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Anti-inflammatory Effect of the Robinia pseudoacacia L.
High Temperature Extract

Jong Hyun Nho, Byoung Man Kang and Won Seok Jung*

National Development Institute of Korean Medicine, Jangheung-gun 59338, Korea

Abstract - This study was conducted to compare anti-inflammatory effect of Robinia pseudoacacia L. using different
extraction methods (water extraction, ethanol extraction and high temperature extraction). We investigated anti-inflammatory
effect of Robinia pseudoacacia L. extract (RP1, water extract; RP2, ethanol extract; RP3, high temperature extract) on
lipopolysaccharide (LPS)-stimulated inflammation using Raw 264.7 cell. Cells were treated with various concentrations
(12.5, 25, 50, 100 or 200 pg/ml) of water extract, ethanol extract and high temperature extract. Cytotoxicity was not
observed on Raw 264.7 cells, LPS-stimulated production of NO (nitric oxide), PGE, (prostaglandin E,) and cytokines
(TNF-a, IL-6 and IL-1 5) was reduced by RP3 treatment more than RP1 and RP2. In conclusion, these results indicated that
inflammation on Raw 264.7 cells was improved by RP3. Treatment of RP3 could be used to natural medicine for improving
inflammatory response. However, further experiment is required to observe how the high temperature extraction at 500 C
for 48 h influences on alteration of active ingredient in Robinia pseudoacacia L., and conducts the inflammation signal

pathway on Raw 264.7 cells.
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514 3ol Fofgtth(Medzhitov, 2008),
T2 Afarzlof A AF st Ao, oF LAY, v
St e qdAske] =g Q1o 2 UM ATHChung ef al.,
2009). thAIA|E(macrophage)= A4 Wl <5=9] 343443
(homeostasis)& frAI5HH B2 F79] w5 Tkl Hofsim,
NO (nitric oxide)2} cytokine (H517i=2) 2] £8]E &3l ¢
< ks A A E ofshe A ehe Strh(Higuchi ef al., 1990).

NO= NOS (nitric oxide synthase)ol] ]3] AJAJ = UHEA S
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&3I4 9, 25k NO<| A3 of &4 A
A AEE FEA7IA "okJaffery and
Snyder, 1995; Choi et al., 2010; Lowenstein et al., 1993).
PGE; (prostaglandin Fp)+= COX2 (cyclooxygenase 2)°] 23
AL w7 AR} 24 A 9] redness(T4), swelling
(F4), pain(E5) 9] YIS =, NO}F R HA| = d5-5 w7l
SH= 30 Yolo g A#A QuhJi et al, 2004; Emanuela et
al., 2010).
AA7RA] AEofA] Hojrl
= HAeAE GMeh= o o
ek AL 754 A,
8835 o] &2 Ao R BET QTHGou et al,, 2018; Kim
et al., 2018; Lee et al., 2018; Park et al, 2018).
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71219) ek} sRAES} G 1S e+ HIEMIC (ascorbic acid)
7H o] g0 Qokal defA lem(Kwon et al,, 1995),
sk 23} ureleiol amie] tet 977k Mol sick
(Youn et al., 2017), OF7HA| Y280 o} 9418 GHlsl
Streptococcus mutans®}t AFHLS
gingivalisS QRS G A QA|WHPatra et al, 2015), A8
SR U o 0] e R I

O
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SH951= Porphyromonas

2002; Park et al,, 2004), o8 A AL Q] 2140 H]—E}/\J]
e EE AR &0 Afol7} Yehdtal of7] 995 F9
Bl A QJck(lee et al, 2013; Woo et al, 2010; Park and
Hong, 2012),
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Raw 2647 A|ZEF= SHEA| 3223 (KCLB, Seoul, Korea)
of|A] Eoldto} A&51IT) Dulbecco’s modified Eagel’s medium,
DMEM medium (Thermo, Waltham, MA, USA)¢| 10% fetal
bovine serum, FBS (Thermo, Waltham, MA, USA), 1% penicilin/
streptomycin A7}sko] ARRSIR L. 37°C, 5% COy Z7001A]
Ll A [ = [ i

