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Berberine as a therapy for type 2 diabetes and its
complications: From mechanism of action to clinical studies1
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Abstract: The incidence of type 2 diabetes is increasing rapidly worldwide, and the development of novel anti-diabetic drugs is
emerging. However, most anti-diabetic drugs cannot be used in patients with hepatic dysfunction, renal disease, and heart
disease, which makes pharmacological therapy of type 2 diabetes complicated. Despite continued introduction of novel agents,
the search for an ideal drug that is useful as both a hypoglycemic agent and to reduce diabetes-related complications remains
elusive. Berberine is an isoquinoline alkaloid extract that has shown promise as a hypoglycemic agent in the management of
diabetes in animal and human studies. Mechanistic studies have revealed beneficial effects of berberine on diabetes-related
complications. Although there have been few clinical reports of the anti-diabetic effects of berberine, little documentation of
adverse effects in humans positions it as a potential candidate drug to treat type 2 diabetes. In the present review, the
anti-diabetic mechanism of berberine, its effect on diabetes-related complications, and its recent use in human clinical studies
is highlighted. In addition, we summarize the different treatments for type 2 diabetes in adults and children.

Key words: type 2 diabetes mellitus, adults, children, berberine, complications, hypoglycemic, drug, metabolism, adenosine-5=-
monophosphate kinase.

Résumé : L'incidence du diabète de type 2 augmente rapidement à travers le monde et le développement de nouveaux
médicaments antidiabétiques est en pleine émergence. Cependant, la plupart des médicaments antidiabétiques ne peuvent être
utilisés chez des patients qui présentent une dysfonction hépatique, une maladie rénale ou une maladie cardiaque, ce qui
complique la thérapie pharmacologique du diabète de type 2. Malgré l'introduction continuelle de nouveaux agents, la recher-
che d'un médicament idéal qui serait utile comme agent hypoglycémiant et qui réduirait les complications reliées au diabète
demeure hors de portée. La berbérine est une isoquinoline alcaloïde qui s'est montrée prometteuse comme agent hypoglycémi-
ant dans le contrôle du diabète lors d'études chez l'animal et chez l'humain. Des études mécanistiques ont révélé des effets
bénéfiques de la berbérine sur les complications reliées au diabète. Même s'il n'existe que peu d'études cliniques portant sur les
effets antidiabétiques de la berbérine, la faible documentation d'effets secondaires chez l'humain la place comme médicament
potentiel pour traiter le diabète de type 2. Dans cet article de revue, le mécanisme d'action antidiabétique de la berbérine, son
effet sur les complications reliées au diabète et son utilisation récente lors d'études cliniques sont mises en évidence. De plus, les
auteurs résument les différents traitements du diabète de type 2 chez les adultes et les enfants. [Traduit par la Rédaction]

Mots-clés : diabète sucré de type 2, enfants, berbérine, complications, hypoglycémiant, médicament, métabolisme.

Type 2 diabetes in adults and children
Thirty years ago, type 2 diabetes (T2D) was a fairly rare occur-

rence in adults and was almost undocumented in children
(Arslanian 2002). In 2010, 285 million people with T2D comprised
approximately 90% of diabetes worldwide (Guariguata et al. 2014).
The global prevalence of diabetes is estimated to rise to 592 mil-
lion by 2035, and there will be more than 500 million patients
with T2D. T2D occurs when insulin secretion is inadequate to
meet the increased demand due to insulin resistance. It was pre-
viously regarded as a disease of obese adults who led sedentary
lifestyles or had genetic predisposition to developing diabetes.
However, today this disease has markedly increased in prevalence
among children. Currently in the United States, approximately 1
in 3 new cases of T2D is diagnosed in patients younger than
18 years (Pinhas-Hamiel and Zeitler 2007). Diabetes is associated

with a high rate of both microvascular and macrovascular com-
plications. In fact, diabetes-related complications are the main
factor for death among diabetic patients. The American Diabetes
Association reported that the incidence of diabetic related com-
plications was up to 98% of patients who had the disease for
10 years. In addition, evidence suggests that these complications
progress more rapidly in youth than in adults.

Type 2 diabetes therapy in adults and children
Although some difference in therapy targets exist in T2D, the

treatment strategy for the disease in both adults and children is
similar (Kalra 2013; American Diabetes Association 2014) (Table 1).
The overall goals for treatment of T2D are: weight loss, increase
in exercise capacity, normalization of plasma glucose levels,
and control of co-morbidities, including hypertension, cardiomy-
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opathy, nephropathy, and hepatic steatosis (American Diabetes
Association 2014). Pharmacological intervention is recommended
upon failure of lifestyle modification. Although various drugs are
used to treat T2D, including insulin, acarbose, rosiglitazone, met-
formin, and sulphonylureas, only few of these are approved for
use in children (Rosenbloom et al. 2011). Even with drugs that are
approved for use in children, insulin and metformin, most youth
with T2D do not achieve optimal glycemic control and are at high
risk for later health complications (Pulgaron and Delamater 2014).
For example, patients using insulin are exposed to a high risk of
weight gain and significant hypoglycemia (GPAC 2010). In addi-
tion, the present drugs provide suboptimal control of diabetic
complications. A recent clinical trial in the United States indi-
cated that mono-therapy with metformin was not sufficient to
control co-morbidities in T2D patients, as 33.8% of participants
exhibited hypertension, 16.6% microalbuminuria, and 13.7% reti-
nopathy (Narasimhan and Weinstock 2014). Moreover, some of
these drugs are limited to use in only certain classes of patients
(Kajbaf et al. 2013; Scheen 2014; Strugaru et al. 2013). For example,
metformin and rosiglitazone are contra-indicated in patients with
renal impairment, hepatic disease, cardiac or respiratory insuffi-
ciency. Thus, it is difficult to find an appropriate drug to treat
patients with these diseases.

Berberine
Berberine (BBR), an isoquinoline alkaloid originally isolated

from the Chinese herb Coptis chinensis (Huanglian), is one of the
main components of R. coptidis (Leng et al. 2004). BBR has been
used in traditional Chinese, Indian, and middle-eastern folk med-
icine for more than 400 years. Its chemical structure as a quater-
nary base is quite different from other commonly used hypoglycemic
agents, such as sulfonylureas, biguanides, thiazolidinediones, or
acarbose. Recent studies have demonstrated that BBR has remark-
able effects as an anti-hyperglycemic and anti-hyperlipidemic,
and it reduces weight gain in T2D patients (Yin et al. 2008; Zhang
et al. 2010; Zhao et al. 2008). In addition, the beneficial effects of
BBR on cardiovascular, liver, and renal disease have been demon-
strated in both pre-clinical and clinical research (Cheng et al. 2013;
Derosa et al. 2013; Affuso et al. 2010; Marin-Neto et al. 1988; Zhao
et al. 2008; Lan et al. 2010). These observations make BBR a poten-
tially promising drug for the management of T2D.

The anti-diabetic mechanism of berberine
The direct mechanism of BBR's anti-diabetic properties is not

completely understood. To probe its metabolic function, studies
have been conducted at the organ and gene expression levels,
primarily in rodent models and in a small number of human
clinical studies. The pathways that play a role in the anti-diabetic
effects of BBR are summarized below and in Fig. 1.

Berberine is an anti-hyperglycemic agent
BBR alters glucose metabolism through the stimulation of gly-

colysis via increasing glucokinase activity, increasing insulin se-
cretion, and suppressing hepatic gluconeogenesis and adipogenesis
(Ko et al. 2005; Chang et al. 2013; Hu and Davies 2010). BBR activa-
tion of 5=-adenosine monophosphate kinase (AMPK) appears to be
at the center of these effects. We previously demonstrated that
BBR increased glucose transporter-4 translocation to the plasma
membrane and improved insulin sensitivity in insulin resistant
H9c2 cardiomyocytes via activation of AMPK (Chang et al. 2013). In
that study, BBR increased glucose consumption in both normal
and insulin resistant H9c2 cardiomyocytes. In the state of insulin
resistance, which accounts for more than 80% of failure of glucose
control in T2D, the protein kinase B (Akt) signaling pathway is
attenuated. We observed that BBR treatment increased phos-
phorylation of Akt, hence activating AKT, in insulin resistant
H9c2 cardiomyocytes through activation of AMPK. The beneficial
effects of BBR on increasing glucose uptake were attenuated after
treatment of these cells with the AMPK inhibitor compound C.
These results were consistent with other studies in L6 myotubes
(Cheng et al. 2006; Lee et al. 2006). However, the mechanism of
BBR's anti-hyperglycemic effects are controversial. BBR activated
GLUT1-mediated glucose uptake via the ERK and AMPK pathways
in 3T3-L1 adipocytes (Kim et al. 2007). In contrast, another study of
3T3-L1 adipocytes reported that the BBR-induced glucose uptake
pathway was distinct from insulin and was not completely inhib-
ited by ERK inhibitor, nor was GLUT-4 or GLUT-1 expression al-
tered (Zhou et al. 2007). In addition, BBR treatment was shown to
improve insulin resistance via increased expression of Akt in
alloxan-induced diabetic C57BL/6 mice, and it increased insulin
receptor substrate-2 mRNA expression in nonalcoholic fatty liver
disease rat liver (Xie et al. 2011; Xing et al. 2011). Thus, even though
the downstream pathways regulating glucose uptake may be dif-
ferent, it is likely that BBR mediates its anti-hyperglycemic effect
through activation of the AMPK pathway.

BBR has been shown to improve glucose metabolism in diabetic
rats by inhibition of gluconeogenesis (Zhang et al. 2012). In insulin
resistant liver and kidney, BBR inhibited several transcription
factors including fork head transcription factor O1, hepatic nu-
clear factor 4, and peroxisome proliferator-activated receptor-�
coactivator-1�, which in turn suppressed the expression of phos-
phoenolpyruvate carboxykinase and glucose-6-phosphatase, two
rate-limiting enzymes in gluconeogenesis. Activated AMPK was
also observed in liver of diabetic rats (Kim et al. 2009). The ele-
vated AMPK activity was likely the reason for the observed inhi-
bition of gluconeogenesis in that study.

