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Improvement of intestinal microflora balance by
polysaccharide from Physalis alkekengi var. francheti
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Abstract. A water-soluble polysaccharide fraction (PPSB) was
fractionated from Physalis alkekengi var. francheti and purified
using DEAE-52 Cellulose and Sephadex G-200 chromatography.
The physicochemical properties of PPSB and its molecular
activities involved in the improvement of intestinal microflora
balance were evaluated. PPSB (12.5-25.0 mg/ml) was shown
to promote the growth of Lactobacillus delbrueckii and to
inhibit the growth of Escherichia coli. Denaturing gradient gel
electrophoresis analysis identified Bacteroides, Lactobacillus,
Helicobacter, Prevotella, Enterococcus, Odoribacter, Alistipes
and Akkermansia as dominant organisms in the intestinal tract
of mice. PPSB exhibited stimulatory effects on the growth of
probiotic bacteria but inhibitory effects on the growth of patho-
genic bacteria in vitro. The number of species and quantity of
the Lactobacillus genus increased significantly with increasing
concentrations of PPSB in vivo. Experimental results of this
study suggest that PPSB may improve intestinal microflora
imbalances and therefore has strong potential as a natural agent
for restoring the intestinal microflora balance.

Introduction

Physalis alkekengi var. francheti of the Solanaceae family is
a well-known edible and medicinal plant used in Northeastern
regions of China. Its fruit calyx has been used in traditional
Chinese medicine as a therapeutic agent for removing fever
or inflammation and toxic materials and relieving sore
throats (1). It has great potential and development of a stable
form of P. alkekengi var. francheti as a product may fulfill the
requirements of the health food market. Studies on P. alkek-
engi var. francheti have attracted increased attention in recent
years due to its potential biological functions. In addition, the
active components of this plant, including physalins, polysac-
charides and flavones, have been widely studied (2-5).
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However, to the best of our knowledge, no studies have
analyzed the improvement of intestinal microflora balance
using P. alkekengi var. francheti. Therefore, the present study
focused on the structure of the polysaccharide fraction [desig-
nated P. alkekengivar. francheti polysaccharide B (PPSB)
hereafter], which may improve the intestinal microflora balance
and evaluated the effects of PPSB on intestinal bacteria in vitro
and in vivo. The objectives of this study were to investigate the
isolation and characterization of PPSB from the fruit calyx of
P. alkekengi var. francheti and to analyze its effects on intestinal
microflora in vitro and in vivo. PPSB showed stimulatory effects
on the growth of probiotic bacteria and inhibitory effects on that
of pathogenic bacteria. Denaturing gradient gel electrophoresis
(DGGE) was combined with image analysis to provide insight
into the microbial similarities and diversity of the sites, while
construction of an unweighted pair group method with arith-
metic mean (UPGMA) dendrogram (6,7) and sequencing (8)
were conducted to test for DGGE motifs and taxa.

Materials and methods

Materials and chemicals. Calyces of P. alkek-
engi var. francheti were purchased from Dalian Traditional
Chinese Medicine Market (Dalian, China) in October 2011
and identified according to the identification standard of
Pharmacopeia of the People's Republic of China (9). A voucher
specimen (no. LP201101) was deposited in the Department of
Biotechnology, Dalian Medical University, Dalian, China.

DEAE-52 Cellulose was purchased from Whatman
International Ltd. (Maidstone, Kent, UK). Sephadex G-200 was
purchased from Pharmacia Co. (Stockholm, Sweden) and the
E.Z.N.A® Stool DNA kit was purchased from Omega Bio-tek,
Inc. (Norcross, GA, USA). Polymerase chain reaction primers,
GC-3571, 518r and 357f (10) (Table I), were synthesized by
Takara Biotechnology (Dalian) Co., Ltd. (Dalian, China). All
other chemical reagents used were of analytical grade.

