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MICROFLORA OF THE NEAR - EPITHELIAL BIOLOGICAL FILM OF 
THE COLON MUCOSA UNDER THE CONDITIONS OF ITACONIC 

ACID APPLICATION ON THE INTACT SKIN OF WHITE RATS 

Halyna P. Hamorak

 Abstract: Application of itaconic acid at the dose of 20 mg/cm² on the intact skin 
of white rats within 20 days causes elimination of anaerobic bacteria of Eubacterium 
species and partial elimination of autochthonous obligate anaerobic bacteria of Bifido-
bacterium species as well as facultative anaerobic and aerobic bacteria of Enterococcus 
species from the near-epithelial biological film of the colon mucosa. In contrast the 
near-epithelial biofilm of the colon mucosa is contaminated with enterobacteria (bacteria 
of Proteus, Edwardsiella, Klebsiella species), and bacteria of Clostridium, Staphylococ-
cus species.
 The use of the above-mentioned dose of itaconic acid within 20 days leads to 
profound disorders of the colonizational resistance of colon mucosa as a result of marked 
deficiency of autochthonous obligate anaerobic bacteria of Bifidobacterium, Lactobacil-
lus, Bacteroides, Enbacterium species and facultative anaerobic and aerobic bacteria of 
Enterococcus, Escherichia species.
 Bacteria of Clostridium species, enterobacteria of Proteus, Edwardsiella, Klebsi-
ella species and opportunistic bacteria of Staphylococcus species, that contaminate the 
near-epithelial biofilm of colon mucosa in white rats, reach moderate (from 3.66±0.17 to 
4.89± 0.15 Lg CFU/g) population level, coefficient of quantitative dominance (from 29.1 
to 57.3) and  index of relevance (from 0.02 to 0.09).
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Introduction
 Currently normal microflora is defined 
as a combination of microbiocenoses that are 
present in numerous ecological niches on the 
skin and mucous membranes of all environmen-
tally exposed cavities (gastrointestinal tract, 
airways, reproductive organs) of the macroor-
ganism [2].
 Numerous studies show marked stability, 
individual and anatomic specificity of the quan-
titative and qualitative composition of microor-
ganisms in certain ecological niches. Both, 
free-living and host microorganisms maintain 
immobilization living pattern, meaning that 
under normal natural conditions the great major-
ity of these microorganisms  are found in colo-

nies fixed  to various surfaces [1]. Microorgan-
isms which are attached to the epithelial cells of 
mucosa produce exopolysaccharide glycocalyx 
that encloses the microbial cell forming biologi-
cal film where bacteria divide and where inter-
cellular relations occur. Unlike free-living 
microorganisms the representatives of normal 
microbiota are usually fixed to cell receptors of 
certain localization on the skin or mucous mem-
branes [3]. This means that lactobacteria and 
bacteroides, which are isolated from the oral 
mucosa, do not ecize in intestines and vice versa. 
Adhesion of microorganisms occurs by means of 
surface structures of bacteria which contain 
glycolipids (lectins) that are complementary to 
the corresponding receptors (glycoproteins) on
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epithelial cell membranes [6]. Being a part of 
near-epithelial biological film microorganisms 
are ten-to-hundred times more resistant to the 
action of negative factors as compared with the 
free-living ones. The thickness of near-epithelial 
biofilm covering the skin and mucous mem-
branes in humans and animals consists of bacte-
riogenic exopolysaccharides and mucin which 
are produced by host cells, and billions of colo-
nies and may range from particles to dozens of 
microns [4]. At the same time the number of 
colonies may reach some hundreds or even thou-
sands throughout the height of the layer (Evald-
son g. At all, 1982; Phillips M.W., Lee A., 1984) 
[7,5].

Objective of the investigation.
 The objective is to determine the qualita-
tive and quantitative composition of microflora 
of the near-epithelial colon mucosa in white rats 
after the 20-days’ application of itaconic acid on 
the intact skin at a dose of 20 mg/cm².