Other mechanisms have also been postulated to explain the
complex effect of BBR on glucose homeostasis. BBR was shown to
increase glucose-stimulated insulin secretion and cell prolifera-
tion in MIN6 � cells, and thus it can act as an effective insulin
sensitizing and insulinotropic agent by enhancing the insulin sig-
naling cascade (Ko et al. 2005). Pharmacological data showed that
BBR was poorly absorbed in the intestine, and only nanomolar
plasma concentrations may be reached in either humans or ani-
mals (Ye et al. 2009). Since BBR inhibits �-glycosidase in the small
intestine it may also decrease glucose transport through the intesti-
nal epithelium, suggesting it may in fact exert an anti-hyperglycemic
effect prior to absorption (Pan et al. 2003). Glucagon like peptide-1
(GLP-1) receptors are important components involved in islet cell
survival. GLP-1 activation of adenylate cyclase increases cyclic
AMP levels, which leads to increases in intracellular Ca2+ and
stimulates migration and exocytosis of insulin granules. BBR was
shown to increase insulin secretion in islet cells through elevated
GLP-1 levels (Yu et al. 2010; Lu et al. 2009).

Table 1. T2D therapy targets in children and adults.

Youth and adolescentsa,c Adultsb,c

0–6 years 6–12 years 13–19 years ≥20 years

Glycemia (pre-meal,
mg/dL)

100–180 90–180 90–130 ≤120

HbA1c (pre-meal) ≤8.5% ≤8.0% ≤7.5% ≤7.0%
Insulin (IU/kg/d) �0.5 0.7–1.0 �2.0 �1.0

aBlood glucose goals should be modified in children with frequent hypogly-
cemia or hypoglycemia unawareness.

bThe therapy targets for adults are only recommended for nonpregnant
adults.

cValues are summarized from Standards of Medical Care in Diabetes ADA
2014, developed by the American Diabetes Association, Guidelines and Protocol-
Diabetes Care GPAC 2010, developed by the Guidelines and Protocols Advisory
Committee, and Global IDF/ISPAD Guideline for Diabetes in Childhood and
Adolescence Rosenbloom et al. 2011, developed by the International Diabetes
Foundation.
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Berberine is an anti-adipogenic and
anti-hyperlipidmic agent

The anti-adipogenic activity of BBR has been shown to be asso-
ciated with down-regulation of several transcription factors, in-
cluding peroxisome proliferator activated receptor-� (PPAR-�,)
CCAAT enhancer binding protein � (C/EBP�), and sterol response
element binding protein-1c (SREBP-1c) (Rosen and MacDougald
2006). PPAR-� functions as both a direct regulator of many fat-
specific genes and a “master” regulator that may trigger the entire
program of adipogenesis. Adipogenic enzymes such as tumor ne-
crosis factor receptor super family member 6, acetyl-CoA carbox-
ylase, and acetyl-CoA synthetase are overexpressed by activated
C/EBP� and SREBP-1c. But these factors alone cannot promote
differentiation of non-adipogenic fibroblasts unless co-expressed
in fibroblasts expressing PPAR-�. In 3T3-L1 pre-adipocytes and ma-
ture adipocytes, BBR treatment suppressed PPAR-� and SREBP-1,
and at the same time down-modulated C/EBP� via up-regulation
of the expression of two different sets of C/EBP inhibitors, C/EBP
homologous protein and basic helix-loop-helix family, member
e41 (Pham et al. 2011). Inhibition of mitochondrial respiration
through activated AMPK might also play a role in its inhibitory
effect on adipogenesis (Huang et al. 2006; Turner et al. 2008).
However, these observations need further confirmation.

The lipid lowering effect of BBR may be due to stabilization of
the hepatic low density lipoprotein receptor (LDLR) by increased
extracellular signal-regulated kinase-dependent pathway via in-
creased transcriptional activity of LDLR promoter, mediated by
the c-Jun N-terminal kinase pathway (Lee et al. 2007b). Moreover,
BBR reduced the LDLR mRNA 3=-untranslated region binding of
heterogenous nuclear ribonucleoprotein I and KH-type splicing
regulatory protein, which are key modulators of LDLR mRNA sta-
bility in liver cells (Wang et al. 2012).

Berberine is an anti-oxidant agent
Reactive oxygen species (ROS) have been typically viewed as the

toxic byproducts of metabolism. Recent studies have demonstrated
that ROS generation, associated with insulin resistance, resulted
in damage and apoptosis of pancreatic islet �-cells in pathological
models of T2D (Evans et al. 2005; Scivittaro et al. 2000; Kaneto
et al. 2002). In addition, oxidative stress contributed to the devel-
opment of chronic complications of diabetes including nephrop-
athy, retinopathy, and neuropathy (Rosen et al. 2001). BBR has

been shown to attenuate oxidation, and the molecular mecha-
nisms for its reduction in oxidative stress may be regulated by
several pathways. For example, in the diabetic state, BBR treat-
ment upregulated mRNA expression of superoxide dismutase
(SOD) and increased the contents of SOD, glutathione (GSH), and
GSH-peroxidase in rat liver (Zhou and Zhou 2011; Tang et al. 2006).
Increases in the levels of these compounds are known to scavenge
excessive free radicals and overcome oxidative stress and decrease
malondialdehyde, a marker for oxidative stress-induced cell in-
jury (Del Rio et al. 2005). A major source of ROS production in cells
is through the expression level of nicotinamide adenine dinucle-
otide phosphate (NADPH) oxidase. Fatty acids, glucose, and glyca-
tion end products up-regulate NADPH and result in overproduction
of ROS. Regulation of NADPH oxidase is considered to be a new
pharmacotherapeutic target for diabetes and its related complica-
tions (Li and Shah 2003; Gray et al. 2013; Huynh et al. 2013). BBR
suppressed expression of NADPH oxidase 2/4 and subsequent ROS
generation in THP-1 monocyte-derived macrophages and partially
reduced oxidative stress of vascular endothelium induced by cir-
culating CD31+/CD42-microparticles in humans (Sarna et al. 2010;
Cheng et al. 2013). Thus, BBR may have a beneficial effect on
diabetic vascular complications through attenuation of ROS
production.

The anti-oxidative activity of BBR may also involve regulation of
uncoupling protein 2 (UCP2) expression. UCP2 is a mitochondrial
inner membrane protein that is negatively associated with ROS
production and oxidative stress. BBR treatment reduced athero-
sclerosis in mice and attenuated non-alcoholic fatty liver disease
in rats, and this was associated with an upregulation of UCP2
(Wang et al. 2011; Yang et al. 2011). However, whether BBR regu-
lates UCP2 expression in a beneficial manner in all tissues is con-
troversial. For example, although upregulation of UCP2 reduces
ROS production in some tissues, increased UCP2 expression in
islet �-cells was associated with a reduction in insulin secretion
(Souza et al. 2011).

Induction of the nuclear factor erythroid-2-related factor-2
(Nrf2) pathway may play a role in the anti-oxidative activities of
BBR. Nrf2 activates the expression of antioxidant enzymes. BBR
treatment induced nuclear translocation of Nrf2, which increased
SOD and GSH content in NSC34 motor neuron-like cells with a
resultant reduction in ROS production and oxidative stress (Hsu
et al. 2012). BBR supplementation in rats reverted mitochondrial

Fig. 1. Schematic illustration of the proposed molecular mechanisms and pathways of BBR action related to its anti-diabetic properties.
Dashed lines represent the role of AMPK in these pathways and require further validation.
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dysfunction induced by high fat diet and hyperglycemia in skele-
tal muscle, in part due to an increase in mitochondrial biogenesis,
and this was mediated by increased expression of sirtuin 1 (SIRT1),
a deacetylase with multiple biological activities and antioxidant
activity (Gomes et al. 2012). In that study, increased SIRT1 induced
deacetylation of the fork head transcription factor O1 and in-
creased the transcription of its target genes, including SOD.

The beneficial effect of BBR on oxidative stress in humans was
observed in a small clinical study. Healthy volunteers who re-
ceived 0.4 g of BBR (tid) for one month showed significantly de-
creased serum malondialdehyde levels (before, 33.46 ± 4.14 �mol/L;
after, 16.44 ± 4.91 �mol/L, p < 0.05) (Cheng et al. 2013). In that study,
BBR reduced endothelial microparticles-mediated oxidative stress.

Berberine is an anti-inflammatory agent
The role of inflammation in the pathogenesis of T2D and its

complications is well documented (Dorota Zozulinska 2006).
Pro-inflammatory cytokines, such as tumor necrosis factor-�,
interleukin-6, inducible nitric oxide synthase (iNOS), and
cyclooxygenase-2 (COX2), play important roles in the pathology of
diabetes. Excessive iNOS in cells results in overproduction of ni-
tric oxide, and this is associated with the development of insulin
resistance. COX2 is a key enzyme for the synthesis of prosta-
glandins, which are important mediators for the pathogenesis of
diabetes and diabetic nephropathy. Nuclear factor �-light-chain-
enhancer of activated B cells (NF-�B) is a nuclear translation factor
involved in the production of these pro-inflammatory cytokines.
BBR was shown to reduce expression of these pro-inflammatory
cytokines by suppressing phosphorylation of I�B kinase-� (IKK-�)
serine residue at position 181(ser181), resulting in the stabilization
of I�B-�, which in turn inhibited NF-�B (Lee et al. 2007a; Jiang et al.
2011). In addition to inhibition of NF-�B through IKK-�, BBR was
shown to inhibit NF-�B through suppression of the Rho GTPase
signaling pathway (Xie et al. 2013). Moreover, the anti-inflammatory
effect of BBR may be mediated through AMPK. Blocking AMPK
activity abolished the inhibitory effect of BBR on the production
of the proinflammatory cytokines iNOS and COX2 in macrophages
(Mo et al. 2014).

Berberine reduces diabetic complications

Endothelial and cardiovascular
Endothelial dysfunction is the basis of many diabetic complica-

tions, including cardiovascular disease. BBR treatment was found
to improve endothelial function induced by circulating CD31+/
CD42- microparticles in humans (Cheng et al. 2013). BBR treatment
restored renal function, ameliorated endothelial dysfunction and
memory dysfunction, and was anti-arrhythmic in the diabetic
state (Wang et al. 2009; Wu et al. 2012; Zhan et al. 2014;
Kalalian-Moghaddam et al. 2013). BBR treatment significantly im-
proved endothelial dysfunction induced by hyperglycemia and
protected acetylcholine-mediated vasorelaxation in aorta of T2D
rats (Wu et al. 2012). The protection of endothelial function was
attributed to both the anti-oxidation effects of BBR and through
AMPK activation.

