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Abstract

Zizyphus jujube leaf fractions (ZLFs) showed no cytotoxic effects of up to 100 nug/mL, while the anti-inflammatory
effects of ZLFs were analyzed by checking the productions of nitric oxide (NO), prostaglandin E, (PGE),
cyclooxygenase-2 (COX-2), and inflammatory cytokines TNF-a, IL-13, and IL-6 in the lipopolysaccharide
(LPS)-stimulated Raw264.7 macrophage up to the concentration of 100 ng/mL. ZLFs (100 pg/mlL) demonstrated
a strong anti-inflammatory activity that reduced 61~85% of NO and 71~100% of PGE; production in the LPS-stimulated
Raw264.7 macrophage. Even the low ZLFs concentration of 1 jig/mL have reduced NO and PGE, production by
34~64% Expressions of COX-2 protein were also effectively inhibited by the ZIFs. Furthermore, the TNF-q, IL-1[3,
and IL-6 production were significantly suppressed through the treatment of ZLFs at concentrations of 1, 10, and
100 ng/mL. In the order of the Zizyphus jujube leaf water fraction (ZLWF) < buthanol fraction (ZLBF) < ethyl
acetate fraction (ZLEF) showed anti-inflammatory activity. In particular, the ethyl acetate fraction ZLEF at 100
vg/mL showed an excellent anti-inflammatory activity by reducing the production of NO, PGE;, COX-2, and
inflammatory cytokines (TNF-a, IL-13, IL~6) in the level of Raw264.7 macrophage without LPS-stimulation or
even better. The results of our study suggest the potential of ZLEF for use as an excellent ant-inflammatory inhibiting
mediator and may be used as a therapeutic approach to various inflammatory diseases.
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Dulbecco’s modification of Eagle’s medium(DMEM), fetal
bovine serum(FBS), penicillin, streptomycin, phosphate-buffered
saline(PBS) 52 M AZH]YE A2k Lonza(Walkersville,
MD, USA)AMoA FU43FA 3L, lipopolysaccharide(LPS),
dimethyl sulphoxide(DMSO)+ Sigma(St. Louis, MO, USA)
o] A 331tk Mouse IL-1B, IL-6, TNF-a ELISA kit=
Pierce(Rockford, IL, USA)| A T3} 3L, Prostaglandis
E2(PGE;) ELISA kit~ R&D Systems(Minneapolis, MN,
USA)elIA sttt 1 9] & Aolx] AREgE e Aok
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2 Azxsk 529 i 9 80% e
o] ehste] SAgo] vk gujoll A SAJo]
TAH o8 AT T35t g opAlE| o] E
(Zizyphus jujube leaf ethyl acetate fraction, ZLEF),
-8 E(Zizyphus jujube leaf butanol fraction, ZLBP),
S B-(Zizyphus jujube leaf water fraction, ZLWF)S-

220l A 244

Hye r
o
) off

2
off’ -
Iz
21'4
2

i
Hu 4%

(o rlo e

Wl L ML R e O AL
tlo o

M
o

A

M| = HH Q¥

Murine2] th2] | EF<Q] Raw264.7 Al E= 3 A EF
L3 (KCLB40071)0l| A Eofto} AL8-3191.0™, DMEMOY
10% FBS, 100 U/mL penicillin, 100 pg/mL streptomycin<
713 A& ARE-3F o™ 37T vl g7]elA 5% COE
A5 w8l AL, 20 passages FITHS] A ETHS- A F o
ARt

MZ=A 2 nitric oxide(NO) &3
F o BIE9 MEHAL 3-(4,5-dimethylthiazol-

2-yl)-2,5-diphenyltetrazolium bromide(MTT) assayS ©]-8-3}
o ZAsAh wig" AEZE 96-well plateoﬂ 1x10*
cellsywell 2 G| E53kaL 24417 &< vl & v &
wsGon, 7+ A5 FEHEE A3l o]& TA] 24
A7 v okst Zof] MTT A] Ok(5 mg/mL)< S wyy S 4A7F =<t
HEx]3 & A= A A AT A H formazand] Z¢
wellell DMSO 100 ULE 37}k =9]3, 595 nmol| A %
T E =A3%9ct AMEw viekst controld] 3% ZHE 7]

