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Anti-inflammatory effect of Euonymi Lignum Suberalatum in
LPS-activated Raw 264.7 cells and CA-induced paw edema rat model

Chang Kwon Jeon, Sang Mi Park, Chung A Park, Sung Hui Byun, Sang Chan Kim"
College of Korean Medicine, Daegu Haany University

ABSTRACT

PURPOSE : Euonymi Lignum Suberalatum (EL) is the stem fin of Euonymi alatus. In traditional Korean medicine,

EL is used for treatment of uterine bleeding, metritis and static blood. Recently, many studies have reported
several pharmacological effects of EL including anticancer, antimicrobial, antidiabetic activity, and anti-oxidative
stress. However, the mechanisms underlying anti-inflammatory effects by the EL is not established.

METHODS : To investigate anti-inflammatory effects of Euonymi Lignum Suberalatum Water (ELWE), Raw 264.7
cells were pre-treated with 10-300 pg/mL of ELWE, and then exposed to 1 pg/mL of LPS. Levels of NO, IL-6,
IL-18 and TNF-«¢ were detected by ELISA kit. Expression of pro-inflammatory proteins were determined by
immunoblot analysis. To evaluate the anti-inflammatory effect in vivo, rat paw edema volume, and expressions of
COX-2 and iNOS proteins in carrageenan (CA)-induced rat paw edema model.

RESULTS : NO production activated by LPS, was decreased by 30-300 pg/mL of ELWE. Production of inflammatory
mediators such as TNF-«, ILs, PGE, were decreased by ELWE 100 and 300 upg/mL. In addition, ELWE reduced
LPS-mediated iINOS and COX-2 expression. Moreover, ELWE increased I-xBa expression in cytoplasm and
decreased NF- xB expression in nucleus. In vivo study, ELWE reduced the increases of paw swelling, and

expression of INOS and COX-2 proteins in paw edema induced by CA injection.
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CONCLUSION : The results indicate that ELWE could inhibit the acute inflammatory response, via modulation of

NF- x B activation. Furthermore, inhibition of rat paw edema induced by CA is considered as clear evidence that

ELWE may be a useful source to treat acute inflammation.
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Scheme 1. Schedule of the experimental animal study
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1. ELWE®] Raw 264.7 celld] W3t AESA] 1|X]

9%

ELWE7} Raw 264.7 cello] WX+&= AITEARLS F
7Vek7] $8ked ELWEZ 3, 10, 30, 100, 300 gg/mL
o] FEE AN X X3 18A17F Zo] MTT assay
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Controli&  100.00 +
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Raw 264.7A12e] ANE5AHES YeERX  FAUt
(Figure. 1). webA] o] 432 300 pg/mL ©]a}
o] FxolA a3t

2.69°0% 39S U
7
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Figure 1. The effect of ELWE on cell viability in Raw 264.7 cells.
Cell viability of ELWE alone was measured 18 h after treatment of ELWE. Raw 264.7 cells
were treated with 3—300 wxg/mL of ELWE for 18 h. Cell viability was measured by MTT assay.

Data were expressed as mean * S.D.
Lignum Suberalatum Water Extract.

of three independent experiments. ELWE; Euonymi
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3kt (Figure. 2A).
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S
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ol8]dt AFAFE ELWE s = ELWE +
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Figure 2. Inhibitory effect of ELWE on cell viability and LPS—mediated NO production in Raw 264.7 cells.
Raw 264.7 cells were pre—treated with 10—300 rg/mL of ELWE for 18 h and treatment of LPS
(1 wg/mL) for 1 h. (A) The concentration of nitrite (NO; ) in culture medium was measured by
Griess reagent. (B) Cell viability was measured by MTT assay. Data were expressed as mean
+ S.D. of three independent experiments (#significant as compared with control, #* p < 0.01,
#significant as compared with LPS alone, # p < 0.05, ## p < 0.01). ELWE; Euonymi Lignum
Suberalatum Water Extract, NO; nitric oxide.
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b F Zbzbe] ELISA kits AR&3ke] A Zuj kol
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A
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&ttt (Figure. 3A).
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18.84 + 1.77 pg/mLE AY control o2
Erglom, LPS wh=AX|atol] HlawaiA = 3.23%
oz FoA A FAaAATE ELWES dsA
2= IL-139] A=) 5dgh s mxA] &9k
t} (Figure. 3B).
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Figure 3.

