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ABSTRACT

Objectives : Jakyakgamcho—tang (JGT) has been traditionally used to treat muscular convulsion and pain in South
Korea, According to recent studies, JGT has been reported to have anti—depression, anti—inflammation, anti—
oxidative, anti—diabetics, anti—spasm and analgesic effects, but studies on its anti—neuroinflammatory and neuro—
protective effect have not been deeply conducted., Thus, we investigated the anti—neuroinflammatory activity of JGT
on lipopolysaccharide (LPS)—stimulated mouse microglia cells,

Methods : To investigate the anti—neuroinflammatory effects of JGT on BV2 microglial cells, we examined the production
of nitric oxide (NO) using griess assay, and mRNA expressions of pro—inflammatory cytokines such as interleukin
(IL)—18, IL-6, and tumor necrosis factor (TNF)—e using real time RT—PCR. Furthermore, to determine the regulating
mechanisms of JGT, we investigated the heme oxygenase (HO)—1 by real time RT—PCR,

Results | Pre—treatment of JGT effectively decreased NO production in LPS—stimulated BV2 cells at concentrations
without cytotoxicity. Additionally, JGT significantly suppressed the production of IL—18, IL—6, and TNF—« in LPS—
stimulated BV2 cells, Furthermore, JGT activated the HO—1 expression, which is one of the immunomodulatory
signaling molecules. And the abolishment of HO—1 by tin protoporphyrin IX (SnPP, the HO—1 inhibitor) reversed
the anti— inflammatory activity of JGT in LPS—stimulated BV2 cells.

Conclusions : Our results suggest that the JGT has anti—neuroinflammatory effect through the activation of HO—1 in
LPS—stimulated BV2 cells, Thereby, JGT could expected to be used for the prevention and treatment of neurodegenerative
disease related to neuroinflammation,
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HA Y] AT L u|PAH Gl d 54 FoREE AFAELE
BEsta QoY a2y oAolmH o] BHEd B}
interleukin (IL)—18, IL—6, tumor necrosis factor (TNF)—¢
9} 22 AFEA Alo|E7F21(Pro—inflammatory cytokine)d}
inducible nitric oxide synthase (iNOS), cyclooxygenase—2
(COX-2)¢t 22 A%+ iz L& E|ste AFAZE
SN AAEFS Loty ot AHFF S A
A%, 53] Hay AFA U] JAT £ Q)
B A3 AE A5 QoA B2 IHE 2w oY,
kA, B3 A3 A%Y] A 5ol gle Aol vl
olRAEZ F4E 2HT 4 Y= FEF, T4 550 e
279 A57F B s}

o7t 2 EH(AGEEH Y, Jakyakgamcho—tang, JGT)&
Z}oK(Z5dE  Paeonia lactiflora Pallas)t Zr2(HEE, Glyeyrrhiza
uralensis Fisch) ¥ 719 A2 FAE Yoz A A=
ol A= oy @AM = SFATEHES
1H@) 59 &50] §lo] BEolut AX 259 AR gigt X
SR, AFERAR AHgHo g, AEH Tk ¢
o] Fole 5 % I& A, 55 I Soll A7t 2=
1 glon?lV I oo 9%, Ftk, AFMNE BT Z-¢
GOl BT JAW, vlotwAE JF AA gt
At o|FolA] Esit,

ot z" 4 gAY Fa AEo] HARAMEZ FEF
Zrgo| ggsitts RugRg MY zoptxeto]l AQ@FoR
A FH, 5 MAste Hl =30 E AR WHEo],
H P70 A= mouse 33 microglia cellQ]l BV2 A5 A
3} Lipopolysaccharide (LPS)E S =3t A EZ HdloA]
22 g o] FAAEF BIE AR, d55HSol #o
8= nitric oxide (NO) A4 % AESAH AIEH
(IL-18, IL-6, TNF-@)9] @de| u|X & FFS A3,
g2 24 7] 224 heme oxygenase (HO)—12] EAls}o)
3t FF= FRlstth