TOoE Mx AESS v

NO 242 A EE 24-well plate ol 3x10° cells/well©]

=5 BT 22 AT, oIF RS S
2 At 14175 vl 5 7 welloll LPSE 1 pg/mL
FEE APste] 244171 bl %ko}‘iiﬂ‘r. HjF Soll= v &
% 4 100 ILE FH3k] T Griess AloFs H7Fskal 103

F BAE F 570 nmol A FFEE ST AALE
mtrlte«] &%=+ sodium nitriteE DMEM 8| Z]of] &-3)|F 3%
AL o] &3t AlLtet e LPSE A2 g thxa 3
LPSE A 2|3tA] 2 thZTolA A H nitrite 2] 2}
2 7702 7 A9 NO 44 ANBAHE a5

PGE, ¥ 234 cytokine &

Raw264.7 macrophageS 24-well plate ol 3x10° cells/well

o] HEF 3}l 24413 v g H’i‘jr < "]Eg TE
B2 X3l 1A7HE<E vl ¥ 7 welloll LPSE 1 ug/mL
o2 2gske] 244 7F vkl Ab=ol e —HO}O% IL-1B,
IL-6, TNF-a 3 PGE¢] A4d%S 57433tk

PGE,®| 572 AZALY] 4 Wil whe} A =atqih
<, goat anti-mouse polyclonal antibody = ZEH 96 well
plate®l] s=H]% standard % sampleS 247+ 150 plL2 Y=tk
Primary antibody solution2 50 pL% 37}sle] 4l-2of A
1A)ZF H¥F-3-A7] 31, PGE, conjugateS 50 pL ¥7}sle] A2
o[ A 2A17F HE-S-A]ZATE 4 M| Z 5 substrate solution 200
uLA A zjste] A 0“\01]7\1 3027 WA F, stop
solution 100 LA H7}sle] W8-S ZZAA1A 450 nmol| A
UV/VIS spectrophotometer(Optizen, Daejeon, Korea)E ©]-&
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st FE=E 54313 PGE, &S Al Th
Cytokine®] A2 AxAbe] AW weh 2t
cytokine®l] HF3-3l= 371 Z B 96 well plated] FH]H
standard®} sample 52 750 1LY E5-5Fo] A-2oflA 24131
H &F3kar 33] A% ¢k Th5 biotinylated antibody reagents
welld 50 pL# #73fe] 220 A 1A1ZF v 431, 33
A2 3+ T2 Streptavidin-HRP solutionS welld 100 pL
B3] 30827 wj ks, 33 MA & rix|E o Z TMB
substrate solutionS 2 welld 100 pL2 EF31] A2 A4
oA HF-S-A]Z1 T} Stop solution(0.16 M sulfuric acid) 100
uL d7kske] Bkg-& AAA7]aL, 450 nmell 4] UV/VIS
spectrophotometer(Optizen) S ©]-&3}o] FH =S =451

