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Abstract

AIM: To find a rapid and efficient analysis method
of gastrointestinal microflora in Pi-deficient (spleen-
deficient) rats and to evaluate traditional Chinese
drugs.

METHODS: Enterobacterial repetitive intergenic
consensus-PCR (ERIC-PCR) based assay was
performed to examine changes of intestinal microflora
in two Pi-deficienct animal models and to evaluate the
efficacy of four traditional Chinese drugs as well as
a probiotic recipe and another therapy in Pi-deficient
rats.

RESULTS: A molecular marker was identified for Pi-
deficiency in rats. The pharmacodynamic evaluation
system, including identified molecular markers
(net integral area and abundance of DNA bands),
Shannon’s index for diversity of intestinal microflora,
and Sorenson’s pairwise similarity coefficient, was
established. The four major clinical recipes of
traditional Chinese drugs for Pi-deficiency in rats,
especially at their medium dose (equivalence to the
clinical dose), produced more pronounced recovery
activities in Pi-deficient rats, while higher doses
of these recipes did not show a better therapeutic
effect but some toxic effects such as perturbation
deterioration of intestinal microflora.

CONCLUSION: Both fingerprint analysis and identified
marker can show Pi-deficiency in rats and its difference
after treatment. The identified molecular marker may
be applied in screening for the active compounds
both in relative traditional Chinese drugs and in
pharmacodynamic study of Pi-deficiency in rats.
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INTRODUCTION

Pi-deficiency (spleen deficiency), a common clinical
syndrome in traditional Chinese medicine (TCM), is
described as symptoms such as epigastralgia, flatulence
after meal, lack of appetite, wilted complexion, loose
stool, lassitude, fatigue, ez. The “Pi” here is the Chinese
spelling of “spleen” in TCM, which relates to the
functions of digestion, absorption and nutrition, differs
from the “spleen” in Western medicine that belongs to
the blood and immune systems. Pi-deficiency in TCM is
one of the most common digestive diseases and usually
the patients’ equilibrium of gastrointestinal microflora
is broken, which plays an important role in the growth,
development and petformance of the host!". Therefore,
more clinical interests are arising in monitoring changes
of intestinal microflora in intestinal disease and its
consequent treatment with TCM therapies. It has been
found that some traditional Chinese drugs have curative
effects on Pi-deficiency by regulating the equilibrium of
intestinal microflora and therefore promote the recovery
of Pi-deficiency®*.

However, methods of monitoring the intestinal flora
are quite limited, not only because of the complexity of
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its constitution, but also the difficulty in culturing most
gastrointestinal bacteria 7z vitro. Recent development
in molecular biology techniques provides various
possibilities of illustrating microbial biodiversity without
in vitro culture of bacteria®‘l. Enterobacterial repetitive
intergenic consensus (ERIC) sequences are non-coding
sequences of highly conserved 127 bp that are repeated
multiple times through the genome of most bacterial
species!’. Variation in the number and location of ERIC
sequences between different populations of microbes
will result in differences between strains in the number
and size of PCR products by ERIC primers. Based
on this, ERIC-PCR has been used to investigate the
diversity of bacterial®'!.

In this study, we introduced ERIC-PCR fingerprinting
in study of Pi-deficiency syndrome, used molecular
markers to detect changes of intestinal microflora in Pi-
deficient rats, and evaluated the therapeutic effects of
traditional Chinese drugs.

MATERIALS AND METHODS

Animals

Wistar rats (200 £ 20 g) of cither sex were obtained
from the Experimental Animal Centre of Shenyang
Pharmaceutical University (Shenyang, China). The rats
were kept under standard environmental conditions
with free access to rodent diet and water. All animal
experiments were performed in accordance with the
Guidelines for Use of Experimental Animals established
by Shenyang Pharmaceutical University.

Plant materials

Plant materials including Radix and Rhizoma Rhei, Folinm
Sennae, ete, used in the study, were purchased from a
local TCM apothecary in Shanghai, China (Table 1),
and identified by Dr. Meng-Yue Wang, Department of
Pharmacognosy, School of Pharmacy, Shanghai Jiao
Tong University.

