AL

2URFSEY YAAE

£ 9] 83}

20174 2 €



2URFSEY YAAE

201744 2 €



LR

Fis

A B 29

(H)

e 2

A
™

N

(FD)

[e]

T A 8

OJ:%C:}O

B

2

n

i

(F)

A
™

-

(H)

—

5

-

(FD)

3

7

A3 Yty T4

20174 2 €



g %

S -
LIST OF FIGURE

ION)
{2 (INTRODUCT
. A&

. M=

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

DS)
ETHO

ND M
(MATREIALS A

L Yy

=x




I, ZI} (RESULTS) 9

1.RVS 3750 = ORA CHAMZS| AFHEIN +=8X Z2d0| gt Heeeeee- 9
SRA expressed by peritoneal macrophages after oral administration of RVS extract.------------ 11
LOX-1 expressed by peritoneal macrophages after oral administration of RVS extract---------- 12
CD36 expressed by peritoneal macrophages after oral administration of RVS extract----------- 13

2.RVS BO7F SZUAMMES| BM7|S0 OXs Fefmmmmmmmmmoremooemc oo 14

Effect of oral administration of RVS extract on the functional activity of scavenger receptors- 15

3.RVS £017t SZHAMZL HEA AO|EFHYl 2H|0f DX G 16
Effects of oral administration of RVS extract on soluble inflammatory cytokines in macrophages---------- 17
4. RVS F0{7} BZUTHAMITO| costimulatory molecules 3! MHC I 22X} 2hs10]| Cgh ok oooeeoe 18
Effect of RVS extract on the surface expression of CD86 in activated macrophages------------- 19
Effect of RVS extract on the surface expression of CD40 in activated macrophages------------- 20
Effect of RVS extract on the surface expression of I-A/I-E in activated macrophages----------- 21

5.RVS E0{7} Ot2A 22 Lps At30f ot & AJA AtO|EFHQI0) DX Y- 22

Effect of RVS extract on serum inflammatory responses following LPS injection--------------- 23

6.RVS S0|S 09 A HIAAEO| YL S0 TSt P& 24




Effect of RVS extract on the composition of mouse splenic CD4 and CD8 T cells----------------

Effect of RVS extract on the composition of mouse splenic B cells

7.RVS F0|Z OFRA HIFMZES MHC I Z&of thet g3 e

Effect of RVS on the surface expression of the MHC 11 molecules of mouse splenocytes--------

8.RVS F£0l= O2A H|E THZES| F4|s0] Cf

%

Ak

o

Effects of RVS on the proliferation of splenic T cells stimulated with polyclonal mitogen-------

9.RVS E0{Z Or2A H|& TMZEO| CD69 0| CHe 2k

Effects of RVS on the activation marker in splenic T cells stimulated with polyclonal mitogen-

10.RVS £0|2 Or22 HIF THES| AO|EZHRl ZH|Of Cfeh He

Effect of RVS on production of cytokines in activated splenic T cells -

IV. 1% (DISCUSSION)--------

V. B OES (REFERENCES)---mnmmmrrrrmmmmmsrrenmmmmmee s et et e

VI. Abstract in ENgliSh-----=-===mmmmm e e oo

26

27

28

29

30

31

32

33

34

35



LIST OF FIGURES

FIGURE 1.

FIGURE 2.

FIGURE 3.

FIGURE 4.

FIGURE 5.

FIGURE 6.

FIGURE 7.

FIGURE 8.

FIGURE 9.

FIGURE 10.

FIGURE 11.

FIGURE 12.

FIGURE 13.

FIGURE 14.

FIGURE 15.

SRA expressed by peritoneal macrophages after oral administration of RVS extract.

LOX-1 expressed by peritoneal macrophages after oral administration of RVS extract

CD36 expressed by peritoneal macrophages after oral administration of RVS extract
Effect of oral administration of RVS extract on the functional activity of scavenger
receptors.

Effects of oral administration of RVS extract on soluble inflammatory cytokines in
macrophages.

Effect of RVS extract on the surface expression of CD86 in activated macrophages

Effect of RVS extract on the surface expression of CD40 in activated macrophages

Effect of RVS extract on the surface expression of I-A/I-E in activated macrophages

Effect of RVS extract on serum inflammatory responses following LPS injection

Effect of RVS extract on the composition of mouse splenic CD4 and CD8 T cells.

Effect of RVS extract on the composition of mouse splenic B cells.

Effect of RVS on the surface expression of the MHC 11 molecules of mouse splenocytes.
Effects of RVS on the proliferation of splenic T cells stimulated with polyclonal
mitogen.
Effects of RVS on the activation marker in splenic T cells stimulated with polyclonal
mitogen

Effect of RVS on production of cytokines in activated splenic T cells.



%= (Abstract)

ZLIFRVS)E 2215 51 ofds Bl M2S 22 O dd=fs st =it

7t A= AfMO[Ly = A0 = Rvse 1 FO

ot
Ral
e
rg
19
-
]

1A
o|o
é
=2
=
rot

S-S 20} SfCH RVSE E7 F0 Cfg HAMZE A48 ~8H|et LPSA=0f T

o tAMMZS E3d AMO|EFR, ExMU2 QA0 Ciet gSnt Mg IS, HIEA

—_ =

£ F FoIAM SARS| THE THMZEA=s SR, MEE T2 Z240

11l

L, LOX-1 T E TAMEAs HA0IRA2L, MEY T2 S7totA 20, CD36

rlo

B3It QAL d2fLt s=C|EXOE acetylated-LDLO| EfAISO0| SISt LPSAL
=0f CHoll CHAIMZSRF MAUEMHHABS A 25 TNF-olt IL-60] HAERALDT, CD86=