AZYEE £4

A ZEARYZE-L2 CellTiter 96® AQueous one solution cell
proliferation assay kit (Promega, Fitchburg, WI, USA)E A}
Fai910m), AzAle) TREo] the} 2osich, Raw 2647
N|ZFE 96 well plated] 2 X 10° cells/ml F =7} E|E = H=
gt § 37°C, 5% wj7IolA 244171 vlekRt & FEEE 2
12.5, 5. 50, 100, 12| 200 ug/ml =& 24X|7F St 25}
ATk, 24A17F S MTS AJoF 20 b P 2417t 52t vl gt &
microplate reader Infinite® 200 PRO (TECAN, Mannedorf,
Switzerland) - 018310 490 oA FHEE SA5 A
A2 Al T ARG AR o it
REgir} e Hrg 3Holsigih

NO (nitric oxide) % &3

LPS2 &35 Raw 264,7 Al 3Eo|A] ZF 552 NO AJA
AAEINE SHs17] S8l ArE olTlse XWEIEP 7 LPS
(500 ng/mb)E 24A17F5<QtE 2 2]8}th 1 X griess reagent
system (Promega, Fitchburg, WI, USA)S AR50 A 2AR]
Z2 & Zo| ufebr] 35Tk Raw 264.7 A EFE 96 well
plated] 2 X 10° cells/ml =7} B =& E281 ] 370, 5% Hj
F7101A 244171 gt & FE=S 27 12,5, 25, 50, 100,
12] 3 200 ug/ml =B 2447 ok H2eigic), 1 E A=
HjOFN I} griess reagentS 1: 1 B] &2 E§5ko] YL 108
Zot "k-A17] thS microplate reader Infinite® 200 PRO
(TECAN, Mannedorf, Switzerland)S ©]-85}0] 540 nmol|A] &
g 2ot
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Prostaglandin E, (PGE,) %= &3

FEE9| PGE, 4| A 8IS 575} 913) PGE; ELISA
kit (Enzo, Farmingdale, NY, USA)E o|-&3f A& 285}
T} Raw 264.7 A| Z3E 96 well plated] 2 X 10° cells/ml H-5&
7} Ele 2 B3} 5 3770, 5% vk ol 4] 244171 okl & 2=
250 747k 95 50, 100, 12) 31 200 ug/ml =R 24X|7F EQ
Aejslgiet, 7L 5 Al Zufok e Alaret 2elstr] f18] ¢
BT 7|2 47C, 13,000 X g XA 1057F YAlET] 31
1, AEH S| AAT AZHPAS o} §5) AZAA A

1,

25 meeRo| vel PR, SRS 2Asr,

r* 2

%

Cytokines (TNF-a, IL-18, IL-6) & &4

LPSE A= Raw 264.7 Al 2250 tsl] 552 IS5
A1 o] 372 SH91517] S13l RED system (RED system,
Minneapolis, MN, USA)A}] mouse TNF—alpha DuoSet ELISA
(DY410), mouse IL—6 DuoSet ELISA (DY406), mouse IL—1
beta/ IL—1F2 DuoSet ELISA (DY401)E AME-3}IT) Raw 264.7
N EZZE 96 well plateo]] 2 X 10° cells/ml F =7} HES B
gHF 37°C, 5% HiY7100A 24417 B Rt & FEEa 244 25,
50, 100, Z18]a1 200 ug/ml =2 24A)7F Sk 2|5kt 1
T Azl 35 tE Aot ZEeisty] flaf dalie7|= 4T,
13,000 X g ZA0A] 1087F YAlEe] 3k, M=Z7} 2bd 3]
AIAE Az FHE of-8-8f Al EARA Xl% Pz EZo u
2t 247 ARl it weE S5kt

A

EAAYE Hit + FF2H A Hmean + SD) = YERHTH $-9
AL A5 Y3l SPSS (Statistical Package for Social
Science Inc,, Chicago, IL, USA) =4 & 13- AR8-5}3Ich
U HHFEA (one way ANOVA)-S AAI8H31 01, F-9]/d0] 9l
< 4% p<0.05
DMRT)E AAI5H5ITt

