A TE 7IEAT THA7 pikizd
Z77] Code RIMS Code
ATFA L AFFHA ATEoHCode) FHVIY  AFAE LA
HEIUE FE2E4A SHEZAY g4 | ZZ2A(LS1005) | '08~10 AEAAATA|A4A
BlEleI 2 S X gAE o] B ]
1) ]E}fﬁ* el Aeegad ¢l EZ2A(LS1005) | '08~'09 |[BEAANATH| AT
2 a5
2) HIEIIUR-E o83t 713-215F AT | s&A /1 EH(LS1005)| '08~10 |AF AT+ | H
AQgo] | ABF2E A9l
ABSTRACT

The objective of this study was to isolate and identify anti-inflammatory chemicals in
Hippophae rhamnoides L. which was grown in Chuncheon, Korea. Treatment of ethanol
extracts from stems, leaves, roots, and fruits to RAW 264.7 cells reduced amounts of
nitrite by 56.0, 31.9, 49.1, and 18.9% respectively, compared to only lipopolysaccharide
(LPS) treatment well-known as a inflammation-inducing agent. The stems were extracted
with hexane, dichloromethane, ethylacetate, butanol, and water and their nitrite contents
in RAW 264.7 cells were measured. The dichloromethane extracts showed the highest
inflammatory activity, exhibiting 80% reduction of the nitrite content at 1 mg/ml
treatment. Activity-directed fractionation of dichloromethane extracts led to the identification
of B-sitosterol as the anti-inflammatory chemical. 1 mg/ml treatment of B-sitosterol
inhibited strongly the production of nitrite by 86%, compared to only LPS treatment.
These results suggested that stem of H. rhammnoides L. may be useful for treatment of

inflammation.

1. 345 H

HEWI VN (Hippophae thamnoides L)= &=, & 5°] 9AHAQ R 2|47 (Elacagnaceae)
BEoZ FHI FTdorAotol A FEA AAstaL lew (Rousi, et al, 1977) A3 &=
FollX AFo] 7hestar AAng o] HoluA EY FALASY} EY At HHeRR
Atk (Kato et al., 2007; Kim et al., 2009). HIEFFIURo] Q5 Gujol= HlEp o}

ol Wi =3, WY, 4, dE T AYEAE Hold Aor IHA
JoAX BEfF, gl Hrl, $5 Sl dulEr, TAFE ol &3 AdREA, ek 2
L Ve AFoZ EEY Yt (Chauhan et al, 2007; Padwad et al., 2006). HEFTIL-
FArol= F4 A4kl linoleic acid®} a-linoleic acid7} & %o 2™ (Chen et
al., 1990; Yang et al, 1999), HIEIY] E7} @o] X &= o] 1o AR gAL =
2R Fme]l 7@ Aol FHREHA EdEH] Qo] =] §dd A

(<3



o} (Tiffany et al., 2005). HIEFRIVF-o #3le] W2 A7 @i HA=d, Kim (2009) 5 °]
al

HIEPI U Sl Bl 2 4t}
=

AR) 84S ST 27 dx2TQ] aspartic acid BT 6~104)
T E2 F£XE Yedta B 399t Upadhyay (2009) 5& ZJAZAE FE3
BHURE ede g0 I a3 B 3991, Ganju (2005) 5o HIEFTIUE

FEA 5 w2 BHE Y il B 3§43, Yang
(2007) T2 HIEFHIUE 742 A9 acetone FE=Eol|A] 2-O-caffeoyl-maslinic acid®] 34

O

Aoy 29 AR e 3 FH9EHY e
AA AZAA R G, AL, o] A gow 5
ou 719 e SEHUA ¥e A

et B A wErVRe 2839

= al
alen AFAAERE SAH JA @2 F9Y T8-S

2. ME L WY

7} Al 228 A=

2

) AE AH R F2E X
2 A AH8H vIERIYF (Hippophae rhamnoides L) A S+
9dol =T HS12 AleS REOE AUdn FHA AR sit=ol &A1 d A Aulst
Atk Kim (2003) 5¢ Wl webd 2008d 89 F<eoll HIEMNIURe Z7], A
S AFH k] 50TCAA LA AT F 0.6 m o]tz vhste] FZof ALEstAT

