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THE EFFECT OF MICROCRYSTALLINE CELLULOSE
ON THE MICROFLORA OF THE COLON

D.B. Koval, *H.R. Malyarchuk, 0.0. Levenets
I. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. Nowadays, much attention is paid to enterosorption methods that allow cleansing the internal
organs and removing extraneous substances out of the body of a sick person.

Objective. The aim of the research was to study the effect of microcrystalline cellulose on the microflora of
the large intestine.

Methods. The study was performed on 50 white laboratory Wistar rats weighing 180-270 g, which were
divided into control and experimental groups. The experimental group was daily administered with microcrystalline
cellulose at a dose of 500 mg/kg. The study followed ethical standards and recommendations for the humanization
of work with laboratory animals according to the “European Convention for the protection of vertebrate animals
used for experimental and other purposes” (Strasbourg, 1986, 2010), as well as the requirements of the Commission
on Bioethics of I. Horbachevsky Ternopil National Medical University (Minutes No. 66, dated November 01, 2021).
The first group involved the intact rats on standard diet, the second - the rats, which received normal feeding of
microcrystalline cellulose.

Results. In the feces of the experimental white rats treated with microcrystalline cellulose, the level of
Escherichia coli in the large intestine decreased by 22 and 25%. The number of these microorganisms increased
by 20% in 7 days and by 14% in 14 days. The content of epidermal staphylococci in the stool decreased by 10%
on the 7" day of administration. Microcrystalline cellulose increased the number of Staphylococcus aureus by
12%, but decreased the number of enterococci in the feces by 28%. In 7-14 days of the experiment, the content
of these bacteria did not change significantly in the colon. In relation to anaerobic microorganisms - bacteroides
and clostridia, this supplement caused a slight increase in the number of bacteroides - by 8.64% and the number
of clostridia - by 11.54% on the 14" day. The content of fungi of the Candida genus on the 7" and 14 day
increased by 8.3%.

Conclusions. In the 2™ period of the study, the microbiome of intestinal contents worsened: the process of
dysbacteriosis increased, which was manifested by a significant increase in the number of Proteus spp.,
Staphylococcus aureus, anaerobes (bacteroides, clostridia) and Candida spp., as well as decreased Escherichia
coli and Enterococci.
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Introduction

These days the incidence of the large in-
testine disorders due to various microorganisms
isincreasing. Therefore, itis important to study
the mechanisms of its development, features
of early diagnosis, prevention and treatment.
The large intestine is the main reservoir of the
human microbiota in general and the digestive
tract in particular; it is always dominated by
characteristic groups of microorganisms, the
number of species of which is small, but in
quantitative terms they form the basis of the
biocenosis [1,4]. The main microflora of the

*Corresponding author: Hanna R. Malyarchuk, PhD., senior
assistant professor, I. Horbachevsky Ternopil National Medical
University, Ternopil, 46001, Ukraine

E-mail: malyarchuk@tdmu.edu.ua

colon contains obligate anaerobic bacteria of
the Bifidobacterium, Bacteroides, Lactobacillus,
Propionibacterium, Peptostreptococcus genera,
as well as additional anaerobic and aerobic
bacteria of the Escherichia, Enterococcus genera.
Additional colon microfloraincludes anaerobic
bacteria of the Peptococcus, Clostridium, Eubac-
terium, Fusobacterium genera and additional
anaerobic and aerobic bacteria of the Staphy-
lococcus, Citrobacter, Proteus, Enterobacter,
Edwardsiella, Klebsiella and other genera [1,5].
Enterosorption is an important method based
on the binding and excretion of toxic substances
from the gastrointestinal tract for therapeutic
and prophylactic purposes. Microcrystalline
celluloseis of particularinterest. The supplement
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gently cleanses the intestinal wall, absorbs
toxins, poisons and other dangerous accumu-
lations. For active sorption of toxins, re-admi-
nistration of enterosorbents should last at least
two weeks, so an important factor for their
effective and safe use is the preservation or
restoration of physiological parameters of
gastrointestinal function, in particular normal
intestinal microbiocenosis [6,9].

The aim of the research was to study the
effect of microcrystalline cellulose on the mic-
roflora of the large intestine.

