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Background: Coptis chinensis rhizome has been used as a
medicinal herb in traditional Oriental medicine. We inves-
tigated the effects of Coptis chinensis extract on in-
flammatory mediators and delayed type hypersensitivity in
mice. Methods: The inhibitory effect of ethanolic extract of
Coptis chinensis (CCE) on cell proliferation was evaluated
using MTS assay. The lipopolysaccharide (LPS)-stimulated
RAW264.7 macrophages and the Con A-activated mouse
splenocytes were cultured with various concentrations of
CCE. Total nitric oxide (NO) production was determined by
Griess reaction. The amounts of secreted prostaglandine E2
(PGEy), interleukin (IL)-2 and IFN-7» were measured by
ELISA. To investigate the in vivo anti-inflammatory effect of
CCE, oxazolone-induced delayed type hypersensitivity
(DTH) model was used. Results: The CCE at 100 1 g/ml sig-
nificantly blocked the LPS-induced production of pro-in-
flammatory mediators (NO and PGE) in RAW264.7
macrophages. Also, it significantly inhibited cell proliferation
and cytokine (IL-2 and IFN- 7 ) production in splenocytes.
Furthermore, when splenocytes from CCE fed mice (200
mg/kg for 2 weeks) were activated with Con A, cell pro-
liferation and cytokine production were significantly
inhibited. In addition, CCE decreased in vivo inflammation in
oxazolone-induced DTH model mice. Conclusion: We sug-
gest that Coptis chinensis can be used as an anti-in-
flammatory drug by exerting an inhibitory effect in in-
flammatory mediator- and cell-mediated inflammation.
[Immune Network 2008;8(1):13-20]

INTRODUCTION

An inflammatory reaction is characterized by a series of path-
ophysiological processes such as edema, tissue damage and
cellular proliferation, that results from injury, infection or
autoimmunity, With this reaction, activated macrophages re-
lease various kinds of inflammatory mediators such as nitric
oxide (NO), prostaglandin E, (PGE), tumor necrosis factor
(TNF)- @, interleukin (IL)-1, and IL-6 (1), While these in-
flammatory mediators are required for tissue repair and pro-
tection (2,3), their overproduction can lead to an unnecessary
immune reaction and inflammation, even in normal tissues
(4,5). In particular, it was reported that NO primarily contrib-
utes to vasodilatation and tissue damage and that PGE, medi-
ates the pain and febrile reaction (6), Therefore, effective an-
ti-inflammatory drugs are expected to inhibit the production
of inflammatory mediators and the proliferation of in-
flammatory cells. Anti-inflammatory drugs are used to treat
chronic inflammatory diseases, including rheumatoid arthritis,
with the goal of reducing tissue destruction by controlling ex-
cessive inflammation and reducing pain, However, the
long-term administration of non-steroidal anti-inflammatory
drugs (NSAIDs) may result in serious adverse side effects
such as gastrointestinal ulcer bleeding, renal dysfunction and
the elevation of blood pressure (7).

The use of NSAIDs has been recently reported to increase
the risk of vascular thrombosis and myocardial infarction (8).
Thus, we still need to develop newer anti-inflammatory drugs
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with less adverse effects.

There is an increasing interest in the effects of natural sub-
stances that have been used in complementary and alternative
medicine, The rhizome of Coptis chinensis Franch (Ranuncu-
laceae) has been widely used as a tonic remedy for liver and
heart disorders for years in traditional Oriental medicine (9).
According to recent reports, this medicinal herb possesses a
broad spectrum of pharmacological effects including anti-bac-
terial (10), anti-cancer (11), and anti-inflammatory effects
(12), We are interested in identifying and developing clin-
ically useful and safe products from herbal medicines, In the
present study, we sought to investigate the anti-inflammatory
effects of the ethanolic extract from Coptis chinensis and its
inhibitory effects on delayed type hypersensitivity (DTH) in

extract-fed mice,
MATERIALS AND METHODS

Reagents

Concanavalin A (Con A), lipopolysaccharide (LPS), carbox-
ymethyl cellulose (CMC), dimethylsulfoxide (DMSO), mercap-
toethanol, dexamethasone, olive oil, 4-ethoxymethylene-2-
phenyloxazolone, and Greiss regent (1% sulfanilamide and
0.1% N-(napthyl)ethylenediamine dihydrochloride in 2.5%
HsPO4) were procured from Sigma. ELISA kits for inter-
leukin-2 and interferon- 7 and the immunoassay kit for PGE,
were purchased from R&D Systems (Minneapolis, MN, USA).
The cell culture media RPMI 1640 and DMEM (Gibco,
Invitrogen Ltd, Paisley, UK), antibiotic-antimycotic solution
(Gibco) and fetal bovine serum (CAMBREX, Walkersville,
MD, USA) were used for the cell culture,