SEEHNOR AWM, D402 HO|= XHO[7h G20, MHC I 2t Zed2

I_

ol

718Gt =3k RVSO| ATEOZOIAM CD4 T MZES| HES S7HAZSLE CD8 T M=
ot B MZE HIZ20|& BT} URA2D, MHC Il o &2 ZHASIRALCE Anti-CD3 antibody

Z =S O, RVSEOZO| HIF THZ SAS0 tiet &2 |1, CDe9l E

oN

FA B}

0

o, IL-2&= H3t7t HUYU2LE IL-42F IFN-y= S7I5HSICEH

70, RVSE HMMZS EHAS 372t 28 85 20FA2H, HIHMZE T M=o
=

HAEIZ0| BistE FACL RVS= AATAA L HZHAAO|M

HT

L

ol

3@

Ct.



I A&

ZLR (Rhus verniciflua stokes, RVS)= &LIFIH(Anacardiaceae family) ' =g &g w5

o2 Y2 Toxicodendron vernicifluumO| &=, E[8I, 3|Z2tof S0| AX|o| F

RVSE 2(1R), CL(RKR) X AT(EK), ML), TXIdE), 2E) S5 52 482
2 M8 O & RVS2 X dE (&R0 FEO YEED F4=E2

50~80%7} urushiolO|O, O] MEo=Z

ro

of TfgE R = A7 WE0 oAM=

CHoh Bl LYoz 29| B=3E |R&o7| @8 ™o ACt RvSe= Eo
fustin, fisetin, sulferin, butein, garvanzol S2| flavonoid 2|0 Ct9| 22 0| TRL/f U
Ct. 67

RVSE £%/0| mat 20| CHYSIEE & & (bark) 2| butein0f 2|2 antifibrogenic &1t
8 X E (heartwood), 7tX| & (branches)2| garbanzol, sulfuretin, fisetin,
protocatechuicacid, fustin S0 2|3t antimutagenic &1t°'° 7}X|2(branches), =&&
(bark) == (extract)Q| antioxidant &1,'121314 Z 7|2 (stems)2| 6-pentadecylsalicylic
acidOf| 2|8t antithrombin&1}'> , 7tX|&F O|EHZ FZEZ ( branches ethanol extract )2| Al
EZ =M (cytotoxic) 21, ZHX|E Of|EFE F=E (branches ethanol extract)l| &ZY

(antitumorigenic) E1t'416 S0| 2 1E|RALCE,

=l HAUZ 2 2ROl YU ofs 22=2F X[7[7] fet Ho7|Hez, B& 4
20 EXste MM HYA(innate immunity)2HSt, HFSESS0 A0 2SE HEO 9

SHNoZ B33 Zle NS HY(adaptive immunity)O] RUCH MHHALS &Ho| ol



DdE, M 52 2o et S5 Lodeds & & AL, H3HAR2 F o3
=20 oish TH=ZR BMZS| HEE| 7|52 &850 Holgd & U= A2HS =50t
Ct.

CH AJ M 2 (macrophage)= AL X MMM BHSY B3-S SEOIC HAMZ= IjH
QIX| =& K (pattern recognition receptor, PRR)E Sl HAT &2 X5t EHA =&
(phagocytoisis)2 St=0|, THE QX =&H| 0= LPSSL| Xt=0f 2J8lf IL-6, TNF-a & At

O|EZ{QIL AHRZI9l 22 ABJOH/H=2E S FH|SHHLE CD40, CD8652| EXZAMB A=

AT

XH(co-stimulatory molecules)0ff &2 F="7 &-FAF =EX(toll-like receptor, TLR) '8 2
He, gH 20 58 QA0 EHAY|sE St &271BIN $=&X(scavenger receptor)Zt
Aon, A7HHIX =28 0= SRA(scavenger receptor A), LOX-1(lectin-like oxLDL receptor),
CD36(cluster of differentiation 36) 50| RULC}. 19
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012) AtSHEHHH2 US National Research Council for the Care and Use of Laboratory Animals (1996)

go| BALB/c £=7{ O}

=~
T

H:'é‘_?

specific pathogen free 2 EOf| A LU 71O

P

{oF

vl
o
~

olo
i

LH-RAom 1027 200 mg/kg, 1000 mg/kgl] =2 1Y 1

lipopolysaccharide (LPS) 04, HIZMZE 22822 Lt+0f = GULCE

3) tHAM= &2l

HdY S8 39 MO Cf=F1dF RvS FOFQ| OFRA =Z0| 2 mIQ| 3.5% thioglycollate



mjn

medium (BD, Sparks, MD, USA)E FAISL ZTE LU0 ORAE AFEHSSIACE SZ0A
8 mI2| 10% fetal bovine serum (FBS, Hyclone, Logan, Utah, USA)2t 1% penicillin-streptomycin
(Welgene, South Korea)O| 27 El Dulbecco's modified Eagle's medium (DMEM) (Hyclone)2

AtStol MZE #TSHALE #d

B
o
ot

M=ZE HiX|Of X{EFSH = TC20 Cell Counter

(Bio-Rad Laboratories, Hercules, CA, USA)E 0| &3t0| M=ZE ZEot & A0 AESIA

40

Ct. MZHj o MEE= &

uoE
rlo
=
Hl

£ OFRY 37T, 5% CO, 2IFH|O|E{0]| BiZStH &

HE|X| @2 MZE HMAHT £ MEDIAC

—_

<

4)LPS ELE

AU HSS AOIEFRS] BstEs FE35H7| 2

RVSE FOlAIEet X| 102 == O

gk

Sl 1.3 mg/kg2| LPS (serotype 055:B5, Sigma)E =& 0| FOI5IRALE. 1A[ZF =0f OfEH| 22 Ot

T HEESo AU 22|t 13,000 g, 2027t FHE2[5H0] 22 EH2 -20°C

of 2ot & AO|EZHRl S0 AFEoHRAL.