Methods

The study was performed on 50 white la-
boratory Wistar rats weighing 180-270 g, which
were divided into control (20 rats) and expe-
rimental (30 rats) groups. The experimental
group was daily administrated with micro-
crystalline cellulose at a dose of 500 mg/kg.

The study was carried out following ethical
standards and recommendations for the hu-
manization of work with laboratory animals
according to the “European Convention for the
protection of vertebrate animals used for
experimental and other purposes” (Strasbourg,
1986, 2010), as well as requirements of the
Committee on Bioethics of I. Horbachevsky
Ternopil National Medical University (Minutes
No. 66, dated November 1, 2021). The study
protocol was approved by the university review
boards and ethics committees of the parti-
cipating centers.

Sampling was performed from the rectum
with a disposable sterile cotton swab to remove
feces. Disposable cotton swabs by Copan (Italy)
were used. Before and after material collection,
the tampon was weighed on torsion scales. The
difference in weight was taken as the mass of
stool. Then the swab was placed in 1 ml of 0.1%
solution of Triton X-100 in 0.075 M phosphate
buffer pH 7.9, and shaken thoroughly for 10-15
minutes. The prepared ten-fold dilutions of the
material, inoculated on nutrient media of MPA,
YSA, Endo, Sabouraud, Blaurock, MRS, agar-
EDDS, was incubated at the optimum tempe-
rature of 37 °C.

In 24-96 hours of incubation the number of
colonies was counted and the result was
expressed by the number of colony-forming
units per 1 gram of feces according to the
formula: X1 =20 - M - N / t, where X1 is the
number of CFU/ml; 20 is the constant coefficient,
when 0.1 ml of the sample is inoculated; M is
the number of colonies that grew; N is the
dilution (in 10, 100, 1000 times etc.); t is the

mass of feces. Since the number of microbes
per unit can reach tens of thousands, we used
the decimal logarithm of this indicator -
log CFU/m.

The arithmetic mean and standard error
(M+m) were used to describe the data in the
normal distribution. Since the data obtained as
aresult of the clinical study had deviations from
the normal distribution of the variation series,
nonparametric statistical methods to compare
groups - the Mann - Whitney U-test (for inde-
pendent groups) was used. The software and
mathematical complex for the personal com-
puter Microsoft Excel 2016 was used for proces-
sing of the results of the study.

Results

The groups were statistically comparable at
the beginning of the study. During the expe-
riment, no significantchanges of the microbiome
of feces of the control rats on a fiber-free diet
were evidenced, when comparing the two
terms of the study (Tables 1 and 2). However,
in the control group of animals, the composition
of feces showed degree 1 dysbacteriosis (the
concentration of normal microflora was below
standard levels).

Microcrystalline cellulose reduced the level
of Escherichia coli in the large intestine of the
experimental rats up to 5.3+0.2 and 5.2+0.2 log
CFU/g (by 22 and 25%, respectively), by 20% in
7 days, and by 14% in 14 days. On the 7" day of
microcrystalline cellulose administration, the
content of epidermal staphylococci in feces
decreased by 10%. However, the microcrystalline
celluloseincreased the number of Staphylococcus
aureus by 12%.

Microcrystalline cellulose reduced the
number of enterococci in the feces by 28%. In
contrast, after taking microcrystalline cellulose
in 7-14 days of the experiment the content of
these bacteria did not change significantly in
the colon. In relation to anaerobic microorga-
nisms: bacteroides and clostridia, this supple-
ment caused a slightincrease in the number of
bacteroides - up to 8.8+0.3 log CFU/g (8,64%)
and a more significant increase in the number
of clostridia - 8.7+0.2 log CFU/g (11.54%) on the
14t day. After taking microcrystalline cellulose,
the content of fungi of the Candida genus on
the 7t and 14t day slightly increased by 8,3%.

Discussion

The effect of crystalline microcellulose on
the intestinal microbiota has not been studied
comprehensively. According to the literature,

N

D.B. Koval et al.