Preparation of Copfis chinensis extract (CCE)

The air-dried rhizomes of Coptis chinensis Franch were ob-
tained from Kyung-Hee Oriental Medical Hospital, Korea and
powdered. This powder (100 g) was then extracted with 50%
ethanol (500 ml) for 16 h at room temperature, The com-
bined alcoholic extract was filtered through filter paper and
concentrated in a rotary evaporator at 40°C to yield 23.3 g
of Coptis chinensis ethanol extract, The ethanol extract ob-
tained at the end of this process was then solved in DMSO
for the in vitro experiment or in 0.5% CMC for the in vivo
experiment of feeding mice. The extract from the Coptis chi-
nensis thizome with 50% ethanol is hereafter referred to as
CCE. The voucher specimen of the plants used in the present

study was kept in our lab herbaricum for future reference,
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Animals

Female BALB/c mice, 5~6 weeks old, weighing 16~18 g
were obtained from Orient Co. Ltd. (Gapyoung, Korea), All
animals were maintained in plastic cages at 21~24°C with
free access to pellet food and water and were kept on a 12
h light/dark cycle. This study was in compliance with the cur-
rent ethical regulations on animal research.

RAW264.7 macrophages culture

Murine macrophages (RAW264.7) were cultured with DMEM
media containing 10% FBS, 100 U/ml penicillin and 100
mg/ml streptomycin, The cells were stimulated with LPS (1
1 g/ml) in the presence of CCE for 24 h and were cultured
for 72 h at a concentration of 2x 10" cells/well/200 21 of me-
dia on 96-well plates for the NO assay, or for 24 h at a con-
centration of 1x10° cells/well/Iml of media on 24-well plates
for the PGE, assay.

Splenocytes preparation

Splenocytes were prepared by disrupting the spleen between
glass slides in complete RPMI 1640 medium, After 10 min of
centrifugation at 1,500 rpm to separate the cells from the de-
bris (13), the cells were washed in RPMI medium, which was
followed by the lysis of erythrocytes in lysis buffer (0,15 M
NH,CI, 1 mM KHCO;, 0.1 mM Na,EDTA) at 4°C for 10 min,
The splenocytes were cultured in complete RPMI 1640 me-

dium containing 50 #M of mercaptoethanol.

Measurement of NO and PGE, content

To assay the total production of NO, 100 L of each culture
supernatant were incubated at room temperature for 10 min
with 100 #L of Griess reagent (1% sulfanilamide, 0.2% N-
(1-naphthyl)ethylenediamine dihydrochloride in 2.5% HsPOy).
The OD values of the samples were read at 570 nm. A stand-
ard curve using NaNO, was then used to calculate the NO, |
concentration, The enzyme immunoassay kit was used to
measure the production of PGE, in the culture supernatant

according to the manufacturer's instructions,

Western blot analysis of iINOS and COX-2

RAW264,7 macrophages were adjusted to 1x 10° cells/well in
a 6-well plate, The cells were treated with 0~100 g/mL of
CCE and stimulated by LPS (1 z£g/mL) for 24 hours, After
washing the cells with PBS, whole cell lysates were prepared
using the PRO-PREPTM protein extraction solution (iNtRON
Biotechnology, INC.). Equal amounts of total protein (10 g/



ane) were separated by 12,5% sodium dodecyl sulfate-poly-
acrylamide gel electrophresis (SDS-PAGE) and transferred to
a Hybond ECL nitrocellulose membrane (Amersham Pharma-
cia), The membrane was blocked with 5% skim milk for 1
h at room temperature, After washing, the blot was incubated
with specific anti-INOS and anti-COX-2 antibodies for 30 min
and the antibody specific proteins were visualized by the en-
chemiluminescence

hanced detection system (ECL-plus;