—_

5) HIEMZ =2

SH0l 10% FBS, 1% penicillin-

Mt

RVSE FOA[ZISE X| 10¥ El&= 20 OFRA HIFES H
streptomycin”} €& RPMI 1640 (Hyclone) HiX|Z2 MESH = glass slide2| AL HZ 0[&
5l0] A2 MBIt 0.70 um cell strainer (BD Biosciences, San Diego, CA, USA)Z 0f 15t
NZZE MEZ|$ S0 BD PharmLyse lysing buffer (BD Biosciences)S O|23}0] 1S
MASHACE 2BH2 2 HiX|O| M=ZE MF/FSH = TC20 Cell CounterE 0| 8310 Mz

£ 58 = 20 AESHALY.
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NZ BHO| CHHZE disig 2MET| Q8 1 x 106 7He] MZE MAEHT (0.1% NaN;2t
1% FBSZI 2tF=l phosphate buffered saline)2 MA 2t = anti-mouse CD16/CD32 (BD
Biosciences)E 4°CO| A 5&7F incubationStRICt O] HEO| 2 E FHME 4°COM 302

Zt incubationdtICE A=l &M= fluorescein-conjugated anti-mouse SR-Al, PE-conjugated

anti-mouse LOX1 (R&D Systems), PE-conjugated CD36, FITC-conjugated anti-mouse CD11b, PE-
conjugated anti-mouse CD11b, FITC-conjugated anti-mouse CD40, PE-conjugated anti-mouse CD86,
FITC-conjugated anti-mouse CD4, PE-conjugated anti-mouse CD8a, FITC-conjugated anti-mouse

CD19, FITC-conjugated anti-mouse 1A/IE, PE-conjugated anti-mouse CD69(BD Bioscience)O|H =

= X0 CHSY isotype-matched antibody= AHESIRUCE MIZE 23] MAEHLZE MEs =
Navios flow cytometer (Beckman Coulter, Brea, CA, USA)E O|23}0{ 10,0007H T FAEZl A|

ZE 21 Kaluzasoftware2 C|O|EHE EAMSISCT

7) EFAI

= S

orr
A4

1x 108 7He| CHAIM|ZEE 2 pg/ml Alexa488-acetylated low density lipoprotein (Molecular Probe,

ot

MZE 2|+otACE FHEZEEEHE MEHEHZ

mjn

Eugene, OR, USA)S 2 4A|Zt HYf st
MATt = Navios flow cytometerE 0|83t 10,0007 & FME MEZE 1 Kaluza

software2 O|O|E{E EMS} LY,

8) AMl=ZH{Sf

FSd AO|EZQlnt Ex 4= QIKt

Al

ot7| #lgh A M B Zol= 3 x 10° 7H2| Al

mjn

ZE AESIF2D 100 ng/ml LPSE 24A| 7t BIFSIRACE H|FO|AM Z2|2t MZ= 2 x 108
el MEE AFESIRUSM 2 pg/ml anti-CD3 antibody (BD Biosciences)E 24 A|ZF EE&= 48
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9) AtO|E7tol £

ALSHO[LE HMLY TNF-o, IL-6, IL-2, IL-4, IFN-yE enzyme-linked immunosorbent assay
(ELISA) o2 EMEIA o0 OptEIA set (BD Biosciences)S RIS CE HA 96 well
immunoplateOf| capture antibodyS PBSO| 3|AM5t0] coatingdtl ELISAS MEHI{ (0.05%
TweenO| 2R E PBS)E MAEZ ELISAE SEZHE (10% FBS7t &/ E PBS)E & =20

M 1Azt 2 5ZS oL MAE=R ARE SSZHIO| 3450 242 204 gt

olo

SHA SHRACE CHAl MAZ detection antibody@} streptavidin horseradish peroxidase2t 274 4

20|M 1A|ZF BLSEHA| SHFCEH MAZ TMB (BD Biosciences)E 21 A20|AM Z|C{ 302

mjo

HSSHA o = 1 N HS0,& @1 Bt3S FX[SIRACE LMo Hot= microplate reader
(iMark, Bio-Rad Laboratories)S O|23}0 450 nmO|A SHEE SHOIQUCE AR 5=

MZ=ALOM HESet & AO[EIQIS] =9t SH =0 7| =5t A4St ACE.

|_\

=)

o[
1=
orr
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o

HIZMZS A2 57| 2o 96-well plateS AFESI0] 2t well T 4 x 105742 M=
£ EFTZ0| 2 ug/ml anti-CD3 antibodyS E11 48 A|Zt HHSIQICE Celltiter 96 aqueous

one solution reagent (Promega, Madison, W1, USA)= well = 0.02 ml €11 microplate readerS

0|85t 490nmOA S8 =S FFoIALH 24 =2
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HYZIH= mean +SEMLE HAISIFOH SAHA Fo/d HAS2 IBM SPSS 22 softwares
0| 230 Student t-testt} ANOVA HHHoz ZAMSIYLCE ANOVA =3z EAXEoz S0
ot X}0|7F 2™ LSD ez AMZ2ASZ2 FASIRILCL P-values 0.050/2tQ1 3202t
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1. RvS d7+5F0] 2 02 HHMMZS AFHEIN +=8X Zelo| tieh e

