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2. QUAZRE FE gado] R MAFAY wol & FEASY vXE dF
QuRtEHE 4883 schisandrin, schisandrin C, gomisin A % gomisin N & 4 &
ol glade] F, a5 9 AF TR ol wA = S RAEGIY. FEA
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A 2AF: AYBHERD F2 € 7 53
1. Hexane, CHClz ¥ MeOH FEE2%H A& &5 &3 2 +F T34

Qu 22 HE hexane¥} CHCL.ZXH-E 1029 lighanS 8 92w, MeOH F&E&E=2
e 7F9 BAe Rt aEed Bde F2EAS 'H-NMR¥ PC-NMRE]
1D NMR¥} Dept-NMR, COSY, HSQC % HMBC %9 2D NMR spectrum, MS spectrum=
ol-gste] EHo T xE FAHSULH

Hexane F&EIA 2% 3870¢] #£8E F SCKH8, SCKH11, SCKH37PAE X ¥|3}e]
silica gel open column chromatographyS AF&3}o] 1.1437 g9 schisandring < #33t
o= g EEV|ES 53U Gomisin AE 261.1 mg, gomisin N2 213.4 mg,
schisandrin C+ 160.9 mg, isoanwulignan< 23.5 mg, angeloylgomisin P+ 5.4 mg,
gomisin J+= 130 mg, gomisin G= 19.1 mg, ¥ gomisin B+ 12.3 mg % dimethylgomisin
J& 44.6 mgs &St MeOHFEEZREE 759 B4& &g ssd, g
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2. QEY FHAYE o] 8% EHol¢ &
Hexane, CHCl3, ¥ MeOH F&=°l g d#olgasE A5 A, hexane FEE°] 7}
=o} hexane F=& 120 g2 Z%¥ open column chromatographyS A3t 3871 <]
TEES Atk 38709 8= dig ddolet SAAT, ol wigh axrt e
o, Aol 2 SCKH29 #+8&5 AdHste &4do] 2 245 Foprle WS S5
X 5
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261.1 At} Gomisin Ax &2 WIAME =2 = AAA
Tt SV A3 oldEHE FUtste], ovxl dolet gl A g AHE
J= Aol

3. LUARRE & YT A2 AT &
= H

F= W mME lignan ¥ A4S Hlashr] fste sAHoRE FES9e AT
hexane FZEA 439 lignan AEo] 25 F=% HbH, hexane ¥ ¥ Y& HES o
8314 =3+ ethyl acetate, chloroform¥} methanol FZFEo| A lignano] AZSE A &t
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ot 47 &wE o] g3dle] A F= Ao+ hexane, CHCls, EtOAc, ¥ MeOH F=%&
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SPARYE FEE NBAY AF BEFTALANA CXCL8S AH} AL BHE7

@Y (Identification of a novel compound that stimulates intracellular calcium
increase and CXCLS8 production in human neutrophils from Schisandra chinensis.
Biochemical and Biophysical Research Communications 379 (2009) 928-.932

T4 1 QVARYTH A=dS FEE 725 Wi Us a-iso-cubebene &=
W3l a-iso-cubebene®| intracellular calcium signaling® CXCL8 A o= =
Aate] Hdxd AdAEA (mmune-modulating agent.) Q.2 A 7]k 7154 A A

Abstract : Schisandra chinensis has been regarded as a useful material in the
preventive or treatment of several human diseases. The study of the
Schisandra chinensis’ molecular identity has been prioritized because it has
been found to regulate cellular responses. Here, we examined the effects from
various extracts of Schisandra chinensis to monitor the relative intracellular
calcium increase in human neutrophils. We i1dentified an active molecule and
structural configuration of a new active compound (a—-iso—cubebene), based on
the discovery of a cubebene backbone using NMR, MS, and CD spectral data.
In terms of its functional aspect, we observed that a-iso—cubebene strongly
stimulated CXCLS8 production in human neutrophils. Also,
a—iso—cubebene-induced CXCL8 production was almost completely inhibited by
the calcium chelator, EGTA, thus highlighting the role of calcium signaling in
the process. Taken together, our results demonstrate that a—-iso—cubebene is a
novel natural compound which stimulates intracellular calcium signaling and
CXCL8 production. As a result, a-iso—cubebene should be useful for the

development of an immune—-modulating agent.

22 HE =8 Wuweizisu Col C6 gliomaA ¥4 membrane potential®]
2~ (Wuweizisu C from Schisandra chinensis decreases membrane potential in
6 glioma cells. Acta Pharmacol Sin 2008 Sep; 29 (9): 1006-012)

QAT . SMARRE F£HEFS wuweizisu C7F membrane potential® [Ca® i
TS A= o3 aykel 73S vkl

Abstract : Aim: To study the effects of dibenzocyclooctadiene lignans isolated

Q N o

Loy

from Schisandra chinensis, such as wuweizisu C, gomisin N, gomisin A, and
schisandrin, on the membrane potential in C6 glioma cells. Methods: The
membrane potential was estimated by measuring the fluorescence change in
DiBAC-loaded glioma cells. Results: Wuweizisu C decreased the membrane
potential in a concentration—-dependent manner. Gomisin N and gomisin A,
however, showed differential modulation and no change was induced by
schisandrin or dimethyl-4,4’dimethoxy—5,6,5'6’dimethylene
dioxybiphenyl-2,2 dicarboxylate, a synthetic drug derived from



dibenzocyclooctadiene lignans. We found no involvement of Gi/o proteins,
phospholipase C, and extracellular Na+ on the wuweizisu C-induced decrease
of the membrane potential. Wuweizisu C by itself did not change the
intracellular Ca2+ [Ca2+ ]i concentration, but decreased the ATP-induced Ca2+
increase in C6 glioma cells. The 4 lignans at all concentrations used in this
study did not induce any effect on cell viability. Furthermore, we found a
similar decrease of the membrane potential by wuweizisu C in PC12 neuronal
cells. Conclusion: Our results suggest that the decrease in the membrane
potential and the modulation of [Ca2+ ]i concentration by wuweizisu C could be

important action mechanisms of wuweizisu C.

QuAREE 483 gomisin N9 hepatic carcinoma®] por—apoptotic¥ 723k
xS AAa}  (Gomisin N isolated from Schisandra chinensis was
significantly induced anti—proliferative and pro—apoptotic effects in the hepatic
carcinoma)

FQ 43} : 1A hepatic carcinoma®] MXEZA I A EAPES fE8)
de] 7hsd AL

ABSTRACT : A lignans isolated from Schrsandriachinensis were generally

rr

A FHE

prescribed in anti—cancer and anti—hepatitis in Chinese medicine. To investigate
the new function of compounds isolated from Schisandria chinensis on therapy
of hepatic carcinoma, the killing ability of lignans were screened with cell
proliferation assay. Especially, Gomisin N showed the high killing ability for
hepatic carcinoma compare with other compounds. Furthermore, cell morphology
and flow cytometry analysis showed that this compounds were only induced the
cell death at high concentration, while did not induce the any change of cell
death at low concentration. In addition, the expression level of Bcl-2 and Bax
protein involving in apoptotic pathway were markedly increased in only 320 uM
treated group compare to vehicle and other treated groups, while the
expression level of pb3 protein remained unchange in this condition. Thus,
these results suggest the possibility that Gomisin N should be considered as
candidate of anti—cancer to inhibit the proliferation of human hepatic carcinoma

and induce apoptosis.
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2o glayd Aldel 93t Ml olFdE Aktl B EA7F Eoldow #o3tS wrETh w

g A=A tgor EA5E gad ALe AEe o]lFS LPA FE&AE A3 A
)

ZATES & A Ao ZE e 2 Aktl AsAG AAVE sG-S wlEs &
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T3t 2 AFHA A= om A= gre] HA 7] o]F el digk @ AES A
7]:=d AFEEFAL QAT ARG AQbete] Qw|zke] g e gk #shA EAE A|Alskaar sf
Aot 2uRlo| A FE3F Gomisin A= WIMEZF EA5 = F5 deodAM s &4 o
2  g3s oA S ¥yt olYygl,  N(G)-nitro-  L-arginine = 1

o
H-[1,2,4]oxadiazol[4,3- alquinoxalin-1-one®. 2 g ste] WIAMEE A ASHS ol
% Gomisin A°] % oEAX o2 S ofPAZAN 1 A WIAEZ EAAHG= ¢F
gt Gomisin Aol o3 thsHe] NOO A4 S7F T=d gl WIAE vEA A,
Gomisin A°ll 9]3F 3 o] ¢+ MLC phosphatase A3 AQ] calyculin Aol Q]‘c‘fﬂ HulskA A
3= A}, T3 phenylephrineo] 2]&] MLC phosphorylation®] S7Fg H] &% Gomisin Aol
o5 A3l ZAasEAT o)y e AyE ule o2 Gomisin AT FEAOE I A X o9&
Ao 7= MLC dephosphorylationg E3lA 3o oS
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=E9 gy ojhe & AbshE A A AAIl L-NAME, sGC A &A1l ODQoll oJal # &l
s, F AdE AsfAIQ tetraethylammoniumel] o&l A si= 2 ekgkr). =3k ownjx} 3l
FZE9o g3 o]t g3 eNOS activation ¥wF ofygl, NO signal pathwayES =34

= AAYS A, A @4t 559 I3 o]¢¥ > MLC phosphatase



A|AR calyculin Aol 93] A s = AATF, MLC kinase A3A1%1 ML-9¢ &JaiA= A 3ls]
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SUMMARY

Subject 1. [Establishment of Mass propagation with seeds and
practical use of lignans for seed germination and
seedling growth

1. Improvement of seed germination via seed dormancy breaking

In effort to elucidate and break the seed dormancy in Omija, the treatment plant
growth regulators (PGRs) was conducted. However, the treatment of PGRs only was
not effective for breaking seed dormancy. Seed dormancy breaking was not successful
with Auxin and Cytokinin, but 1,000 mg/L GA treatment resulted in a low germination
at the rate of 17%. For seed propagation, the seeds were treated in a humid and low
temperature condition. At 30 day treatment, the germination rate was 0%, but highest
at fluctuated temperatures. The germination rate was higher than 75% at 10T for 60
days, which can be practically used. The treatment at 15C following at 5C showed
higher germination than independent treatment of the two temperature, indicating
better effects of alternative temperature treatment for dormancy breaking. GAj
improved the germination rate when treated to the condition showing germination rate
lower than 40%, but no beneficial effect of GAsz treatment was shown from the
condition at low temp of 5C and humid condition which was effective for seed
germination. However, it was considered that the effect of low temperature and humid
condition may vary depending on different levels seed dormancy, maturation,
physiological growth stages. Seeds were germinated during the treatment of low temp.
humid condition. Given that higher better germination was observed from relatively
low 5 and 10T or from successive temp. of 5~15C compared to 15T, it was
considered that seeds may germinate after dormancy break by low temperature.