Amersham Pharmacia Biotech,, Braunschweig, Germany),

Measurement of cell proliferation by MTS assay

The inhibitory effect of the plant extract on cell proliferation
was evaluated using an MTS assay kit from Promega
(Madison, WI, USA), The cells were cultured in a 200 z«1 vol-
ume in accordance with the manufacture's protocol. The
freshly prepared MTS/PMS solution (20 #1) was added to
each well of the 96-well plate, The plate was incubated for
3 hr in a humidified, 5% CO, atmosphere. The incubation was
terminated by the addition of 10% sodium dodesyl sulfate.
The optical density at 490 nm was measured by an Emax mi-

croplate reader (Molecular Devices, Sunnyvale, CA).

Induction of in vivo cell-mediated inflammatory res-
ponse

The mice were sensitized via the epicutaneous application of
25 1] of a mixture of acetone and olive oil (4 : 1) containing
2% 4-ethoxymethylene-2-phenyloxazolone on the shaved ab-
domen and thorax skin as previously described (14). One,
three, and five days following the sensitization of the mice,
200 #£1 of CCE (400 mg/kg) or dexamethasone (1 mg/kg) dis-
solved in 0.5% carboxymethyl cellulose (CMC) were orally
administered to the mice from each group (n=0) three times.
We used dexamethasone (Sigma) as a reference, positive
control, The negative control group received 200 1 of 0.5%
CMC, After 6 days, all of the mice were challenged by the
application of 10 #£1 of 0.5% oxazolone dissolved in the mix-
ture of acetone and olive oil on both sides of the right ear.
The inhibitory effect of the DTH reaction by CCE was ana-
lyzed by comparing it with that of the 0.5% CMC-fed mice.
The intensity of the DTH reaction was expressed by subtract-
ing left ear thickness from right ear thickness at 24 h after
challenging with 0.5% oxazolone,

High Performance Liquid Chromatography (HPLC)
analysis
HPLC analysis was performed using a Waters model(Waters
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Delta 600 system, Waters Corp, Milford, USA) and the column
was YMC Hydrosphere C18 (250 mmXx4,6 mm, i.d., $-5 #m,
The temperature of column was 40°C and the injection vol-
ume was 20 #1, Detection was done at UV 345 nm using
Waters 287 detector, The extract was eluted in HPLC using
a binary gradient at a flow rate of 1,0 mL/min, and the mo-
bile phase was 0.1% phosphoric acid in water-100% acetoni-
trile (60 : 40). Berberine and palmatine were quantified in the
extract, The linearity of the HPLC method was investigated
for berberine in the range 62.7~0627.5 1£g/mL and palmatine
in the range 10.5~105.2 1£g/mL at five concentration levels,
using the successive dilutions of stock solutions berberine
027.5 £g/mL and palmatine 105.2 /£ g/mL, respectively, Cali-
bration plots with correlation coefficient were obtained by re-

porting peak areas as a function of analyte concentration,

Statistical analysis
The results were expressed as the means®SD, Statistical sig-
nificance was determined by Dunnet's test using SigmaStat

version 3.0. p values below 0.05 were considered significant.

RESULTS

Effect of CCE on cell viability

To rule out the toxic effect of CCE, we tested its effect on
the viability of RAW264.7 macrophages by 0.025% trypan
blue dye exclusion. The exposure of cells to CCE at 1~1,000
1g/ml for 72 h showed no significant adverse effect on the
cell viability versus the untreated controls, although the cell
viability at 1,000 £g/ml was reduced to 80% of that of the
untreated controls (data not shown).

