first 
plunged for 2 min into 100% methanol solution, 
and then for 2 min into the 80% solution. Then the 
membrane was washed in distilled water, dried by 
filter paper and placed on the wet filter paper. The 
PVDF membrane was covered with 10 μl of homoge-
nized sample and kept for 10-15 min to its complete 
absorption. The membrane was washed in distilled 
water during 2 min, after that it was incubated for 
10 min in KOH solution in 70% ethanol and then 
washed again in distilled water. Then the membrane 
was plunged into 0.5% solution of periodic acid for 
10 min, washed with distilled water and subjected 
to the effect of Schiff reagent during 30 min at per-
manent shaking. After that the membrane was twice 
incubated in 0.6% sodium metabisulphate during 
3 min and washed in distilled water during 3 min 
as well. After the final rinsing in distilled water the 
membrane was dried in the open air for 10 min and 
scanned by the scanner (Samsung SCX-4x21).The 
images were analyzed by measuring the density of 
positively colored points with the help of the soft-
ware for images treatment LI-COR Image Studio 
Lite Ver 5.2. 

Quantitative determination of the general con-
tent of glycoproteins of the surface mucus in the rat 
colon and small intestine was conducted by the re-
action with Folin reagent after mucus glycoproteins 
isolation by sulphosalicylic acid and their precipita-
tion by phosphotungstic acid [18]. 

To determine the content of hexoses and fu-
cose the mucus was hydrolyzed with 4 N HCl (1 : 1) 
during  1 h at 100 °С. The content of hexoses was de-
termined by the reaction with orcin reagent [19]. Fu-
cose content was determined by the Dishe-Shettles 
method based on fucose reaction with hydrochloric 
cystein [20].

The content of hexosamines was determined by 
the reaction with acetylacetone in the base medium 
[21] after previous mucus hydrolysis with 8 N HCl at 
100 °С during 5 h.

The content of sialic acids was determined by 
the Hess method [19] based on the interaction of 
sialic acids with aceto-hydrochloric reagent after 
previous mucus hydrolysis with 0.2 N H2SO4 (1 : 1) 
at 80 °С during 1 h.

The results concerning quantitative determina-
tion of the total content of glycoproteins in 1 mg, 
hexoses, fucose, hexosamines and sialic acids in 
μmol are presented in calculus per 1 ml of mucus 
obtained as a result of its isolation by 6 N N-acetyl-
1-cystein.

Statistical processing was conducted with the 
help of software Statistica 6.0. To estimate quanti-
tative indices we determined the mean value (M), 
standard error of the mean (SEM). The normali ty hy-
pothesis of distribution was checked for all availab le 
samples by the Shapiro-Wilk test. In cases  when the 
normality hypothesis was denied, the probabili ty in-
dex (P) was calculated on the basis of the rank non-
parametric Mann-Whitney criterion. In other cases 
the calculation was made with the help of t-Student 
criterion. Critical level of probability of the statisti-
cal zero hypothesis (P) was taken as 0.05. 

results and discussion

It is known that antibiotic therapy may result 
in the stable and long-term changes of gut micro-
biota [4, 5]. Our previous studies [22] have shown 
that ceftriaxone administration during 14 days leads 
to disturbances in the qualitative and quantitative 
content of the parietal microbiota of the rat colon 
that are intensified in the course of time. Thus, no 
probable changes in the qualitative and quantitative 
content of the parietal microbiota were observed on 
the first day after ceftriaxone withdrawal. Howe ver 
56 days after ceftriaxone treatment the number of 
lacto- and bifidobacteria in the content of the parietal 
microbiota decreased 1.3 and 1.8 times, respectively, 
(P < 0.05). Besides, conditionally pathogenic entero-
bacteria and those of Staphylococcus genus appeared 
among the parietal microbiota that is not typical of 
the given biotope. 

Allowing for the fact that dysbiotic disturban-
ces of the parietal microbiota are not revealed imme-
diately but in due time after the antibiotic treatment, 
the change of carbohydrate composition of mucus 
was determined in different terms, in particular on 
the 15th, 29th and 72nd days of the experiment. 