The myocardial protective effects of BBR are not simply indirect
through modulating lipid metabolism and glucose homeostasis
but appear to act directly through modulation of the myocardium
and its sympathetic activity. BBR treatment reduced infarction
size in rats subjected to ischemia-reperfusion injury and reduced
left ventricular myocardium size in rats subjected to experimen-
tally induced cardiac hypertrophy mediated by suprarenal aortic
constriction (Chang et al. 2012). Moreover, BBR treatment short-
ened the prolonged action potential duration and reversed in-
ward rectifying potassium ion channel 2 levels to near normal in
T2D diabetic rats (Wang et al. 2014).

Nephropathy
BBR treatment improved the ratio of kidney to body weight,

decreased glomerular area, glomerular volume, fasting blood glu-
cose, blood urea nitrogen (BUN), blood creatinine (Cr), and 24 h
urinary protein in a streptozotocin-induced diabetic nephropathy
rat model (Wu et al. 2012; Wang et al. 2013). In addition, BBR
attenuated renal hypertrophy mediated by elevated transforming
growth factor beta 1 synthesis and fibronectin accumulation, crit-
ical pathological characteristics of diabetic renal fibrosis (Lan et al.
2012; Tang et al. 2011).

Neuropathy
BBR treatment was shown to significantly improve nerve con-

duction velocity and inhibit glutamate release from cerebral
cortex in rats (Lin et al. 2013). A recent report showed that BBR
ameliorated cold and mechanical allodynia in a rat model of
diabetic neuropathy (Kim and Kim 2013). The anti-neuropathic
effects of BBR were likely related to the inhibition of aldose reduc-
tase. Activation of this enzyme results in suppression of presyn-
aptic Cav2.1 P/Q voltage-dependent calcium channels and the
extracellular signal-regulated kinase/synapsin I signaling cas-
cade, which subsequently leads to the development of diabetic
neuropathy.

Beneficial effects of berberine in clinical studies
Although most research on BBR has been performed in animal

models, evidence from several clinical studies suggest a beneficial
effect of BBR in human diseases. Multiple-complex strategies are
recommended for management of T2D patients, especially those
who have a poor plasma glucose control. Table 2 summarizes
selected representative clinical studies conducted on T2D patients
that utilized BBR as a monotherapy, or in a two-drug or three-drug
combination. Moreover, metabolic syndrome often co-exists with
T2D. Table 2 summarizes studies conducted in T2D patients as an
add-on therapy in metabolic syndrome and in hypercholesterola-
mic patients. The clinical observations were acquired from 2 to
12 months in T2D patients with metabolic syndrome including
insulin resistance and hypercholesterolemia, and in those pa-
tients that had a long-term (12 months) treatment with BBR
(Table 2). The overall results of these studies appear to indicate
that BBR treatment as a monotherapy or add-on therapy to stan-
dard anti-diabetic treatments produces enhanced anti-diabetic ef-
fects. The hypoglycemic and hypolipidemic effects of BBR were
similar, compared with the first-line clinical drugs metformin and
rosiglitazone. In fact, in one study the lipid lowering effect of BBR
was even greater than with metformin. Metformin is the first-
choice drug to treat T2D in both adults and children. However, its
use is contra-indicated in patients with hepatitis, heart failure,
and renal dysfunction. T2D patients with viral hepatitis C treated
with BBR for 2 months showed significant reductions in plasma
AST and ALT, indicating the potential for BBR to improve simul-
taneously both hepatic and metabolic dysfunction. Although
there have been no clinical reports on BBR's effect on diabetic
patients with heart failure or nephropathy, clinical studies in
non-diabetic patients with heart failure treated with BBR have
shown promise. For example, patients with congestive heart fail-
ure showed better left ventricular ejection fraction after BBR ad-
ministration (Marin-Neto et al. 1988). Moreover, BBR appears to be
well tolerated as patients treated with BBR for 3 or 12 months
showed no adverse effects or only very mild gastrointestinal ef-
fects (Table 2).

If BBR proves to have the same anti-diabetic effects with mild
adverse effects in larger clinical trials as in these smaller studies,
then its possible use as a candidate drug for treatment of T2D in
children might be considered. Currently, there are no clinical
reports on the use of BBR as an anti-diabetic in children. In fact,
there have been only a few small clinical studies in children using
BBR as an anti-diarrhea agent (4–5 day treatment) (Chauhan et al.
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Table 2. Clinical trials using BBR as a monotherapy or as an add-on therapy for T2 D, metabolic syndrome, insulin resistance and hypercholesterolemia.

References Subjects Therapy targets
Participants
(n)

Length of
treatment

Daily dose of
berberine Results Adverse effects report

Li et al. 2013 Female (18–
35 years)

Insulin resistance with
polycystic ovary
syndrome (PCOS)

120 3 months 500 mg, tid FBG2, FPI2, TC2, TG2,
LDL-C2, HDL-C1.

No significant adverse effects were observed in
patients.

BBR showed better effects
on dyslipidemia than
metformin.

Di Pierro
et al. 2013

Adults (Male and
female)

T2 D (Add-on therapy) 31 4 months 1000 mg/day FBG2, HbA1c2, TG2, TC2. 15% reported a mild transient abdominal
discomfort. None of the patients
experienced any musculoskeletal disorders,
such as myopathy, or showed clinical signs
of liver toxicity. No patients reported any
serious adverse events.

Perez-Rubio
et al. 2013

Adults (Male and
female)

Metabolic syndrome 24 3 months 500 mg, tid Body weight2, SBP2, TG2,
AUC of glucose2, AUC of
insulin, Matsuda index1.

No significant adverse effects were observed in
patients.

Marazzi et al.
2011

Elderly
(>75 years)

Hypercholesterolemic
patients previously
intolerant to statins
(Add-on therapy)

40 12 months 500 mg/day TC2, LDL-C2. No significant adverse effects were observed in
patients.

Zhang et al.
2010

Adults (Male and
female)

T2 D 50 2 months 1000 mg/day FBG2, HbA1c2, and TG2. The
FBG and HbA1c-lowering
efficacies of BBR were close
to those of metformin and
rosiglitazone. BBR had
better effect on the serum
level of TG compared to
metformin and
rosiglitazone.

No adverse effects were observed in the BBR-
treated patients.

T2 D with chronic
hepatitis C virus
(HCV) infection
poorly controlled

35 2 months 1000 mg/day FBG2, HbA1c2, and TG2 at
the same time ALT2and
AST2 in patients with
hepatitis C and B.

No adverse effects observed in the BBR-treated
patients.

Yin et al.
2008

Adults (Male and
female)

T2 D patients (Add-on
therapy)

48 3 months 500 mg, tid HbA1c2, FBG2, PPG2, FPI2. No significant changes in plasma ALT, �-GT,
and creatinine observed. 34.5% patients
suffered transient GI adverse effects during
the trail.

Adults (Male and
female)

T2 D 36 3 months 500 mg, tid HbA1c2, FBG2, PPG2 and
TG2. Hypoglycemic effect
of BBR was similar to that
of metformin.

No significant changes of plasma ALT, �-GT,
and creatinine were observed during
13 weeks of BBR treatment. 34.5% of patients
suffered transient GI adverse effects during
the trail.

Zhang et al.
2008

Adults (Male and
female)

T2 D and dyslipidemia 116 3 months 1000 mg, bid FBG2, PPG2, HbA1c2, TG2,
TC2, LDL-C2. Body
weight2, SBP2, DBP2.

No serious adverse events occurred. Safety
parameters including renal and hepatic
function, serum electrolytes, blood counts,
and urinary analysis were assessed.

Note: FBG: fast blood glucose, HbA1c: (%), TG: triacylglycerol, TC: total cholesterol, PPG: post-load plasma glucose, FGI: fasting plasma insulin, SBP: Systolic blood pressure, DBP: diastolic blood pressure, AST: aspartate
transaminase, ALT: alanine transaminase, LDL-C: low-density lipoprotein-cholesterol, HDL-C: high-density lipoprotein-cholesterol.
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1970; Sharda 1970) or as an anti-trachoma agent (3 month treat-
ment) (Khosla et al. 1992; Mahajan and Mohan 1985; Mohan et al.
1982). In both of these studies, good therapeutic results were
achieved with no adverse effects.

Safety and tolerability of berberine
Generally, BBR has been shown to be safe in the majority of labo-

ratory and clinical trials. The IC50 of BBR is 48 ug/mL and 41 �g/mL,
respectively, in HepG2 cells and 3T3-L1 adipocytes (Yi et al. 2013). This
is in the order of 120–140 �mol/L. In addition, low �mol/L concentra-
tions of BBR resulted in rapid mitochondria-dependent toxicity in
primary neurons (Kysenius et al. 2014). However, no mortality has
been observed in rats treated with BBR at 521 mg·kg−1·day−1 for
3 months (Yi et al. 2013). The effective antihyperglycemic dose of
BBR is generally no more than 100 mg·kg–1·day–1 in rats (Chang
et al. 2012). Hence, this standard dose of BBR appears to be safely
tolerated in animals. In human clinical trials, only a small per-
centage of patients reported nausea, vomiting, diarrhea, or con-
stipation with BBR treatment, and no severe side effects were
observed with standard doses (Sabir and Bhide 1971; Zhang et al.
2010). High doses of BBR resulted in rare adverse effects including
headache, skin irritation, and bradycardia (Cannillo et al. 2013). BBR is
excreted mainly through the hepatobiliary system, and no ad-
verse effect has been observed in hepatic function. In fact, BBR
appears to have beneficial effects on patients with hepatitis (Di
Pierro et al. 2012).

The main safety issue of BBR may likely involve the risk of
pharmacological interaction. An earlier study indicated that BBR
should not be used by pregnant or breast-feeding women due to
the fact it displaces bilirubin from albumin (Chan 1993). However,
this was not observed in a more recent clinical trial (Linn et al.
2012). BBR may increase gastric emptying time by inhibiting
P-glycoprotein in the gut wall and may also increase blood cy-
closporine by inhibiting CYP3A4. Thus, cyclosporine levels should
be monitored in renal transplant patients using BBR. In addition,
BBR also was reported to inhibit CYP1A1 in vitro (Xin et al. 2006).
Thus, BBR may potentially alter bioavailability of drugs metabo-
lized by the CYP1A1 system.

