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Lactic acid bacteria (LAB) are often used for prevention and treatment of dysbiosis. However, the action of various 
strains of LAB on metabolism and digestion under these conditions are poorly understood. The purpose of this study 
was to investigate the influence of probiotic LAB on metabolism, digestion and microbiota in animals with dysbiosis. 
After administration of ampicillin and metronidazole male Wistar rats, were fed products containing Enterococcus 
faecium L3 (E.f.), Lactobacillus fermentum Z (L.f.) or milk (control 1). Animals in control group 2 were fed milk, 
after water instead of antibiotics. Dyspeptic symptoms disappeared after administration of probiotic compared with 
control 1. At the end of the experiment, an increase in the content of enterococci and lactobacilli in the proximal 
part of the small intestine was found in the animals treated with E.f. and L.f., respectively. After the introduction of 
probiotic enterococci, the quantity of lactobacilli and bifidobacteria in the intestines of rats increased, and the content 
of Klebsiella spp. and Escherichia coli decreased in comparison with the control group 1 and the group fed lactobacilli. 
The activity of alkaline phosphatase and aspartate transaminase was greater in blood serum of rats with dysbiosis 
receiving milk and lactobacilli. Intestinal alkaline phosphatase activity increased in the epithelium and chyme in the 
jejunum of the animals treated with L. f. and in the chyme only in the animals treated with E. f. Thus, the specific 
effects of different strains of probiotic LAB on the microbiota, and on metabolism and digestion of various nutrients 
were demonstrated.
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INTRODUCTION

Probiotics, live microorganisms with beneficial effects 
for the host, are widely applied in gastrointestinal and 
liver diseases [1–3]. Therapy with probiotic lactic acid 
bacteria (LAB) is based on reduction or elimination of 
the pathogens and toxins. In addition, probiotic LAB can 
modulate the immune defense mechanisms and influence 
metabolic processes and digestion via the normalization 
of altered gut flora [4–6]. On the other hand, it is known 
that LAB differ with regard to production of antimicrobial 
compounds [4, 7], the ability to colonize the intestinal 
mucosa [4, 8], resistance to the action of bile and pH [9], 
effects on the immune system [3, 10–12], metabolism of 
fats [13–15], carbohydrates [16–18] and minerals [19] 
and function of the mucus of the gastrointestinal tract 
of mammals [3, 12]. Despite the successful usage of 
probiotics for the treatment of dysbiosis in human and 

veterinary medicine [1, 5] the mechanism of action of 
various strains of LAB on microbiota, metabolism and 
digestion is poorly understood.

Based on available research and clinical data, it is 
believed there are several causes of intestinal dysbiosis: 
1. putrefaction (the result of changes in diet); 2. 
fermentation dysbiosis resulting from inefficient host 
digestion; 3. deficiency dysbiosis, which is often caused 
by antibiotic exposure; 4. sensitization dysbiosis which 
is the result of abnormal immune responses caused by 
an alteration of the normal intestinal flora [20];.and 5. 
psychological and physical stress [21]. Regardless of 
the possible causes of a dysbiotic condition, in practical 
situations in human and veterinary medicine, it is most 
often caused by antibiotic treatment, which leads to a 
deficiency of normal intestinal flora and overgrowth of 
opportunistic bacteria [22].

We previously used an experimental model of 
intestinal dysbiosis [23] and showed that the short-term 
(for 3 days) consumption of ampicillin and metronidazole 
caused significant changes in intestinal microbiota. 
Microbiologically, an increase in the numbers of putative 
opportunistic bacteria and decrease in concentrations 
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of Bifidobacterium spp., Lactobacillus spp., and 
Enterococcus spp. in the intestines were determined. 
During administration of these antibiotics, the symptoms 
of intestinal dysbiosis were observed, and the activity 
of certain liver enzymes and alkaline phosphatase-were 
elevated in the blood serum.

The purpose of present study was to investigate the 
influence of two different probiotic LAB, Lactobacillus 
fermentum Z and Enterococcus faecium L3, on physical 
condition, intestinal microbiota and activity of alkaline 
phosphatase and biochemical parameters of blood 
serum in rats with dysbiosis caused by administration of 
antibiotics.

MATERIALS AND METHODS

Bacterial strains and culture conditions
Probiotic strains Enterococcus faecium L3 (E.f.), 

originally isolated from milk fermented products and 
Lactobacillus fermentum Z (L.f.) isolated from healthy 
human were used in this study. These strains have a 
long history of being used as probiotics in Russia and 
are included in different health-food products including 
Laminolact, Bakfir, BioBio and Bilaminolact. These two 
strains are patented in the Russian Federation (Nº 2220199 
and Nº 2412239, respectively) and have been used for 
more than 10 years in therapies for and prevention of 
gastrointestinal, allergic and cancer diseases affiliated 
with dysbiotic conditions [24, 25].

