Korean J Physiol Pharmacol
Vol 19: 1—7, January, 2015
http:/ /dx.doi.org/10.4196/kjpp.2015.19.1.1

Berberine Prevents Intestinal Mucosal Barrier Damage During
Early Phase of Sepsis in Rat through the Toll-Like Receptors

Signaling Pathway
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Our previous study has shown berberine prevents damage to the intestinal mucosal barrier during
early phase of sepsis in rat through mechanisms independent of the NOD-like receptors signaling
pathway. In this study, we explored the regulatory effects of berberine on Toll-like receptors during
the intestinal mucosal damaging process in rats. Male Sprague-Dawlay (SD) rats were treated with
berberine for 5 d before undergoing cecal ligation and puncture (CLP) to induce polymicrobial sepsis.
The expression of Toll-like receptor 2 (TLR 2), TLR 4, TLR 9, the activity of nuclear factor-kappa
B (NF-« B), the levels of selected cytokines and chemokines, percentage of cell death in intestinal
epithelial cells, and mucosal permeability were investigated at 0, 2, 6, 12 and 24 h after CLP. Results
showed that the tumor necrosis factor-@ (TNF-2) and interleukin-6 (IL-6) level were significantly
lower in berberine-treated rats compared to the control animals. Conversely, the expression level of
tight junction proteins, percentage of cell death in intestinal epithelial cells and the mucosal
permeability were significantly higher in berberine-treated rats. The mRNA expression of TLR 2, TLR
4, and TLR 9 were significantly affected by berberine treatment. Our results indicate that pretreatment
with berberine attenuates tissue injury and protects the intestinal mucosal barrier in early phase of
sepsis and this may possibly have been mediated through the TLRs pathway.
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INTRODUCTION

Sepsis and septic multiple organ dysfunction and injury
may lead to a high morbidity and mortality rate in recent
years despite of better supportive therapy and care [1,2].
To date the exact mechanisms responsible for sepsis remain
unclear, but previous studies have demonstrated that in-
testinal function plays a critical role in the development
of sepsis, and increased intestinal permeability is asso-
ciated with the development of multiple organ dysfunction
syndrome [3-5]. Indeed, the intestinal epithelium, which is
constantly exposed to bacterial products, is the first line
of defense against microorganisms. An intact and function-
ing intestinal mucosal barrier, maintained by the intestinal
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epithelial cells, is crucial to prevent intestinal flora, which
contains infectious agents like bacteria, from crossing via
both transcellular and paracellular pathways [6]. There-
fore, it is critical to protect gut barrier function when pro-
viding treatment for sepsis.

Previous studies have shown that the tight junction pro-
teins, such as zonula occludens (ZO), occludin and claudins,
are critical to the maintenance of the intact intestinal epi-
thelial barrier [7,8]. However, the intestinal barrier func-
tion is frequently disrupted in a variety of acute or chronic
enteropathies including inflammatory bowel disease, irrita-
ble bowel syndrome, and infectious diarrhea. Some pro-in-
flammatory cytokines, such as TNF-«a, IL-6, have been
found to contribute to the disruption of intestinal epithelial
barrier function [9].

Berberine is a botanical alkaloid isolated from the root
and bark of Rhizoma coptidis, an ancient Chinese herb that
has been used for thousands of years in China as a tradi-
tional herbal medicine to treat gastrointestinal disorders
and bacterial infection, and there have been no toxic effects
reported to date in clinical studies [10,11]. According to for-
mer studies, berberine has been reported to exhibit anti-in-
flammatory properties in modern medicine [12]. It blocked

ABBREVIATIONS: TNF- ¢ ,Tumor necrosis factor «; IL-6, Interleu-
kin-6; NF-« B, nuclear factor-kappa B; CLP, cecal ligation and
puncture; NOD, Nucleotide oligomerization domain.
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the NF- £ B signaling pathway, suppressed the inflamma-
tory mediator proteins expression, such as TNF-e«, IL-18,
cyclooxygenase-2 (COX-2) and inducible nitric oxide syn-
thase (INOS) in vitro [13-17]. Further evidences demon-
strate berberine protects barrier function in both endothe-
lial and epithelial cells [18-20]. However, the molecular
mechanisms involved in these protective effects of berber-
ine remain to be elucidated.

