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Schisandra chinensis containing a variety of pharmacologically active lignans has been traditionally
used in oriental medicine. In this study, anti-inflammatory compounds were screened from the hexane
extracts of S. chinensis by activity-guided fractionation. First, we investigated the regulatory effects on
the expression of E-selectin, intercellular adhesion molecule-1 (ICAM-1) and vascular cell adhesion
molecule-1 (VCAM-1) with 38 fractions from the hexane extracts of S. c/unensis in human umbilical
vein endothelial cells (HUVECs). As a result, SCKH1 among the 38 fractions from the hexane extract
of S. chinensis was selected for further analysis based on its unique regulatory effect on cell adhesion
molecules, especially on VCAM-1, in LPS-stimulated HUVECs. The subsequent activity-guided fractio-
nation of SCKHI resulted in the purification of SCKH1PAIBPB, which was found to suppress the ex-
pression of VCAM-1, MCP-1, IL-6 and IL-8 in HUVECs stimulated with LPS, and to inhibit the adhe-
sive capacity between HUVECs and monocytes. Taken together, our data indicate that SCKH1PAIBPB
can be proposed as an effective anti-inflammatory compound that may have a potential therapeutic
use for the prevention and treatment of various inflammatory diseases as well as ischemic vascular

diseases.
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FAdEo] g2 (lignan) 3}3E°1H palmitic acid9} stearic
F3ka 9.2 ™[10], schi-
zandrin, schizadran, y-schizadrin, ethamigrenal, gomisin¥t
5o Qo] wIE v rH12) ¥Rl BFE 154l
B AT EA, QujAA £ FEFS B HE SiE
gibst &4, ¢ Futeld s, 395 2 RES V)50l
Frste] ohekdt A2 EdE Uehlie, a2 HEdd 29F
gt diste] 3 S-S 7HItE Aol Bre Rt
2,4, 7,11, 14]. ol 2| g T3 )24 E 7= vzt
gt 2 AFAEY AL AF[15]9A4 PR hexane,

;L
of Slth2, 9, 14, 18, 19]. 2P)AE
3}
2

ol
tlo
1%

Chloroformi’} methanol & & s 5579 AX W 2
T ¥32 AF3F 27, chloroform®} methanol F5E o) A
—t— EWl W3yl B35 A 9o}, hexane FEEL 44
&Y F7HE AESTE 9] de A9E 4S5 Utk
o]¢} -8 AFAL QWAL hexane FEE0] WYX Lo Eo
A A4S Ve F ste AMS AAEIET
A B AFelAe k8 2 2802 AMEEE Qn|Ate
TYEANAN SHEGFAA s &4 TS sty &
HUHIAE F4, BE 28 2 A5 89E ASTo2H,
AR o 5L A5 o]&E F e FEEYH

Table 1. Primer pairs used RT-PCR

of AHgstAen, Age & 3 By §vjE2e 55 E=
U] hexane, chloroform, methyl chloride, methanol %
acetone 5 & AHESIAT E29 £FEEE open column
chromatography & AH8-3t990.H, £8-& &<1517] 913 thin
layer chromatography (TLC)= TLC silica gel 60 Fasy (20%20

cm, Merk) & A3t

20[A 2220 ofFt dtfmlMze SA=EeT B4

277} hexane FEE°] ARl 94 £ (human
umbilical vein endothelial cells, HUVECs, Lonza,

Walkersville, MD, USA)9] F2 &9l vA= &35 l-'i_@] }
7] &4, HUVECH 2w# #9E&S 50 ug/mle &
A2l F 2417 B 48417F Wl F3te] WST-1 assay[6 ]E A
Aletsle

20[A} 22l=0f ost Hetfu|Mze| A —’.f—ZE’“
QW] A} hexane FZ%°| HUVECY] AEE

£4317] 918, HUVECS €% 0] js}ﬂx] %
2349 1 pg/mle] AATgF (lipopolysaccharide, LPS)$}
2t EYES 50 ng/mle FEZ A stal 24411t v s}
Ak 24717 & WST-1 assay 2 ME2 BEES S5 Th

to }11 it

LPSZ A}=st EzHHTMZ0M 20|X 2E=9| M=F
ZHERL 9l AlO|EFl mRNA 28 =X &1}

LPSZ A3k HUVECOIM A E3R2HE-2(cell adhesion
molecule)d] H&E 7HAA7]= LU A} hexane FEES 2
7] $138ked, HUVECH LPS (200 ng/ml) A& 24|17t Aol 2.7
A BZEL 6A17F A2 e UL, RT-PCRS o] &3} &=ut
29 1§ F28 iAol EAA ALRAEA in-
tracellular adhesion molecule-1 (ICAM-1) ¥ vascular cell
adhesion molecule-1 (VCAM-1)¢] Z8E&EE ZASHA T

Target gene GeneBank accession nos.