Preparation of traditional Chinese drug decoctions

One hundred milliliters aqueous decoction was prepared
with 100 g of each crude Radix, Rhizoma Rhei and Folinm
Sennae. For the preparation of decoction of traditional
Chinese drug recipes, the crude drugs were mixed first
according to the ratio as prescribed, and then decocted
3 times in 10 volumes of distilled water for 30 min,
finally the solution was filtered and concentrated. The
ratios and concentrations are shown in Table 1.

Induction of Pi-deficiency in rats and treatment with
traditional Chinese drugs

Rats were randomly divided into 16 groups (# = 8). Rats
in group 1 received distilled water only (10 mL/kg, po)
during the whole experiment. Rats in groups 2-16 were
intragastrically given Radix and Rhizoma Rbei extract,
10 mL./kg, twice a day for the first 10 d to induce Pi-
deficiency!"?. Rats in group 2 (model group) received
distilled water only, once a day for 10 d. Rats in group 3

received Entrocoordinatibiogen (16.2 mg/kg, po), once
a day for 10 d. Rats in group 4 received Banxia Houpu
Tang (Decoction of Pinellia and Magnolia Bark, 4.3 g
crude drug/kg, po), once a day for 10 d. Rats in groups
5-7 were treated with Si Junzi Tang (Decoction of Four
Noble Drugs, 1.2, 3.5 and 10.5 g of each crude drug/kg,
po), once a day for 10 d. Rats in groups 8-10 received
Lizhong Tang (Decoction for Regulating the Function
Of Middle Jiao, 1.8, 5.4 and 16.2 g of each crude
drug/kg, po), once a day for 10 d. Rats in groups 11-13
received Buzhong Yiqi Tang (Decoction for Regulating
the Function Of Middle Jiao and Supplementing Qi,
1.6, 4.8 and 14.4 g of each crude drug/kg, po), once a
day for 10 d. Rats in groups 14-16 received Yiwei Tang
(Decoction for Nourishing the Stomach, 1.9, 5.8 and
17.4 g of each crude drug/kg, po), once a day for 10 d.
Banxia Houpu Tang is a recipe for tussis but not for Pi-
deficiency. Si Junzi Tang, Lizhong Tang, Buzhong Yigi
Tang and Yiwei Tang are commonly used clinical recipes
for Pi-deficiency. Another experiment was performed as
described above, except that 10 mL/kg Folium Sennae was
given instead of Radix and Rhizoma Rhei to induce Pi-
[13,14]

deficiency!>".

Sample collection and total DNA extraction

Three or four pieces of fecal pellets (about 1 g) per rat
were directly collected from the anus into sterile plastic
tubes and stored at -20°C immediately. Fecal pellets were
collected 5 d before induction of Pi-deficiency and then
every two days.