Limitations of berberine as an anti-diabetic
As indicated in Table 2, BBR has a similar hypoglycemic and

hypolipidemic effect as metformin with little adverse effects. In
addition, the clinical studies performed to date indicate that BBR
may have a potential beneficial effect on diabetic complications,
such as nephropathy, neuropathy, and cardiomyopathy and can
be used in diabetic patients with hepatitis C. However, these clin-
ical studies in humans have not been comprehensive. More rigid
trials with defined clinical endpoints are needed, especially in
Caucasians and in children. In addition, longer trials will be re-
quired to better evaluate its safety profile.

Poor oral bioavailability has been another limitation of BBR.
This is mediated by the presence in enterocytes of P-glycoprotein,
an active adenosine triphosphate consuming efflux protein that
extrudes BBR into the intestinal lumen, thus limiting its absorp-
tion. Several studies have recently addressed this issue with en-
couraging results. These include loading BBR onto nanoparticles
(Xue et al. 2013), dispersing BBR with absorption enhancers such
as sodium caprate (Meng et al. 2014), or simply oral co-administration
of BBR with the P-glycoprotein antagonist silymarin (Di Pierro
et al. 2012). In all cases oral bioavailability was improved to various
degrees. These therapeutic approaches may have the dual advan-
tage of both reducing the dose of BBR required for treatment as
well as attenuating its reported adverse gastrointestinal effects.

Conclusion
BBR is a potential new class of anti-diabetic pharmacotherapy.

Although there still are no multicenter, well controlled, long-term

clinical trials to evaluate its efficacy and safety, it does exhibit
promise as an oral medication for reducing plasma glucose and
lipid control and has beneficial effects toward diabetic complica-
tions. If it proves to be safe and well-tolerated, BBR may represent
a good treatment option before initiating insulin therapy in T2D
diabetic patients with suboptimal glycemic control.

Acknowledgements
This work was supported by a grant-in-aid from the Heart and

Stroke Foundation of Canada and the Canadian Institutes of
Health Research. GMH is a Canada Research Chair in Molecular
Cardiolipin Metabolism.

References
American Diabetes Association. 2014. Standards of Medical Care in Diabetes—

2014. Diabetes Care, 37(Suppl. 1): S14–S80. doi:10.2337/dc14-S014.
Affuso, F., Mercurio, V., Fazio, V., and Fazio, S. 2010. Cardiovascular and meta-

bolic effects of Berberine. World J. Cardiol. 2(4): 71–77. doi:10.4330/wjc.
v2.i4.71. PMID:21160701.

Arslanian, S. 2002. Type 2 diabetes in children: clinical aspects and risk factors.
Horm. Res. 57(Suppl. 1): 19–28. doi:10.1159/000053308. PMID:11979018.

Cannillo, M., Frea, S., Fornengo, C., Toso, E., Mercurio, G., Battista, S., and Gaita, F.
2013. Berberine behind the thriller of marked symptomatic bradycardia.
World J. Cardiol. 5(7): 261–264. doi:10.4330/wjc.v5.i7.261. PMID:23888197.

Chan, E. 1993. Displacement of bilirubin from albumin by berberine. Biol. Neo-
nate, 63(4): 201–208. doi:10.1159/000243932. PMID:8513024.

Chang, W., Zhang, M., Li, J., Meng, Z., Xiao, D., Wei, S., et al. 2012. Berberine
attenuates ischemia-reperfusion injury via regulation of adenosine-5=-
monophosphate kinase activity in both non-ischemic and ischemic areas of
the rat heart. Cardiovasc. Drugs Ther. 26(6): 467–478. doi:10.1007/s10557-012-
6422-0. PMID:23179953.

Chang, W., Zhang, M., Li, J., Meng, Z., Wei, S., Du, H., et al. 2013. Berberine
improves insulin resistance in cardiomyocytes via activation of 5=-adenosine
monophosphate-activated protein kinase. Metabolism, 62(8): 1159–1167. doi:
10.1016/j.metabol.2013.02.007. PMID:23537779.

Chauhan, R.K., Jain, A.M., and Bhandari, B. 1970. Berberine in the treatment of
childhood diarrhoea. Indian J. Pediatr. 37(274): 577–579. doi:10.1007/BF02803833.
PMID:5518228.

Cheng, F., Wang, Y., Li, J., Su, C., Wu, F., Xia, W.H., et al. 2013. Berberine improves
endothelial function by reducing endothelial microparticles-mediated oxida-
tive stress in humans. Int. J. Cardiol. 167(3): 936–942. doi:10.1016/j.ijcard.2012.
03.090. PMID:22465347.

Cheng, Z., Pang, T., Gu, M., Gao, A.H., Xie, C.M., Li, J.Y., et al. 2006. Berberine-
stimulated glucose uptake in L6 myotubes involves both AMPK and p38
MAPK. Biochim. Biophys. Acta, 1760(11): 1682–1689. doi:10.1016/j.bbagen.2006.
09.007. PMID:17049164.

Del Rio, D., Stewart, A.J., and Pellegrini, N. 2005. A review of recent studies on
malondialdehyde as toxic molecule and biological marker of oxidative stress.
Nutr. Metab. Cardiovasc Dis. 15(4): 316–328. doi:10.1016/j.numecd.2005.05.
003. PMID:16054557.

Derosa, G., D'Angelo, A., Bonaventura, A., Bianchi, L., Romano, D., and
Maffioli, P. 2013. Effects of berberine on lipid profile in subjects with low
cardiovascular risk. Expert Opin. Biol. Ther. 13(4): 475–482. doi:10.1517/
14712598.2013.776037. PMID:23441841.

Di Pierro, F., Villanova, N., Agostini, F., Marzocchi, R., Soverini, V., and
Marchesini, G. 2012. Pilot study on the additive effects of berberine and oral
type 2 diabetes agents for patients with suboptimal glycemic control. Diabe-
tes Metab. Syndr. Obes. 5: 213–217. doi:10.2147/DMSO.S33718. PMID:22924000.

Di Pierro, F., Putignano, P., Villanova, N., Montesi, L., Moscatiello, S., and
Marchesini, G. 2013. Preliminary study about the possible glycemic clinical
advantage in using a fixed combination of Berberis aristata and Silybum
marianum standardized extracts versus only Berberis aristata in patients with
type 2 diabetes. Clin. Pharmacol. 5: 167–174. doi:10.2147/CPAA.S54308. PMID:
24277991.

Dorota Zozulinska, B.W.-W. 2006. Type 2 diabetes mellitus as inflammatory
disease. Diabetes Res. Clin. Pract. 74(Suppl.): S12–S16. doi:10.1016/j.diabres.
2006.06.007.

Evans, J.L., Maddux, B.A., and Goldfine, I.D. 2005. The molecular basis for oxida-
tive stress-induced insulin resistance. Antioxid. Redox Signal. 7(7–8): 1040–
1052. doi:10.1089/ars.2005.7.1040. PMID:15998259.

Gomes, A.P., Duarte, F.V., Nunes, P., Hubbard, B.P., Teodoro, J.S., Varela, A.T.,
et al. 2012. Berberine protects against high fat diet-induced dysfunction in
muscle mitochondria by inducing SIRT1-dependent mitochondrial biogene-
sis. Biochim. Biophys. Acta, 1822(2): 185–195. doi:10.1016/j.bbadis.2011.10.008.
PMID:22027215.

GPAC. 2010. Diabetes Care. Guidlines and protocols.: Guidelines and Protocols
Advisory Committee.

Gray, S.P., Di Marco, E., Okabe, J., Szyndralewiez, C., Heitz, F., Montezano, A.C.,
et al. 2013. NADPH oxidase 1 plays a key role in diabetes mellitus-accelerated

Pagination not final (cite DOI) / Pagination provisoire (citer le DOI)

6 Biochem. Cell Biol. Vol. 93, 2015

Published by NRC Research Press

rich2/bcb-bcb/bcb-bcb/bcb99914/bcb0166d14z xppws S�3 1/19/15 4:19 Art: bcb-2014-0107 Input-1st disk, 2nd ??

http://dx.doi.org/10.2337/dc14-S014
http://dx.doi.org/10.4330/wjc.v2.i4.71
http://dx.doi.org/10.4330/wjc.v2.i4.71
http://www.ncbi.nlm.nih.gov/pubmed/21160701
http://dx.doi.org/10.1159/000053308
http://www.ncbi.nlm.nih.gov/pubmed/11979018
http://dx.doi.org/10.4330/wjc.v5.i7.261
http://www.ncbi.nlm.nih.gov/pubmed/23888197
http://dx.doi.org/10.1159/000243932
http://www.ncbi.nlm.nih.gov/pubmed/8513024
http://dx.doi.org/10.1007/s10557-012-6422-0
http://dx.doi.org/10.1007/s10557-012-6422-0
http://www.ncbi.nlm.nih.gov/pubmed/23179953
http://dx.doi.org/10.1016/j.metabol.2013.02.007
http://www.ncbi.nlm.nih.gov/pubmed/23537779
http://dx.doi.org/10.1007/BF02803833
http://www.ncbi.nlm.nih.gov/pubmed/5518228
http://dx.doi.org/10.1016/j.ijcard.2012.03.090
http://dx.doi.org/10.1016/j.ijcard.2012.03.090
http://www.ncbi.nlm.nih.gov/pubmed/22465347
http://dx.doi.org/10.1016/j.bbagen.2006.09.007
http://dx.doi.org/10.1016/j.bbagen.2006.09.007
http://www.ncbi.nlm.nih.gov/pubmed/17049164
http://dx.doi.org/10.1016/j.numecd.2005.05.003
http://dx.doi.org/10.1016/j.numecd.2005.05.003
http://www.ncbi.nlm.nih.gov/pubmed/16054557
http://dx.doi.org/10.1517/14712598.2013.776037
http://dx.doi.org/10.1517/14712598.2013.776037
http://www.ncbi.nlm.nih.gov/pubmed/23441841
http://dx.doi.org/10.2147/DMSO.S33718
http://www.ncbi.nlm.nih.gov/pubmed/22924000
http://dx.doi.org/10.2147/CPAA.S54308
http://www.ncbi.nlm.nih.gov/pubmed/24277991
http://dx.doi.org/10.1016/j.diabres.2006.06.007
http://dx.doi.org/10.1016/j.diabres.2006.06.007
http://dx.doi.org/10.1089/ars.2005.7.1040
http://www.ncbi.nlm.nih.gov/pubmed/15998259
http://dx.doi.org/10.1016/j.bbadis.2011.10.008
http://www.ncbi.nlm.nih.gov/pubmed/22027215


atherosclerosis. Circulation, 127(18): 1888–1902. doi:10.1161/CIRCULATIONAHA.
112.132159. PMID:23564668.