E. faecium L3 was grown in tryptose broth (Difco, 
USA) and tryptose agar (Ferax, Germany) for 24 hours 
at 37°C aerobically. L. fermentum Z was grown in MRS 
broth M641 (Himedia Laboratories Pvt Ltd, Mumbai, 
India) and MRS agar (Difco, USA) for 48 hours at 37°C 
anaerobically.

Milk fermented products were prepared by growing 
E. faecium L3 or L. fermentum Z in milk (sterilized milk 
free of antibiotics and preservatives; protein 0,15 g/l, 
lipids 0,15 g/l, carbohydrates 0, 47 g/l; processed at 
«Piskarevsky» milk Plant, Russia). Inoculums (1 ml 
5,5x108 CFU/ml) were added to the milk (50 ml), and 
bacterial cultures were incubated for 24 hours (E. faecium 
L3) or for 48 hours (L. fermentum Z) at 37°C aerobically.

Animals and their living conditions
We used male Wistar rats (weight 200–250 g, at the 

age of 6–7 weeks), obtained from the Rappolovo Animal 
Breeding Center, Russia. Rats were kept under similar 
conditions in separate cages. All the animals were treated 
according to the rules of Good Laboratory Practice; 
they were kept under the same temperature (18–22°C), 

light (for 12 hours), noise (up to 85 dB) and humidity 
(50–60%) conditions. They also received the same type 
of food (complete compound feeds for laboratory rats 
and mice, PK-120 sh. 1492, state industry standard R 
50258–92 in pellets with a diameter of 14 mm, Russia).

All the experiments with animals were performed in 
compliance with necessary ethical requirements, and the 
experiments were approved by the Ethics Committee of 
the Institute of Experimental Medicine, Saint Petersburg, 
Russia.

Rat model of antibiotic-associated dysbiosis
Experimental intestinal dysbacteriosis in rats was 

induced as previously described [23] by daily intragastric 
introduction of 75 mg/kg of body weight ampicillin 
(Orgenica, Russia) and 50 mg/kg of body weight 
metronidazole (Nycomed, Denmark) for three days.

Design of the study
Male Wistar rats (weight 200–250 g) were randomly 

divided into four groups with 12 animals in each group. 
After three days of antibiotic consumption, rats belonging 
to first experimental group (E.f.) were fed 0.5 mL of milk 
fermented product containing 5.5x108

CFU /ml (pH 5.0) of E. faecium L3 intragastrically for 
5 days. Rats from the second experimental group (L.f.) 
received 0.5 mL of milk fermented product containing 
5.5x 108 CFU/ml (pH 5.4) of Lactobacillus fermentum 
Z for 5 days. The first control group of rats (control 
1) received 0.5 mL milk for 5 days after receiving the 
antibiotics. The second control group (control 2) of rats 
did not receive antibiotics or probiotics. They received 
distilled water for 3 days and then milk for 5 days. The 
characteristics of all the groups under study are presented 
in Table 1.

Physical activity, body weight, presence of dyspeptic 
symptoms, and consistency of the excrements were 
monitored throughout the entire experiment. Samples 
of feces for microbiological studies were selected on the 
first, third and eighth days of the study. At the end of the 
experiment, the samples of epithelium and chyme were 
taken from different segments of the gut (proximal part of 
jejunum - T1, distal part of jejunum – T2, ileum and colon) 
for the determination of the activity of intestinal alkaline 
phosphatase (iAP). Blood samples for biochemical 
analysis of the blood serum were also obtained at the end 
of the experiment.

Microbiological studies
Quantitative and qualitative contents of the intestinal 

microbiota were determined in different periods of the 
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experiment (before and after exposure to of antibiotics 
and at the end of the experiment). Changes in the gut 
microbiota (first, third and eighth days) were tested by 
bacteriological analysis of the fecal samples using a 
previously described method [26]. The time intervals 
between collection of samples and laboratory handling did 
not exceed 1 hour. The probes (1 g) were homogenized in 
1 mL of phosphate buffered saline, PBS (8.00 g/l NaCl, 
0.20 g/l KCl, 1.44 g/l Na2HPO4,  0.24 g/l KH2PO4, pH 
7.4). Then the samples were diluted in 10–106 times 
employing method of serial dilutions. We monitored for the 
presence and quantity of bacteria that have been identified 
in our earlier studies as marker bacteria undergoing 
significant changes under the influence of metronidazole 
and ampicillin [23]. It was determined that bacteria 
belonging to the genera Lactobacillus, Enterococcus, 
Bifidobacterium, Escherichia, Proteus and Klebsiella 
underwent the most significant changes. The following 
selective and differential diagnostic culture media were 
used for the bacteriological studies: blood agar, mannitol 
salt agar, MacConkey’s agar, m-Enterococcus agar, MRS 
agar (Difco, USA) and Blaurock medium (Nutrient 
medium, Russia). After enumeration of the colonies 
on the agar plates, three to four colonies presenting 
different microscopic appearances were analyzed. These 
different morphotypes were isolated and submitted to 
microscopic examination. Microscopic examination 
were done by way of the gram stain procedure of pure 
cultures of bacteria. Biochemical tests were also carriea 
out using the identification system kits (ERBA Lachema, 

Germany). More detailed identification was carried out 
by PCR studies employing species-specific DNA primers 
(Table 2).

