
Effects of Berberine in the Gastrointestinal
Tract — A Review of Actions
and Therapeutic Implications

Chunqiu Chen,* Zhen Yu,* Yongyu Li,† Jakub Fichna‡ and Martin Storr§

*Department of General Surgery, Shanghai Tenth People’s Hospital

†Department of Pathophysiology, Institute of Digestive Disease

Tongji University School of Medicine, Shanghai, China
‡Department of Biochemistry, Medical University of Lodz, Lodz, Poland

§Department of Medicine, Ludwig Maximilians University of Munich

Munich, Germany

Published 3 September 2014

Abstract: Berberine is an isoquinoline alkaloid present in several plant species, includingCoptis
sp. and Berberis sp. In traditional medicine, extracts of berberine are used in the treatment of
diarrhea of different origins. Recent studies have shown that berberine and its derivatives have
significant biological effects on gastrointestinal (GI) and other functions and may become
therapeutics for the treatment of diarrhea, gastroenteritis, diabetes, hyperlipidemia, cardio-
vascular diseases and inflammatory conditions. This paper summarizes the current knowledge
on the actions of berberine in the GI tract. Binding and target sites, activated intracellular
pathways, as well as the absorption and metabolism of berberine are discussed. Effects that may
be useful in future clinical treatment, like antidiarrheal, anti-inflammatory and antitumor effects
are critically reviewed and potential clinical applications are presented in detail.

Keywords: Berberine; Gastrointestinal Disorders; Potential Therapeutics; Colon Cancer;
Intracellular Pathways.

Introduction

Berberine is an isoquinoline alkaloid with the structure shown in Fig. 1. It is present in
several plant species, which are common in the Eastern hemisphere, such asCoptis chinensis
Franch., Coptis japonica Makino., Berberis thunbergii DC., Hydrastis canadensis L., and
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Thalictrum lucidum Ait. It has a long history in traditional oriental medicine, where it has
been used to treat diarrhea and gastroenteritis due to its antimicrobial, antimotility and
antisecretory properties. Recent studies have shown that berberine and its derivatives also
display a potent analgesic (Tang et al., 2013), anti-inflammatory (Mo et al., 2014) and
anticancer activities (Tan et al., 2011), and may have a potential therapeutic effect on
diabetes (Hsu et al., 2013), hyperlipidemia (Dong et al., 2013), cardiovascular diseases
(Derosa et al., 2012), and CNS disorders (Bhutada et al., 2011) (Fig. 2).

In this review, we discuss the pharmacological targets and intracellular mechanisms of
action of berberine in the gut. We also explore potential clinical applications of berberine
and its derivatives.

Anti-Diarrheal Action of Berberine

Berberine has been known principally for its antidiarrhoeal activity, which may derive from
different mechanisms of action. Studies have shown that berberine decreases bacterial
adherence to mucosal or epithelial surfaces (Sun et al., 1988). Furthermore, berberine has a
direct bactericidal effect on V. cholera (Khin et al., 1985). It was also demonstrated that
berberine is an effective and safe anti-secretory drug for diarrhea caused by microbial
enterotoxins. For example, an animal study found that berberine reduces the intestinal
secretion of water and electrolytes induced by the cholera toxin (Rabbani et al., 1987).

Figure 2. The effects of berberine in the GI tract.

Figure 1. Structure of berberine.
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A significant antimicrobial activity of berberine cannot fully account for its anti-
diarrheal effect, especially in terms of secretory diarrhea. Indeed, studies have shown that
berberine also influences the process of ion transport. Wu et al. (2008) found that the
protoberberine alkaloid attenuates Cl� secretion through inhibition of basolateral SK4 Kþ
and apical CFTR channels. Moreover, Taylor et al. (1999) demonstrated that berberine
exerts an anti-secretory effect directly upon epithelial cells and the mechanism of action
may be at the level of a blockade of Kþ channels. Furthermore, the expression of Naþ/Hþ
exchanger (NHE) and AQP4 at mRNA and protein level were significantly increased in
mice with experimental diarrhea and human intestinal epithelial cell lines treated with
berberine (Zhang et al., 2012b).

Recently, a novel mechanism has been suggested to explain the anti-diarrheal effect
of berberine. It was found that berberine reinforces the tight junctions in the Caco-2 cell
line, reduces epithelial permeability in the gut, and significantly increases transepithelial
electrical resistance (Gu et al., 2009).

Anti-Inflammatory Effect of Berberine in the GI Tract

There is a growing body of evidence indicating that berberine alleviates colitis. The
compound was shown to decrease TNBS-induced colon bleeding, edema and lymphocyte
infiltration in colon mucosa (Zhou and Mineshita, 2000). Animal studies also demonstrated
that berberine is capable of attenuating mucosal damage and facilitating mucosal repair in
DSS-induced colitis, and exerts inhibitory effects not only on mild (4-day after DSS), but
also on severe colitis (7-day after DSS) (Yan et al., 2012).

By now, several mechanisms underlying the anti-inflammatory action of berberine
have been proposed. Berberine may improve colitis by inhibiting the growth of gram-
negative intestinal bacteria, such as E. coli, K. pneumonia and P. mirabilis (Cernakova
and Kostalova, 2002). Besides repressing or killing harmful gut bacteria, berberine has
some positive effect on beneficial gut microbiota, such as Bifidobacterium adolescentis
and Lactobacillus acidophilus. Most of the studies concentrate on the role of berberine
in the inhibition of cytokine-related pathways. It was found that berberine improves
TNBS-induced colitis in mice by down-regulating IFN-� and IL-17 production and
inhibiting IL-8 production in colonic epithelial cells (Zhou and Mineshita, 2000). Ber-
berine also inhibits the expression of pro-inflammatory cytokines, such as IL-1β, IL-6, and
TNF-�, and indirectly influences TLR4, NF-�B, AP-1 and MAPK-mediated pathways
(Jeong et al., 2009; Zhang et al., 2011a; Saha et al., 2011; Yan et al., 2011). Other studies
have revealed that berberine may play the role of a PPAR� agonist and reduce pro-
inflammatory molecule levels in macrophages via PPAR�-dependent pathways (Chen
et al., 2008). Finally, the depletion of pro-inflammatory mediators in dendritic cells is a
likely mechanism of berberine action in an IL-10 deficiency-induced mouse model of
colitis (Watanabe et al., 2003).

Besides regulation of the cytokine production by macrophages, berberine also regulates
macrophage function by stimulating apoptosis through caspase-3 activation, as shown in
vitro and in the DSS-induced mouse model of colitis (Yan et al., 2012). Decreased
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macrophage number contributes to the lowering of the levels of pro-inflammatory cyto-
kines produced by these cells.

Some studies have shown that berberine is a potent inhibitor of inducible COX-2
generation (Feng et al., 2012). As a result, berberine reduces COX-2 levels and attenuates
TNBS-induced colitis in vivo. In terms of lipid metabolism, berberine ameliorates TNBS-
induced colitis also via the inhibition of lipid peroxidation in the mouse colon, leading to
reduced malonyl dialdehyde (MDA) and 4-hydroxy-2-nonenal (4-HNE) levels and restored
superoxide dismutase and catalase activities (Lee et al., 2010).

Berberine is presumably a strong promoter of intestinal mucosal cell survival. The
compound attenuates endoplasmic reticulum stress and protects Caco-2 cells exposed to
IFN-�/TNF-� from apoptosis via the down-regulation of IRE1/XBP-1 and GRP78/BiP and
the inhibition of JNK activity (Hao et al., 2012).

At last, the amelioration of the splanchnic ischemia was also reported as the possible
mechanism of berberine anti-inflammatory action (Cho et al., 2004).

Inhibition of GI Motility

Berberine significantly reduces smooth muscle contractility and intestinal motility, and
delays intestinal transit time, as evidenced in rodents based on intestinal myoelectric
activity and upper GI transit studies (Feng et al., 2013; Gu et al., 2013). The in-
hibitory action of berberine could potentially be explained by the up-regulation of
somatostatin and glucagon-like peptide-1 (GLP-1) and down-regulation of motilin and
gastrin levels. Some reports demonstrate that the endogenous opioid system (EOS) is
also involved in the regulation of GI motility. An in vitro study showed that antag-
onizing EOS by the non-selective opioid receptor antagonist naloxone (NAL) blocks
the inhibitory effect of berberine on rat intestinal myoelectric activity (Cosola et al.,
2006; Feng et al., 2013).

