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Th1 and Th2 cytokine Modulation by Baicalin, Baicalein and Wogonin
from Scutellaria Radex on the CD4" Jurkat T Cells
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In the present study, baicalin, baicalein, and wogonin, a major flavone isolated from Scutellaria Radix were
examined for their effects on PMA-induced Interlukin-6 (IL-6), interferon-y (IFN-y), tumor necrosis factor (TNF)-a, IL-4,
IL-10, and IL-13 productions in the PMA-stimulated CD4" Jurkat T cells. These three compounds inhibited PMA-
induced Th1 cytokine (IL-6, IFN-y, TNF-a) and Th2 cytokine (IL-4 and IL-13) productions in a concentration-dependent
manner. But wogonin, but not baicalin or baicalein, increased PMA-induced IL-10 production. These results suggest
that baicalin, baicalein, and wogonin, a major flavone modulate Th1 and Th2 cytokine productions in CD4" Jurkat T
cells and these properties may contribute to the anti-atopic dermatitis activity of Scutellaria Radix.
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CD4" Jurkat T MEZFoJA] Thld} Th2 ARIE7R) Z&ol i &2 $oll Baicalin, Baicalein X! Wogonin®) 3}

ANEAM w2 g5 A7t A4s) QFECEY. &, ADoIA L}
ERi= Ol T MlZe CD4" AlZE & Th2v} Thiof W] Egks]
o} wEo] QIrhe Aldo] BIFHA o]8 AEY weg =
Fal= ok2ol 7|HETIt A A8E T U

ol B (Scutellaria Radix)2 ZEE3}(Labiatae)ol| &5 &
M 22 (Scutellaria baicalensis Georgi)®) FuE AAT BlE
%3 ACE, FHBOZAE baicalin, baicalein W wogonin &
OF 400) £9) flavone W B lgtEo] AU B9 &
a8 e BENaEIse), Buaae”, gesinae” 5
O] YEXTE. It ADQ Eolst e Thiv} Th2o] thdh A
TRIE BT AL, Wl 2 @ ADS| M 8 A

SAE AZ6) YolA HA SZOZEHE] baicalin, baicalein
2 wogonin € EEI5IL 1L 7RE H F olg =Y
)21} 71 & Q17 Fef CD4” Jurkat T M ZFE 4102
Th1(IL-6, IFN-y, TNF-)2} Th2(IL-4, IL-10, IL-13) A})ET7RIS
ZALGH} 1 Su|E22 3t ZHE IR0 HAshLA Sich

Az % U

1. Aot

RPMI 16403} fetal bovine serum(FBS)2 Gibco/BRL(Grand
Island, NY, USA)ollA] T16193 @1, Dimethyl sulfoxide (DMSO)
T} phobol myristate acetate(PMA)Z Sigma Chemical (St. Louis,
Mo USA)ollA] FUBIC). Thl AROIEFRI(IL-6, IFN-y, TNF-a)3%
Th2 ARIETRNIL4, IL-10, IL-13)2 R&D System (Minneapolis,
MN, USA)ol4] TBIEh 22 8ol BHSHOR Sigmash
Merk (Darmstadt, Germany)ollA] 115123t

N
kU

AEM
=2 sl AVESE =(Scutellaria baicalensis Georgi)2 A&
AEAIZOA FUBIECH, B2 AFuE 3|2r|E B
TR L AES & ALESIFC

ek

CH.Cl, n-BuOH, H:0 &2 & ASEET & A7 U 553t
o 11 g, 23 g, 60 g2 LAt CHCL fraction (10 g)& silica gel
(70-230 mesh) column chromatograpy (&4: 3.5 cm, Z0[: 70
cm)E CHyCl,, CHCl-MeOH (50:1, 30:1, 151, 10:1) £ 2.2 &
8k subfraction 770E JJCHSCC 1-7). SCC 2 fractionE
Hexane-acetone EGHOF MAFSI SUFY 289 d& 1
& 2815193k T8 SCC 5 fractionT Hexane-EtOAc Eg S
2 AZEE Suslel B 2BE ol 4E 23 ATk
18] 3L n-BuOH fraction2 &=9] 244 E0! baicaling &84
o7 B8] 98 Wozniak 579 woll £5l] fractionS

HA EtOHo] =01 & 1 M9 HCIE Heldlad pH7} 6.00] E%
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2 3l A2 gxIsIGr 4 A7 23 & 44" AHRES
3|45l EtOHol =0] A28 e fisle nlgdd=gy 229
HE 3 EelolriFg. 1).