Effect of CCE on NO and PGE, production in
RAW264.7 macrophages

In an effort to investigate the effect of CCE, we first examined
whether CCE inhibits the production of NO and PGE; in
RAW264.7 macrophages stimulated with LPS (1 ¢ g/ml). CCE
at 1~100 ¢ g/ml significantly inhibited LPS-induced NO (Fig.
1A) and PGE, production (Fig. 1B), however, at 1 #£g/ml its
inhibition of NO was substantial but statistically insignificant,

Effect of CCE on iNOS and COX-2 expression in
RAW264.7 macrophages

When CCE was added to RAW264.7 cells activated with LPS
(1 £g/ml), the expression of the iNOS protein was sig-
nificantly inhibited compared with that of the control, The ex-
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Figure 1. Effects of Coptis chinensis extract (CCE) on NO (A) and PGE,
(B) formation in RAW264.7 macrophages. RAW264.7 macrophages
were adjusted to 2x 10" cells/well in a 96-well plate. The cells were
stimulated with LPS (1 z£g/ml) in the presence of CCE for 24 h. The
culture supernatants were used to measure the NO and PGE; levels.
Values are the means of five wells in triplicate experiments and are
expressed as the mean+S.D. (*p<0.05, **p<0.01 vs. cells treated
with DMSO as a control).
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Figure 2. Inhibitory effect of CCE on the expression of the iNOS and
COX-2 proteins in RAW264.7 macrophages. RAW264.7 macrophages
were adjusted to 1x10° cells/well in a 6-well plate. The cells were
treated with 0~ 100 «g/mL of CCE and stimulated by LPS (1 £g/mL)
for 24 hours. Equal amounts of total protein (10 /£g/lane) were
subjected to 12.5% SDS PAGE, and the expression levels of the iINOS
and COX-2 proteins was determined by Western blotting with specific
anti-iNOS and anti-COX-2 antibodies. Actin was used as an internal
control.
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pression of COX-2 did not show an important change despite
its subtle suppression (Fig. 2).

Effect of CCE on lymphocyte proliferation and
cytokine production
The effect of CCE on lymphocyte proliferation was in-
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Figure 3. The in vitro inhibitory effect of Coptis chinensis extract (CCE)
on the cell proliferation and cytokine production. Splenocytes were
adjusted to 2x 10> cells/well/200 L of media in a 96-well plate. The
cells were treated with 0, 1, 10, and 100 zg/mL of CCE dissolved
in DMSO 30 min before stimulation with Con A (5 £g/ml). The
inhibition of cell proliferation was assayed by MTS after 72 hr
incubation (A). The culture supernatants were collected at 24 h and
analyzed for cytokines by ELISA (B and C). Values are the mean of
five wells from one of the three representative experiments and are
expressed as the mean+SD (*p<0.05, **p<0.01 versus cell treated
with DMSO as a control).



vestigated. Splenocytes were stimulated with Con A at 5 g/
ml for 72 h in the presence of CCE at concentrations of 1-100
rg/ml. CCE suppressed the proliferation of Con A-stimulated
splenocytes in a dose-dependent manner (Fig. 3A). CCE in-
hibited the proliferation of splenocytes by about 51.6% at a
concentration of 100 ¢« g/ml in comparison to that of the ve-
hicle-treated groups. The inhibition of splenocyte prolifera-
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Figure 4. The anti-proliferative and anti-inflammatory effect of CCE in
vivo. Splenocytes from CCE-fed mice were isolated and adjusted to
2x10° cells/well/200 2L of RPMI media in a 96-well plate, and
stimulated with Con A for 24 h or 72 h in the absence of CCE. Cell
proliferation was measured by MTS assays at 72 h of incubation (A).
The productions of IL-2 (B) and IFN-7 (C) in the culture supernatants
after 24 h of incubation were measured by ELISA. The values are
expressed as the means+SD for six mice. The data are representative
of two separate experiments (*p<0.05 vs. cells treated with 0.5%
CMC, NC: non-stimulated cells).
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tion might be related to the reduction of the pro-inflammatory
cytokines required for T cell proliferation. Thus, IL-2 and IFN-
Y were analyzed from the culture supernatants, CCE (100
rg/ml) caused a 95.2% and 58.0% reduction in the pro-
duction of IL-2 and IFN-7 | respectively (Fig. 3B and 3C).

The anti-inflammatory effects of CCE in vivo

To further investigate the in vivo effect of CCE, six mice from
each group were orally administrated CCE (100, 400 mg/kg)
dissolved in 200 1 of a 0.5% CMC solution or 200 1 of
a 0.5% CMC solution for the control group for 2 weeks, The
splenocytes were isolated and stimulated by Con A at a
5- 1 g/ml concentration for 24 or 72 h without CCE. The cell
proliferation at 72 h was significantly inhibited in the
CCE-treated group in comparison to that of the control group
(Fig. 4A). At 24 h of culture, the cell supernatant from the
splenocyte of CCE-fed mice showed a reduction of the
amount of IL-2 (31.3%) and IFN-7 (55.2%), compared to the
control group, respectively (Fig. 4B and 4C).