Berberine Ameliorates Impaired GI Function

Lipopolysaccharide (LPS) found in the outer membrane of gram-negative bacteria has been
recognized as the major initiator of sepsis. LPS released by E. coli can injure the micro-
circulation and vascular endothelial cells and promote the excessive secretion of immune-
associated cytokines (Kim et al., 2012; Lee et al., 2013). Studies have suggested that
berberine effectively reduces the inflammatory response stimulated by LPS through the
inhibition of E-selectin expression, the decrease of the TXB2 content (Hu et al., 2009), the
inhibition of TNF-�, IFN-� and NO release and the up-regulation of IL-10 in mice
(Li et al., 2006). Furthermore, berberine prevents intestinal mucosal injury caused by LPS-
mediated endotoxemia in the rat and enhances intestinal mucosal recovery, possibly
through increased intestinal glutamine transport and enhanced glutaminase activity
(Niu et al., 2011). The preventive effect of berberine in the rat model of LPS-induced
intestinal injury may also result from the attenuation of the intestinal oxidative damage
through the elevation of the activities of SOD and GSH-Px, reduction of the levels of MDA
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and NO, and the suppression of the expression of TLR4 and NF-�B in the ileum (Zhang
et al., 2011b). As a result, berberine attenuates intestinal injury and decreases mortality in
animals exposed to LPS.

Furthermore, berberine was able to antagonize the TNF�-mediated barrier defects
in the cell model and in the rat colon. Berberine prevented TNF�-induced claudin-1
disassembly and up-regulation of claudin-2. Moreover, the effects of berberine were
mimicked by genistein plus BAY11-7082, indicating that they are mediated via the
tyrosine kinase, pAkt and NF�B, pathways. Berberine was therefore suggested as a
therapeutic approach against barrier breakdown in intestinal injury (Amasheh et al.,
2010).

In the model of indomethacin-induced lethal enteropathy, berberine was shown to
increase the number of COX-2 expressing cells in the lamina propria and the production
of PGE2 by isolated lamina propria mononuclear cells (Watanabe-Fukuda et al., 2009).
This suggests that berberine may be an efficient treatment option for the adverse effect of
NSAIDs in the small intestine.

Anticancer Action of Berberine in the Colon

Several mechanisms underlying the antitumor activity of berberine in different types of
carcinoma have been identified. These include stimulating caspase-dependent apoptosis
and caspase-independent cell death through the activation of apoptosis inducing factor
(Wang et al., 2002, 2012) suppressing cancer cell growth and proliferation through the
induction of cell cycle arrest (Yan et al., 2011), and inhibiting metastasis by down-regu-
lating matrix metalloproteinases and the activity of the AP-1 transcription factor (Fukuda
et al., 1999; Tillhon et al., 2012). Signaling pathways and proteins regulated by berberine
and involved in its anticancer activity include, among others, p53, MAPK, and NF-kB (Sun
et al., 2009).

Mechanisms, by which berberine suppresses cancer in the GI tract, still need to be fully
elucidated. Wang et al. (2012) reported that berberine activates apoptosis-inducing factor
(AIF), leading to caspase-independent cell death and showed that there is a link between
berberine-induced ROS generation and AIF activation in colon tumor cells. Of note, they
also demonstrated that normal colon epithelial cells are less susceptible to berberine-
induced cell death, suggesting specific mechanisms of inhibition of colon tumor cell
growth in presence of the compound. Another study showed that the antitumor action of
berberine in colon cancer is attributed to its antioxidant and anti-lipid-peroxidative prop-
erties (Thirupurasundari et al., 2009). In line, Hsu et al. reported that berberine effectively
inhibits COX-2 expression in SW620 human colon cancer cells in a dose- and time-
dependent manner, thus modifying the redox balance of the JNK and/or p38 pathways and
stimulating apoptosis (Fukuda et al., 1999; Hsu et al., 2007).

Several studies suggest that berberine displays a potent antiproliferative effect on colon
cancer cells. This action may result from down-regulating β-catenin mRNA expression and
blocking of the Wnt/β-catenin signaling pathways (Wu et al., 2012) or from inducing G1/S
and G2/M cell cycle arrest (Chidambara Murthy et al., 2012; Wang et al., 2013).
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Simultaneously, berberine may up-regulate Sesn2, which mediates the inhibition of the
PI3K–mTOR complex (mTORC)1-axis (Budanov and Karin, 2008).

Berberine activates AMPK, which inhibits migration-promoting signaling by de-
creasing integrin b1 protein levels, thus displaying a potent antimetastatic action. Ber-
berine has also been shown to exhibit an anti-cachectic effect in a colon cancer-bearing
mouse model through IL-6, a key molecule in cancer-induced cachexia (Iizuka et al.,
2002).

Finally, berberine may be of great significance in colon cancer chemoprevention. One
study showed that berberine treatment up-regulates the multi-drug resistant transporter
(pgp-170) expression in two oral (KB, OC2), two gastric (SC-M1, NUGC-3) and two colon
(COLO 205, CT 26) cancer cell lines (Lin et al., 1999). This leads to a reduced response to
Paclitaxel in cancer cells.

Anti-Metabolic Action of Berberine

For a long time, it has been thought that berberine is poorly absorbed through the gut
wall because of the low plasma concentrations found after its administration (Pan et al.,
2002). Therefore, the clinical relevance of the compound was questioned and mainly
referred to in terms of local action in the intestine. However, more recent studies have
shown that the absorption of berberine changes significantly in pathological conditions,
which alter the intestinal environment, as well as with some co-administered compounds.
These include LPS, which was shown to enhance the intestinal absorption of alkaloids
from Rhizoma coptidis in rats through decreased intestinal efflux and intestinal metabo-
lism (Ma et al., 2012). Another modulator, sodium caprate, significantly improves the
absorption of berberine in the small intestine by stimulating mucosal-to-serosal transport
in different areas of the small bowel. Consequently, a strong hypoglycemic effect of
berberine co-administered orally with sodium caprate vs. berberine alone was reported
(Lv et al., 2010). Finally, although it seems that there is no direct effect of the intestinal
flora on the metabolic stability of berberine and its derivatives, it may play a significant
role in the enterohepatic circulation of berberine metabolites (Zuo et al., 2006). These
observations open a wider perspective on berberine in the gut and underline the need to
consider metabolism and absorption in the intestine as an important element of berberine
pharmacokinetics.

Inhibition of Glucose Absorption in the GI Tract

The direct hypoglycemic effect of berberine involves well-described post-absorption
actions, including stimulating insulin secretion or release, increasing insulin receptor ex-
pression (Zhang et al., 2010), insulin-sensitizing (Wang et al., 2011), protecting pancreatic
islets (Chueh and Lin, 2011) and β-cells (Shen et al., 2012), stimulating glycolysis, pro-
moting the utilization and transformation of glucose (Li et al., 2012), up-regulating AMP-
activated protein kinase (Hardie, 2011) and glucose transporter (Cok et al., 2011), and
down-regulating mitochondrial respiratory complex I (Turner et al., 2008).
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The crucial step in the hypoglycemic action of berberine is the absorption through the
gut wall. Berberine is poorly absorbed in the digestive tract and its main transporter is
glycoprotein P(P-GP) (Pan et al., 2002). It was reported that P-GP, encoded by the mdr1
gene in humans and mdr1a and mdr1b genes in rodents, plays an important role in the
integrity of the intestinal barrier and protects the body from many exogenous toxins
and therapeutic drugs. Therefore, P-GP becomes a critical factor in limiting oral drug
bioavailability in the intestine (Takano et al., 2006). The hypoglycemic effect of berberine
described above is therefore limited by P-GP. In the absence of functional P-GP in the
intestine, an increased absorption of considerable important drugs, including berberine,
resulting in dramatically increased drug exposures in vivo, has been noted (Yu et al.,
2010).

It has been observed that berberine inhibits the expression of disaccharidases, such as
maltase and sucrase both, in Caco-2 cells and the rat digestive tract, with the most sig-
nificant effect found in the duodenum (Pan et al., 2003; Liu et al., 2010; Deng et al., 2012).
This results in less glucose being formed from carbohydrate digestion, which leads to the
reduction of blood glucose levels.

Berberine is also believed to be involved in the regulation of endocrine pancreatic
secretion. The key mediator here is the product of the enteroendocrine L cells of the gut,
GLP-1, which is secreted into the blood stream in response to nutrient ingestion and
significantly contributes to the overall insulin response to oral glucose (Doyle and Egan,
2007; Deacon, 2004). Berberine treatment significantly increases GLP-1 levels in blood,
ileum, and colon in the diabetic rat, thus elevating insulin secretion and improving the
function of β-cells in the pancreas. Furthermore, berberine may significantly increase the
number of L cells in ileum (Lu et al., 2009).

Interestingly, there is a striking overlap between the above-mentioned hypoglycemic
actions of berberine that needs to be mentioned. Berberine inhibits �-glucosidase activity
in the upper small intestine and in this way, delays the carbohydrate digestion and increases
its content in chyme entering the lower small intestine. The most abundant population of
endocrine L cells is located here, which may be stimulated physiologically (by carbohy-
drates) and pharmacologically (by berberine).