Total DNA was isolated from the fecal samples as
previously described!"” with some modifications. Each
sample (0.2 g) was suspended in 1 mL sterile 0.05 mol/L
PBS (pH 7.4) followed by vortexing for 5 min in a
2 mL tube. The suspension was centrifuged at 200 X g
for 6 min and the supernatant was transferred to a new
tube. Then 1 mL sterile PBS was added to the pellets
and vortexed for 5 min, the suspension was centrifuged
and the supernatant was transferred to the new tube as
well. Combination of the two sets of supernatant was
then centrifuged at 300 X g for 6 min to remove coarse
particles. The cells in the supernatant were collected and
washed twice with PBS by centrifuging at 10000 t/min
for 6 min. The washed cell pellets were resuspended in
300 pL of solution I containing 150 mmol/L NaCl,
50 mmol/L Na,EDTA (pH 8.0). The suspension was
gently mixed with 100 pL lysozyme solution (100 mg/mL.)
and 20 pLL RNase (10 mg/mlL), pre-warmed in 37°C water
bath for 30 min and then combined with 300 uL of
solution 1I containing 100 mmol/L NaCl, 50 mmol/L
Tris base (pH 8.0). The cell suspension was gently
mixed with 100 pL of 10% SDS and 50 pL of 20%
PVP, and incubated on ice for 5 min. DNA was then
purified by sequential extraction with Tris-equilibrated
phenol and chloroform-isoamyl alcohol (v/v/v, 25:24:1),
and chloroform isoamyl alcohol (v/v, 24:1) followed
by precipitation with 2 volumes of ethanol and 50 pL
of 3 mol/L sodium acetate. DNA was collected by
centrifugation and washed once with 70% ethanol,
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Prescription Composition Dose (g crude plants/kg) Effect’
Banxia Houpu Tang Rhizoma Pinelliae, Poria, Cortex Magnoliae Officinalis, Folium 4.3 (clinical dose) N|, Al,C|,H|
Perillae, Rhizoma Zingiberis Recens (4:4:3:3:2)
Si Junzi Tang Radix Ginseng, Rhizoma Atractylodis Macrocephalae, Poria, 1.2 (triplicate of clinical dose) N|', Al', C1, HY
Radix Glycyrrhizae (10:9:9:6) 3.5 (clinical dose) N, AlY, C1Y HY
10.5 (triplication of clinical dose) N|', Al,C1, H|
Lizhong Tang Radix Codonopsis, Rhizoma Atractylodis Macrocephalae, Rhizoma 1.8 (triplicate of clinical dose) N|, Al,CT, H?
Zingiberis, Radix Glycyrrhiza preparata (1:1:1:1) 5.4 (clinical dose) N|', Al', C1, HY
16.2 (triplication of clinical dose) N|', Al, C1, H?
Buzhong Yigi Tang Radix Astragali, Radix Ginseng, Radix Angelicae Sinensis, Rhi- 1.6 (triplicate of clinical dose) N|', Al', CT, HY
zoma Atractylodis Macrocephalae, Radix Glycyrrhiza preparata, 4.8 (clinical dose) N|Y AlY, C1Y HY
Radix Bupleuri, Rhizoma Cimicifugae, Pericarpium Citri Reticu- 14.4 (triplication of clinical dose) N|', Al,CT, H|
latae (6:1:1:1:3:2:2:2)
Yiwei Tang Radix Glehniae, Raidix Ophiopogonis, Rehmannia Dride Rhizome, 1.9 (triplicate of clinical dose) NJ', Al', CT, HY|
Rhizoma Polygonati Odorati, rock candy (3:3:3:1:3) 5.8 (clinical dose) N|', Al', C1, H]
17.4 (triplication of clinical dose) N|, Al,CT1,H|

*N: Net area of 380 bp; A: Abundance of 380 bp; C: Sorenson’s pairwise similarity coefficient (Cs); H: Shannon’s index (H'); 1: Increase; |: Decrease; ": Sig-

nificant (P < 0.05).

air dried and dissolved in 50 pl. of sterile distilled
water. The DNA was checked for integrity first by
electrophoresis analysis on 1% agarose gel (compared
with size-known Hind T digested bacteriophage A
DNA), and then quantified.

ERIC-PCR

ERIC-PCR was performed on a MJ Research
PTC-100 thermal cycler (M] Research, Inc.,
Waltham, USA) using the ERIC primers (ERIC1R:
5'-ATGTAAGCTCCTGGGGATTCAC-3", ERIC2:
5-AAGTAAGTGACTGGGGTGAGCG-3")". The
reaction system was optimized and determined with
orthogonal array design and statistic analysis method
as previously described!"™. PCR consisted of 2.5 uL
10 X buffer, 200 umol/L dNTP, 2.5 mmol/L Mg**,
0.4 umol/L primer, 1U HotstarTaq DNA polymerase
and 2 pL. DNA template (or correspondingly 2 pL sterile
distilled water in controls) in a total 25 ul. volume. PCR
conditions were as follows: an initial denaturation at
94°C for 5 min, followed by 35 cycles of denaturing at
957C for 50 s, annealing at 49°C for 30 s, at 46°C for 30 s,
extension at 72°C for 3 min, and a final extension at 72°C
for 9 min. PCR products were separated by electrophoresis
on 2% agarose gel (Agarose LE, Mdbio, Inc.) containing
0.5 pg/mL ethidium bromide and observed under UV
light by Tannon GIS2010 Image System Ver. 3.73 (Tanon,
Inc., Shanghai, China). The size and quantity of the
amplified fragments were determined using 1 kb plus
DNA makers (Tiangen, Inc., Beijing, China).

Statistical analysis of ERIC-PCR fingerprint

ERIC-PCR profiles were analyzed using the Gel
Compare function of Tannon GIS2010 Image System
Ver. 3.73 and transformed to data sets by taking into
account the relative square root of the area under each
PCR peak and abundance of each peak. Similarities
between samples and their temporal stability were
determined by calculating Sorenson’s pairwise similarity
coefficient (Cs), which is commonly used to compare

the species composition of different ecosystems. Two
identical profiles create a value of 100%, whereas two
completely different profiles result in a value of 0%.