RVSE 1097t ZFF0St OIRANM SZAMEE 22510 AWRIN =X CHEHE
of NZL EHZ FNEAILHOE FHYSALCL WAMNE OHE= CD1bE AHESH
AN BMEOX; o AT|EINY 8H|= SRA, LOX-1, CD360|ACt. X FITC conjugated
anti-SRA antibody2} PE conjugated anti-CD11b2 MZZE double staininge dI¥S O
SRA(+)CD11b(+) cell population2 CHZETO|A 78.87 +2.03 %A 20 RVS 200 mg/kg, 1000
mg/kg £0] 0| M= 84.37+1.18% (P=0.047), 82.31+1.43% (P=0.350)22 S 7|35}SICt. M=E
o SRA 230 CHst B A& ZT (mean fluorescence intensity)S =Ast Zut CHEZ0
ME 12.50+0.420| R} S H RVS 200 mg/kg, 1000 mg/kg £ 00 A= 11.5+0.34(P=0.109), 10.2

+0.39 (P=0.003)2 ZtA3|Ct,

FHME FITC conjugated CD11b antibody®?t PE conjugated LOX-1 antibodyS A|Z0f| double
stainingdt0] 2ASIRACE LOX-1(+)CD11b(+) cell population2 CHZEZOA 22.88+1.87% U2
 RVS 200 mg/kg, 1000 mg/kg &0 0 A= 20.17+0.72 % (P=0.460), 15.28+1.02 % (P=0.025)
2 UASIUCEH LoX-1 oo Ciot HrddZd s fETO|A 9.08+£0.210|AU 20 RvS
200 mg/kg, 1000 mg/kg £ O 0| M= 10.37+0.23 (P=0.002), 10.99+0.70 (P=0.013)Z S 75}

Ct.

MB®Z FITC conjugated CD11b antibody2} PE conjugated CD36 antibodyS AM|ZO{| double
stainingSt0] 2SI ACH CD36(+)CD11b(+) cell population® CHZET O A 75.53+2.18% % S H
RVS 200 mg/kg, 1000 mg/kg £ Ol 2 0| A= 77.49+1.79% (P=0.522), 79.94+1.52 % (P=0.140)2

SISt L SAM2E [FOISHX| AR/UCE CcD36 L0 Cist BrAZZ = X0



M

A 93.15+4.200| R} 2 RVS 200 mg/kg, 1000 mg/kg FO{F0|AM= 88.04+4.96 (P=0.615),

85.95+4.07(P=0.382) U 20| EAH o= Qof¢t xjol= QIQiCh
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Figure 1. SRA expressed by peritoneal macrophages after oral administration of RVS extract.
Peritoneal macrophages were isolated after 10 days of oral administration of RVS extract (200 or
1,000 mg/kg). The cells were stained for FITC-conjugated SRA antibody and PE-conjugated CD11b.
A: Representative dot plots were shown. B: Bars represent mean + SEM of the percentage of the
SRA(+)CD11b(+) cell population (n=6). C: Bars represent mean + SEM of the mean fluorescence
intensity (M.F.1.) of SRA (n=6). * P<0.05, ** P<0.01 versus control ( 0 mg/kg).
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Figure 2. LOX-1 expressed by peritoneal macrophages after oral administration of RVS extract.
Peritoneal macrophages were isolated after 10 days of oral administration of RVS extract (200 or
1,000 mg/kg). The cells were stained for FITC-conjugated CD11b antibody and PE-conjugated LOX-
1. A: Representative dot plots were shown. B: Bars represent mean + SEM of the percentage of the
LOX-1(+)CD11b(+) cell population (n=6). C: Bars represent mean + SEM of the M.F.l. of LOX-1
(n=6). * P<0.05, ** P<0.01 versus control ( 0 mg/kg).
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Figure 3. CD36 expressed by peritoneal macrophages after oral administration of RVS extract.
Peritoneal macrophages were isolated after 10 days of oral administration of RVS extract (200 or
1,000 mg/kg). The cells were stained for FITC-conjugated CD11b antibody and PE-conjugated CD36.
A: Representative dot plots were shown. B: Bars represent mean + SEM of the percentage of the
CD36(+)CD11b(+) cell population (n=6). C: Bars represent mean + SEM of the M.F.l. of CD36 (n=6).
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2.RVS R07} SLLHAM | &

1=
N
or
k=)

| OX= &2

— o

RVSS S0i8H OI2A SZCPAMES EHs2

)

Hot7| 2ol alexadssH&0| A=

—_

acetylated low density lipoprotein (LDL)2 M|Z0| @10 4A[ZF BHLSIRCE MZE7F EFAIGH

o | = Ry
alexa4882| "o ALZEE Aot Zut 2T 32.91+0.970|A20{ RVS 200 mglkg,

1000 mg/kg £ 0

M

Ol M= 37.43+1.26 (P=0.018), 43.71+2.73 (P=0.003)2 2 Z7}5} AL},
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Figure 4. Effect of oral administration of RVS extract on the functional activity of scavenger receptors.
Peritoneal macrophages from each group were incubated with alexa*®®-acetylated low density
lipoprotein (LDL) for 4 h and analyzed for the uptake of alexa*®-acetylated LDL by flow cytometry.
A: Representative histograms are shown. B: Bars represent mean = SEM (n=6). * P<0.05, ** P<0.01

versus control ( 0 mg/kg).
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3.RVS R017} SHUAM=ES] ESE AO|EZHR FH|of O/X|= &

