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Effect of Herbal Extract on Helper T Cell activity

Young Ho Seo, Hyun Su Bae, Min Kyu Shin, Moo Chang Hong*

Department of Physiology, College of Oriental Medicine, Kyunghee University

SCRT (Sochungyong-tang) has been used for immune disease in human. The purpose of this study was effect of
Helper T cell, major regulator of immune system. Spleen cell from 8 week BALB/c mice were cultured in SCRT
containing medium without activation for 48 h. The MTS assay and flow cytometry revealed that SCRT treated
lympocyte were non-effect in percentage of CD4+ T c¢ell. Subsequently CD4+ T cell were isolated and cultured in

SCRT containing medium. SCRT were non-effective on CD4+ T cell without any involvement of APC.

In order to

evaluate the direct effect of SCRT on Helper T cell, CD4+ T cell isolated after 48 h of culture in SCRT containing
medium and activated with and without anti-CD3/anti-CD28 activation for 48 h. A lower level of CD69 was observed
in SCRT treated cells in flow cytometry analysis. Subsequently Using RT-PCR analysis the expression of mRNA for
IL-2, INF-7 are upregulated and, IL-4 is downregulated in CD4 T cell. The result suggests that SCRT makes Thi
significantly increased and Th2 relatively inhibited. The results suggest that SCRT potentiate Th1 cell and decrease
Th2 development at the same time, which is believed to be bemeficial for IgE-mediated responses.
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Ig-E€ A 45l B cellE 431510 mast cello} 28{== 2K
ol BASH= Helper T cell AtAlo thgh HAE AT obF] AFE
U7t PPk £ 7IEY dEA gl ARSIl A4S
cytokine X7} AE} AAY YESHH QUSE HIPAE Q
278 & Al B EQUrk o]l AR HEAIG) o]l 48l
O F dishe geixld Al ALYt =11 SlolsHEQl R
SHE AP @88 wl KIERCH RS dgo] 4ot NE#E
BT AHA HEo) JRESE 4HB A st 71E9
cytotoxic T cell9] =& &E7} W IL-2 & T receptor®] £712H=
AZE 7L B sEY 718 B7I6EAU T cello|u} B cell
S HEMREY £9| ZAAREE JIX 1 allergy 310 XEE
ATeh=tlAl Boju HETs ZEAo|d HEA Y Fg &
& 5l Helper T celloll /NEHEERO] t)i]= G 485l
Thl celle HHMOZ 43} A|FIHA] Th2 cellg HBHOE
QAT I=7HE Eol%h vl Tial 22 FA9 AHE 471
Bisk= diolth
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som BF YUE TP 2 A2 VERF)IA AN
Tk AREE WAW SEAEIS ABEES ARE BT
A FUs] BFGUOM S84E YRS ERFE A8

BICE AlRS 284 S85] 3561 AREA AF AL

2. AEY AE

B U8l ABE NEFEEY MY 7FHS HERES) 2
i en oie FNAHI ZRE] TSI JHskL 34}
2282 A ARSI ZF &R Table 1o T7)1¥ bl
= E86id & 800g2 2t £ sonicator(Branson, USA)E

O)85l 70% OEtrEE FE5lL AWEES TH] 80%, 90%,
100% oletSolr Ze WiHoR 2‘5%6}5&'& FHY FEH2
60ColA ZEH T FAUXSIN 97.68g(yield: 1221%)9] &
U ASE LUk NEEE FEE2 "a@ Hof) 3xF EF<eol
0] 0.22 ym syringe filter2 A ul5kd ARSI TL

O (o oy X

Table 1. Contents of Sochungyong-tang

Herbal Medicine Amount(g)
Epoedrae Herba (fi #) 6.0
Paconiae Radix Alba (BH%) 6.0
Schizandrae Fructus (HGkF) 6.0
Pine.se Rhizoma (¥ E) 6.0
Asari Herba Cum Radice (M8 ) 40
Zingiberis  Rhizoma (¥ &) 40
Cinnamomi Ramulus (& #3) 40
Glycyrrhizae Radix (B #) 40
Total amounts 400