ISSN 2413-6077. JMMR 2021 Vol. 7 Issue 2



Table 1. Effect of microcrystalline cellulose on the microflora of the large intestine
of white rats, log CFU/g (on the 7t" day of the study)

Types of microorganisms Control Microcrystalline cellulose

(n=20) (n=30)

Escherichia coli 6.79+0.2 5.3+0.2
p<0.01

Enterobacteriaceae spp. 5.34+0.49 6.410.2
p<0.01

Staphylococcus epidermidis 5.44+0.2 4.910.3
p<0.05

Staphylococcus aureus 5.0+0.0 5.5+0.34
p<0.05

Streptococcus faecalis 5.53+0.2 4.0£0.2

p<0.002

Lactobacillus spp. 6.10+0.4 6.2+0.3
p<0.1

Bifidobacterium spp. 6.3+0.23 6.4+0.3
p<0.1

Bacteroides spp. 7.3+0.22 8.4+0.3
p<0.02

Clostridium spp. 7.3+£0.12 7.4+0.3
p<0.1

Candida spp. 3.61+0.2 3.91+0.26

p<0.05

Proteus vulgaris 2.5+0.1 3.0+0.1
p<0.01

Table 2. Effect of microcrystalline cellulose on the microflora of the large intestine
of white rats, log CFU/g (on the 14t day of the study)

Types of microorganisms Control Microcrystalline
(n=20) cellulose (n=30)
Escherichia coli 6.9+0.2 5.2+0.2
p<0.01
Enterobacteriaceae spp. 5.6+0.3 6.4+0.2
p<0.02
Staphylococcus epidermidis 5.4+0.2 4.9+0.3
p<0.05
Staphylococcus aureus 5.0+0.2 5.610.34
p<0.05
Streptococcus faecalis 5.5+0.2 4.2+0.2
p<0.01
Lactobacillus spp. 6.1£0.4 6.2+0.3
p<0.1 N
Bifidobacterium spp. 6.3+0.2 6.4+0.3 A
p<0.1 S
Bacteroides spp. 8.1+0.2 8.81£0.3 A~
p<0.05 3
Clostridium spp. 7.8+0.2 8.7+0.2 =
p<0.05 5
Candida spp. 3.610.2 3.9+0.26 E
p<0.05 T8
Proteus vulgaris 2.5£0.1 3.5+0.1 =
p<0.001 S
[aa}
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concomitant therapy in patients with various
pathologies shows significant effectiveness [10,
11]. The results of various studies prove a po-
sitive effect of enterosorbents on the mani-
festations of oxidative stress; it normalizes
prooxidant-antioxidant balance [12,13]. Howe-
ver, no studies have been presented on the
effects of enterosorbents on the microflora of
the colon, especially in its prolonged admi-
nistration.

Enterosorbents are biomaterials that
“work” in the lumen of the gastrointestinal tract
and have only local pharmacokinetics. However,
in cases of sorption detoxification of the body,
they act not only locally, but also have remote
long-term effects [14]. The sorption of toxic
metabolites and compounds relieves the main
organs of metabolism and excretion. This
explains the positive effect of enterosorbentin
many comorbid pathologies. The effect of
enterosorption on the intestinal microflora is
also positive [15].

Conclusions

Microcrystalline cellulose entering the
stomach has the ability to swell when absorbing
fluid and is used to mechanically achieve a
feeling of satiety and suppress appetite.

Mechanical cleaning of the intestinal mucosa
and effective absorption of harmful substances
when passing through the gastrointestinal tract
allows using itin poisoning by chemicals, toxins
and salts of heavy metals. However, in the 2"
period of the study, the microbiome of intestinal
contents worsened: dysbacteriosis developed,
which was manifested by a significantincrease
in the number of Proteus vulgaris, Staphylococcus
aureus, anaerobes (Bacteroides spp., Clostri-
dia spp.) and Candida spp., as well as decreased
intestinal and intestinal bacteria.