C:

IL-1p (pg/mL)

AA F718kg e, ELWE 100 pg/mLE 1332.12 =+
9.71 pg/mL= LPS @522 thH] 67.82% +F°
2 594 A #aAFA e, ELWE 300 pg/mLe
287.46 + 13.58 pg/mL= LPS W&+ tin
14.64% F+o= o4 A FAaAZ T ELWES)
GEXXE 309.28 £ 2.11 ug/mLE controlol] H]xL
ato] F7hsls 43S BT (Figure. 3C).
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Inhibitory effect of ELWE on the LPS—induced secretion of pro—inflammatory cytokines.

Raw 264.7 cells were pre—treated with LEWE for 1 h before the treatment of LPS (1 pg/mL),
and the cells were further incubated for 12 h. The concentrations of (A) TNF—a, (B) IL—6 and
(C) IL-1B in culture medium were measured by ELISA kit as described in materials and

methods section. Data were expressed as mean = S.D. of three

independent experiments

(*significant as compared with control, ** p < 0.01, #significant as compared with LPS alone,
## p < 0.01). ELWE; Euonymi Lignum Suberalatum Water Extract, TNF; tumor necrosis

factor, IL; interleukin.
4. ELWE®| PGE; JA|d v|x|= &
LPSell ola] &Al3lwl Raw 264.7 cellolA #H|H
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1003} 300 pug/mLe] == AAtaL 1247F &
ELISA kitS AR&ato] Alzmjefalol s 4ttt
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control (35.18 £ 10.07)] 43} °F 66.820& o

107
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.92 pg/mLZ LPS W= X WY 14.16% <
2 o4 A HaAZen, ELWE 300 ug
/mL¥ 113.98 + 24.04 pg/mL= LPS wE=A A

N H ox

3
o

Hl 4.85% FEoE wod Al AR
ELWE®] W=AX%= PGE.°] A% 523 9%

[e)

=

X2 9Tt (Figure. 4).
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Figure 4. Inhibitory effect of ELWE on the LPS—induced secretion of PGE,.
Raw 264.7 cells were pre—treated with LEWE for 1 h before the treatment of LPS (1 ug/mL),
and the cells were further incubated for 12 h. The concentration of PGE; in culture medium

was measured by ELISA kit as described

in materials and methods section. Data were

expressed as mean = S.D. of three independent experiments (*significant as compared with
control, ** p < 0.01, #significant as compared with LPS alone, ## p < 0.01). ELWE; Euonymi
Lignum Suberalatum Water Extract, PGE,; prostaglandin E2.

5. ELWE®] iNOS ¥ COX—-2 2&d Aol v|X& A3

ELWEZ} 30, 100, 300 gg/mLelA NO9| A<
fro)atAl oAskaL (Figure. 2A) LPS @& x| of
H) frolgh AlEEAS vERA (Figure. 2B)<
2 %, ELWEZ7} NO9| A wefst= iINOS
chalzlo] dhelo] tjx]i= &S immunoblot analysisS
E3lo] Hrlelgitk. LPSE INOS waldol wy s
control (1.000 £ 0.812) ™H] 14.758 + 0.631¥j=
fFolatA E7MA1% 2y, ELWE 100 pg/mLE 7.656
+ 2,701} LPS WA Xt tiH] 51.88% T+
2 fo4d Al ZaAzem, ELWE 300 pg/mLe
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Figure 5. Inhibitory effect of ELWE on the LPS—induced iINOS and COX-—2 expressions in Raw 264.7

cells.

(A) Expressions of INOS and COX—2 protein were determined by immunoblot assay using
specific primary antibody. Equal amounts of total protein were separated by SDS—PAGE.
Levels of PB—actin were used as an internal control for loading. (B and C) The relative
levels of the INOS and COX—2 protein bands were measured by scanning densitometry. Data

were expressed as mean = S.D. of three independent experiments.
#x p < 0.01, #significant as compared with LPS alone, ## p < 0.01). ELWE;
Euonymi Lignum Suberalatum Water Extract,

with control,

cyclooxygenase—2.
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Al TLR29] ligand®l peptidoglycan(PGN) 30 pug
/mLE AHA5ted NOo| A& AMEAEES F7t
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(*significant as compared

iNOS; inducible nitric oxide synthase. COX—2;

1.450 £ 0.0768% PGN ©=
FEoE NOOl S frolskAl oAlEkitt (Figure.
6A). AEZAEE] glojA PGN ©HE X2 control
(100.00 £ 3.65) Y] 5553 + 5.02%= +2|&H)
ANEZAZES Aoy, ELWE 300 pg/mLe A

AR H] 29.47%°)

AYE 66.12 + 3.41%= PGN & XX o H]3)
frojst MEAESES] F7HE JERIAY  (Figure.
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Figure 6. Inhibitory Effect of ELWE on PGN—induced NO production and cell viability in PGN—activated in

Raw 264.7 cells.