0

RVSE FOigh OFRL00M Z2leh HAMES LPS2 24A[Z Xt=3h & MZ7H ZH|eh
TNF-a2} IL-62] &2 ELISA HHoE EAMSIQULCE LPSE EX| A2 MEONM= TNF-aLt
IL-67t AEEX| RU2H LPSE €2 MEOME= ZHZ 43.82+2.08 ng/ml, 116.62+2.90
ng/mZ AZE|UCH RVS FO 0= TNF-all 4% 200mg/kg, 1000 mg/kg Ol A 35.10+
1.61 ng/ml (P=0.008), 42.10+0.89 ng/ml (P=0.462)Z 200 mg/kgOlAl R2ISHA ZASHECH
IL-62] 22 200mg/kg, 1000 mg/kgmOllAl 99.21+4.53 ng/ml (P=0.008), 86.89+1.61 ng/ml

(P=0.001)0| O sEo|EHoz ZtABIRALCE
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Figure 5. Effects of oral administration of RVS extract on tumor necrosis factor (TNF)-o. and
interleukin  (IL)-6 produced by LPS-stimulated macrophages. Macrophages isolated from
experimental groups were stimulated with LPS (100 ng/ml) for 24 h. The levels of TNF-a (A) and IL-
6 (B) were determined by ELISA. Data represent mean + SEM (n=6). (+) indicates LPS stimulation.

### P <0.001 versus control (0 mg/kg), ** P<0.01, *** P <0.001 versus LPS-stimulated control
group ( 0 mg/kg).
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4.RVS £017} 2ZCHAIMEZO| costimulatory molecules & MHC Il £XF 23i0f Chet Hek

ZLIREFEZE FO3 ORA0AM 223t HAMNEESE LPSE 24A17F Xp3Fet = M Z8t
O EAXIZEXIQ CcD861} CD402| Eoidt SHRAKMAIG LD MHC I E3H0] CHSH flow

cytometryS O| &5t =MoIRALE 2= LM OM DY L= isotype antibodyS AHES

—_

Of H|E0|X Zgo| YOILIX| LSS SHQISHRALE (Figures 6A, 7A, 8A). X CD862| &<
LPSE EX| Y2 X MZES ERIZZLEZE 46740090/ LPSE AU M
10.87+0.35= S7IStRAL} (Figure 6). RVS £ T 0| M= LPSE A=t 4% 200mg/kg, 1000
mg/kgOll Al 10.87+0.35 (P=0.994), 9.44+0.28(P=0.005)2| B+ AZLE HOF0 15T

oM FolStA ZadtALE

FHMZE cD40 A2 2MSH 21 A=F2 OHX| %2 2T ME= 1.21+0.01° &

-

THIELEE E0FRU2D LpsE E2 MEOAM = 384101622 SIISHRULCE (Figure 7).

RVS £z 42 L

)

SE Mz2IZS [ 200mg/kg, 1000 mg/kgOl Al 3.43+0.25(P=0.209), 3.46

+0.21(P=0.196)2| YA ZEE HOFO izt XtO|7} giRULCE.

Meimtz CHA Mz ALt 2 E 0L MHC NEZAHR I-A/N-ES] ERE Z4ot

ALt Ar=5 ot @2 = MZOME 066+0.062 Hod

Ok

dEE HOFen
LPSE 2 MZO|ME 8.79+0.422 ZI7ISIRACE (Figure 8). RVS F0l29| AL LPSE A
2|32 [ 200mg/kg, 1000 mg/kgHlAl 8.91+0.25 (P=0.419), 10.92+0.06(P=0.010)2| H&H L=

£ EO0F0 AsET0AM RISt S7totRICt.
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Figure 6. Effect of RVS extract on the surface expression of CD86 in activated macrophages

Cells isolated from the control and RVS groups were stimulated with LPS for 24 h. The cells were
stained for PE-conjugated CD86 antibody or PE-conjugated matched-isotype. A: Representative
histograms are shown. B: Bars represent mean + SEM of data (n=6). (+) indicates LPS stimulation.
### P<0.001 versus control (0 mg/kg), ** P <0.01 versus LPS-stimulated control ( 0 mg/kg).
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Figure 7. Effect of RVS extract on the surface expression of CD40 in activated macrophages

Cells isolated from the control and RVS groups were stimulated with LPS for 24 h. The cells were
stained for FITC-conjugated CD40 antibody or FITC-conjugated matched-isotype. A: Representative
histograms are shown. (-) indicates cells without LPS. B: Bars represent mean + SEM of data (n=6).
(+) indicates LPS stimulation. ### P<0.001 versus control ( 0 mg/kg).
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Figure 8. Effect of RVS extract on the surface expression of I-A/I-E in activated macrophages

Cells isolated from the control and RVS groups were stimulated with LPS for 24 h. The cells were
stained for FITC-conjugated I-A/I-E antibody or FITC-conjugated matched-isotype. A:
Representative histograms are shown. (-) indicates cells without LPS. B: Bars represent mean + SEM
of data (n=6). (+) indicates LPS stimulation. ### P<0.001 versus control ( 0 mg/kg), ** P<0.01 versus
LPS stimulated control ( 0 mg/kg).
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0%

5.RvS £0{7} 0L =2 LPS A=0f Oigt 2 FSd AO|E7Helof O/X|= B

RvVS £0|% OrRA0M 22|38t CHAMZS| EF vt3at Mild dF 30| 22X &
7| 28 1027t RVS (1000 mg/kg)= BTHEAHZ LPSE SZ0| A=5tD LM 1A|7H =0

OH
=5

et

MFSHACE LPSE AS3HA| B2 S22 U0 M= TNF-alt IL-67t HEEX|

o

AUACLE LPSE X=E o LHETQ| TNF-02| SE+& 6.82+048 ng/mIA L1 IL-62] SE&=
10.26+0.80 ng/ml22 AEEACL RvVS FOZO M= TNFasZ7t 256+0.44 ng/ml

(P=0.000)0| 11 IL-6 &=+ 5.71+0.38 ng/mI(P=0.000)2 F2I5tAH ZA3IFULCE
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Figure 9. Effect of RVS extract on serum inflammatory responses following LPS injection.

