
ORIGINAL PAPER

Berberine inhibits the expression of TNFa, MCP-1, and IL-6
in AcLDL-stimulated macrophages through PPARc pathway

F. L. Chen Æ Z. H. Yang Æ Y. Liu Æ L. X. Li Æ
W. C. Liang Æ X. C. Wang Æ W. B. Zhou Æ
Y. H. Yang Æ Ren-Ming Hu

Received: 30 April 2008 / Accepted: 26 June 2008 / Published online: 26 November 2008

� Humana Press Inc. 2008

Abstract Macrophages are the main source of cytokines

in atherosclerotic plaques. Modified low-density lipopro-

teins may stimulate macrophages to produce large

quantities of proinflammatory cytokines that promote ath-

erosclerosis. Berberine is the main component of the

traditional Chinese medicine umbellatine, which has a

widespread effect and was used to treat many diseases

clinically. Our previous study found that berberine could

increase adipophilin expression in macrophages, which is a

target gene of PPARc. PPARc agonist could decrease pro-

inflammatory cytokines in macrophage. In this study, we

investigated the effects and the mechanism of action of

berberine on the expression and secretion of TNFa, MCP-1,

and IL-6 in vitro to identify new pharmacological actions of

berberine. The results of RT-PCR and ELISA shows that

berberine may inhibit the expression and secretion of the

tumor necrosis factor a (TNFa), monocyte chemoattractant

protein 1 (MCP-1), and interleukin-6 (IL-6) in macrophages

stimulated by acetylated low-density lipoprotein (AcLDL),

whereas the peroxisome proliferator-activated receptor c
(PPARc) inhibitor GW9662 could attenuate this effect of

berberine. This study demonstrates that berberine may

inhibit the expression and production of TNF-a, MCP-1,

and IL-6 in AcLDL-stimulated macrophages. This effect

might be partially mediated through PPARc activity.
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Introduction

Atherosclerosis is a multifactorial disease and numerous

risk factors associated with its manifestation have been

identified [1]. Increased levels of plasma cholesterol, in

particular of low-density lipoprotein (LDL), are recognized

as a major cardiovascular risk factor, similar as hyperten-

sion, diabetes mellitus and smoking. Inflammation plays a

critical role in the mechanism of atherosclerosis throughout

every stage of the disease [2]. Proinflammatory cytokines

are mainly secreted from macrophages in atherosclerotic

plaques [3, 4]. Plasma LDL can cross the endothelium and

accumulate in the intima, where it can undergo oxidative

modification and acquire several potentially proatherogenic

biological properties. These include stimulating vascular

endothelial cells and macrophages to produce large number

of proinflammatory cytokines [5, 6].

Berberine is the main component of the traditional

Chinese medicine umbellatine, which has a widespread

effect and were used to treat many diseases clinically.

Recently, it was found that berberine has cholesterol-low-

ering effect [7], inhibits rat vascular-smooth-muscle-cell
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proliferation and migration [8], and has anti-tumor effect

[9, 10]. It has also been shown that berberine can inhibit

acetaldehyde-induced interleukin-1b and tumor necrosis

factor-a production in HepG2 cells [11]. Tumor necrosis

factor a (TNFa) [12], interleukin (IL)-6 [13, 14], and

monocyte chemoattractant protein 1 (MCP-1) have

important roles in the development and acceleration of

atherosclerosis [15, 16].

Our previous studies observed berberines’ effect on

glucose in HepG2 cell line and found that berberine was

able to exert a glucose-lowering effect in hepatocytes [17].

Also in our previous study, we found that adipophilin

expression was higher in aorta tissue of monkey with

diabetes than aorta tissue of monkey without diabetes. It

was found that berberine could increase adipophilin

expression in macrophages in the process of finding the

factors of affect adipophilin expression [18]. As we known,

adipophilin is a PPAR-c target gene [19], PPARc agonist

could decrease proinflammatory cytokines in macrophage.

To determine the novel pharmacological action of berber-

ine, we investigated the effects and the mechanism of

action of berberine on the AcLDL-stimulated levels of

TNFa, IL-6, and MCP-1 expression in macrophages cul-

tured in vitro. We found that berberine could inhibit

AcLDL-induced proinflammatory cytokine expression and

secretion in THP-1 macrophages.

Material and methods

Drugs and reagents

Berberine hydrochloride was produced by the Tianjin

Chinese medicine factory and supervised by National

Institute for the Control of Pharmaceutical and Biological

Products, and that was a gift from Dr. Zhou LB, Institute of

Endocrine and Metabolism of Shanghai, China. GW9662

and rosiglitazone were purchased from Sigma Company.