Hypolipidemic Action of Berberine

Cholesterol homeostasis is affected by numerous factors that influence absorption, syn-
thesis, clearance and excretion, and related metabolic pathways. Berberine interferes with
several of them, displaying a clear cholesterol-lowering effect, which was evidenced in
animal models and human subjects. Those mechanisms include lowering intestinal cho-
lesterol absorption (Wang et al., 2010), increasing LDL-receptor expression in the liver,
promoting bile formation and secretion (Briand et al., 2013) and interacting with micelles
through hydrophilic and hydrophobic binding sites to form alkaloid–bile salt agglomerates
(Megyesi and Biczok, 2007). Finally, berberine exerts an anti-obesity effect by inhibiting
fecal microbes. This inhibitory effect may be associated with a decrease in intestinal calorie
intake and de novo lipogenesis (Zhang et al., 2012a).
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Other Actions of Berberine in the GI Tract

Despite several years of attempts, the pharmacological target for berberine remains un-
known. Recently, it has been reported that berberine concentration-dependently inhibits
myoelectrical activity and GI transit in an opioid receptor-dependent manner (Feng et al.,
2013). However, studies on Jatrorrhizine, a protoberberine alkaloid isolated from the
medicinal plants Berberis aristata and Coptis chinensis, showed that it increases the
contractility of the gastric antral and ileum smooth muscles in rat. Jatrorrhizine dose-
dependently offset postoperative ileus-induced delayed gastric emptying and intestinal
transit in rats, an action mediated via the cholinergic pathway (Zhang et al., 2012). In-
terestingly, yet another study showed that berberine induces bidirectional regulation (Chen
et al., 2013). When the jejunum is in low contractile states, berberine induces contractions
via the cholinergic system. On the contrary, if the jejunum is in high contractile states,
relaxations stimulated by berberine relate to the adrenergic system and nitric oxide-de-
pendent mechanism.

Berberine has a potent antinociceptive effect, which prevents the progression of visceral
hypersensitivity to colorectal distension and is possibly mediated by NO (Tang et al.,
2013). This underlines the therapeutic potential of berberine for the treatment of patients
with gastric and intestinal dysfunction, like in IBS.

Side-Effects of Berberine

There are only a few reports on the side-effects of berberine in the GI tract, including
mildly upset stomach after oral administration. Moreover, berberine has low acute toxicity:
the LD50 in rats is 205mg/kg when given intraperitoneally (Kulkarni et al., 1972).
Presently, berberine is abundantly used in Chinese medicine in tablets and capsules at
doses of 0.2–1.0 g/day for the treatment of various diseases and only mild constipation,
especially in type 2 diabetes mellitus patients, was reported (Yin et al., 2008).

Of note, berberine can be used during pregnancy or labor. In line, one study showed that
Chinese Goldthread Rhizome and berberine did not induce neonatal jaundice in newly born
rats; moreover, no influence on the activity of glucose-6-phosphate dehydrogenase in mice
red blood cells was observed (Yang and Wang, 2008).

Conclusions

Berberine has a wide spectrum of effects in the GI tract, as evidenced by results gathered in
a series of basic and pre-clinical studies discussed in this review and summarized in
Table 1. These include a potent anti-diarrheal, anti-inflammatory, antitumor and anti-
nociceptive action, to name just a few. Despite the fact that the targets and mechanisms of
action remain unknown and require further investigations, berberine has potential to be
widely used in clinics in the therapy of irritable bowel syndrome (IBS), intestinal injury or
metabolic diseases. The data presented above warrants interest in berberine as potential
drug for GI diseases and encourages further studies.
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Table 1. A Summary of the Effects of Berberine in the GI Tract

Effect in the
GI Tract

Mechanism of
Berberine Action Study Details Authors

Anti-diarrheal Bactericidal to
V. cholera and

E. coli

Berberine (300�g/ml) produced inhibitory
effect on E. coli CI6 bacteria growth

(loss of adherence ability by 90%).

Sun D

In the study on a group of 185 cholera
patients (male:female 108:77, age
30–40 years), berberine hydrochloride

tablets (100mg, four times a day) re-
duced the volume of diarrhoeal stools
by one liter. One dose of berberine

reduced cyclic adenosine monopho-
sphate concentration in stools by 77%
24h after administration.

Khin MU

Inhibits intestinal
secretion

Intragastric administration of berberine
(80mg/kg, twice daily) reduced diar-
rhea symptoms in sennoside

A-induced mouse model of diarrhea
and significantly increased the
expression levels of NHE3 (Naþ/Hþ

exchanger3) and AQP4 (Aquaporin4).

Zhang Y

Preincubation with a protoberberine alka-
loid palmatine (1.0–300�m), inhibited
carbachol-evoked ISC in male Wistar

rat colonic mucosa (n ¼ 8–23).

Wu DZ

Berberine reduced (100�M, n ¼ 5) or
virtually abolished (500�M, n ¼ 5)

carbachol stimulated inward short
circuit current response in human co-
lonic mucosa. Pretreatment of T84 in-
testinal epithelial cell line monolayers

with berberine for 15min attenuated
(100�M) or significantly inhibited
(500�M) responses to forskolin

(n ¼ 5–8).

Taylor CT

Reduces gutepithelial
permeability

Incubation with berberine (50�M) fully
prevented the TNF-� induced barrier

defects in human colon carcinoma cell
line HT-29/B6 (n ¼ 8) and colon spe-
cimens of male Wistar rats (n ¼ 7)

Amasheh M

Caco-2 cells incubated with berberine
(25-100�M) for 2–72 h produced a
dose-dependent increase in transe-
pithelial electrical resistance.

Gu L

Reduces smooth muscle
contractility and
intestinal motility

Berberine (10�6�10�4 mol/kg, i:p:)

decreased upper GI transit in a con-
centration-dependent manner in mice
(n ¼ 8).

Feng Y

(Continued )
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Table 1. (Continued)

Effect in the
GI Tract

Mechanism of
Berberine Action Study Details Authors

Unknown In the study on a group of 165 adult
patients with acute diarrhea due to E.

coli and cholera, 400mg of berberine

in a single oral dose reduced the mean
stool volume during three consecutive
8-h periods after treatment.

Rabbani GH

Anti-inflammatory Antibacterial against
gram negative
bacteria

Berberine inhibited growth of
P. aeruginosa and E. coli.

Cernakova M

Regulates cytokine
levels

Histological lesions, morphological dam-
age and myeloperoxidase activity were
reduced after oral administration of
berberine (7.5 and 15mg/kg/day) in

TNBS-induced colitis in male Spra-
gue-Dawley rats (n ¼ 5). Berberine

(10�5 M) reduced IL-8 production in
rectal mucosa (n ¼ 5).

Zhou H

Berberine (100mg/kg/day, p.o.) adminis-
tered during the 3-day recovery after
4-day DSS treatment or 2-, 4-, and

6-day recovery after 7-day DSS treat-
ment in wild-type C57BL/6 mice
(n > 5) down-regulated DSS-induced
TNF, IFN-�, KC and IL-17.

Yan F

Improves intestinal
mucosal cell survival

Berberine (20�M, 2 h) reversed apoptosis
in Caco-2 cells incubated with IFN-�
(2.5 ng/mL) and TNF-� (50 ng/mL)

for 24 h.

Hao X

Inhibits lipid
peroxidation

Orally administered berberine (10 or
20mg, once a day from 3 days before

TNBS treatment to the day before
sacrifice) in male C3H/HeN and C3H/
HeJ mice (n ¼ 3) inhibited lipid per-

oxidation in liposomes.

Lee IA

Ameliorates
splanchnic
ischemia

Extract from Coptidis rhizoma (containing
20.8% berberine) at the dose of 62.5
and 125mg/kg body wt./day

administered for 10 or 30 consecutive
days protected against renal dysfunc-
tion in rat model of renal ischemia.

Cho EJ

Amelioration of intes-
tinal impairment
in endotoxemia

and enteropathy

Reduces
inflammatory
response

Berberine (10, 50 and 100�g/ml) down
regulated E-selectin expression and
decreased the content of TXB2 in the

intestinal microvascular endothelial
cells (RIMECs) challenged with
1�g/mL LPS.

Hu Y
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Table 1. (Continued)

Effect in the
GI Tract

Mechanism of
Berberine Action Study Details Authors

Inhibits TNF-�, IFN-�
and NO release and
up-regulates IL-10

Significant reduction in plasma TNF-�,
IFN-� and NO levels, and augmenta-
tion in IL-10 secretion after berberine

(50mg/kg, p.o., once a day for 5 days)
administered in mice (n ¼ 30) chal-
lenged with LPS.

Li F

Increases intestinal glu-
tamine transport and
glutaminase activity

Berberine (50mg/kg, p.o., once a day for
5 days) reversed the effect of LPS on
ileal and jejunal glutaminase activity

in male Sprague-Dawley rats (n ¼ 6).