Guariguata, L., Whiting, D.R., Hambleton, I., Beagley, J., Linnenkamp, U., and
Shaw, J.E. 2014. Global estimates of diabetes prevalence for 2013 and projec-
tions for 2035. Diabetes Res. Clin. Pract. 103(2): 137–149. doi:10.1016/j.diabres.
2013.11.002. PMID:24630390.

Hsu, Y.Y., Chen, C.S., Wu, S.N., Jong, Y.J., and Lo, Y.C. 2012. Berberine activates
Nrf2 nuclear translocation and protects against oxidative damage via a phos-
phatidylinositol 3-kinase/Akt-dependent mechanism in NSC34 motor neuron-
like cells. Eur. J. Pharm. Sci. 46(5): 415–425. doi:10.1016/j.ejps.2012.03.004. PMID:
22469516.

Hu, Y., and Davies, G.E. 2010. Berberine inhibits adipogenesis in high-fat diet-
induced obesity mice. Fitoterapia, 81(5): 358–366. doi:10.1016/j.fitote.2009.10.
010. PMID:19861153.

Huang, C., Zhang, Y., Gong, Z., Sheng, X., Li, Z., Zhang, W., and Qin, Y. 2006.
Berberine inhibits 3T3-L1 adipocyte differentiation through the PPARgamma
pathway. Biochem. Biophys. Res. Commun. 348(2): 571–578. doi:10.1016/j.bbrc.
2006.07.095. PMID:16890192.

Huynh, K., Kiriazis, H., Du, X.J., Love, J.E., Gray, S.P., Jandeleit-Dahm, K.A., et al.
2013. Targeting the upregulation of reactive oxygen species subsequent to
hyperglycemia prevents type 1 diabetic cardiomyopathy in mice. Free Radic.
Biol. Med. 60: 307–317. doi:10.1016/j.freeradbiomed.2013.02.021. PMID:23454064.

Jiang, Q., Liu, P., Wu, X., Liu, W., Shen, X., Lan, T., et al. 2011. Berberine attenuates
lipopolysaccharide-induced extracelluar matrix accumulation and inflam-
mation in rat mesangial cells: involvement of NF-kappaB signaling pathway.
Mol. Cell. Endocrinol. 331(1): 34–40. doi:10.1016/j.mce.2010.07.023. PMID:
20674665.

Kajbaf, F., Arnouts, P., de Broe, M., and Lalau, J.D. 2013. Metformin therapy and
kidney disease: a review of guidelines and proposals for metformin with-
drawal around the world. Pharmacoepidemiol. Drug Saf. 22(10): 1027–1035.
doi:10.1002/pds.3501. PMID:23960029.

Kalalian-Moghaddam, H., Baluchnejadmojarad, T., Roghani, M., Goshadrou, F.,
and Ronaghi, A. 2013. Hippocampal synaptic plasticity restoration and anti-
apoptotic effect underlie berberine improvement of learning and memory in
streptozotocin-diabetic rats. Eur. J. Pharmacol. 698(1–3): 259–266. doi:10.1016/
j.ejphar.2012.10.020. PMID:23099256.

Kalra, S. 2013. Paediatric diabetes. J. Pak. Med. Assoc. 63(9): 1197–1200. PMID:
24601207.

Kaneto, H., Xu, G., Fujii, N., Kim, S., Bonner-Weir, S., and Weir, G.C. 2002.
Involvement of c-Jun N-terminal kinase in oxidative stress-mediated suppres-
sion of insulin gene expression. J. Biol. Chem. 277(33): 30010–30018. doi:10.
1074/jbc.M202066200. PMID:12011047.

Khosla, P.K., Neeraj, V.I., Gupta, S.K., and Satpathy, G. 1992. Berberine, a poten-
tial drug for trachoma. Rev. Int. Trach. Pathol. Ocul. Trop. Subtrop. Sante
Publique, 69: 147–165. PMID:1344968.

Kim, S.O., and Kim, H.J. 2013. Berberine ameliorates cold and mechanical allo-
dynia in a rat model of diabetic neuropathy. J. Med. Food, 16(6): 511–517.
doi:10.1089/jmf.2012.2648. PMID:23734996.

Kim, S.H., Shin, E.J., Kim, E.D., Bayaraa, T., Frost, S.C., and Hyun, C.K. 2007.
Berberine activates GLUT1-mediated glucose uptake in 3T3-L1 adipocytes.
Biol. Pharm. Bull. 30(11): 2120–2125. doi:10.1248/bpb.30.2120. PMID:17978486.

Kim, W.S., Lee, Y.S., Cha, S.H., Jeong, H.W., Choe, S.S., Lee, M.R., et al. 2009.
Berberine improves lipid dysregulation in obesity by controlling central and
peripheral AMPK activity. Am. J. Physiol. Endocrinol. Metab. 296(4): E812–
E819. doi:10.1152/ajpendo.90710.2008. PMID:19176354.

Ko, B.S., Choi, S.B., Park, S.K., Jang, J.S., Kim, Y.E., and Park, S. 2005. Insulin
sensitizing and insulinotropic action of berberine from Cortidis rhizoma. Biol.
Pharm. Bull. 28(8): 1431–1437. doi:10.1248/bpb.28.1431. PMID:16079488.

Kysenius, K., Brunello, C.A., and Huttunen, H.J. 2014. Mitochondria and NMDA
receptor-dependent toxicity of berberine sensitizes neurons to glutamate
and rotenone injury. PLoS One, 9(9): e107129. doi:10.1371/journal.pone.
0107129. PMID:25192195.

Lan, T., Shen, X., Liu, P., Liu, W., Xu, S., Xie, X., et al. 2010. Berberine ameliorates
renal injury in diabetic C57BL/6 mice: Involvement of suppression of SphK-
S1P signaling pathway. Arch. Biochem. Biophys. 502(2): 112–120. doi:10.1016/
j.abb.2010.07.012. PMID:20646989.

Lan, T., Liu, W., Xie, X., Huang, K., Peng, J., Huang, J., et al. 2012. Berberine
suppresses high glucose-induced TGF-beta1 and fibronectin synthesis in mes-
angial cells through inhibition of sphingosine kinase 1/AP-1 pathway. Eur. J.
Pharmacol. 697(1–3): 165–172. doi:10.1016/j.ejphar.2012.10.003. PMID:23085271.

Lee, C.H., Chen, J.C., Hsiang, C.Y., Wu, S.L., Wu, H.C., and Ho, T.Y. 2007a. Ber-
berine suppresses inflammatory agents-induced interleukin-1beta and tumor
necrosis factor-alpha productions via the inhibition of IkappaB degradation in
human lung cells. Pharmacol. Res. 56(3): 193–201. doi:10.1016/j.phrs.2007.06.003.
PMID:17681786.

Lee, S., Lim, H.J., Park, J.H., Lee, K.S., Jang, Y., and Park, H.Y. 2007b. Berberine-
induced LDLR up-regulation involves JNK pathway. Biochem. Biophys. Res.
Commun. 362(4): 853–857. doi:10.1016/j.bbrc.2007.08.060. PMID:17767919.

Lee, Y.S., Kim, W.S., Kim, K.H., Yoon, M.J., Cho, H.J., Shen, Y., et al. 2006. Ber-
berine, a natural plant product, activates AMP-activated protein kinase with
beneficial metabolic effects in diabetic and insulin-resistant states. Diabetes,
55(8): 2256–2264. doi:10.2337/db06-0006. PMID:16873688.

Leng, S.H., Lu, F.E., and Xu, L.J. 2004. Therapeutic effects of berberine in im-

paired glucose tolerance rats and its influence on insulin secretion. Acta
Pharmacol. Sin. 25(4): 496–502. PMID:15066220.

Li, J.M., and Shah, A.M. 2003. ROS generation by nonphagocytic NADPH oxidase:
potential relevance in diabetic nephropathy. J. Am. Soc. Nephrol. 14(8 Suppl.
3): S221–S226. doi:10.1097/01.ASN.0000077406.67663.E7. PMID:12874435.

Li, Y., Ma, H., Zhang, Y., Kuang, H., Ng, E.H., Hou, L., and Wu, X. 2013. Effect of
berberine on insulin resistance in women with polycystic ovary syndrome:
study protocol for a randomized multicenter controlled trial. Trials, 14: 226.
doi:10.1186/1745-6215-14-226. PMID:23866924.

Lin, T.Y., Lin, Y.W., Lu, C.W., Huang, S.K., and Wang, S.J. 2013. Berberine Inhibits
the Release of Glutamate in Nerve Terminals from Rat Cerebral Cortex. PLoS
One, 8(6): e67215. doi:10.1371/journal.pone.0067215. PMID:23840629.

Linn, Y.C., Lu, J., Lim, L.C., Sun, H., Sun, J., Zhou, Y., and Ng, H.S. 2012. Berberine-
induced haemolysis revisited: safety of Rhizoma coptidis and Cortex phellodendri
in chronic haematological diseases. Phytother. Res. 26(5): 682–686. doi:10.
1002/ptr.3617. PMID:22002596.

Lu, S.S., Yu, Y.L., Zhu, H.J., Liu, X.D., Liu, L., Liu, Y.W., Wang, P., Xie, L., and
Wang, G.J. 2009. Berberine promotes glucagon-like peptide-1 (7-36) amide
secretion in streptozotocin-induced diabetic rats. J. Endocrinol. 200(2): 159–
165. doi:10.1677/JOE-08-0419. PMID:18996945.

Mahajan, V.M., and Mohan, M. 1985. Development of a macromolecular vaccine
against experimental chlamydiosis and berberine–a new anti-trachoma
agent. Rev. Int. Trach. Pathol. Ocul. Trop. Subtrop. Sante Publique, 62(1–2):
103–116. PMID:3842892.