Fetal calf serum (FCS), RPMI1640 culture medium, and

DMSO were purchased from Gibco Company. The THP-1

cell line was obtained from the American Type Culture

Collection (ATCC). Total RNA extract kit purchased from

QIAGEN Company. The ELISA kits to detect TNF-a,

MCP-1, and IL-6 were purchased from BIOSOURSE

Company. FastStart DNA Master SYBR Green I kit was

purchased from Roche Company. Primers were synthe-

sized by the Shanghai Shengong Company.

Cell culture

Human monocytic THP-1 cells were maintained in RPMI

1640 medium with 10% FCS. Three days before treatment,

cells were seeded in 6-well culture dishes at a density of

2 9 106 cells/well. Differentiation of THP-1 monocytes to

macrophages occurred in the presence of 160 nM of

phorbol 12-myristate 13-acetate (PMA) for 72 h. The cells

were found adhered to the bottom of culture dishes and

presented hetermorphism.

Cell treatment

Berberine was freshly prepared in normal saline. GW9662

and rosiglitazone were dissolved in DMSO in a 10009

concentration. The THP-1 derived macrophages were

washed three times with Hanks’ solution and cultured in

RPMI1640 medium with 10% FCS. Cells were treated for

48 h with 50 lg/ml AcLDL and various amounts of ber-

berine (5 lmol/l, 10 lmol/l, normal saline, or AcLDL

alone as control 1 and control 2, respectively). Some cells

were harvest at 24 h extract total RNA for measured the

expression levels of TNF-a, IL-6, and MCP-1. The super-

natants were collected after treating 24 and 48 h to measure

the content of proinflammatory cytokines.

MTT assay

Cell viability was monitored by MTT colorimetric assay.

Cells were treated with berberine or rosiglitazone for 24 h.

One-tenth volume of 5 mg/ml MTT was then added to the

culture medium. After 4-h incubation at 37�C, equal cell

culture medium volume of 0.04 N HCl in isopropanol was

added to dissolve the MTT formazan, and the absorbance

value was measured using an ELISA plate reader.

Real-time RT-PCR

The total cell RNA was extracted with Trizol (QIAGEN

Company). 1 lg RNA was used for reverse transcription.

The expression of TNF-a, MCP-1, and IL-6 in macro-

phages was detected by method of real-time-PCR. b-actin

was used as an internal standard and various concentrations

of plasmid inserted with target PCR products were used to

generate a standard curve. The LightCycler� 2.0 System

with the matched LightCycler� FastStart DNA Master

SYBR Green I kit was used for real-time PCR.

Enzyme-linked immunosorbent assay (ELISA)

Levels of the cytokines IL-6, MCP-1, and TNF-a were

measured by ELISA using the human TNF-a, MCP-1, and

TNF-a sets (BIOSOURCE). Macrophages were treated

with various amounts of berberine (5 lmol/l, 10 lmol/l, or

normal saline as control) in the presence of 50 lg/ml

AcLDL for 24 h. Supernatants were then added to wells,

which were coated with monoclonal antibody against IL-6,

MCP-1, and TNF-a. After three washes with washing
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buffer (0.05% Tween-20 in phosphate-buffered saline,

PBS), peroxidase-conjugated avidin, biotinylated antibod-

ies against IL-6, MCP-1, and TNF-a, and chromogenic

substrates were added to each well. The absorbance was

read at 450 nm in an ELISA plate reader.

Statistical analysis

Data were presented as mean ± standard error (SE).

Analysis of variance (ANOVA) was used for comparisons

multiple means. A value of P \ 0.05 was considered sta-

tistically significant.

Results

The cytotoxicity of berberine and rosiglitazone

to macrophages

The results of MTT assay showed that berberine in con-

centration of 5 or 10 lmol/l and rosiglitazone in

concentration of 10 nmol/l did not show significant cyto-

toxicity. As shown in Fig. 1, the relative viability of

berberine- or rosiglitazone-treated macrophages were all

greater than 88%.

Berberine could inhibit the expression and secretion

of TNF-a, IL-6, and MCP-1 in macrophages stimulated

by AcLDL

AcLDL may stimulate macrophages to produce proin-

flammatory cytokines, the expression of which was

correlated with the development of artherosclerosis. To

determine the effect of berberine on the expression and

secretion of cytokines in macrophages stimulated by Ac-

LDL, we treated the macrophages with various amount of

berberine (5 lmol/l, 10 lmol/l, or normal saline as control)

in the presence of 50 lg/ml AcLDL for 48 h and collected

the supernatant after treating 24 and 48 h. Some cells were

harvest at 24 h extract total RNA for measured the

expression levels of TNF-a, IL-6, and MCP-1 with real-

time RT-PCR. The levels of TNF-a, IL-6, and MCP-1 in

the supernatant were detected by ELISA analysis.