Ceftriaxone administration during 14 days had 
no effect on the total content of glycoproteins of the 
surface mucus of the rat small intestine in all the 
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terms of research (Fig. 1). No reliable changes were 
observed on the 15th and 29th days in the quantity 
of glycoproteins in the colon. But on the 72nd day 
of the experiment this index decreased 1.3 times 
(Р < 0.05) vs control group (Fig. 2, a). In contrast to 
the method  of determining the total content of glyco-
proteins, which is based the Folin reagent binding to 
protein part of the molecule [18], the Schiff reaction 
(Fig. 2, B) has revealed a 1.9-fold decrease of the 
total content of glycans (Р < 0.05 in respect of indi-
ces in the control group) on the 72nd day of the ex-
periment. Thus, changes in the mucus barrier com-
position are connected not only with the decrease 
of the total number of glycoproteins, but also with 
deterioration of the glycan core. This confirms the 
outstanding role of the latter in protection of protein 
part of mucins.

The detected changes in content of the colon 
surface mucus glycoproteins coincide in time with 
shifts in the composition of parietal microbiota [22]. 
These data as well as the lack of changes in the con-
tent of glycoproteins of small intestine terminal part 
(Fig. 1), allow us to suppose a leading role of mi-
crobiota in maintaining the mucus barrier integrity. 
At the same time these changes evidence for the de-
crease of mucus barrier stability in remote terms af-
ter antibiotic therapy and can result in deterioration 
of bowels homeostasis. There are data of Wlodarska 
et al. [3] in favor of this supposition. It has been es-
tablished that the uptake of metronidasole raises sus-
ceptibility of mice to c. rodentium-induced colitis 
due to the decrease of thickness of the inner mucus 
layer and, as a result, high pro-inflammatory bacte-
rial stimulation of epithelium. 

It is known that resistance of the bowel mucosa 
depends to a considerable extent not only on the con-
tent of glycoproteins but also on the composition and 
length of their side carbohydrate chains, protecting  
polypeptides from proteolysis, as well as limit pene-
tration of macromolecules, including bacterial tox-
ins, to epithelium cells [23]. So, it is expedient to 
estimate not only total quantity of surface mucus 
glycoproteins, but also qualitative composition of 
their carbohydrate residues, in particular, the content 
of hexoses, hexosamines, fucose and sialic acids. 

Quantity of hexoses in the content of glycopro-
teins of the rat colon surface mucus did not reliab-
ly change immediately after ceftriaxone therapy. 
However, on the 72nd day of the experiment one 
could observe a 1.2-fold decrease of hexoses content 
(Р < 0.05) compared with the control values (Fig. 3). 
That corresponded to a decrease of the total quantity 
of glycoproteins obtained by the semiquantitative 
method with the help of Schiff-reaction. 

A reliable decrease of fucose content, intensi-
fied in the course of time, was also observed. Thus, 
on the 29th day of the experiment (14 days after cef-
triaxone withdrawal) the content of fucose decrease 
1.4 times, on the 72nd day – 3.1 times (Р < 0.05) 
(Fig. 4). The results obtained confirm gradual ap-
pearance of qualitative changes of mucus glyco-
proteins in remote terms after ceftriaxone adminis-
tration that may be accompanied by shortening of 
carbohydrate chains of glucoproteins.

Further we determined the content of hexosa-
mines mainly localized in the core part of mucin 
glycans [8, 9]. Investigation of the content of the rat 
colon surface mucus has shown no reliable chang-

Fig. 1. Glycoprotein content in the surface mucus of the rat small intestine in different terms after ceftriaxone 
administration (300 mg/kg, i.m., 14 days): reaction with Folin reagent after isolatin by sulfosalicylic acid; 
M ± SEM; n = 24; 1 – control, 2 – ceftriaxone
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Fig. 2. Glycoprotein content in the rat colon surface mucus in different terms after ceftriaxone administration 
(300 mg/kg, i.m., 14 days): А – reaction with Folin reagent after isolation by sulfosalicylic acid; В – Schiff-
reaction method on PVDF-membrane; M ± SEM; n = 24; 1 – control, 2 – ceftriaxone; * P < 0.05 relative to 
the control group indices
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Fig. 3. Hexoses content in the rat colon surface mucus in different terms of ceftriaxone administration (300 mg/
kg, i.m., 14 days); M ± SEM; n = 24; 1 – control, 2 – ceftriaxone; * P < 0.05 relative to the control group 
indices
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Fig. 4. Fucose content in the rat colon surface mucus in different terms after ceftriaxone administration 
(300 mg/kg i.m., 14 days); M ± SEM; n = 24; 1 – control, 2 – ceftriaxone; * P < 0.05 relative to the control 
group indices
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es in hexosamine contents in different terms after 
ceftriaxone administration (Fig. 5). The absence of 
changes in the content of hexosamines, against the 
background of the decrease of glycoproteins content, 
may evidence for shortening the oligosaccharide part 
of molecules. It is shown [24] that treatment of gly-
coproteins of the normal mucus by a weak solution 
of the acid, which induces splitting-off residues of 
fucose and sialic acids, increases quantity of Thom-
sen-Friedenreich (TF) antigen – galactosoβ-1,3-N-
acetylgalactosamine (Galβ1-3GalNAcα-), which is 
a core carbohydrate structure of O-bound mucin 
oligosaccharides. Such changes were found in the 
mucus samples of patients with ulcerous colitis or 
bowel adenocarcinoma. So, the increase of TF anti-
gen in mucins composition may be explained by the 
decrease of fucosylation of glycoproteins.  