Isolation and purification of PPSB. The air-dried calyces of
P. alkekengi var. francheti (3.0 kg) were extracted four times
at 85°C using distilled water (30 liters), for 3 h each time. Each
extract was filtered, concentrated and centrifuged (HC-3018
R High speed refrigerated centrifuge; Zhongke Zhongjia
Scientific Instrument Co., Ltd., Anhui, China), prior to treating
the supernatant with three volumes of ethanol at 4°C over-
night. The crude polysaccharides precipitated by ethanol were
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Table I. Nucleotide sequences of primers.
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Primer Sequence 5'-3'

GC-357f CGCCCGGGGCGCGCCCCGGGCGGGGCGGGGGACGGGGGGCCTACGGGAGGCAGCAG
518¢° ATTACCGCGGCTGCTGG

357 CCTACGGGAGGCAGCAG

“Forward; Preverse.

washed with dehydrated alcohol and diethyl ether, collected by
centrifugation and dried under reduced pressure. The sample
was dissolved in distilled water and frozen at -20°C, thawed
at room temperature and centrifuged at 9,000 x g for 20 min
to remove insoluble materials. Crude polysaccharide was
precipitated with 50% ethanol and the supernatant was recov-
ered by centrifugation. The polysaccharide fraction, termed
PPS, was obtained from the supernatant by precipitation using
70% ethanol (4,11). P. alkekengivar. francheti polysaccharide A
(PPSA) was deproteinated by a combination of proteinase and
the Sevag method (12). Dissolved PPSA was fractionated on
a DEAE-52 cellulose column (1.5x90 c¢m) (13). The column
was eluted first with distilled water and then with a gradient
solution (0.1, 0.25 and 0.5 mol/lI NaCl; 0.5 mol/l NaOH) at a
flow rate of 0.5 ml/min. The major polysaccharide fractions
were collected and concentrated and residues were loaded onto
a Sephadex G-200 gel column (1.5x90 cm). The column was
eluted with 0.1 mol/l NaCl at a flow rate of 0.5 ml/min and the
main polysaccharide fraction (PPSB) was collected, dialyzed
(MD 34 dialysis tube; Solarbio Co., Ltd. Beijing, China) and
Iyophilized (FD-1A-50 lyophilizer; Bilang Instrument Co.,
Ltd., Shanghai, China) for further analysis. Each fraction was
monitored with the phenol sulfuric acid method using glucose
as a standard (14).

Physicochemical properties of PPSB. The total carbohydrate
content of PPSB was determined by the phenol-sulfuric acid
colorimetric method and protein content was quantified using
the Bradford method (15).

In vitro effects on the intestinal bacterium

Experimental bacterial strains. Strains of L. delbrueckii ATCC
7830 and E. coli ATCC 25922 were supplied by the Department
of Biotechnology, Dalian Medical University (Dalian, China).

Growth curves. L. delbrueckii ATCC 7830 and E. coli
ATCC 25922 belong to the families Lactobacillaceae and
Enterobacteriaceae, respectively, which are common and
important intestinal microflora. The strains were cultured in
DeMan-Rogosa-Sharpe (MRS) and LB mediums, respectively,
and the mediums were autoclaved at 115°C for 15 min.

The effects of PPSB on the growth of L. delbrueckii were
analyzed using 96-well microplates (16). Subsequent to this,
100 ul MRS inoculated broth (2.25x10° cfu/ml) was added to
each well and 100 ul PPSB was added to the first well of each
column for testing. A 2-fold serial dilution was performed using
a multichannel micropipette to produce final concentrations of
0.20-25.0 mg/ml. The microplates were incubated at 37°C for
28 h and the optical density values were calculated at intervals

of 2 h at 595 nm (Thermo Labsystem MK3 Microplate Reader;
Thermo Fisher Scientific, Waltham, MA, USA).

The effects of PPSB on the growth of E. coli were analyzed
using the same procedure but with 100 uI LB inoculated broth
(1.25x10° cfu/ml) added to each well.

In vivo effects on the intestinal microflora

Experimental animals. Female BALB/c mice weighing
20+2 g, purchased from the Animal Experimental Center
of Dalian Medical University [certificate of quality number,
SCXK (Liao) 2008-0002], were used for this study. The mice
were kept under standardized conditions at a temperature of
22-24°C, 20% humidity and 12 h light/dark cycle. The mice
had free access to a standard diet and water (ad libitum) and
were allowed to acclimatize for five days prior to the start
of the experiments. The study was approved by the Ethics
Committee of Dalian Medical University (Dalian, China).

Antibiotic-induced intestinal microflora imbalance model
in mice. Intestinal microflora imbalance was induced by intra-
gastric (i.g.) administration of 65 mg/kg levofloxacin dissolved
in water for five days (17).