Toll-like receptors (TLR) and NOD-like receptors play a
crucial role in host defense against intestinal infection [21].
Our previous study has shown that berberine prevents
damage to the intestinal mucosal barrier during early
phase of sepsis in rat through mechanisms independent of
the NOD-like receptors signaling pathway. In this study,
we further investigated the effects of berberine in prevent-
ing the damage on the intestinal mucosa in rats and sought
to test the hypothesis that treatment with berberine at-
tenuates tissue injury and protects the intestinal mucosal
barrier in early phase of sepsis through Toll-like receptors
(TLRs) signaling pathway.

METHODS

All experimental procedures were approved by the
Animal Study Ethics Committee of Nanjing General Hos-
pital of Nanjing Military Command and were performed in
accordance with the institutional criteria for the care and
use of laboratory animals in research.

Animals

Adult male Sprague-Dawlay (SD) rats, weighing 200~
230 g, were obtained from the Nanjing General Hospital
of Nanjing Military Command, PLA, Nanjing, China. Rats
were housed individual cages in a restricted-access room
with controlled conditions (22+1°C and 65~ 70% humidity).
Food and water were provided ad libitum.

Berberine treatment establishment of polymicrobial
sepsis model

A total of 60 male SD rats were randomly divided into
two groups (30 rats/group): normal saline group (NS group)
and berberine group (Ber group) according to the reagent
by intragastric administration; Berberine was dissolved in
saline solution before injection and volumes of the in-
jections were adjusted so that each rat received a final dos-
age of 50 mg/kg bodyweight. Berberine was administered
for 5 d before the polymicrobial sepsis model establishment.
In the NS group, rats only received same volume of saline
solution daily for 5 d. On the fifth day of the Berberine
treatment, polymicrobiol sepsis was induced in the rats by
cecal ligation and puncture (CLP) one hour after the last
injection. CLP is a reliable model for mimicking clinical pol-
ymicrobial sepsis [22,23]. Briefly, after rats were anes-
thetized by intraperitoneal injection of ketamine, a midline
incision about 2cm was made on the anterior abdomen. The
cecum was carefully isolated and the distal 30% was
ligated. Then the ligated portion was punctured through
twice with a sterile 18-gauge needle. Small amount of fecal
material was released from the wounds by gentle squee-
zing. The cecum was then placed back and the incision was
closed.

Tissue collection

Tissue samples were collected from the rats at O h, 2 h,
6 h, 12 h and 24 h after CPL described by our previous
report [24]. Each time six rats were removed from both the
NS group and the Ber group. The 0 h sampling was done
immediately after the NS procedure. And for the other time
spots, rats were anesthetized before the tissue collections.
Up to 4 ml of blood was drawn from the inferior vena cava.
Serum was isolated by centrifugation at 4,000 g for 10 min
after clotting and stored at —80°C until analysis. After
blood collection, the rats were decapitated under anes-
thesia; a section of the small intestine (~10 cm of the ileum)
was excised from the rats. After cleaning of the fecal mate-
rial, the mucosa was carefully removed and stored at
—80°C for later analysis.

TLR2, TLR4 and TLR9 mRNA levels in the mucosa
of the small intestine

Expressions of TLR2, TLR4 and TLR9 mRNA in rat in-
testine were assessed by reverse transcription quantitative
polymerase chain reaction (RT-qPCR) as described pre-
viously [24]. Briefly, the frozen mucosa tissue was ground
into fine powder with mortar and pestle in liquid nitrogen.
Total RNA was extracted with TriZol reagent (Life Technol-
ogies, Invitrogen, Carlsbad, CA) following the manu-
facturer’s instructions. All RNA samples were treated with
DNase I before RT-PCR to eliminate DNA residues and fi-
nal concentrations of the RNA samples were determined
by spectrophotometric optical density measurement at 260
nm. 1 ¢g total RNA from each sample was reverse tran-
scribed into ¢cDNA using a Reverse Transcription System
Kit (TOYOBO, Shanghai, China).

