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Abstract

The objective of this study was to evaluate the effect of fermented Kalopanax pictus (KP-F) on macrophage activation
and its effect as a competitive inhibitor of LPS and inhibitory effect on endotoxemia. The results showed that KP-F could
activate macrophage in a dose-dependent manner, and KP-F was confirmed to act as a ligand for TLR4. Also, it was found
that KP-F did not exhibit the same biotoxicity as LPS in intraperitoneal injection, and that it could suppress the neutrophil
migration induced by LPS administration. In normal mice, the body weight, tissue weight, and amount of nitrite and
pro-inflammatory cytokines in serum showed no significant changes with KP-F diet for 2 weeks, confirming that
administration of KP-F in normal mice did not lead to over activation of immune response and biotoxicity. In the mouse
model of endotoxemia induced by LPS and D-galactosamine(D-GalN) in sub-lethal dose, the diet of KP-F effectively
inhibited the amount of nitrite and cytokines in the blood, and thus was found to be able to relieve the hepatic and kidney
injury. In addition, in the endotoxemia mouse model induced by LPS and D-GaIN of lethal dose, the survival rate was
increased by KP-F diet in a dose-dependent manner.
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N =2 0]-& LPSE LPS-binding protein(LBP)Z} ZgFe 4= glom,

LPS-LBP 234 &2 LPS ©=0 2 CDI40o) dgsHA Hoh

Lipopolysaccharide(LPS)~= 13 24 A9 o9 +4 CDI14¢} E3AE A LPS= Toll-like receptor 4(TLR4)
st 4=, 89 A WAl F4 &5 (toxic shock)E A o Juzrgste AlZ Wz AsE dAdste, 2 23 o
571 EXE dHA YKCaroff 5 2002). 3E9] A= & SF3t cytokine ¥ FZuj /| EZE 0| A E H(Triantafilou &

' Corresponding author: Sung Phil Kim, Senior Researcher, R&D Center, STR Biotech. Co. Ltd., Chuncheon 24232, Republic
of Korea. Tel: +82-33-258-6353, Fax: +82-33-258-6332, E-mail: spkim@strbiotech.co.kr

- 106 -



Vol. 32, No. 2(2019)

Triantafilou 2005). LPSof| 9]t Az 9] &A3sl= ¢
AA% 24 E7H5H ohe, A= AT WHIAF
of o3t =3} 9 =3 Bl AYES U o+ Utk ®=3L
Al f Tl AFRREe R A% Atek-gke 24 vk
A=, B9k A, of, SHAE F et Sl
Mg 7HsAl o] 9t Chung 5 2009). U=4-& % (endotoxemia)
HA] LPSo|| &J3f| FE= AWo|n, AEY, 2ATF A3t
thity] A7) 8d 5 EAo g a1, LPSo| o8] &4 3ty
o] I-EH| %= tumor necrosis factor-a(TNF-a), interleukins(ILs)
0] 7t 715 FA 9 TAZE IAE Fd6hs Ao 4y
A QlthHowe LM 2000; Moulin 5 2001; Motobu 5 2006).
A W=2E5Y A=S Y, polymyxin Be}F 22 LPS 5
3 9 v|2E| ROl =AY FHFA, FEZEEHO|E, phos-
phodiesterase |34 F-o] AMEEIL Qlou, thFE thA| A
9] FE JAIst S-S AT Holn, ThgFet oF
22 7 A5 ARodE EFtL AHs] AMgEl =2 2
gho]7] gl 2L oFE S M= A=/ 7ido] 2
Q3 (Wemers AH 2017).