~

-

2) 7] & E o] &3 EHE =
b E Bl eI 27, o, e, Il AEAIE 100 g2 F 5 H,09 ethanol (EtOH) 2 ¢
97 =5 ¢ erlenmeyer flaskel] ¥ 3L 120 rpme] F&7]o A 12 A1 23] QbE
FE=< 9#A(No. 40, Whatman)7} Z# 1= Buchner funnels 534 A A&
rotary vacuum evaporator (EYELA N-2INS)E ©|-&3} 40Co|A & =3 ot
50 mt F 713 Atk Flask Wo) A2 ES d-H,0E ©]&3te] &3jA7 b 520 =%7
Lab Co. Ltd.)E o] &3] Ax3dle] &3 AMtsdn. 2523 d-H00 A" F &)
o] S0 wet 93t n-hexanes, dichloromethane (CHxCly) 3, ethyl acetate (EtOAc)
Z, n-butanol (BuOH)ZT ¥ d-H,05S 43 7Y FF3t 247te] Sl &5 SH3A

om, 20T WEie] RBSEA FABA AR 9 el AAS AT AR AU

2
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Y. Nitric oxide(NO) A= =4

NO 27242 = AEF oA P2 vhe2o hAAE AEZFQ] Raw26d.7
AEE o]g3te =A3IAY. AE= 10%2) FBS7F ¢HfE DMEM mediaol A Althei e 3}
Atk NO £2AZALS =487 st AMTE 24 well plated] ZF welld 2 x 10° cells
B33 &, 377C, 5% CO, incubatoro| A 24A|3F v Fst Rt 28] final €55 Img/mlE
Sk HIEFTIUS sampleS AlXZu|F welldll 3 7}sle] 37C, 5% CO, incubatord] A 24A]7F Hl|
&ttt Algel Ui dE2TE= 1pg/mbe lipopolysaccharide (LPS)E 2004 g]ste] &
ste NEE AMESIATH Bl F FA S 100E 3438t o 7)ol 2-naphthylamine®] X
H Griess solution (Fluka)S FH7Fste] FoA]l 1587F HHEAIZl & 5o dAaw
ELISA reader (ASYS UVM-340)E A}-&-3}4 517nmol] /H 5% % S8kt AlE7E AL
NO+= sodium nitrateE AH&3le] EFFAS 248 & NO &S A3t

o,

o oot

t}. PGE; Immunoassy

Parameter ¥ PGE, systems kit (R&D system, USA)E ©o]&3lo] Sttt A7]elA uj
& x4, LPS A, sample 279 F5H 50UE 96 well plateo] 7247 53 th
& Parameter'™ PGE, systems kitol £3+® RD5-39 & 150x0¢} Primary antibody &<}
50 wAS #H7betal, F718 S22 PGE, conjugate 50uL5 L*_T’_ adhesive strip® 2 92 o5
25°C Aol 2417 &<t wuks o ZF wellS A& 3+ & substrate solution 20005 %
31 25°C oA 3087 wRkelF o™, wHk $o|= stop solution 50ulE 3718t ELISA
reader (ASYS UVM-340)2 450nm<} 540 mmoll A &3 =5 SH 3t

Z}. Real-time PCRE ©]&3 iNOS sz gy

Real-time PCR (CFX 96™ Real-time system, BIO-RAD)S ©]&3}o] iNOS whuld k&S
dolr okt HIERHIUFZHE Eg MCD FEE°] XFTE Raw264.7 A EZE RNeasy
Plus Mini Kit (QIAGEN, USA)S A}-83}o] total RNAS FZ=3t9th 5 £83 MCD F
=59 total RNAZHE cDNAE §43t7] #1353t iScript cDNA Synthesis kit (BIO-RAD,
USA)E A3t HF 23 20 w2 4583 W-EA1A DNAS AT 2 AFolA
= X 1 oA 22 PCR Primers7} AHE-5 ST}

3t 1. Primer sequences of {B-actin and iNOS gene.