PCR reactions were carried out using a Rotorgene 3000A
gqPCR machine (Corbett Reseach Inc.). Each reaction con-
tains 2 «1 of ¢cDNA sample, 12.5 x1 qPCR master mix,
0.2 11 of forward and reserve primers each, and ddHzO.
The total reaction volume is 25 «1. Glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) was used as a normaliza-
tion control. The primer sequences were:

TLR2 (sense): 5-TGCTATGATGCCTTTGTTTCC-3’,

TLR2 (antisense): 5-CATGAGGTTCTCCACCCAAT-3’;
TLR4 (sense): 5-GGATGATGCCTCTCTTGCAT-3’,

TLR4 (antisense): 5-TGATCCATGCATTGGTAGGTAA-3’;
TLR9 (sense): 5-GCTGGGACGTCTGGTACTGT-3,

TLRY (antisense): 5-CACGGGTCAGCAAAGGTAG-3’;
GAPDH (sense): 5-AACGACCCCTTCATTGACCTC-3,
GAPDH (antisense): 5-CCTTGACTGTGCCGTTGAACT-3".

PCR conditions were 5 min at 95°C followed by 40 cycles
of 20s at 95°C, 20s at 52°C, and 20s at 72°C. The last cycle
was followed by a final incubation from 72°C to 99°C for
3 min (°C/5s) to establish a PCR melting curve. Relative
quantities of NOD2 and NLRP3 mRNA were analyzed us-
ing the 2 ?“°T method [25].

Serum TNF-a« and IL-6 concentrations
The TNF-a@ and IL-6 concentrations in the blood serum

were measured by commercial ELISA kits (R&D Systems,
Inc.) according to the manufacturers' instructions.
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ZO-1 protein levels in intestinal mucosa tissue

The expression of ZO-1 in intestinal mucosa was meas-
ured by western blot as described previously [24]. A small
piece of intestinal mucosa tissue (50 mg) was placed in 1ml
of RIPA protein lysate and incubated on ice for 30 min.
The reaction mix was then transferred to a 1.5 ml microcen-
trifuge tube and centrifuged at 4°C for 10 min at 12,000
g. The protein concentrations in the supernatant were de-
termined by Coomassie brilliant blue taining method. Prior
to use, concentrations in all samples were normalized to
2 pnglunl

The extracted protein mixture was separated by electro-
phoresis on a 10% sodium dodecyl sulfate-polyacrylamide
minigel (SDS-PAGE) and transferred onto membranes at
0.8 mA/cm® for 2 h. Bands were probed with enzyme-con-
jugated anti- ZO-1 antibodies. The protein bands were de-
tected by enhanced chemiluminescence and quantified by
Image J software (National Institutes of Health, Bethesda,
Maryland).

Histology studies

Laser scanning confocal microscope (LSCM): After fixed
by embedding medium, trimmed terminal ileum of rats
were fixed in liquid nitrogen and series of slices were pre-
pared by a freezing microtome (Leica, Germany) at —20°C
with the thickness of 5 x#m. Slides were then stored in
sealed box at —80°C for LSCM.

The prepared frozen slides were incubated at room tem-
perature after the addition of 3% H202, blocked with 10%
normal goat serum for 20 min, and incubated with mouse
monoclonal anti- ZO-1 antibody (Invitrogen) overnight at
4°C. The sections were incubated at 37°C for another 2 h
after the addition of rabbit anti-mouse IgG antibody con-
jugated with fluorescein isothiocyanate (FITC) (Invitrogen,
CA, USA). The slides were then sealed with 10% phosphate
buffered saline (PBS) containing 90% glycerin and observed
by a Laser scanning confocal microscope (LSCM-510, Carl
Zeiss, Germany) with an excitation wavelength of 552 nm
and an emission wavelength of 570 nm.