B3k

COX-2 CHHAl daigk £

ko] Ed AEXE 4335l phosphate buffered
saline(PBS) Z A2} 3+ % 100 pL9] lysis buffers 37}l
73l vortex Fof 1587 W Bt 22 A4S
39 gEESke] lysis A7 F- 13,000 rppmell A 2023 €4
FEate] Axe AR 55 AASNS did =
bovine serum albumin(BSA)E- 353} 3} Bradford assay
5 83t HFseldth 30 pg proteins  10%
Sodiumdodecylsulfate-polyacrylamide gel electrophorase
(SDS-PAGE)Z #&]3}o] ©]Z polyvinylidenedifluoride
(PVDF) membrane®] 55V& 90%-7+ AAbsIgch 218
PVDF membraneS- 5% skim milkol| 4] 1A]7F W] 8k & 12}
FAE 4TolA 16413F WHEAIZ T BHA] Tris-buffered
saline and tween 20(TBST)E A ¥ 4123 & 23 A S
g2 A 1R §hE A7) 5 TBSTE Al W A% star
Amersham ECL western blotting detection reagent®} WF-&-A]
A LAS 40005 o]&3to] A & A8k
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EE dlolH+= 38 ¥ 4319 21, meantSDE A
SIGiTh TEgk 2 BEEA dojzl Al g FAEA]
2 SPSS 18.0(SPSS Inc., Chicago, IL, USA)S ©]-83}51.2.
o, 7z} & 7+e] =4A H|iE one-way analysis of
variance(ANOVA)E Als3te] frelido] e 2, Al
T3} p<0.05°14] Duncan’s multiple range testZ 21415}t

FE oA H|=A] EAZNE ZAo] Z YAHS /1A
54 o8 29tk H|FA 82 ethyl acetateo]| A&

saponin, &, B, 712}, tannin, alkaloid 5-¢] FZ&5|H,
2 BAME tannin, WA, T, H, B, AF
To] §EHHO). 7 BB FF FE FH F4=

HARY Eo] Holh FE580] oW 42 A
HAe] WolA) A wFo] ARE-L o] §7HAS

5 89 9L F23T0). £ APS
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Table. 1. Extraction yield (%) of Zizyphus jujube leaf using three
different kinds of solvents water, ethyl acetate and butanol

Sample Solvents Yield (%)
water (ZLWF) 42.1
Zigphus jujube leaf ethyl acetate (ZLEF) 139
butanol (ZLBF) 19.0

M=Z=4 L NO MMz

Al 7 M2 HE g ol&l FEE dF o 29E
o] MEEAS =437 93] Raw264.7 macrophase2] Al|3E
AEES MTT assay= 2131t Al MTT HHS-oj| A
80% o)Fe] AEES KBSl A5 AE5A0] gle AL
s oA, 2 Aol SEE Al TH tF o £
5 B5E 1~100 pgfml FE0A] A AEE 100% oS
el o] Raw264.7 macrophaseol] 3] 45 YER| A
&= Aol FAJAHJAL(Fig. 1(A), F7H FEF 43
1~100 pg/mL F=oA X aPsdct

LPSE 95°] =% Raw264.7 macrophage= NO2| A}
gol @AT] F7HE RO 445 1M), tHF S =, FERS,
e olAHo|E 8 E(Zigphus jujube leaf fractions,
ZILF)ES =82 X2 3$ Raw264.7 macrophagedl| A=
LPSE #|2]3tA] %2 87(5.23 uM)°ll 717k NO A
FS Uehfo], 450l FEHAS Wl ZLE g7t &34
S NO9 A4S HaA7le As 91T + AUATHFg.
1(B)). ZLFs& #8& FFol oz} A HA =1
g/mL)ol| A 56~64%, 3l F5(100 pg/mL)ol A 61~85%2]
NO A4S A5t th ZLWFS} ZLBF= A 5% 9
Y E W& F932 2ozt YIS, ZLEF= 100 1
gmLE=o A 7Hd w2 NO A/ 7H0.70 iM)S YERASA
om, o]= LPS BIHTHE FoZQ] Afo]& Hole ¥
< NO AR ZFAS 1T 4 AATHp<0.05).
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Fig. 1. Cell cytotoxicity and nitrite oxide production of Zizyphus jujube leaf fractions on Raw264.7 macrophage.