4=&0]| 4], Duncan's multiple range test

—~

Auat H nFH
%2 29| Raw 264.7 N Zo]| &+ A ZEA m‘7}

7} 220| | ZEAL B715}7] 3l Raw 264.7 A LZE o]
83}0] 2250 =wH(12 5, 25, 50, 100, 18] 3 200 ug/mz)
M2 28-S S50 2 AR A 247 & A et
o] Aol vlFsto] NS4S Tstich(Fig. 1). RP1(o}
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TRA] U 5222)-2 200 ug/ml =0 A ATzt 1))
N EAYZL0]90.2 + 2,6%2 394 0 2 7-45}9c}. RP2(o}
TRA] 5 ok %%g )2 AlEEE/Jo] YERA] ekgke

RP3(OP7RA] U 112 S22-5)-& ATt 2tof] vl3)) Al A2
go] Fa=9l 200 ug/mfe LTof|A 935 + 21% 5502 F
(12,5 ug/nl; A ERZEE, 96,4 + 2.4%)5E S 0%
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Fig. 1. Cytotoxic evaluation of extracts on Raw 264.7 cells.
Raw 264.7 cells were treated with extracts (RP1; water extract,
RP2; ethanol extract and RP3; high temperature extract) for
various concentration. Cell viability was measured by MTS
assay. Means values + SD from triplicate separated experiments
are shown. *Means with difference letters are significantly
different at p<0.05 by duncan’s multiple range test.



S8 TAr= A e AARE o]= 2148 2te] 7k
ERR| 9R9kTHFig, 1), ol oA &= (RP1, RP2 12|11
RP3)0] Raw 264, 7 Al 32520 tsf & Al 25405 VA g
ohal AJztEe| o] AnE HIE O R A 5 AlxEA o] A
A FERURA] =125, 25, 50, 100, TLE] 3L 200 ug/mlE Aakal
olg] AgS Mastolct.

F&E59] NO(nitric oxide) A A&7} £4
OZFA] U Z2&E0] LPS A e]of &Jel] F71E= nitric
oxide /g0l v 2| = AIHE ERIsE7] Y8l NO assay S X1eY5}
Tk FEE2 A AEAYEE Ao A3t 12,5, 25, 50,
100, 7123 200 ug/ml =& A=]2]8}t H LPSE 500 ng/ml2)
& 24N So AFTh LPS T A2t A 27
of v]aaf NO A /d=ko] 212 Aol o) o' Z7fsii,
RP1 (OF7HA] U & $225)-2 200 ug/ml 50l 4 NO A8/g©]
3.09 £ 0,35 nM= LPS TH= & 2]o]| H]3f| oF 26% Y= A4}
HaL(Fig. 2A), RP2(OP7HA] LM ofleh& $225)-2 3,29 + 0,05
M= OF 24% 7-A51CHFig, 2B). RP3 (OF7hA] UHE. 1.0 23
E)2 HAsEel 12,5 ug/mle] 5ol NO A§4do] 3.26 +
0.20 nME 4 FEHE NOYAE JAIsk= a5 eyl
a1, 200 ug/ml B0l 4] NO A8410] 0.62 + 0,23 nM=E LPS THE:
2] ztol] v]af oF 87% A& ZFAFFITHE5 ug/ml; 2,29 + 0,10
nM, 50 ug/ml; 1,45 + 0,02 nM, 100 ug/ml; 0,89 + 0,05 nM),
IS T8I F2E 5 & 2 50| Lps Agof 2s) 5
7HE NOLJ A& 71 wol oAstgl o A k= 5 oEs]
O & Uesith 9 e AA ™ NO= Tt A/49E Al 4
SRS vi7h S Bk op et Al 2SS e 7] diEel <
o] ZRgofa] AU Ao NEZEAS 47| wi7iA =
228} 4~ QItH(Kim and Kim, 2002; Blaise et al., 2005). 0]
AIE v O & op7bA| 112 F=EE(RP3)0] & F=E=(RP) I}

ofeh & FER(RP2)HTE NO oA BAo] 715 e AOR A
Zh= A, o] Raw 264.7 A1 EZ Yol A4 NOZ Felgh