Materials and methods of investigation. 
 The experiment involved 20 white 
outbred rats weighing 200 - 220 g. All animals 
underwent quarantine (10-14 days) in vivarium 
before the experimental set-up and were daily 
observed for any possible pathology. The 
animals were fed in the morning once a day.  The 
energy value of the nutrition ranged from 5.6 to 
6.2 kJ/kg per day.  Water was supplied in unlim-
ited quantities. Prior to the application of itacon-
ic acid the square-shaped area sized 2х2 cm of 
rats’ hair was shaved. We applied the itaconic 
acid in the form of lanolin ointment to the shaved 
area daily during 20 days and observed the 
animals.
 The experimental work was conducted in 
accordance with the provisions of the  «Europe-
an convention for the protection of vertebrate 
animals used for experimental and other scientif-
ic purposes » (Strasbourg, 1986) and the First 
National Congress of Bioethics (Kyiv, 2001). 
 Upon completion of the experiment 10 
rats of the main group were killed. The euthana-
sia of animals was performed under deep narco-

sis by administering the excessive amounts of 
drugs – thiopental sodium. Under sterile condi-
tions (in boxes) the abdominal cavity was 
dissected and 3 cm long portions of the large 
intestine were taken for the further experimenta-
tion.  The contents of the removed intestine were 
squeezed out with forceps and used for the study 
of qualitative and quantitative composition of 
the colon cavity microbiota. After that the 
section of colon was lengthwise cut with sterile 
scissors. All the remnants were carefully 
removed and the intestine wall was washed 
seven times in running sterile distilled water, 
then it was rinsed with sterile isotonic sodium 
chloride solution. The washed section was 
weighed on the sterile waxed paper and accu-
rately homogenized in ten-fold volume of sterile 
isotonic solution obtaining the dilution of 1:10 
(10-1).  The homogenate of the intestinal wall 
was used to make a range of  serial ten-fold dilu-
tions on the sterile isotonic solution from 10-2 to 
10-7.  Every colonic wall dilution was used to 
take a culture for optimal nutritive media with 
the help of sterile micropipette (0.01 ml) by 
smearing the drop with sterile glass spatula 
along the whole medium surface. The culture 
was incubated in thermostat for the cultivation of  
facultative anaerobic and aerobic bacteria within 
1-2 days, while obligate anaerobic  bacteria were 
cultured at the optimum temperature in station-
ary aerostat «СО2 – incubator T – 125» by 
ASSAB MEDICIN AB (Sweden) within 5-7 
days, sometimes the records were made after 14 
days of culturing. The obtained single-type colo-
nies were counted and used to get pure cultures 
identified according to the morphologic, tinctori-
al, cultural and biochemical properties.
 The characteristics of ecological state of 
the near-epithelial microflora were evaluated 
according to the index of stability (in %), 
frequency of occurrence of the species or genus 
of microorganisms, index of quantitative domi-
nance and relevance index of certain species 
(colony) of microorganisms in microbiocenosis 
of the near-epithelial biofilm of colon mucosa.
 Statistical analysis of the experimental 
data was conducted according to common 
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methods using Student t - test with normal distri-
bution of the analyzed values. The difference 
between the comparative values was considered 
probable with p≤0.05.

The obtained findings and their discussion.  
 Bacteriological and mycological 
approaches were used to study the qualitative 
and quantitative composition of the microflora in 
near-epithelial biofilm of colon mucosa. The 

findings revealed certain changes of the qualita-
tive and quantitative composition of microflora 
in near-epithelial biofilm after the 20-days’ 
application of itaconic acid to the intact skin of 
white rats at a dose of 20 mg/cm². 
 The findings concerning the qualitative 
composition of microbiota of near-epithelial 
biofilm of colon mucosa under the influence of 
itaconic acid are listed in the chart 1.

 Note: IS – isolated strain, SI – stability 
index, FO – frequency of occurrence, P – index 
of relevance as compared to intact animals (con-
trol).
 Microorganisms which form near-epithe-

lial biofilm of colon mucosa of intact animals 
include obligate autochthonous anaerobic bacte-
ria of Bifidobacterium, Lactobacillus, Bacteroi-
des species and facultative anaerobic and aerobic 
bacteria of Escherichia and Enterococcus

                                                                                                                                                    Chart 1            
The influence of 20-days’ daily applications of itaconic acid at a dose of 20 mg/cm to the intact 
skin of white rats on the qualitative composition of microbiota of near-epithelial biofilm of 
colon mucosa

Microorganisms

Main group (n=10) Control group (n=10)