Cell death: Apoptotic cells in intestinal epithelial cells
was detected using the terminal deoxynucleotidyl trans-
ferase-mediated deoxyuridine triphosphate nick-end label-
ing (TUNEL) assay (In Situ Cell Death Detection Kit,
Roche, Switzerland), following the manufacturer’s instruc-
tion. Briefly, frozen sections of intestinal mucosa were fixed
with 4% paraformaldehyde for 20 min at 20°C. After wash-
ed with PBS for 30 min, sections were blocked with 3%
H:0; in methanol for 10 min at 20°C, PBS washed and then
incubated with 1% Triton X-100 and 0.1% NaN3 at 4°C for
8 min for permeabilization. Sections were washed with PBS
and reacted with terminal deoxynucleotidyl transferase en-
zyme for 30 min at 37°C. Slides were rinsed with PBS and
incubated with 50 1 DAB substrate for 10 min at 20°C.
Slides were washed before haematoxylin was used for nu-
clear staining and observed with the light microscopy.

The following three types of cell morphology were defined
as positive cell death: (1) cytoplasm and chromatin con-
densation; (2) apoptotic-body formation in cytoplasm; (3)
chromatin fragmentation. The percentage of cell death in
intestinal epithelial cells was calculated according to the
following formula: (number of dead cells)/(number of dead
cellstnumber of live cells)x100%. The percentage of cell
death was counted in randomly selected the magnification

Fig. 1. The percentage of cell death counting in a randomly selected
the magnification view (200%), death cells were marked with red
circles.

view (Fig. 1); the counted cell number was not less than
1000.

Intestinal permeability test: Flux of fluorescein isothiocy-
anate (FITC)-conjugated dextran (FITC-dextran, 4 kDa,
Sigma) was used to represent the paracellular permeability
of intestinal mucosal barrier as described previously.
Briefly, after anesthesia, ligation were performed at both
sides of a section of ileum (about 20 cm) from the rats at
each sampling points after CLP, the blood supply of this
section of ileum was not interrupted. 1 ml of 25 mg/ml
FITC-dextran was gently injected into the ileum. Sixty min
later, 4 mL plasma was drawn from the inferior vena cava
and the fluorescence was determined using a fluorescent
plate reader (Fluorescence spectrophotometer-F-7000, Hita-
chi Limited, Japan) with an excitation wavelength of 480
nm and an emission wavelength of 520 nm. The para-
cellular flux was calculated from a standard curve and ex-
pressed as mg/L.

Statistical analysis

Differences between the Ber group and the NS group
were analyzed using ANOVA for all parameters investiga-
ted. All calculations were performed with SPSS13.0 (SPSS
incorporated, Chicago, USA). Differences with p<0.05 were
considered to be significant. Data were expressed as mean+t
S.D. in results.

RESULTS

TLR2, TLR4 and TLRY9 mRNA expressions in rat
intestinal mucosa

Expression levels of TLR2, TLR4 and TLR9 mRNA are
shown in Table 1. mRNA level of intestinal TLR2 increased
continuously at 2 h and peaked at 12 h after CLP in both
Ber group and the NS group. TLR4 mRNA level remained
low during the entire experimental period. TLR9 mRNA
level in the Ber group remained higher than that in the
NS group during the entire experimental period. For TLR2
and TLR4, mRNA levels was significantly lower in the Ber
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group than the NS group at 6h (p<0.01, Table 1); whereas,
for TLR9, mRNA levels was significantly higher in the Ber
group than the NS group at 6 h.

Serum concentration of TNF-2 and IL-6

CLP resulted in continuous increase in serum IL-6 and
TNF-a concentration in both the NS group and the Ber
group. However, at all sampling points from 2 h to 24 h,
serum IL-6 and TNF-«@ concentrations in the Ber group
were significantly lower than those in the NS group (p<
0.01, Table 1).

