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Abstract − Scutellaria baicalensis is known as a herbal medicine with anti-inflammatory and anti-oxidative
activities. However, effect of Scutellaria baicalensis on lupus pathogenesis that is characterized by
overproduction of proinflammatory cytokines and abnormalities in regulation, function, and interaction of
immune cells remains unclear. We investigated effects of Scutellariae radix methanol extract (SBMeOH) on the
production of proinflammatory cytokines and abnormal activation of T cells in vitro in pristane-induced lupus
BALB/c mice. These results demonstrated that SBMeOH significantly decreased the LPS-stimulated
production of TNF-α, IL-6, and IL-10 by splenic and peritoneal macrophages and IL-6 and IL-10 by
splenocytes from pristane-induced lupus mice. SBMeOH significantly downregulated the Con A-stimulated
overproduction of IL-6, IL-10, and IFN-γ by splenocytes from pristane-induced lupus mice. Also, SBMeOH
significantly attenuated the Con A-induced expression of CD4+ T cells and CD69+CD4+ T cells but not CD8+
T cells in pristane-induced lupus mice. Our findings indicate that SBMeOH may ameliorate lupus pathogenic
inflammation and autoimmunity via downregulation of proinflammatory cytokine production and abnormal
activation of T cells.
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Introduction

Scutellaria baicalensis and its flavonoids have been

widely used as a traditional medicine in Asia. Scutellaria

baicalensis and the flavonoids derived from Scutellaria

baicalensis have also been reported to have anticancer,

antioxidative, and anti-inflammatory effects (Huang et al.,

2006; Scheck et al., 2006). The flavonoids also inhibit

aggregation of platelets and permeability of capillary

vessels, and have antibacterial and anti-angiogenic effects

(Kowalczyk et al., 2006).

Scutellaria baicalensis and some of its constituents,

such as baicalein, baicalin or wogonin, have been studied

on their anti-inflammatory effect. Flavonoids baicalein

from Scutellaria baicalensis inhibited in vitro production

leukotriene C4 (Butenko et al., 1993). Some flavonoids

derived from Scutellaria baicalensis inhibited COX-2

gene expression or PGE2 production in LPS-induced

RAW 264.7 cells (Chen et al., 2001; Woo et al., 2006).

Baicalin inhibited age-associated NF-kB activation (Kim

et al., 2006). Wogonin attenuated skin inflammation in

vivo (Chi et al., 2003), had neuroprotective effect through

decreased production of inflammatory cytokines such as

TNF-α and IL-6 in LPS-stimulated microglial cells (Piao

et al., 2004), and had protective effect on endotoxin-

induced lethal shock (Van Dien et al., 2001).

Systemic lupus erythematosus (SLE) is an autoimmune

disease characterized by altered immunoregulation inter-

playing between overactive B cells, overproduction of

proinflammatory cytokines, such as TNF-α, IL-10, IFN-γ

and IL-6, and defects in regulation of activation and

subsequent proliferation of T cells (Hoffman, 2004;

Kyttaris et al., 2005), leading to production of autoan-

tibody to contribute to multiple organ injuries and high

mortality (Dean et al., 2000). Recent research has demon-

strated that their activation thresholds for T cell signaling*Author for correspondence
Fax: +82-63-290-1812; E-mail: cbse@woosuk.ac.kr
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play an important role in lupus patients with active

pathogenesis (Hoffman, 2004). However, whether Scutellaria

baicalensis regulates lupus inflammatory pathogenesis

characterized by proinflammatory cytokine overproduction

and abnormally activated T cells remains unclear.

Pristane is a good inducer of lupus-like syndrome in

female BALB/c mice (Richards et al., 1998). Recently, it

had been reported that immunoregulatory abnormalities of T

cells and hyperactivity of B cells had exhibited in vitro in

pristane-induced lupus mice (Chae and Shin, 2007). We

observed that Scutellariae radix methanol extract (SBMeOH)

down-regulated the overproduction of proinflammatory

cytokines and abnormal activation of T cells in pristane-

induced lupus BALB/c mice that were used as a useful

model with chronically inflammatory lupus-like syndrome.