S U (Kalopanax pictus)= F5U5-TH Araliaceae)o]| <35}
Ly 2Ro o2 3E Sui(stem baky 52 o}
o FutEl2BE Y, AAET, B R 55 43l d AL
Fo] gtth(Bang 5 2010). A7 Aito] m=2d JUF &5
o As By W BAF BAS B, 012 Bl oty
~ A U Dy Y Sof giat aatAl R B 7
Aoz 1¥IEo] QJtiChoi S 2002; Sohn S 2015). E3H
S 9)|+= liriodendrin, kalopanaxsaponin(A, B, C, D, E, F, G,
H, I, J, K), syringin, erythrakine 5 ThFRt A28 420l
Z3E Qe ALe=2 dA rtHRahman F 2018). ©] F,
kalopanaxsaponin Ax= JNK®} NF-kBE JA|5to] a5 &
AS Yehditt= 217} 9l enj(Jeong S 2013), kalopanaxsa-
ponin Bi= IRAKI kinaseE AA|sto] LPSo| o3 Fr=H dF
U2 AA|5FaL(Joh 5 2012), TNBSO] oJ&f §-=% thz<4
Z29 AR 4= vt Bt Yrkleong 5 2012). whEkA]
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& a0z AAIFT FAof LPS] o f=H U=
@ o2 AAF = Sl ALE FRIEUTHKIm F 2013;
m 5 2014). kA FUe #HE g Foto] A" &

FraEo] Zh= HAWhE B3t anto] disf =elstyd
o, T3 LPS| 93 FEH= W528F5S JAT 5= A
A glste] A PEAY E A
TS AR A stk

.l->o

BN NECRAY 7}

SUTREEY

E4ES A a3 107

M= W

(RRNI=-UPN B

E Ao AMgH SR E G338 4AKJecheon, Korea)ol 4]

FAsA T SEAZujoFo] AFLE ujx] 9 fetal bovine
serum(FBS), &F-8M-2 1 &= ThermoFisher Scientific(Waltham,
MA)O A TLI5FR. 01, 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl
tetrazolium bromide(MTT), LPS ¥ 7]€} 3}8tA|ke e
Sigma-Aldrich(St. Louis, MO) A&& G435t ARLSHAETH

2. Al2Q| M=

FEIHA AN ALAZRE &2 ste] PDA HjX]of| A
HjoFslg on, #AHA 2] 4 A A}= Korean Center of Micro-
organisms(Seoul, Korea)ol| A A5t PDA Hj X| o)l A uljoF
3t #AR= 50 mL AR R](2% glucose, 0.5% yeast extract, 0.5%
soy peptone, 0.2% KH,POq, 0.05% MgSOy, 0.002% FeSO,, H]
7 10%, wiv)oll JEste] 28ColA 547t 120 rppme 2 A&
WFSHA, Wiopol By FA ol F WAE T FROE
AHg stttk MEFHE Lee SQOITS P AN WY
o 35U 100 gL E4% SUF 39| powderE
ol-gato] N Z AL 5, 40 U] amylase A2}l
60°Co| A 6057F HFS A AT vk o] T F|, pHE 7.00
2 x2gehn, 2.8 Heistel Aeheich Aol By w4
= SL HazxoA 10%Y T 7;‘:7P°]'°1 28C oA 150
pm e 2 7U7F AEHS TaFHES AZ F 50ToqA 603
7t cellulased A F st YELAT SLAHFHS TR
ot 54AF FAo] B AlRE 0T A 1A E5
2zl0] A3HoR SUPLRES SSagon, 547
= ¥ A8t

3. M|IZEHHF 2! nitric oxide(NO), cytokine A&t F = &M
ix-l

oA Gl fAIN|ZFQ] RAW264.7 A|3E
Type Culture Collection(ATCC)o|A] H-oFgto} Al8-314 0,
10% FBS ¥ 100 U/mL9] penicillin®} 100 mg/mL 2] strepto-
mycin®| ZgE DMEM s Z|of| A At ufj stk NO A4
&= B4 572 Murakami 5(1999)¢] i of w2} S43}
Atk 96 well plated]] 1x10° cells/mLE A ZE H238}e] 244
7+ Horst H, =rd AR TAK242E A 8ste] 37T, 5%
CO, 270 A 2447t w3t ATt Bl &, A9 100 L
F 3t 53F2] Griess reagent(1% N-(1-naphthyl)ethylene diamine
3} 1% sulfanilamide in 5% phosphoric acid)S d7}5t F, ELISA
microplate reader(molecular devices, San Jose, CA)E ©]-235}9
570 nmo| A 9] FF=E S5 ME=/9 542 Yoon