Roots of Scutellaria baicalensis (1 kg)

Extraction with MeOH for 7 days at room temperature
Repeat 3 times

MeOH ext. (100 g)

Suspension with 10% MeOH
Fractionation with CH,Cly

CH,CL, fraction Aqueous layer
Fractionation with n-BuOH
1l g) .
H,0 fraction (60 g)
Silica gel column chromatography
Elution sotvent: BuOH fraction

CH,CY, @y
CH,Cl;MeOH (30:1, 30:1, 15:1, 10:1) Dissolved in EOH

| | | | | l | Acidified with 1M HC1 (pH 6.0)

SCCI SCC2  SCC3 SCC4 SCCS SCC6  SCCT Deposited ot raom temperature

e

Crude crystal Liquor

Compound 1 Compound 2

Compound 3
Fig. 1. Scheme of procedures of fractionation and compound

isolation from the root of S. baicalensis

4 880 7% 57

2lE 429 F2Es SFS| YUsM  H-NMRY
PC-NMR spectrum® Bruker 400 MHz spectrophotometerS A}
ol SF6IeH, W IFEEE tetramethylsilane (TMS)
€ AIE3Iet. 12811 Mass spectrum Agilent 1100 series
LC/MSE o83l £85I

5. Al ZEulek

CD4" Jurkat T M EZF(Clone E6-1)i= American Type
Culture Collection (Rockville, MD, USA)AIZEE] T-ICt
CD4" Jurkat T H]E{’;(leOWml)E 10% FBS, 1% penicillin/
streptomycin, 200 mM glutamine E0] #+F% phenol free
RPMI 1640 ] JNE 0] 83lo] wlekslHA] AEY G5& XAl
SHAE

6. APIETIIY &Y

CD4" Jurkat T Kﬁ]E(le(f/ml)E PMA(1 ug/ml)E 1A]7F
S0 A1=38E % 33] MASIL baicalin, baicalein B-= wogonin
g oe] 7K 822520 ug/m)E FYGHL 16417 iSRS o}
g 438e £USIHrE SEE 4EHS 70Tl BHSHEA
IL-6, IFN-y, TNF-q, IL-4, IL-10, IL-13 59 £82 7} A}o|&7}
©19] assay kit (R&D System Inc., Minneopolis, USA)E 0] &3}
o] ELISAHC&Z S#alirh



A1, EA B2 Student’s t-testS 0] 31T

Z|

1. Compound® 4% &F
Compound 12 50% EWIHE BE3HA
k=3
=

A

gRo g dHig)o] flavonold MEYUE FEHE ¢ UNeH,
Mass spectrumojA] EX}EO] 284F  UERJTE "H-NMR

spectrume  flavonoid B-ring®] phenyl7]e 9}t signalo]
8.03-806 ppmi} 7.56-7.61 ppmollA] multipletZ 2H (H-2, 6')}
3H (H-3 4,50l 71918t peak A5 % \/}E}Bd’r/} S OCHyof
93l singlet signalo| 3.81 ppmofA{ BakEol metoxyl7]7} £
S o 4 U2, 6.10 ppmoiiA] flavone H-39] proton?] H
HHQ] signalo] singletE ¢} peakE LIERGCH, 6.86 ppmoi]
A singlet (H-6)7} VIERGTE 1214 1 BC-NMR spectrume NMR
ZH LTIt wot B dltal IVt 27k SICut MS B4
98 BAks 'HNMR dataZ 28 A1EV9} vlusied 48 12
wogonin®l & & 4= RS FFEEY Co-TLCO| SYT JEUE
o % Q) Wogonin®] S18H4 R0 AL "HNMR (DMSO-dg
400MHz): § 1252 (1H, s, CsOH), 803-806QH, m, H-2, 6),
756761 3H, m, H3, &, 5), 686 (1H, s, H-6), 610 (1H, s, H-3),
381 (3H, s, OCH3)O & SR, 1 FX= Fig 249 2Tk
248 Rlat AH 9] compound 2= 50% B4 BREA|OE O]
5t AMEIES B A8 13 ulRWIAZ flavonoid 42U
Het 4 QU om, Mass spectrumE E3l 2AFH0] 270 U
2 o), 182 'H-NMR spectrum} BC.NMR spectrum
2304 2elE HEEY B3 AT nasing
BH9 baicalein®lS ¢ 4 UFSH, 'HNMR
spectrumolA] flavone 279 WEHQ) EAE LeplE H39
Z¢ peak’} 6.62 ppmolA]l BEAFRACE wWEA HE 2=
baicalein® 2 FAEXSIUCE H-1 PC-NMR spectral data:=
'HNMR (DMSO-ds, 400MHz): § 1257 (1H, s, Cs-OH), 808
(2H, dd, ]‘16 & 7.8, H-2” and H-¢'), 7.56-761 (3H, m, H-3,
H-4', H5), 693 (IH, s, H-8), 6.62 (1H, s, H-3)9} "C-NMR
(DMSO~d6, 100MHz): § 1826 (C-4), 1634 (C-2), 1542 (C-7),
1503 (C9), 147.4 (C-5), 1323 (C-4'), 1315 (C-1), 1298 (C-6),
1296 (C3 & 5'), 1268 (C-2 & 6'), 105.0 (C-10), 104.7 (C-3),
945 (C8) 58 EXXAUTHFig. 2B).
Compound 32 229 wogonind} baicaleinX]® 50% &4t
S o|83l0] WABINS W HlsS BENSS Bk 'HNMR
spectrumoll A& 1 M9] Holl 213} anomeric Holl 7]¢l
o] 513 ppmollA LER} BIEAIYE & 4= AL, coupling
constant’} 7.2 HzZ JER} &2 BHEE FslL J&8& ¢ &+
PR 71} signal pattern A& 291 baicaleind} TS FA}
3I9C}. PC-NMR spectrum 1 M9l @o] 6EH31 S QIGHL
Qom, 2 =& data?} BIEAE glucuronic acidP & & 4 URL
o} Z8)1 &g AQS datar} baicaleiny} A9l SAlSI M2
30] baicalein WEAQ S & 4 Ut Baicaleind} glucuronic