Limitations of the study are the restricted
number of laboratory animals and the limited
range of methods for studying the large in-
testine microflora.
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BILIUB MIKPOKPHUCTAJITYHOI ITEJIF0JI03H HA MIKPO®JIOPY TOBCTOI

KHIITKA

A.B. KoBanb, *I.P. Mansapuyk, 0.0. JleBeHeLb

TEPHOIML/IbCbKMI HAUIOHAJIbHN MEANYHUI YHIBEPCUTET IMEHI I. 8. TOPEAYEBCHKOIO MO3 YKPAIHY,

TEPHOIL/Ib, YKPAIHA

BcTyn. Y Haw 4yac eenuka yeaza HA0AEMbCs MemooaM eHmepocopbyii, ki 00380asOMb oyuWamu
8HYyMPpIWHE cepedosuuje ma eugooUMU 3 0p2aHI3My X80POI HOOUHU HYyHOPIOHI pedoBUHU.
MeToto 00CniOxeHHs 6yn10 sUBYEeHHS 8NAUBY MIKPOKPUCMANIYHOI Yearon03u Ha Mikpopaopy moecmozo

Kuwe4HukKa.

MeToaw. JocnidxiceHHs npogedeHo Ha 50 6inux 1a60pamopHuUX wypax AiHii Bicmap macoro 180-270 2, ski
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6yn1u po30dineHi HaO KOHMPOALHY | eKCnepuMeHManbHy 2pynu. B ekcnepumeHmansHili 2pyni wiasxom ujo0eHHO20
88e0eHHs MIKpOKpUCMANiYHOI Yyentoa03u 3 po3paxyHKy 500 me/ke. Po6omy i3 nid0ocnioHUMU meapuHamu
BUKOHY8a/U 32i0HO 3 npasunamu €8ponelicbkoi KOHBEHYiT NPo 2yMaHHe cmasseHHs 00 1a60pamopHUX MeApPUH
(Cmpac6ype, 1985). Mepuwiy 2pyny ckaaau iHMAKMHI wypu, 200y8aHHS AKUX 6Y10 CMAHOAPMHUM, Opyay - Wypu,
AKI npu 38U4ATHOMY 200y8AHHI OMPUMY8AAU MIKPOKPUCMANIYHY YetoN03y.

Pe3ynbTaTU. Y 8UNOPOMCHEHHSIX OCNIOHUX Binux wypie, SKi ompuMyeanu MikpokpucmaniyHy yenton03y
3HUMCY8ABCS pigeHb KUWKOBOI NAAUYKU 8 MO8CMOMY 8i00ini KuweyHUKy Ha 22 i Ha 25%. 36inewunacs Kinekicme
yux mikpoopaaHiamie Ha 20% yepe3 7 OHig | Ha 14% - yepe3 14 OHis. 3MeHWYy8a8CA 8Micm enidepManbHUX
cmaginokokie y eunopoxcHeHHsIX Ha 10% nicas 7-20 OHA npuliomy. [MpulioM MiKpOKpUCMANiYHOI Yenrno3u

~
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36inbWYBA8 KiNbKICMb 3010MUCMuUX cmaginokokie Ha 12%, npome 3MeHWY8A8 KifbKicmb eHmepoKokie y
oekanisx Ha 28%. B moecmili kuwyi yepe3s 7-14 OHig ekcnepumeHmy 3micm yux 6akmepii He 3a3Ha8 NOMIMHUX
3MiH. 1o gidHoweHHH 00 aHaepPOobHUX MiKpoopaaHi3mie - bakmepoidis i knocmpudili yeli npenapam 8UKAUKAS
He3Ha4YHe 36in1bWeHHS Kinbkocmi 6akmepoioie - Ha 8,64% i kinbkocmi knocmpudili - Ha 11,54% nicas 14-20 OHA.
Bwmicm 2pubis pody Candida nicasa 7-20 ma 14-20 0HA 36inbwlysanacs Ha 8,3%.

BUCHOBKW. B 2-(i mepMiH A0cnidxeHHsA Mikpob6ionoziyHUl Kpaesuo KUWKOB020 8MiCMy Noz2ipwyeascs:
36inbwysascs npoyec ducbakmepiosy, W0 BUPAHANOCA 8 iICMOMHOMY 36inbWeHHI KinbKocmi npomes,
30/10mucmux cmaginokokis, aHaepobie (6akmepoidis, knocmpuditi) i 2pubie pody Candida, a MAKOH 3HUHEHHAM

3Micmy KUWKO80I NaAUYKU Ma eHmepoKOKis.

K/THOYOBI C/IOBA: eHTepocop6Lis; MmikpokpucTaniyHa uentsosa; Mikpodsopa

TOBCTOro KmwieyHuka,; EHTepOCOPGEHTI/I.
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