Effect of CCE on delayed type hypersensitivity (DTH)
We also investigated whether CCE exhibits inhibitory effects
on cell-mediated inflammation in vivo using a DTH mouse
model, DTH mice induced by oxazolone were orally adminis-
trated CCE (400 mg/kg/200 11 of 0.5% CMC), dexamethasone
(1 mg/kg/200 11 of 0.5% CMC) and 200 21 of 0.5% CMC as
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Figure 5. Anti-inflammatory effect of CCE on delayed type hypersen-
sitivity (DTH) reactions to topical oxazolone in mouse skin. DTH was
induced in BALB/c mice by sensitizing the skin with 25 x| of 2%
oxazolone dissolved in the mixture of acetone and olive oil (4 : 1).
At one, three and five days after sensitization, the mice were orally
fed CCE (400 mg/kg) or dexamethasone (1 mg/kg) dissolved in 200
11 of a 0.5% CMC solution. The control mice received a 0.5% CMC
solution (200 1) orally. One day after the last feeding of CCE, both
sides of the right ear of mice from each group were challenged with
10 2] of 0.5% oxazolone solution. After 24 h, the right and left ear
thicknesses were measured in order to analyze the anti-inflammatory
effect of CCE (A). The right ear thickness was compared with that of
left ear. Six mice were used for each group. The data show one of
two separate experiments. Each value represents the mean+SD (n=6).
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a control group. The ear thickness of each mouse of these
three groups was compared in order to analyze the inhibitory
effect of CCE. The ear thickness of the immunized right ear
in the control group was increased to 86% in comparison to
that of the non-immunized left ear, The ear thickness in the
CCE- and the dexamethasone-fed group was increased to a
lesser extent up to 70.8% and 62.9%, respectively (Fig. 5).

HPLC analysis of CCE

HPLC chromatogram of the extract showed a number of
peaks with the peaks at RT 43.0 min of berberine and RT 39.2
min of palmatine (Fig. 6). Berberine and palmatine contents
were found to be 22,5% and 5.7% w/w respectively from dry
starting material, HPLC analysis showed that berberine was the
main components of the extract of Coptis rhizome.
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Figure 6. HPLC Chromatogram of Coptis rhizome. HPLC analysis showed that berberine and palmatine were the main component of the extract

of Coptis rhizome.
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DISCUSSION

This study showed the inhibitory effect of CCE on the pro-
duction of pro-inflammatory mediators (NO and PGE,) and
inflammatory cytokines (IL-2, IFN-7) in activated murine
macrophages and splenocytes, respectively. In addition, we
further demonstrated its immunosuppressive effect on ox-
azolone-induced DTH.

Among the inflammatory mediators, NO reacts with the su-
peroxide anion (O;) to produce other toxic free radicals,
such as peroxynitfite (ONOO ), and these exert undesirable
effects on the majority of organ systems, NO is generated by
NO synthetase (NOS) (15). Its overproduction is mediated by
iNOS detected in activated macrophages (16). PGE,, a type
of prostaglandin (PG) produced by cyclo-oxygenase (COX),
plays a role in the development of erythema, edema, and
fever. COX exists in at least two isoforms, COX-1 is con-
stitutively expressed, whereas COX-2 is expressed only in re-
sponse to pro-inflammatory stimuli and plays an important
role in the inflammatory reaction (17). Therefore, effective
anti-inflammatory drugs are required to selectively suppress
the expression of iNOS and COX-2 as well as the generation
of NO and PGE;, In this study, we demonstrated the ability
of CCE to inhibit the production of NO and COX-2 in
RAW264.7 macrophages. Furthermore, CCE seems to be able
to reduce the expression of the iNOS and COX-2 proteins.