Experimental design. Sixty mice were randomly divided
into six groups (10 mice per group): 1, levofloxacin control
(LC) with normal mice treated with levofloxacin; 2, PPSB-L
with levofloxacin-treated mice with 50 mg/kg PPSB; 3,
PPSB-H with levofloxacin-treated mice with 100 mg/kg PPSB;
4, normal control (NC) with normal mice treated with water;
5, N-PPSB-L with normal mice with 50 mg/kg PPSB and
6, N-PPSB-H with normal mice with 100 mg/kg PPSB.

All groups received i.g. injection once per day. Food and
water consumption and body weight were recorded daily.
Following seven days of treatment, fecal matter was collected
and preserved at -80°C.

Deoxyribonucleic acid (DNA) extraction. DNA was
extracted from fecal samples using an E.Z.N.A® Stool DNA
kit (Omega Bio-tek, Inc.) in accordance with the manufac-
turer's instructions. The quantity and type of DNA extracts
were analyzed by electrophoresis of 1% agarose gel containing
ethidium bromide and compared with a molecular weight
standard (1 kb). The DNA concentration was measured spec-
trophotometrically using the BioPhotometer plus (NanoVue
Plus, GE Healthcare, Cleveland, OH, USA) and DNA extracts
were preserved at 20°C.

PCR amplification. Primers GC-357f and 518r were
used to amplify the V3 region of bacterial 16S rRNA. PCR
amplification was performed using an automated thermocycler
(Thermo Fisher Scientific) as follows: 3 pl purified genomic
DNA as template (~300 ng), 2.5 ul 10X Ex Taq buffer (Mg2+),
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Figure 1. Growth curves of (A) L. delbrueckii and (B) E. coli of varying P. alkekengivar. francheti polysaccharide B (PPSB) concentrations.

4 pl ANTP mixture, 2.5 ul bovine serum albumin (1 mg/ml),
10 pmol each primer and 1.25 units Ex Taq polymerase [Takara
Biotechnology (Dalian) Co., Ltd ], filled up to a volume of 25 pl
with sterile Milli-Q water. The thermal program consisted of
an initial denaturation at 94°C for 5 min, followed by 30 cycles
of 94, 54 and 72°C for 30 sec each, in which the annealing
temperature was 72°C for 7 min (18). Amplification products
were analyzed initially by electrophoresis of a 1% agarose gel
containing ethidium bromide and compared with a molecular
weight standard (100 bp).

DGGE analysis. DGGE was performed using the D-Code™
Universal Mutation Detection system (Bio-Rad, Hercules, CA,
USA). PCR products were electrophoresed on 8% polyacryl-
amide (acylamide/bisacrylamide, 37.5:1) gels containing a linear
denaturant gradient of 25-50%, with 100% denaturant defined
as a solution of 7 M urea and 40% (v/v) deionized formamide.
Electrophoresis was performed for 10 min at 200 V and
subsequently for 16 h at 70 V in a 1X TAE buffer at a constant
temperature of 60°C (10). Gels were stained with AgNO; (19).

Stained gels were analyzed using Quantity One 4.6.2
gel analysis software (Bio-Rad). Similarities were displayed
graphically as a dendrogram. The clustering algorithm used
to construct the dendrograms was an unweighted pair group
method with arithmetic mean (UPGMA) (20).

The Shannon-Wiener index of diversity (H') (21) was
used to determine the diversity of the bacterial community.
This index was calculated using the following formula:
H' = 3(p)(Inp,), where p, was the proportion of bands in the
track and was calculated as follows: p;= n,/>n;, where n; was
the average density of peak i in the densitometric curve. The
evenness (E), which reflected uniformity of bacterial species
distribution, was also calculated. This index was calculated
by: E = H'/InS, where S was the number of bands.

Sequence analysis. To identify any separated and strong
bands, the bands were cut from the polyacrylamide gel using
a sterile scalpel. Gel fragments were eluted in 20 ul distilled
water overnight at 4°C. Subsequent to this, the 4 ul eluted DNA
was reamplified by PCR following the aforementioned program
but with 357f as the forward primer. Each PCR product was
also subjected to DGGE analysis to confirm whether the band
had been successfully purified. Following this, idiographic
sequences were attained by Takara Biotechnology (Dalian)
Co., Ltd. and the sequences were compared directly with those

in GeneBank by basic local alignment search tool (BLAST;
http://blast.ncbi.nlm.nih.gov/Blast.cgi) search (NCBI).