As shown in Fig. 2a, macrophages that were not treated

with AcLDL (con1) expressed little TNF-a, IL-6, and

MCP-1, but the levels of TNF-a, IL-6, and MCP-1

increased significantly after treatment with AcLDL

(increased almost 2-fold). We found that berberine could

inhibit the expression of TNF-a, IL-6, and MCP-1 in

macrophages stimulated by AcLDL in a dose-dependent

manner. After treatment with 5 lmol/l or 10 lmol/l ber-

berine, the levels of TNF-amRNA expression decreased by

28% and 50%, respectively, the levels of MCP-1 mRNA

expression decreased by 37% and 57%, respectively, and

the levels of IL-6 mRNA expression decreased by 16% and

44%, respectively, compared with controls.

As shown in Fig. 2b, c, the levels of TNF-a, IL-6, and

MCP-1 increased significantly after treatment with AcLDL

whereas berberine could inhibit the expression of TNF-a,

IL-6, and MCP-1 in macrophages stimulated by AcLDL in

a dose-dependent manner. After treatment with 5 lmol/l or

10 lmol/l berberine, the levels of TNF-a in the supernatant

decreased by 43.9% and 62.8%, respectively, after 24 h,

and decreased by 47.8% and 65.2%, respectively, after

48 h compared with controls. After treatment with 5 lmol/

l or 10 lmol/l berberine, the levels of MCP-1 in the

supernatant were reduced by 33.6% and 63.2%, respec-

tively, after 24 h, and were reduced by 42.3% and 68.4%,

respectively, after 48 h, compared with controls. After

treatment with 5 lmol/l or 10 lmol/l berberine, the levels

of IL-6 in the supernatant reduced by 57.6% and 67.5%,

respectively, after 24 h, and by 57.1% and 70.9%,

respectively, after 48 h, compared with controls.

PPARc inhibitor GW9662 could attenuate the effect

of berberine on the expression of TNFa, MCP-1,

and IL-6 mRNA in macrophages stimulated by AcLDL

It was found in our previous study that berberine could

increase adipophilin, a target gene of PPAR-c expression in

macrophages. To investigate whether berberine affects the

expression levels of TNFa, MCP-1, and IL-6 mRNA via

activating PPAR-c pathway, we pretreated the macro-

phages with GW9662 and than co-treated cells with

berberine and AcLDL or rosiglitazone and AcLDL.

Fig. 1 The cytotoxicity of berberine and rosiglitazone to macro-

phages. Macrophages were treated with various concentrations of

berberine (5 or 10 lmol/l) or rosiglitazone (10 nmol/l) in the presence

of 50 lg/ml AcLDL for 48 h. Relative viability was measured using

MTT assay. Values are mean ± SE of three independent experiments.

Samples were measured in triplicate (con1, normal saline; BBR

5 lmol, 50 lg/ml AcLDL, and 5 lmol/l berberine; BBR 10 lmol,

50 lg/ml AcLDL, and 10 lmol/l berberine; Rosi 10 nmol, 50 lg/ml

AcLDL and 10 nmol rosiglitazone)
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Rosiglitazone is an agonist of a PPAR-c and was used as a

positive control in this study.

As shown in Fig. 3a, we found that the effect of rosig-

litazone on the expression of TNFa, MCP-1, and IL-6

mRNA in AcLDL-stimulated macrophages was almost

completely abolished by GW9662, whereas the effect of

berberine was partially repressed by GW9662. The TNFa
mRNA level was reduced by 50% after treatment with

10 lmol/l berberine for 24 h, whereas the TNFa mRNA

expression level was reduced by only 18% in macrophages

pretreated with 1 lmol/l GW9662. The TNFa mRNA

expression level was reduced by 46% after treatment with

10 nmol/l rosiglitazone for 24 h, whereas the TNFa mRNA

expression level was reduced by only 2% in macrophages

pretreated with 1 lmol/l GW9662.