In order to apply the germination results for the growers, the seeds and fruits were
treated by GAs and buried under the ground. significantly improved germination was
observed from seeding after seed treatment with GAs than fruits, The treatment of
500 mg/L GAj resulted in the best germination, and it's effect was better as the time
of burring was earlier: Burry after December resulted in only 10% germination rate. In
conclusion, germination rate was promoted up to 30% compared to control by
eliminating the epicarp and burying 5~10 cm underground before mid-November after

GAj3 treatment.



2. Effects of lingan extracted from chinensis on seed germination and seedling
growth in several vegetables

The effects of four types of lignan, schisandrin, schisandrin C, gomisin A and
gomisin N extracted from Omija on seed germination of radish, pepper, and lettuce
was investigated. For effect of Schisandrin on pepper seeds, the treatment of 100™™M
showed better germination after 96 hrs compared to control. The treatment of Gomisin
A suppressed the germination at all treatments and the suppressing effects increased
as the concentration increased. However, Gomisin N treatment promoted the
germination at all concentration compared to control. For radish and lettuce seeds, all
treatment facilitated the germination compared to control

The treatment effect on germination at the early germination stage of 48 hr and
108 hr was compared to controls. The germination of pepper seeds treated by 107°
M schisandrin was improved at 48 hr post—treatment(hpt), while it was suppressed at
the concentration lower than 10°° M. For treatment by Schisandrin C and gomisin A,
the seed germination rate tended to decrease as the concentration decreased, while
gomisin N of 107 M suppressed the germination compared to control. The comparison
of the effects on the germination at 184 pth to control showed that the germination of
pepper, lettuce and radish was suppressed by all cases of the treatment. Therefore,
the promoting or suppressing effects of lignans extracted from Omija on plant growth,
1t is considered that this materials has can be developed as a new type of PGR or an
agrichemical of alternative purpose.

The comparison of effects of lignan extracted from Omija on seedling growth of
radish to control showed that the growth of hypocotyl was improved by the treatment
with schisandrin and schisandrin C of 10°° M or lower concentrations. Even though
when gomisin A and gomisin N were treated, the seedling growth was promoted at all
concentrations, but no concentration—dependent effect on the growth was observed.

When schisandrin was treated, fresh weight and dry weight of each plantlet
decreased as the concentration of schisandrin increased while they were significantly
increased by the treatment of a low concentration of 107 M.

By treating schisandrin and gomisin A, fresh and dry weights of radish plantlets
slightly increased at 10 M, but decreased at 10° M or lower concentrations.
Significant suppression effect of Schisandrin C on plant growth was observed at 10°°
M but decreased in order of 107" M and 107° M.

Significantly increase in fresh weight for tomato was observed when the plant was
treated by Schisandrin of 1077 M. For the treatment of gomisin at high concentration
above 10°° M, the fresh welght decreased as the concentration increased, but rather
increased at a low concentration of 107 M. For the treatment of Gomisin N, fresh
weight increased at all concentrations, and at the lower concentrations the better

effects were observed.



3. Analysis of liganan contents depending on plant organs, collection times and
cultivation areas

Two growers in Moongyeong city, a major Omija production areas were selected,
and changes in the contents of four lignans depending on organ collection times were
investigated for the fruit, leaf, stem and root across March to harvest season.
Underground stem had the highest amount of lignan of 10% at its peak season.
Second highest amount was observed from the fruit, for which significant changes in
lignan content occurred depending on the tissue collecting time; the amount between
June, 21 and July 6 was 4% which was two times higher that 2% at the harvest
season. Very low lignan content was detected from leaf, stem, root. Seasonal lignan
contents fluctuated without constant increase or decrease, and unlike the anticipation
for the presence of sink-source relationship, the content in other vegetative organs
increased as the content in the fruit increased.

For lignan contents in different cultivation area, the fruit produced from M area had
the highest content, followed by J, K, and H area. The lignan contents varied among
the different farmers within the same location, and the contents of four lignans was
not identical at a consistant rate but different depending on farmers and locations.
This may be due to the differences in plant genotypes cultivated or climatic

conditions.

Subject 2. Isolation  and elucidation of  structure of pure

compounds

1. Isolation and elucidation of structure from Hexane, CHCls and MeOH extracts

The pure lignans were isolated from hexane, CHCl3 and MeOH extracts of
Schisandra chinensis grown in MunKyoung and their structures were elucidated by
using 'H-NMR, C-NMR, and Dept NMR. The highest vasorelaxation activity was
observed from the hexane extract, and we obtained 38 fractions from 120 g of
hexane extract through open column chromatography on a silica—gel.

Among 38 fractions separated from hexane extracts, SCKH8, SCKH11, and

SCKH37PA were chosen, and 1.1437 g of pure schisandrin, including 261.1 mg of
gomisin A, 213.4 mg of gomisin N, 160.9 mg of schisandrin C, 23.5 mg of
1soanwulignan, 5.4 mg of angeloylgomisin P, 130 mg of gomisin J, 19.1 mg of gomisin
G, 12.3 mg of gomisin B and 44.6 mg of dimethylgomisin J, was obtained by open
column chromatography. We have got 7 pure compounds from MeOH extracts and one

novel compounds of 7 compounds.



2. Development of vasorelaxating compounds using activity—guided fractionation

The 38 fractions demonstrated effectiveness on vasorelaxation activity. Gomisin A
from the fraction SCKHZ29 was designated an indicator's compound of vasorelaxation in
Schisandra chinensis. In both endothelium—-intact and endothelium-denuded vascular
treatment, the effectiveness on vasorelaxation increased as the amounts of gomisin A

increased.

3. Quantitative determination of lignan constituents in organs from Schisandra

chinensis by HPLC

In the comparison of extraction efficiency of two different methods, all four kinds
of lignan were detected from hexane extracts when successive extraction was
employed: no lignan was detected from chloroform, ethyl acetate, or methanol extracts
obtained from the remaining samples derived after hexane extraction. On the other
hand, when directly extracted using each of the solutions, no significantly different
amounts of lignans were observed from hexane, CHCl;, EtOAc, and MeOH extracts. In
both case of successive extraction and direct extraction using each solutions,
schisandrin was obtained in the highest amount, and the amount decreased in the

order of gomisin N, gomisin A, and schisandrin C.

4. Additional Experiments
7}. SCI Printed
(1) Identification of a novel compound that stimulates intracellular calcium increase
and CXCL8 production in human neutrophils from Schisandra chinensis.
Biochemical and Biophysical Research Communications 379 (2009) 928-932
O Abstract : Schisandra chinensis has been regarded as a useful material in the
preventive or treatment of several human diseases. The study of the
Schisandra chinensis’ molecular identity has been prioritized because it has
been found to regulate cellular responses. Here, we examined the effects from
various extracts of Schisandra chinensis to monitor the relative intracellular
calcium increase in human neutrophils. We 1dentified an active molecule and
structural configuration of a new active compound (a—-iso—-cubebene), based on
the discovery of a cubebene backbone using NMR, MS, and CD spectral data.
In terms of its functional aspect, we observed that a-iso—cubebene strongly
stimulated CXCLS8 production in human neutrophils. Also,
a—iso—cubebene-induced CXCLS8 production was almost completely inhibited by
the calcium chelator, EGTA, thus highlighting the role of calcium signaling in

the process. Taken together, our results demonstrate that a—-iso—cubebene is a



novel natural compound which stimulates intracellular calcium signaling and
CXCL8 production. As a result, a-iso—cubebene should be useful for the

development of an immune-modulating agent.

(2) Wuweizisu C from Schisandra chinensis decreases membrane potential in C6
glioma cells. Acta Pharmacol Sin 2008 Sep; 29 (9): 1006-012

O Abstract : Aim: To study the effects of dibenzocyclooctadiene lignans isolated
from Schisandra chinensis, such as wuweizisu C, gomisin N, gomisin A, and
schisandrin, on the membrane potential in C6 glioma cells. Methods: The
membrane potential was estimated by measuring the fluorescence change In
DiBAC-loaded glioma cells. Results: Wuweizisu C decreased the membrane
potential in a concentration—-dependent manner. Gomisin N and gomisin A,
however, showed differential modulation and no change was induced by
schisandrin or dimethyl-4,4’dimethoxy—5,6,5'6’dimethylene
dioxybiphenyl-2,2 dicarboxylate, a synthetic drug derived from
dibenzocyclooctadiene lignans. We found no involvement of Gi/o proteins,
phospholipase C, and extracellular Na+ on the wuweizisu C-induced decrease
of the membrane potential. Wuweizisu C by itself did not change the
intracellular Ca2+ [Ca2+ ]i concentration, but decreased the ATP-induced Ca2+
increase in C6 glioma cells. The 4 lignans at all concentrations used in this
study did not induce any effect on cell viability. Furthermore, we found a
similar decrease of the membrane potential by wuweizisu C in PC12 neuronal
cells. Conclusion: Our results suggest that the decrease in the membrane
potential and the modulation of [Ca2+ ]i concentration by wuweizisu C could be

important action mechanisms of wuweizisu C.

1}, SCI submitted
(1) Gomisin N isolated from Schisandra chinensis was significantly induced
anti—proliferative and pro—-apoptotic effects in the hepatic carcinoma
O ABSTRACT : A lignans isolated from Schisandriachinensis were generally
prescribed in anti—cancer and anti—hepatitis in Chinese medicine. To investigate
the new function of compounds isolated from Schisandria chinensis on therapy
of hepatic carcinoma, the killing ability of lignans were screened with cell
proliferation assay. Especially, Gomisin N showed the high killing ability for
hepatic carcinoma compare with other compounds. Furthermore, cell morphology
and flow cytometry analysis showed that this compounds were only induced the
cell death at high concentration, while did not induce the any change of cell
death at low concentration. In addition, the expression level of Bcl-2 and Bax
protein involving in apoptotic pathway were markedly increased in only 320 uM

treated group compare to vehicle and other treated groups, while the



expression level of pb3 protein remained unchange in this condition. Thus,
these results suggest the possibility that Gomisin N should be considered as
candidate of anti—cancer to inhibit the proliferation of human hepatic carcinoma

and induce apoptosis.