Cs (%) = (2 % j)/(a+b) x 100%
where 2’ is the number of total bands in the ERIC-PCR
pattern for one sample, ‘b’ is the number for the other,
and 9 is the number of the common bands shared by
both samples‘l.

Shannon’s index (H’), which originally refers to the
community richness, was also employed to measure
the distribution of PCR bands in our study. We used
it to describe the quantitative difference in intestinal
microflora under different conditions, although each
ERIC-PCR band does not have to stand for one
individual bacterial species.

H’ = -3 (P (1nP)
where P/ is the relative abundance of each band,
calculated as the proportion of the /th band in the
fringerprint!"*'®.

Results were described as mean * SE. The statistical
significance (P < 0.05) of difference between means was
determined using paired-samples # test or ANOVA with
SPSS version 11.5 (SPSS Inc., Chicago, USA), where
appropriate.

RESULTS

ERIC-PCR fingerprint of intestinal microflora in naive rats
ERIC-PCR profiles of total fecal DNA were obtained
for samples collected from naive rats before induction.
Repeats of fingerprints showed that there were
9-12 fragments ranging 120-3000 bp with various
intensities. There was a considerable variation of ERIC-
PCR profiles between individual rats, in which only
approximately 50% similarity was seen (Figure 1A).
However, samples collected on different days from
the same rat showed much a better consistency, with
a similarity (Cs) ranging 63%-88% (data not shown).
The occurrence of each fragment was calculated using
Tannon GIS2010 Image System. Two fragments (590
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Fragments Occurrence (%) Net integral area Abundance
Before After Before Range Before ad- After Range
administration administration administration  administration ministration administration
(healthy) (Pi-deficiency) (healthy) (Pi-deficiency) (healthy) (Pi-deficiency)
590 bp 79 53 851.65+68.00  385.76 + 37.63" Decrease 55% 18.49 +1.36 11.69+1.05°  Decrease 37%
380 bp 33 94 98.61+18.09  563.64 +32.94" Increase 470%  2.74 +0.58 19.16 £1.30"  Increase 590%
300 bp 75 10 604.93 +46.67 70.87 £23.12° Decrease 88% 12.70 + 0.94 231+0.71"  Decrease 82%

Paired samples f test, °P < 0.05 vs before administration.

A C 123456 78M

Figure 1 ERIC-PCR fingerprinting of intestinal microflora from feces of 8
out of 128 rats before (A) and after (B) Pi-deficiency induced by Radix and
Rhizoma Rhei. C: Water administration; M: Ladder; lanes 1-8: rats. Rat No. 3
died of trauma after uptake of Radix and Rhizoma Rhei.

bp and 300 bp) showed a higher occurrence of 83%
and 74% respectively (occurrence > 70%) among
the fingerprints of 128 rats, indicating that these
two predominant bands are likely to be populations-
associated naive rat gastrointestine.

ERIC-PCR fingerprint of intestinal microflora in Pi-
deficient rats

Symptoms of Pi-deficiency!"", including humped back,
narrow eyes, watery stools, listlessness, lack of appetite
and weight loss!" occurred in the rats that received
Radix and Rbizoma Rhei or Folium Sennae. A remarkable
difference in ERIC-PCR profile was found between rats
with Pi-deficiency induced by Radix and Rhizoma Rhei or
Folium Sennae and normal rats (Figures 1 and 2). Shannon’s
index (H’) of the rat Pi-deficiency model (1.77 £ 0.03,
7 = 200) was significantly lower than that of normal ones
(2.02 £ 0.02, P < 0.05, » = 200), indicating that altered
profiles and lesser diversities of ERIC-PCR fingerprints
are in the status of Pi-deficiency. The similarity (Cs)

Figure 2 ERIC-PCR fingerprinting of intestinal microflora from feces of
4 out of 128 rats before (A) and after (B) Pi-deficiency induced by Folium
Sennae. C: Water administration; M: Ladder; lanes 1-4: rats.

of ERIC-PCR fingerprints of the same rat before and
after Pi-deficiency induction decreased to approximately
39% in groups 2-16, whereas 62% in control group that
received distilled water only (P < 0.05), suggesting that
the constitution of intestinal bacterial community in
Pi-deficiency rats is significantly different from that in
normal rats.

