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EXPERIMENTAL STUDY OF COLON
PREEPITHELIAL MUCOUS LAYER
MICROFLORA IN ALBINO RATS WITH
INDUCED DIABETES MELLITUS

Abstract. The aim of research. This experimental issue deals with
microbiological investigation of quantitative and qualitative composition
of microflora of pre-epithelium mucous layer of colon in albino rats with
aloxan-induced diabetes mellitus. Methods. Case-control experimental
study conducted on white 20 albino rats with weight from 200 to 220 g:
10 intact animals (control group) and 10 rats in basic group with aloxan-
stimulated diabetes mellitus. The pieces of colon served as research
material for microbiological investigation with obtaining pure cultures of
microorganisms. Population level of microflora of pre-epithelium mucous
layer of colon was displayed in logarithm of colony-forming units (lg
CFU/g). Statistical analysis was performed by Student’s t-test. Results.
Aloxan-induced diabetes mellitus in experimental animals leads to
abnormalities of quantitative composition – the rising of constancy index
(CI) of species that related to additional and residual microbiota: E.coli
Hly+ was isolated with CI 30%, Clostridium – 70%, and Staphylococcus,
Proteus, Peptococcus – 40%. Qualitative abnormalities include decrease
of Bifidobacteria populational level – 5.60±0.29 vs 6.65±0.27 lgCFU/g
(p<0.05), Bacteroides – 2.21±0.15 vs 6.50±0.18 lgCFU/g (p<0.001),
E.coli – 2.25±0.16 vs 5.77±0.19 lgCFU/g (p<0.001) and Enterococcus
2.08±0.07 vs 6.17±0.22 lgCFU/g (p<0.01). Meanwhile Peptostreptococ-
cus populational level had moderate increase to 4.13±0.19 vs 3.22±0.19
lgCFU/g (p<0.05). Conclusions. In basic group the pre-epithelial
mucous layer of colon was contaminated with opportunistic pathogenic
Peptococcus, Clostridium, Proteus, Staphylococcus. Autochtonous
obligatory Bifidobacteria, Lactobacilli, Bacteroides remain dominant
role, only Eubacterium was completely eliminated. It probably had great
impact on the further weakness of colonization resistance of gut, accom-
panying diabetes in animal model.
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Background
In any biotope the highest concentration of micro-

organisms is present on a surface that divides the
internal environment of human organism and exter-
nal world. This testifies an active participation of
indigenous microflora in protective reactions and
regulation of interaction between host and external
environment [5].

Any kinds of microorganisms, as free living so
parietal, have immobilized life style. In natural con-
ditions the majority of microorganisms is fixed to
receptors of corresponding cells and creates on their
surfaces microbial colonies. During formation of
colonies, microorganisms produce the exo-polysac-
charide glycocalyx, inside of which the growth and
replication of bacteria takes place and they realize
intercellular connections [3]. Multiple microbial
populations of normal microflora are concentrated in
special integral structure – pre-epithelial mucus layer

(PML). PML of colon is the main reservoir of endog-
enous microflora in the human organism, which to-
tally has up to 106 CFU (colony-forming units) of
microorganisms [3, 6]. During the formation of PML
separate autochthonous obligate bacterial cells by
realizing of complicated mechanism of communica-
tive interactions are specifically consolidated by ad-
hesion and creating microcolonies aimed to serve as
colonization resistance of intestinal mucous mem-
brane, which belongs to nonspecific immune anti-
infectious protective gut system [1, 8].

Assessment and characterization of gut microbio-
ta become a significant  research area in human dis-
eases, including 1 & 2 types of diabetes mellitus, the
most prevalent endocrine disease worldwide [2, 4, 9].
During the reviewing of current available scientific
literature we didn’t find the study aimed to analyze
the PML microflora in animal model simulating di-
abetes mellitus.
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Research purpose
To establish qualitative and quantitative compo-

sition of colon PML microflora in albino rats with
experimental diabetes mellitus.

Material and methods
Experiments have been conducted on white out-

breed albino rats with weights from 200 to 220 g.
Animals were divided into two groups (basic group
includes 10 albino rats with stimulated diabetes mel-
litus; control group includes 10 intact animals), all
underwent quarantine for 10-14 days in vivarium [7].
Before the starting of investigation all rats were ex-
amined for presence of any pathology and reaction
on visual and acoustic irritants was studied. Water
has been given in unlimited quantity. The animals
were fed once a day in the morning, with calorific
value from 5.6 to 6.2 kJ per kg daily.