3. AIR9 ANEEE B4

3lE ~AHEEY ethanol AXFEHE o 240meS FUB)
2o} test tubeol] @1 methanol(HPLC reagent, J.T. BakerAl,
USA) U FA45(18MQ0o)49 3x £84) 4mE HES] €ol
=01 & 045 m syringe filter(PVDF, Waters)E& SHAIAA &
HOZ AESIETE AHERE T4 U Ul (ephedrine),
i Z}ok(paeoniflorin, Wako Pure Chemical Industries Co. LTD,,
Japan, ©l&} Wako), 2P]AHschizandrin, Wako), g}5}
{homogentistic acid, Fluka Chemie, Switzerland), A&1(e
-asarone, Sigma Chemical Co., Germany, 0|3} Sigma), 7172
(6-gingerol, Wako), A X](cinnamaldehyde, Merck, Germany), 2+

Bollal S AEBLIL A= RE

24 BMoIh(T #3 09 AREZS BUEARS B
sl Qg AY) ol A2 oF 1mge FYd| ot A
Hol Az ukzl methanol X FAS Smiloll =k
EZENS 2 15,10, 05, 01 ng/mOE QPG 51415109
HPLC chromatogram& €I Z} peak®? HE S ZH &M
Sl WAl JHLAE HaAESHol Y8l Falck
2 dolA] A18E HPLCE Waters Breeze System(717+
Autosampler, 2487 dual A absorbance detector, 1525 binary
HPLC Pump, Waters Co., Milford, USA)S AFESIS 1L, dataR]
2] Waters Breeze System(Ver. 3.20, Waters Co., Milford,
USA)E ARZ38IXiTt. HPLC B4EA2 iy Ztt

Z(glycyrrhizic acid, Sigma) &

O ko M kM H)l NIO

o e

- Column : Symmetry®C18 5m(ODS, 4.6 X 150mm, Waters, USA)
- Mobile phase :
@ -asarone ; methanol : water = 5: 95 = 100 : 0 (v/v)
cinnamaldehyde ; methanol : water = 40 : 60 (v/v)
6-gingerol ; methanol : water = 65 : 35 (v/v)
glycyrrhizic zcid ; acetonitrile :
solution = 40 : 60 (v/v)

2% acetic acid aqueous

homogentistic acid ; methanol : 2% acetic acid aqueous
solution = 15 : 85 (v/v)

paeoniflorin ; acetonitrile : 2% acetic acid aqueous solution
=15:85 (v/v)

schizandrin ; acetonitrile : water = 50 : 50 (v/v)
- UV Detector : 254nm (cf,, 6-gingerol : 210nm)
- Flow late : Iml/min
- Sample injection : 10uf(cf., poncirin : 20uf)
- Temperature : Room temperature

ol wl, ~AHEY| 7t FHelxjol tist A&
(2HEE alcohol £EE)Y] peak HA S E—"Lr_—c’_,gl peak ¥

aH
HOR Lhe F, o7]o] TRAUEE NESL)Y Hme)S Sl
A RHESIR e, (& olule 2 B 33 9= Al &, EBd
e sl ALSIECH)
4. Antibody®} medium

2 dgloils  anti-CD3e  (clone:145-2C11), anti-CD28
(clone:37.51),  FITC-conjugated  anti-CD69  (clone:H1.2F3),
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N BEELO] Helper T cello] 4ol nixl: g

PE-conjugated anti-CD4 (L3T4, clone:GK1.5) (Pharmingen, BD
Biosciences, U.S.A). magnetic cell sorting CD4 (L3T4) microbeads
(Miltenyi Biotec, US.A.) &9 antibody”} AFEEIUCH

2 HEdA Mzsde sk A8 medias 10%
defined FBS (Hyclone, USA), 1% penicillin/streptomycin
(Gibco BRL, Life Technologies, USA) 10mM HEPES (Gibco
BRL, Life Technologies, USA), 1ImM sodium bicarbonate
(Sigma, USA)7} 2@ RPMI1640 (Gibco BRL, Life
Technologies, USA)E Al2319TH