Molecular markers of intestinal microflora in rats with
Pi-deficiency induced by Radix and Rhizoma Rhei
Analysis of ERIC-PCR profiles for 100 rats with Pi-
deficiency induced by Radix and Rhbigoma Rhei implied
that three fragments (590, 380 and 300 bp) showed
that Radix and Rbizoma Rhbei administration can induce
significant changes in abundance and band net integral
area (P < 0.05), as well as the occurrence of those
fragments (Table 2). The 590 bp and 300 bp fragments,
especially the 300 bp fragment, were shown in most
normal rats, but in much fewer rats after Pi-deficiency
induction (Figure 1B). Different from the 590 bp and
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Figure 3 Shannon’s index of ERIC-PCR fingerprintings of Pi-deficient rats before and after TCM treatment. Pi-deficiency was induced by Radix and Rhizoma
Rhei first in all groups except for the control group (Group 1) that received distilled water. Control: Group 1 received distilled water in both inducement and treatment
phases. Model: Group 2 received Radix et Rhizoma Rhei but distilled water during treatment; Entro: Group 3 received Entrocoordinatibiogen during treatment; Ban:
Group 4 received decoction of Ban-xia-hou-pu-tang during treatment; Si-L, Si-M, Si-H: Groups 5-7 received low, middle and high doses of Si-jun-zi-tang, respectively;
Li-L, Li-M, Li-H: Groups 8-10 received low, middle and high doses of Li-zhong-tang, respectively; Bu-L, Bu-M, Bu-H: Group 11-13 received low, middle and high doses
of Buzhong Yiqi Tang, respectively; Yi-L, Yi-M, Yi-H: Groups 14-16, received low, middle and high doses of Yi-wei-tang, respectively.

100 Before-after Radix and Rhizoma
Rhei administration
80 - —ll- Before-after treatment
d
. 60 -
X
w0
O 4tk
b
20
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TELEZIEZ2TIzII IR
Eggmmﬁm—ljjggg>—;;
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Figure 4 Similarity coefficient (Cs) for ERIC-PCR fingerprintings of Pi-
deficient rats before and after treatment. Samples were the same as in
Figure 3. Gray: Cs before and after Radix and Rhizoma Rhei uptake; Black: Cs
before and after treatment. Statistical significance of differences was calculated
by One-Way ANOVA. °P < 0.05, °P < 0.01 vs control group; °P < 0.05, °P < 0.01
vs model group.

300 bp fragments, the 380 bp fragment was not seen in
normal rats, but in most Pi-deficient rats, indicating that
Radixc and Rhigoma Rhbei administration can induce great
changes in the proportion of individual bacterial species.
The rest fragments were randomly detected in either
normal or Pi-deficient rats, with no correlation between
the presence of fragments and Pi-deficiency. Therefore,
these fragments (590, 380 and 300 bp) were selected as
preliminary biomarkers for intestinal microflora ERIC-
PCR fingerprints of rats with Pi-deficiency induced by
Radixc and Rhizoma Rbei.

In order to further identify the optimal biomarker of
ERIC-PCR fingerprints for rats with Pi-deficiency, the
profile of preliminary biomarkers (590, 380 and 300 bp)
in different groups of Pi-deficient rats that rececived
TCM treatment was also investigated. As a result, 4 TCM
recipes restored the net integral area and abundance of
380 bp fragment to a certain extent. However, changes
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Figure 5 Net integral area and abundance of the 380 bp fragment in rats with Pi-deficiency induced by Radix and Rhizoma Rhei and after treatment. Col-
umns: Net integral area of the 380 bp fragment; Lines: Abundance of 380 bp fragment. °P < 0.05, "P < 0.01 vs healthy condition; °P < 0.05, °P < 0.01 vs Pi-deficiency
status; °P < 0.05, P < 0.01 vs healthy condition; °P < 0.05, "P < 0.01 vs Pi-deficiency status. Samples were the same as in Figure 3.

in 590 bp and 300 bp fragments were not as significant
as in 380 bp fragment (data not shown). Given the
data above, the 380 bp fragment was identified as the
biomarker of ERIC-PCR fingerprints for rats with Pi-
deficiency induced by Radix and Rbigoma Rbei, the net
integral area and abundance of the 380 bp fragment
could therefore be used as parameters to evaluate the
therapeutic effects of TCM on Pi-deficiency.