(2) The effect of pure compound from Omija on anti-arteriosclerosis
O The activity evaluation of a new compound extracted from Omija including
lignans indicated that the gene expression for major adhesion molecules like
VCAM-1 and E-selectin and inflammatory sytokines like IL-6 and IL-8 could
be reduced by SCKHIPAIBPB which has been isolated from SCKHI1PA for the
first time. In addition, our results suggested an evidence that the new
compound significantly suppressed the expression of VCAM-1 gene and protein
which has been known as the most important intermediate in the pathogenesis
of atherosclerosis. SCKH1PAIBPB also reduced the adhesion property between
Human umbilical vein endothelial cells (HUVECs) and single nucleic cell.
Gomisin N, gomisin J, SCKH7, SCKHY9 promoted the propagation of blood cells
in veins, and SCKH7 and SCKH9 promoted the survival of HUVECs. Among the
omija hexane extracts, SCKH10, SCKH19 and SCKHI1PA suppressed the gene
expression of E-selectin in HUVECs stimulated by LPS. SCKH19, SCKHI1PA,
SCKH7, SCKH9, SCKHI13 and SCKH17 down regulated the expression of
ICAM-1 and SCKHI1PA suppressed the expression of VCAM-1. SCKHI1P
reduced the expression of MCP-1, IL-6 and IL-8 in addition to the adhesion

between HUVECs and single—nuclear cell.

t}. Research papers in preparation for SCI journal publication
(1) Antihepatitis effect of Gomisin A on acute hepatitis in rat induced by CCly
O No significant difference in weight of the tested rats and no affect on kidney,
heart, and lung was detected. However, for liver, the weight significantly
increased from the simultaneous treatment of Gomisin A and CCls. Anatomical
analysis was performed for the observation of cellular changes in liver tissue.
Clear destruction of tissue cells was observed from CCly group, while cell
demage was distinctly reduced in Gomisin A treated group. In addition, from
index test for liver tissue function, it was evident that ALP, AST, ALT
increased by CCl; and then significantly reduced by Gomisin A. The effect of
Gomisin A on signal transduction in liver tissue was evaluated based on the
changes in MPK kinase—-mediated transduction protein. The phospolyration of
ERK, JNK, p38 protein was significantly reduced, but recovered by Gomisin A.
In conclusion, our results indicated that Gomisin A has influenced the recovery
of liver from hapatitis induced by CCls, and the cellular signal transduction

pathway of MAP kinase was associated with this effect.



(2) Induction of G1 arrest and apoptosis by schisandrin C in human leukemia U937
cells

O Main results @ Growth suppression and morphological changes of human
leukemic cells (U937 cells) by Schisandrin C was closely related to the
induction of apoptosis. The induced apoptosis involved the changes in the gene
expression of cell death signal receptors, Bcl-2 family and IAP family and
subsequent changes in caspase-3 activation and internucleosome DNA
fragmentation of substrate proteins. Our experimental outcomes might provide
fundamental information for the study in schisandrin C-associated biochemical

mechanism of anticancer.

(3) Increase of melanin synthesis and suppression on tyrosinase activation by
YSCM12007 extracted from Omija

O Main results : From melanin synthesis and its effect on the suppression of
tyrosinase activity, MeOH extracts from Omija with a strong activity were
identified. Further study 1s under the process that i1s needed to the
development of whiting sources from the substances after the elucidation of
biochemical mechanism.

(4) Activity test and elucidation of the mechanism using HTS

O Omija has been used for cure of the major diseases including cancer and
hepatitis. This study was conducted to find out the effects of lignan isolated
from Omija and pure compounds isolated from MeOH extracts on the
suppression of expression of inducible NO synthase (NOS) in RAW264.7 cells.
Western blotting results demonstrated that the extracted substances suppressed
transcription of INOS and generation of NO in RAW 264.7 cell line. The most
important discovery from our study was the fact that YSCH12003 clearly
suppressed the expression of INOS. In conclusion, the new compound identified
in this study, YSCH12003 suppressed the generation of nitrogen monoxide via
the suppression of the gene expression of iINOS by interaction with RAW 264.7
cells. Pre-clinical demonstration in order to develop the compound YSCH12003

as a new natural drug must be conducted.

Subject 3. Development of functional foods

Various drying and extraction process were compared to determine optimal prime
process of Schizandra fruit (Schizandra chinensis fructus).

It were dried by three drying processes, 50T (50HAD), 70C hot air (70HAD) and

freeze drying process (FRD), and extracted by three processes, such as hot water(8



5T), water extraction and vinegar added water extraction, and then compared each
terpene content and color, respectively. Terpenoid  were collected by
SDE(Simultaneous Steam Ditillation—-Extraction) and followed by GC-MSD analysis.
Also colour profile of each dried samples were measured by Hunter colorimeter.
From fresh schizandra fruit, were detected 15 kinds of monoterpene, 28 kinds of
sesquiterpene and 7 kinds of terpene alcohol. The dried samples lost more than half
of terpenoid content of fresh schizandra fruit at early time of drying process.

The residual content of terpene alcohols by FRD was more than by any other
process, but that by 70HAD were less than. Brightness parameter L.° decreased with
increasing drying temperature, so resulted in FRD, 50HAD and 70HAD, in high order,
and redness parameter a’ and yellowness b° showed similar trend to parameter L.
Therefor, 5OHAD was considered to be most optimal drying process.

The content of terpene was highest in extracts by hot water process, but browning
was also highest in the processt. vinegar added water process had more terpene
content than water process and less browning change than hot water process, so it
was considered to be most optimal extraction process.

The 5 experimental goods produced from schizandra fruit, such as schizandra
beverage, schizandra wine, brandy, vinegar and schizandrin rich capsule. schizandra
beverage, schizandra wine and vinegar can be manufactured immediately by real
industry, but production of brandy with optimal alcohol content need continuous
multi—steps still and the process of schizandrin rich capsule remained capsule filling

process.

Subject 4. Evaluation of Pharmacological Activities

Our group has investigated several pure compounds or partially purified compounds
on migration, proliferation, apoptosis, reactive oxygen species (ROS) generation, and
vascular relaxation/contraction in various cell lines. As results, we have identified
physiological activities of several pure or partially purified compounds on cell
migration, ROS generation, vascular relaxation/contraction as well as their signaling
mechanism of action. Based on these results, we have published several research
papers, applied or registered patents by which stimulates researches in medical
science as well as industrial bassis for the development of immunomodulatory drugs,

anti—hypertensive drugs, and wound healing drugs.

1. Gomisin A from Schizandra chinensis induces endothelium-dependent and direct
relaxation in rat thoracic aorta
Schizandra chinensis (SC) fruit has long been used to promote the vascular health

of postmenopausal women in Korea. To provide a scientific rationale for such uses,



this study investigated the vasoactive effects of gomisin A (GA) from SC fruit on the
rat thoracic aorta. GA (10°M - 3 X 10™*M) caused a concentration-dependent
relaxation in endothelium—-intact rings precontracted with phenylephrine (107> M). By
removal of endothelium, the effect was not abolished but reduced significantly.
N®-nitro-L-argininemethylester(10™*M), 1H-[1,2,4]oxadiazolo[4,3-a]quinoxaline-1-one
(3 X 107°M) significantly attenuated the vasodilatory effect of GA, but indomethacin
(10°M) and tetraethylammonium (10™°M) did not influence the vascular effect of GA.
Direct measurement of nitrite, the metabolite of nitric oxide, confirmed that nitric
oxide production in isolated aorta was increased by GA in a concentration—-dependent
manner. In the endothelium-denuded specimens, the relaxation by GA were clearly
inhibited by calyculin A (3.6 X 107°M), an inhibitor of MLC phosphatase. Based on
these results, it 1s suggested that GA induced vascular relaxation through partially
activation of endothelium-dependent nitric oxide pathway, and partially MLC

dephosphorylation via activating MLC phosphatase.

2. Endothelium-dependent and direct relaxation induced by hexane extract of

Schisandra chinensis in rat thoracic aorta

Schisandra chinensis (SC) has long been used to promote the vascular health for
postmenopausal women in Korea. To provide a scientific rationale for such uses, this
study investigated the vascular effects of hexane extract (HE) from SC. In the
endothelium (ED)-intact rings of rat thoracic aorta, HE (50 — 1000 pg/ml) caused a
concentration—dependent relaxation in isolated vessel rings that had been
precontracted by phenylephrine (10 M). The HE-induced vasorelaxation was
markedly attenuated not only by removal of endothelium but also by pretreatment with
NY-nitro-L-argininemethylester (107*'M) or 1H-[1,2,4]
oxadiazolo[4,3-alquinoxaline-1-one (3x107°M). Direct measurement of nitrite, the
metabolite of nitric oxide (NO), confirmed that NO production in isolated aorta was
increased by HE in a concentration-dependent manner. Furthermore, HE induced an
NO-liberation from  human  coronary  endothelial cells as measured by
diaminofluorescein. In the ED-denuded specimens, the relaxation by HE was not
abolished but reduced significantly. The relaxation by HE in ED-denuded aortic rings
were clearly inhibited by calyculin A (3.6 X 10®M), an inhibitor of MLC phosphatase.
Based on these results, it i1s concluded that HE induced vascular relaxation through
partially activation of ED-dependent NO pathway, and partially MLC dephosphorylation
via activating MLC phosphatase.
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Table 1. Effect of GA3, BAP, Kinetin, IAA and NAA concentration on % germination
of Schisandra chinensis Bay after month. Seeds were harvested September 15 2006

and then they were germinated at Jan. 15 2007.

Concentration Plant growth regulators

(mg/0) GA3 BAP Kinetin IAA NAA

0 0.0” 0.0 0.0 0.0 0.0

25 0.0 0.0 0.0 0.0 0.0

50 0.0 0.0 0.0 0.0 0.0

100 0.0 0.0 0.0 0.0 0.0

250 0.0 0.0 0.0 0.0 0.0

500 6.3 = 2.1 0.0 0.0 0.0 0.0

1,000 176 + 1.7 0.0 0.0 0.0 0.0

“Data represent means = SEM from 3 replications.