Primer Name Sequence

B-Actin forward 5-TCA TGA AGT GTG ACG TTG ACA TCC GT-3
reverse 5'-CCT AGA AGC ATT TGC GGT GCA CGA TG-3'

iNOS forward 5-ATT GGC AAC ATC AGG TCG GCC ATC ACT-3'
reverse 5-GCT GTG TGT CAC AGA AGT CTC GAA CTC-3'




of, vlEpRIUE E7) 258 924 d £2 o A

HE U =7] des FE225E 299 59 £8%5 F 7MY 9840 =&
CHCL #835<

< AHE3te] Sk Silica gel (0.040—0 063mm, Merck)o] ZF31 =o A= 26 x 460 mm
glass columnol] BIEIRIURE FEE 1 ¢g& FYsta EF-81] (Hexane : CHCl, : EtOAc :
BuOH =15:7 :1:05, v/v/v/v)& % 5 m* JQZ/\V] 2 UV detectors AF-&3}4
T35 254 mollA] A5 o, MCA-MCKZHA] & 11709 fraction®. E EHEHAT £
137 35ES 3E 29 2L

medium pressure liquid chromatography system (Buchi 620, Switzerland)

¥ 2. Dichloromethane=¢|| 3 117 2a=, 28%4 9 35&

min | A% B% Fraction Yield (mg)
Silica gel
130 100 0 MCA 10
Fracion R
20 80 20 MCB 29 f
T MCA  084-1.00
10 80 20 MCC 18 it MCB  0.80-094
0 _— MCC  075-080
20 60 40 MCD 38
® |- moo or-0m
] 10 60 40 MCE 44 MCE  0.60-070
Gradient MCF  0.56-060
20 40 60 MCF 46 T Mce 048056
10 40 60 MCG 158 - Mon 030048
20 20 80 MCH 37 MGl 0.16-039
10 20 80 MCI 447 MCJ  0.10-0.16
8 MCK  0.00~010
20 0 100 MCJ 50
90 0 100 MCK 25 Hex:MC:EA:BuOH=1.5:7:1:0.5

¥ solvent A: Hexane : CH,Cl, : EtOAc : BuOH =15 :7 : 1 : 0.5, solvent B: Methanol

vl vleplUT E7)edl A deE)El B 2x-5A

CH,Cl, #8=0 2 RE dald MCDY +Z&= GC/MS (CP-3800, Varian), 'H-NMR (600
MHz, Bruker Avance 600), BC.NMR (150 MHz, Bruker Avance 600)Z #2A1gt th5, 1 d
olH & al st AA3AT

HERUTE £7], 9, e, iz Urol 23 degLs 33
©e FEET ANHOT EFUTHE 3). E=F Y g9 FE
9l (152%) > Avl (102%) > Z7] 95%)2 Vst



# 3. HIERIYR-S 9, £7], e, Evfel] te =3 dge FE4 J5E v

79 H,O (%) Ethanol (%)
= 7l 10.8 + 0.8F 95 + 04
o 245 £ 0.7 152 + 0.5
wog 152 + 0.7 156 * 0.9
g 115 + 0.6 102 + 0.6

FAZAaH7E =kd HEIYS £7] dEE FE2ES #7188 E ol &8t S w
%

35 32.22
30
25
20 18.32

Yield (%)
15
10

5 3.1

EA

Hex MC

99 1L HERUY dueFEEel g 25 358

o
1) vlEtY U3 B9 Al F 9 Nitric oxide (NO) A F =3
H Al 79 nitric oxide (NO) HA#H =4S & 4
' FEEEY S FEEC U 12 248 Bt 1 F HgYY
o
H

i
e
il
<
N
N,
2,
H
flo
a1
IS
(]
=
lo
2.
=g
(@)
o
s
Q.
(@)
Z
o
o
ox
12
24
fol
i
ffu

@ H
M, 2 tgogs By (g F2E)9 A (ge F28), 9 (I8E F2E)F 44
491%, 31.9%, 18.9%°] #o2 Uehdth B3] £7] (l8e F22)9] Ao Fa4
A2 LPS 9% X Hlwdle] =L NOAA dAEHS



¥ 4. HERUE B F=&E 9 RAW 264.7 celld] W3 NOAAS Hl

SampleT Nitrite (uM)
Control 1.7 + 0.3°
LPS 186 £ 0.4
HO 204 £ 0.7
=7
Ethanol 91 £ 04
o H,O 165 + 0.7
> Ethanol 132 + 0.6
) H,O 164 £ 1.1
Ethanol 108 £ 04
+
) H>O 158 + 04
Ethanol 154 £ 0.8

" Treatment concentration of samples : 1 mg/ml

* All values are mean+SD (n=3).