Additionally, in 7 out of 12 Pi-deficient groups
that received TCM recipes, The Shannon’s index (H’)
of ERIC-PCR fingerprints was restored (Figure 3).
A similar trend of the similarity (Cs) of ERIC-PCR
fingerprints was seen in those groups that received TCM
recipes (Figure 4), indicating that Shannon’s index (H’)
and Sorenson’s pairwise similarity coefficient (Cs) can
also be considered as biomarkers for Pi-deficiency and
used to evaluate the therapeutic effects of TCM on Pi-
deficiency.

Evaluation of therapeutic effects of TCM recipes on P1-
deficiency induced by Radix and Rhizoma Rhei using
the identified biomarkers

As shown in Figures 3-5 and Table 1, Si Junzi Tang
reduced the net integral area and abundance of the 380 bp
fragment and increased the Sorenson’s pairwise similarity
coefficient (Cs) in a dose-dependent manner. The effects
were most significant at the dose of 3.5 g crude drug/kg.
However, the Shannon’s index (H’) increased after
treatment with Si Junzi Tang at the dose of 3.5 g crude
drug/kg, but decreased after treatment with Si Junzi Tang
at a higher dose of 10.5 g crude drug/kg.

The net integral area and abundance of the 380 bp
were significantly different before and after treatment
with Lizhong Tang at the dose of 5.4 g. The Sorenson’s
pairwise similarity coefficient (Cs) increased in a dose-
dependent manner and the Shannon’s index (H’)
also increased at the three doses with no significant
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difference.

Moreover, Buzhong Yiqi Tang also significantly
decreased the 380 bp fragment and increased the
Sorenson’s pairwise similarity coefficient (Cs) in a dose-
dependent manner, in which the maximal and significant
effects were shown at the dose of 4.8 g crude drug/kg.
Buzhong Yiqi Tang increased and decreased the
Shannon’s index (H’) at the doses of 1.6 and 4.8 g crude
drug/kg, and 14.4 g crude drug/kg, respectively.

The net integral area and abundance of the 380 bp
were decreased after treatment with Yiwei Tang,
indicating that the effect is statistically significant at the
dose of 1.9/5.8 g crude drug/kg. Yiwei Tang increased
the Sorenson’s pairwise similarity coefficient (Cs) in a
dose-dependent manner. However, the Shannon’s index
(H’) was lower than that before treatment.

The H’ and Cs values as well as the net integral
area and abundance of the 380 bp fragment were
decreased in rats that received water, which might be
due to the long-term Pi-deficiency. A similar trend was
seen in the group that received Banxia Houpu Tang.
Entrocoordinatibiogen increased the Shannon’s index
(H) and Sorenson’s pairwise similarity coefficient (Cs)
(P < 0.05), but had no significant effects on the net
integral area and abundance of the 380 bp fragment.

Evaluation of therapeutic effects of TCM on Pi-deficieny
induced by Folium Sennae

The four biomarkers (H’, Cs, net internal area and
abundance of the 380 bp fragment) that were identified
in rats with Pi-deficiency induced by Radix and Rbizoma
Rbei were also proved to be valid for Folium Sennae
induced Pi-deficiency. The four recipes (Si Junzi Tang,
Lizhong Tang, Buzhong Yiqi Tang and Yiwei Tang) for
Pi-deficiency significantly reduced the net integral area
and abundance of the 380 bp fragment at smaller and
medium doses, but significantly increased the Shannon’s
index (H’) and Sorenson’s pairwise similarity coefficient
(Cs) (data not shown).

DISCUSSION

This study reported the changes of intestinal microflora
in rats with Pi-deficiency induced by Radix and Rbizoma
Rbei ot Folium Sennae. ERIC-PCR fingerprinting system is
highly reproducible when it is used to examine the status
of intestinal microflora in rats. In this study, fingerprints
of the Sorenson’s pairwise similarity coefficient (Cs)
from the same DNA extraction were over 95%,
respectively.