Z+= American
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=(2013)9] WHS dE WH33lo] MTT colorimetric reduction
assay2 423 3to] 218ttt 96 well plateo] 5x10* cells/mL
2 A5 E5ste] vt F, 5= ARE A Fsto] 244]
7+ v st wieke] Eubd HieFA ol 1 mg/mLe] MTT A
kS 50 L A& star 37C, 5% CO, ZAA 4A17F Hﬂokf?}
o formazan crystal®] QA §E3}¢ch o] AEHS A
A3k 100 uL-J DMSOZE A7}ste] A U formazans &
3] §EA F 570nmof| A FFE=E S8 AlZ A&
&8 AL

4 MBi=S

Z7 9] pathogen-free female Balb/c T}-$-A1= rjjglHfo] 2

% Z(Eumseong, Korea)ollx] FL¢Jste] AME-sIich Ads=
2 12A17Fe] HAF7]9 20-22TC 9] 2%, 50£10%9] $EF
Ao A Aesgon, THARGL) L Al 292 A
% 5 AES sigich LE FEAT UL (Rl
SAINFY FEAYLANALY Sol=atele] o5t
23 E|thaelME 2018-011).

5. 357 RES &%

nheol e 5P GRS HHL Ceclio 5(1997))
e A Wgstel FAsATh 6799 Balble k9
o] 200 ng®] LPS, 200 ng®] KP-F, 200 ng®] LPS$} KP-F=
BRI 647 T BheAg ST, 87 Yz
10% FCS7} E3HE RPMII640 Bl 3 mLE Z¢late] Bt
W NEE 3|43ttt 400xgol| A 587 A5t Al
£ AIAT 3, F AlzeE @7A7IE o835t SA5HA
S, May-Grunwald-Giemsa G o] 83}o] TFF19 =5
selsheick 200749 AES Selste] 570 W& ot
slonl, BgHon A 6o Felol Bl B
A& etk

6. 7| FA, nitrite Y HEM cytokine A

F3 9] #A Balb/c uF-A0f 237 KP-FE 10, 40, 160
mgkg?| dUFAFo R Ho|Roslct o]F neAE B
Aste] Al 9 A%, 9, 9, 1 v FAE S35
o, Aol A AHE F 2,000xgol Al 30&7E A Ee st B3
2 Egstgnh @4 W nitrite?] %2 Nitric Oxide Assay Kit
(ThermoFisher Scientific, Waltham, MA)E o|-&3}o] A ZA}
o] ZJAJof| whet =eP5t 3L, A W cytokine2] 2 ZHzte]
ELISA assay kit(R&D systems, Minneapolis, MN)E- ©]-&3} &
=73tk

e - A - AT

e

=4 EFIYEIA

mgkge] QY Folgoz Ao] Fofahi, 5 ngkgl LPSeH
700 mg/kg®] D-galactosamineS E7}FAlS ] YE4AESS
SEOIT 447 F uheE Selo] 7H 21 AFelT
A2 Bysison, Yol ARAD 200000 308
Quzeeie BHE Relatdct B4 o 7 &4 A%
= GOT/GPT a4 8AS =419 21, GOT/GPT colorimetric
assay kit(Asan Pharmaceutical, Seoul, Korea)& ©]-&3}o] A=
Abel A ufek SR A 4] AT AR
W] Myeloperoxidase activity®} @3 U creatinine, BUN2] k&
2R3} o, Z}7+9] assay kitS abcam(Cambridge, UK)o]| 4]
Feleko] A=ARe] A Ale] wet Zsch
o OlPA MES s
o] 9F2 Balble 119220 KP-FE 27:7F o] =oi5}9
E}. 0]—?— 20 ng/kg?] LPS2} 700 mg/kg2] D-galactosamine2 £
Aol WELRZN S8 o900 A S

% G0AZE B 0h9o] YEES Selshc

9. 84 =24

33] o]AF HHEAIF oA HojA data:= Statistical Analysis
System software package(SAS)2] ANOVA procedure test -4
WRjo] weh FAHEAS AASHRL, 7 AR R4S
5% ol 4 Duncan &A1l wheh AR ST