The MCP-1 mRNA expression level was reduced by

63.2% after treatment with 10 lmol/l berberine for 24 h,

whereas the MCP-1 mRNA expression level was reduced

by only 22.5% in macrophages pretreated with 1 lmol/l

GW9662. The MCP-1 mRNA expression level was

reduced by 65% after treatment with 10 nmol/l rosiglitaz-

one for 24 h, whereas the MCP-1 mRNA expression level

was reduced by only 2.5% in macrophages pretreated with

1 lmol/l GW9662.

The IL-6 mRNA expression level was reduced by 46.7%

after treatment with 10 lmol/l berberine for 24 h, whereas

the IL-6 mRNA expression level was reduced by only

22.2% in macrophages pretreated with 1 lmol/l GW9662.

The IL-6 mRNA expression was reduced by 44.4% after

treatment with 10 nmol/l rosiglitazone for 24 h, whereas

the IL-6 mRNA expression was reduced by only 2.2% in

macrophages pretreated with 1 lmol/l GW9662.

Also as shown in Fig. 3b, the levels of TNF-a, MCP-1,

and IL-6 in the supernatant were significantly decreased

after treated with berberine or rosiglitazone for 48 h. While

pretreated with GW9662, the levels of TNF-a, MCP-1, and

IL-6 in the supernatant were decreased after treated with

berberine, but the extent of decrease were less than that of

not pretreated with GW9662. As a positive control, pre-

treated with GW9662, the levels of TNF-a, MCP-1 and IL-

6 in the supernatant were not decreased significantly after

treated with rosiglitazone.

Discussion

The macrophages in arterial wall are mainly derived from

circulation monocytes, which are play important role in the

process of artherosclerosis. AcLDL is similar to oxidative

LDL (OXLDL), which can induce macrophages to produce

large amounts of proinflammatory cytokines [5, 6]. PMA

can induce transformation of human monocytes to macro-

phages in vitro, which have many characteristics similar to

the macrophages isolated from peritoneal in vivo [20].

Fig. 2 The effects of berberine on the TNF-a, IL-6 and MCP-1

expression and, secretion in AcLDL-stimulated macrophages. a
Macrophages cultured in 6-well culture dishes were treated various

amounts of berberine (5 lmol/l, 10 lmol/l) in the presence of 50 lg/

ml AcLDL for 24 h, and the expression levels of TNF-a, IL-6 and

MCP-1 were measured by real-time RT-PCR. The levels of TNF-a,

IL-6, and MCP-1 mRNA are compared with those of b-actin mRNA.

b and c Macrophages were treated with various amounts of berberine

(5 lmol/l, 10 lmol/l, or normal saline as control) in the presence of

50 lg/ml AcLDL for 48 h. The cells supernatant were collected at 24

b and 48 h c after treating. The levels of TNF-a, IL-6, and MCP-1 in

the cells supernatant were detected with ELISA. Values are

mean ± SE of three independent experiments and each sample were

detected three times. *P \ 0.05, **P \ 0.01 compared with con2.

(con1, normal saline; con2, 50 lg/ml AcLDL; BBR 5 lmol, 50 lg/ml

AcLDL and 5 lmol/l berberine; BBR 10 lmol, 50 lg/ml AcLDL and

10 lmol/l berberine)
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Therefore, in the present study, we used the macrophages

induced from THP-1 cell line to investigate the effects of

berberine and AcLDL on production of proinflammatory

cytokines.

Previously, studies have showed that berberine is an

alkaloid and posses antiatherogenic effects in vitro and in

vivo [7, 8], but this mechanism is remain incompletely

understand. It was found in our previous study that ber-

berine could increase adipophilin, a target gene of PPAR-c
expression in macrophages. In this study, we found that

berberine could inhibit the expression and secretion of

TNF-a, MCP-1, and IL-6 in AcLDL-stimulated macro-

phages. Inflammation of vessel wall due to dyslipidemia is

important in the development of atherosclerosis, and

TNFa, MCP-1, and IL-6 have important roles in this

inflammatory process [5, 6]. TNFa is a proinflammatory

cytokine that is produced by macrophages, lymphoid and

vascular smooth muscle cells in the vessel wall and by

monocytes and peripheral tissue macrophages in the blood

[2, 3]. TNFa could facilitate vascular-smooth-muscle-cell

proliferation and hasten macrophages death in vessel wall,

stimulate synthesis of matrix proteases by vascular smooth

muscle cells and macrophages in plaque. All these effects

could facilitate development of atheromatous plaques to an

advanced stage [21–25]. Brane et al. has shown that inhi-

bition of TNF-a reduces atherosclerosis in apolipoprotein-

E-knockout mice [12].