lo

0
ﬂl

F10 ﬂl?- P

flavone

St signal

acid®] ZBIX]= baicalein®] “C-NMR data®} 111314 S
C-70] MAHE shiftst AOZ ViERLL C79IA]0l ZES6HL ee
& £ et IHEE e 3 baicalein 7-O-glucuronic
acid¢] baicalin® 2 FZE EHY 4 Yo 28 229
ZH QX)5K4e). Baicalin®] NMR data= 'H-NMR (DMSO-d6,
400MHz): § 12.65 (1H, s, C5-OH), 8.08 (2H, dd, J=1.8 & 8.0,
H-2 and H-6), 7.59-7.61 (3H, m, H-3', H-4/, H-5'), 7.04 (1H, s,
H-8), 7.00 (1H, s, H-3), 513 (1H, d, J=7.2, anomeric H)&}
BCNMR (DMSO-d6, 100MHz): § 183.0 (C-4), 1709 (C-6"),
164.0 (C-2), 152.0 (C9), 149.7 (C-7), 147.2 (C-5), 1325 (C4),
1313 (C-1), 129.7 (C-3 & 5), 1269 (C-2 & €), 106.6 (C-10),
105.2 (C-3), 100.9 (C-1"), 945 (C-8), 76.0 (C-5"), 75.3 (C-3"), 734
(C-27), 721 (C4") S22 SHERJUCKFig. 20).

A B
OCH;,
HO o) HO 0
HO
OH O OH O

i

Fig. 2. Structure of wogonin (A), baicalein (B) and baicalin (C) from
S. baicalensis.

4. Thl AJO|EF1010] B)X|= baicalin, baicalein & wogonin®] G}
PMAZ A=2% CD4" Jurkat T M S thAlO & Thl AlOIE
71019} Enjol 1]X]= baicalin, baicalein & wogonin® &
ZAM5IAE). Baicalin, baicalein @ wogonine 5Lt 71k
= [L-63} IFN-y9 AAES $R5] AR AIZCHFig. 3, 4). TNF-
a9l AL, baicalin® TE =LA Folgh HEy YA,

baicalein®} wogonin= BT 7} Fo1adl wlgt 1 BHlsg A

5l MR cHFig. 5).
5. Th2 AJO]E71910} B)X]E baicalin, baicalein & wogonin®] 3}
PMAE A}=3 CD4" Jurkat T M| ZES thatOF Th2 AOIE

F1019] Enloll D]X]E= baicalin, baicalein % wogonin®] &

ZAMBIS T}, Baicalin, baicalein B! wogonm# =57 &1 4

2 149 MHES BRE BAAZCHFg. 6). IEL 1L-109)
A2, baicalin® Al2HE HE= iEOﬂH oSt M7t giRAATE

baicalein¥} wogonin2 L7} Zolald wlgt 11 BHlso] gt
S JUCHFig. 7). IL-139) AL, baicalin, baicalein & wogonine

ET7 ool wigh 1 Bulsg JA6] AMAZATFig. 8).
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CD4" Jurkat T Ml EZFoA] Thiz} Th2 ARIEZ1Q] &) piX]& &5 Sl Baicalin, Baicalein 2l Wogonin®] &1}

Baicalin
[ Baicaiein
3.5 B wogonin
3.0
2.5
=
E 20
<
=
£
‘IQ 1.5
=l
1.0
0.5
0
Drug con. 1] 25 5 10 20
(pg/mi)
PMA (50 ng/ml) - + + + +