Experimental

Animals − Adult female ICR and BALB/c mice at 3-4

weeks of age were purchased from the Dae-Han

Experimental Animal Center (Taejeon, Korea), and had

been maintained in our animal facility on a regular 12-h

light-dark cycle under a temperature of 22 ± 2 oC and

relative humidity of 55 ± 5% with water and food

available ad libitum. BALB/c mice were received i.p. a

single injection of 0.5 mL of pristane (Sigma Chemical

Co., St., Louse, MO, U.S.A.) or PBS (phosphate-buffered

saline). Adult female ICR mice, 6 to 10-mo-old BALB/c

mice as a pristane-induced lupus model and PBS-treated

mice as a normal were used for experiment. 

Plant material extraction − The crude extract was

obtained from ground mature roots of Scutellariae radix

using 99% methanol. The Scutellariae radix methanol

extract (SBMeOH) was dried and quantified for the total

amount of crude extract. A stock solution was prepared at

100 mg of solid per ml in dimethyl sulphoxide (DMSO;

Sigma) and was further diluted with RPMI 1640

immediately before treatment of the cells to achieve

concentrations of 0.01, 0.10, and 1.00 mg/mL. 

Preparation of lymphoid cells − Splenocyte suspen-

sions were prepared from normal and pristane-induced

lupus mice using Hanks’ balanced salt solution (HBSS:

Gibco Co., Grand Island, N.Y., U.S.A.). Erythrocytes in

the single cell suspensions were lysed by brief treatment

with sterile red blood cell lysing buffer solution (Sigma).

Subsequently, the cells were washed with HBSS and

resuspended into a suspension of 1 × 107 cells/mL with

RPMI 1640 complete medium supplemented with 10%

fetal bovine serum (FBS) and penicillin (10 U/mL)-

streptomycin (10 µg/mL).

Preparation of macrophages − Peritoneal macrophages

from normal and pristane-induced lupus mice were

harvested by peritoneal lavage with ice-cold sterile

physiological saline 3 days after the i.p. injection of the

mice with 2 mL of sterile 3% thioglycollate broth. Cells

were washed, and resuspended in complete RPMI 1640

medium. Splenic and peritoneal macrophages were

allowed to adhere for 2 h at 37 oC, 5% CO2 incubation,

and then the nonadherent cells were removed by washing

with PBS, and the macrophages were resuspended in

fresh culture medium. 

Cell culture − Splenocytes (1 × 106 cells/mL) and

peritoneal macrophages (1 × 106 cells/mL) from normal

and pristane-induced lupus mice were cultured in

complete RPMI 1640 medium for 6 h, 24 h, or 48 h in the

presence or absence of LPS 10 µg/mL (Sigma) or Con A

2 µg/mL at 37 oC, 5% CO2 incubation. The cell

supernatants were then harvested and stored at −70 oC for

cytokine assay. 

Cytokine assay − The concentrations of TNF-α, IL-6,

IL-10, and IFN-γ in supernatants of splenocytes and

peritoneal macrophages were determined using ELISA

with cytokine monoclonal antibodies (BD Biosciences

Pharmingen, San Diego, CA, U.S.A.). All measurements

were carried out in duplicate. The results were measured

in picograms per milliliter at 450 nm using an ELISA

microplate reader (Molecular Devices Co., Ltd., U.S.A.).

The lower limit of sensitivity for each of the ELISA was

equal to or smaller than 5 pg/mL. 