At the end of the experiment, chyme samples were 
taken from the different parts of the gut. These samples 
were diluted in phosphate buffer and then plated on 
the selective diagnostic media and cultivated at 37°C 
aerobically or anaerobically. Chyme samples taken from 
rats of different groups were examined for the presence of 
Lactobacillus spp. and Enterococcus spp.. by cultivation 
in MRS agar (Difco, USA) and m-Enterococcus agar 
(Difco, USA).

Biochemical studies
Blood samples were collected from the rats for 

analysis of biochemical parameters at the end of the 
experiment. Simultaneously, samples of chyme and 
mucosa (epithelium) were tested in order to determine 
the activity of iAP. Chyme samples were obtained from 
the proximal, medial and distal thirds of the small bowel 
(excluding duodenum), as well as from the colon. For 
this purpose, each section of the intestines was washed 
from the cavity with 30 mL of cold Ringer’s solution 
(pH 7.1–7.4). Samples of mucosa from the same sections 
were obtained by careful scraping with a spatula.

Intestinal mucosa and chyme were tested for the 
activity of iAP by employing p-nitrophenyl phosphate 
solution (0.6 mM) as a substrate and Ringer’s solution 
as a buffer (pH 7.4). Enzymatic activity of iAP was 
characterized as mol/min per segment of intestine. All 

Table 1. Design of study

Groups of rats 1–3 days 3–8 days

Control 1 Ampicillin+ metronidazole Milk
L.f. Ampicillin+ metronidazole Fermented milk product containing 5,5x 108

CFU/ml L. fermentum Z
E.f. Ampicillin+ metronidazole Fermented milk product containing 5,5x 108

CFU/ml E. faecium L3
Control 2 water Milk

Table 2. DNA primers for the identification of the marker bacteria

Bacteria
Oligonucleotides sequences Size of PCR 

products (bp)Forward primer 5’3’ Reverse primer 5’3’

Lactobacillus spp. TCGGCTATCACT TCTGGATGGA CCATTGTGGAAG ATTCCCTACTGC
Bifidobacterium GCGTGCTTAACACATGCAAGTC CACCCGTTTCCAGGAGCTATT 126
Enterococcus spp. ATCAGAGGGGGATAACACTT ACTCTCATCCTTGTTCTTCTC 342
Escherichia coli CAGCCGCGTGTATGAAGAA CGGGTAACGTAATGAGCAAA 96
Proteus vulgaris AAGTCTCTGGTGG(G/A)CTGCAT AAGACTTGGCCAGAAGCGAA  190
Proteus mirabilis AAGTCTCTGGTGG(G/A)CTGCAT GAGCTCACGCAGACGTTTCG  253
Klebsiella sp. AATAACACCGAGCAGGAGGTT CAATGGCCGAATAAATAAGCA 375
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the samples were stored at –80°C until being tested. 
The probes of blood serum studied by employing an 
«Aeroset» biochemical analyzer (Abbot Laboratories, 
USA). The level of creatinine, glucose, protein, K, Na, Ca 
and Mg as well as the activities of aspartate transaminase 
(AST), alanine transaminase (ALT) and serum alkaline 
phosphatase (sAP), were determined.

Statistical methods
Statistical data processing was performed using the 

Student’s t-test. P values less than 0.05 were considered 
to be significant.

RESULTS

Changes in the physical condition of rats and weight of 
their intestinal mucosa

All the antibiotic-treated rats (E.f., L.f. and control 
1) exhibited the following symptoms: diarrhea or 
constipation (lack of bowel movements for more than 6 
hours) and changes of fecal consistency. It should be noted 
that in control group 1, the dysbiotic symptoms remained 
almost till the end of the experiment. Administration of 
E. faecium L3 or L. fermentum Z led to disappearance of 
dyspeptic symptoms in all groups of rats in contrast to 
control group1. Flatulence was revealed after the autopsy 
on day 8 of the study in 10 of 12 rats of the control group 
1. The feces of the animals in this group were of soft 
consistency.

At the end of the experiment, the masses of the mucosa 
(Fig. 1) in all intestinal segments of rats receiving 
E. faecium L3 was greater than in control group 2 and 
that in the colon was greater than in all other groups of 
animals. The masses of the mucosa of the entire intestine 
of rats receiving lactobacilli did not differ from those of 
the control group 2. However, the mass of the mucosa 
was smaller in segment T2 and the colon compared with 
the group of rats receiving enterococci and in segment T2 
compared with control group 1.