Modeling of diabetes mellitus was conducted by
the single intraperitoneal administration of aloxan
(100 mg/kg), followed by maintenance in stationary
vivarium conditions for 20 days. The verification of
aloxan-induced diabetes mellitus was performed by
the monitoring of glucose level in the peripheral
blood of animals. Inclusion criteria: glucose blood
level exceeding 10 mmol/l (11,2±0,47 mmol/l) in
comparison with intact animals less than 7 mmol/l
(6,0±0,78 mmol/l). On the 20th day the animals with-
drew from the experiment by decapitation during
deep anesthesia, which achieved by the introduction
of excessive amounts of sodium thiopental. All inter-
vention and slaughter animals were conducted in
compliance with the European Convention for the
Protection of Vertebrate Animals (Strasbourg, 1985)
and “General Principles of animal experiments” ap-
proved by Fourth National Congress on Bioethics
(Kyiv, 2010). The Commission on Biomedical Eth-
ics of Bukovinian State Medical University (BSMU)
didn’t found any breaches of ethical standards during
experimental study.

The pieces of colon with a size of 3 cm, which
were taken in sterile conditions, served as research
experimental material. They were separated from
mesenterial layer by sterile scissors. Content was
extracted from piece of colon with a forceps. After
removing of that segment of colon it was cut along
by sterile scissors. Seven times the segment was
washed well in tape water for maximal clearance,
and in the isotonic solution in Petri dish too. Colon
sections were weighed on sterile wax paper; put it
into the sterile porcelain mortar; with addition of iso-
tonic solution in the tenfold volume, carefully grind-
ed to getting of homogenous mass in dilution 1:10
(10-1). From the homogenate of colon wall the row of
tenfold serial dilution on the base of isotonic solution

from 10-2 to 10-7 were prepared. Every time it was
used a new sterile pipette. From each tube row by
sterile micropipette were taken 0.1 ml of solution and
applied to the corresponding solid nutrient medium
optimal for each kind of microbe.

Cultures of facultative anaerobic and aerobic bac-
teria were cultured in incubator (37° C) for 24-48
hours. Cultures of obligate anaerobic bacteria were
cultivated in stationary anaerostat “CO2-Incubator T-
125” (Sweden) for 5-7 days (to appearance of
growth), sometimes up to 14 days. Then received
single-type colonies were studied for each genus of
the microbes. Pure culture were identified by genus
(species) by morphological, tinctorial, cultural and
biochemical properties.

Because the number of bacteria and yeast-fungi of
the genus Candida per unit volume reaches millions
and billions, for easier data presentation a quantity
where calculated in logarithm of quantitative indica-
tors of microflora (lg CFU/g).

Mathematic, statistical analysis of the results was
performed by the method of variation statistics with the
definition of average value, average error and probabil-
ity of possible error by statistical Student’s t-test.

Results and their discussion
One of the factors of nonspecific anti-infectious

mucous membrane protection of conditionally open
cavities is microflora of PML that has extraordinary
heterogenic structure. That related to species and
strain composition of mucosal microbiota, physio-
logical status of epithelial cells, size and structure of
spreading of microcolonies, physical composition
and viscosity of matrix, immunoglobulin’s content in
it, especially secretory immunoglobulin A (sIgA),
immunocompetent cells and other components of
mucus, its quality, status of biological layer etc.

As initial stage of identification of colonization
resistance of mucous membrane of colon in experi-
mental animals with diabetes mellitus, the qualitative
composition of PML gut microbiota in rats both (ba-
sic and control) groups was studied (table 1).

Colonization resistance of PML in intact (control)
albino rats was formed by mucosal microflora that
consist of autochthonous obligate anaerobic bacteria
of genera Bifidobacterium, Lactobacillus, Bacteroi-
des and facultative anaerobic bacteria of genera Es-
cherichia, Enterococcus. They related to main (dom-
inant) microflora and are constant for this biotope.
Rarely Eubacterium and Peptostreptococcus occur
on a gut mucous layer of albino rats.