Marazzi, G., Cacciotti, L., Pelliccia, F., Iaia, L., Volterrani, M., Caminiti, G., et al.
2011. Long-term effects of nutraceuticals (berberine, red yeast rice, polico-
sanol) in elderly hypercholesterolemic patients. Adv. Ther. 28(12): 1105–1113.
doi:10.1007/s12325-011-0082-5. PMID:22113535.

Marin-Neto, J.A., Maciel, B.C., Secches, A.L., and Gallo Junior, L. 1988. Cardiovas-
cular effects of berberine in patients with severe congestive heart failure.
Clin. Cardiol. 11(4): 253–260. doi:10.1002/clc.4960110411. PMID:3365876.

Meng, Z., Zhang, M., Wei, S., Bi, X., Hatch, G.M., Gu, J., and Chen, L. 2014.
Amorphous solid dispersion of berberine with absorption enhancer demon-
strates a remarkable hypoglycemic effect via improving its bioavailability. Int.
J. Pharm. 467(1–2): 50–59. doi:10.1016/j.ijpharm.2014.03.017. PMID:24607213.

Mo, C., Wang, L., Zhang, J., Numazawa, S., Tang, H., Tang, X., et al. 2014. 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(4): 574–588. doi:10.1089/
ars.2012.5116. PMID:23875776.

Mohan, M., Pant, C.R., Angra, S.K., and Mahajan, V.M. 1982. Berberine in tra-
choma. (A clinical trial). Indian J. Ophthalmol. 30(2): 69–75. PMID:6754599.

Narasimhan, S., and Weinstock, R.S. 2014. Youth-onset type 2 diabetes mellitus:
lessons learned from the TODAY study. Mayo Clin. Proc. 89(6): 806–816.
doi:10.1016/j.mayocp.2014.01.009. PMID:24702733.

Pan, G.Y., Huang, Z.J., Wang, G.J., Fawcett, J.P., Liu, X.D., Zhao, X.C., et al. 2003.
The antihyperglycaemic activity of berberine arises from a decrease of glu-
cose absorption. Planta Med. 69(7): 632–636. doi:10.1055/s-2003-41121. PMID:
12898419.

Perez-Rubio, K.G., Gonzalez-Ortiz, M., Martinez-Abundis, E., Robles-Cervantes, J.A.,
and Espinel-Bermudez, M.C. 2013. Effect of berberine administration on met-
abolic syndrome, insulin sensitivity, and insulin secretion. Metab. Syndr.
Relat. Disord. 11(5): 366–369. doi:10.1089/met.2012.0183. PMID:23808999.

Pham, T.P., Kwon, J., and Shin, J. 2011. Berberine exerts anti-adipogenic activity
through up-regulation of C/EBP inhibitors, CHOP and DEC2. Biochem. Bio-
phys. Res. Commun. 413(2): 376–382. doi:10.1016/j.bbrc.2011.08.110. PMID:
21893041.

Pinhas-Hamiel, O., and Zeitler, P. 2007. Clinical presentation and treatment of
type 2 diabetes in children. Pediatr. Diabetes, 8(Suppl. 9): 16–27. doi:10.1111/
j.1399-5448.2007.00330.x. PMID:17991129.

Pulgaron, E.R., and Delamater, A.M. 2014. Obesity and type 2 diabetes in chil-
dren: epidemiology and treatment. Curr. Diab. Rep. 14(8): 508. doi:10.1007/
s11892-014-0508-y. PMID:24919749.

Rosen, E.D., and MacDougal, O.A. 2006. Adipocyte differentiation from the in-
side out. Nat. Rev. Mol. Cell Biol. 7(12): 885–896. doi:10.1038/nrm2066. PMID:
17139329.

Rosen, P., Nawroth, P.P., King, G., Moller, W., Tritschler, H.J., and Packer, L. 2001.
The role of oxidative stress in the onset and progression of diabetes and its
complications: a summary of a Congress Series sponsored by UNESCO-MCBN,
the American Diabetes Association and the German Diabetes Society. Diabe-
tes Metab. Res. Rev. 17(3): 189–212. doi:10.1002/dmrr.196. PMID:11424232.

Rosenbloom, A.L., Silverstein, J.H., Amemiya, S., Zeitler, P., Maahs, D.M., and
Klingensmith, G.J. 2011. Type 2 diabetes. IDF-ISPAD Diabetes in Childhood
and Adolescence Guidelines 2011.

Sabir, M., and Bhide, N.K. 1971. Study of some pharmacological actions of ber-
berine. Indian J. Physiol. Pharmacol. 15(3): 111–132. PMID:4109503.

Sarna, L.K., Wu, N., Hwang, S.Y., Siow, Y.L., and O, K. 2010. Berberine inhibits
NADPH oxidase mediated superoxide anion production in macrophages. Can.
J. Physiol. Pharmacol. 88(3): 369–378. doi:10.1139/Y09-136. PMID:20393601.

Scheen, A.J. 2014. Pharmacokinetic and toxicological considerations for the
treatment of diabetes in patients with liver disease. Expert Opin. Drug Metab.
Toxicol. 10(6): 839–857. doi:10.1517/17425255.2014.902444. PMID:24669954.

Scivittaro, V., Ganz, M.B., and Weiss, M.F. 2000. AGEs induce oxidative stress and

Pagination not final (cite DOI) / Pagination provisoire (citer le DOI)

Chang et al. 7

Published by NRC Research Press

rich2/bcb-bcb/bcb-bcb/bcb99914/bcb0166d14z xppws S�3 1/19/15 4:19 Art: bcb-2014-0107 Input-1st disk, 2nd ??

http://dx.doi.org/10.1161/CIRCULATIONAHA.112.132159
http://dx.doi.org/10.1161/CIRCULATIONAHA.112.132159
http://www.ncbi.nlm.nih.gov/pubmed/23564668
http://dx.doi.org/10.1016/j.diabres.2013.11.002
http://dx.doi.org/10.1016/j.diabres.2013.11.002
http://www.ncbi.nlm.nih.gov/pubmed/24630390
http://dx.doi.org/10.1016/j.ejps.2012.03.004
http://www.ncbi.nlm.nih.gov/pubmed/22469516
http://dx.doi.org/10.1016/j.fitote.2009.10.010
http://dx.doi.org/10.1016/j.fitote.2009.10.010
http://www.ncbi.nlm.nih.gov/pubmed/19861153
http://dx.doi.org/10.1016/j.bbrc.2006.07.095
http://dx.doi.org/10.1016/j.bbrc.2006.07.095
http://www.ncbi.nlm.nih.gov/pubmed/16890192
http://dx.doi.org/10.1016/j.freeradbiomed.2013.02.021
http://www.ncbi.nlm.nih.gov/pubmed/23454064
http://dx.doi.org/10.1016/j.mce.2010.07.023
http://www.ncbi.nlm.nih.gov/pubmed/20674665
http://dx.doi.org/10.1002/pds.3501
http://www.ncbi.nlm.nih.gov/pubmed/23960029
http://dx.doi.org/10.1016/j.ejphar.2012.10.020
http://dx.doi.org/10.1016/j.ejphar.2012.10.020
http://www.ncbi.nlm.nih.gov/pubmed/23099256
http://www.ncbi.nlm.nih.gov/pubmed/24601207
http://dx.doi.org/10.1074/jbc.M202066200
http://dx.doi.org/10.1074/jbc.M202066200
http://www.ncbi.nlm.nih.gov/pubmed/12011047
http://www.ncbi.nlm.nih.gov/pubmed/1344968
http://dx.doi.org/10.1089/jmf.2012.2648
http://www.ncbi.nlm.nih.gov/pubmed/23734996
http://dx.doi.org/10.1248/bpb.30.2120
http://www.ncbi.nlm.nih.gov/pubmed/17978486
http://dx.doi.org/10.1152/ajpendo.90710.2008
http://www.ncbi.nlm.nih.gov/pubmed/19176354
http://dx.doi.org/10.1248/bpb.28.1431
http://www.ncbi.nlm.nih.gov/pubmed/16079488
http://dx.doi.org/10.1371/journal.pone.0107129
http://dx.doi.org/10.1371/journal.pone.0107129
http://www.ncbi.nlm.nih.gov/pubmed/25192195
http://dx.doi.org/10.1016/j.abb.2010.07.012
http://dx.doi.org/10.1016/j.abb.2010.07.012
http://www.ncbi.nlm.nih.gov/pubmed/20646989
http://dx.doi.org/10.1016/j.ejphar.2012.10.003
http://www.ncbi.nlm.nih.gov/pubmed/23085271
http://dx.doi.org/10.1016/j.phrs.2007.06.003
http://www.ncbi.nlm.nih.gov/pubmed/17681786
http://dx.doi.org/10.1016/j.bbrc.2007.08.060
http://www.ncbi.nlm.nih.gov/pubmed/17767919
http://dx.doi.org/10.2337/db06-0006
http://www.ncbi.nlm.nih.gov/pubmed/16873688
http://www.ncbi.nlm.nih.gov/pubmed/15066220
http://dx.doi.org/10.1097/01.ASN.0000077406.67663.E7
http://www.ncbi.nlm.nih.gov/pubmed/12874435
http://dx.doi.org/10.1186/1745-6215-14-226
http://www.ncbi.nlm.nih.gov/pubmed/23866924
http://dx.doi.org/10.1371/journal.pone.0067215
http://www.ncbi.nlm.nih.gov/pubmed/23840629
http://dx.doi.org/10.1002/ptr.3617
http://dx.doi.org/10.1002/ptr.3617
http://www.ncbi.nlm.nih.gov/pubmed/22002596
http://dx.doi.org/10.1677/JOE-08-0419
http://www.ncbi.nlm.nih.gov/pubmed/18996945
http://www.ncbi.nlm.nih.gov/pubmed/3842892
http://dx.doi.org/10.1007/s12325-011-0082-5
http://www.ncbi.nlm.nih.gov/pubmed/22113535
http://dx.doi.org/10.1002/clc.4960110411
http://www.ncbi.nlm.nih.gov/pubmed/3365876
http://dx.doi.org/10.1016/j.ijpharm.2014.03.017
http://www.ncbi.nlm.nih.gov/pubmed/24607213
http://dx.doi.org/10.1089/ars.2012.5116
http://dx.doi.org/10.1089/ars.2012.5116
http://www.ncbi.nlm.nih.gov/pubmed/23875776
http://www.ncbi.nlm.nih.gov/pubmed/6754599
http://dx.doi.org/10.1016/j.mayocp.2014.01.009
http://www.ncbi.nlm.nih.gov/pubmed/24702733
http://dx.doi.org/10.1055/s-2003-41121
http://www.ncbi.nlm.nih.gov/pubmed/12898419
http://dx.doi.org/10.1089/met.2012.0183
http://www.ncbi.nlm.nih.gov/pubmed/23808999
http://dx.doi.org/10.1016/j.bbrc.2011.08.110
http://www.ncbi.nlm.nih.gov/pubmed/21893041
http://dx.doi.org/10.1111/j.1399-5448.2007.00330.x
http://dx.doi.org/10.1111/j.1399-5448.2007.00330.x
http://www.ncbi.nlm.nih.gov/pubmed/17991129
http://dx.doi.org/10.1007/s11892-014-0508-y
http://dx.doi.org/10.1007/s11892-014-0508-y
http://www.ncbi.nlm.nih.gov/pubmed/24919749
http://dx.doi.org/10.1038/nrm2066
http://www.ncbi.nlm.nih.gov/pubmed/17139329
http://dx.doi.org/10.1002/dmrr.196
http://www.ncbi.nlm.nih.gov/pubmed/11424232
http://www.ncbi.nlm.nih.gov/pubmed/4109503
http://dx.doi.org/10.1139/Y09-136
http://www.ncbi.nlm.nih.gov/pubmed/20393601
http://dx.doi.org/10.1517/17425255.2014.902444
http://www.ncbi.nlm.nih.gov/pubmed/24669954