Condition of the microbiota of the intestinal tract
After administration of antibiotics for 3 days, the 

following changes in gut microbiota of rats were identified: 
decrease (1–2 lg CFU/ml) in bacteria belonging to the 
genera Bifidobacterium, Lactobacillus, Escherichia coli 
and Enterococcus and appearance or increase (2–5.5 lg 
CFU/ml) in the quantity of putative opportunistic bacteria 
such as Proteus spp. and Klebsiella spp. It was shown 
that by the end of the experiment, only the experimental 
groups of rats that received probiotics showed recovery of 
the microbiota to normal in compared with control group 

2. At the same time, opportunistic bacteria disappeared in 
groups L.f. and E.f. It should be noted that L. fermented 
Z inhibited the growth of Klebsiella spp. and E. coli less 
efficiently then E. faecium L3 (Fig. 2, C-F). During the 
experiment, the content of lactobacilli and bifidobacteria 
in the feces of control group 2 was higher than in the other 
groups (Fig. 2, A-B). These parameters were higher after 
the administration of probiotic enterococci (group E.f.) 
than after administration of lactobacilli (group L.f.). This 
phenomenon might reflect the intraspecies antagonism 
caused by the strain of L. fermentum Z.

At the end of the experiment, the quantitative content 
of lactobacilli and enterococci in the different intestinal 
segments of rats was determined (Fig. 3). The content 
of lactobacilli in the chyme of the T1 segment was the 
highest in the group treated with Lactobacillus sp. We 
were able to determine moderate increase in the E.f. group 
isolated from the colon (3A). Interestingly, the number of 
enterococci in the group taking the enterococcal probiotic 
did not change dramatically (3B). The only statistically 
valid increase was in the level of enterococci isolated 
from the T1 segment.

Activity of intestinal alkaline phosphatase
The activity of iAP in the epithelium of the proximal 

jejunum was significantly higher than in other intestinal 
segments but was not significantly different compared 
with the animals of the other groups (Fig. 4). The only 
exceptions were the samples of epithelium of the distal 
jejunum (T2) of rats treated with lactobacilli. The iAP 
activity in the epithelium and chyme of segment T2 and 
colon of rats of this group was higher than in control 
group 2. The strain of enterococci caused an increase in 
the activity of iAP only in the probes of chyme from the 
jejunum.

Fig. 1. Masses of mucosa in the different intestinal segments
*p<0.05 when comparing group E.f. with groups L.f. and control 1
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Fig. 2. Changes in quantitative characteristics of microorganisms (A-F) in the feces of rats with dysbiosis after 
administration of probiotics or milk
A, Lactobacillus spp., B, Bifidobacterium spp.
 *p<0.05 when comparing control 2 with all other groups. **p<0.05 when comparing group E.f. with groups L.f. and 

control 1. ***p<0.05 when comparing group E.f. with group L.f.
C, Enterococcus spp., D, Escherichia coli
 * p<0.05 when comparing control 1 with other groups. ** p<0.05 when comparing group E.f. with other groups.
 *** p<0.05 when comparing control 2 with other groups
E, Klebsiella spp., F, Proteus spp.
 * p<0.05 when comparing control 1 with other groups. ** p<0.05 when comparing group L.f. with group E.f. and 

control 2. *** p<0.05 when comparing control group 2 with other groups
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Biochemical parameters of blood serum of different 
groups of rats

After administration of ampicillin and metronidazole 
for 3 days, the activity of ALT, AST and sAP in the blood 
serum of rats was elevated (Table 3).

At the end of the experiment, the serum levels of 
creatinine, glucose, protein, K, Na, Ca and Mg and 
activities of sAP, AST and ALT were analyzed.

Study of biochemical parameters revealed differences 
between the groups of animals, which are presented 

Fig. 3. The content of bacteria, belonging to the genera Lactobacillus (A) and Enterococcus (B) in the chyme of different intestinal segments
*p<0.05 when comparing group L.f. with groups E.f. and control 1. **p<0.05 when comparing group E.f. with groups L.f. and both control 

groups.

Fig. 4. Activity of alkaline phosphatase in the epithelium (A) and chyme (B) from the different intestinal segments of rats
* p<0.05 when comparing group L.f. with groups E.f. and control 2. ** p<0.05 when comparing group L.f. and group E.f. with both 

control groups.

Table 3. Activity of aspartate transaminase, alanine transaminase 
and alkaline phosphatase in the blood serum of rats 
before and after administration of antibiotics (results of 
three experiments)

Biochemical pa-
rameters of blood 
serum

Before administration  
of antibiotics 

(first day)

After administration  
of antibiotics 
(third day)

АST (U/L) 197.43±6.08 510.6±71.0*
ALT (U/L) 48.14±1.75 95.6±11.5*
sAP (U/L) 434.6±26.3 450.2±78.9*

* p<0.05 when compared with the biochemical parameters on the first 
day
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in Table 4. The values of ALT were the same in all 
experimental groups. At the same time, it was shown 
that introduction of milk fermented product containing 
L. fermentum Z after antibiotics led to an increase in AST 
as compared with control 2 and the group of animals 
treated with probiotic enterococci. The reduction in sAP 
activity was the most significant in the group of rats 
receiving the probiotic enterococci. Other biochemical 
parameters were identical in the blood serum of all the 
animals.