Development of diabetes mellitus in experimen-
tal animals leads to abnormalities of quantitative
composition of microflora: arising of CI (constancy
index) and FOR (frequency of occurrence rate) of
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microbial species that related to additional and resid-
ual microbiota of colon PLM. The contamination of
this biotope with opportunistic pathogenic bacteria of
genera Peptococcus, Clostridium, Proteus, Staphy-
lococcus etc. is accompanied with above mentioned
process. Simultaneously the quantitative composi-
tion of main microflora including mucous membrane
remains stable. Thus autochthonous obligate anaer-
obic bacteria of genera Bifidobacterium, Lactobacil-
lus, Bacteroides, Peptococcus and facultative anaer-
obic bacteria of Escherichia genus are related to con-
stant and represent dominant PML of colon microf-
lora. But Enterococcus was identified only in 1/3 of
animals with diabetes mellitus. Also in PML of co-

lon of albino rats with experimental endocrine disor-
der the contamination of this biotope with pathogenic
(enterotoxigenic Escherichia) and opportunistic
pathogenic Enterobacteria, Proteus, Staphylococcus,
Peptococcus and bacteria of genus Clostridium was
identified.

Next research stage was purposed to make assess-
ment the qualitative composition of PML colon mi-
croflora in albino rats with experimental diabetes
mellitus; results are represented in table 2.

In intact albino rats according to population lev-
el, quantitative dominance coefficient (QDC) and
significance coefficient (SC) colon PML microflora
are presented by autochthonous obligate anaerobic
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bacteria of genera Lactobacillus, Bifidobacterium,
Bacteroides, Peptostreptococcus and facultative
anaerobic bacteria of genera Escherichia and Entero-
coccus. Role of other (bacteria of genus Eubacterium)
is minimal. Also opportunistic pathogenic Peptococ-
cus, Clostridium, Proteus, Staphylococcus and entero-
toxigenic Escherichiae were not obtained from this
biotope even in minimal quantity from any animal.

In experimental diabetes mellitus of albino rats
the quantity of autochthonous obligate anaerobic
bacteria of genus Lactobacillus practically was not
changed and they become dominant in colon PML.
Quantity of others (bacteria of genera Bifidobacteri-
um, Bacteroides, Escherichiae, Enterococcus) con-
siderably (p<0,05-0,001) was decreased and their
role in microbiocenosis of colon PML was reduced.
Despite of the deep changes of quantitative compo-
sition of different bacterial taxonomic groups, au-
tochthonous obligate anaerobic microbes of genera
Lactobacillus, Bifidobacterium and Peptostreptococ-
cus remain dominant.

So, opportunistic pathogenic bacteria of genera
Escherichia, Proteus, Staphylococcus, Peptococcus,
Clostridium were identified in minimal quantity, and
by the QDC and SC data these microorganisms do
not play important role in microbiocenosis of colon
PML in animals with experimental diabetes mellitus.
This status in microflora has been created by autoch-
thonous obligate anaerobic bacteria, which displayed
significant inhibitive activity against pathogenic and
opportunistic pathogenic Enterobacteria and other
microbes. Previously mentioned proves the stability
of the colonization resistance of mucous layer of
colon in albino rats with experimental diabetes mel-
litus on the corresponding level.

Conclusions
1. Formation of experimental diabetes mellitus in

albino rats is accompanied with changes of qualita-
tive composition only of additional and residual co-
lon PML microbiota by the contamination of it in
some animals (20-70%) with bacteria of genera Pep-
tococcus, Clostridium, Proteus, Staphylococcus etc.
Dominant microbiota of this biotope saves the stabil-
ity of its qualitative composition.

2. In experimental diabetes mellitus in PML of co-
lon is registered an expressed deficiency of genera Bi-
fidobacterium, Bacteroides, Escherichia, Enterococcus.

3. By quantitative dominance coefficient (QDC),
significance coefficient (SC) and constancy index
(CI) autochthonous obligate anaerobic bacteria of
genera Bifidobacterium, Lactobacillus , Peptostrep-
tococcus genera remain dominant in PML. The col-
onization resistance of mucous layer of colon formed
by these microbes supports inhibition of growth and

multiplication of pathogenic and opportunistic patho-
genic microorganisms of genera Escherichia, Pro-
teus, Staphylococcus, Peptococcus, Clostridium,
which are identified in this biotope in minimal quan-
tities.