The described changes can result in disturban-
ces of mucus viscosity and affect its interaction with 
microorganisms, electrolytes, protective proteins, 

and thus decrease the efficiency of the mucus layer 
functions.   

Residues of sialic acids are distributed at the 
ends of oligosaccharide chains of glycoprotein mole-
cules. In particular, as was noted, GalNAc sialation 
in C6 position terminates the elongation of glycan 
chain [8]. We marked the 1.5-fold increase (Р < 0.05) 
of the content of sialic acids (Fig. 6). The increase 
of mucins sialation is typical under inflammatory 
diseases of the bowel [14]. Thus the increase of the 
content of short O-bound antigens, such as sialyl Tn 
(sialyl-α2,6N-acetylgalactosamine α-bound to serine 
or threonine of the protein core) was revealed in the 
colon mucus composition of patients with ulcerous 
colitis [26].

The revealed changes in carbohydrate composi-
tion of the rat colon surface mucus in remote terms 
after ceasing ceftriaxone therapy may evidence for 
disturbances of post-translation modification of 
mucins. This leads to shortening the carbohydrate 

Fig. 5. Hexosamines content in the rat colon surface mucus in different terms after ceftriaxone administration 
(300 mg/kg i.m., 14 days); M ± SEM; n = 24; control, 2 – ceftriaxone; * P < 0.05 relative to the control group 
indices
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chains of glycoprotein molecule and their premature 
termination by residues of sialic acids. Since mucins 
glycosylation is a dynamic process and is moduled 
by the expression of specific glycosyltransferases, 
these changes may appear at the expense of increa-
sing pH in Golgi apparatus mediated by inflammato-
ry cytokins formed as a result of microbiota interac-
tion with the bowel epithelium surface [27]. 

Thus, ceftriaxone administration during 14 
days leads to the disturbance of the state of the sur-
face mucus barrier of the rat colon in remote terms 
after the antibiotic therapy. The total quantity of 
glycoproteins of the rat colon surface mucus de-
creases on the 72nd day of the experiment. That is 
accompanied by qualitative changes in the structure 
of glycan part of mucins, i.e., by a decrease of mu-
coses and fucose content, while the number of hex-
osmines does not change and the level of sialation 
of mucus glycoproteins increases. Such a character 
of changes in mucus composition is typical when 
IBD is develo ping [13, 14, 26]. The mucus barrier 
disturbance leads to dysregulation of interaction be-
tween epithelium cells, immune cells of the mucosa 
own plate and bowel microbiota. The excessive ef-
fect of microbe antigens is accompanied by release 
by epithelial cells of the inflammatory cytokins and 
chemokins, such as interleukin (IL) 1, IL6, IL8. 

Polymorphonuclear neutrophils are first to re-
spond to disturbances of the mucus barrier and to 
appearance of transepithelial gradient of microbial 
and cell chemoattractants. Activated neutrophils re-
lease a number of proteases having a potential effect 
on the functioning of the epithelial barrier by chan-
ging the structure and functions of epithelial cell-to-
cell contacts. As a result the dysfunction of the epi-

thelial barrier can maintain pathologic inflammation 
of the mucus. However, the regulation disturbance 
of the bowel barrier function is not the only factor 
that contributes to IBD development. Thus, relatives 
of patients with Crohn’s disease had the increased 
bowel epithelium permeability, which was not ac-
companied by inflammation development that con-
firms IBD polyetiology [28]. So, the results obtained 
confirm that antibiotic therapy can increase suscep-
tibility to IBD development at the expense of the 
disturbance of the bowel mucus barrier functioning.   