Zonula occludens-1 (ZO-1) in rat intestinal mucosa

The expression of tight junction (TJ) component proteins
70-1 decreased continuously after CLP in both NS and Ber
groups. However, the decrease appeared to be slower, due
to the ZO-1 level in the Ber group was significantly higher
than that in NS group at 12 h or 24 h after CLP (p<0.05,
Fig. 2).

Detection of ZO-1 in fixed rat intestinal mucosa tissue

As shown in Fig. 3, the green fluorescence around the
intestinal villus, which shows the presence of ZO-1 protein,
can be seen clearly at 0 h after CLP in both NS group and
Ber group, indicating normal expression of the tight junc-
tion component protein, ZO-1, in intestinal mucosa. The in-
tensity of the green fluorescence weakened gradually, and
was only barely visible in the NS group at 24 h after CLP.
Although a decrease in the fluorescence intensity was also
observed in the Ber group, they appear to be still brighter
than the NS group at 6 h, 12 h and 24 h. These results
were consistent with those from the Western blot.

Percentage of cell death in intestinal epithelial cells

The percentage of cell death in Situ intestinal epithelial
cells increased continuously after CLP in both NS group
and Ber group (Fig. 4). Intestinal epithelial cell mortality
was significantly lower in the Ber group than the NS group
at 12 h and 24 h (p<0.01 for both, Table 1).

Intestinal permeability

Intestinal permeability increased in a time-related man-
ner in both Ber group and NS group. Statistical analysis
showed that intestinal permeability in Ber group remained
significantly lower than that in NS group from 2 h to 24
h (p<0.01, Table 1).

DISCUSSION

In the present study, we successfully replicate the model
of septic shock in rats by cecal ligation and puncture, and
demonstrated the hypothesis that pretreatment with Ber
attenuates tissue injury and protects the intestinal mucosal
barrier in early phase of sepsis through Toll-like receptors
(TLRs) signaling pathway.

Intra-abdominal infections are one of the most common
causes of the intestinal barrier dysfunction, which can lead
to death of the patients, however, the underlying mecha-
nisms remains unclear. Recent data have suggested an im

Table 1. In our study, NS group referred to normal saline group

Ber group

NS group

Index

24 h

12 h

6 h

2 h

0 h

24 h

12 h

6 h

2 h

0h

5.02+0.59
1.58+0.51

2.96+0.46" 6.06+1.07

1.87+0.39

1.02+0.23

2.62+0.28
81.45+26.52°
37.10+4.56"

1.45+0.31

1.01+0.21

5.54+0.65

7.15+1.03
2.15+0.55
2.44+0.56

5.81+0.65
2.31+0.34
1.29+0.22

2.41+0.24

1.67+0.35

1.00+0.00

TLR2 (“Ct)

1.27+0.35
3.45+0.58
876.81+131.58"

0.97+0.26"

1.73+0.27
2.39+0.47

1.00+0.00

TLR4 (“Ct)

2.35+0.63
588.77+101.38°

2.26+0.24"
994.31+157.47°

1.61+0.26*

1669.46+191.52  26.40+9.75

195.28+24.69

1.98+0.23
605.44+133.10 3088.07+330.03 2300.85+293.69

110.75+19.18

1.00+0.00
26.19+7.58

TLR9 (“Ct)

IL-6 (pg/ml)

67.10£15.17° 80.06+10.11°

39.69+8.11%

8.34+3.39
1.5440.11
0.03+0.02

7.86+3.58 163.26+20.78 189.00+26.32

TNF- @ (pg/ml)

Z0-1

0.72+0.09° 0.69+0.07%

0.74+0.08
0.29+0.05

0.89+0.12
0.13+0.03

0.25+0.04
0.84+0.05
60.17+7.72

0.26+0.08
0.56+0.09
51.67+7.26

0.47+0.09
0.26+0.05
43.34+4.24

0.87+0.15

1.57+0.17
0.03+0.02
2.84+0.35

0.69+0.08%
17.81+1.58°

0.41+0.06"
15.73+3.08"