Niu L

Prevents sepsis and
its complications

Berberine (30 or 120mg/kg, p.o., for
2 weeks) attenuated intestinal oxida-
tive damage by elevating the activities

of SOD and GSH-Px, reducing the
levels of MDA and NO, and suppres-
sing the expression of TLR4 and NF-

�B in ileum in male Sprague-Dawley
rats (n ¼ 12).

Zhang Q

Increases the number of

COX-2 expressing
cells

Indomethacin-induced increase in ADA

mRNA expression was attenuated in
the small intestine of female BALB/c
mice (n ¼ 5) fed with chow containing
berberine at twice the concentration

corresponding to that in 2% Orenge-
dokuto (includes 0.0703% berberine).
Berberine was administered from the

first indomethacin injection until the
end of the experiment.

Watanabe-

Fukuda Y

Antitumoral Stimulates caspase-

independent cell
death

Treatment with berberine (50 and 100�M)

resulted in a significant stimulation of
the mouse immorto-Min colonic epi-
thelial (IMCE) cell death.

Wang L

Displays anti-oxidant
and anti-lipid-
peroxidative
properties

Berberine (30mg/kg, treatment for 60
days) significantly enhanced the
antioxidant status in azoxymethane-
induced colon cancer rats (n ¼ 6).

Thirupurasundari
CJ

Induces apoptosis SW620 colon cancer cells incubated with
berberine (50�M) for 24 h displayed a
marked loss of viability proving ber-

berine elicit apoptosis.

Fukuda K

Inhibits cell proliferation
and reduces meta-

static potential

Incubation of HT-29 cells and IMCE cells
carrying the APC mutation for 24 h

with berberine (50�M) resulted in a
decrease of total EGFR and inhibition
of proliferation.

Wang L

(Continued )
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Table 1. (Continued)

Effect in the
GI Tract

Mechanism of
Berberine Action Study Details Authors

Berberine (10 and 20�M) inhibited cell
proliferation by 20% after a 24 h
treatment and reduced the migration of

SW480 and HCT116 cells.

Budanov AV

Displays anticachectic
action

Berberine (0.2 and 0.4% of the diet) sig-
nificantly prevented weight loss and

decrease in adipose tissues and gas-
trocnemius muscle in male mice
(n ¼ at least 5) bearing colon

26/clone 20 carcinoma cells.

Iizuka N

Targets multiple path-
ways to induce cell
death

Up to 85 and 86% of SW480 colon cancer
cells were arrested on G0/G1 after 24
and 48 h treatment, respectively, with

berberine (25�M). A relative increase
of 30% in MMP was observed after
treatment with 50�M berberine for

24 h. Treatment with berberine at
25�M resulted in elevated expression
of Bax/Bcl2.

Chidambara
Murthy KN

Anti-hyperglycemic Decreases disaccharidase
activity

Berberine (100 and 200mg/kg, p.o., once
daily for 5 weeks) significantly de-
creased disaccharidase activity in in-
testinal regions of STZ-induced

hyperglycemic male Sprague-Dawley
rats (n ¼ 6).

Liu L

Huanglian Wan extract (0.75 and 1.5 g/kg,

p.o. administration for 33 days) de-
creased the activity of disaccharidases
(maltase, sucrase and lactase) in duo-

denum, jejunum and ileum of STZ-
induced hyperglycemic male Sprague-
Dawley rats (n ¼ 8).

Deng YX

Promotes the release of
GCG

Berberine (120mg/kg per day, p.o. for 5
weeks) significantly increased GLP-1
(7–36) amide levels in blood, ileum, and
colon in STZ-induced hyperglycemic

male Sprague-Dawley rats (n ¼ 7).

Deacon CF

Hypolipidemic Inhibits cholesterol
absorption

Male Golden Syrian hamsters (n ¼ 15) fed
on diet enriched with 0.17% berberine

for 4 weeks displayed reduced frac-
tional cholesterol absorption by 10%
as compared with control.

Wang Y

Influences gut microflora Berberine (100mg/kg, once daily for
18 weeks) significantly modified the
gut microbiota in high-fat diet (HFD)-

fed rats (120 samples).

Zhang X
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Table 1. (Continued)

Effect in the
GI Tract

Mechanism of
Berberine Action Study Details Authors

Berberine (200mg/kg, p.o., for 6 weeks)
significantly reduced proportions
of Firmicutes and Bacteroidetes

to total fecal bacteria in male
C57BL/6J mice fed on the high-fat
diet (n ¼ 6).

Xie W

Inhibition of GI
motility

Inhibits myoelectrical
activity and GI tran-
sit in opioid receptor-

dependent manner

Berberine (10�6–10�4 mol/kg at 5ml/kg,

i:p: in male BALB/c mice, n ¼ 8 and

10�6–10�4 mol/kg in adult Sprague-
Dawley rats, n ¼ 8) inhibited GI
motility.

Feng Y

Berberine sulfate (0.2, 2.0 and 20.0mg/kg,
i:p) significantly inhibited myoelectric
activity and transit of the rat small in-
testine. The effect was partially medi-

ated by opioid and alpha-adrenergic
receptors.

Eaker EY

Increases contractility of

gastric antrum and
ileum smooth mus-
cles via cholinergic

pathways

Jatrorrhizine hydrochloride (proto-

berberine alkaloids, 0.1, 0.3 and
1.0mg/kg, p.o.) increased gastric
emptying and accelerated intestinal

transit in rat model of postoperative
ileus (n ¼ 10).

Zhang B

Influences nitrergic
pathways in a bi-di-

rectional manner

Berberine (5–30�mol/l) exerted stimulato-
ry effects on the contractility of rat je-

junal segment in low contractile states
(n ¼ 6), and inhibitory effects in high
contractile states (n ¼ 6), relating to

cholinergic system, adrenergic system
and nitric oxide relaxing mechanism

Chen DP

Antinociceptive Influences colonic hy-

persensitivity

Berberine (50mg/kg, i:p:, once daily)

significantly increased the nociceptive
threshold in male Sprague-Dawley rats
(n ¼ 8). Aminoguanidine reversed the

effect of berberine.

Tang QL

EFFECTS OF BERBERINE IN GI TRACT 1065

A
m

. J
. C

hi
n.

 M
ed

. 2
01

4.
42

:1
05

3-
10

70
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 5

0.
12

8.
24

6.
19

0 
on

 0
6/

26
/1

5.
 F

or
 p

er
so

na
l u

se
 o

nl
y.



References

Amasheh, M., A. Fromm, S.M. Krug, S. Amasheh, S. Andres, M. Zeitz, M. Fromm and J.D.
Schulzke. TNFalpha-induced and berberine-antagonized tight junction barrier impairment via
tyrosine kinase, Akt and NFkappaB signaling. J. Cell Sci. 123: 4145–4155, 2010.

Bhutada, P., Y. Mundhada, K. Bansod, S. Tawari, S. Patil, P. Dixit, S. Umathe and D. Mundhada.
Protection of cholinergic and antioxidant system contributes to the effect of berberine ame-
liorating memory dysfunction in rat model of streptozotocin-induced diabetes. Behav. Brain
Res. 220: 30–41, 2011.

Briand, F., Q. Thieblemont, E. Muzotte and T. Sulpice. Upregulating reverse cholesterol transport
with cholesteryl ester transfer protein inhibition requires combination with the LDL-lowering
drug berberine in dyslipidemic hamsters. Arterioscler. Thromb. Vasc. Biol. 33: 13–23, 2013.

Budanov, A.V. and M. Karin. p53 target genes sestrin1 and sestrin2 connect genotoxic stress and
mTOR signaling. Cell 134: 451–460, 2008.

Cernakova, M. and D. Kostalova. Antimicrobial activity of berberine — a constituent of Mahonia
aquifolium. Folia Microbiol. (Praha) 47: 375–378, 2002.

Chen, D.P., Y.J. Xiong, B.C. Lv, F.F. Liu, L. Wang, Z.Y. Tang and Y. Lin. Effects of berberine on rat
jejunal motility. J. Pharm. Pharmacol. 65: 734–744, 2013.

Chen, F.L., Z.H. Yang, Y. Liu, L.X. Li, W.C. Liang, X.C. Wang, W.B. Zhou, Y.H. Yang and R.M.
Hu. Berberine inhibits the expression of TNFalpha, MCP-1, and IL-6 in AcLDL-stimulated
macrophages through PPARgamma pathway. Endocrine 33: 331–337, 2008.

Chidambara Murthy, K.N., G.K. Jayaprakasha and B.S. Patil. The natural alkaloid berberine targets
multiple pathways to induce cell death in cultured human colon cancer cells. Eur. J.
Pharmacol. 688: 14–21, 2012.