Flow cytometry analysis − Splenocytes (4 × 106 cells/

mL) from normal and pristane-induced lupus mice were

cultured in complete RPMI 1640 medium for 48 h in the

presence or absence of Con A 2 µg/mL at 37 oC, 5% CO2

incubation. The cells were harvested, washed, and

preincubated with anti-Fc receptor monoclonal antibody

(MAb) 2.4G2. The cells (1 × 106 cells/0.1 mL) were directly

stained with fluorescein isothiocyanate (FITC)-labelled

anti-CD4 or CD69 (Pharmingen) and phycoerythrin (PE)-

labelled anti-CD8 or CD4. The cells were incubated for

30 min in the dark, washed, and fixed with 1%

paraformaldehyde until analysis. Cells were acquired

(5,000 events per group in the lymphocyte gate) and

analyzed for two-parameter immunofluorescence using

flow cytometry (Coulter, EPICS/ML). 

Statistical analysis − All data were expressed as means

± standard error (S.E.). Experiments were always run in

duplicate and repeated at least twice. Analysis of variation

and Student’s t-test were used to determine statistical

significance, and p < 0.05 was considered to be statistically

significant. 
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Results and Discussion

Effect of SBMeOH on the in vitro production of

splenic cytokines in ICR mice − Scutellaria baicalensis

and some of its components, such as baicalein, baicalin,

and wogonin, have been reported their anti-inflammatory

effects both in vivo and in vitro (Van Dien et al., 2001;

Piao et al., 2004; Kim et al., 2006). We investigated effect

of SBMeOH on the production of cytokines associated

with inflammatory responses and cell-mediated immune

responses in normal mice. In this study, splenic

macrophages and splenocytes (each 1 × 106 cells/mL) from

normal ICR mice at age 6-8 weeks were cultured for 24 h

in the presence of LPS 10 µg/mL 30 min after SBMeOH

treatment for IL-6 and IL-10, and for 48 h in the presence

of Con A 1 µg/ml for IL-2 and IFN-γ, respectively. IL-6

is generally well-known as a proinflammatory cytokine

but IL-10 as an anti-inflammatory cytokine. Our results

were observed that SBMeOH significantly attenuated

LPS-stimulated production of IL-6 by splenic macrophages

in a dose-dependent manner in normal ICR mice but

increased IL-10 (Fig. 1A), which supports previous reports

about anti-inflammatory effects of Scutellaria baicalensis

and some of its components. IL-2 and IFN-γ induce T cell

proliferation and macrophage activation associated with

cell-mediated immune responses. SBMeOH remarkably

enhanced Con A-stimulated production of IL-2 and IFN-γ

by splenocytes (Fig. 1B). Therefore, these data indicate

that SBMeOH has anti-inflammatory effect with induction

of increased cell-mediated immune responses in normal

mice.

Effect of SBMeOH on the LPS-induced production

of proinflammatory cytokines by immune cells from

pristane-induced lupus mice − Abnormalities in the

function, regulation, and interactions of immune cells,

with T and B lymphocytes, result in immune-complex-

mediated deposition and inflammatory organ damage in

SLE (Takeuchi et al., 2005). Macrophages are thought to

trigger lupus pathogenic inflammation through overpro-

duction of proinflammatory cytokines. Higher levels of

the TNF-α and IL-6 were maintained in lupus patients

with active disease than patients with inactive disease

(Davas et al., 1999). Anti-DNA autoantibody production

in pristane-induced lupus has been reported to be

dependent on IL-6 (Richards et al., 1998). IL-10, which is

produced at a high level by B lymphocytes and

monocytes of patients with SLE, contributes to B

lymphocyte hyperactivity and autoantibody production

(Llorente et al., 1995). Blocking IL-6 and IL-10 may

decrease autoantibody production and induce normaliza-

tion of T cell dysfunction in lupus. LPS strongly induces

production of IL-6 and IL-10 in vivo and LPS-induced in

pristane-induced lupus mice compared to normal mice

(Chae et al., 2006). In present study, we investigated

effect of SBMeOH on the in vitro production of

proinflammatory cytokines by immune cells from

pristane-induced 6 to 10-mo-old lupus BALB/c mice.