0.12+0.04
35.75+4.66

% cell death

9.66+1.18°

7.15+1.15%

2.58+0.23

Intestinal permeability

*p<0.01, vs NS group.
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NS group

Ber group

Oh 2h 6h

12h 24h Oh 2h 6h

12h 24 h

Fig. 2. Levels of zonula occludens -1 (ZO-1) in protein extract from rat intestinal mucosa. 8 -actin was used as the reference for comparison
of ZO-1 levels from different samples. The expression of tight junction (TJ) component proteins ZO-1 decreased continuously after CLP
in both NS and Ber groups. However, the decrease appeared to be slower, due to the ZO-1 level in the Ber group was significantly higher

than that in NS group at 12 h or 24 h after CLP (p<0.05).

Fig. 3. Abundance and distribution of ZO-1 protein in the intestinal
villi of rats after CLP. A: NS group, 0 h; B: NS group, 2 h; C: NS
group, 6 h; D: NS group, 12 h; E: NS group, 24 h; F: Ber group,
0 h; G: Ber group, 2 h; H: Ber group, 6 h; I. Ber group, 12 h; J:
Ber group, 24 h (400%).

Ber group

NS group

Oh

2h

6h

12h

24 h

Fig. 4. Comparison of cell death in Situ intestinal epithelial cells
in NS group and Ber group. Intestinal epithelial cell death was
significantly lower in the Ber group than the NS group and Ber
group at 12 h and 24 h (200%).
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portant role of the Toll-like receptors (TLRs) for the in-
testinal epithelial barrier and confers commensal tolerance
[21], which suggests that TLRs signaling may involve the
process.

TLRs are capable of recognizing and discriminating di-
verse pathogen-associated molecular patterns (PAMPs)
[21]. TLR2, recognizes bacterial lipopeptides and lipotei-
choic acid which are found abundantly in cell walls of Gram
positive bacteria [26]. TLR2 may cooperate with TLR6 and
TLR1, suggesting an essential mechanism for diversifying
the repertoire of TLRs mediated responses [27]. TLR4 is
the major receptor for lipopolysaccharide (LPS) activation
[28] which may require the presence of accessory proteins,
such as MD-2, CD14 and LPS binding protein. TLR9 may
recognize the bacterial DNA which may enhance proin-
flammatory cytokine release [29].

In this present study, we observed that mRNA level of
intestinal TLR2 and TLR4 increased after CLP in all rats,
and significantly lower in the Ber group than the NS group
at 6 h which indicate that berberine after CLP could sup-
press TLR2 and TLR4 expressions in rat intestine, which
is consistent with the previous report [30]. In addition to
TLR2 and TLR4, our investigation demonstrated that
mRNA level of TLR9 in the Ber group remained higher
than that in the NS group during the entire experimental
period, especially at 6 h after CLP. Besides, we observed
a reciprocal pattern of expression of TLR4 and TLRY, sug-
gesting that reciprocal TLR4 and TLR9 signaling may occur
in the pathogenesis of sepsis, which is consistent with a
previous study [31]. These results above may imply: (1)
TLR2, TLR 4, and TLR9 may be involved in the pathophysi-
ology of sepsis following CLP; (2) the mechanisms of the
protective effect of berberine for intestinal mucosal barrier
may correlate with the decreased expression of TLR2 and
TLR4 and increased TLR9 expression within the intestine.

Current studies suggest that NF- «# B regulates the ex-
pressions of a wide variety of genes which are essential in
innate immune responses, including those encoding cyto-
kines such as TNF-a@ and IL-6 [32,33]. Persistent activa-
tion of NF- « B may cause excessive inflammatory cytokine
responses, culminating in tissue injury, organ dysfunction,
or even death [34]. The present study observed the nucleic
NF- « B protein levels in the intestinal mucosa and found
that it was slightly suppressed in the Ber group after CLP
(data not shown), which means that berberine could attenu-
ate NF- « B activation in rat intestine during CLP-induced
polymicrobial sepsis. Further study is being conducted in
our group.