5. HIZF Qul FH]

HES BALB/c nieA9l HIAE ¥ FAPIZ Tkl
% cell strainer (Falcon, BD Biosciences, USA)Z A Hrt #&15)
B dlZAEe HE+ MAE {6k 3wl PharM  Lyse
(Pharmingen, BD Biosciences, USA)& 211 587} v+aA17ITh vt
S0l 7me9) mediaE H7¥et £ 1,000 rpmoilA] 1027} A4 2e]
3l BERAUS AHAHSE &2 cell pellet2 1md9] mediaZ
suspension $}+ & trypan blueZ stainingélo] M| Z4E EFJICL

6. CD4+ T cell 22

HIAU T 1X107cells/90u SEE 109 magnetic cell
sorting CD4(L3T4) microbeads& A7}l 1527 4TolA] 812
BIt 1,000rpmoflA] 1027} AM B2 & 459 S AATIL 5
w9 mediaZ washingdtcl. &2 cell pelletol] 1x108/500142)
EE7) T5E mediaE Wil resuspensiondlT}. Ls separation
column (Miltenyi Biotec, US.A)E varioMACS separator
(Miltenyi Biotec, US.A)0) &X|$} & 3meQ 7|27} ¢ buffer
(PBS with 2mM EDTA and 0.5% BSA)Z columng & 7ol Wil
MEBFHE columnQtCE FUSI) MediaZl columnE £36}
o] whELZEE ThA] 3n89) buffer 2 columnS 3 3o \WJAc)
Columng separatorofA] E£ld]l W £ 5mQ bufferE @1
plungerE AJA1G] EBIA CD4+ T cellE elution$ICt.
7. HEE W Bis &F

MitogenO. & AI5EA 42 BlZ Yub7o YEES 53
371 9oh CellTiter 96 TM Aqueous One solution cell
proliferation assay (Promega, U.S.A.)9] protocolE O|E61E 2
x105 cells/200ut2] ST = flat bottomed 96-well platedy)
seeding®tc}. Spleen total cellol A= INEEEE FEEL 0, 10,
20, 40, 80, 100pg/m¢ STE H7idlL 10pg/m ConA
(concanavaninA, Sigma, USA)E stimulationgiCh, CD4+ T cell
M= NGB FEE2 0,1, 2 5 10, 20pg/n STE H7151
I 10ug/mé anti-CD3e”} coating® plateol|A] 2ug/mé anti-CD28
2 costimulation3}}. 0]A0] BEBES 48A17HEQY 37T, 5%
CO; incubator (Nuaire, USA)o 41 sl kSIC)

oM
i)

4y

8. CD4+ T cell?) CD69 3l =8
24-well platesol] 1 x10%ells/mtQ) =T M ZE seedingd}

1L 48X]7+&Qt 37T, 5% CO; incubatoroll A BIYFSIC}. Mitogen
ol Qg MEZXSZ2 YEE U SA5 ZHAMSY 22 g
AMESHL H71E LTS FEEE spleen total celloA&
0, 10, 40ug/ mt, CD4+ T cellol A= 0, 1, 10ug/meS) S5 & K7}
SIC}. M E harvestdl7] 131 1,000rpmollA] 327 A4 L8]
8} & cell pellet& cold wash buffer (PBS/0.1% NaN3/1% FBS)
ol resuspensiongiC}. d7]oll FITC-conjugated anti-CD69
andtibody$} PE-conjugated anti-CD4 antibody& X718t & 4T
oflA] 408 &EOQt incubationdlirt. Cold wash bufferZ 2H
washing@- & FACScan (Becton Dickinson, BD biosciences,
Usa)oz 24gk)