Mice were orally given RVS extract for 10 days. Serum was obtained 1 h after intraperitoneal
injection of LPS (1.3 mg/kg). The serum levels of TNF-o and IL-6 were determined by ELISA. Data
represent mean £ SEM (n=12). ) ### P <0.001 versus control (0 mg/kg), *** P <0.001 versus LPS
injected control ( 0 mg/kg).
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6.RVS 0= Or2A HIFxZXo HIES B0 Ot

RVS (1000 mg/kg)2 10 FO{ot OrRA H|FEZZO| Tcell HlE22| HIE 27| s =Al
THAENM HHOZ CD4 T celllt CD8 T cellS 2M6IQACt H|ZMZE FITC conjugated
CD4 antibody2} PE conjugated CD8a antibodyE O|&3}0] double staining= StRACH A" 4
b CHEFO| CD4 T cell®| H[E2 23.41+0.45% A% 20 RVSFE Ol T2 26.00+0.48% (P=0.000)
2 ROI5IA B7tSHLH (Figure 10). CD8 T cell H[E2 CHEZ I RVS £ & ZHZH 11.72+
0.46%, 11.67+0.45% (P=0.937)Z X{O|7} QARUACL. B celle] H[EE 7| #&i FITC
conjugated CD19 antibody= MZE FMSIRALCE CHETS 54.98:1.22% A 2H RVS F0

2 54.42+0.82 % (P=0.715)¥ 2 X}tO|7} AUt (Figure 11).
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Figure 10. Effect of RVS extract on the composition of mouse splenic CD4 and CD8 T cells.

Splenocytes were isolated from male Balb/c mice after 10 days of oral gavage with RVS (0 or 1000
mg/kg). Cells were double-stained with FITC-conjugated CD4 antibody and PE-conjugated CD8a
antibody and evaluated using flow cytometry. A: Representative dot blots are shown. B: Bars

represent the mean percentage of the cell population+SEM (n=6). *** P <0.001 versus control.
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Figure 11. Effect of RVS extract on the composition of mouse splenic B cells.

Splenocytes were isolated from male Balb/c mice after 10 days of oral gavage with RVS (0 or 1000
mg/kg). Cells were stained with FITC-conjugated CD19 antibody or FITC-conjugated matched

isotype and evaluated using flow cytometry. A: Representative histograms are shown. B: Bars

represent the mean percentage of the cell population£SEM (n=6).
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7.RVS £E0|Z OFRA H|ZMIZO| MHC Il &30 CHot HEt

— o

RVSES 1027t F0{3t OFRAQ| HIFMZOA MHC I Z30| #H3t7F UEXE L7
8 H|ZMZE FITC-conjugated I-A/I-E antibody2 Mot & QMEIHLEMS WS ALE,

CH=29| I-A/I-E By AL =+ 65.33+1.960|R 10 RVS £0{#2 5553+2.242 2 Q0o|d}

A Z25HGE.
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Figure 12. Effect of RVS on the surface expression of the MHC Il molecules of mouse splenocytes.

Splenocytes were isolated from male Balb/c mice after 10 days of oral gavage with RVS (0 or 1000
mg/kg). Cells were stained with FITC-conjugated I-A/I-E antibody or FITC-conjugated matched

isotype and evaluated using flow cytometry. A: Representative histograms are shown. B: Bars

represent the mean percentage of the cell population+SEM (n=6). ** P <0.01 versus control.
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8.RVS £0j= OrA HIF THES 340 Ot I

RvS 10&7t R0jot O A0 HIF T M=o S450 et B=ts &7 I3l polyclonal

anti-CD3 antibodyS A&t MZo| F4|Z RESIRLCE MTS HHEE A8 SEEE

A4

SEeEM UPH2R MESASS = 21 A=52 otA @2 =0l Bl

anti-CD3 antibody2 At=3t iR SEE7t 2.6 Hi S7HSIRALCE (P=0.002) (Figure 13).

anti-CD3 antibody2 At=%t CHEZDF RVS F0|72| SAS0|= XHO|7F SIRUCH (P=0.801).
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Figure 13. Effects of RVS on the proliferation of splenic T cells stimulated with polyclonal mitogen.
Splenocytes isolated from control and RVS groups were cultured and stimulated with anti-CD3

antibody (2 pg/ml) for 48 h. The proliferative response of splenocytes was determined using the MTS
assay. Bars represent the mean+SEM. (+) indicates anti-CD3 antibody stimulation. ### P <0.001

versus untreated control (n=6).
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9.RVS F0{= Or2A H|Z THZS| cDe9 Ea0| Ciot A

RVSE 10€7h FOjot = ORRA0| HIF T M=l 29 HEIE =3st7| ?lof CcDe9 &

—

o2 EXASIRALCE anti-CD3 antibodyE O|&3t0] 24A|Zt HIYSE S0 M= EHO| CD69 &

ogt
ok

HS 2AM3 AN} anti-CD3 antibodyE EX| %S CEZO HAHITLUZLE 99:057%2
Lt Xt=28 o =72 38.43+1.022 S7ISHRULCH (Figure 14). RVS £0{72| CD69 Ea2