CCE added in vitro significantly inhibited the cell pro-
liferation and release of the inflammatory cytokines IL-2 and
IFN-7 in Con A-activated mouse splenocytes in a dose-de-
pendent manner, IL-2 is required for T cell proliferation (18).
Thus, the inhibition of IL-2 production might be involved in
the decreased proliferation of lymphocytes from the spleen.
IFN- 7 , secreted by Thl cells, induces the differentiation of
naive CD4+ T cells to Thl cells and suppresses the pro-
liferation of Th2 cells (19). Thl and Th2 cells mediate cellular
and humoral immunity, respectively (20). The inhibition of
IFN- 7 production by CCE suggests the possible immuno-
suppression in cell-mediated immunity.

Similarly, the lymphocyte proliferation and the cytokine
production (IL-2 and IFN-7 ) were significantly inhibited in
splenocytes from the CCE-fed mice, These results indicate
that CCE might induce a regulatory immune system in vivo
(21), such as regulatory T cells or directly affect lymphocyte
proliferation.

A model of cell-mediated inflammation, oxazolone-induced
DTH, was used to investigate the immunosuppressive effect
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of CCE, and a significant difference in ear thickness was ob-
served between the CCE-fed mice and the negative control
(0.5% CMC)-fed mice. DTH is an immune reaction that is
known to be T cell, macrophage and granulocyte-dependent
(22), The in vivo inhibitory effects on DTH indirectly suggest
that the in vitro inhibitory effect of CCE was not due to cell
cytotoxicity, but rather to an immunomodulatory effect.

In the present study, we identified that berberine was the
primary component of CCE through the HPLC analysis (data
not shown), Moreover, it was recently shown that berberine,
an isoquinoline derivative of alkaloid, has many pharmaco-
logical properties including anti-bacterial, anti-cancer, and an-
ti-inflammatory effects (9-11). Therefore, the anti-inflam-
matory activity observed may be attributed to the berberine
component,

Berberine containing herbal extracts have been used for
many centuries as a tonic remedy for liver and cardiac
diseases. According to recent reports, berberine displays a
wide range of biological actions, including a potent antibiotic
effect against bacteria, viruses and fungii (10), an anti-cancer
effect by inducing DNA topoisomerase poisoning and cellular
apotosis in Hela and leukemia cells (11), and an anti-in-
flammatory effect, Berberine exhibited the inhibition of phor-
bol ester-induced inflammation (23), COX-2 expression (24),
and the LPS-induced production of COX-2, TNF-a and iNOS
in alveolar macrophages (25).

It is remarkable that the total alkaloids from the rhizoma
of Coptis chinensis were capable of reducing ulcer formation
in experimental models (26) and inhibiting the in vitro pro-
liferation of vascular smooth muscle cells, which is an im-
portant mechanism of atherosclerosis (27). These findings
suggest that berberine may overcome existing complications
associated with NSAIDs, such as gastrointestinal ulceration
and cardiovascular morbidity, Thus, berberine can be a po-
tential candidate to be developed as a newer anti-in-
flammatory drug suitable for long-term use,

Anti-inflammatory drugs are frequently used to improve the
symptoms and inhibit tissue damage in chronic inflammatory
diseases, such as rheumatoid arthritis, Corticosteroid, one of
the most potent anti-inflammatory drugs, is well known for
its rapid action, However, the long-term administration of
corticosteroids is undesirable because it is associated with a
number of serious side effects such as infection, osteoporosis,
hypertension, Cushing syndrome and so on, NSAIDs, which
are commonly prescribed drugs, have a high probability of
gastrointestinal problems as previously mentioned, COX-2 se-
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lective inhibitors, which were developed in an effort to re-
duce these complications, were recently reported to increase
the risk of cardiovascular events, Accordingly, the develop-
ment of new anti-inflammatory drugs for the safe treatment
of chronic inflammatory diseases is highly desirable,

In our study, the ethanolic extract of Coptis chinensis
showed an anti-inflammatory effect via the inhibition of the
expression of pro-inflammatory mediators and an immuno-
suppressive effect in oxazolone-induced DTH mice. These re-
sults suggest that Coptis chinensis may be useful in treating
chronic inflammatory diseases with immunologic mechanisms
such as rheumatoid arthiritis, However, further studies inves-
tigating the organ toxicity at therapeutic concentrations, de-
tailed pharmacokinetics, and individual studies of berberine,
will be needed to validate the value of Coptis chinensis as

an anti-inflammatory drug,
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