Cho, E.J., T. Yokozawa, S.H. Rhee and K.Y. Park. The role of Coptidis rhizoma extract in a renal
ischemia-reperfusion model. Phytomedicine 11: 576–584, 2004.

Chueh, W.H. and J.Y. Lin. Berberine, an isoquinoline alkaloid in herbal plants, protects pancreatic
islets and serum lipids in nonobese diabetic mice. J. Agric. Food Chem. 59: 8021–8027,
2011.

Cok, A., C. Plaisier, M.J. Salie, D.S. Oram, J. Chenge and L.L. Louters. Berberine acutely activates
the glucose transport activity of GLUT1. Biochimie 93: 1187–1192, 2011.

Cosola, C., M. Albrizio, A.C. Guaricci, M.A. De Salvia, A. Zarrilli, R.L. Sciorsci and R. Minoia.
Opioid agonist/antagonist effect of naloxone in modulating rabbit jejunum contractility in
vitro. J. Physiol. Pharmacol. 57: 439–449, 2006.

Deacon, C.F. Therapeutic strategies based on glucagon-like peptide 1. Diabetes 53: 2181–2189,
2004.

Deng, Y.X., X.J. Zhang, Q.Z. Shi, Y.S. Chen, X.M. Qiu and B. Chen. Anti-hyperglycemic effects
and mechanism of traditional Chinese medicine Huanglian Wan in streptozocin-induced dia-
betic rats. J. Ethnopharmacol. 144: 425–432, 2012.

Derosa, G., P. Maffioli and A.F. Cicero. Berberine on metabolic and cardiovascular risk factors: An
analysis from preclinical evidences to clinical trials. Expert. Opin. Biol. Ther. 12: 1113–1124,
2012.

Dong, H., Y. Zhao, L. Zhao and F. Lu. The effects of berberine on blood lipids: A systemic review
and meta-analysis of randomized controlled trials. Planta Med. 79: 437–446, 2013.

Doyle, M.E. and J.M. Egan. Mechanisms of action of glucagon-like peptide 1 in the pancreas.
Pharmacol. Ther. 113: 546–593, 2007.

Feng, A.W., W. Gao, G.R. Zhou, R. Yu, N. Li, X.L. Huang, Q.R. Li and J.S. Li. Berberine
ameliorates COX-2 expression in rat small intestinal mucosa partially through PPARgamma
pathway during acute endotoxemia. Int. Immunopharmacol. 12: 182–188, 2012.

1066 C. CHEN et al.

A
m

. J
. C

hi
n.

 M
ed

. 2
01

4.
42

:1
05

3-
10

70
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 5

0.
12

8.
24

6.
19

0 
on

 0
6/

26
/1

5.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

http://www.worldscientific.com/action/showLinks?pmid=18692468&crossref=10.1016%2Fj.cell.2008.06.028&isi=000258665500018
http://www.worldscientific.com/action/showLinks?pmid=15331525&crossref=10.2337%2Fdiabetes.53.9.2181&isi=000223681300001
http://www.worldscientific.com/action/showLinks?pmid=23036812&crossref=10.1016%2Fj.jep.2012.09.039&isi=000312685100027
http://www.worldscientific.com/action/showLinks?pmid=12422513&crossref=10.1007%2FBF02818693&isi=000178381100007
http://www.worldscientific.com/action/showLinks?pmid=23600391&crossref=10.1111%2Fjphp.12026&isi=000318080100013
http://www.worldscientific.com/action/showLinks?pmid=22780092&crossref=10.1517%2F14712598.2012.704014&isi=000307205400013
http://www.worldscientific.com/action/showLinks?pmid=19034703&crossref=10.1007%2Fs12020-008-9089-3&isi=000263168100015
http://www.worldscientific.com/action/showLinks?pmid=23512497&crossref=10.1055%2Fs-0033-1348620&isi=000317814300002
http://www.worldscientific.com/action/showLinks?pmid=22617025&crossref=10.1016%2Fj.ejphar.2012.05.004&isi=000306106800003
http://www.worldscientific.com/action/showLinks?pmid=17306374&crossref=10.1016%2Fj.pharmthera.2006.11.007&isi=000245488200006
http://www.worldscientific.com/action/showLinks?pmid=21696141&crossref=10.1021%2Fjf201627w&isi=000292892900058
http://www.worldscientific.com/action/showLinks?pmid=21062898&crossref=10.1242%2Fjcs.070896&isi=000284306300016
http://www.worldscientific.com/action/showLinks?pmid=22155099&crossref=10.1016%2Fj.intimp.2011.11.009&isi=000300969200025
http://www.worldscientific.com/action/showLinks?pmid=15636170&crossref=10.1016%2Fj.phymed.2003.07.005&isi=000226315400003
http://www.worldscientific.com/action/showLinks?pmid=21545824&crossref=10.1016%2Fj.biochi.2011.04.013&isi=000292431000014
http://www.worldscientific.com/action/showLinks?pmid=21262264&crossref=10.1016%2Fj.bbr.2011.01.022&isi=000289703600004
http://www.worldscientific.com/action/showLinks?pmid=23139291&crossref=10.1161%2FATVBAHA.112.252932&isi=000312392500007
http://www.worldscientific.com/action/showLinks?pmid=17033096&isi=000240926900010


Feng, Y., Y. Li, C. Chen, X. Lin, Y. Yang, H. Cai, Z. Lv, M. Cao, K. Li, J. Xu, S. Li and Y. Jia.
Inhibiting roles of berberine in gut movement of rodents are related to activation of the
endogenous opioid system. Phytother. Res. 27: 1564–1571, 2013.

Fukuda, K., Y. Hibiya, M. Mutoh, M. Koshiji, S. Akao and H. Fujiwara. Inhibition by berberine of
cyclooxygenase-2 transcriptional activity in human colon cancer cells. J. Ethnopharmacol. 66:
227–233, 1999.

Gu, L., N. Li, Q. Li, Q. Zhang, C. Wang, W. Zhu and J. Li. The effect of berberine in vitro on tight
junctions in human Caco-2 intestinal epithelial cells. Fitoterapia 80: 241–248, 2009.

Gu, L., N. Li, W. Yu, J. Gong, Q. Li, W. Zhu and J. Li. Berberine reduces rat intestinal tight junction
injury induced by ischemia-reperfusion associated with the suppression of inducible nitric
oxide synthesis. Am. J. Chin. Med. 41: 1297–1312, 2013.

Hao, X., A. Yao, J. Gong, W. Zhu, N. Li and J. Li. Berberine ameliorates pro-inflammatory cytokine-
induced endoplasmic reticulum stress in human intestinal epithelial cells in vitro. Inflamma-
tion. 35: 841–849, 2012.

Hardie, D.G. Sensing of energy and nutrients by AMP-activated protein kinase. Am. J. Clin. Nutr. 93:
891S-6, 2011.

Hsu, Y.Y., Y.T. Tseng and Y.C. Lo. Berberine, a natural antidiabetes drug, attenuates glucose
neurotoxicity and promotes Nrf2-related neurite outgrowth. Toxicol. Appl. Pharmacol. 272:
787–796, 2013.

Hsu, W.H., Y.S. Hsieh, H.C. Kuo, C.Y. Teng, H.I. Huang, C.J. Wang, S.F. Yang, Y.S. Liou and
W.H. Kuo. Berberine induces apoptosis in SW620 human colonic carcinoma cells through
generation of reactive oxygen species and activation of JNK/p38 MAPK and FasL. Arch.
Toxicol. 81: 719–728, 2007.

Hu, Y., X. Chen, H. Duan, Y. Hu and X. Mu. Chinese herbal medicinal ingredients inhibit secretion
of IL-6, IL-8, E-selectin and TXB2 in LPS-induced rat intestinal microvascular endothelial
cells. Immunopharmacol. Immunotoxicol. 31: 550–555, 2009.

Iizuka, N., S. Hazama, K. Yoshimura, S. Yoshino, A. Tangoku, K. Miyamoto, K. Okita and M. Oka.
Anticachectic effects of the natural herb Coptidis rhizoma and berberine on mice bearing colon
26/clone 20 adenocarcinoma. Int. J. Cancer 99: 286–291, 2002.

Jeong, H.W., K.C. Hsu, J.W. Lee, M. Ham, J.Y. Huh, H.J. Shin, W.S. Kim and J.B. Kim. Berberine
suppresses proinflammatory responses through AMPK activation in macrophages. Am. J.
Physiol. Endocrinol. Metab. 296: E955–E964, 2009.

Khin, M.U., K. Myo, N.W. Nyunt, K. Aye and U. Tin. Clinical trial of berberine in acute watery
diarrhoea. Br. Med. J. (Clin. Res. Ed). 291: 1601–1605, 1985.