SRR

1. A& &H|

2 Aol ARE Aok, e %
oA st ARESEAAL, Aok 50
oF&7](Daewoong, Korea)ol ¥il
ot 2 & A3 AAHE AR T2 AxEH. 5
B2 15,7 golla, AY Al BL7HEE 32 S/l 34

sha ojahet 5 A8,

2. N|E£EA (WST assay)

BV2 AIZE 2% 10° cells/welld] AZ7} H=2 vjz]o|
Agsto] 24 well plateo] BiFsITh AFR2FE sEHE
AgstaL 24X7F vt F A5 HE AASHTE WST (Abcam,
UK)E Agste] 1A17F St vljoFslal spectrophotometer

(Molecular Device, San Jose, CA, USA)E o]-&3lo] T4
£ 450 nmol| A S35}

3. Griess assay

NOY| s=& Az sigdo EXst= NO & UA8H=
Griess Al9F& o]-&38to] A ETH 2% 10° cells/well2] Al
Z57t Heg ujR o #Este] 24 well plateo] wjdsta,
Hopr2%S 1A7E A H2@ F LPS (1 ug/mD)E Aelsho]
24417 FSEATE AE AHE9 100 41L& FA 5k Bl
Griess ATt AoA  ¥EgAIFlen, wHRgASE
spectrophotometerE ©]-€3}% 540 nm L E=oA =435}
Gt MEZ2EE AAE NOQ 4L sodium nitrite (NaNOy)
< o]-&3 EENL 7]E(standard curve) &2 AT

4, RNA 3% 9 AX7F BFH A T8 84
A4S (Real time RT-PCR)

AEFA AolEZIel 9 HO-1 &HE& st 1x10°
cells/well®] A|Z42 wljx]o] EE3te] 6 well plateo] BISF
3} th. HO—1 inducer®2A] cobalt protoporphyrin (CoPP,
10 ¢M), HO—1 inhibitor2A4] tin protoporphyrin IX (SnPP,
5 uM)E AHES ATt AR 1417 A HEg § LPS
(1 pg/mL)E Hstg e, 6 A7t & Al FF3HE AAsH
I Easy Blue (iNtRON Biotechnology, Sungnam, South
Korea) £ 1 mLoj 2ojA] AZE &3A1FH T} Chloroform
200 p1& 718k & 4o]& H 15,000 rpmoflA 208-7F U4
2ot FFAS ook, 1 ¥ 529 isopropanols g
43 15,000 rpmellA 10 #3F A E8t0] &AL W
HAAES A9t G2 HAAES 80% ethanolE AT &
AN, mRge =z A Eo| DEPC treated waterE
15 uLA go] RNAZ o]x AeFstgch RNA 1 pg¥} cDNA
synthesis kit (Toyobo, Japan)& AF&-35}o] cDNAES A5}
A1, §44% cDNA 1 ¢L, PCR master mix 4 pL ¥ primer
£ go] WA 95ToA 10 &, thF2 & 95TfA 15 %, 60T
oA 18-E 40 cycleE ¥HA|F ) Real-Time PCRoJ| ARE-SH
Primere= AR A (Daecjeon, Korea)ollA] dAdslte] ARE
8kict (Table, 1).