РIS SI FO IS SI FO

1. Obligate anaerobic bacteria

Bifidobacteria 6 60.00 0.10 9 90.00 0.16 <0.05

Lactobacteria 9 90.00 0.15 10 100.00 0.18 >0.05

Eubacteria 0 - - 2 20.00 0.04 -

Bacteroides 10 100.00 0.17 10 100.00 0.18 >0.05

Peptostreptococci 4 40.00 0.07 2 20.00 0.04 >0.05

Clostridia 4 40.00 0.07 0 - - -

2. Facultative anaerobic and aerobic microorganisms

Escherichia coli 10 100.00 0.17 10 100.00 0.18 >0.05

Proteus 4 40.00 0.07 0 - - -

Edwardsiella 4 40.00 0.07 0 - - -

Klebsiella 3 30.00 0.05 0 - - -

Enterococci 4 40.00 0.07 7 70.00 0.14 <0.05

Staphylococci 2 20.00 0.03 0 - - -
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species. Near-epithelial lining in animals 
subjected to the topical application of itaconic 
acid is formed of constant bacteria of Bifidobac-
terium, Lactobacillus, Bacteroides, Clostridium, 
Escherichia species and other opportunistic 
enterobacteria.                          
 Applications of itaconic acid in experi-
mental animals have negative influence leading 
to the elimination of eubacteria from the 
near-epithelial biofilm and partial elimination of 
bifidobacteria, lactobacteria, bacteroides, Esche-
richia coli  and enterococci. This results in 
contamination with opportunistic enterobacteria 
(bacteria of Proteus, Edwardsiella, Klebsiella 
species), staphylococci and Clostridium.
 Thus, topical applications of itaconic 
acid cause changes of qualitative composition of 
microbiota of near-epithelial biofilm of colon 
mucosa that are characterized by elimination or 

partial elimination of autochthonous obligate 
anaerobic bacteria of  Eubacterium, Bifidobacte-
rium, Bacteroides, Lactobacillus, Enterococcus 
and Escherichia species and contamination  of 
the near-epithelial biofilm with  opportunistic 
enterobacteria, staphylococci and Clostridium 
bacteria.
 Changes of the qualitative composition 
cause alterations of the quantitative composition. 
Changes in the number of microorganisms in the 
relevant biotope serve as a signal for adaptive or 
irreversible alterations in the corresponding 
chain of microecological system. On this basis, 
our investigation was focused on the study of 
quantitative indices (population level) of micro-
biota, which forms the colonizational diversity 
of colon mucosa in white rats under the influence 
of topical applications of itaconic acid (Chart 2).

15

                                                                                                                                                    Chart 2            
The influence of 20-days’ daily applications of itaconic acid at a dose of 20 mg/cm to the intact 
skin of white rats on the quantitative composition of microbiota of near-epithelial biofilm of 
colon mucosa

Microorganisms
Main group

(n=10)
Control group

(n=10)
РPL IQD IS PL IQD IS

1. Obligate anaerobic bacteria
Bifidobacteria 4.66±0.33 58.25 0.10 6.65±0.27 103.40 0.18 <0.05

Lactobacteria 5.22±0.32 97.88 0.16 6.83±0.14 118.00 0.21 <0.01

Eubacteria 0 - - 5.34±0.27 18.40 0.04 -

Bacteroides 5.50±0.15 114.58 0.19 6.50±0.18 113.80 0.2 <0.05

Peptostreptococci 4.64±0.13 38.67 0.07 3.22±0.19 11.10 0.02 <0.05

Clostridia 4.80±0.09 40.00 0.07 0 - - -

2. Facultative anaerobic and aerobic microorganisms

Escherichia coli 5.20±0.29 108.33 0.18 5.77±0.19 99.70 0.18 >0.05

Proteus 3.50±0.29 29.17 0.05 0 - - -

Edwardsiella 4.82±0.09 40.17 0.07 0 - - -

Klebsiella 5.13±0.25 32.06 0.05 0 - - -

Enterococci 4.59±0.18 38.25 0.07 6.17±0.22 74.6 0.15 <0.05

Staphylococci 4.69±0.09 19.54 0.03 0 - - -
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 Note:  PL – population level, IQD - index 
of quantitative dominance, IS – index of signifi-
cance, P – index of relevance as compared to 
intact animals (control).