30.98+1.34 (P=0.001)2 {o|8}H ZA3|SLCt.
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Figure 14. Effects of RVS on the activation marker in splenic T cells stimulated with polyclonal
mitogen. Splenocytes isolated from control and RVE groups were cultured and stimulated with anti-
CD3 antibody (2 pg/ml) for 24 h. Cells were stained for PE-conjugated isotype-matched antibody or
PE-conjugated CD69 antibody. A: Representative dot plots are shown. (+) indicates anti-CD3

antibody treatment. B: Bars represent the mean+SEM.
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10.RVS £O0|2 O H|IF THE2| AO|EZHRl ZH|0f Ciot Hg

RVSEZ 1027t £0ist = OrAQ| HIE T MIQ| IFN-y, IL-4, IL-2 2H|0| it H3tE
Z£d517| I8l anti-CD3 antibodyES O| 8350 48A|7F YTt = ASHE F IO ELISAS
THSHRACEH CHEFTF RVS FOHTOA IFN<S| S=+& ZHZb 17104380 pg/ml, 2704+209
pg/ml (P=0.031)Z RVS TO|A FoSHAH S7I5IRALt IL-42] == CHETO0| 1160+194
pg/ml, RVSTO0| 1563+195 pg/ml (P=0.124)0{M SAHXESZ [{2o|ot X0|= YUAUALCE IL-22]
SE£ HETO| 17124356 pg/ml, RVST 0| 893+55 pg/ml (P=0.035)0|0{ Al R2|SHA ZtA5t

ALt
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Figure 15. Effect of RVS on production of cytokines in activated splenic T cells.

Splenocytes isolated from control and RVS groups were cultured and stimulated with anti-CD3
antibody (2 ug/ml) for 48 h. Supernatants were harvested, and the levels of IFN-y, IL-4, and IL-2
were determined by ELISA. Data represent mean +SEM (n=6). (+) indicates anti-CD3 antibody

treatment. ### P <0.001 versus untreated control, * P <0.05 versus anti-CD3 antibody treated control.
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Al
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SRA, LOX-1, CD361} €2 AHHIN &M EfH|2|OFLf

=
[

CHA M=

| St

9| SRAQ} LOX-12

CHA M=

(=
1o =

EFA
[=|

=0 0|42 acetylated-LDL

(o]
N

b= QAL (Fig. 1-4).

oLt 26 TNF-o

gdst

S0l B MZLE CHAM =7}

3=l

AHA
O =

NKAMZ, EF T MZ0A

HEH2Z=A 0| UA RESHAL, MZEXES FESHALL IL-1 1 IL-6 2f dits
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SMHE YAHSH7|= St= 4 AO|EFRIO|Ct QIEZEZI(L)2 M= Zkinter-) 7| S5t=
B L (leukocyte) Ol A ESdte CHEMEO|EtE X2 BEME HEMHO £0| =Xt
Aststo, HYZHO| THOPCt O F IL-6 2 CHAME, THZSL B MZOAM 25
2H T, IFN-8, 2t &Y 2AtE, HY SH, ZEAQ AMEA MZE F4, 23, 24
oE SOl 2olotH, 35| FFES 2| Z7|EHA M HGECE IL-6 of A2

, BE ZY0te 20| QUCE LPS X+=20 CHH, RVS ATFE 0 0l A
sEoEXMoz PSS AO|EFIQl TNF-a @F IL-6 O] ZHAE|O] CHAIMZOf ofst

FSAMAENE 207t A= & + UM (Fig. 5).

MSXIHMEEXE ME EHOA 2USste CHElEZ T NZY XFASE MEst=
Zd0|C}t. CD80/CD862 TMIZES| CD281t ATtSHHA, CHAIMZES| =0 CHet OFHE A}

SECE HAMZEY 2ot 4 XSTEEAE S M=Z 20 M2 EHEH U

rr

SB0M =2 T MEZ(Th cel)E 2dHAZICE CD402 THAMZLE XM Ze| B0

M RFEX| @2 (naive) T cello 4155 HEFSIFELL CD402| AS M (signaling)0l AHEh
B, ASERSD XPIHES0] HE|7| = #tche Lps A0 CHs) RVSE HTLEO]

Aes M, CD8o= SEoEHCZ FOSH &AL, CD402| 0= oo XHO|7¢

Fe MEZEHESEE B0, O 5 MHC 222 1| 2X= BAMIZE, CHAMZE, DCE2
MEXN AKX AIME(@ntigen presenting cell)Off =2 EX{tct CHANZE= H st el
= AX&(phagocytosis) oF 2, 1 1pEHO|A CHME THE0| MHC Il At S5 M=
HHO| LIEILIA [0, 0|8 =& T MZ(T helper cel)§0| QA5 st HSHAS =
MABSCEY 1-A/I-E &AM (MHC 1T Xh)= RVSE TR0 Cfsh s=olEXC 2 FIHCt

HH K|
Chy

(Fig. 8). RvS2| LPS A}=0f Cist Ol2fst Zit= BT s

0x
rII
olo

of CHal Rvs 7t 242

AL

CHE 22 XEdts AS 448 2 = A20 00 tisiM= &= o A7 Ead
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Aoz Holtt wot o AZY AO|EZIRIS At=A|Z HAUHAES O TNF-o 2t

DIoUS 0| K82 & 4 UL (Fig. 9).