Statistical analysis. In vitro experiments to produce growth
curves were performed in triplicate and the DGGE analyses
were repeated at least three times. Statistical software
SPSS version 17.0 (SPSS, Inc., Chicago, IL, USA) was used
for analysis. P-values were determined by a t-test and P<0.01
was considered to indicate a statistically significant difference.

Results

Isolation and purification of PPSB. Crude polysaccharide from
the calyces of P. alkekengi var. francheti was extracted by hot
water and ethanol precipitation with a yield of 13.6%. Following
deproteination using a combination of proteinase and the Sevag
method, the crude polysaccharide sample was purified by a
DEAE-52 Cellulose and Sephadex G-200 gel column. The main
fraction (PPSB) was isolated for further analysis of physico-
chemical properties and intestinal microflora balance activities.

Physicochemical properties and chemical compositions.
PPSB appeared as a white powder and had a negative response
to the Bradford assay. No absorption was detected by UV
spectrophotometery at 260 or 280 nm. These observations
showed an absence of nucleic acid and proteins in PPSB. A
high-performance liquid chromatography profile indicated
that PPSB had a single, symmetrical and sharp peak, there-
fore identifying PPSB as a homogeneous polysaccharide. In
addition, the phenol sulfuric acid assay showed that PPSB
contained 92.5% carbohydrate.

Growth curves. Fig. 1 shows the growth curves for nine PPSB
concentrations of L. delbrueckii and Escherichia coli. Growth
of L. delbrueckii was promoted by high concentrations of
PPSB (12.5-25.0 mg/ml) only. E. coli growth was inhibited by
all tested concentrations and bacteriostatic activity increased
with increasing PPSB concentrations.

L.delbrueckiiand E.coliare members of the Lactobacillaceae
and Enterobacteriaceae families, respectively, which are typical,
important intestinal microflora. Lactobacillaceae family
members are probiotics (22), whereas Enterobacteriaceae family
members are mainly regarded as opportunistic pathogens (23).
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Figure 2. Representative denaturing gradient gel electrophoresis profiles
of normal, levofloxacin-treated and P. alkekengivar. francheti polysaccha-
ride B (PPSB)-treated treated mice. Lane 1, levofloxacin control, normal
mice treated with levofloxacin; lane 2, PPSB-L, levofloxacin-treated mice
with 50 mg/kg PPSB; lane 3, PPSB-H, levofloxacin-treated mice with
100 mg/kg PPSB; lane 4, normal control, normal mice treated with water;
lane 5, N-PPSB-L, normal mice with 50 mg/kg PPSB; lane 6, N-PPSB-H,
normal mice with 100 mg/kg PPSB.

Therefore, results of the present study demonstrate that PPSB
has stimulatory effects on the growth of probiotic bacteria but
inhibitory effects on the growth of pathogenic bacteria in vitro.
DGGE analysis. The dominant intestinal microflora of LC,
PPSB-L, PPSB-H, NC, N-PPSB-L and N-PPSB-H groups was
examined by DGGE analysis with universal primers targeting
the V3 region of 16S rRNA (Fig. 2). Lane 4 was the sample
from the NC group, lane 1 contained the LC group, lanes 2
and 3 contained samples from the 50 and 100 mg/kg levoflox-
acin-treated groups, respectively, whilst lanes 5 and 6 contained
samples from the normal mice treated with 50 and 100 mg/kg
of PPSB, respectively. Band A was present in the LC and NC
groups but decreased markedly in intensity in other groups. The
intensity of bands C, H, O, E, K, L and M increased markedly in
groups PPSB-H and N-PPSB-H but were not present in the LC
group. Other bands were observed in the majority of the groups,
the intensities of which were similar between groups.
Clustering analysis based on Dice coefficient values was
depicted in a UPGMA dendrogram and the general patterns of
similarity among different groups were studied using Quantity
One software (Bio-Rad). Fig. 3 demonstrates the significantly
different clustering profiles formed by different groups.
Three main clusters were identified in the dendrogram, the
first involved the lane 1 LC group, the second involved the
lanes 4 and 5 NC and N-PPSB-L groups and the third involved
the lanes 2, 3 and 6 PPSB-L, PPSB-H and N-PPSB-H groups.
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Figure 3. Unweighted pair group method with arithmetic mean dendro-
grams showing percentage of denaturing gradient gel electrophoresis profile
matching of normal, levofloxacin-treated and P. alkekengivar. francheti
polysaccharide B (PPSB)-treated treated mice. #1: levofloxacin control,
normal mice treated with levofloxacin; #2: PPSB-L, levofloxacin-treated
mice with 50 mg/kg PPSB; #3: PPSB-H, levofloxacin-treated mice with
100 mg/kg PPSB; #4: normal control, normal mice treated with water; #5:
N-PPSB-L, normal mice with 50 mg/kg PPSB; #6: N-PPSB-H, normal mice
with 100 mg/kg PPSB.