2o 9 o
1. KP-FQ| CHAIM|®= %Mi} k=an| g P
uho- & G A RS RAW264.7 M EZS AAJHE

2 AMgalo] KPP} 2 glANE B43 BakE AR
t}. KP-FZ 0.01 ugmLojlA| 10 ugmL7HA] s 2 22313
= o, = oEX S E NO A Fre 4ol F76te BF
= BiloH, f2d oz ARG LPS FARRE 02 o
NS BH AP Ao Ut EF, TLRAS)
Eold AA A TAKR242E 7 A2jgt A}, KP-Fol| o]t
NO Aol dif&E JAlEH= Aoz QA AK(Fig D).
TAK242= TLR4S] A2 Y& =H¢] F 7479 AJ2H| QLo
Aste] EolF o2 TLR4 AZHESE JAI5te A= &
24 lthMatsunaga 5 2011). wahA] KP-FO| oA &
43t F 2= TLRAE 7B fdts A2dg ZH=olH, KP-F=
TLR49] agonist2 ZHg-3tctal & 4 Qlth

2. ET REE SHS 56 M U AFN Ol
LPSS} e hEAE B ) 34 A 5379 o
B FEsle] FH AFUSS HUBTHCecilio 5 1997;
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Fig. 1. Effect of KP-F on production of nitric oxide in
macrophage (A) and cell cytotoxicity (B). Data are expressed
as the mean+S.D. of triplicate experiments. Bars sharing a
common letter are not significantly different at p<0.05.

Miyazaki 5 2004). KP-F 9 A] TLR4o|| Agsle] AN ZE
FABAIE 718E 7T Q7] ], AR W S
49} e A8 SHeA AT Bat ek webA KPF
2 B e 2 H AZY e % A AZ Y 537
o] ulgg Z%st] KPFO| A4 HAS W B,
LPS9} KP-FE §7 Fofdte] KP-F7} LSl o3t 34 9%
B3-S AT 4 QA AT 200 ngd) hAF
# LPSE B7} Eolslde uf, B U AlE 2 9. 3%4 A3
7} 5379 Ao GO, FY FEY KPFE BF
A A, B Y2 AeE AE F 5F70) H&E 168%

(H

5 o

Ty

283 IA 2 109

2 LPS& &2 3579 fes 4o7|A] ge Aoz g
= ok E3 200 ng®] LPS®} 200 ng®] KP-FE 5A|of Fof
sto] FAESEHSS 4T -, LPSe| 93t 359
T} 483%2 7Ass Ao BolErthFig. 2). Fig 19]
A LPS9} KP-FEF SU% TLRAE 7 -F-3lo] tfa)A|=o &
B35 Fedte 2Ae= & o, KP-F7L A TLR4o| A7t
A|Z+= LPSO]| o3t A3 E do7]R] Edhe Aoz wd
Fth TLR2 E+= TLR4o|| £4 ligand7} 235, LT 4=
LA o]l = agonist7} AE3}A] 5= endotoxin tolerance”} Lt
Eld 4 Qlth= B 31(Dobrovolskaia 5 2003)8 #11E o, KP-F
o] Eo7} LPSo]| o3t endotoxin tolerances Yo7 Ao =2
s, whekA] KP-Fi= LPSof| tidt AR AA = 24
sk AzEc,

3. FA OFRA0 KP-F £0{ Al A4 OHHA I}
10 mg/kg, 40 mg/kg, 160 mgkge] KP-F& A} uf-gAo
257} AolFt ¥, vheAT SAste] KP-F7h 2 AR 54

lw

2 PR here] AFW 7] RAS YT Ak
25 EoI 160 meke Fof vR2ol 4 AR} 7k £A )
A2 2717} ol AL Alleha, Sug BAe] wske ¥
ZE]R] oFoktiTable 1). ®3H, N ] GZXEE nitrite ]
OF3} TNF-q, IL-13, IL-69] & &A%t A7}, 160 mgkg T
oA 8.64% A9 nitrite 77} Aot e, cytokine 2]
oFe WE 9 olu|gt Mkt TAEA S3kTHTable 2). wret
A, KP-Fe] Soltz 4k AR ol M Suet B4S 5t
A groml, THES Welvg-S S e Ao Tl
AUtk