9. RT-PCRE 0] &%} cytokine @ £E

Flow cytometryoll 419} 22 RHOE 7241743¢t sigst
CD4+ T celld] {JEHE AMAS F PBSE washingShil Trizol
reagent (Gibco BRL, Llfe Technologies, US.A)E 0]&6} total
RNAE EzIoh AMxFAle] ol &3t Total RNAE
spectrophotometry (DU-520, Beckmann, USA)E o|83kd H&
SIch. M-MLV  reverse transcriptase  (Gibco BRL, Llfe
Technologies, U.S.A.)2} oligo-dT (Gibco BRL, Life Technologies,
US.A)E ol838k 249 total RNAE ss cDNAE BHISIC) &
¥ DNAE templateZ A3 IL-2, IL-2R ¢, IL4, INF-7 &
FXFE quantitative PCRBICE. O]u) linear rangeE ER01517) 215}
o] ¢(DNAE 1/2 3)A3 AS 2o} AHE38LI housekeeping gene
Q] GAPDH (glyceraldehydes-3-phosphate dehydrogenase) &%
AFE internal controlZ2 AIESICE. PCRojl AM2®  primer
(Genotech co. Korea)9] sequence®} EZF amplicond Zol&
Table 2.2} ZT}. PCR H}2H9 £HES 248 10X PCR reaction
buffer, Z}2} 0.2u¢ sense primer, antisense primer, 0.54¢ 10mM
dNTPs, 04g4¢ 5U/ut Ampligold Taq polymerase (PE
Biosystems, USA), AH&EEE 3|4 14 template cDNA0]| 3%}
EFFE A5 volumeo] 20p£7F T E 3I¥TE Geneoll WE
PCR =712 Table 3.3} Ztlk Z} PCR product= 8u¥ 2%
agarose gel(PMC, USA)ollA] 130VEZA A 2027} A7I€EslT
ethidium bromide stain®t & Gel-Doc system (Photodoc system,
Bio-Rad, USA)2.& scand}3d 2™ band intensity:= Quantity one
(Bio-Rad, USA) softwareE 0|83l Z&3ICk

o 02

Table 2. Sequences of primer Used for Quantative RT-PCR

amplicon
gene oligonucleotide sequence length
(bp)
RV: 5-GGC ATG GAC TGT GGT CAT GA-J
GAPDH  pyy. 5-T1C ACC ACC ATG GAG AAG GC3 2%
L2 RV: 5°GTG CTC CTT GTC AAC AGC GC-3 501
FW: 5 GAG CCT TAT GTG TTG TAA GC-3
IL-4 RV. 5-TCT TTC TCG AAT GTA CCA GG-3 201
FW: 5-CAT GGT GGC TCA GTA CTA CG-3
Ny RV- 5 -CAT GAA AAT CCT GCA GAG CC-8 08
FW 5 GGA CAA TCT CTT CCC CAC CC-3
IL-2RA Rv. 5-GGG GCA GGA AGT CTC ACT CTC GGG A3 7

FW: 5 GAA CTC CTG GAG CAG CAA CTG-3
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Table 3. Conditions of PCR amplication.

Loop

genes  denaturation extension cycles
annealng

temperature
GAPDH 95°C/10min 94°C/30sec 60°C/30sec 72°C/30sec 72°C/5min 24

denaturaton extens.on

iL-2  95°C/10min 94°C/30sec 60°C/30sec 72°C/30sec 72°C/5min 30
IL-4  95°C/10min 94°C/30sec 60°C/30sec 72°C/30sec 72°C/5min 24
IFN-r  95C/10min 94°C/30sec 60°C/30sec 72°C/30sec 72°C/5min 30

IL-2Ra  95°C/10min 94°C/30sec 60°C/30sec 72°C/30sec 72°C/5min 24

I

+838Y 2

TEERAY AEEFN
cinnamaldehyde, 6-gingerol, glycyrrhizic acid, homogentistic
acid, paeoniflorin, schizandrin € HPLC 2415} L& 3 HE4
£ URISH Zak, R2g10] 0.9963 0142 2H= Ao AP S ENs)
£ Ad4e VUERNRLE 2 AZEHY A 2840 R2
4}, 18]l standard calibration curve= YESIHCE

3, AHEY S0l TEsel Y 22 o) F wat
OHpaeoniflorin), 20U} AKschizandrin), ¥}5Hhomogentistic acid),
A A)( @ -asarone), 71Z}H6-gingerol), 7} X|(cinnamaldehyde), Z+&
(glycyrrhizic acid)ol] thet A XEZ 242 3k Table 4. &} 2T}