HIEZ=ZA2 2% §E=AO| StLZM d=tt T M= B MZ7F 2oRlel, gis o

MZ =38 T MZ= CD8= 7t A0 O] O|&3l MHC | & AX[SH=H, MHC | 2

CHEZ2l MZ7F 7tX 2 s HHUER, MZEZ =4 T MZs Ex2+8HQ CDgs 0|8

1

O| Al
—

fd
fo
>

=t otEICEH RVSS| ARECZOAM RVSE HIEMEZES =

Of

oto] ZgE M=

i

+
= T MZel Hgs J7tAA, HY =H 7|52 SHAZICt 0 (Fig. 10). $HH, RVSE
ol B M=Zo| Hlg1 CD8 T MZ2| H[Z0= Hal7t HUCE (Fig. 11).

RVSENZ0M= CD4 T M=t 715t L Ol MZoA RS HAISH= MHC I
(I-A, 1-B) Zod2 ZASIRACE 24O LPSO| X1=0f CHSH MHC Il X8 sEQIEXCE F

gxHol= g2 HAl 7[S9l

Mo = = UCH (Fig. 12).
CD3&= ZE T MZS| HEM tHMAOICE THZE 2435t 2 F 54 (mitosis) & FE5t

7] 28], CHS 22 anti-CD3 antibody2 AH&3%t0], RVSE ZT+F0|Z1t HEFL

=S
0z

Mzo| M 7=t 21 7oleh Ao[7h GlIRIeH, W2k Rvsel HIF THZE

1=
or

of CHPH Fek2 Qe A2 EOQICH (Fig. 13).

IL-2& T MZ HZQIXE (T cell growth facton)2t1 = 2|20, T ME U B MZE9 A
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i

=82 FUAZ|I7|= o4, IgM, IgG &2 HE==2=E 250 &S DTt IL-2=
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Hl
0x
=
19
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i
=2

ot

rr

MNZ(Th )0 M EICH -4 = IFN-yQt 22282 =0, B MZE &431510

lgG12t IgE &HIE RE5ta 7|4

of
e
N
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e
o
rok
>
°
Hm
N
o
o
>
2

i

—

2714 ¢

oM
olo
mjo

STAIZ|7| = BICE IFN-yE EHO|HA A2 St AO|EZIQICZ
T M=ZOoA MHE[= IFN-y= HAMNZEE Z5HA &das6t, MHC 1E RESH0 2|

AN7ls2

HIr
M

ol

Ct.

T M=Z7 gdst 2 Iff, 2€5= T MZES| HEHO CDe97t LHHE 7| IHE0 CDE9= T

cellel =7| OAH=A &L RVS BFEAHZOA HEZ0| H|SH CD690| Ee0| Ro

S ZASIGICE AMEol ZAnb A|FQl 24hrECE O U® H|ZHMIIAMEIR SOI4ES Ao
2 oAZLICE 37 (Fig. 14).
RVSE T3S 42, B MEE 1 HAMEZE 2MoiA|7|0 &4z ZEAES o=

L-42 IFN-y 7t 715t 212 2902 HARd U SARIE BYoL, L4t 57
|Exoz Qolst Y4E =tk B MES Aot

Fes FAT T MZE AR L2 23|3 H2A7|e 2oHE EOF UL (Fig. 15)

g e BENFACE RVS ETRFO0TOAM AMEIN 28X Hd2 76t} 1, MHC
| 2Xt9| Lo E JIISIAULCE CHE stHOZ MZHA HEZO|A, RVSE HIFEMNEZES £ F
T MZ H8L2 Z7AIZX| B CD69, CD86, MHC I REZFQUCL M2tA RVSE G Ht
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Abstract in English

Rhus verniciflua stokes enhances macrophage activity

and has anti-inflammatory effects in mice

Dapartment of East-West Medicine
Graduate School of East-West Medical Science
Kyung Hee University

Kim, Bogeun

RVS is a herbal medicine that helps improve blood circulation by stimulating digestion,
removing extravasated blood, and raising body temperature. The purpose of this research
is to study innate and adaptive immune responses toward administrations of RVS extract.
After orally administering RVS extract to mice, subsequent changes observed regarding
macrophage scavenger receptors, inflammatory cytokines in LPS-stimulated macrophage,
co-stimulating molecule induced response, systemic inflammatory response, T-cell and B-
cell population in their spleens, and anti-CD3 antibody induced response were recorded.
RVS administered Mice showed an increase in the SRA protein expressing cell population,
although the SRA protein expression per cell lowered. In contrast, their LOX-1 protein-
expressing cell population decreased, while LOX-1 protein expression per cell increased.

As for CD36, no significant changes were observed. The results from the experimental
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group also showed a rise in the phagocytic activity of acetylated-LDL in an RVS
concentration-dependent manner. In response to LPS stimulation, both TNF-o and IL-6
decreased on macrophage and serum levels, CD86 decreased in an RVS concentration-
dependent manner, CD40 remained the same, and the expression of MHC Il molecules
increased. Also, the mice from the experimental group showed a rise in their CD4 T-cell
population, while the population of their CD8 T-cells and B-cells remained the same, and
the expression of MHC Il molecules decreased. The anti-CD3 antibody stimulation did
not have any significant effect on the proliferation of splenic T-cells. However, the
expression of CD69 decreased, while those of IL-4 and IFN-y increased, and that of L-2
remained constant. In short, the data indicate that the intake of RVS increases phagocytic
activity of macrophages and exerts anti-inflammatory effects, while generating changes
in the immune response of splenic T-cells. The results show that RVS can stimulate and

activate both innate and adaptive immune systems.
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