@ ALEs Aeldl AF FA FH et
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017 flate] ALLEALE & A3 Table 2004 wi visl ek ALH5EAY 15474
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Table 2. Effect of prechilling days and temperature (C) on % germination of
Schisandra chinensis Ban after 1 month. Seeds were harvested September 15 2006

and then they were germinated at March. 1 2007.
Prechilling added dH20O

Germination (%)

Days after prechilling Temperature (C)

0 0 0.0 + 0.07
5 0 0.0 £ 0.0
5 0.0 £ 0.0

10 0.0 £ 0.0

15 0.0 £ 0.0

5~15 0.0 £ 0.0

10 0 0.0 £ 0.0
5 0.0 £ 0.0

10 0.0 £ 0.0

15 0.0 £ 0.0

5~15 0.0 £ 0.0

15 0 0.0 £ 0.0
5 0.0 £ 0.0

10 0.0 £ 0.0

15 0.0 £ 0.0

5~15 0.0 £ 0.0

30 0 0.0 £ 0.0
5 2.7 £ 1.2

10 6.7 £ 14

15 8.7 £ 1.3

5~15 4.0 £ 0.0

45 0 0.0 £ 0.0
5 10.0 £ 3.5

10 18.7 £ 2.3

15 6.7 £ 2.3

5~15 25.3 £ 5.8

60 0 0.0 £ 0.0
5 38.7 £ 3.0

10 76.7 £ 3.1

15 10.7 £ 1.2

5~15 48.0 £ 8.4

“Data represent means = SEM from 3 replications.
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Table 3. Effect of prechilling days, temperature (C) and GAj after prechilling on %
germination of Schisandra chinensis Ban after 1 month. Seeds were harvested
September 1 2006 and then they were germinated at May 7 2007.

Prechilling added dH20O

Concentration of

Germination (%)

Days after prechilling Temperature (C) GAs (mg/L)

30 0 0 0.0 = 0.0
5 0 40 £1.0

10 0 8.3 £ 1.5

15 0 40 £ 1.7

5~15 0 9.0 £ 1.0

0 1000 1.0 £ 1.0

5 1000 7.0 £ 1.7

10 1000 11.0 £ 2.6

15 1000 6.0 £ 1.0

5~15 1000 10.3 £ 0.6

60 0 0 0.0 £ 0.0
5 0 83.3 + 3.5

10 0 48.3 £ 1.5

15 0 1.7 £ 0.6

5~15 0 38.3 £ 2.5

0 1000 0.0 £ 0.0

5 1000 81.7 £ 2.5

10 1000 46.3 £ 4.2

15 1000 0.0 £ 0.0

5~15 1000 53.3 + 4

90 0 0 0.0 £ 0.0
5 0 85.0 £ 3.6

10 0 38.3 £ 2.9

15 0 0.0 £ 0.0

5~15 0 20.0 £ 2.0

0 1000 0.0 £ 0.0

5 1000 85.0 £ 5.0

10 1000 50.3 + 3.5

15 1000 1.7 £ 1.2

5~15 1000 33.3 £ 2.9

“Data represent means £ SEM from 3 replications.
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Table 4. Effect of prechilling temperature (C) on % germination of Schisandra
chinensis Ban after 2 and 3 months. Seeds were harvested September 15 2006 and
then they were germinated at May 7 2007.

Germination (%) after prechilling

Prechilling temperature added dH.O (C)

60 days 90 days
0 0.0 £ 0.0 0.0 £ 0.0
5 0.0 £ 0.0 29.2 £ 3.0
10 16.5 £ 3.0 316 £ 2.2
15 0.0 £ 0.0 58 + 3.5
5~15 17.6 £ 3.5 38.3 £ 12.2

Data represent means = SEM from 3 replications.
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Seeds were buried at
November 19 December 6.
A Depth from soil surface
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Fig. 1. Effects of buried date and GA3 on seed germination. Seeds were buried 2 cm,
5, cm, and 10 cm depth from soil surface in November 19, December 6 in 2008, and

January 18 in 2009. Seeds germination was measured at April 4 2009.
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Fig. 2. Effect of lignans on seed germination of pepper (A), Lettuce (B),
and radish (C) and tomato (N). Seeds were immerged each concentrations
for 1 hours.
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and radish (C). Values are presented as percentage differences from
control. Seeds germination were measured at 48 or 108 hours.
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Fig. 4. Effect of lignans on seed germination of pepper (A), Lettuce (B),
and radish (C). Values are presented as percentage differences from

control. Seeds germination were measured at 184 hours.
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Fig. 5. Effect of lignans on hypocotyl growth of radish. Values are

presented as growth differences from control.
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Fig. 9. Effect of lignans on hypocotyl growth of lettuce. Values are

presented as growth differences from control.
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Fig. 10. Effect of lignans on cotyledon growth of lettuce. Values are

presented as growth differences from control.
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Fig. 11. Effect of lignans on leaf growth of lettuce. Values are presented

as growth differences from control.
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Fig. 13. Effect of lignans on total growth of lettuce. Values are presented
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Fig. 14. Effect of lignans on hypocotyl growth of tomato. Values are

presented as growth differences from control.
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Fig. 15. Effect of lignans on root growth of tomato. Values are presented

as growth differences from control.
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G v G AR ¥ ZAARE ARSI sl 2Alv hdE A 0.5 g
o] MaE FAAHEFS 9siA 100% Wee &vf 2.5 mlS o] &3le] 222] sonicatorolA] 1
AR 33 FEskqch A4zbe] FEFES 3,000 rpm o2 107 AR st 4 s 10.0
mlE ok Aol oS 102 34 & g 778 AlRE ARG 247171

o

HPLCE ©o]&3F o, Agilent (Agilent, USA), AHS Cis-Luna ((Phenomenex, 150 X
4.6 mm ILD.; 5 um particle size), ©]&7< Acetonitrile: Methanol& gradient, +< 1.0
ml/min, #%&7] UV 215 nm, A& EE 0.05 AUFS?] ZHoz B39, FAME 2oy
T Had S+

A F-2 schisandrin, schisandrin C, gomiain A % gomisin N &

X a9,

Table 5. Operational conditions of HPLC for analysis of lignans of Schrsandra

chinensis.
Instrument HPLC (Agilent, USA)
Column Cig—Luna
Mobile phase Acetonitrile : Methanol gradient
Flow rate 1.0 ml/min
Detection UV 215 nm
Sensitivity 0.05AUFS

(2) Ak R 7]7]

TLC platex= Kiesegel 60Fgs, precoated plate (Merk)E AM&31$ T Ada2ntE 189

4 silica gel Kisselgel 60 (70-230 mesh, Merk)S A3t Aok g EF ==
19 AloFS AbEsE9i o, HPLCEv+= HPLC grade (Fisher)& AMg3}it). gl avde] B+
A 14ol A g stSitt.
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Lignans affected by sex in flower and farmers. Harvested at April 24, 2008.
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Fig. 20. Lignans concentration (%) affected by female, male and farms.
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e Ay vy e dlad e sAE el woken, v I
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Lignans affected by fertilization and farmers. Harvested at April 24, 2008.
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Fig. 21. Lignans concentration (%) affected by fertilized and non-fertilized fruits.
Fruits were harvested at April 24, 2008.
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Fig. 22. Seasonal changes in lignans from leaves of Schisandra chinensis.
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Fig. 23. Seasonal changes in lignans from shoots of Schisandra chinensis.
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Fig. 24. Seasonal changes in lignans from shoots of Schisandra chinensis.
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Fig. 25. Seasonal changes in lignans from fruits of Schrsandra chinensis.
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Fig. 26. Seasonal changes in lignans from subterranean stem of

Schisandra chinensis.
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7} %999 schisandrin, schisandrin C, gomisin A ¥ gomisin N % 4 279 ga1d I
Fe 100%= 7Hgsid S well 2 Ao ExtelE Hlawgk A3} (Table 5), schisandrint
schisandrin C¢] g2 A 97be] A9 Afol7h I o, gomisin A9 gomisin N& A9
wefa] ZhzE oF £ 6%9] ZFol7h AU

Table 5. Effect of collected location on schisandrin, gomisin A, gomisin
N, and schisandrin C. Fruits were collected at September 20 2008.

Collected . . . .. ) )
] Schisandrin Gomisin A Gomisin N Schisandrin C
location

JJ 45.2 15.8 39.6 10.4
BB 45.6 13.6 371 13.5
MA 44 .4 17.2 37.6 12.1
Mean 45.40 14.70 38.35 11.95
KK 46.3 11.6 38.4 13.4
KB1 46 .1 18.2 36.2 10.6
KB2 46.7 12.8 40.0 10.8
Mean 46.20 14.90 37.30 12.00
HJ 51.0 27.2 27 1 6.8
HS 46.7 17.0 33.5 13.0
HO 44.9 16.5 37.0 12.1
Mean 48.85 22.10 30.30 9.90
NF 43.0 16.1 41.2 10.8
KU 50.4 12.5 39.0 8.4
CF 48.6 16.5 34.9 10.7
Sk 47.3 20.2 34.7 9.4
Mean 47.33 15.03 38.37 9.97
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Lo A Awistar Fate] Qg enat RAS AR o AR & W Y &
W2 EF T AdF9 hexane, chloroform, methylene chloride, methanol, 2 acetone
5= AHESESITH HPLCE Al¢Fe 2+ HPLC grade & ethyl acetate, acetone, chloroform,
methylene chloride, methanol, waterE A}&3}3it}t. =29 $£=F#g]= open column
chromatography S AF&3F3 2™ thin layer chromatography (TLC): TLC silica gel 60
Foss (20 X 20 cm), Merk A|#FE& A&t enat=2HE &g @ =42 245 9%
NMR solvent 8" 2+ chloroform-d ¢ methanol-d4& A}-&3}1t}.

i

@ 71 7
wF R agEd

TXEALS 93 NMRS 500 MHz FT-NMR spectrometer (Verian,
Inova 500)% &A3}3}.