Splenic and peritoneal macrophages and splenocytes

(each 1 × 106 cells/mL) from pristane-induced lupus BALB/

c mice were cultured for 6 h for TNF-α and for 24 h for

IL-6 and IL-10 in the presence of LPS 10 µg/mL 30 min

after SBMeOH treatment. In Fig. 2, our observation

showed that SBMeOH significantly attenuated the LPS-

enhanced production of IL-6 by splenic and peritoneal

macrophages at 0.01 and 0.10 mg/mL, and TNF-α and

IL-10 at 0.10 mg/mL in pristane-induced lupus mice. In

Fig. 3, these results also demonstrated that SBMeOH at

0.10 mg/mL remarkably downregulated LPS-stimulated

Fig. 1. Effect of SBMeOH on the in vitro production of splenic cytokines in ICR mice. 

Scutellariae radix methanol extract: SBMeOH. S 0.01: SBMeOH 0.01 mg/mL; S 0.10: SBMeOH 0.10 mg/mL; S 1.00: SBMeOH
1.00 mg/mL. Splenic macrophages (1 × 106 cells/mL) from normal ICR mice were cultured for 24 h for IL-6 and IL-10 in the presence of
LPS 10 µg/mL 30 min after SBMeOH treatment (Fig. 1A), and splenocytes (1 × 106 cells/mL) for 48 h for IL-2 and IFN-γ in the presence
of Con A 1 µg/mL (Fig. 1B). Concentrations of cytokines in supernatants of splenic macrophages or splenocytes were measured at
450 nm using ELISA. All measurements were carried out in duplicate. Each value represents the mean ± S.E. * (p < 0.05) and ** (p <
0.01): Significantly different from the value in each vehicle-treated control.
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production of IL-6 and IL-10 by splenocytes from pristane-

induced lupus mice. Therefore, these observations indicate

that SBMeOH may attenuate lupus pathogenic

inflammation and overactivation of B cells for

autoantibody production via downregulation of TNF-α,

IL-6, and IL-10. 

Effect of SBMeOH on the Con A-induced

production of splenic cytokines in pristane-induced

lupus mice − Abnormalities in T cell function play an

important role in the immune dysregulation in human

disease and murine models of lupus. Production of lupus

pathogenic autoantibodies is determined by the type of Th

responses (Reininger et al., 1996). IFN-γ, a cytokine

associated with Th1 response, is required for lupus-like

syndrome and lymphoaccumulation in MRL-lpr mice,

and plays prominent roles in the lupus pathogenic tissue

injuries (Gerez et al., 1997; Balomenos et al., 1998).

Therefore, IFN-γ may be considered as a target for

modulating autoimmunity. Th2 cells, which produce IL-6

and IL-10, stimulate antibody production by B cells and

upregulate humoral or allergic responses (Murphy et al.,

2000). The elevated levels of IL-6 and IL-10 in SLE are

necessary to activate B cells for autoreactive T cells and

further stimulate to proliferate and produce autoantibodies

(Llorente et al., 1995; Samoilova et al., 1998).

Recently, it showed that Con A-stimulated overpro-

Fig. 2. Effect of SBMeOH on the LPS-induced production of proinflammatory cytokines by macrophages from pristane-induced lupus
mice.

Peritoneal macrophages (A) and splenic macrophages (B) from pristane-induced lupus mice were cultured for 6 h for TNF-á and for 24 h
for IL-6 and IL-10 in the presence or absence of LPS 10 µg/mL 30 min after SBMeOH treatment. Each value represents the mean ± S.E.
Other legends and methods are the same as in Fig. 1. * (p < 0.05) and ** (p < 0.01): Significantly different from the value in each vehicle-
treated control. # (p < 0.05) and ## (p < 0.01): Significantly different from the value in LPS-treated immune cells.

Fig. 3. Effect of SBMeOH on the LPS-induced production of
splenic cytokines in pristane-induced lupus mice.