Kim, M.C., D.S. Kim, S.J. Kim, J. Park, H.L. Kim, S.Y. Kim, K.S. Ahn, H.J. Jang, S.G. Lee, K.M.
Lee, S.H. Hong and J.Y. Um. Eucommiae cortex inhibits TNF-alpha and IL-6 through the
suppression of caspase-1 in lipopolysaccharide-stimulated mouse peritoneal macrophages. Am.
J. Chin. Med. 40: 135–149, 2012.

Kulkarni, S.K., P.C. Dandiya and N.L. Varandani. Pharmacological investigations of berberine
sulphate. Jpn. J. Pharmacol. 22: 11–16, 1972.

Lee, H.J., Y.J. Jeong, T.S. Lee, Y.Y. Park, W.G. Chae, I.K. Chung, H.W. Chang, C.H. Kim, Y.H.
Choi, W.J. Kim, S.K. Moon and Y.C. Chang. Moringa fruit inhibits LPS-induced NO/iNOS
expression through suppressing the NF-kappa B activation in RAW264.7 cells. Am. J. Chin.
Med. 41: 1109–1123, 2013.

Lee, I.A., Y.J. Hyun and D.H. Kim. Berberine ameliorates TNBS-induced colitis by inhibiting lipid
peroxidation, enterobacterial growth and NF-kappaB activation. Eur. J. Pharmacol. 648: 162–
170, 2010.

Li, F., H.D. Wang, D.X. Lu, Y.P. Wang, R.B. Qi, Y.M. Fu and C.J. Li. Neutral sulfate berberine
modulates cytokine secretion and increases survival in endotoxemic mice. Acta Pharmacol.
Sin. 27: 1199–1205, 2006.

EFFECTS OF BERBERINE IN GI TRACT 1067

A
m

. J
. C

hi
n.

 M
ed

. 2
01

4.
42

:1
05

3-
10

70
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 5

0.
12

8.
24

6.
19

0 
on

 0
6/

26
/1

5.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

http://www.worldscientific.com/action/showLinks?pmid=19243699&crossref=10.1016%2Fj.fitote.2009.02.005&isi=000266765400008
http://www.worldscientific.com/action/showLinks?pmid=19208854&crossref=10.1152%2Fajpendo.90599.2008&isi=000264514900043
http://www.worldscientific.com/action/showLinks?system=10.1142%2FS0192415X13500870&pmid=24228602&isi=000327354400007
http://www.worldscientific.com/action/showLinks?system=10.1142%2FS0192415X12500115&pmid=22298454&isi=000299740500011
http://www.worldscientific.com/action/showLinks?pmid=21922249&crossref=10.1007%2Fs10753-011-9385-6&isi=000303382400009
http://www.worldscientific.com/action/showLinks?pmid=4260852&crossref=10.1254%2Fjjp.22.11
http://www.worldscientific.com/action/showLinks?pmid=21325438&crossref=10.3945%2Fajcn.110.001925&isi=000288531600036
http://www.worldscientific.com/action/showLinks?pmid=23954465&crossref=10.1016%2Fj.taap.2013.08.008&isi=000326141400024
http://www.worldscientific.com/action/showLinks?pmid=17673978&crossref=10.1007%2Fs00204-006-0169-y&isi=000249916200006
http://www.worldscientific.com/action/showLinks?pmid=20828550&crossref=10.1016%2Fj.ejphar.2010.08.046&isi=000283701000022
http://www.worldscientific.com/action/showLinks?pmid=16923341&crossref=10.1111%2Fj.1745-7254.2006.00368.x&isi=000240554800013
http://www.worldscientific.com/action/showLinks?pmid=19874221&crossref=10.3109%2F08923970902814129&isi=000275067400006
http://www.worldscientific.com/action/showLinks?pmid=23339028&isi=000325365700017
http://www.worldscientific.com/action/showLinks?pmid=10433483&crossref=10.1016%2FS0378-8741%2898%2900162-7&isi=000082377400016
http://www.worldscientific.com/action/showLinks?pmid=11979446&crossref=10.1002%2Fijc.10338&isi=000175301000019


Lin, H.L., T.Y. Liu, C.W. Wu and C.W. Chi. Berberine modulates expression of mdr1 gene product
and the responses of digestive track cancer cells to Paclitaxel. Br. J. Cancer 81: 416–422,
1999.

Li, Z.Q., D.Y. Zuo, X.D. Qie, H. Qi, M.Q. Zhao and Y.L. Wu. Berberine acutely inhibits the
digestion of maltose in the intestine. J. Ethnopharmacol. 142: 474–480, 2012.

Liu, L., Y.L. Yu, J.S. Yang, Y. Li, Y.W. Liu, Y. Liang, X.D. Liu, L. Xie and G.J. Wang. Berberine
suppresses intestinal disaccharidases with beneficial metabolic effects in diabetic states, evi-
dences from in vivo and in vitro study. Naunyn Schmiedebergs Arch. Pharmacol. 381: 371–
381, 2010.

Lu, S.S., Y.L. Yu, H.J. Zhu, X.D. Liu, L. Liu, Y.W. Liu, P. Wang, L. Xie and G.J. Wang. Berberine
promotes glucagon-like peptide-1 (7-36) amide secretion in streptozotocin-induced diabetic
rats. J. Endocrinol. 200: 159–165, 2009.

Lv, X.Y., J. Li, M. Zhang, C.M. Wang, Z. Fan, C.Y. Wang and L. Chen. Enhancement of sodium
caprate on intestine absorption and antidiabetic action of berberine. AAPS. Pharm. Sci. Tech.
11(1): 372–382, 2010.

Ma, B.L., M.K. Yao, J. Zhong, Y.M. Ma, C.L. Gao, J.S. Wu, F.R. Qiu, C.H. Wang and X.H.
Wang. Increased systemic exposure to rhizoma coptidis alkaloids in lipopolysaccharide-
pretreated rats attributable to enhanced intestinal absorption. Drug Metab. Dispos. 40: 381–
388, 2012.

Megyesi, M. and L. Biczok. Berberine alkaloid as a sensitive fluorescent probe for bile salt aggre-
gates. J. Phys. Chem. B 111: 5635–5639, 2007.

Mo, C., L. Wang, J. Zhang, S. Numazawa, H. Tang, X. Tang, X. Han, J. Li, M. Yang, Z. Wang, D.
Wei and H. Xiao. The crosstalk between Nrf2 and AMPK signal pathways is important for the
anti-inflammatory effect of berberine in LPS-stimulated macrophages and endotoxin-shocked
mice. Antioxid. Redox. Signal. 20: 574–588, 2014.

Niu, L., W. Qiao, Z. Hu, N. Li, Q. Huang, J. Gong, Q. Li, W. Zhu and J. Li. Berberine attenuates
lipopolysaccharide-induced impairments of intestinal glutamine transport and glutaminase
activity in rat. Fitoterapia 82: 323–330, 2011.

Pan, G.Y., G.J. Wang, X.D. Liu, J.P. Fawcett and Y.Y. Xie. The involvement of P-glycoprotein in
berberine absorption. Pharmacol. Toxicol. 91: 193–197, 2002.

Pan, G.Y., Z.J. Huang, G.J. Wang, J.P. Fawcett, X.D. Liu, X.C. Zhao, J.G. Sun and Y.Y. Xie. The
antihyperglycaemic activity of berberine arises from a decrease of glucose absorption. Planta
Med. 69: 632–636, 2003.

Rabbani, G.H., T. Butler, J. Knight, S.C. Sanyal and K. Alam. Randomized controlled trial of
berberine sulfate therapy for diarrhea due to enterotoxigenic Escherichia coli and Vibrio
cholerae. J. Infect. Dis. 155: 979–984, 1987.

Saha, P., S. Bhattacharjee, A. Sarkar, A. Manna, S. Majumder and M. Chatterjee. Berberine chloride
mediates its anti-leishmanial activity via differential regulation of the mitogen activated protein
kinase pathway in macrophages. PLoS One 6: e18467, 2011.

Shen, N., Y. Huan and Z.F. Shen. Berberine inhibits mouse insulin gene promoter through activation
of AMP activated protein kinase and may exert beneficial effect on pancreatic beta-cell. Eur. J.
Pharmacol. 694: 120–126, 2012.

Sun, D., S.N. Abraham and E.H. Beachey. Influence of berberine sulfate on synthesis and expression
of Pap fimbrial adhesin in uropathogenic Escherichia coli. Antimicrob. Agents Chemother. 32:
1274–1277, 1988.

Sun, Y., K. Xun, Y. Wang and X. Chen. A systematic review of the anticancer properties of
berberine, a natural product from Chinese herbs. Anticancer Drugs 20: 757–769, 2009.

Takano, M., R. Yumoto and T. Murakami. Expression and function of efflux drug transporters in the
intestine. Pharmacol. Ther. 109: 137–161, 2006.