DGGE profiles showed the typical characteristics of general
bacteria in the intestinal tract. Each band is likely to be derived
from one phylogenetically distinct community and thus the
total number of bands in the DGGE profile may provide an
estimation of species number (24). The Shannon-Wiener index
values of H', reflecting the structural diversity of the bacterial
community (21), were calculated from the number and relative
intensities of bands on the gel (Table II).

LC, PPSB-L, PPSB-H and N-PPSB-H group diversity
indexes were shown to increase significantly compared with
the NC group. The number of bands present in LC, PPSB-L,
PPSB-H and N-PPSB-H groups was also greater compared
with the NC group.

Data in Table IIT shows the closest relatives based on results
of BLAST searches using DNA sequences obtained from DGGE
gel bands identified by cluster analysis. Bands in the same posi-
tion but in different lanes were excised and sequenced to confirm
that they had the same identity (data not shown). C, O and H
were sequenced and identified as Lactobacillus gasseri, reuteri
and amylolyticus of the Lactobacillus genus with similarities
of 100, 91 and 98%, respectively. Bands for these three bacteria
increased in number in the PPSB-H and N-PPSB-H groups, while
there was no band distinguishable at the corresponding position
in other groups, notably from the LC group. A was sequenced
and identified as Enterococcus faecium of the Enterococcus
genus with a similarity of 99%. Band A was present in LC and
NC groups and at a lower band intensity in other groups. J, K,
L, M and N were sequenced and identified as Prevotella micans,
amnii, dentails, buccae and sp. of the Prevotella genus with
similarities of 98, 99, 97, 94 and 96%, respectively. D, F' and
I were sequenced and identified as Helicobacter bilis, cinaedi
and hepaticus of the Helicobacter genus with similarities of 95,
96 and 97%, respectively. B, E, G and P were sequenced and
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Table II. Microflora diversity index analyses (mean + standard deviation; n=10).
Group S H'™® E°
NC 11.6£0.9 2.1607+0.0203 0.8720+0.0497
LC 18.4+1.1* 2.8158+0.0145* 0.9653+0.0176
PPSB-L 15.7+1.3 2.4160+0.0154* 0.8621+0.0187
PPSB-H 19.8£0.9* 2.6538+0.0773" 0.9096+0.0011
N-PPSB-L 11.1+222 2.1556+0.0386 0.9198+0.0384
N-PPSB-H 16.8+1.5 2.7070+0.0098* 0.9564+0.0247

2P<0.01 vs. the control group. "H'= -3 (p,)(Inp,); p;, proportion of bands in track; p; = n/In;, n, average density of peak i in densitometric curve;
°E = H'/InS; S, number of bands. NC, normal mice treated with water; LC, normal mice treated with levofloxacin; P. alkekengivar. francheti
polysaccharide B (PPSB)-L, levofloxacin-treated mice with 50 mg/kg PPSB; PPSB-H, levofloxacin-treated mice with 100 mg/kg PPSB;
N-PPSB-L, normal mice with 50 mg/kg PPSB; N-PPSB-H, normal mice with 100 mg/kg PPSB.

Table III. Sequences of PCR amplicons derived from denaturing gradient gel electrophoresis gels and identities based on the

BLAST database.