Cells were treated with 1-100 pg/mL of ZLFs (ZLWF, ZLEF, ZLBF) for 24 hr. (A) Cell viability was determined using the MTT assay; (B) Nitrite oxide production and
inhibition rate. The results are expressed as meantSD from three independent experiments. Statistical significance is based on the difference when compared with control(only
cells), p<0.05. ZLWEF, Zzyphus jujiibe leaf water fraction, ZLEF, Zizyphus jujube leaf ethyl acetate fraction, ZLBF, Zizyphus jujube leaf butanol fraction.
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Fig. 2. Pro-inflammatory effect of Zizyphus jujube leaf fractions on
PGE?2 inhibition and COX-2 protein expression in LPS-stimulated
Raw264.7 macrophage.

Cell were treated with 1, 10 and 100 pg/mL of extracts in the presence of 1 pg/mL
LPS or with LPS alone for 24 hr. (A) PGE2 production and inhibition rate of macrophage
cells; (B) Western blots of COX-2 and [-actin proteins from macrophage cells; (C)
relative density of COX-2 immunoblot. The relative intensity of the LPS-stimulated
group was taken to be 100%. Band intensities were quantified by densitometry and
are indicated as the percent change relative to that of the LPS-stimulated group. ZLFs
significantly inhibited LPS-induced PGE2 product and COX-2 protein expression in
macrophage. The experiment was repeated three times. (p<0.05, significantly different
from the LPS-stimulated group). Refer to the legend in Figure 1.
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ZLEF 1 pg/mL %25 =0 M= 65.0 pgmLe] IL-187} &<l
w0} ZLWFS} AR A &35 eSO 10 pg/mLe}
100 pg/mL A2 F=d A= 247} 2.8 pg/mL2} 0.7 pg/mL 2]
IL-1p7} 8= 118 AL 97% o) A= 93
A= o1 4= Uitk ZIBFE LPS B A 2]l Bls)
FoF o2 IL-1B Al o] HAE AT, ZLWFS} ZLEFS]
Hlal vl v Asjass e thp<0.05).

IL-6= B cell©] plasma cellZ2 £3}= < vlA9 GAE
GA3Ir]7)a1, AN FUksle Aoz d#A ok
(14). ZLFs A9l wg} LPS ©% 2] 2](204.9 pg/mL)9l]
Hl3l o202 IL-6 o] FAEE 1T 5 AT
(Fig. 3(B)). ZLWF2] 78-%- LPS HIx1&]7+(2.5 pg/mL)°ll H]3}
AMe IL-6 o] S7IEAAT, LPS B8 2 d59]
FEE gzt HsiA e oA oz Aol JA =AU
o} 1~100 pgmL A 2] T wE} FH o2 16 /0]
AA =YL 100 pg/mLE =N A 47%(107.6 pgmL)Z 713
F2 L6 A4 AAEAE YT IL-18 A4 A&7
7F 99 ZLEFE #3E5%F 7P =2 116 A4 dAlE
= YT ZLEF 1 §1g/ml(95.43 pg/mL)<] e A
FEAME 53%9] IL-6 A4 AaxS el 10, 100
ugmLoN M= 242 94%, 9% 2] -3 IL-6 A4 A3 azt
£ QI 4= Q) ZIBFY] 4= ZLWFS} 8oz
frAFSH IL-6 A4 A a25 B3, 100 pg/mL(105.5
pgmL)olA 48% = 7} =& As| a5 Yepioh

TNF-a= LPSHHE-9] =8 wj7f A 24, 454 ez
NA o] F7E = oA A2} mast cellll A EH] =
£ TNF-a= tumor cellol] AlX54S YEFATH14). ZLWF
= oA AEE 1189 IL-6 A A a3to| A ZLEF,
ZLBF Rt} vl vre A a5 B G A9 TNF-aol A
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Fig. 3. Pro-inflammatory effect of Zizyphus jujube leaf fractions on
pro-inflammatory cytokine levels (A; IL-1B, B; IL-6, C; TNF-a) of
LPS-induced Raw264.7 macrophage.

The data shown represent triplicate experiments. Bars represent the meantSD and

values with different letters are significantly different(p<0.05). Refer to the legend in
Figure 1.
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