ZAt=E NO g of To3h= nitric oxide synthasel] A
= S aiske 2712 SjRlelo] 3220] o bAoA
2887 Qtohuls 274el Aol BaF Aolekn 42
At

FEE9 PGE, B4 JA &} 24

.02 oA U 3280] LS 2ol o8] Z7hs
PGE, A8 AT &= Sl=A] &Rlsk7] 918l PGEzo] thgt
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ELISA assay= 433t} obA AlSEa nx7 A 2 2585
S 7171 12,5 25, 50, 100, “12] 3 200 ug/ml 5= & Raw 264.7
AN|ZZo) A A 23t T LPSE 500 ng/ml2] HE 2 2447t E9t
Z2|5t3ict. PGE,2| w5 213 i, RP1- LPS = %|2]
2] PGE, 57} 27141 + 18,8 pg/ml= Z7F5F AR 200 ug/

A

NO concentration (nM)
v w M o
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Fig. 2. Effect of extracts on LPS-stimulated NO production in
Raw 264.7 cells. After pretreatment with 500 ng/m¢ LPS
(lipopolysaccharide) for 30 min, Raw 264.7 cells were treated
with various concentration of extract (RP1; water extract, RP2;
ethanol extract and RP3; high temperature extract) for 24 h.
Culture medium was subjected to NO assay. Data represent the
mean £+ SEM of three independent experiments. *Means with
difference letters are significantly different at p<0.05 by duncan’s
multiple range test.
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ml o)A 856.5 + 21.5 pg/mlE °F 68.4% A= 7253t
(Fig. 3A). RP21=831.9 + 49 6 pg/ml %= LPS tH= A2
tju] 70,6% = (Fig. 3B), RP3%E 5 ='H PGE; %A
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Fig. 3. Effect of extracts on LPS-stimulated PGE; production
in Raw 264.7 cells. After pretreatment with 500 ng/m¢ LPS
(lipopolysaccharide) for 30 min, Raw 264.7 cells were treated
with various concentration of extract (RP1; water extract, RP2;
ethanol extract and RP3; high temperature extract) for 24 h.
Culture medium was subjected to ELISA assay. Data represent
the mean + SEM of three independent experiments. *Means
with difference letters are significantly different at p<0.05 by
duncan’s multiple range test.

12,5 ug/ml; 183670 + 18,90 pg/ml, 25 ug/ml; 959,33 + 56,68,
50 ug/mé; 864.99 + 56,68, 100 ug/ml; 827.54 + 73,232 LIEF
W, HAEER 12,5 ug/mE A2 3hs wf oF 32,3%2] A
A7F HERE7] AIRRIAL 231591 200 ug/mbE e 317.7
+16.0 pg/ml ‘F == LPS T A 2] tjH] 86,3% AA| &xtE
UrEtith(Fig, 3C). 215 FE8HH RP3(OP/IA] U 212 ==
=5) Y PGE, A &7} 7 2 A 0= Yesith oA A
FH FEHol e fadE w3t wek A ™ (Woo
et al,, 2010), o] At 2EHo| whe} FAjol= of ATt A5
O] Zpol7} Ueht= A 0= ERIE Y, Ak o] Au}E v e
& PGE,2] tjAfof] o= COX2 (cyclooxygenase 2) 2] THl 2l
AT S5 SRIsk= 57 A do] Basiral A7,