2) 3 E 9] Nitric oxide (NO) A F =3
F37F 4G HEIUYT 27] deE FEES A 54 SR &4 E95o
S =43 A3 LPS thH] CHCl, (80%) > EtOAc (39%) > H,O (21%) > BuOH
(16%) o2 FALgdo] Yebth(2d 2). ol#g AFHE CHCL #3852 NO A4 A
A7 WFel NOS 47 DA #AZE Jd= FEF NO synthase (INOS)
= Aoz FEEn.

ik

g2t
10 |

Nitrite(u

omn A o

cont LPSonly Hex MC EA BuOH H20

29 2 MENGE @eFEEe] 292 NO&AS Ha (01 mg mLY)

3) CHCl, 8 &2 %5 £2d EZF Nitric oxide (NO) IR F =3
MCA-MCK7Z}A] & 117} fraction®] ®l3]|A] nitric oxide (NO) A4 F<

3}, MCD, MCE, MCF fractiono|A] thZol Hlsle] w& Fg&Ao] Yelutth I FolA

MCD+= 0.1 mg/ml F=olA LPS @5 X2t thHl 656%2 7H =2 AsEdS Jehgdd

th(1E 3).
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20.0 | T

Nitrite(uh) T L

5.0

0.0
Cont LPS MCA MCB MCC MCD MCE MCF MCG MCH MCI MCGJ MCK

a9 3. CHCL o 25E #2849 1170 83 MCA-MCK)oll gk NOAA% Bl

4) MCD9| 9843 %
74 Aol EY MCDol tidte] 945 2 mi7lAlQ Prostaglandin E» (PGE)2] A4
Ax &%S HrFstAT LPSE 43" AlEolA PGEQ HEAo] Friste AL FQls)
Ao, MEgUUEERE Egd MCDS 01 mg/ml ¥5& g A] LPS @& A2l tin]

°F 75% A& =
1

|

o

PGE, o] 7ad As IASATHLE 4). o|= @4 (Scrophulariaceae) £
EUR o 222 PGE, AA oA &% Hrl AY OEUR 22O 01 pg/nl LS
A2l Al °F 40% %= PGE, 4ol Z4ad A3 v IS UH MCD7} PGE, A4 Aol 7
33 EHAYLE & F JAL(Kim et al., 2006), MCD O A Fd=E 7y S8t

olg} PGE9 A ARd= FFo] mx= A & —}F AT BT AW A5G el

PGE, 9% A+ cyclooxygenase (COX-2)o 93l ¥4 =+=H], COX-2= arachidonic acid

£ prostaglandins (PGs)S.2 ZA|7]= Eaolth. COX-12 AUodlA i A, 9H

o, AF 759 #A 5 B3H AVl AEsAT COX2+= ASvA=2R] PGE
£

5 ¥4 AT (Duerksen et al., 1992). HIEFIUF =& °|g PGE:9] A48 Asli= <
FTATF=AY] FPAGAE Hetle AeE FF HERIYFAA ¥ MCD COX-29|
v X = PaFol| dis] oo gt
200 -
180 -
160 -
_ 140 -
£ 120
£ 100
E 80
= 60 -
40 -
20
0

Control LPS MCD

O 4. HEFRIYE £7]19] dichloromethane & &4 #2383 MCD(0.1mg/ml)
PGEAA A5, All values are mean+SD (n=3).



MCDE Real-time PCRE ©]&3}e] iNOS @l d HdS dolryrh A B2 AHFEH
Ao o] &5 U+ Real-time PCRE PCRE 7t S3FF7|vtty THE o)X= amplicon®] Y
QS 3o Wals BEEY AR F mRNAQ HFS Hriste Aot B Ao Ax
MCD+ LPS ©% Azl thH] 2F 91% A% iINOS mRNA &S oAhS sk & 9)
At (2 5). INOSE Athdoz ARAFEA LPS, cytokines L #H o} 54 e &

T AFAEN =FFHe A FHEE type I F=F NOS (iINOS
1992) NOSE2 L-arginineS L-citrulline®.2 FZFA|7|HA NOE A3t} o]
iNOSell 3k NO o] thf&S Aot MCD9 3¢ NO &7150] =skd A3 vzl
7FAE2 INOS @¥id wds gazx oz Asiittes Ae & F Ao

U
Z
)
=
QO
2

300

200 +

100 -

Relative expression levels{fold)

Control LPS MCD

gy 5 HERIUF £7]9 dichloromethane F&E°]A &g MCD(0.1 mg/ml) PGExA8 43

AA)5. All values are mean+SD (n=3).