Sequences of primer

Product size

o
T
i
wme 5 Sooaoc e
wa S TICRORCou e
s TACKTCUETRCTET T aag
R e




23 SCKH1 #8278 #23 SCKHIPAIBPBE 25 g

/mld FEZ A3 o dFA A|EIIQIC inter-
leukin-6 (IL-6), interleukin-§ (I L -8), monocyte chemo-
attractant protein-1 (MCP-1)8] 345 F5317] A3 2444

9] primerg A3t /\}*QO}ME}(Table 1). PCR ¥H&- 2712
cycle A2t A 94Tl A 5587 7+ & 5 ) cycle vtk 94Tl
Al 30% 7t denaturation A7), 57°Coll A 30% &<t anneal-
ing 3 ¥ 72°Col A 30% <t extensiondh= A4S 283] WHy
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A3 cycle TF F 72T A 108 ¢ ALE 7S ex-
tensionsle HFAS AFHTE PCR §F$o] Y S0 =24
FHAE 15% agarose gel& ©]8-3t9 2A719%

bromideZ @3t {FHAE ATt

SR M Ee} Bt A0l Ribs £

HUVECY] SCKH1PAIBPBZ 25 Ug/ mlY &=
F 6213to] AHE NS W LPS (200 ng/ml)E A 2]

2.5 kg Schisandra chinensis fruits

Succesively extract with Hexane, EtOAc, and MeOH

| 308 g Hex ext. |

100% Hexane
20% EtOAcin Hex. (1:5)
5% MeOH/ CHCL,. (1:19)

| 14 g CHCI, ext. ” 1368 g MeOH ext. |

[ I I I I I I I I |
SCKH1 SCKH3 SCKHS SCKH7 SCKH9 SCKH 11 SCKH 13 SCKH 15 SCKH 17 SCKH 19
3689 mg 886mg 7.6 mg 103,214mg 4866 mg 3475mg 3417 mg 2112 mg 367 mg 404 mg
SCKH 2 SCKH4 SCKH6 SCKH & SCKH 10 SCKH 12 SCKH 14 SCKH 16 SCKH 18 SCKH 20
575mg 342mg 36 mg 1579 mg 4568 mg 1513 mg 431mg 1118 mg 64 mg 389mg
I [ I [ I I I [
SCKH 35 SCKH 33 SCKH 31 SCKH 29 SCKH 27 SCKH 25 SCKH 23 SCKH 21
170 mg 138mg 28mg 1488 myg 478 my 171mg 244 mg 698 mg
SCKH38 SCKH 36 SCKH 34 SCKH 32 SCKH 30 SCKH 28 SCKH 26 SCKH 24 SCKH 22
7237 mg 726 mg 13mg 3dmg 57 mg 503 mg 743mg 448 mg 200mg
>| SCKH1:36893mg |
Running 100% CH,Cl,

CH,Cl;:Acetone=17:3

A A Y
|
SCKH1PA (| SCKH1PA || SCKH1PA || SCKH1P SCKH1P SCKH1PA SCKH1PA || SCKH1PAI
IA IB IC AID AlE IF 1G H
5.1 mg 999.1 mg 85.6 mg 73.6 mg 64.7 mg 34.0 mg 272 mg 854 mg
] L
Running 100% Hexane SCKH1PA || SCKH1P SCKH1PA || SCKH1PAI SCKH1P
CH,Cl> :Acetone=17:3 IM AIL IK J All
14.7 mg 15.9 mg 31.9 mg 41.0 mg 326 mg

| SCKHIPAIBIA7.2mg |

SCKH1PAIBIB 316.3 mg
[et-iso-cubebene]

| SCKH1PAIBIC 118.37mg |

| SCKH1PAIBID 1101 mg |

| SCKHIPAIBIES.5 mg |

| SCKH1PAIBIF 6.0 mg |

| SCKH1PAIBIH 100.0 mg |

| SCKHIPAIBI18.2 mg |

Fig. 1. Isolation scheme of activity-guided isolation of anti-inflammatory fractions from Schisandra chinensis.
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JERE 47 5 G ) B