FEEY INF-a B4 A&7} B4
OW7RA] U F5550] LPS A 2of] &J8f 57}Hl= TNF—«

SIS A 4= 3R] #1818l TNF o]l High ELISA
assay S 2T A AHET}opA b R 2EEES 212}
12,5 25, 50, 100, L2} T 200 ug/ml -5 & Raw 264.7 A EZ0]|
A 23k 5] LPSE 500 ng/mle] =2 2447k 50k 28]
T}, PGE,Q] 5=& &RIglS o, RP1S LPS T A9
TNF—q %57} 3782.3 + 117.8 pg/ml@ 2715912 1) 1817.5
+ 218.0 pg/mbe] T 4x5to] of 51.9% A= AE itk
(Fig. 4A). RP22] TNF—¢ %% 1539.0 + 130.3 pg/mlE LPS
Th A 2]to] Hlsf oF 59,3% A= (Fig, 4B), RP3+= A 25
TNF—a©] 2227} 12,5 ug/ml; 2861.43 + 155.96 pe/ml, 25 ug/
mé; 2129,96 + 73,89 pg/ml, 50 ug/ml; 1899,05 + 96,16 pg/ml,
100 ug/ml; 1717.05 + 113,13 pg/mlz VFERITh ZA=tol 12,5
g/l AT U] oF 24, 4%:0] AT Uehbr] AR
o %9l 200 ug/mbo| A TNF—9] %%=7} 13545 +
74,1 pg/mlE OF 64,1% &= 7| lrhFig, 40), TNF-a= 4
&, WEF = kel S T -2 v A5 E gl A
Se7h ST G A glon, Alaelto] EAfSk= TNFRL
(tumor necrosis factor receptor 1)} TNFR2 (tumor necrosis
factor receptor 2)@} AT AHg-5t0] PS5 AT HGE F4
AlZ1tKBradley, 2008; Popa et al., 2007), ©] Z2E vjgto g
LPS2 fA17] B304 PO L 112 322)0]
INF-09] 552 Sl A71 a7} 714 27 dhebton, o]
L 08 234 B FET oIS 2300 U3 b4 el §
AR 22 ) gol 9L 012 4 ok Azl ol 4
'1]:1‘_—

SHAF S 2740l A7t Bad Aloletn Azt
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E
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Fig. 4. Effect of extracts on LPS-stimulated TNF-¢ production
on Raw 264.7 cells. After pretreatment with 500 ng/m¢ LPS
(lipopolysaccharide) for 30 min, Raw 264.7 cells were treated
with various concentration of extract (RP1, RP2 and RP3) for
24 h. Culture medium was subjected to ELISA assay. Data
represent the mean + SEM of three independent experiments.
*Means with difference letters are significantly different at
p<0.05 by duncan’s multiple range test.

229 1L-6 A IA| i;q S|
CFS-0 2 of7}A] LR 2&E S0
S IL-6 558 A1 4 ) SRl S1al 1L-60] ot
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O Wi AEEE FET At
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o

100

[

RF1 (pg/ml) - - 125 5 50 100 200
LPS (500 ng/ml) - + + + - = .
B .,
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[
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Fig. 5. Effect of extracst on LPS-stimulated IL-6 production on
Raw 264.7 cells. After pretreatment with 500 ng/m{ LPS
(lipopolysaccharide) for 30 min, Raw 264.7 cells were treated
with various concentration of extract (RP1, RP2 and RP3) for
24 h. Culture medium was subjected to ELISA assay. Data
represent the mean+ SEM of three independent experiments.
*Means with difference letters are significantly different at
p<0.05 by duncan’s multiple range test.

& 7}7+192,5 25, 50, 100 1231 200 ug/ml 5 %E = Raw 2647
AJ3z3zo] A 2 2)3t F] LPSE 500 ng/mlQ] S E & 2447k 59t
Z2st3ict. IL-69] s=5 RIS o, RP1 LPS T A2
9] IL-6 57} 611.3 + 12,4 pg/mlE F7FE Q1 w], 239.0
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+ 9,8 pg/ml o= ZhAsH|E0] OF 60,9%= 221 H UTHFig, 5A),
HbH RP2+=213.2 + 1.5 pg/ml 2 r4an]&0] oF 65, 1% % (Fig,
5B), RP3= #]2] %58 11-62] 4227} 72F 12,5 ug/ml; 529,89
+ 20.74 pg/ml, 25 ug/ml; 473,06 + 10,51 pg/ml, 50 ug/ml;
339.71 + 13,47 pg/ml, 100 ug/ml; 246,15 + 10,12 pg/mlZ L}E}
Wt A 5=Q112,5 ug/mlofl A IL-69] Al&<] LPSA| 2]+
I} B WEE-S o) oF 13%% 1521 200 ug/mé~-186.4 +
14.1 pg/mtz 7Hasv]E0] 69,5%% UePsthFig, 5C). 21&
SUoHA A AE} v A & Fanlel] & Aol
BRA] QIR 312 5250]) OJ3f) Hoi %l RP37} 71 A At
7t 2 A0 ] E QLS Wk op et FEEA 0 & IL-69]