Zh. HlEplyy E7)edl A 2E 22l 72 A4

HEHI U 27 dgs FE2E9 CHCL £dE04 &2l€ MCDY Fx& 79317
913t GC/MS (CP-3800, Varian), 'H-NMR (600 MHz, Bruker Avance 600), “C-NMR
(150 MHz, Bruker Avance 600)& ©]&3}o] #2133t}

HEIYE Z7]94 2% MCD2 MS peakE NIST library searchdt 23 572 <l
fragment ion& m/z 414, 396, 329, 303, 273, 255, 231, 213°] UElgth 4o FxZE 713
317] 98te] 'TH-NMR (600 MHz, CDCl3)& A3 A3} § 535004 1HE 2] olefinic proton
signale] #ZEH AT § 35204+ C-3914 1H®E9 proton signal®] multipleto =2 & &
ATk & 0.687 1.0114 3HES methyl proton signale] 717} singlete 2 ## =it}
PC-.NMR (150 MHz, CDCls) spectrumo] 4 % 297]¢] carbon signald ## & 5 e
H, § 7181914 UElUe ¥4 signale hydroxylZ]ol Al 7]1918k= Zolal, § 140.75, 121.72
M= C569 olFAddel Je ALEZ FAH HUG o]dY spectral data®l mass
spectrum ¥ &Y (Moghaddam et al, 2006; Yu et al, 1990)% ¥Huste] MCDe B
-sitosterol 2 & 3} A o}

HERRIUT 27|25 8 8% B-sitosterol A EA X2 F44F21 ZHE (phytosterol)

396 = M. Al Aot



o]

l

4

A& = [-sitosterol, B-sitostanol, campesterol, stigmasterol &
St diFd ogF FFEo de AeE deA Joh Kahn (1991) 52
T (Artemisia annua)ol|l X 2] E B-sitosterolo] &ufolel~ F37) QS Hil S
Gupta (1980)5 2 ZFFA} (Cyperus rotundus)oll A 2]t B-sitosterolo] FHE|F HFX
A A E8AQA hydrocortisonest FAME FHEI7L AFo Hi skler, o]= HIEY

N

=)

N

ANX FZ3 B-sitosterol®] 2 FALFEH} A AAAES & F AT

2 AFE Bt 7THE FALAHEZLQ] B-sitosterol> FF in vivo AP EAHFIE
Fol] EFY gYds d5EATS e E Fo ASWNEZEY Ay E484E& o
AL & Jde g5 ASA5A, 71X AF g &828 F As Bolz ArsdEn. AR
HIERIUF ] 82 dufE o]&3 58, 43 €& 2 Fo] tF-EolAR o A+ 4
Z HERIYT Ve FEE80 =58 I & F A3 F7] BAES o] &3 FSAE
B, 7IEE T 0¥ 71548 AAE E8 2 7t =2 3o E UEHET

4.3 R
£ A7 200837 2009 2 EoF A Ao AujaAe] FakEa 9= e
Ul g Aedds 7sta, E4Ed S Fet e AR E8Ude B

Ajstarat =P = A
7b, BIEFRIUE B9 AJ 29 nitric oxide (NO) A HF =4 &
2y, BE ARANAH & FEERY e FEE] ¢ ¥
T HEIWRY] E719 deSFEENA 7 £ 56.0%9] nitric oxide (NO) 4
AAAEHE BAh
1}, NO/\H =2 §:]—/K—]/\16-1H4 o7 Uloi SAAEARYE A
=

A

ToA LPS ©% A tiH 65%2] 71F = =
fi NO *3**011 43454 w7l S8 olYgt PGE2 A AZAx= g3Fo] mA+=
AL & 4 QATE T3 NO 27450 =98 Ay vlR7hAE iNOS ol d 1S

=

oz Asidtte A & F U
t}. spectral data®} mass spectrum % #3% (Moghaddam et al., 2006; Yu et al.,, 1990)%}
w3sted MCDE B-sitosterol& =3 . B-sitosterol& % in vivo A =A]

Fol BA oy s = Wz Fo dslEdEe] 44
AL = e 45 ZSAEA, 714 AF Mg 82 + U=

4

vy

&3
23

==
9%

{i
o L

O

B7HE ES
3

o} #43e o
Role} AtnHt.
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