Splenocytes from pristane-induced lupus mice were cultured for
24 h in the presence or absence of LPS 10 µg/mL 30 min after
SBMeOH treatment. Each value represents the mean ± S.E.
Other legends and methods are the same as in Fig. 1. ** (p < 0.01):
Significantly different from the value in each vehicle-treated
control. ## (p < 0.01): Significantly different from the value in
LPS-treated immune cells. 
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duction of IL-6, IL-10, and IFN-γ by splenocytes had

exhibited in pristane-induced lupus mice (Chae and Shin,

2007). We investigated effect of SBMeOH on the Con A-

stimulated production of proinflammatory cytokines by

splenocytes by pristane-primed or PBS-treated 6 to 10-

mo-old BALB/c mice. Con A has been used to activate T

lymphocytes via the antigen receptor. Splenocytes from

normal and pristane-induced lupus mice were cultured for

48 h in the presence or absence of Con A 2 µg/mL 30

min after SBMeOH treatment. As shown in Fig. 4, we

observed that Con A-stimulated production of splenic IL-6,

IL-10, and IFN-γ were remarkably upregulated in

pristane-induced lupus mice compared to normal mice,

indicating that in vitro overproduction of proinflammatory

cytokines remarkably exhibits in pristane-induced lupus

mice compared to PBS-treated mice. SBMeOH at

0.10 mg/mL significantly attenuated Con A-stimulated

production of IL-6 but not IFN-γ and IL-10 by

splenocytes from PBS-treated mice, while downregulated

the Con A-stimulated overproduction of IFN-γ, IL-6, and

IL-10 in pristane-induced lupus mice (Fig. 4). These

findings indicate that SBMeOH may suppress Th2 type

immune responses with a shift toward Th1 res-

ponses in normal state, while downregulate hyperreactivity

of Th1 and Th2 responses in pristane-induced lupus mice

through downregulation of IFN-γ, IL-6, and IL-10.

Effect of SBMeOH on the Con A-induced

expression of CD4+ T cells and CD8+ T cells in

splenocytes from pristane-induced lupus mice − It is

known that CD4+ T cells function as helper cells for B

cell differentiation and involve in delayed-type hypersen-

sitivity reactions, and CD8+ T cells participate in the host

response against intracellular microorganisms and mediate

cytotoxic and suppressor activities. Overexpression of

CD4+ cells or CD8+ cells is thought to be required for B

cell hyperactivity in SLE. CD8+ lymphocytes from

patients with SLE sustained, rather than suppressed,

spontaneous in vitro production of polyclonal IgG and

synergized with CD4+ cells to support autoantibody

synthesis by SLE peripheral blood mononuclear cells

(Linker-Israeli et al., 1990). We measured expression of

CD4+ T cells and CD8+ T cells in splenocytes incubated

with Con A 2 µg/mL for 24 h 30 min after treatment of

SBMeOH 0.10 mg/mL in pristane-induced lupus mice.

These results demonstrated that SBMeOH significantly

decreased Con A-stimulated expression of CD4+CD8-

but not CD4-CD8+ in splenic T cells from pristane-

induced lupus mice (Fig. 5). CD4+ T cells play an

important role in the pathogenesis of lupus (Reininger et

al., 1996). Therefore, these data suggest that SBMeOH

may downregulate expression of CD4+ T cells, leading to

ameliorate abnormal hyperactivity in function, regulation

Fig. 4. Effect of SBMeOH on the Con A-induced production of splenic cytokines in pristane-induced lupus mice.

Splenocytes from pristane-primed or PBS-treated 6 to 10-mo-old BALB/c mice were cultured for 48 h in the presence or absence of Con
A 2 µg/mL 30 min after SBMeOH treatment. Each value represents the mean ± S.E. Other legends and methods are the same as in Fig. 1.
** (p < 0.01): Significantly different from the value in each vehicle-treated control. ## (p < 0.01): Significantly different from the value in
Con A-treated immune cells.