@ -asarone,

Table 4. The Quantitative analysis of Standard materials of
SCRT(Sochungyongtang) (&9 : mg/AXEE} ex. 1g)

2 ANE=Z &2 (ng)

YA RO paeoniflorin 34.4241.367(344%)
20(Xt schizandrin 2.39£0.010(0.24%)
gt homogentistic acid 17.07£0318(1.71%)
M @ -asarone 0.18+0.029(0.018%)
Faras 6-gingerol 211£02510021%)
AKXl cinnamaidehyde 1.84+0.438 (0.18%)
a= glycyrrhizic acid 15.39+0.283(1.54%)

ANEEE Mol Us I FHEUTHY HPLC chromatograme A2HSIRACH

2. /NGRS £EE0] sTEE U1E Qe Y& n)A] ¥
INERE 2&30] mitogen2 ZA] BIZ YiHtE A=E6E
A EZRlg ol NEHRE FEE2S STEE TS F 484]
Fs0r w5l MTS assayE ¢ A (Figl) T cell specific
mitogen@] ConAZE activationd}X] &2 AS 5T AZUEE
2 NEHE FEES FO5IA &2 URTd vlgled ErE
HILE HolX] LS ZH INEHRE FEE0] mitogen2 4] H)
& guttE AEcE @ Aol 2IEQt. Con AR
activationdt Z 20l INEHE FE80] AsT (10u/nt)ol Al
T T cell 5418 tld &A1 AEE (@0ug/nt O1)oliAE
Aol dE8E BRoU SAF Fad2 AACt

rooo

¥ rir
I 0f

=
~
s

Cell proliferation
(ab. 490nm)

T T T T

con'trol 110 20 40 80 100
SCRT (ug/ml)

Fig.1. Proliferation of spleen lymphocytes in medium containing v
arious concentration of SCRT extract after 48hr. incubation. Mouse
spleen lymphocytes were treated with ConA to actvate T cell, or not. Control was ¢
ultured 'n medum without SCRT. Cell prokferaton was quantfied by MTS assay. Err
or bars ndicate SEM.

3. NEHRE FEEOI T QTTE CD4+ T cell®] 0l TR
= g

INEHER FES0] UA B1E AT E CD4+ T celld) 74
o ggks n|A A Belsh) Y6l TCR(T cell antigen receptor)
specific activator®! anti-CD3e/anti-CD28 antibody 2 activation
St & early T cell activation surface markerQl CD692] FH 3 4]
g flow cytometryZ 2Q1%} 3} ZulFig?2) NEHE FEE 5
T SOIZ T el B4 WIS BB DIAK BE RO

LIERRIT

194
“

16°

162
10

cose
1%

10"

Fig.2. Analysis of unsorted CD4+ T cells in medium containing v
arious concentration of SCRT extract after 48hr. incubation. Spleen
lymphocytes were treated with ant-CD3e/ant-CD28 antbodes for 48hr. to actvate CD4
+ T call. Cells were stained with FITC-conjugated anti-CD6E9 and  PE-conjugated ant-C
D4 antbodes. A Cells were incubated n med um without SCRT extract as control. B C
ells were ‘ncubated 'n medwm containing 10ue/mi SCRT extract. C: Cells were .ncubate
d -n medum containng 40ue/ml SCRT extract.

4. NEHEB FEE0] 2El¥ CD4+ T cell9] Y& niXle Bt

INGEEE FEE0] FHY APC (antigen presenting cell)7}
QlolE AFMMOZ CD4+ T cell o) FE2 0] =X &5}
o 93] CD4+ T cellS 2EISH & NFHE FEEE 582
SE0iEhT 484]7HEQH B S 2 THFig.3) mitogeno] e AEHol
A= CD4+ T celld] MESol Gk niAAl g g +
UAct. THF anti-CD3e/anti-CD28 antibody 2 activationA]73E
wollE AET (1ug/nl)ollA] CD4+ T celld] MEEO] F7I8IC)
7} &% (Spg/mt oldholdE AéiEls AR UL &
9H8e Uk

o
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/N BEAR0) Helper T celle] 4o mlX]E ¥t