SAXE|
AP AT FA A A2 Student’s t-testsE A5G
on, R0.05 FF olgtellA FHS AAsA
Zot 3 o

20X FE=2FEH AT SHO| 22

AzH V| (Schisandra chinensis) 7 2.5 kg< hexane,
chloroform (CHCl;), methanol (MeOH)< ©]-&-38}o] AH-&of A
A&H 02 F%3}9] hexane FZFE 309 g CHCL & 14
g MeOH FZE 1368 g& A3tk Wosts &A45 uefsto]
[15] ©] T 4ol £ hexane FEES UH S ZE 17 silica
gel (4 um, Baker, NJ, USA) column chromatography S 3}
T} 100% hexane, ethylacetate (EtOAc)/hexane (1:4, v/v),
MeOH/CHCI3 (1119, v/v)& AN 2 AHgatel 440

&Z3ko] SCKHI1 ~ SCKH389] & 387)9] #3]5 ATt
27| 285 F FEF Ao #EE £8E SCKHI (3,689
mg)S U OZ 24 silica gel column chromatography & 44|
39t} 100% CHCls, dichlormethane (CHCly)/acetone (1733,
v/vie A&z ExHew §Edte] SCKHIPAIA~
SCKHIPAIMY] Z 137]¢] £3& dof 3gd5 A4S #Es)
At &4do] #AH SCKHIPAIB (99.1 mg)S WAooz Fd
& HAMEE AME-3te] 34 silica gel column chromatog-
% 870 9] SCKH1PAIBIA~SCKHI1PAIBIIS]
TYES AAthFig 1). FdF A ARE &5=2
SCKHIPAIBPB (3163 mg)= ¥ 739 g2 dAFolM a
-iso-cubebene 0.2 &7 ¥ At}[3](Fig. 2).

raphyE A8t

14

13

Fig. 2. Structure of SCKHIPAIBPB (a-iso-cubebene).
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UVECS] LPS (200 ng/ml)—Ei 1}1
31 & (50 pg/ml)& #2l3ke] RT-PCR
2 ZgelstArt. 1 A% WA BEE FollA SCKHI,
SCKH10 % SCKH199l| 93] E-selectin®] ®do] Z+AEH A1,
SCKH1, SCKH7, SCKH9, SCKH13, SCKH17 2 SCKH19¢]
93 ICAM-19] w&o] 74EoH VCAM-19 o3&
SCKH1 7}l ofajArt So]F oz HAadS 9T 5 3l

Ath(Fig. 3).
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A} 22lZo| amlME 45 =& &1t
WA Ze AR EEAE BA87] AN 2vi%
(50 ng/ml)yE HUVECe] 242} 24417k B 48217 A2
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F8uj Ao W%k Z< HUVECe] 1 ng/mle] LPSS} 9.7
A EEE (B0 ng/ml)S 24417 AEjdte] AT YEES
WST-1 assay= &8¢ 27 LPSe] 93 74 AEE0]
SCKH7¥ SCKH9E A2 8 Foll A Z718} A th(Fig. 5). ©]
3 Avbe FF SCKH7Z SCKHY 181 1 AR ES o83}
of SRR YESS FTIAHEN Tde o8
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A
E-selectin 1: Untreated control
2: LPS-treated control
3: SCKHI1 (50 pg/ml)
ICAM-I 4: SCKH19 (50 pg/ml)
5: SCKH19 (25 ug/ml)
6: SCKHI0 (50 pg/ml)
7: SCKHI (50 pg/ml)
VCAM-I 8: SCKH7 (50 pg/ml)
9: SCKH9 (50 pg/ml)
10: SCKHI3 (50 pg/ml
GAPDH 11: SCKH17 (50 pg/ml
B
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Fig. 3. The effects of hexane extracts of 5. chinensis on major cell adhesion molecule expression in human umbilical vein endothelial
cells (HUVECs) treated with LPS. HUVECs were incubated for 2 hr after treatment with the fractions of hexane extracts
of S chinensis, and then followed by incubation for 6 hr after treatment with LPS (200 ng/ml). (A) RT-PCR analysis for
gene expression of E-selectin, ICAM-1, VCAM-1 and GAPDH was performed. (B) Results are ratios of E-selectin, ICAM-1
and VCAM-1 mRNA normalized to GAPDH mRNA expressed as means+SD. *p<0.05 compared with the corresponding control
value as determined by t-test.