212 Natural Product Sciences

and interaction of macrophages, T and B cells in pristane-

induced lupus mice.

Effect of SBMeOH on the expression of

CD69+CD4+ T cells in Con A-stimulated splenocytes

from pristane-induced lupus mice − Activation of T

cells is associated with lupus immune-mediated patho-

genesis (Portales-Perez et al., 1997). The CD69 antigen is

an early leukocyte activation marker rapidly induced on

the surface of activated lymphocytes. It has been reported

that the percentage of in vitro expression of CD69, an

activation marker on lymphoid cells, is increased in SLE

cells (Crispin et al., 1998), and that CD4+ T cells

expressing early activation antigen CD69 in murine lupus

play a possible abnormal regulatory role for cytokine

imbalance (Ishikawa et al., 1998). We measured the

number of CD69 expression in CD4+ T cells in

splenocytes from pristane-induced lupus mice after 24 h

incubation in the presence or absence of Con A 2 µg/mL

30 min after treatment of SBMeOH 0.10 mg/mL. As

shown in Fig. 6, our results demonstrated that SBMeOH

significantly attenuated Con A-induced expression of

CD69+CD4+ T cells in splenocytes in pristane-induced

lupus mice, suggesting that SBMeOH may attenuate the

abnormal activation of Th responses leading to lupus

pathogenic autoantibody production.

In conclusion, our findings indicate that SBMeOH may

attenuate lupus pathogenic inflammation and ameliorate

abnormalities in T cell activation for autoantibody

production in pristane-induced lupus mice via downre-

gulation of proinflammatory cytokine overproduction and

abnormal activation of T cells. 

Acknowledgements

This work was supported by the Korea Research

Foundation Grant funded by the Korean Government

(MOEHRD) (the Center for Healthcare Technology

Development, Chonbuk National University, Jeonju 561-

756, Republic of Korea).

References

Balomenos, D., Rumold, R., and Theofilopoulos, A.N., Interferon-gamma

is required for lupus-like disease and lymphoaccumulation in MRL-

lpr mice. J. Clin. Invest. 101(2), 364-71 (1998). 

Butenko, I.G., Gladtchenko, S.V., and Galushko, S.V., Anti-inflammatory

properties and inhibition of leukotriene C4 biosynthesis in vitro by

flavonoid baicalein from Scutellaria baicalensis georgy roots. Agents

Actions 39, C49-51 (1993). 

Chae, B.S., Park, J.S., and Shin, T.Y., Endotoxin induces late increase in

the production of pulmonary proinflammatory cytokines in a murine

lupus-like pristane-primed model. Arch. Pharm. Res. 29(4), 302-9

(2006).

Chae, B.S. and Shin, T.Y., Immunoregulatory abnormalities of T cells and

hyperactivity of B cells in the in vitro in pristane-induced lupus mice.

Arch. Pharm. Res. 30(2), 191-98 (2007).

Chen, Y.C., Shen, S.C., Chen, L.G., Lee, T.J., and Yang, L.L., Wogonin,

baicalin, and baicalein inhibition of inducible nitric oxide synthase and

Fig. 5. Effect of SBMeOH on the Con A-induced expression of
CD4+ T cells and CD8+ T cells in splenocytes from pristane-
induced lupus mice.

Splenocytes from pristane-induced lupus mice were incubated
with Con A 2 µg/mL for 24 h 30 min after treatment of SBMeOH
0.10 mg/mL. The harvested cells were preincubated with anti-Fc
receptor MAb 2.4G2. The cells (1.0 × 106 cells/0.1 mL) were
stained with FITC-labelled anti-CD4 and PE-labelled anti-CD8.
The cells were incubated for 30 min in the dark, fixed with 1%
paraformaldehyde, and analyzed using flow cytometry. Each
value represents the mean ± S.E. ** (p < 0.01): Significantly different
from the value in each vehicle-treated control.