DISCUSSION

The aim of this study was to perform a comparative 
analysis of the effects provided by two probiotic strains, 
E. faecium L3 and L. fermentum Z, on the microbiota, 
physical condition and some metabolic functions of rats 
with intestinal dysbiosis, which is often associated with 
the usage of antibiotics [27, 28]. Dysbiosis was induced 
by introduction of antimicrobial agents (ampicillin and 
metronidazole) acting on a wide range of bacteria (Gram-
positive, Gram- negative, anaerobic and aerobic bacteria). 
Clinical manifestations of dysbiosis were typical. After 
introduction of both probiotics, the physical condition of 
the animals returned to normal in contrast with the rats 
which received milk (control 1).

More interesting were the changes of intestinal 
microbiota. After consumption of antibiotics, we were 
able to determine a decrease in the number of lactobacilli, 
bifidobacteria and enterococci together with an increase in 
the number of bacteria belonging to genera Pseudomonas, 
Proteus, Klebsiella, Staphylococcus and Clostridium 
[23]. Similar results were obtained in other studies 
after administration of vancomycin, cephalosporins, 
aminoglycosides, ampicillin and metronidazole [26, 
29–31]. Some authors also noticed a decrease in content 
of Bacteroides and increase in the number of Firmacutes, 
especially enterococci [27, 29]. The discrepancy in data 
apparently reflects peculiarities of the experimental 
schemes and spectrum of antibiotics used by different 
authors. Previously, an increase of the number of 
Lactobacillus spp. and Bifidobacterium spp. and a 
decrease in pathogenic Clostridium spp., Enterococcus 

spp. and Gram-negative bacteria were observed after 
administration of probiotic LAB for the treatment of 
dysbiosis [13, 32, 33]. In our studies, we revealed similar 
trends regarding the increase of useful Gram-positive 
bacteria. Moreover, we found specific characteristics 
of the impact of LAB strains on the microbiota. It was 
shown that Enterococcus faecium L3 expressed a much 
stronger influence on the microbiota than Lactobacillus 
fermentum Z. These probiotic enterococci demonstrated 
more pronounced lacto- and bifidogenic effects.

The use of enterococci led to significant decrease in the 
number of Escherichia coli and Klebsiella spp. relative to 
the groups of animals receiving the milk or lactobacilli. 
Probiotic lactobacilli inhibited the growth of Proteus 
spp. better than other bacteria.These effects can be partly 
explained by the strong antibacterial action of E. faecium 
L3 which produce bacteriocins A and B and other 
antimicrobial factors [34]. L. fermentum Z also inhibited 
putative opportunistic bacteria but not as strongly as 
an enterococcal probiotic [25]. It is possible that the 
increase of mass of the mucus found after consumption of 
E. faecium L3, in contrast with L. fermentum Z, reflected 
the specific cross talk between the probiotics and the host 
[5].

It should be noted that introduction of probiotic 
enterococci and lactobacilli caused a colonization of 
the proximal jejunum, in contrast to the control groups 
of animals. Previously, this effect was demonstrated 
by using strain E. faecium L5 (Eryr erythromycin-
resistant derivative of strain L3) [23]. A similar manner 
of colonization of gastrointestinal tract of mice was 
demonstrated after using another probiotic LAB 
(Lactococcus lactis labeled with green fluorescent 
protein) [35].

Dysbiosis inevitably leads to the changes in metabolic 
functions. A correlation between the increase in the 
number of lactobacilli and enterococci and the iAP 
activity of chyme in the jejunum was found previously 
by the investigation of samples of the colon and jejunum 
of young rats [36]. In this study, the correlations between 
changes in the microbiota and activity of iAP could not 
be established. As shown in our preliminary studies, 
administration of ampicillin and metronidazole for three 

Table 4. Activity of aspartate transaminase, alanine transaminase and alkaline phosphatase in the blood 
serum of rats from different groups (results of three experiments)

Biochemical parameters 
of blood serum Control 1 L. fermentum Z 

(L.f.)
E.  faecium L3 

(E.f) Control 2

АST (U/L) 217.0 ± 8.3 230.8 ± 21.2* 175.0 ± 10.7 163.0 ± 6.8
sAP (U/L) 417.1 ± 85.17 482.6 ± 74.49* 321.2 ± 186.81 360.8 ± 49.99 

* p<0.05 when compared with groups L.f. and control 1
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days led to a decrease in the total activity of iAP in the 
epithelium of the intestine and an increase in the activity 
iAP of chyme in the small intestine and especially in the 
colon. In the present study, it was shown that the increased 
activity of iAP in the chyme of the small intestine after 
administration of both probiotics can be explained as a 
positive compensatory effect. This proposition is based 
on the fact that there is a positive correlation between the 
increase of iAP in the chyme of the cecum of young rats 
and their improved condition and increased weight. The 
mechanism of the total change in this parameter is difficult 
to evaluate because iAP is produced by leukocytes, 
enterocytes and bacterial cells. The production of iAP 
often depends on microbiota, concentration of bile 
acids and morpho-functional status of the liver. Also, it 
is important to consider the destruction of the enzyme 
under the action of proteases of different origin [28, 37]. 
However, some of the increase in iAP activity may also 
be caused by the increased solubilization of the enzyme 
in the cavity of the intestine due to the increase in the 
concentration of bile acids, which is due to changes in the 
bacterial flora [38].