Further investigations prospects
Received results can become a base for the fur-

ther investigation of microflora of distal part of ile-
um in animals with experimental diabetes mellitus.
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ÝÊÏÅÐÈÌÅÍÒÀËÜÍÎÅ ÈÇÓ×ÅÍÈÅ
ÌÈÊÐÎÔËÎÐÛ ÏÐÈÝÏÈÒÅËÈÀËÜÍÎÉ

ÑËÈÇÈÑÒÎÉ ÎÁÎËÎ×ÊÈ ÊÈØÅ×ÍÈÊÀ Ó ÁÅËÛÕ
ÊÐÛÑ Ñ ÈÍÄÓÖÈÐÎÂÀÍÍÛÌ ÑÀÕÀÐÍÛÌ

ÄÈÀÁÅÒÎÌ

Ë. È. Ñèäîð÷óê, À. Ñ. Ñèäîð÷óê
Ðåçþìå. Ñòàòüÿ ïîñâÿùåíà èññëåäîâàíèþ êîëè÷åñòâåí-

íîãî è êà÷åñòâåííîãî ñîñòàâà ìèêðîôëîðû ïðèýïèòåëèàëü-
íîé ñëèçèñòîé îáîëî÷êè êèøå÷íèêà. Ó áåëûõ êðûñ ñ ìîäå-
ëèðîâàííûì ñàõàðíûì äèàáåòîì (àëîêñàí-èíäóöèðîâàííûì)
ïðîèñõîäèò êîíòàìèíàöèÿ êèøå÷íèêà óñëîâíî ïàòîãåííûìè
áàêòåðèÿìè ðîäîâ Peptococcus, Clostridium, Proteus,
Staphylococcus. Îäíîâðåìåííî áîëüøàÿ ÷àñòü àâòîõòîííûõ
îáëèãàòíûõ áèôèäîáàêòåðèé, ëàêòîáàöèë, áàêòåðîèäîâ îñ-
òàþòñÿ äîìèíàíòíûìè.  Ìèêðîîðãàíèçìû Eubacterium ýëè-
ìèíèðóþò èç ÷èñëà ñîñòàâëÿþùèõ êîëîíèçàöèîííóþ ðåçè-
ñòåíòíîñòü òîíêîé êèøêè.

Êëþ÷åâûå ñëîâà: àëëîêñàí-èíäóöèðîâàííûé ñàõàðíûé
äèàáåò, êîëîíèçàöèîííàÿ ðåçèñòåíòíîñòü, ìèêðîôëîðà.

ÅÊÏÅÐÈÌÅÍÒÀËÜÍÅ ÂÈÂ×ÅÍÍß Ì²ÊÐÎÔËÎÐÈ
ÏÐÈÅÏ²ÒÅË²ÀËÜÍÎ¯ ÑËÈÇÎÂÎ¯ ÎÁÎËÎÍÊÈ

ÊÈØÅ×ÍÈÊÓ Á²ËÈÕ ÙÓÐ²Â Ç ²ÍÄÓÊÎÂÀÍÈÌ
ÖÓÊÐÎÂÈÌ Ä²ÀÁÅÒÎÌ

Ë.². Ñèäîð÷óê, À.Ñ. Ñèäîð÷óê
Ðåçþìå. Ñòàòòÿ ïðèñâÿ÷åíà äîñë³äæåííþ ê³ëüê³ñíîãî òà

ÿê³ñíîãî ñêëàäó ì³êðîôëîðè ïðèåï³òåë³àëüíî¿ ñëèçîâî¿ îáî-
ëîíêè êèøå÷íèêó. Â á³ëèõ ùóð³â ç ìîäåëüîâàíèì öóêðîâèì
ä³àáåòîì (àëîêñàí-³íäóêîâàíèì) â³äáóâàºòüñÿ êîíòàì³íàö³ÿ
óìîâíî ïàòîãåííèìè áàêòåð³ÿìè ðîä³â Peptococcus,
Clostridium, Proteus, Staphylococcus. Îäíî÷àñíî á³ëüøà ÷à-
ñòèíà àâòîõòîííèõ îáë³ãàòíèõ á³ô³äîáàêòåð³é, ëàêòîáàöèë,
áàêòåðî³ä³â çàëèøàþòüñÿ äîì³íàíòíèìè. Ì³êðîîðãàí³çìè
Eubacterium åë³ì³íóþòü ç ÷èñëà òèõ, ùî ñòàíîâëÿòü êîëîí³-
çàéíó ðåçèñòåíòí³ñòü òîíêî¿ êèøêè.

Êëþ÷îâ³ ñëîâà: àëîêñàí-³íäóêîâàíèé öóêðîâèé ä³àáåò,
êîëîí³çàö³éíà ðåçèñòåíòí³ñòü, ì³êðîôëîðà.
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