The dominating intestinal microbial population
may vary in subjects due to changed physiological
conditions. The replicates (collected on different days)
of PCR fingerprints from the same rat showed a
high reproducibility (Cs > 75%). However, this value
decreased to 57% after water administration, indicating
that water administration can affect the intestinal
physiology after intragastric operation. These results
indicate that ERIC-PCR is a sensitive tool for examining
the structure of fecal bacterial community.

Entrocoordinatibiogen (Shenyang No. 1 Pharmaceutical
Factory, Shenyang, China) consisting of bacillus
licheniformis, a kind of probiotics and a biotherapeutic
agent modulating microdysbiosis of intestine, is used
in treatment of acute bacillary dysentery. Based on the
analysis of ERIC-PCR intestinal microflora molecular
markers, the rats that received Entrocoordinatibiogen
had a certain extent of recovery as indicated by the
increased Shannon’s index (H’) and Sorenson’s pairwise
similarity coefficient (Cs). However, neither the net
integral area nor the abundance of 380 bp fragment
significantly decreased. The 4 major clinical recipes for
Pi-deficiency recovered the activities of Pi-deficient rats,
especially Si Junzi Tang and Buzhong Yiqi Tang at their
medium dose (equivalent to the clinical dose). These
results strongly support the rationale behind the current
common use of these two recipes for Pi-deficiency!">"*',
However, it should be noted that the higher dose of
these recipes did not show a better therapeutic effect on
Pi-deficiency in the present study. A possible explanation
of this phenomenon might be that the recipes have
some anti-microorganism actions on Pi-deficiency. It
was reported that Si Junzi Tang and some TCM recipes
have certain modulating functions in intestinal flora®.

The pathogenesis of Pi-deficiency induced by Folium
Sennae or by Radix and Rbigoma Rhei is similar. Folium
Sennae, Radix and Rbizoma Rhei, classified as “bitter-
cold” in terms of taste and properties, can simulate the
intestinal motility and secretion to induce diarrhea, which
results in Pi-deficiency. However, the diarrhea-inducing
action of Folium Sennae is weaker than that of Radix
and Rbizoma Rbei. That is why the four recipes showed
a better recovery profile for Folium Sennae-induced Pi-
deficiency than that for Radix and Rhigoma Rhei-induced
Pi-deficiency, in the present study.

In conclusion, Pi-deficiency, one of the most
common digestive system diseases, is generally caused
by the change in intestinal microflora. Although the
underlying mechanism of action of TCM is not
completely understood, it has been known that TCM
has positive effects on some syndromes including Pi-
deficiency. ERIC-PCR fingerprints can be used to
screen changes in composition of bacterial communities
associated with the development of intestinal disease,
and to investigate the pharmacodynamic effect of TCM
on intestinal microflora or intestinal diseases such as Pi-
deficiency.

COMMENTS

Background

Pi-deficiency, a clinical syndrome in traditional Chinese medicine (TCM), is one
of the most common digestive system diseases and generally considered to be
associated with abnormalities of gastrointestinal microflora.

Research frontiers

Although the underlying mechanism of action of TCM is not completely
understood, it has been known that TCM has positive effects on some
syndromes including Pi-deficiency. It was reported that some TCM have certain
modulating functions in intestinal flora.

Innovations and breakthroughs

In this study, the authors used the molecular markers in study of Pi-deficiency
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syndrome, changes in intestinal microflora, and evaluation of the therapeutic
effects of traditional Chinese drugs. This is the first study reporting the changes
in intestinal microflora of Pi-deficient rats using the enterobacterial repetitive
intergenic consensus-PCR (ERIC-PCR) fingerprint profiles.

Applications

ERIC-PCR fingerprints can be used to screen changes in the composition of
bacterial communities associated with the development of intestinal disease,
and to investigate the pharmacodynamic effect of TCM on intestinal microflora
or intestinal diseases including Pi-deficiency.

Terminology

ERIC-PCR is a PCR-based technique in which DNA is isolated from a mixed
sample and amplified using conserved ERIC primers targeting short repetitive
sequences which are dispersed throughout various bacterial genomes.

Peer review

The authors identified the molecular markers of intestinal microflora by modified
ERIC-PCR in rats with Pi-deficiency induced by administration of Radix
and Rhizoma Rhei. In addition, data on the effect of several decoctions on
P-deficiency induced by Radix and Rhizoma Rhei are interesting and seem
reliable. The study is interesting and well-designed.
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