The elevation of iAP in the chyme of the small intestine 
under the influence of probiotics can be explained either 
by the increase in the number of LAB in these segments 
or by the increase in the quantity of lypopolysacharides, 
after destruction of Gram-negative bacteria by probiotics. 
It is also possible that the raise of activity of this enzyme 
is associated with a local reaction to the gut inflamation 
that is followed by an increased number of leukocytes 
and epithelial cells.

It was shown that the mucosal weight in the small 
intestine and in the colon was reduced after introduction 
of ampicillin and metronidazole [24]. A significant 
increase in mucosal weight after introduction of probiotic 
enterococci might be explained by the induction of anti-
inflammatory cytokines as shown in previous studies [23].

The increase in activity of ALT, AST and sAP may be 
caused by both liver damage due to direct toxic effects 
of antibiotics on hepatocytes [38], as well as changes in 
the microbiota, leading to disturbances of the digestive 
system, including dysfunction of the liver and biliary tract 
[3]. Administration of E. faecium L3 led to normalization 
of liver enzymes AST and sAP in contrast to animals 
with dysbiosis treated with milk (control 1) and even 
probiotic lactobacilli. Apparently, the introduction of 
enterococci led to more rapid compensation functions 
of the hepatobiliary system than in the case of usage of 
lactobacilli.

In this paper, common and specific effects of the LAB 
and new criteria for comparison of the specific properties 

of LAB were identified. These specific properties are 
the influence of Gram-negative bacteria and ability to 
compensate for disorders of the gastrointestinal tract 
and liver. Perhaps the study of individual properties of 
probiotic strains will increase the efficiency of treatment 
of patients with comorbidity and will help to avoid 
complications.

ACKNOWLEDGEMENT

The work was supported by RFFI grant 10-04-00750a.

REFERENCES

 1. Rolfe RD. 2000. The role of probiotic cultures in 
the control of gastrointestinal health. J Nutr 130: 
396S–402S. [Medline]

 2. Jonkers D, Stockbrügger R. 2007. Probiotics in 
gastrointestinal and liver diseases. Aliment Pharmacol 
Ther 26: 133–148. [Medline]  [CrossRef]

 3. Hakansson A, Molin G. 2011. Gut microbiota and 
inflammation. Nutrients 3: 637–682. [Medline]  
[CrossRef]

 4. Salminen S, von Wright A, Ouvehand A (eds). 2004. 
Lactic Acid Bacteria Microbiological and Functional 
Aspects, Marcel Dekker, New York.

 5. Heselmans M, Reid G, Akkermans L, Savelkoul H, 
Timmerman H, Rombouts F. 2005. Gut flora in health 
and disease: potential role of probiotics. Curr Issues 
Intest Microbiol 6: 1–7. [Medline]

 6. Singhi SC, Baranwal A. 2008. Probiotic use in the 
critically ill. Indian J Pediatr 75: 621–627. [Medline]  
[CrossRef]

 7. Ouwehand AC, Salminen S, Isolauri E. 2002. 
Probiotics: an overview of beneficial effects. Antonie 
van Leeuwenhoek 82: 279–289. [Medline]  [CrossRef]

 8. Garmasheva IL, Kovalenko N. 2005. Adhesive 
properties of lactic acid bacteria and methods of their 
investigation. Mikrobiol Z 67: 68–84. [Medline]

 9. Park S, Hwang M, Kim Y, Kim J, Song J, Lee K, Jeong 
K, Rhee M, Kim K. 2006. Comparison of pH and bile 
resistance of Lactobacillus acidophilus strains isolated 
from rat, pig, chicken, and human sources. World J 
Microbiol Biotechnol 22: 35–37.  [CrossRef]

 10. Isolauri E, Sutas Y, Kankaanpaa P, Arvilommi H, 
Salminen S. 2001. Probiotics: effects on immunity. Am 
J Clin Nutr 73: 444S–450S. [Medline]

 11. Perdigon G, Madonado G, Vinderola C, de Moreno A, 
Medici M, Bibas Bonet M. 2005. Immunomodulation 
of mucosal immune response by probiotics. Curr 
Trends Immunol 6: 69–85.