activate protein kinase C-beta(II) in neonatal mesangial cells. Am. J. Physiol.
Renal Physiol. 278(4): F676–F683. PMID:10751230.

Sharda, D.C. 1970. Berberine in the treatment of diarrhoea of infancy and child-
hood. J. Indian Med. Assoc. 54(1): 22–24. PMID:4905644.

Souza, B.M., Assmann, T.S., Kliemann, L.M., Gross, J.L., Canani, L.H., and
Crispim, D. 2011. The role of uncoupling protein 2 (UCP2) on the development
of type 2 diabetes mellitus and its chronic complications. Arq. Bras. Endocri-
nol. Metabol. 55(4): 239–248. doi:10.1590/S0004-27302011000400001. PMID:
21779625.

Strugaru, A.M., Botnariu, G., Agoroaei, L., Grigoriu, I.C., and Butnaru, E. 2013.
Metformin induced lactic acidosis–particularities and course. Rev. Med. Chir.
Soc. Med. Nat. Iasi, 117(4): 1035–1042. PMID:24502087.

Tang, L.Q., Wei, W., Chen, L.M., and Liu, S. 2006. Effects of berberine on diabetes
induced by alloxan and a high-fat/high-cholesterol diet in rats. J. Ethnophar-
macol. 108(1): 109–115. doi:10.1016/j.jep.2006.04.019. PMID:16759828.

Tang, L., Lv, F., Liu, S., and Zhang, S. 2011. [Effect of berberine on expression of
transforming growth factor-beta1 and type IV collagen proteins in mesangial
cells of diabetic rats with nephropathy]. Zhongguo Zhong Yao Za Zhi, 36(24):
3494–3497. PMID:22368864.

Turner, N., Li, J.Y., Gosby, A., To, S.W., Cheng, Z., Miyoshi, H., et al. 2008. Ber-
berine and its more biologically available derivative, dihydroberberine, in-
hibit mitochondrial respiratory complex I: a mechanism for the action of
berberine to activate AMP-activated protein kinase and improve insulin ac-
tion. Diabetes, 57(5): 1414–1418. doi:10.2337/db07-1552. PMID:18285556.

Wang, C., Li, J., Lv, X., Zhang, M., Song, Y., Chen, L., and Liu, Y. 2009. Ameliorative
effect of berberine on endothelial dysfunction in diabetic rats induced by
high-fat diet and streptozotocin. Eur. J. Pharmacol. 620(1–3): 131–137. doi:10.
1016/j.ejphar.2009.07.027. PMID:19686728.

Wang, F.L., Tang, L.Q., Yang, F., Zhu, L.N., Cai, M., and Wei, W. 2013. Renopro-
tective effects of berberine and its possible molecular mechanisms in com-
bination of high-fat diet and low-dose streptozotocin-induced diabetic rats.
Mol. Biol. Rep. 40(3): 2405–2418. doi:10.1007/s11033-012-2321-5. PMID:23196710.

Wang, L., Li, H., Wang, S., Liu, R., Wu, Z., Wang, C., et al. 2014. Erratum to:
Enhancing the Antitumor Activity of Berberine Hydrochloride by Solid Lipid
Nanoparticle Encapsulation. AAPS PharmSciTech, 15(5): 1355. doi:10.1208/
s12249-014-0158-z. PMID:24871555.

Wang, Q., Zhang, M., Liang, B., Shirwany, N., Zhu, Y., and Zou, M.H. 2011. Acti-
vation of AMP-activated protein kinase is required for berberine-induced
reduction of atherosclerosis in mice: the role of uncoupling protein 2. PLoS
One, 6(9): e25436. doi:10.1371/journal.pone.0025436. PMID:21980456.

Wang, Y.X., Kong, W.J., Li, Y.H., Tang, S., Li, Z., Li, Y.B., et al. 2012. Synthesis and
structure-activity relationship of berberine analogues in LDLR up-regulation
and AMPK activation. Bioorg. Med. Chem. 20(22): 6552–6558. doi:10.1016/j.
bmc.2012.09.029. PMID:23058107.

Wu, D., Wen, W., Qi, C.L., Zhao, R.X., Lu, J.H., Zhong, C.Y., and Chen, Y.Y. 2012.
Ameliorative effect of berberine on renal damage in rats with diabetes in-
duced by high-fat diet and streptozotocin. Phytomedicine, 19(8–9): 712–718.
doi:10.1016/j.phymed.2012.03.003. PMID:22483555.

Xie, X., Li, W., Lan, T., Liu, W., Peng, J., Huang, K., et al. 2011. Berberine amelio-
rates hyperglycemia in alloxan-induced diabetic C57BL/6 mice through acti-
vation of Akt signaling pathway. Endocr. J. 58(9): 761–768. doi:10.1507/endocrj.
K11E-024. PMID:21705841.

Xie, X., Chang, X., Chen, L., Huang, K., Huang, J., Wang, S., et al. 2013. Berberine
ameliorates experimental diabetes-induced renal inflammation and fibronectin
by inhibiting the activation of RhoA/ROCK signaling. Mol. Cell. Endocrinol.
381(1–2): 56–65. doi:10.1016/j.mce.2013.07.019. PMID:23896433.

Xin, H.W., Wu, X.C., Li, Q., Yu, A.R., Zhong, M.Y., and Liu, Y.Y. 2006. The effects

of berberine on the pharmacokinetics of cyclosporin A in healthy volunteers.
Methods Find. Exp. Clin. Pharmacol. 28(1): 25–29. doi:10.1358/mf.2006.28.1.
962774. PMID:16541194.

Xing, L.J., Zhang, L., Liu, T., Hua, Y.Q., Zheng, P.Y., and Ji, G. 2011. Berberine
reducing insulin resistance by up-regulating IRS-2 mRNA expression in non-
alcoholic fatty liver disease (NAFLD) rat liver. Eur. J. Pharmacol. 668(3): 467–
471. doi:10.1016/j.ejphar.2011.07.036. PMID:21839075.

Xue, M., Yang, M.X., Zhang, W., Li, X.M., Gao, D.H., Ou, Z.M., et al. 2013. Charac-
terization, pharmacokinetics, and hypoglycemic effect of berberine loaded
solid lipid nanoparticles. Int. J. Nanomedicine, 8: 4677–4687. doi:10.2147/IJN.
S51262. PMID:24353417.

Yang, Q.H., Hu, S.P., Zhang, Y.P., Xie, W.N., Li, N., Ji, G.Y., et al. 2011. Effect of
berberine on expressions of uncoupling protein-2 mRNA and protein in he-
patic tissue of non-alcoholic fatty liver disease in rats. Chin. J. Integr. Med.
17(3): 205–211. doi:10.1007/s11655-011-0668-4. PMID:21359922.

Ye, M., Fu, S., Pi, R., and He, F. 2009. Neuropharmacological and pharmacoki-
netic properties of berberine: a review of recent research. J. Pharm. Pharma-
col. 61(7): 831–837. doi:10.1211/jpp.61.07.0001. PMID:19589224.

Yi, J., Ye, X., Wang, D., He, K., Yang, Y., Liu, X., and Li, X. 2013. Safety evaluation
of main alkaloids from Rhizoma Coptidis. J. Ethnopharmacol. 145(1): 303–310.
doi:10.1016/j.jep.2012.10.062. PMID:23159469.

Yin, J., Xing, H., and Ye, J. 2008. Efficacy of berberine in patients with type 2
diabetes mellitus. Metabolism, 57(5): 712–717. doi:10.1016/j.metabol.2008.01.
013. PMID:18442638.

Yu, Y., Liu, L., Wang, X., Liu, X., Liu, X., Xie, L., and Wang, G. 2010. Modulation of
glucagon-like peptide-1 release by berberine: in vivo and in vitro studies.
Biochem. Pharmacol. 79(7): 1000–1006. doi:10.1016/j.bcp.2009.11.017. PMID:
19945441.

Zhan, P.Y., Peng, C.X., and Zhang, L.H. 2014. Berberine rescues D-galactose-
induced synaptic/memory impairment by regulating the levels of Arc.
Pharmacol. Biochem. Behav. 117: 47–51. doi:10.1016/j.pbb.2013.12.006.
PMID:24342459.

Zhang, H., Wei, J., Xue, R., Wu, J.D., Zhao, W., Wang, Z.Z., et al. 2010. Berberine
lowers blood glucose in type 2 diabetes mellitus patients through increasing
insulin receptor expression. Metabolism, 59(2): 285–292. doi:10.1016/j.
metabol.2009.07.029. PMID:19800084.

Zhang, M., Lv, X., Li, J., Meng, Z., Wang, Q., Chang, W., et al. 2012. Sodium caprate
augments the hypoglycemic effect of berberine via AMPK in inhibiting he-
patic gluconeogenesis. Mol. Cell. Endocrinol. 363(1–2): 122–130. doi:10.1016/j.
mce.2012.08.006. PMID:22922125.