100 a

PMNSs / PEC (%)

200 ng LPS 200 ng KP-F 200 ng LPS
(from E.coli) *
200 ng KP-F

Fig. 2. Effect of KP-F on neutrophil migration induced
by LPS treatment. Data are expressed as the mean+S.D. of
10 mice experiments. Bars sharing a common letter are not
significantly different at p<0.05.
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Table 1. Body weight and organ weight changes by KP-F administration in normal mice
Organ weight (g/20g body weight)
Sample Body weight (g) -
Heart Lung Stomach Liver Spleen

Vehicle 31.7+1.4° 0.18+0.01° 0.25+0.02° 0.23+0.02° 1.03+0.09° 0.17+0.01°

10 mg/kg 31.941.5° 0.17+0.01° 0.25+0.01° 0.25+0.02° 1.03+0.11% 0.2120.03"

KP-F 40 mg/kg 30.8+2.1° 0.19+0.01* 0.26+0.02* 0.23+0.01° 1.01+0.08° 0.18+0.02

160 mg/kg 31.343.0° 0.200.02° 0.25+0.01° 0.24+0.02° 1.05+0.12° 0.16+0.02°

Data are expressed as the meantS.D. of 10 mice experiments. Values sharing a common letter are not significantly different at p<0.05 through

one-way ANOVA followed by Duncan's multiple range test.

Table 2. Nitrite and cytokines production by KP-F ad-
ministration in normal mice

Cytokines (pg/mL)

Sample Nitrite (UM) TNFa L1p —
Vehicle 0.81+0.07° 357+1.6° 92+0.7° 7.8+0.4°
10 mg/kg  0.85£0.04"  36.1£1.7° 9.5+0.4* 8.0+0.5°
KP-F 40 mgkg 0.84£0.06° 359+2.8" 9.4+0.8 8.2+0.6°
160 mg/kg 0.88+0.09"  36.3£2.9" 9.6+0.5" 7.9+0.5"

Data are expressed as the mean+S.D. of 10 mice experiments.
Values sharing a common letter are not significantly different at
p<0.05 through one-way ANOVA followed by Duncan’s multiple
range test.

4. O}X|ALZEQ| LPSQt D-GaINCE Rut=l LISASE S0
M KP-FQ| o4H| &1t

10 mg/kg, 40 mg/kg, 160 mg/kg®] KP-F& 237} 4]o]E o
g 5, obX AR S ng/kg®] LPSE}F 700 mg/kg®] D-GalNS&
EAFAL] WEA85S fEstit X7 § s
3| gste] EF FFAEEA nitrite®] ¥} cytokines EH1gH
A7}, LPSS} D-GalNo|| 2J3] S =8 HAAFZu-go| KP-F
o] Eoj& Qlaf 5k oEFoE ZAEE Hog FIEY

Th(Table 3). 3], 2] £4-& §U3lE H®H cytokined]

TNF-a®] 7%, KP-F Fo] A] tfz= tfH] Ztf 72.2% 7Has}
£ Aoz gelse] HAGZUGe] 3t A7) £4S B
Ftt. Josephs 5(2000)2 LPS<};

GalNo|| 9]} GEHE TNFak 7F 248 a1t 2 gl
31 B 13}¢ 0w, Takahashi 5(2012)& LPSS] Eoio] ]3]
A g GurES wuskth mehd WEARE G