 12. Galdeano CM, de Moreno de Blanc A, Vinderola 
G, Bonet M, Perdigon G. 2007. Proposed model: 
mechanisms of immunomodulation induced by 
probiotic bacteria. Clin Vaccine Immunol 14: 485–492. 
[Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/10721914?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18081657?dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2036.2007.03480.x
http://www.ncbi.nlm.nih.gov/pubmed/22254115?dopt=Abstract
http://dx.doi.org/10.3390/nu3060637
http://www.ncbi.nlm.nih.gov/pubmed/15751747?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18759092?dopt=Abstract
http://dx.doi.org/10.1007/s12098-008-0119-1
http://www.ncbi.nlm.nih.gov/pubmed/12369194?dopt=Abstract
http://dx.doi.org/10.1023/A:1020620607611
http://www.ncbi.nlm.nih.gov/pubmed/16250239?dopt=Abstract
http://dx.doi.org/10.1007/s11274-005-4856-2
http://www.ncbi.nlm.nih.gov/pubmed/11157355?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17360855?dopt=Abstract
http://dx.doi.org/10.1128/CVI.00406-06


INFLUENCE OF LACTIC ACID BACTERIA ON MICROBIOTA AND METABOLISM 49

 13. de Roos NM, Katan M. 2000. Effects of probiotic 
bacteria on diarrhea, lipid metabolism and 
carcinogenesis. Am J Clin Nutr 71: 405–411. [Medline]

 14. Simons LA, Amansec S, Conway P. 2006. Effect 
of Lactobacillus fermentum on serum lipids in 
subjects with elevated serum cholesterol. Nutr Metab 
Cardiovasc Dis 16: 531–535. [Medline]  [CrossRef]

 15. Aller R, De Luis D, Izaola O, Conde R, Gonzalez 
Sagrado M, Primo D, De La Fuente B, Gonzalez J. 
2011. Effect of a probiotic on liver aminotransferases in 
nonalcoholic fatty liver disease patients: a double blind 
randomized clinical trial. Eur Rev Med Pharmacol Sci 
15: 1090–1095. [Medline]

 16. Goldin BR, Gorbach S. 1984. The effect of milk and 
lactobacillus feeding on human intestinal bacterial 
enzyme activity. Am J Clin Nutr 39: 756–761. [Medline]

 17. Cole CB, Fuller R, Mallet A, Rowland I. 1985. 
The influence of the host on expression of intestinal 
microbial enzyme activities involved in metabolism 
of foreign compounds. J Appl Bacteriol 59: 549–553. 
[Medline]  [CrossRef]

 18. De Preter V, Raemen H, Cloetens L, Houben E, 
Rutgeerts P, Verbeke K. 2008. Effect of dietary 
intervention with different pre- and probiotics on 
intestinal bacterial enzyme activities. Eur J Clin Nutr 
62: 225–231. [Medline]

 19. Capcarova M, Weiss J, Hrncar C, Kolesarova A, Pal 
G. 2010. Effect of Lactobacillus fermentum and 
Enterococcus faecium strains on internal milieu, 
antioxidant status and body weight of broiler chickens. 
J Anim Physiol Anim Nutr (Berl) 94: e215–224. 
[Medline]  [CrossRef]

 20. Kao CH, Levytam S. 2009. The role of the eubiotic 
diet in intestinal dysbiosis and hypertension. Int J 
Naturopathic Med 4: 42–48.

 21. Hawrelak JA, Myers S. 2004. The causes of intestinal 
dysbiosis. Altern Med Rev 9: 180–197. [Medline]

 22. Gibson G. 2002. Human gut microbiology: the end of 
the food chain or the start of good health. Microbiology 
today 29: 229–254.

 23. Tarasova E, Yermolenko E, Donets V, Sundukova Z, 
Bochkareva A, Borschev I, Suvorova M, Ilyasov I, 
Simanenkov V, Suvorov A. 2010. The influence of 
probiotic enetrococci on the microbiota and cytokines 
expression in rats with dysbiosis induced by antibiotics. 
Benef Microbes 1: 265–270. [Medline]  [CrossRef]

 24. Suvorov A, Grabovskaya K, Vorobeva E, Alehina G. 
2002. Probiotics or pathogens? Criteria for selection 
and evaluation of the clinical isolates. Gastroenterol St. 
Petersburg 4: 36–38.

 25. Ermolenko E. 2011. LAP Lambert academic Publishing, 
Deutchland Labert. Deutchland C: 283.

 26. Monreal MT, Pereira P, de Magalhães L. 2005. Intestinal 
microbiota of patients with bacterial infection of the 
respiratory tract treated with amoxicillin. Braz J Infect 
Dis 9: 292–300. [Medline]  [CrossRef]

 27. Sekirov I, Tam N, Jogova M, Robertson M, Li Y, Lupp 
C, Finlay B. 2008. Antibiotic-induced perturbations 
of the intestinal microbiota alter host susceptibility 
to enteric infection. Infect Immun 76: 4726–4736. 
[Medline]  [CrossRef]

 28. Antunes LC, Han J, Ferreira RB, Lolić P, Borchers CH, 
Finlay BB. 2011. Effect of antibiotic treatment on the 
intestinal metabolome. Antimicrob Agents Chemother 
55: 1494–1503. [Medline]  [CrossRef]

 29. Black F, Einarsson K, Lidbeck A, Orrhage K, Nord 
C. 1991. Effect of lactic acid producing bacteria on 
the human intestinal microflora during ampicillin 
treatment. Scand J Infect Dis 23: 247–254. [Medline]