LAANA TR dxg enx}t (Fig. 33) HAS AdHste] 712 st 5etztEe
230l A 5 &S 3eAAA Almet Z AolA EE5°] = the 2417 &<t sonication
S A7 T AEN S5 vacuum pump=S ARE3Fe] Whatman no. 2 filter paper® o33}
=3
ojo} & W og 33 HbE 3} hexane FEE 308 g5 YT}t Hexanel® FE3}
I g FoEl chloroforme 3¢ ¥ U hexane F& WHI £ Wyoz 33 wHy
FZ3}e] chloroform F=% 14 g& 9A oW, chloroform F% & @& o] &Eo] T thA] 3
09] methanol® 33] HHE FZ3}o] 1,368 g2 methanol FEE2 AUt}

omAE Ao g FE3 EZQ hexane &% (SCKH), chloroform F&% (SCKOQ),
2 methanol &% (SCKM)Z #7331 om (Fig. 33), 249 8 &A= Ag &40 =
2> T ERH AYgste #eskelt.

EﬂHﬂ
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Fig. 32. A photographic image of Schrsandra chinensis Bay.

Schisanadra chinensis

Extract Hexane (> 3)

Sonication for 120 min

— —__“ﬂ-h_hﬁ\
Hexane ext ( Hexane \1
(308 g) . /
Extract CHCl; (x 3) . Residue 7~
Sonication for 120 min
— —__“ﬂ-hx
CHCl, ext ( chcl,
(14 g) . /
- Reside
Extract tdeCOH (< 3
Sonication for 120 min
MeOH ext
(1.368g)

Fig. 33. Extraction scheme with hexane, chloroform, and methanol extracts from

Schisandra chinensis.

(5) Hexane FEEZRE ad A& ¢F £
QUARZRE £ApHo R A& SCKH, SCKC, ¥ SCKM FZ%Eo| th3t datolgt
% FAS =AH3 A3, FAlo] =AW hexane FEES 105 X 10 cm ZHo] 3043 g9
silica gel & hexane &wjol|l 41 ths F3 AFh 3 A2 29 45 589 hexane F
== (SCKH) 120 g& ¥ v} 100% hexane, hexane : EtOAc (18:2), hexane : EtOAc
(16:4), CHCl3 : MeOH (19:1D)E &vije] SAS FolHA TAF oz FEsto] 38719 4
o ¥0on, SCKH1 ~ SCKH38% &#3&l3th Hexane =& =55 7d 38719 &9
S Adste] AEEd AFE sklon, ol G50 w2 +8d dste] &4 w2 &
S R ST Yok g Ho R fujE Ao £xpHoR FEste] dojd =
THAEE A7) fske] TLCol AN tfg 12 A5 &4id 4 g
A" TLCY 228 #lshr] 918t @abg (254 nm)@ A9 (365 nm)S FAlol &
s 4= A+ UV-lamp= 213t} (Fig. 34).

¥

o 0o m o
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‘ 2 _0Oka, Schisandra chinensisfruits ‘

| Hexane. Chloroform. Methanol

4100 crc o SO ot
H-EtOAc

CHCIl:—MeOH

| Fra 1 | | Fra3| | Fra5| | Fra?| | Fra9| |Fra13 |Fra15 |Fra1? |Fra19 |Fra21 |

Fra 2 |Fra10 | | Fra 12 |
Fra4 Fra6 Fras |Fra14| |Fra16| |Fra18| |Fra20||Fra22|
ra

100 % CH.CIl, | | | | | Fra 31 | Fra 27 | | Fra 25 | | Fra 23 |

Fra 11

| Fra 38 | |Fra36 | | Fra 34 | |Fra32 | |Fra30 | | Fra 28 | |Fra26 | | Fra24|
SchisandrinC | | Fra 37 | | Fra 35 | | Fra 33 |
Fra 29
(160.9mg)
CH,CL-A
H—-CHCIl;—eOH CHCI;—A

CHCIL—A
) Schisandrin I
Gomisin N €1.14379) Gomisin A
(213.4mga) ) | (261.1ma)

Fig. 34. Isolation scheme of pure lignans with hexane, chloroform, and methanol
solvents from Schisandra chinensis.

(7} Schisandrin® <=4 #¢

Hexane F&& (120 9& TA4°o=2 FE3lo A& 38719 +8&E <+ SCKH37PA
(2,5701 g)< open columnoﬂ silica gelS %13} me thylene chloride®} acetones =33tk
SME SHEWEA F 7Y £¥Es dun £9E 288 KH37PAIA ~ KH37PAPG=Z

BEslgon o & 1, 1437 g (KH37PAPE)9] 4% ‘% B35ttt (Fig. 35, 36).

| 120g Hexane extract ‘

| H, H-EtOAc, CHCl3-MeOH
38JH 2] fractions

(SCKH1~SCKH38)

SCKH37PA
(2.5701g)

‘ CHClp — A

‘ KH37P AlA ‘ ‘ KH37PAIB ‘ ‘ KH37PAIC | ‘ KH37PAID ‘ KH37PAPE ‘ KH37PAIPF H KH37PAIPG ‘
(1.14379)

|

Schisandrin &2l

Fig. 35. Isolation scheme of schisandrin with  hexane, ethyl acetate,

chloroform, methylene chloride, and methanol solvents from Schisandra chinensis.
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Fig. 36. Schematic representation of TLC separation of schisandrin with methylene
chloride and acetone (CH3Cl2:A=19:1) from Schisandra chinensis.

(1}) Schisandrin C2| &5 #

Hexane FZEEA &€ 38709 #&& T &7F¥ SCKH8¢ #8= 1,5794 g& 100%
methylene chlorideE ©o]&4 8w ZHAO=E 39 open columnel silica gels F%13}¢]
1,5794 g¢ =4S loading 331 3 EElEs Fds] s TLCE A7fste] 2170
o BIES BFsIgon, 747t £EEES KHBIA ~ KHITZ F&3k3ith o] % KD8ID
(317.3 mg)ZE silica gele] 2% open column®] loadingdted 100% methylene chlorideZ
SR AN AL 28-S TLCE A8t UV-lamp® & 3Rlste] vl=shA v &4
S OFoE YUFdn Egd EIE F 160.9 mg (KHSIDPC)2l &9 =7 33t
(Fig. 37, 38).

o
o
o

Fig. 37. Schematic representation of TLC separation of schisandrin C with methylene
chloride (CH2Cly) from Schisandra chinensis.
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120g. Hexane extract
‘ H, H-EtOAc, CHClz—MMeOH

382H 2| fractions
(SCKH1~SCKH38)

SCKH8
(1.57949g)

CHoCly 100%

|

| KHSIA | | KHSIC | | KHSIE | | KHBIG | | KHaII | KHBIK | |KH81M| | KHBIO | |KH8IQ | | KHBIS | | KH8IU |
KHBIB KHSID | KHBIF | | KH8IH | | KHB8LI | | KHBIL | | KHBIN | | KH8IP | | KHBIR | | KH8IT |
(317.3ma)

| CHaClp 100%

[ [ [ I
| KHBIDIA | | KHBIDIB | KHSIDPC KHS8IDID

(160.9mg) [ Schisandrin C 22| ]

Fig. 38. Isolation scheme of schisandrin C with hexane, ethyl acetate, methylene

chloride, and methanol from Schisandra chinensis.

(th Gomisin N ¢] <==5¢]

Hexane F&& < 34758 g¢ SCKHI1 #¥I&& 14
chromatography®l] hexane : CHClz . MeOH (15:5:0.02)2] &}
o] Fig. 894 K+ nie} 2 Aits “oiotﬁ TLC® UV-lamp<] &<l
ATt 5749 BIE FolH BPErt & KHIIA (404.5 mg)o] 2
X% open column®)| loading 3 & CHC13 . acetone (19:1) €W =
sitg slEd, 8719 £E FollA 2134 mg (KHI1IAPB)9 EH& +=4EE
(Fig. 39, 40).

il
-

Fig. 39. Schematic representaion of TLC separation of gomisin N with chloroform, and

acetone (CHCI3:A=19:1) from Schisandra chinensis.
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| 120g9. Hexane extract

H. H-EtO ac, CHClz—h=OH
382H 2] fractions

select F (SCKH1~SCKH38)

SCKH11
(3.2758g)
H — CHCI; — MeOH

KH111A | KH11IB | | KH111C | | KH11ID | | KH11IE |
(404 .5mg)
[ cHCl A
| | | [ | | | |
KH111AIA | KH111AIC || KH111AID || KH111AIE || KH111AIF || KH11IAIG || KH111AIH
KH111APB

{213 a4mg)

Gomisin N =2

Fig. 40. Isolation scheme of gomisin N with hexane, ethyl acetate, chloroform, and

methanol solvents from Schisandra chienesis.
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1) VA JAHAZRY F2
T AA sRAAA R enA} A S AEste] 272 s skt s 7
Al 2 kg ZHE hexane =& 308 g (KH), chloroform %% (KC), 14 g % methanol

FEE (KM), 1,368 g2 MeOHZS it

£ 2Ed 24 F on g8 E8e 'H-NMR, "C-NMR % Dept-NMRZA] 1 7%
gl

il

_OL
32
o

Qv ¥}4S hexane FEEZHEH EII F8 ﬂ?}%% gomisin A, gomisin N,
schisandrin % schisandrin C@&dl, o] 4579 Z24& "C-NMR =¥ EoA 127)9]
aromatic carbon, methylene dioxy group, methoxy, 27%] methyl”] 2 aliphatic ¥4 =
T4 ¥ dibenzocyclooctadiene®] 7]¥ =275 717 lignanA| 3}5HEo]Ath (Table 6).

Table 6. C NMR (125 MHz, CDCl;) chemical shifts of lignans isolated from the
fruits of Schisandra chinensis BayL.