1068 C. CHEN et al.

A
m

. J
. C

hi
n.

 M
ed

. 2
01

4.
42

:1
05

3-
10

70
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 5

0.
12

8.
24

6.
19

0 
on

 0
6/

26
/1

5.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

http://www.worldscientific.com/action/showLinks?pmid=22626925&crossref=10.1016%2Fj.jep.2012.05.022&isi=000306536200021
http://www.worldscientific.com/action/showLinks?pmid=12530470&crossref=10.1034%2Fj.1600-0773.2002.t01-1-910403.x
http://www.worldscientific.com/action/showLinks?pmid=12898419&crossref=10.1055%2Fs-2003-41121&isi=000184890000008
http://www.worldscientific.com/action/showLinks?pmid=20229011&crossref=10.1007%2Fs00210-010-0502-0&isi=000277181700010
http://www.worldscientific.com/action/showLinks?pmid=3549923&crossref=10.1093%2Finfdis%2F155.5.979&isi=A1987G858500021
http://www.worldscientific.com/action/showLinks?pmid=18996945&crossref=10.1677%2FJOE-08-0419&isi=000263363100005
http://www.worldscientific.com/action/showLinks?pmid=20237966&crossref=10.1208%2Fs12249-010-9386-z&isi=000278921800045
http://www.worldscientific.com/action/showLinks?pmid=21483684&crossref=10.1371%2Fjournal.pone.0018467&isi=000289191300024
http://www.worldscientific.com/action/showLinks?pmid=22086980&crossref=10.1124%2Fdmd.111.041152&isi=000299329000020
http://www.worldscientific.com/action/showLinks?pmid=22955013&crossref=10.1016%2Fj.ejphar.2012.07.052&isi=000310177000016
http://www.worldscientific.com/action/showLinks?pmid=2903716&crossref=10.1128%2FAAC.32.8.1274&isi=A1988P607100034
http://www.worldscientific.com/action/showLinks?pmid=17474769&crossref=10.1021%2Fjp067702g&isi=000246569400015
http://www.worldscientific.com/action/showLinks?pmid=19704371&crossref=10.1097%2FCAD.0b013e328330d95b&isi=000269814500001
http://www.worldscientific.com/action/showLinks?pmid=23875776&crossref=10.1089%2Fars.2012.5116&isi=000329929400003
http://www.worldscientific.com/action/showLinks?pmid=16209890&crossref=10.1016%2Fj.pharmthera.2005.06.005&isi=000234162200009
http://www.worldscientific.com/action/showLinks?pmid=21073932&crossref=10.1016%2Fj.fitote.2010.11.007&isi=000288354700005
http://www.worldscientific.com/action/showLinks?pmid=10507765&crossref=10.1038%2Fsj.bjc.6690710&isi=000082809800007


Tan, W., Y. Li, M. Chen and Y. Wang. Berberine hydrochloride: Anticancer activity and nano-
particulate delivery system. Int. J. Nanomedicine. 6: 1773–1777, 2011.

Tang, Q.L., M.L. Lai, Y.F. Zhong, A.M. Wang, J.K. Su and M.Q. Zhang. Antinociceptive effect of
berberine on visceral hypersensitivity in rats. World J. Gastroenterol. 19: 4582–4589, 2013.

Taylor, C.T., D.C. Winter, M.M. Skelly, D.P. O’Donoghue, G.C. O’Sullivan, B.J. Harvey and A.W.
Baird. Berberine inhibits ion transport in human colonic epithelia. Eur. J. Pharmacol. 368:
111–118, 1999.

Thirupurasundari, C.J., R. Padmini and S.N. Devaraj. Effect of berberine on the antioxidant status,
ultrastructural modifications and protein bound carbohydrates in azoxymethane-induced colon
cancer in rats. Chem. Biol. Interact. 177: 190–195, 2009.

Tillhon, M., L.M. Guaman Ortiz, P. Lombardi and A.I. Scovassi. Berberine: New perspectives for old
remedies. Biochem. Pharmacol. 84: 1260–1267, 2012.

Turner, N., J.Y. Li, A. Gosby, S.W. To, Z. Cheng, H. Miyoshi, M.M. Taketo, G.J. Cooney, E.W.
Kraegen, D.E. James, L.H. Hu, J. Li and J.M. Ye. Berberine and its more biologically available
derivative, dihydroberberine, inhibit mitochondrial respiratory complex I: A mechanism for
the action of berberine to activate AMP-activated protein kinase and improve insulin action.
Diabetes 57: 1414–1418, 2008.

Wang, D.Y., C.C. Yeh, J.H. Lee, C.F. Hung and J.G. Chung. Berberine inhibited arylamine
N-acetyltransferase activity and gene expression and DNA adduct formation in human ma-
lignant astrocytoma (G9T/VGH) and brain glioblastoma multiforms (GBM 8401) cells.
Neurochem. Res. 27: 883–889, 2002.

Wang, L., H. Cao, N. Lu, L. Liu, B. Wang, T. Hu, D.A. Israel, R.M. Peek Jr., D.B. Polk and F. Yan.
Berberine inhibits proliferation and down-regulates epidermal growth factor receptor through
activation of Cbl in colon tumor cells. PLoS One 8(2): e56666, 2013.

Wang, L., L. Liu, Y. Shi, H. Cao, R. Chaturvedi, M.W. Calcutt, T. Hu, X. Ren, K.T. Wilson, D.B.
Polk and F. Yan. Berberine induces caspase-independent cell death in colon tumor cells
through activation of apoptosis-inducing factor. PLoS One 7: e36418, 2012.

Wang, Y., T. Campbell, B. Perry, C. Beaurepaire and L. Qin. Hypoglycemic and insulin-sensitizing
effects of berberine in high-fat diet- and streptozotocin-induced diabetic rats. Metabolism 60:
298–305, 2011.

Wang, Y., X. Jia, K. Ghanam, C. Beaurepaire, J. Zidichouski and L. Miller. Berberine and plant
stanols synergistically inhibit cholesterol absorption in hamsters. Atherosclerosis 209: 111–
117, 2010.

Watanabe-Fukuda, Y., M. Yamamoto, N. Miura, M. Fukutake, A. Ishige, R. Yamaguchi, M.
Nagasaki, A. Saito, S. Imoto, S. Miyano, J. Takeda and K. Watanabe. Orengedokuto and
berberine improve indomethacin-induced small intestinal injury via adenosine. J. Gastro-
enterol. 44: 380–389, 2009.

Watanabe, N., K. Ikuta, K. Okazaki, H. Nakase, Y. Tabata, M. Matsuura, H. Tamaki, C. Kawanami,
T. Honjo and T. Chiba. Elimination of local macrophages in intestine prevents chronic colitis
in interleukin-10-deficient mice. Dig. Dis. Sci. 48: 408–414, 2003.

Wu, D.Z., J.Y. Yuan, H.L. Shi and Z.B. Hu. Palmatine, a protoberberine alkaloid, inhibits both
Ca(2þ)- and cAMP-activated Cl(�) secretion in isolated rat distal colon. Br. J. Pharmacol.
153: 1203–1213, 2008.

Wu, K., Q. Yang, Y. Mu, L. Zhou, Y. Liu, Q. Zhou and B. He. Berberine inhibits the proliferation of
colon cancer cells by inactivating Wnt/beta-catenin signaling. Int. J. Oncol. 41: 292–298,
2012.

Yan, F., L. Wang, Y. Shi, H. Cao, L. Liu, M.K. Washington, R. Chaturvedi, D.A. Israel, H. Cao, B.
Wang, R.M. Peek Jr., K.T. Wilson and D.B. Polk. Berberine promotes recovery of colitis and
inhibits inflammatory responses in colonic macrophages and epithelial cells in DSS-treated
mice. Am. J. Physiol. Gastrointest. Liver Physiol. 302: G504–G514, 2012.

EFFECTS OF BERBERINE IN GI TRACT 1069

A
m

. J
. C

hi
n.