 30. Ubeda C, Taur Y, Jenq RR, Equinda MJ, Son T, 
Samstein M, Viale A, Socci ND, van den Brink MR, 
Kamboj M, Pamer EG. 2010. Vancomycin-resistant 
Enterococcus domination of intestinal microbiota is 
enabled by antibiotic treatment in mice and precedes 
bloodstream invasion in humans. J Clin Invest 120: 
4332–4341. [Medline]  [CrossRef]

 31. Antonopoulos DA, Huse S, Morrison H, Schmidt T, 
Sogin M, Young V. 2009. Reproducible community 
dynamics of the gastrointestinal microbiota following 
antibiotic perturbation. Infect Immun 77: 2367–2375. 
[Medline]  [CrossRef]

 32. Mountzouris KC, Tsirtsikos P, Kalamara E, Nitsch 
S, Schatzmayr G, Fegeros K. 2007. Evaluation of 
the efficacy of a probiotic containing Lactobacillus, 
Bifidobacterium, Enterococcus, and Pediococcus strains 
in promoting broiler performance and modulating cecal 
microflora composition and metabolic activities. Poult 
Sci 86: 309–317. [Medline]

 33. Orrhage K, Sjostedt S, Nord C. 2000. Effects of 
supplements with lactic acid bacteria and oligofructose 
on the intestinal microflora during administration of 
cefpodoxime proxetil. J Antimicrob Chemother 46: 
603–612. [Medline]  [CrossRef]

 34. Yermolenko E, Chernysh A, Kolobov A, Suvorov 
A. 2011. Influence of synthetic peptide inducers on 
antibacterial activity of enterococci. Benef Microbes 2: 
9–13. [Medline]  [CrossRef]

 35. Wang Y, Wang J, Dai W. 2011. Use of GFP to trace 
the colonization of Lactococcus lactis WH-C1 in the 
gastrointestinal tract of mice. J Microbiol Methods 86: 
390–392. [Medline]  [CrossRef]

 36. Alpers DH, Tedesco F. 1975. The possible role of 
pancreatic proteases in the turnover of intestinal brush 
border proteins. Biochim Biophys Acta 401: 28–40. 
[Medline]  [CrossRef]

 37. Shiozaki H, Youshioka M, Miura S, Imaeda A, Morita 
H, Asakura M. 1995. Conjugated bile salts regulate 
turnover of rat intestinal brush border membrane 
hydrolases. Dig Dis Sci 40: 1193–1198. [Medline]  
[CrossRef]

 38. Polson JE. 2007. Hepatotoxicity due to antibiotics. 
Clin Liver Dis 11: 549–561. [Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/10648252?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17126768?dopt=Abstract
http://dx.doi.org/10.1016/j.numecd.2005.10.009
http://www.ncbi.nlm.nih.gov/pubmed/22013734?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6424430?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3938453?dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2672.1985.tb03359.x
http://www.ncbi.nlm.nih.gov/pubmed/17327863?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20626505?dopt=Abstract
http://dx.doi.org/10.1111/j.1439-0396.2010.01010.x
http://www.ncbi.nlm.nih.gov/pubmed/15253677?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21831763?dopt=Abstract
http://dx.doi.org/10.3920/BM2010.0008
http://www.ncbi.nlm.nih.gov/pubmed/16270121?dopt=Abstract
http://dx.doi.org/10.1590/S1413-86702005000400005
http://www.ncbi.nlm.nih.gov/pubmed/18678663?dopt=Abstract
http://dx.doi.org/10.1128/IAI.00319-08
http://www.ncbi.nlm.nih.gov/pubmed/21282433?dopt=Abstract
http://dx.doi.org/10.1128/AAC.01664-10
http://www.ncbi.nlm.nih.gov/pubmed/1906634?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21099116?dopt=Abstract
http://dx.doi.org/10.1172/JCI43918
http://www.ncbi.nlm.nih.gov/pubmed/19307217?dopt=Abstract
http://dx.doi.org/10.1128/IAI.01520-08
http://www.ncbi.nlm.nih.gov/pubmed/17234844?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11020259?dopt=Abstract
http://dx.doi.org/10.1093/jac/46.4.603
http://www.ncbi.nlm.nih.gov/pubmed/21840807?dopt=Abstract
http://dx.doi.org/10.3920/BM2010.0006
http://www.ncbi.nlm.nih.gov/pubmed/21704659?dopt=Abstract
http://dx.doi.org/10.1016/j.mimet.2011.06.009
http://www.ncbi.nlm.nih.gov/pubmed/1148288?dopt=Abstract
http://dx.doi.org/10.1016/0005-2736(75)90338-7
http://www.ncbi.nlm.nih.gov/pubmed/7781433?dopt=Abstract
http://dx.doi.org/10.1007/BF02065523
http://www.ncbi.nlm.nih.gov/pubmed/17723919?dopt=Abstract
http://dx.doi.org/10.1016/j.cld.2007.06.009