Carbon No Schisandrin Schisandrin C Gomisin N Gomisin A
1 151.9 141.3 151.7 152.1
2 140.8 134.8 140.2 140.8
3 152.3 147.7 151.6 152.3
4 110.5 106.1 110.7 110.4
5 131.8 132.6 134.1 132.1
6 40.9 38.9 39.2 40.6
7 71.0 33.7 33.6 71.7
3 41.8 40.8 40.8 42.1
9 34.4 35.4 35.6 33.8
10 133.8 138.2 137.8 132.5
11 110.1 103.1 102.9 105.9
12 152.0 148.7 148.7 147.9
13 140.3 134.4 134.6 135.0
14 151.6 141.1 141.6 141.3
15 122.8 121.1 121.4 121.9
16 124.2 122.3 123.4 124.2
17 15.9 21.7 21.5 15.8
18 29.7 12.7 12.9 30.1
C-1,14 60.5(<2) 59.6(x2) 60.5, 59.6 60.6, 59.6
OCHs C-2,13 60.9(x2) 61.0 61.0
C-3,12 56.0(x2) 55.9 56.0
OCH20 100.6(X2) 100.7 100.8
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(7B Schisandrin®] +% &4

Schisandrin& FAe] g Z(ether-n-hexane), BA2AL CoHs07, [a]®?y S 88.7°
(in CHClpS yehigieh, =3 'H3} C NMR data ¥4 Z3 "C-NMR spectrumel A
151.9 (C-1), 140.8 (C-2), 152.3 (C-3), 110.5 (C-4), 131.8 (C-5), 40.9 (C-6), 71.0
(C-7), 41.8 (C-8), 34.4 (C-9), 133.8 (C-10), 110.1 (C-11), 152.0 (C-12), 140.3
(C-13), 151.6 (C-14), 122.8 (C-15), 124.2 (C-16), 15.9 (C-17), 29.7 (C-18), 60.5(X2)
(C-1, 14), 60.9(x2) (C-2, 13), 56.0(x2) (C-3, 129 247 C= FA44
dibenzocyclooctadiene ¢ T%E 7} schisandrin'® Yoz 3%t} (Fig. 41, 42, 4337}
Table 7).

OCH,

Fig. 41. Structure of schisandrin isolated from Schisandra chinensis and identified by
'"H NMR, ""C NMR, and Dept NMR.

Fig. 42. '"H NMR spectrum (500 MHz, CDCl3) of schisandrin from Schisandra chinensis.
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Fig. 43. C NMR spectrum (125 MHz, CDCl3) of schisandrin from Schisandra

chinensis.

"H NMR of schisandrin (500 MHz in BC NMR of schisandrin (500 MHz in
CDCl3) CDCl,)

Dept 135 of schisandrin (125 MHz in
CDCl3)

Fig. 44. '"H NMR (500 MHz, CDCly), ""C NMR (125 MHz, CDCl3) and Dept NMR (125

MHz, CDCl3) spectrum of schisandrin from Schisandra chinensis.
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Table 7. ®C NMR (125 MHz, CDCls) and 'H NMR (500 MHz, CDCls) chemical
shifts of schisandrin isolated from the fruits of Schisandra chinensis Bami.

Carbon No. 5c S
1 151.9
2 140.8’
3 152.3
4 110.5 6.60, s
5 131.8
6a-H: 2.70 d, (14)
6 40.9 6B8-H: 2.32 d, (14)
7 71.0 1.86, (OH)
8 41.8 1.80 m, (H)
9a-H: 2.33 dd, (14/7)
) 344 0B-H: 2.68 dd. (14/2)
10 133.8
11 110.1 6.53, s
12 152.0
13 140.3
14 151.6
15 122.8
16 124.2
17 15.9 0.82 d, (7)
18 29.7 1.25 s
C-1, 14 60.5(x 2) 3.59(x 2)
OCHs C-2, 13 60.9(x 2) 3.90(x 2)
C-3, 12 56.00< 2) 3.92(x 2)
OCH;0 -

(\}) Schisandrin C9 +% &4

Schisandrinc CE= Wuweizisu C8lx E@]7]1% &1 B2 CooHuOs [a]¥pE -58.8
(CHCI)ol vt (Fig. 45).

Schisandrin C9] C-NMR spectrum™= 6&c: 141.3 (C-1), 134.8 (C-2), 147.7 (C-3),
106.1 (C-4), 132.6 (C-5), 38.9 (C-6), 33.7 (C-7), 40.8 (C-8), 35.4 (C-9), 138.2
(C-10), 103.1 (C-11), 148.7 (C-12), 134.4 (C-13), 141.1, (C-14), 121.1 (C-15), 122.3
(C-16), 21.7 (C-17), 12.7 (C-18), 59.6(x2) (C-1, 14), 100.6(x2) (C-12, 13)¢] 227}¢]
B4 o]Folx gloemn schisandrin Co 'H-NMR dataZ £43 A3}, wld7]o] F 71
methylenedioxy”] [6c 5.97, d, 2H , 6c 5.95, d, 2H]I, 2709 methoxyl”][6c 3.86, s, 3H,
6c 3.85, s, 3HI7} lem, cyclooctadiene ringol 27H¢] methyl”], [6c 0.98, d, 3H, &c
0.74, d, 3H], 270¢] benzylic methylene”] [8c 2.56, m, 6a-H, §c 2.48, m, 6B-H, &c
2.26, m, 9a-H, 2.02, d, 93-H 1& 7}1X3 Yt} lkeya 5 (1982)59 wze 'Hi °C
NMR %2 IR ~¥E&S vl 3 A7} schisandrin C*¥ 2 =}t (Fig. 16, 17, 18, 197}
Table 8).
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HsCoO

HsCoO

(o}

L
e

Fig. 45. Structure of schisandrin C isolated from Schisandra chinensis and identified

by 'H NMR, C NMR, and Dept NMR.

Fig. 46. 'H NMR spectrum (500 MHz, CDCls) of schisandrin C from Schisandra

chinensis.

Fig. 47. C NMR spectrum (125 MHz, CDCl3) of schisandrin C from Schisandra

chinensis.

_92_



Fig. 48. DEPT 135 NMR spectrum (125 MHz, CDCl3) of schisandrin C from Schisandra

chinensis.

Fig. 49. DEPT 90 NMR spectrum (125 MHz, CDCls) of schisandrin C  from Schisandra

chinensis.
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"H NMR of schisandrin C (500 MHz in
CDCls)

BC NMR of schisandrin C (125 MHz in
CDCly)

Dept 135 NMR of schisandrin C (125 MHz in

CDCly)

Dept 90 NMR of schisandrin C (125 MHz in
CDCly)

a9 50. L AFREEE F8] % schisandrin C2] spectrum
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Table 8. ¥C NMR (125 MHz, CDCls) and 'H NMR (500 MHz, CDCls) chemical shifts
of schisandrin C isolated from the fruits of Schisandra chinensis Baml.

Carbon No. 6c 61

1 141.3

2 134.8

3 147.7

4 106.1 6.509, s

5 132.6
ba-H: 2.56, m

6 38.9 6B8-H: 2.48, m

7 33.7 1.79, m

8 40.8 1.90, m
9a-H: 2.26, m

Y 30.4 9B-H: 2.02, d, (13.2)

10 138.2

11 103.1 6.506, s

12 148.7

13 134.4

14 141.1

15 121.1

16 122.3

17 21.7 0.98, d, (7.2)

18 12.7 0.74, d, (7.2)

C-1, 14 59.6(X2) 3.86, s, 3.85, s
OCH3 C-2, 13 -
C-3, 12 -
OCH20 100.6(X2) 5.97, d, 5.95,d

(th) Gomisin N9 +% &4

Gomisin N (Fig. 2002 FAZg5s YERAAL, BAH 2 CosHasOs, EAFES 40090
[a]®p -84.7° (in CHCly)9l &Zolth Infra-red (IR) 2HEF|A OH79 peak
g, o]2]3F A3}+= gomisin No] OH7]7} ¢l dibenzocyclooctadiene lignan &2 9S
o} 4= 9t} 'H NMR ~FEHozRE wWayd ZAo 17019 methylenedioxy$t 4712
methoxy groups®] Uti= AHE &1 & = A3, 2709 methyl7]e} 2719 benzylic
methylene ZF°] 9tk 'H¥ “C-NMR % R AHEHS Hluwale] (Table 9) 2
gomisin No.2 &8 4 39t (Fig. 51, 52, 53, 54).

Q
2
Yoo
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Fig. 51. Structure of gomisin N isolated from Schisandra chinensis and identified by 'H
NMR, C NMR, and Dept NMR.

Fig. 52. 'H NMR spectrum (500 MHz, CDCls) of gomisin N from Schisandra chinensis.

Fig. 53. >C NMR spectrum (125 MHz, CDCls) of gomisin N from Schisandra chinensis.
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"H NMR spectrum of gomisin N (in CDCls)

BC NMR spectrum of gomisin N (in CDCls)

Dept 135 NMR spectrum of gomisin N (in
CDCls)

a9 54, euARHEE ¥ gomisin N9 spectrum
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Table 9. C NMR (125 MHz, CDCl3) and 'H NMR (500 MHz, CDCl;) chemical
shifts of gomisin N isolated from the fruits of Schisandra chinensis BauL.

Carbon No. 5c 511
1 151.7
2 140.2
3 151.6
4 110.7 6.57, s
5 134.1
6 39.2 2.56 center, (2XH, m)
7 33.6 1.91, m
8 40.8 1.81, m
9a-H: 2.25 dd, (9.6/9.2)
9 35.6
9B-H: 2.04 dd, (8/8)
10 137.8
11 102.9 6.50, s
12 148.7
13 134.6
14 141.1
15 121.4
16 123.4
17 21.5 0.98 d, (7.2)
18 12.9 0.75 d, (6.8)
C-1, 14 60.5, 59.6 3.57, 3.84
OCHs C-2, 13 61.0, - 3.90, -
C-3, 12 55.9, - 3.91, -
OCH20 100.7 5.96, s

(2} Gomisin A9 % A

Gomisin AE 2] A (colorless needles from MeOH), #2218 CysHagO, [al®p +
67.9° (in CDCl3)2. 24 dibenzocyclooctadiene lignan®]t} (Fig. 55). Gomisin A2
BC-NMR spectrum (125 MHz, CDCly)olA olefined 2] 127] aromatic carbonzolA]
methoxy group® 2% 4709 quaternary carbon [6c 151.2 (C-1), 140.7 (C-2), 152.3
(C-3), 141.2 (C-14)], methylenedioxy2} 4% 2709 quaternary carbon [6c 147.9
(C-12), 134.9 (C-13)] # 2702 methine carbon [6c 110.3 (C-4), 105.9 (C-11D)]°] A
t}. 1709 methylenedioxy group [6c 100.8 (C-12, C-13)]o] Zg3st™ 4702l methoxy
group [§c 60.6 (C-1), 61.0 (C-2), 56.0 (C-3), 59.7 (C-14)], 270¥] methyl”] [6c 30.1
(C-18), 15.8 (C-17)17F Ao, 4709 aliphatic &4 % 2702l methylene group [&c
40.5 (C-6), 33.7 C-9)1, 1709] methine §c 42.0 (C-8), & tertiary carbon &c 71.6 (C-8)
o] 2370¢] carbono.® FA ¥ dibenzocyclooctadiene® TZE 7}Z lignanAl 33HE<l
gomisin A% &t} (Fig. 56, 57¥ Table 10).
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OCH3

Fig. 55. Structure of gomisin A isolated from Schisandra chinensis and identified by
'"H NMR, C NMR, and Dept NMR.