Al EEE dBA A7 T AR &3 =8 st

Al 14.8% S7F5t b FA 7L KP-F Fof A] o} 43.8%71A] 2
astglew, @5 GOTS GPTY & HA| Fash= 2o g &
Ql=jo] KP-FO] o= Q3] 7+ &4fo] JA|& = A= <l
T ItkTable 4). ESE A1AFZ A o] 4] 9] myeloperoxidase activity
o} @5 creatinine, BUNS £75to] A1 &45 &gt 2
3, =4S oa) S8 A% &4 94 Kp-Fe] 29
o o v oEAH o7 Hadt= AE KT Table 5).
olelgt AT TLRAS 3 hAH T BA4ste SEat
= E32¢l B-1,4-mannobiose”} endotoxin tolerance®]] 2|3} LPS
of o3t =5428FS JAT 4 Uth= Ei(Kovacs-Nolan
5 2013)9} B35, KP-F EA] endotoxin tolerance?] - =5
53l LPSe} -2 endotoxin®] 9§t AAA AFTHHEES A

Table 3. Effect of KP-F on nitrite and cytokines production in endotoxemia mice induced by LPS/D-GalN

Cytokines (pg/mL)

Sample Nitrite (UM) NFa LB .
Vehicle 0.81£0.1° 35.7+1.6° 9.2+0.7° 7.8£0.4°
LPS/GalN (5 pg/kg and 700 mg/kg) 17.6+1.3 313.5412.7° 44.6+3.8° 38.742.1°
10 mg/kg 6.70.3° 133.9+11.5° 31.8+1.7° 28.342.6°
KP-F 40 mg/kg 5.140.4° 124.2+10.1% 27.741.4° 24.2+1.5°
160 mg/kg 4.620.1 112.8+5.4° 23.6+0.9¢ 21.3+1.7¢

Data are expressed as the mean+S.D. of 10 mice experiments. Values sharing a common letter are not significantly different at p<0.05 through

one-way ANOVA followed by Duncan's multiple range test.
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Table 4. Effect of KP-F on liver injury induced by LPS/D-GalN

111

Sample Liver weight (g) GOT (Karmen unit/mL) GPT (Karmen unit/mL)
Vehicle 1.08+0.11° 71.345.6° 412403
LPS/GaIN (5 ug/kg and 700 mg/kg) 1.24£0.12* 242.3+11.5° 172.8+11.0°
10 mg/kg 1.1740.12% 178.9+15.6° 77.943.6°
KP-F 40 mg/kg 1.15£0.08° 162.3+11.7 71.346.1°
160 mg/kg 1.1240.10™ 148.2413.2° 62.3+5.8

Data are expressed as the mean+S.D. of 10 mice experiments. Values sharing a common letter are not significantly different at p<0.05 through

one-way ANOVA followed by Duncan's multiple range test.

Table 5. Effect of KP-F on kidney injury induced by LPS/D-GalN

Sample Myeloperoxidase activity (U/g protein) Creatinine (mg/dL) BUN (mg/dL)
Vehicle 1.78+0.12° 0.2740.01° 10.2+0.9°
LPS/GalN (5 pg/kg and 700 mg/kg) 5.45+0.32* 0.5240.03" 48.3£1.2°
10 mg/kg 3.360.15° 0.460.02° 38.1+1.7°
KP-F 40 mg/kg 3.04+0.28° 0.40+0.03° 34.442.5°
160 mg/kg 2.7740.14° 0.35+0.01¢ 29.6+1.3¢

Data are expressed as the mean+S.D. of 10 mice experiments. Values sharing a common letter are not significantly different at p<0.05 through

one-way ANOVA followed by Duncan's multiple range test.

sk ole AkmHrt

5. X|Al2ke| LPSet D-GaINeE 7
KP-FQ| AlZHE JiM F1}
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Fig. 3. Effect of KP-F on the mortality of the lethal
shock in mice challenged by LPS/D-GalN. KP-F was dieted
for 2 weeks prior to LPS/D-GalN challenge at 20 pg/kg and
700 mg/kg, respectively.

F&E 45AI7te)| B whe2 ) APEEE Wb, KP-F RS
o920 AEEO| e YEA R FT5h= AR Y
IthFig. 3). o]#et A=, Ding 5(2012)©] X 373} phosvitin
S Pt5 peptide”Z} U|RYE 7FF i@ mdofA cytokine2]
W 2YL Bo) AERS S/ 4T Axst 94t
&t, KP-FQ] Ea7} endotoxin toleranceS -5-2+s}e] LPSo]|
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