A F9 AE<Q SCKHIPAIBPB7} HUVECYI A VCAM-1, (Fig. 7).
CP-1, IL-6 B IL-8 F3Ae] W] wX= &35 A6k £ AFAE 9 F7149 A5-E 53 SCKHIPAIBPB
71 A3} SCKHIPAIBPB (25 pg/ml)ol <} o] f# %< £ TNF-a2 A3 HUVECOAM aibstast, VCAM-13
EL} of @A HaHS AU F AATHFig. 6). E-selectin®] & A &3, A Fe} T3 Afo]
3 A A Z 9} ST Aol o] FAHS ZA57] 9 Hiabs a8 9 NFkB AARKIZY] &4 A 5345 e}
aﬂ SCKHIPAIBPB (25 pg/ml)E # 2§ 5 64|70 7345 3] WATH3]. =3 a‘ﬂi A7 AHET BdS o] 8 AFA
< o LPS (200 ng/ml)2 A gsta @39} vk A A 1 SCKHIPAIBPBE & at4S S21A1Z2 #it ofye}l 434
Z5H A7 5 Rl oA ) F2E g8 FE 4 Apol EFFR1S] A, ﬂ& A Ee] AEAL 9 HAFS AT
g A3} LPSel| o] S7Hgh el oA 29} &3 Ato] <] 24 AF Y AEES A FAT T Aol By
35 0] SCKHIPAIBPB A2l ol A @A sHA skl ATH16].
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* . *
’E‘ 160 * 24k 160
:-ag" 140 * = 48h ’—é\ 140 *
;U; 120 5 120
S 100 S 100
b =
g s 1 80
g 60 _§ 60
2 S 40
= 40 =
- : -2 20
20
0 ¢ Control LPS SCKHI1 SCKH7 SCKHS SCKHI10
Control - SCRHL - SCRHT SCKH9 - SCRHI0 Fig. 5. Survival assay of S chinensis hexane extracts on
Fig. 4. Proliferation assay of S. c/unensis extracts on HUVECs. LPS-treated HUVECs. HUVECs were incubated in se-
HUVECs were incubated for 24 hr and 48 hr after treat- rum-free media for 24 hr after treatment with 1 pg/ml
ment with 1 ug/ml LPS and S cfiinensis hexane extracts LPS and 5. chinensis hexane extracts (50 pug/ml). The
(50 pg/ml). The rate of cell proliferation was assayed degree of cell survival was assayed by WST-1 assay.
by WST-1 assay. Data are expressed as the meantSD. Data are expressed as the mean*SD. *p<0.05 com-
*p<0.05 compared with the corresponding control value pared with the corresponding control value as de-
as determined by t-test. termined by t-test.
A Control LPS SCKHIPAIBPB Control LPS SCKHIPAIBPB

VCAM-1 MCP-1

SCKHI1PAIBPB LPS Control Control LPS SCKHIPAIBPB

IL-8

VCAM-1/GAPDH
o
MCP-1/GAPDH

Control LPS SCKHIPAIBPB Control LPS SCKHIPAIBPB

IL-6/GAPDH

IL-8/GAPDH

Control LPS SCKHIPAIBPB Control LPS SCKHIPAIBPB

Fig. 6. The effects of SCKHIPAIBPB (25 ng/ml) from hexane extracts of S. chinensis on VCAM-1, MCP-1, IL-6 and IL-8 expression
in HUVECs treated with LPS. HUVECs were incubated for 2 hr after treatment with SCKHIPAIBPB from hexane extracts
of S. chinensis, and then followed by incubation for 6 hr after treatment with LPS (200 ng/ml). (A) RT-PCR analysis for gene
expression of VCAM-1, MCP-1, IL-6, IL-8 and GAPDH was performed. The density of each band was measured by a scanning
densitometry. (B) Data are expressed as ratios of VCAM-1, MCP-1, IL-6 and IL-8 mRNA normalized to GAPDH mRNA and
then expressed as the meantSD. *p<0.05, ***p<0.001 compared with the values of LPS-treated group as determined by t-test.
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Adherent monocytes number
(1 x 10° cells)

LPS
SCKH1PAIBPB - - &

Fig. 7. The effect of SCKH1PAIBPB (25 ng/ml) from hexane
extracts of S. chinensis on U937 monocyte adhesion in
LPS-stimulated HUVECs. The cells were pretreated with
SCKH1PAIBPB for 2 hr followed by the LPS (200 ng/ml)
for 4 hr. The number of adherent monocytes to HUVECs
was determined by cell counting. Data are expressed as
the mean+SD. ***p<0.001 compared with the values of
LPS-treated group as determined by t-test.
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