In this present study, we found that CLP significantly
increased the serum IL-6 and TNF-a concentration in all
rats, and pretreatment with berberine alleviates the ele-
vation of both TNF-«@ and IL-6 during CLP-induced sepsis
which were similar to the recent findings [15,24]. Due to
the mRNA levels of TLR2 and TLR4 and increased TLR9
after CLP were affected by pre-treatment with berberine,
it is likely that berberine suppresses the inflammatory re-
sponses through the TLRs signaling pathway.

Tight junction proteins, including zonula occludens, occlu-
din and claudins, are vital components of the intestinal epi-
thelial paracellular barrier [35]. Research showed that in-
tra-abdominal infection caused a marked decrease in the lev-
els of tight junction proteins, resulting in loose inter-
connection of intestinal epithelial cells and increased in-
testinal permeability [36,37]. Our present study found that
the level of tight junction (TJ) component protein ZO-1 was

better maintained in the epithelial cells of the intestinal mu-
cosa after berberine pretreatment. The expression of occlu-
din and claudin-4 were also estimated and it appears that
their levels decreased less after CLP with berberine
pre-treatment (data not shown), which is consistent with the
findings from literature [37]. Analysis on these tight junction
proteins with more sensitive techniques may yield more de-
tailed information. In addition to maintaining the expression
of tight junction proteins, we also confirmed that berberine
pre-treatment decreases cell death in the intestinal mucosa
during sepsis. These effects likely contributed critically to
the low intestinal permeability in the Ber group after CLP
and we inferred that berberine protect the intestinal mucosal
barrier by attenuating the decrease of tight junction protein
and death of intestinal epithelial cell.

To our knowledge, most studies about the effects of ber-
berine on intestinal mucosal barrier remain at vitro animal
or cell experiment stage, there has been no report about
its clinical relevance in humans by the mechanism we ob-
served. Currently, Berberine is mainly used to treat gastro-
intestinal disorders and bacterial infection. Considering the
high conservative Toll-like receptor signaling pathway, the
regulatory effects of berberine on intestinal mucosal barrier
may still function in humans. However, human immune
system is far more complicated than the rat. Toll-like re-
ceptors are only one part of the initiation process. Whether
the presence of other immune response networks stimu-
lated in its downstream signaling cascade which leads to
different outcomes between animal experiment and hu-
mans remains to be elucidated.

In China, gastrointestinal disorders and bacterial infec-
tion such as intestinal infection, bacterial dysentery is
treated orally one to three times daily with berberine (100
~300 mg). Intravenous administration is forbidden. Berbe-
rine is reported to responsible for the high incidence of gas-
trointestinal adverse events (34.5%) after oral administra-
tion (500 mg three times daily) to type 2 diabetic patients
during the 13 weeks of berberine treatment [38]. These
events included diarrhea (10.3%), constipation (6.9%), flat-
ulence (19.0%) and abdominal pain (3.4%). After the dose
of berberine was reduced to 300 mg three times daily, none
of the patients were observed with pronounced (more than
50%) elevation in liver enzymes or creatinine. According to
the report from 2010 NIH [39], for infectious diarrhea, 100
to 200 mg of berberine hydrochloride may be taken by
mouth four times daily or as a single daily dose of 400 mg.
Oral administration of berberine hydrochloride (500~ 1000
mg) is taken three times daily in a particular situation.
Overall, further clinical trials are still needed to confirm
the effective dose of berberine usage in humans.

In conclusion, pretreatment with berberine attenuates tis-
sue injury and protects the intestinal mucosal barrier in ear-
ly phase of sepsis and it is likely that the mechanisms of
this preventive effect involve the TLRs signaling pathway.
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