Table 1. Sequence of primers used for Real—Time PCR
Gene Primer

IL-18 (F) 5 —=CCT CGT GCT GTC GGA CCC AT-3
IL-1 8 (R) 5 —CAG GCT TGT GCT CTG CTT GTG A-3
IL-6 (F) 5'—CCG GAG AGG AGA CTT CAC AG-3'
IL-6 (R) 5 —CAG AAT TGC CAT TGC ACA AC-3
TNF-e (F) 5 —AAC TAG TGG TGC CAG CCG AT-3
TNF-e (R) 5 —CTT CAC AGA GCA ATG ACT CC-3
HO-1 (F) 5 —CAG GTG ATG CTG ACA GAG GA-3
HO-1 (R) 5 -GAG AGT GAG GAC CCA CTG GA-3
GAPDH (F) 5 -TGT GTC CGT CGT GGA TCT GA-3’
GAPDH (R) 5 -TTG CTG TTG AAG TCG CAG GAG-3
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ABHAT BV2 Al 2efh25H0.1, 0.5, 1, 2, 3 mg/mL)
< A2|shaL 24417 FF vt F WST assay S o83l A=
RAEES ST BV2 AZAA ZofagE A8k
e 2ol W 2% 2 mg/mL = olFREH
A Mz AEE a7t dEsTh(Fig. 1), o2t A3s
Hig o 25 AP 1 mg/mL °ol5te] =2 APt
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Fig. 1. Effect of JGT on cell viability in BV2 cells. BV2 cells were
treated for 24 h with the saline or JGT as indicated concentrations.
Cell viability was determined by WST assay, as described in
Methods. Data are the mean = S.D. *P<0.05 versus the saline
treatment.
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2. LPSE &43}H8 BV2 A4 Zefgtzetel
NO A4 AA a3z

Fragol 9% ) A 219 N0 A& olAs
A3t7] Y3l Griess assayE ©|€3te] NO9| =&
At ZekzE(0.1, 0.5, 1 mg/mL)E 1A7F AA
gt & LPS (1 pg/mL)E 24X17F Attt LPSE <13f
2793k BV2 Aol A tz2ol vls §-24 9A NO7F 57t
sttt 28y LPSOl 98| $7HE NO= Zrekgh e A 8o
o3l FEoEH o= AA =t (Fig. 2).
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Fig. 2. Effect of JGT on LPS—induced nitrite production in BV2
cells. BV2 cells were incubated with saline, or JGT (0.1, 0.5,
and 1 mg/mL) and then stimulated for 24 h with LPS (1 ug/mL).
The concentrations of the nitrite were determined by Griess reagent
as described in methods. Data are the mean = S.D. *P<0.05
versus the saline. T/~¢0.05 versus the LPS only.
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Fig. 3. Effect of JGT on inflammatory cytokine expression in LPS—stimulated BV2 cells. BV2 cells were incubated for 1 h with saline or JGT,
and then stimulated for 6 h with LPS (1 ug/mL). The mRNA expression level of IL—18, IL—6, TNF—a were measured by gPCR. Data are the
mean * SD. *P{0.05 versus the saline. T/~{0.05 versus the LPS onlv.
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she Fad AsHD ARl HO-1& 245 olE 9l
BV2 Al obEgE 64t N § Az Aol A
gofich, Aolhamte HO-19) 4R 5& J2doz 3
FANA o, FHYRTOR AFEE CoPPE HO-19] el &
FYUA F7HAATHFig. 4A), o)) Heptzgel FAZ
E37} HO-19] Jste] ojAs] HO-191A|4] SnPPE
olgste] BeIBtGILh. SnPPE AA P, AFFEFS A7
3192 W, oktEge] NO olA] Sk WHElITHFig, 4B),
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Fig. 4. Effect of JGT on HO—1 expression in LPS—stimulated BV2 cells. (A) BV2 cells were incubated for 6 h with saline or JGT. The mRNA
expression level of HO—1 was measured by gPCR. (B) BV2 cells were pre—treated with DMSO or SnPP (5 uM), then incubated with saline,
or JGT (0.1, 0.5, and 1 mg/mL) and then stimulated for 24 h with LPS (1 ug/mL). The concentrations of the nitrite were determined by Griess
reagent. Data are the mean + S.D. *P{0.05 versus the saline. T/~¢0.05 versus the DMSO.
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E710l, BAAAZE, NO, PGE,5& 2u|ste] 237 &4
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FEE A AlZEAo] gl "ol AES st
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Hog FaAA FAF T a5 Hetdth(Fig. 2).
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