[l | h _ kR |

Fig. 56. '"H NMR spectrum (500 MHz, CDCls) of gomisin A from Schisandra

chinensis.

Lol ]

|IL‘H 1

Fig. 57. >C NMR spectrum (125 MHz, CDCls) of gomsin A from Schisandra chinensis.
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"H NMR of Gomisin A (500 MHz in BC NMR of Gomisin A (125 MHz in
CDCl3) CDCl,)

a9 58, e HEEH #El¥ gomisin A spectrum
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Table 10. C NMR (125 MHz, CDCl3) and 'H NMR (500 MHz, CDCl3) chemical
shifts of gomisin A isolated from the fruits of Schisandra chinensis BanL.

Carbon No. 6c 61
1 152.1
2 140.8
3 152.3
4 110.4 6.63, s
5 132.1
6a-H: 2.69 d, (13.6)
6 40.6 6B8-H: 2.38 d, (13.6)
7 71.7 1.91 s
8 42.1 1.87 m
9a-H: 2.34 dd, (7.6/3.2)

Y 33.8 9B-H: 2.56 d, (14.0)
10 132.5
11 105.9 6.49, s
12 147.9
13 135.0
14 141.3
15 121.9
16 124.2
17 15.8 0.82 d, (7.6)
18 30.1 1.26 s

C-1, 14 60.6, 59.6 3.91 (X2)

OCHs C-2, 13 61.0, - 3.53, -
C-3, 12 56.0, - 3.85, -
OCH20 100.8 5.97 d, (3.2)

- 101 -




(v} Gomisin B (Angeloylgomisin P)

Gomisin B9 HA4]S CosHs0g 0 2 A H-2peko] 51401 th. Gomisin BS] 'H-NMRS
A7) 3FvFe] methylenedioxy”], 4709 methoxyl7} 2.9, cyclooctadiene ringell 271<¢]
W el 7] 170¢] hydroxyrl, 17§2] benzylic methylene”] ¥ 17§¢] angeloyl”] & 7}A] a1 it}
'H#k ”C NMR ¥ IR 29 Ed& vlasle] B of 77 99 4L gomisin B2 1% i)

Table 11. “C-NMR (100 MHz, CDCl;) and H-NMR (500 MHz, CDCls) chemical
shifts of gomisin B isolated from the fruits of Schisandra chinensis Bai.

Carbon No. 5c 81
1 152.1
2 148.7
3 153.0
4 109.8 6.79, s
5 130.6
6 84.4 5.63, s
7 72.2 1.78
8 42.4 1.96, m
9a-H: 2.31, dd, (9.6/9.6)
9 36.4 9a-H: 2.16, d, (14.0)
10 134.2
11 102.6 6.48, s
12 151.9
13 134.67
14 139.9
15 122.3
16 121.1
17 18.9 1.15, d, (6.8)
18 28.1 1.35 s
60.6, 59.0 3.58, 3.75
C-1, 14 60.8, -
55.8, — 3.92 (X2)
OCHj3 C-2, 13 100.5
C-3, 12 -
5.92, d, (10.8)
OCH-20 107.2(X2) 591 s
5.89 s
HaG co—
B«
a) Angeloyl-
H CHs
Angeloyl

C=0, 165.7, C=C 135.1, 127.1, a=CH3 15.7, B-CHs 19.7
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C; :
CH,

OCH,

% 59, evAEZHH 2% gomisin Be] F+x=

ps

"H NMR of gomisin B (500 MHz in BC NMR of gomisin B (125 MHz in

CDCly)

CDCl3)

Dept 135 NMR of gomisin B (125 MHz in Dept 90 NMR of gomisin B (125 MHz in

CDCly)

CDCl3)

a9 60. VA= HH #2l¥E gomisin B spectrum
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(¥}) Gomisin G

Gomisin G A4S CyoHz090 2 A E2}Feo] 5360]2 Tt Gomisin B9] 'H-NMRS
A7) 3vFe] methylenedioxy”], 4709 methoxyl7} 2.9, cyclooctadiene ringell 1709
W &) 1702 benzylic methylene?] 2 170¢] carboxy”]& 7FAx 9t} '‘H¥ C NMR
R AFAEHS vastel & w O 99 =4 gomisin G2 SAHAT GFaxts:
Ikeya, & 1990. Chem. Pharm Bull. 38(5):1408-1411; Ikeya & 1979. Chem. Pharm
Bull. 27(6): 1382-1394.)

Table 12. *C-NMR (100 MHz, CDCls) and H-NMR (500 MHz, CDCl3) chemical
shifts of Gomisin G isolated from the fruits of Schisandra chinensis Bai.

Carbon no. Sc (ppm) Su (ppm)
164.779
153.257
150.730
148.084
141.673
139.854
137.124
136.552
133.231 (CHy) 7.45 t
129.505 (CH,y) 2H 7.36 d (7.6)
129.239
128.754
128.121 (CH,y) 2H 7.26 t
122.259
121.822
107.262 (CHy) 6.68 s
106.170 (CHy) 6.77 s
101.409 (CHs) 6.00 d (6.4)
84.364 (CHy) 5.87 s
72.465
60.128 (CHs) 3.38 s
59.899 (CHy) 3.14 s
59.784 (CHjs) 3.81 s
56.084 (CHs) 3.97 s
42.191 (CHs) 2.14 m

2.46 dd (10.4/10.4)

29.703 (CHy) ?
28.264 (CHs) 1.33 s
18.957 (CHs) 1.19 d (7.2)
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OMe

MeO.

MeO

MeO

Gomisin G

a9 61, evxtRHEE #2l¥ gomisin G TX%
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"H NMR of Gomisin G (500 MHz in
CDCla)

BC NMR of Gomisin G (125 MHz in
CDCl3)

Dept 35 NMR of gomisin G (125 MHz in
CDCly)

Dept 90 NMR of gomisin G (125 MHz in
CDCly)

i'
COSY NMR of Gccgrgi‘)“ G500 MHz in | f150¢ NMR of Gomisin G (in CDCls)
L Ll
ﬁfl:m T tr
%

HMBC NMR of Gomisin G (in CDCl3)

a9 62, v HE #2]¥ gomisin G spectrum
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(A} Gomisin J
Tableo] ¥A]® E# 9] proton, carbon % Dept &< H|ad A3} BA2] CooHogOs,
ZlgFo] 3882 = EA FER= ol & gomisin JOE FAHFHAY (Chem. Pharm. Bull.
28(8) 2414-2421. 1980. The constituents of Schisandra chinensis Bani. VI. "C nuclear
magnetic resonance spectroscopy of dibenzocyclooctadiene lignans. Yukinobu Ikeya,

Heihachiro Taguchi, Hiroshi Sakai, Karou Nakajima, and Itiro Yosioka. #il).

Table 13. C-NMR (125 MHz, CDCl3) and H-NMR (500 MHz, CDCls)
chemical shifts of Gomisin J isolated from the fruits of Schisandra
chinensis Bair..

Carbon S
1 150.1

2 137.6

3 147.4

4 113.2

5 134.8

6 38.7

7 33.6

8 40.8

9 35.1
10 140.1
11 110.1
12 148.6
13 137.3
14 150.3
15 121.3
16 122.3
17 21.7
18 12.4
C-1, 14 60.0
OCHs C-2, 13 60.9

C-3, 12
OCH:20
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H,CO

H,CO

H,CO

H5CO

OH

_'CH3

O---
I
<

OH

a3 63, LuAEEH 8% gomisin J¥ X%

"H NMR of Gomisin J (500 MHz in
CDCl3)

BC NMR of Gomisin J (125 MHz in
CDCl3)

Dept 135 NMR of Gomisin J (125 MHz
il’l CDCL;)

Dept 90 NMR of Gomisin J (125 MHz in
CDCly)

a9 64, euAEHEEY ¥ gomisin J¢] spectrum
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(o}) Dimethylgomisin J

Tableo] FAlE =29 proton, carbon % Dept 55 HE ZAi} EH EAe
CoqH3206, EAHS 416024 oln] EH dimethylgomisin Jo.2 F4EJT (Chem.
Pharm. Bull. 28(8):2414-2421 Za1).

Table 14. C-NMR (125 MHz, CDCls) and H-NMR (500 MHz, CDCls) chemical
shifts of Dimethylgomisin J isolated from the fruits of Schisandra chinensis
Bar..

Carbon Sc

1 151.5

2 140.1

3 151.4

4 110.5

5 133.9

6 39.1

7 33.8

8 40.8

9 35.6

10 139.2

11 107.2

12 152.9

13 139.7

14 151.6

15 122.3

16 123.4

17 21.8

18 12.7
C-1, 14 60.6(x2)?
OCHs C-2, 13 61.0, 60.9
C-3, 12 55.92, 55.89

OCH:20
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OCH;

H,CO
H
H3CO - 'CH3
H,CO —H
H (I:H3
H,CO

OCH;

19 65, Lr A2 EE 8% dimethylgomisin J& %
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(Zb) Isoanwulignan
omxrzRE Hel¥ E4S proton, carbon, COSY, HSQC, ¥ HMBCY NMR dataZ #
A A3s BEdZ 725 B4t 249 2= ov #2lE isoanwulignan®® &4

= ATt

¢

32

Table 15. 'H-NMR (500 MHz, CDCl3) C-NMR (125 MHz, CDCls), COSY, Dept,
HSQC and HMBC chemical shifts of isoanwulignan isolated from the fruits of
Schisandra chinensis Bai.