 M
ed

. 2
01

4.
42

:1
05

3-
10

70
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 5

0.
12

8.
24

6.
19

0 
on

 0
6/

26
/1

5.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

http://www.worldscientific.com/action/showLinks?pmid=22173918&crossref=10.1152%2Fajpgi.00312.2011&isi=000301114200004
http://www.worldscientific.com/action/showLinks?pmid=22574158&crossref=10.1371%2Fjournal.pone.0036418&isi=000305349800054
http://www.worldscientific.com/action/showLinks?pmid=21931477&crossref=10.2147%2FIJN.S22683
http://www.worldscientific.com/action/showLinks?pmid=20304443&crossref=10.1016%2Fj.metabol.2010.02.005&isi=000286955800020
http://www.worldscientific.com/action/showLinks?pmid=23901236&crossref=10.3748%2Fwjg.v19.i28.4582&isi=000322328400018
http://www.worldscientific.com/action/showLinks?pmid=19782362&crossref=10.1016%2Fj.atherosclerosis.2009.08.050&isi=000275101500017
http://www.worldscientific.com/action/showLinks?pmid=10096776&crossref=10.1016%2FS0014-2999%2899%2900023-0&isi=000079001400014
http://www.worldscientific.com/action/showLinks?pmid=19319464&crossref=10.1007%2Fs00535-009-0005-2&isi=000266008900003
http://www.worldscientific.com/action/showLinks?pmid=18951886&crossref=10.1016%2Fj.cbi.2008.09.027&isi=000263584900003
http://www.worldscientific.com/action/showLinks?pmid=12643623&crossref=10.1023%2FA%3A1021960401290&isi=000180344300026
http://www.worldscientific.com/action/showLinks?pmid=22842630&crossref=10.1016%2Fj.bcp.2012.07.018&isi=000311870500005
http://www.worldscientific.com/action/showLinks?pmid=18204477&crossref=10.1038%2Fsj.bjp.0707684&isi=000254042500015
http://www.worldscientific.com/action/showLinks?pmid=18285556&crossref=10.2337%2Fdb07-1552&isi=000255628700034
http://www.worldscientific.com/action/showLinks?pmid=22469784&isi=000304578800036
http://www.worldscientific.com/action/showLinks?pmid=12396098&crossref=10.1023%2FA%3A1020335430016&isi=000178099000003
http://www.worldscientific.com/action/showLinks?pmid=23457600&crossref=10.1371%2Fjournal.pone.0056666&isi=000315602700089


Yang, S. and X. Wang. A research on the erupted fetal diseases caused by traditional Chinese drugs
— discussion from the issue that Chinese goldthread rhizome is prohibited in Singapore. J.
Tradit. Chin. Med. 28: 235–240, 2008.

Yan, K., C. Zhang, J. Feng, L. Hou, L. Yan, Z. Zhou, Z. Liu, C. Liu, Y. Fan, B. Zheng and Z. Xu.
Induction of G1 cell cycle arrest and apoptosis by berberine in bladder cancer cells. Eur.
J. Pharmacol. 661: 1–7, 2011.

Yin, J., H. Xing and J. Ye. Efficacy of berberine in patients with type 2 diabetes mellitus. Metabolism
57: 712–717, 2008.

Yu, S., Y. Yu, L. Liu, X. Wang, S. Lu, Y. Liang, X. Liu, L. Xie and G. Wang. Increased plasma
exposures of five protoberberine alkaloids from Coptidis rhizoma in streptozotocin-induced
diabetic rats: Is P-GP involved? Planta Med. 76: 876–881, 2010.

Zhang, B., A. Cao, J. Zhou, Z. Hu and D. Wu. Effect of jatrorrhizine on delayed gastrointestinal
transit in rat postoperative ileus. J. Pharm. Pharmacol. 64: 413–419, 2012.

Zhang, H., J. Wei, R. Xue, J.D. Wu, W. Zhao, Z.Z. Wang, S.K. Wang, Z.X. Zhou, D.Q. Song, Y.M.
Wang, H.N. Pan, W.J. Kong and J.D. Jiang. Berberine lowers blood glucose in type 2 diabetes
mellitus patients through increasing insulin receptor expression. Metabolism 59: 285–292,
2010.

Zhang, M., Y. Long, Y. Sun, Y. Wang, Q. Li, H. Wu, Z. Guo, Y. Li, Y. Niu, C. Li, L. Liu and
Q. Mei. Evidence for the complementary and synergistic effects of the three-alkaloid com-
bination regimen containing berberine, hypaconitine and skimmianine on the ulcerative colitis
rats induced by trinitrobenzene-sulfonic acid. Eur. J. Pharmacol. 651: 187–196, 2011a.

Zhang, Q., X.L. Piao, X.S. Piao, T. Lu, D. Wang and S.W. Kim. Preventive effect of Coptis chinensis
and berberine on intestinal injury in rats challenged with lipopolysaccharides. Food Chem.
Toxicol. 49: 61–69, 2011b.

Zhang, X., Y. Zhao, M. Zhang, X. Pang, J. Xu, C. Kang, M. Li, C. Zhang, Z. Zhang, Y. Zhang, X. Li,
G. Ning and L. Zhao. Structural changes of gut microbiota during berberine-mediated pre-
vention of obesity and insulin resistance in high-fat diet-fed rats. PLoS One 7: e42529, 2012a.

Zhang, Y., X. Wang, S. Sha, S. Liang, L. Zhao, L. Liu, N. Chai, H. Wang and K. Wu. Berberine
increases the expression of NHE3 and AQP4 in sennosideA-induced diarrhoea model. Fito-
terapia 83: 1014–1022, 2012b.

Zhou, H. and S. Mineshita. The effect of berberine chloride on experimental colitis in rats in vivo and
in vitro. J. Pharmacol. Exp. Ther. 294: 822–829, 2000.

Zuo, F., N. Nakamura, T. Akao and M. Hattori. Pharmacokinetics of berberine and its main meta-
bolites in conventional and pseudo germ-free rats determined by liquid chromatography/ion
trap mass spectrometry. Drug Metab. Dispos. 34: 2064–2072, 2006.

1070 C. CHEN et al.

A
m

. J
. C

hi
n.

 M
ed

. 2
01

4.
42

:1
05

3-
10

70
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 5

0.
12

8.
24

6.
19

0 
on

 0
6/

26
/1

5.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

http://www.worldscientific.com/action/showLinks?pmid=20932871&crossref=10.1016%2Fj.fct.2010.09.032&isi=000287056500009
http://www.worldscientific.com/action/showLinks?pmid=22880019&crossref=10.1371%2Fjournal.pone.0042529&isi=000307284100120
http://www.worldscientific.com/action/showLinks?pmid=19004212&crossref=10.1016%2FS0254-6272%2808%2960055-2
http://www.worldscientific.com/action/showLinks?pmid=21545798&crossref=10.1016%2Fj.ejphar.2011.04.021&isi=000291372600001
http://www.worldscientific.com/action/showLinks?pmid=22668974&crossref=10.1016%2Fj.fitote.2012.05.015&isi=000308116600006
http://www.worldscientific.com/action/showLinks?pmid=18442638&crossref=10.1016%2Fj.metabol.2008.01.013&isi=000255672100020
http://www.worldscientific.com/action/showLinks?pmid=10945829&isi=000088940300004
http://www.worldscientific.com/action/showLinks?pmid=16956957&crossref=10.1124%2Fdmd.106.011361&isi=000242374700016
http://www.worldscientific.com/action/showLinks?pmid=20108175&crossref=10.1055%2Fs-0029-1240815&isi=000279668400006
http://www.worldscientific.com/action/showLinks?pmid=22309273&crossref=10.1111%2Fj.2042-7158.2011.01407.x&isi=000299889100012
http://www.worldscientific.com/action/showLinks?pmid=19800084&crossref=10.1016%2Fj.metabol.2009.07.029&isi=000276761600020
http://www.worldscientific.com/action/showLinks?pmid=20969848&crossref=10.1016%2Fj.ejphar.2010.10.030&isi=000286849400025


This article has been cited by:

1. Zhentao Guo, Hongri Sun, Huamin Zhang, Yanfeng Zhang. 2015. Anti-hypertensive and
renoprotective effects of berberine in spontaneously hypertensive rats. Clinical and Experimental
Hypertension 1-8. [CrossRef]

2. Touqeer Ahmed, Anwar-ul-Hassan Gilani, Mohammad Abdollahi, Maria Daglia, Seyed Fazel
Nabavi, Seyed Mohammad Nabavi. 2015. Berberine and neurodegeneration: A review of literature.
Pharmacological Reports . [CrossRef]

A
m

. J
. C

hi
n.

 M
ed

. 2
01

4.
42

:1
05

3-
10

70
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 5

0.
12

8.
24

6.
19

0 
on

 0
6/

26
/1

5.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

http://dx.doi.org/10.3109/10641963.2014.972560
http://dx.doi.org/10.1016/j.pharep.2015.03.002

	Effects of Berberine in the Gastrointestinal Tract&nbsp;&mdash; A Review of Actions and Therapeutic Implications
	Introduction
	Anti-Diarrheal Action of Berberine
	Anti-Inflammatory Effect of Berberine in the GI Tract
	Inhibition of GI Motility
	Berberine Ameliorates Impaired GI Function

	Anticancer Action of Berberine in the Colon
	Anti-Metabolic Action of Berberine
	Inhibition of Glucose Absorption in the GI Tract
	Hypolipidemic Action of Berberine

	Other Actions of Berberine in the GI Tract
	Side-Effects of Berberine
	Conclusions
	Acknowledgments
	References