 On account of population level, index of 
quantitative dominance and significance the 
microbiota of near-epithelial biofilm of colon 
mucosa in intact animals is represented by 
autochthonous obligate bacteria of Bifidobacte-
rium, Lactobacillus, Bacteroides species and 
facultative anaerobic and aerobic bacteria of 
Escherichia and Enterococcus species. Other 
bacteria, listed in chart 2, play secondary and 
less important role in the formation of coloniza-
tional resistance of colon mucosa. At the same 
time, opportunistic enterobacteria are not 
revealed in mucosal biofilm of this biotope.
 Microbiota of the near-epithelial biofilm 
in animals subjected to the 20-days’ applications 
of itaconic acid is represented by autochthonous 
obligate anaerobic bacteria of Bacteroides, 
Lactobacillus species and facultative anaerobic 
and aerobic bacteria of Escherichia species, as 
well as opportunistic enterobacteria (bacteria of 
Proteus, Edwardsiella, Klebsiella species), 
Clostridium, Staphylococcus bacteria.
 20-day-long applications of itaconic acid 
to the intact skin cause marked (р< 0.01-0.05) 
deficiency of autochthonous obligate anaerobic 
bacteria of Bifidobacterium species for 40%, 
Enterococcus – 34.7%, Lactobacillus – 26%, 
Bacteroides – 16.8%, Escherichia – 14.5%. On 
this basis the population level, index of quantita-
tive dominance and index of significance of 
anaerobic bacteria of Peptostreptococcus 
species increase to 42.9%. Bacteria of Clostridi-
um sp., enterobacteria of Klebsiella, Edwardsiel-
la, Proteus and Staphylococcus species reach 
high population level, and in intact animals are 
not revealed in near-epithelial biofilm of colon 
mucosa.
 The above mentioned facts prove that 
20-day-long applications of itaconic acid at a 
dose of 20 mg/sm² to the intact skin of white rats 
cause impairment of colonizational resistance   
of colon mucosa because of profound deficiency 

of autochthonous obligate anaerobic bacteria of 
Bifidobacterium, Lactobacillus, Bacteroides, 
Eubacterium species  and facultative anaerobic 
and aerobic bacteria of Enterococcus species and 
contamination of near-epithelial biofilm of colon 
mucosa with opportunistic enterobacteria, staph-
ylococci and bacteria of Clostridium species. 
The above-listed indicates negative influence of 
cleansing agents which contain itaconic acid.

Conclusions. 
 1. 20-day-long applications of itaconic 
acid to the intact skin of white rats at a dose of 20 
mg/cm² lead to the elimination of anaerobic 
bacteria of Eubacterium species and partial elim-
ination of autochthonous obligate anaerobic 
bacteria of  Bifidobacterium species  and faculta-
tive anaerobic and aerobic bacteria of Entero-
coccus species from the near-epithelial biologi-
cal film of colon mucosa. On this basis the 
near-epithelial biofilm of colon mucosa is 
contaminated with enterobacteria (bacteria of 
Proteus, Edwardsiella, Klebsiella species), 
bacteria of Clostridium, Staphylococcus species.
 2. The 20-day-long use of the 
above-mentioned dose of itaconic acid causes 
profound impairment of colonizational resis-
tance of  colon mucosa because of marked defi-
ciency of autochthonous obligate anaerobic 
bacteria of  Bifidobacterium, Lactobacillus, Bac-
teroides, Eubacterium species  and  facultative 
anaerobic and aerobic bacteria of Enterococcus, 
Escherichia species.
 3. Bacteria of Clostridium sp., enterobac-
teria of Proteus, Edwardsiella, Klebsiella 
species and opportunistic bacteria of Staphylo-
coccus sp., which contaminate the near-epitheli-
al biofilm of colon mucosa in white rats, reach 
moderate (from 3.66±0.17 to 4.89±0.15 Lg 
CFU/g) population level, index of quantitative 
dominance (from 29.1 to 57.3) and index of 
significance (from 0.02 to 0.09).

Prospects for further investigations. 
 The obtained and listed findings prove 
the necessity to use pre- and probiotics that need 
experimental study of their influence on the 
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impaired microbiota of colon mucosa.
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