Fig. 3. Inhibitory effects of baicalin, baicalein or wogonin on
PMA-induced Thi cytokine (IL-6) production in stimulated cD4*
Jurkat cells with PMA. Cells (1x10%/mi) were pretreated with PMA (50 ng/mi)
for 1 h, and then incubated with or without various concentration (2.5-20 ug/ml)
of baicalin, baicalein or wogonin for 16 h. Cytokine assay were determined as
described In materials and methods. Each column represents the mean + SD.
from three independent experiments. *p<0.05 and *p<001 indicates significant
differences from the PMA-treated controt group.

Baicatin

[ Baicalein
40| B Wogonin
=
E
=
=
c
=1
£
Drug con. 0 2.5 5 10 20
(pg/mi)

PMA (50 ng/ml) - + + + +

Fig. 4. Inhibitory effects of baicalin, baicalein or wogonin on
PMA-induced Th1 cytokine (IFN-y) production in stimulated ch4
Jurkat cells with PMA. Cells (1x10°/ml) were pretreated with PMA (50 ng/ml)
for 1 h and then incubated with or without various concentration (2.5-20 wg/mi)
of baicalin, baicalein or wogonin for 16 h. Cytokine assay were determined as
descrived in materials and methods. Each column represents the mean + SD.
from three independent experiments. *p<0.05 and *p<0.01 indicates significant
differences from the PMA-treated control group.

Baicalin
0D Baicalein

1.0 2
E o8 %
£ ..
\\; 0.6 %W
= _
0.4 /
o
0.2 %
D(r:g/;:n%n, 0 2.5 5 10 20
PMA (50 ng/mly - + - . 4+

Fig. 5. Inhibitory effects of baicalin, baicalein or wogonin on
PMA-induced Th1 cytokine (TNF-a) production in stimulated CD4"
Jurkat cells with PMA. Cells (1x10°/ml) were pretreated with PMA (50 ng/mi)
for 1 h, and then incubated with or without various concentration (25-20 ug/mb
of baicalin, baicalein or wogonin for 16 h. Cytokine assay were determined as
described in materials and methods. Each column represents the mean + SD.
from three independent experiments. *p<0.05 and ~*p<0.01 indicates significant
differences from the PMA-treated control group.

Batcalin
Batcalein
i Wogonin

L4 (ng/mf)

Orug con. [} 2.5 5 10 20

{(pg/m!)
PMA (50 ng/ml) - + + + +

Fig. 6. Inhibitory effects of baicalin, baicalein or wogonin on
PMA-induced Th2 cytokine (IL-4) production in stimulated ch4'
Jurkat cells with PMA. Cells (1x108/ml) were pretreated with PMA (50 ng/mi)
for 1 h, and then Incubated with or without various concentration (2.5-20 ng/mi)
of baicalin, baicalein or wogonin for 16 h. Cytokine assay were determined as
described in materials and methods. Each column represents the mean + SD.
from three independent experiments. *p¢0.05 and *p¢0.01 indicates significant
differences from the PMA-treated control group.

Halcalin
(@ Psicmicin
B Wogonin

£ 7
$ .

% ¢
_
b

s

D(r:-?/:;?)n 0 2.5 5 10 20
PMA (50 ng/mi) + +

Fig. 7. Stimulatory effect of wogonin on PMA-induced Th2 cytokine
(IL-10) production in stimulated CD4" Jurkat cells with PMA. Celis
(1x10%/mi) were pretreated with PMA (50 ng/ml) for 1 h, and then incubated with
or without various concentration (25-20 pg/ml) of baicalin, baicalein or wogonin
for 16 h. Cytokine assay were determined as described in materials and methods.
Each column represents the mean = SD. from three independent experiments.
*0¢0.05 indicates significant differences from the PMA-treated control group.

Baicalin
Baicalein
35 [ M Wogonin

IL-13 (ng/mi)

Orug con. o 2.5 5 10 20
(ng/mi)
PMA (50 ng/miy - + + + +

Fig. 8. Inhibitory effects of baicalin, baicalein or wogonin on
PMA-induced Th2 cytokine (IL-13) production in stimulated ch4’
Jurkat cells with PMA. Cells (1x10%/ml) were pretreated with PMA (50 ng/mi)
for 1 h, and then incubated with or without various concentration (2.5-20 ug/ml)
of baicalin, baicalein or wogonin for 16 h. Cylokine assay were determined as
described in materials and methods. Each column represents the mean £ S.D.
from three independent experiments. *p¢0.05 and ™p(001 indicates significant
differences from the PMA-treated control group.
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