Selected Most similar sequence relative

band (GenBank accession number) Bacteria genus Identity, %
A Enterococcus faecium (AJKH01000109.1) Enterococcus 99
B Akkermansia muciniphila (NC 010655.1) Akkermansia 94
E Alistipes putredinis (ABFK02000016.1) Alistipes 90
G Odoribacter splanchnicus (NC 015160.1) Odoribacter 96
C Lactobacillus gasseri (ADFT01000001.1) Lactobacillus 100
O Lactobacillus reuteri (CACS02000061.1) 91
H Lactobacillus amylolyticus (ADNY01000006.1) 98
D Helicobacter bilis (ACDN01000023.1) Helicobacter 95
F Helicobacter cinaedi (ABQT01000054.1) 96
I Helicobacter hepaticus (NC 004917.1) 97
J Prevotella micans (AGWK01000061.1) Prevotella 98
K Prevotella amnii (ADFQ01000002.1) 99
L Prevotella dentails (AFPW01000057.1) 97
M Prevotella buccae (AEPD01000042.1) 94
N Prevotella sp. (ACZS01000106.1) 96
P Bacteroides coprosuis (AFFW01000002.1) Bacteroides 98

identified as Akkermansia muciniphila, Alistipes putredinis,
Odoribacter splanchnicus and Bacteroides coprosuis with
similarities of 94, 90, 96 and 98%, respectively.

DGGE analysis indicated that levofloxacin has an impor-
tant effect on the intestinal microflora of mice. An increased
diversity of bacterial composition in LC, PPSB-L, PPSB-H and
N-PPSB-H groups was found and may be associated with bacte-
rial growth in levofloxacin-/PPSB-treated groups. Bacterial
composition and structure were divided into three clusters
for each of the different groups. The intestinal microflora
communities of PPSB-H and N-PPSB-H groups demonstrated
a relatively high homology. The results from sequencing
provided more precise information to confirm the intestinal
bacterial compositions of different groups. Bacteria belonging
to the Bacteroides, Lactobacillus, Helicobacter, Prevotella,
Enterococcus, Odoribacter, Alistipes and Akkermansia genera

were dominant organisms in the intestinal tract of mice when
analyzed by DGGE analysis. It is likely that the transformation
of dominant organisms may be a risk factor associated with the
side effects of antibiotics. Specifically, in the present study, the
levofloxacin-treated group showed decreased Lactobacillus
levels and increased Enterococcus levels. In addition, as the
dose of PPSB increased, Lactobacillus and Prevotella notice-
ably increased in terms of number of species and quantity.
These observations indicate that Lactobacillus growth may be
promoted by PPSB in vivo, consistent with the results in vitro.

Discussion
The abuse of antibiotics has become a worldwide public health

problem as unnecessary use of antibiotics is a major cause of
the development of antibiotic-resistant bacterial strains (25).
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Side effects affecting the gastrointestinal tract, including
abdominal pain, diarrhea and astriction, are common (26,17).
Non-pathogenic diarrhea is caused by an imbalance of intes-
tinal microflora in the majority of cases. Once the intestinal
microflora balance is disturbed, pathogenic bacteria, viruses
and coccidia may easily infect the host.

Probiotics are live microorganisms that positively affect the
colonization and composition of intestinal microflora and have
stimulatory effects on the digestive processes and the immu-
nity of the host (27). Lactobacillus spp. (28,29), B. subtilis and
S. cerevisiae (30) are probiotics with positive effects on gastro-
intestinal microflora. However, probiotics are not currently
administered with antibiotics, but various other methods have
been used for improving the intestinal microflora balance, for
example the use of prebiotics (31). An increasing number of
studies (31,32) have indicated that traditional Chinese medicines
have been used as prebiotics for improving host immunity and
are pivotal in the improvement of intestinal microflora balance.

In the present study, PPSB compounds, the main compo-
nents of P. alkekengi var. francheti, were identified as the
active compounds, which promote the number of species and
quantity of Lactobacillus in vitro and in vivo. Intestinal micro-
flora imbalances caused by antibiotics may induce pathogenic
diseases and it has been suggested that an improvement in the
intestinal microflora, for example an increase in the quantity
of Lactobacillus and Bifidobacterium, may aid in the recovery
from pathogenic diseases. The intestinal microflora composition
produced from the present study indicates that the side effects
of antibiotics are associated with the entire intestinal microflora
composition rather than with the action of a single bacteria.
As the dose of PPSB increased, Lactobacillus and Prevotella
levels increased but those of Enterococcus markedly decreased
in terms of quality and quantity, which was in accordance with
known probiotic characteristics. Thus PPSB may be considered
as a potential candidate for developing a novel agent that is able
to improve the intestinal microflora balance.
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