Fig. 6. Effect of SBMeOH on the expression of CD69+CD4+ T
cells in Con A-stimulated splenocytes from pristane-induced
lupus mice.

Splenocytes from pristane-induced lupus mice were incubated in
the presence or absence of Con A 2 µg/mL for 24 h 30 min after
treatment of SBMeOH 0.10 mg/mL. The harvested cells were
stained with FITC-labelled anti-CD69 and PE-labelled anti-CD4.
Each value represents the mean ± S.E. Other legends and
methods are the same as in Fig. 5. ** (p < 0.01): Significantly
different from the value in each vehicle-treated control. ##

(p < 0.01): Significantly different from the value in Con A-treated
immune cells.



Vol. 13, No. 3, 2007 213

cyclooxygenase-2 gene expressions induced by nitric oxide synthase

inhibitors and lipopolysaccharide. Biochem Pharmacol. 61(11), 1417-

27 (2001).

Chi, Y.S., Lim, H., Park, H., and Kim, H.P., Effects of wogonin, a plant

flavone from Scutellaria radix, on skin inflammation: in vivo

regulation of inflammation-associated gene expression. Biochem.

Pharmacol. 66(7), 1271-8 (2003).

Crispin, J.C., Martinez, A., de Pablo, P., Velasquillo, C., and Alcocer-

Varela, J., Participation of the CD69 antigen in the T-cell activation

process of patients with systemic lupus erythematosus. Scand. J.

Immunol. 48(2), 196-200 (1998).

Davas, E.M., Tsirogianni, A., Kappou, I., Karamitsos, D., Economidou, I.,

and Dantis, P.C., Serum IL-6, TNFalpha, p55 srTNFalpha,

p75srTNFalpha, srIL-2alpha levels and disease activity in systemic

lupus erythematosus. Clin. Rheumatol. 18(1), 17-22 (1999). 

Dean, G.S., Tirrell-Price, J., Crawley, E., and Isenberg, D.A., Cytokines

and systemic lupus erythematosus. Ann. Rheum. Dis. 59, 243-251

(2000).

Gerez, L., Shkolnik, T., Hirschmann, O., Lorber, M., Arad, G., and

Kaempfer, R., Hyperinducible expression of the interferon-gamma

(IFN-gamma) gene and its suppression in systemic lupus

erythematosus (SLE). Clin. Exp. Immunol. 109(2), 296-303 (1997).

Hoffman, R.W., T cells in the pathogenesis of systemic lupus

erythematosus. Clin. Immunol. 113(1), 4-13 (2004). 

Huang, W.H., Lee, A.R., and Yang, C.H., Antioxidative and anti-

inflammatory activities of polyhydroxyflavonoids of Scutellaria

baicalensis. Biosci Biotechnol Biochem. 70(10), 2371-80 (2006).

Ishikawa, S., Akakura, S., Abe, M., Terashima, K., Chijiiwa, K.,

Nishimura, H., Hirose, S., and Shirai, T., A subset of CD4+ T cells

expressing early activation antigen CD69 in murine lupus: possible

abnormal regulatory role for cytokine imbalance. J. Immunol. 161(3),

1267-73 (1998).

Kim, D.H., Kim, H.K., Park, S., Kim, J.Y., Zou, Y., Cho, K.H., Kim, Y.

S., Kim, D.H., Yu, B.P., Choi, J.S., and Chung, H.Y., Short-term

feeding of baicalin inhibits age-associated NF-kappaB activation.

Mech Ageing Dev. 127(9), 719-25 (2006). 

Kowalczyk, E., Krzesinski, P., Kura, M., Niedworok, J., Kowalski, J., and

Blaszczyk, J., Pharmacological effects of flavonoids from Scutellaria

baicalensis. Przegl. Lek. 63(2), 95-6 (2006).

Kyttaris, V.C., Juang, Y.T., and Tsokos, G.C., Immune cells and cytokines

in systemic lupus erythematosus: an update. Curr. Opin. Rheumatol.