вуглеводний склад 
поверхневого слизу 
кишечника щурів після 
введення цефтриаксону
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Епідеміологічні дослідження показали, що 
використання антибіотиків істотно підвищує 
ризик розвитку запальних захворювань кишеч-
ника. Одним із потенційних механізмів такої 
залежності є порушення функціонування його 
слизового бар’єра. Метою дослідження було 
з’ясувати як змінюється вуглеводний склад та за-
гальний вміст глікопротеїнів поверхневого сли-
зу кишечника щурів після введення антибіотика 
цефтриаксону. Дослідження проводили на щу-
рах-самцях лінії Вістар (140–160 г). Цефтриаксон 
(300 мг/кг, в/м) вводили щоденно впродовж 14 

Fig. 6. Content of sialic acids in the rat colon surface mucus in different terms after ceftriaxone administra-
tion (300 mg/kg i.m., 14 days); M ± SEM; n = 24; control, 2 – ceftriaxone; * P < 0.05 relative to the control 
group indices
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днів. Загальний вміст глікопротеїнів слизу, гек-
соз, гексозамінів, фукози та сіалових кислот виз-
начали на 15-, 29-ту та 72-гу добу експеримен-
ту в термінальному відділі тонкої та в товстій 
кишці. Введення цефтриаксону не впливало на 
загальний вміст глікопротеїнів поверхневого 
слизу тонкої кишки щурів. У товстій кишці на 
72-гу добу спостерігалось вірогідне знижен-
ня в 1,3 раза (Р < 0,05) вмісту глікопротеїнів у 
поверхневій слизі. Ці зміни супроводжувалися 
зниженням вмісту гексоз в 1,2 раза (Р < 0,05) і фу-
кози 3,1 раза (Р < 0,05) та підвищенням в 1,5 раза 
(Р < 0,05) рівня сіалових кислот. Отже, введен-
ня цефтриаксону індукує віддалені в часі зміни 
вмісту та вуглеводного складу глікопротеїнів 
слизу товстої кишки щурів, які відповідають та-
ким за розвитку запальних захворювань кишеч-
ника.

К л ю ч о в і  с л о в а: антибіотики, 
глікопротеїни, гексози, фукоза, гексозаміни, 
сіалові кислоти.

углеводный состав 
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кишечника крыс после 
введения цефтриаксона
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Эпидемиологические исследования показа-
ли, что применение антибиотиков существенно 
повышает риск развития воспалительных за-
болеваний кишечника. Одним из потенциаль-
ных механизмов такой зависимости является 
нарушение функционирования его слизистого 
барьера. Целью исследования было выяснить 
как изменяется углеводный состав и общее со-
держание гликопротеинов поверхностной слизи 
кишечника крыс после введения антибиотика 
цефтриаксона. Исследования проводили на кры-
сах-самцах линии Вистар (140–160 г). Цефтриак-
сон (300 мг/кг, в/м) вводили ежедневно в тече-
ние 14 дней. Общее содержание гликопротеинов 
слизи, гексоз, гексозаминов, фукозы и сиаловых 
кислот определяли на 15-, 29- и 72-е сутки экс-
перимента в терминальном отделе тощей кишки 

и в ободочной кишке. Введение цефтриаксона 
не влияло на общее содержание гликопротеинов 
поверхностной слизи тонкой кишки крыс. В тол-
стой кишке на 72-е сутки наблюдалось достовер-
ное снижение содержания гликопротеинов в 1,3 
раза (Р < 0,05). Эти изменения сопровождались 
уменьшением содержания в 1,2 раза (Р < 0,05) 
гексоз и 3,1 раза (Р < 0,05) фукозы и повышени-
ем в 1,5 раза (Р < 0,05) уровня сиаловых кислот 
поверхностной слизи толстой кишки крыс. Сле-
довательно, введение цефтриаксона индуцирует 
отдаленные во времени изменения в количестве 
и углеводном составе гликопротеи нов слизи 
толстой кишки крыс, которые соответствуют 
таковым при развитии воспалительных заболе-
ваний кишечника. 

К л ю ч е в ы е  с л о в а: антибиотики, гли-
копротеины, гексозы, фукоза, гексозамины, сиа-
ловые кислоты.
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