FEEY IL-18 A AAAT 74
npA|RrO = S2Em50] LPS AP0 ofsf #H|E= IL-155
5 A = eAl Z1s7] s IL-180] thet ELISA
assay s M| ZE|SHE o8-8l S st A A=
T} A R 2SEES 717F19,5 95, 50, 100, TL2) T 200
ug/ml FE = Raw 264, 7 A|22720] 7 #] 2]t 5] LPSE 500 ng/mé
O] T2 2447t 54 A 2fskiTt. RPLE LPS T A 2|79
IL-139) 5%7} 352.6 + 16,9 pg/mlE S7H=S ], 86.4 +
15,7 pg/mbo]m] ZHaugo] oF 75 4% LFERITHFig, 6A). RP2
L1 %571 29,1 + 26.6 pg/mlo|H ZHAaH]L0] oF 63.3%
=(Fig, 6B), RP3+= A|2] w4 IL-18 52| 7} 242} 12,5 ug/me;
983 54 + 15,84 pa/nl, 25 ug/nl; 214.41 + 14.73 pg/nl, 50 ug/nl;
14316 + 26.63 pg/md, 100 ug/ml; 105,16 + 7.07 pg/mlE LFEF
Wk 24 5= 12.5 ug/mlof Al TL-189] JAl&e] LPSA 2]
27} W) WEHS o oF 19%E, Z 1=l 200 ug/ml 61,7 +
7.8 pg/mlE, THAH]Eo] oF 82 4%= RISt
IL-16= 852453 (inflammasome) o] &Jsf] 2 A==
A5 7HJAAZ= A NLRP3 (NACHT, LRR and PYD domains—
containing protein 3), ASC (PYCARD, Apoptosis—associated
speck—like protein containing a CARD), caspase—13} 22t
Ao ofsf) 2w FupEl A FE Yo B3/ TEEE
2> WA A F7HETL YA lth(Borthwick, 2016;
Ren and Torres, 2009), ®-& A5 £35S 0] RPS (o7
Al U 312 325-5)-8 LPSO]| &J8f) 571 NO9| A3, d5- vl
ZHQIAHIL~6, IL~14, TNF—¢ 12|11 PGEy) & JA|el= A o=
lEglon, o] Bl AFHke= MAAA = Al A =
iz

Z224 0|8 4 QlrkaL A2k, ST Raw 264.7 A2

n
=
=

be

IL-1p production (pg/ml)
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IL-1p production (pg/ml)
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IL-1p production (pg/ml)

RP1 (pg/ml) - - 125 25 50 100 200
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Fig. 6. Effect of extracts on LPS-stimulated IL-1/3 production
in Raw 264.7 cells. After pretreatment with 500 ng/m¢ LPS
(lipopolysaccharide) for 30 min, Raw 264.7 cells were treated
with various concentration of extract (RP1, RP2 and RP3) for
24 h. Culture medium was subjected to ELISA assay. Data
represent the meant SEM of three independent experiments.
*Means with difference letters are significantly different at
<0.05 by duncan’s multiple range test.

T G REEIAE TI5hs ASC T Fo] W EA] Al
02 AZE 59l IL-18E &H|517] W&o (Pelegrin et al,,
2008; Ahn et al., 2017), A2 5ol A 24 macrophageS U2t
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