Raw 264.7 cells were pre—treated with 300 pg/mL of ELWE for 1 h, and then further

incubated with 30 pg/mL of PGN for 18 h.

(A) Relative levels of NO production were

assayed by measuring the absorbance and (B) relative cell viability were examined by MMT
assay. Data were expressed as mean * SD of three independent experiments. (*significant
as compared with control, * p < 0.05, #* p < 0.01, #significant as compared with PGN alone, #
p < 0.05, ## p < 0.01). ELWE; Euonymi Lignum Suberalatum Water Extract, NO; nitric oxide,

PGN; peptidoglycan.
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< immunoblot analysis® % 7}3}3th
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vl 157.6% o= oA Al STFAATH
ELWE®] ©H=xx%= 0.974 + 0.0589) & controlol
Hlaste] {08k S35 ERA] e¥sket (Figure. 7A
and B)
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el 64.31% STz oA Al HAATH
ELWE®] ©H=xx%= 1.501 + 1.176¥W& controlol
Hlaste] frolgk Sk UERA @skth (Figure.
7A and C).
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LPS Y952 the] 76.30% FFO2 FAAZH O
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(Figure. 7D and E).
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Figure 7. Inhibitory effect of ELWE on the LPS—induced NF—«xB pathway activation in Raw 264.7

cells.

The levels of I=kBa (30 min), p—I—-xBa (60 min) and NF—«xB (60 min) protein were
monitored with or without ELWE pre—treatment (i.e. 1 h before LPS). Levels of [—actin and
Lamin A/C were used as an internal controls for loading (A and D). The relative levels of I—
kBa (B), p—I-xBa (C) and NF—«xB (E) protein were measured by scanning densitometry.
Data were expressed as mean * S.D. of three independent experiments (#significant as
compared with control, * p < 0.05, ** p < 0.01, # significant as compared with LPS alone, # p
< 0.05, ## p < 0.01). ELWE; Fuonymi Lignum Suberalatum Water Extract, I—«xB;
Inhibitory—kappa B, p—I—«B; phospo—I—«B, NF—«B; Nuclear factor—kappa B.
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8. ELWEY] #4354 5T AR v|X&= 9%
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Figure 8. Inhibitory effect of ELWE on the CA—induced paw edema.
ELWE was administered to rats at 0.3, 1.0 g/kg/day per oral prior to the induction of paw

edema for four days.

Paw edema was

induced by subcutaneous

injection of 1% CA as

described in materials and methods section. The volume of paw edema was measured up to

4 h after CA

positive control.

injection by using plethysmometer.

DEXA (1 mg/kg, p.o.) was used as a

Data were expressed as mean = S.D. of 6 animals (*significant as compared

with normal, ** p < 0.01, # significant as compared with CA alone, # p < 0.05, ## p < 0.01).

ELWE;

dexamethasone.

Euonymi  Lignum

Suberalatum

12

Water  Extract, CA; carrageenan, DEXA;
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Eojdto = 2.089 *+ 0.2598]2 Ao, 0.879% 0.463W] 2 R F-ol8HA A3 )
ELWE 1.0 g/kg FoliolAdE= 1.424 £ 0.108uW]= o]|#3t A¥+= ELWEZ} in vitro <ol A ¥at o}y
GEAAT ] 53% FEOE oA A 2k, in vivo MR FoF GRS e
23t} (Figure. 9A and B). S-S TRl ki =
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Figure 9. Inhibitory effect of ELWE on the CA—induced iINOS and COX—2 protein expressions in paw edema.

(A) Expressions of iINOS and COX—2 protein were determined by immunoblot assay using
specific primary antibody. Equal amounts of total protein were separated by SDS—PAGE.
Levels of PB—actin were used as an internal control for loading. (B and C) The relative
levels of protein expressions were measured by scanning densitometry. Data were expressed
as mean * S.D. of three independent experiments. (*significant as compared with normal, **
p < 0.01, #significant as compared with CA alone, ## p < 0.01). ELWE; Euonymi Lignum
Suberalatum Water Extract, iINOS; inducible  nitric  oxide  synthase. COX-2;
cyclooxygenase—2, DEXA; dexamethasone, CA; carrageenan,
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