17(5), 518-22 (2005). 

Linker-Israeli, M., Quismorio, F. P. Jr., and Horwitz, D.A., CD8+

lymphocytes from patients with systemic lupus erythematosus sustain,

rather than suppress, spontaneous polyclonal IgG production and

synergize with CD4+ cells to support autoantibody synthesis. Arthritis

Rheum. 33(8), 1216-25 (1990).

Llorente, L., Zou, W., Levy, Y., Richaud-Patin, J., Wijdenes, J., Alcocer-

Varela, J., Morel-Fourrier, B., Brouet, J.C., Alarcon-Segovia, D.,

Galanaud, P., and Emilie, D., Role of interleukin 10 in the B

lymphocyte hyperactivity and autoantibody production of human

systemic lupus erythematosus. J. Exp. Med. 181, 839-844 (1995). 

Murphy, K.M., Ouyang, W., Farrar, J.D., Yang, J., Ranganath, S., Asnagli,

H., Afkarian, M., and Murphy, T.L., Signaling and transcription in T

helper development. Annu. Rev. Immunol. 18, 451-94 (2000). 

Piao, H.Z., Jin, S.A., Chun, H.S., Lee, J.C., and Kim W.K.,

Neuroprotective effect of wogonin: potential roles of inflammatory

cytokines. Arch. Pharm. Res. 27(9), 930-6 (2004).

Portales-Perez, D., Gonzalez-Amaro, R., Abud-Mendoza, C., and

Sanchez-Armass, S., Abnormalities in CD69 expression, cytosolic pH

and Ca2+ during activation of lymphocytes from patients with

systemic lupus erythematosus. Lupus 6(1), 48-56 (1997).

Reininger, L., Santiago, M.L., Takahashi, S., Fossati, L., and Izui, S., T

helper cell subsets in the pathogenesis of systemic lupus erythematosus.

Ann. Med. Interne. (Paris) 147(7), 467-71 (1996). 

Richards, H.B., Satoh, M., Shaw, M., Libert, C., Poli, V., and Reeves, W.

H., Interleukin 6 dependence of anti-DNA antibody production:

evidence for two pathways of autoantibody formation in pristane-

induced lupus. J. Exp. Med. 188(5), 985-90 (1998).

Samoilova, E.B., Horton, J.L., Hilliard, B., Liu, T.S., and Chen, Y., IL-6-

deficient mice are resistant to experimental autoimmune

encephalomyelitis: roles of IL-6 in the activation and differentiation of

autoreactive T cells. J. Immunol. 161(12), 6480-6 (1998).

Scheck, A.C., Perry, K., Hank, N.C., and Clark, W.D., Anticancer activity

of extracts derived from the mature roots of Scutellaria baicalensis on

human malignant brain tumor cells. BMC Complement Altern Med. 6,

27 (2006).

Takeuchi, T., Tsuzaka, K., Abe, T., Yoshimoto, K., Shiraishi, K., Kameda,

H., and Amano, K., T cell abnormalities in systemic lupus

erythematosus. Autoimmunity 38(5), 339-46 (2005). 

Woo, K.J., Lim, J.H., Suh, S.I., Kwon, Y.K., Shin, S.W., Kim, S.C., Choi,

Y.H., Park, J.W., and Kwon, T.K., Differential inhibitory effects of

baicalein and baicalin on LPS-induced cyclooxygenase-2 expression

through inhibition of C/EBPbeta DNA-binding activity. Immunobiology

211(5), 359-68 (2006).

Van Dien, M., Takahashi, K., Mu, M.M., Koide, N., Sugiyama, T., Mori,

I., Yoshida, T., and Yokochi, T., Protective effect of wogonin on

endotoxin-induced lethal shock in D-galactosamine-sensitized mice.

Microbiol. Immunol. 45(11), 751-6 (2001). 

(Accepted June 5, 2007)