MCP-1 and its receptor CCR2 are key mediators in

vascular inflammation, and is one of the most potent che-

motactic agents to monocytes. MCP-1 has been shown to

play a pivotal role in spontaneous atherosclerosis and post-

angioplasty restenosis. Recently, it has been shown that

blocking of the MCP-1/CCR2 pathway results in reduced

atherosclerosis and restenosis by inhibition of monocyte

adhesion to the vascular wall and reduces macrophage

content in atherosclerotic lesion [26–28].

IL-6 is a major proinflammatory cytokine that is central to

the inflammatory response, regulating the hepatic synthesis

of acute-phase proteins such as fibrinogen, C-reactive pro-

tein, and albumin. IL-6 mRNA is present in atherosclerotic

Fig. 3 PPARc inhibitor GW9662 reduces the effects of berberine on

TNFa, MCP-1, and IL-6 mRNA expression levels. The macrophages

were treated with 10 lmol/l berberine or 10 lmol/l rosiglitazone for

24 h in the presence of 50 lmol/l AcLDL, normal saline alone as

control 1, 50 lmol/l AcLDL alone as control 2. The other two wells

contained cells that had been pretreated with 1 lmol/l GW9662 for

30 min and then treated with 10 lmol/l berberine or 10 nmol/l

rosiglitazone for 24 h. Cells were harvest to extract total RNA and the

supernatant of cells were collected after treating 24. a TNFa, MCP-1,

and IL-6 mRNA expression levels were measured by real-time RT-

PCR and are shown relative to those of b-actin mRNA and b The

levels of TNF-a, IL-6, and MCP-1 in the supernatant were detected by

ELISA analysis. Values are mean ± SE of three independent

experiments. Samples were measured in triplicate. *P \ 0.05,

**P \ 0.01, compared with control 2
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arteries at levels 10- to 40-fold higher than in non-athero-

sclerotic vessels and increased levels of IL-6 are associated

with increased cardiovascular risk. Functional variations in

the IL-6 gene may modify cardiovascular risk by affecting

serum IL-6 levels and in some cases changing the structure of

the IL-6 protein, which indicates that IL-6 has a role in the

pathogenesis of atherosclerosis [13, 14, 29–31]. These

effects of TNF-a, MCP-1, and IL-6 connect dyslipidemia and

atherosclerosis, but berberine might block this link by inhi-

bition of TNF-a, MCP-1, and IL-6 production in

macrophages to prevent the atherosclerosis.

In present study, we have found that the effect of ber-

berine on the expression and secretion of TNF-a, MCP-1,

and IL-6 could be partially blocked by PPAR-cinhibitor.

Recently reports showed that berberine could inhibit acet-

aldehyde-induced NF-jB activity through inhibition of IjB

phosphorylation and degradation, resulting in the suppres-

sion of IL-1b and TNF-a production in acetaldehyde

induced HepG2 cells [11]. It could not clear-out a causal

correlation between the berberine’s effect of inhibiting NF-

jB activity and suppression of IL-1b and TNF-a produc-

tion in acetaldehyde-induced HepG2 cells in that study. We

presumed that beberine implement its effect of inhibiting

TNF-a, MCP-1, and IL-6 expression and secretion via

multitarget and various pathway.

In addition, it was notable that functional response ele-

ments of nuclear factors AP1 and NFjB are found in the

promoter region of the TNF-a gene [32]. PPAR-c may

reduce the level of TNF-a, MCP-1, and IL-6 expression in

macrophages by inhibition of the activity of nuclear factors

AP1 and NFjB [33–35]. Bong et al. found that berberbine

can reduce the expression and secretion of TNF-a in 3T3-

L1 cells [36]. In addition, berberine may also reduce

plasma LDL levels [7], inhibit vascular-smooth-muscle-

cell proliferation [8], improve insulin sensitivity and inhibit

fat synthesis [36]. These effects are similar to those of

PPARc agonists and NFjB inhibitors. Based on the results,

it is tempting to speculate that the effects of berberine in

macrophages may be through activating the PPARc path-

way. Interestingly, the fact that GW9662 (PPARc inhibitor)

could attenuate the inhibitory effect of berberine on the

expression levels of TNF-a, MCP-1, and IL-6 in AcLDL-

stimulated macrophages in the present study, supporting

that berberbine’s anti-inflammatory effects might, at least

in part, be mediated through activation of PPARc.

Conclusion

Berberine can inhibit the expression and production of

TNF-a, MCP-1, and IL-6 in AcLDL-stimulated macro-

phages. These effects might be partially mediated through

activation of the PPARc pathway.
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