0.9
0 8- { —=~ non-activated
_E, - e getivated
o L
23 [ """" B
¥ 064 ‘}
s -‘% g
D~ 54
0 0.5
047 F— £ —
03 T T T T T ¥
control 1 2 5 10 20
SCRT (ug/m)

Fig.3. Proliferation of CD4+ T cell in medium containing various ¢
oncentration of SCRT extract after 48hr. incubation. Sorted CD4+ T
cell were treated wth ant-CD3e/ant-CD28 antbodes to actvate T cell, or not Cell proi
feraton was quantfed by MTS assay. Error bars ndcate SEM

INEHER FEE
Cg 13

CD4+ T cellE 22151 anti-CD3e/anti-CD28 antibody =
activationglHA] /INEBEE FEES sTEE FA3HL 48417
ket £ CD69Q] THIEAIE flow cytometryE EQISH A3l
(Figd) INEEE 228 lug/ml FHBIAE Wl T cell 40] 5%
A8l 10pg/me @ wie 12% ZHAs A2 ERIHAUTE

o] BE1¥ CD4+ T cell9] CD69 wtddol m]x]

oo
ool

.

A B. C.

Fig.4. Analysis of activated CD4+ T cells in medium containing v
arious concentration of SCRT extract after 48hr. incubation. Sorted

CD4+ T cells were treated wih ant-CD3e/anti-CD28 antbodies to actvate CD4+ T cel
| for 48hr. Cells were staned wih FITC-conugated ant-CD6% and  PE-conjugated anti-C
Ddantbodes. A Cells were ncubated n medum without SCRT extract as control, B: Cel
Is were ncubated n medum contaning 1we/m SCRT extract. G Cells were ‘ncubated
n medum contanng 10we/m SCRT extract.

6. INEHE 2E20] 229 CD4+ T cell®) IL-2, IL-2R e, IL4,
INEF-y mRNA Hlﬁioﬂ u|x]E= H@ak

CD4+ T cellS 151 anti-CD3e/anti-CD28 antibody &=
actxvahono}mk] /J\E”Ei% ZEZEE sTEE FH5I 72813
HBIC). BHerE CD4+ T cellojA] total RNAZE EZISH &

cDNAE &4 0}04 2} cytokine® 2 RT-PCRG}IL 2% agarose gel
oA B71EES3} 2= Fig59 ZTt. GAPDHE controlZ A2
5kl Z} cytokined mRNA WIS WNEHES FEE Fol 5k
HUZ ¥asled 2 23 IL-2, IL-2Re, INF-y & kol Wt &
ZVehe e BUon, IL4= dadske dge HIrt
(Fig5-F,G)
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A. GAPDH

C.IL-2Ra D. IL-4

E. INF-y

34

-2
+- 1L-2Ra.

[N]
h

Vol. of cytokines/GAPDH

con'trol 1 10
SCRT (ug/ml)

F. Expression level of IL-2 and IL-2R a

1.754
I
o -~ L4
3 .« —+INFy
% 1.504 AN
-
N
g 125 .y
3
1.00 T T T
control 1 10

SCRT (ug/mi}

G. Expression level of IL-4 and INF-y

Fig.5. Expression of mRNA for cytokines in CD4+ T cell cultured
in medium various concentration of SCRT extract for 72hr. cDNAs
were synthesized form mouse CD4+ T cell. A-E: Each volume of template cONAs used :
n PCR amplcaton were serafly diuted (3, 1/2) 10 check linear range, Each PCR produ
cls were fractonated by electropores:s on 2% agarose gel and staned wih ethdium br
omde. 1st lane of mages are 100bp DNA ladder(MBI Permentas, Lithuana). GAPDH w
as used as a nternal control. Numbers contaned Each mages mean concentracton(ue
/ml of SCRT. F.G: Expresson levels of each cytokne were normalzed wth GAPDH. Vol
ume of PCR amplcon was quantied by Quantty One software,
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