Zhang, Y., Li, X., Zou, D., Liu, W., Yang, J., Zhu, N., et al. 2008. Treatment of type
2 diabetes and dyslipidemia with the natural plant alkaloid berberine. J. Clin.
Endocrinol. Metab. 93(7): 2559–2565. doi:10.1210/jc.2007-2404. PMID:18397984.

Zhao, W., Xue, R., Zhou, Z.X., Kong, W.J., and Jiang, J.D. 2008. Reduction of blood
lipid by berberine in hyperlipidemic patients with chronic hepatitis or liver
cirrhosis. Biomed. Pharmacother. 62(10): 730–731. doi:10.1016/j.biopha.2008.
01.007. PMID:18337056.

Zhou, J.Y., and Zhou, S.W. 2011. Protective effect of berberine on antioxidant
enzymes and positive transcription elongation factor b expression in dia-
betic rat liver. Fitoterapia, 82(2): 184–189. doi:10.1016/j.fitote.2010.08.019.
PMID:20828602.

Zhou, L., Yang, Y., Wang, X., Liu, S., Shang, W., Yuan, G., et al. 2007. Berberine
stimulates glucose transport through a mechanism distinct from insulin.
Metabolism, 56(3): 405–412. doi:10.1016/j.metabol.2006.10.025. PMID:17292731.

Pagination not final (cite DOI) / Pagination provisoire (citer le DOI)

8 Biochem. Cell Biol. Vol. 93, 2015

Published by NRC Research Press

rich2/bcb-bcb/bcb-bcb/bcb99914/bcb0166d14z xppws S�3 1/19/15 4:19 Art: bcb-2014-0107 Input-1st disk, 2nd ??

http://www.ncbi.nlm.nih.gov/pubmed/10751230
http://www.ncbi.nlm.nih.gov/pubmed/4905644
http://dx.doi.org/10.1590/S0004-27302011000400001
http://www.ncbi.nlm.nih.gov/pubmed/21779625
http://www.ncbi.nlm.nih.gov/pubmed/24502087
http://dx.doi.org/10.1016/j.jep.2006.04.019
http://www.ncbi.nlm.nih.gov/pubmed/16759828
http://www.ncbi.nlm.nih.gov/pubmed/22368864
http://dx.doi.org/10.2337/db07-1552
http://www.ncbi.nlm.nih.gov/pubmed/18285556
http://dx.doi.org/10.1016/j.ejphar.2009.07.027
http://dx.doi.org/10.1016/j.ejphar.2009.07.027
http://www.ncbi.nlm.nih.gov/pubmed/19686728
http://dx.doi.org/10.1007/s11033-012-2321-5
http://www.ncbi.nlm.nih.gov/pubmed/23196710
http://dx.doi.org/10.1208/s12249-014-0158-z
http://dx.doi.org/10.1208/s12249-014-0158-z
http://www.ncbi.nlm.nih.gov/pubmed/24871555
http://dx.doi.org/10.1371/journal.pone.0025436
http://www.ncbi.nlm.nih.gov/pubmed/21980456
http://dx.doi.org/10.1016/j.bmc.2012.09.029
http://dx.doi.org/10.1016/j.bmc.2012.09.029
http://www.ncbi.nlm.nih.gov/pubmed/23058107
http://dx.doi.org/10.1016/j.phymed.2012.03.003
http://www.ncbi.nlm.nih.gov/pubmed/22483555
http://dx.doi.org/10.1507/endocrj.K11E-024
http://dx.doi.org/10.1507/endocrj.K11E-024
http://www.ncbi.nlm.nih.gov/pubmed/21705841
http://dx.doi.org/10.1016/j.mce.2013.07.019
http://www.ncbi.nlm.nih.gov/pubmed/23896433
http://dx.doi.org/10.1358/mf.2006.28.1.962774
http://dx.doi.org/10.1358/mf.2006.28.1.962774
http://www.ncbi.nlm.nih.gov/pubmed/16541194
http://dx.doi.org/10.1016/j.ejphar.2011.07.036
http://www.ncbi.nlm.nih.gov/pubmed/21839075
http://dx.doi.org/10.2147/IJN.S51262
http://dx.doi.org/10.2147/IJN.S51262
http://www.ncbi.nlm.nih.gov/pubmed/24353417
http://dx.doi.org/10.1007/s11655-011-0668-4
http://www.ncbi.nlm.nih.gov/pubmed/21359922
http://dx.doi.org/10.1211/jpp.61.07.0001
http://www.ncbi.nlm.nih.gov/pubmed/19589224
http://dx.doi.org/10.1016/j.jep.2012.10.062
http://www.ncbi.nlm.nih.gov/pubmed/23159469
http://dx.doi.org/10.1016/j.metabol.2008.01.013
http://dx.doi.org/10.1016/j.metabol.2008.01.013
http://www.ncbi.nlm.nih.gov/pubmed/18442638
http://dx.doi.org/10.1016/j.bcp.2009.11.017
http://www.ncbi.nlm.nih.gov/pubmed/19945441
http://dx.doi.org/10.1016/j.pbb.2013.12.006
http://www.ncbi.nlm.nih.gov/pubmed/24342459
http://dx.doi.org/10.1016/j.metabol.2009.07.029
http://dx.doi.org/10.1016/j.metabol.2009.07.029
http://www.ncbi.nlm.nih.gov/pubmed/19800084
http://dx.doi.org/10.1016/j.mce.2012.08.006
http://dx.doi.org/10.1016/j.mce.2012.08.006
http://www.ncbi.nlm.nih.gov/pubmed/22922125
http://dx.doi.org/10.1210/jc.2007-2404
http://www.ncbi.nlm.nih.gov/pubmed/18397984
http://dx.doi.org/10.1016/j.biopha.2008.01.007
http://dx.doi.org/10.1016/j.biopha.2008.01.007
http://www.ncbi.nlm.nih.gov/pubmed/18337056
http://dx.doi.org/10.1016/j.fitote.2010.08.019
http://www.ncbi.nlm.nih.gov/pubmed/20828602
http://dx.doi.org/10.1016/j.metabol.2006.10.025
http://www.ncbi.nlm.nih.gov/pubmed/17292731

	Review
	Type 2 diabetes in adults and children
	Type 2 diabetes therapy in adults and children
	Berberine
	The anti-diabetic mechanism of berberine
	Berberine is an anti-hyperglycemic agent

	Berberine is an anti-adipogenic and anti-hyperlipidmic agent
	Berberine is an anti-oxidant agent
	Berberine is an anti-inflammatory agent
	Berberine reduces diabetic complications
	Endothelial and cardiovascular
	Nephropathy
	Neuropathy

	Beneficial effects of berberine in clinical studies
	Safety and tolerability of berberine
	Limitations of berberine as an anti-diabetic
	Conclusion

	Acknowledgements
	References


<<
	/CompressObjects /Off
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 150
	/GrayImageResolution 300
	/DoThumbnails false
	/ColorConversionStrategy /LeaveColorUnchanged
	/GrayImageFilter /DCTEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /OK
	/AllowPSXObjects true
	/LockDistillerParams true
	/ImageMemory 1048576
	/DownsampleMonoImages true
	/ColorSettingsFile (None)
	/PassThroughJPEGImages true
	/AutoRotatePages /PageByPage
	/Optimize true
	/ParseDSCComments true
	/MonoImageDepth -1
	/AntiAliasGrayImages false
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/GrayImageMinResolutionPolicy /OK
	/ConvertImagesToIndexed true
	/MaxSubsetPct 99
	/Binding /Left
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 1200
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth -1
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 150
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages true
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages true
	/ASCII85EncodePages false
	/PreserveEPSInfo false
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.3
	/MonoImageResolution 600
	/NeverEmbed [
		/Arial-Black
		/Arial-BlackItalic
		/Arial-BoldItalicMT
		/Arial-BoldMT
		/Arial-ItalicMT
		/ArialMT
		/ArialNarrow
		/ArialNarrow-Bold
		/ArialNarrow-BoldItalic
		/ArialNarrow-Italic
		/ArialUnicodeMS
		/CenturyGothic
		/CenturyGothic-Bold
		/CenturyGothic-BoldItalic
		/CenturyGothic-Italic
		/CourierNewPS-BoldItalicMT
		/CourierNewPS-BoldMT
		/CourierNewPS-ItalicMT
		/CourierNewPSMT
		/Georgia
		/Georgia-Bold
		/Georgia-BoldItalic
		/Georgia-Italic
		/Impact
		/LucidaConsole
		/Tahoma
		/Tahoma-Bold
		/TimesNewRomanMT-ExtraBold
		/TimesNewRomanPS-BoldItalicMT
		/TimesNewRomanPS-BoldMT
		/TimesNewRomanPS-ItalicMT
		/TimesNewRomanPSMT
		/Trebuchet-BoldItalic
		/TrebuchetMS
		/TrebuchetMS-Bold
		/TrebuchetMS-Italic
		/Verdana
		/Verdana-Bold
		/Verdana-BoldItalic
		/Verdana-Italic
	]
	/CannotEmbedFontPolicy /Warning
	/PreserveOPIComments false
	/AutoPositionEPSFiles true
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile ()
	/EmbedJobOptions true
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/MonoImageDownsampleType /Average
	/DetectBlends true
	/EmitDSCWarnings false
	/ColorImageDownsampleType /Average
	/EncodeGrayImages true
	/AutoFilterColorImages true
	/DownsampleGrayImages true
	/GrayImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.15
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.15
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /OK
	/ColorImageResolution 300
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/PDFXTrapped /False
	/DetectCurves 0.1
	/ColorImageDepth -1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/TransferFunctionInfo /Preserve
	/ColorImageFilter /DCTEncode
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/DSCReportingLevel 0
	/ColorACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.15
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/UsePrologue false
	/PreserveCopyPage true
	/StartPage 1
	/MonoImageDownsampleThreshold 1.0
	/GrayImageDownsampleThreshold 1.0
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 0
	/PreserveOverprintSettings false
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.0
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Average
	/Description <<
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/PTB <>
		/FRA <>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/NOR <>
		/DEU <>
		/SVE <>
		/DAN <>
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/JPN <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/SUO <>
		/ESP <>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /RelativeColorimeteric
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.15
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts true
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