Atom no. §c (ppm) Su (ppm)
147.5 C
146.3 C
145.5 C
143.6 C
135.7 C
133.7 C
121.8 CH 6.61, dd, J=9.5/1.5
121.7 CH 6.64, dd, J=9.0/1.5
114.0 CH 6.83, d, J=8.5
111.5 CH 6.62, d, J=1.5
109.3 CH 6.65, d, J=1.5
107.9 CH 6.72, d, J=8.0
100.7 CHz 5.91, dd, J=3.0/1.5
55.8 CHs 3.86, s
39.4 CH 1.73, m,
39.3 CH 2.27, dd,
39.1 CHz 2.26(2H), dd, J=19.0/9.5/4.5
38.9 CHz 2.72(2H), dd, J=14.5/6.0
16.2 CHs 0.83+
16.1 CHs 0.83(6H)_
OH
OCH3
CH,
(0}
CHj3
(0]

a9 66. v EHEEY ¥ isoanwulignan® T%
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"H NMR of Isoanwulignan (500 MHz
in CDCl3)

C NMR of Isoanwulignan (125 MHz
in CDCl3)

Dept 135 NMR of Isoanwulignan (125
MHz in CDCl3)

Dept 90 NMR of Isoanwulignan (125
MHz in CDCly)

COSY NMR of Isoanwulignan (500
MHz in CDCl3)

HSQC NMR of Isoanwulignan (in
CDCl3)
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= =z T

HMBC NMR of Isoanwulignan (in
CDCly)

a9 67, LU AR EE 8% isoanwulignan & spectrum

a9 68. v AEHEEH ¥ isoanwulignan® 2 HMBC.
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(z}) Chamigrenal

Coloress oil, '"H-NMR (400 MHz, CDCls), 9.35 (1 H, s, H-14), 6.79 (1H, dd, 3.9 Hz,
H-2), 4.85. 4.35 (each 1H, both br. s, H-15a or H-158), 2.40-1.56 (methylene), 0.91,
0.87 (each 3H, both s, H-12, 13). "C-NMR (100 MHz, CDCls), 192.89 (C-14), 150.32
(C-2), 147.84, 140.28 (C-1, 7), 110.25 (C-15), 45.47, 36.33 (C-4, 11), 36.74, 31.45,
30.09, 24.49, 23.08, 18.65 (methylene, C-3, 5, 8, 9, 10), 24.41, 22.65 (c-12, 13).

8}3+E 1(chamigrenal)& FAe] 9 AdEAZA BC-NMR (100 MHz, CDCls) spectrum]
A3, 1709 aldehyde (6c 192.89, d), 4709] olefine’d ®4& (6¢c 150.32 (d), 147.84 (s),
140.28 (s), 110.25 (0] R LA FGA 2709 AbFea (6c 45.47, 36.33), 674
methylene (6¢36.74-18.65), 2709 methy (8§c 24.41, 22.65) signal®] #=5% 9], aldehyde
9} 24ke]l 2% ATS 7= sesquiterpene 3FAEZ FHEH QT 'H-NNMR spectrum (400
MHz, CDCly)olA %= aldehyde (6u 9.35, s), olefinic methine (&u 6.79, br, s),
exomethylene (8y 4.85, br, s; 6u 4.35, br, s), 2709 singlet methyl (6 0.91, 0.87) 2 t}
9] methylene (611 2.48-1.02) signalo] #ZH A}, oo Axs e #4'7 31 1|

n3le] 3% 1S chamigrenal® 5743} t}.

Table 16. 'H-NMR (500 MHz, CDCl;) ""C-NMR (125 MHz, CDCls), COSY,
Dept, HSQC and HMBC chemical shifts of isoanwulignan isolated from the
fruits of Schrsandra chinensis Bai.
Carbon No. 5c
193.8
151.2
148.3
140.7
110.7
45.9
37.2
36.7
31.8
30.5
24.9
24.9
23.5
23.0
19.0
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2. BAEE ZHWS 53 YUS X WSY &5 MBI 24El

(1) a-iso-cubebene? &TEE L X F
onz EYE 2 kg

=5 3 = 1368 g& & . ZH7ke] FEEC diElA
FdA5, W 2 dAgznty sto|2e] o AAAA AFAH, W FEE] et M =
kot upebAd A FEE 120gS 1 kg9 silica gelS X3 Ao 9 W H7bskah
H38 A7) Hste] ik, Ai-dEHoAE W FERZIE-HEE EFEAS G HUte)
of A 3870¢] &S AUt A7te] 2ES ERele] 3¢Sy WaddELe] @4 A5
A 25 1W B a@rt mith webA 1 FEorRY 4SS dsidth =
FEYZ B2 P22 9e]7] 9ste] 1D9 2D NMR AFHE-S o] &&te] o1 +25 54
St Adte= 1 173 19 700014 B kel o] SASGth A4t R AT ol
A egigste] Wil FrE AEdE 3yt

Table 17. Two dimentional NMR correlations of new compound.

Caﬁg?“ Sc 51 HMBC
1 39.4] C
2 30.9] CHy | 2.21, dd, J=5.0/2.5 | 1425, 117.1, 48.3, 43.2. 39.4,
3 142.5 C
4 117.1] CH |5.28. m 43.2. 30.9, 23.3
5 43.2] CH | 2.03, d, J=6.0 142.5, 117.1, 48.3, 44.7, 39.4
6 447 CH | 1.67, m 117.1, 48.3. 43.2. 39.4, 32.5, 30.9, 22.2
7 455 CH | 1.52, m 45.5, 43.2. 39.4, 36.7, 32.5, 22.2
8 92.2] CHy | 0.90, m 455, 32.5
9 36.7| CH, | 1.74, t 18.3, 455, 39.4, 22.2, 19.1
10 48.3 CH | 1.62, m 48.3, 43.2, 39.4, 36.7, 22.2
11 32.5| CH | 1.52, m 155, 44.7. 22.2
12 19.9] CH; | 0.891, m 155, 32.5, 19.3
13 19.3] CHs | 0.890, m 455, 32.5, 19.9
14 19.1] CHs | 0.79, s 48.3, 39.4, 36.7
15 93.3] CH; | 1.68, m 142.5. 117.1, 30.9

GC-MSe] #Afol2 Al1de 20490, #ak4S 'H, C 9 Dept NMR2] djo] €] Z ¢
CisHoy2 A3ttt 2ask 242 BC-NMR (125 MHz, CDCls) spectrum® Z5-E] 47]9]
primary carbon (¢ 19.1, 19.3, 19.9, 23.3), 37§¢] secondary carbon (¢ 22.2, 30.9,
36.7), 6709 tertiary carbon (§c 32.5, 43.2, 44.7, 45.5, 48.3, 117.1) % 270¢] quaternary
carbon (8¢ 39.4, 142.5)7F AT}

ol{ gt Hlo|HZFH ste] 2% Aol dvke= S & & AU A CisHad 74
255 2 o 3709 Alo]Z% H(tricyclic ring)® 47019 Ex3F 23 2 17019 bouble
bond7} &S & F vk ¥ =Z9 'H NMRZH-E 1702 methyl singlet (8 0.79,
14-H), 2702l methyl doublet (&4 0.890-0.891, 12-H and 13H)®} down-field® ©]&3F 1
7Bl methyl multiplet (6y 1.68, H-15)°] Jt}. T3 17§29] olefinic proton (&g 5.28, H-3)
o] A&t F N9 cyclopropane proton©] &y 1.67 (H-6)3} &y 2.03 (H-5)°] #=5

- 115 -



o} 2709 ®AHAA Q] methylene groups®] &y 0.90 (H-8)3 6y 1.74 (H-9)oll YEl%t}. o]

F709] high-field proton< cyclopropane ring system® anisotropic range°| oS <=9
gt} o] 5 709] methylene protone A2 Q1A Utk RS gCOSY dlo|g 24 Eelst
T AT

BoEdo olgst 2 AL HMBC=ZA FAHG=d, C-112 H-129F H-139 o2
(coupling)¥|e] U%at, C-7& H-12, H-13, H-5, H-8 ¥ H-99] AA= o] glth. H-9&
methine proton H-109} methyl doublet®l H-149¢] dAZAZ o] Qlt}. Quaternary carbon®!
C-1<& H-2, H-3, H-6, H-9, H-10¥} H-14°] AZA= glomn, olzd T2 HdF2<l
cubebane sesquiterpene skeleton©]t}. 1D E= 2D NMRE £33l H Ao =&

[} pu
sto] &3 =@ T2 I o] AT 5 %A, o] 2de AedE 4eAl

13

99 70, eRARYE P AR Hopyx
Chemical Formula: Cis5Hos
Molecular Weight: 204.35
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3. HPLCE o|&8%t 7|54 2Ze E2 gJt 7| oid

Quzfef] o] % o] 9+ Lignans < °lA schisandrin, schisandrin C, gomisin A %
gomisin N &5 &F#gste] HPLCEU S gAsiqlth. 43 HPLCEAS o] &3t A3t
of =8 gad 49 F& FAsIAA A a5l =2 248 VIToE 4 HIb 7

JA o wrRdd oo $Re A Auks agdd B e ok AuEd
33 At 19 24964 7 wekom 34qe) A b dekth ElFRAmu]Al Het A
1 w4l CE 1A

o}
ol Al BE 49} 5% oA
_/,: ]

A3 wkrh vkA vl N2 1, 3, A3 wpao A #AA T B
AT
040 [ A
. 7 |
=
! 6 i
= o.mj 1 ?I A ‘ﬁ | | ||
' I il AN I\ | g
000 k= T = ——— i
5.00 10.00 15.00 20,00 25.00 30.00 3500 40,00
Timea (Min)
i 7
2.001 l| 1 B
2| |
2 8
I" | |‘I ‘ .‘ {' r
0,00 e e A A AR A N
5,00 10.00 15.00 20.00 2500 30.00 35.00 40.00
Time (Min)

% 73, LUARYEE FE3 8FF9 lignans 2] HPLC A &ZvlEIFig. 1, schisandrin;
2, gomisin A; 3, tigloylgomisin H; 4, gomisin C; 5, gomisin B; 6, schisandrin A; 7,
gomisin N; 8, schisandrin C.
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4. FFEYHHO| 2|aLt M2 FEFE80 olxls FE

7L M=z % gk

(1) Hexane, Ethyl acetate, Chloroform, @ Methanol 9 &3 &

ouzt AlE 0.5 g2 15 ml tubedl AF3tY hexane 2.5 mlE Y1 308 =
sonicationd}$1th. Sonication ©] & ZhEek Alme} w7t Z Alo]Al voltaxE $F t}
3300 rpm®] S 1627 YRS sl A7t e vs wed e B2
Azt 33 WHE FE3}0] hexane FEES AUk Hexane FF°| 4l 2 =
F=81 ethyl acetate 2.5 ml ¥7}sle] 304 &<t sonication ¥ UTh&ol| hexane F&3+ W
W FdshA A4l st A FES FHetal ol RS 3WEE o ethyl
acetate F=&E2 4AY. Ethyl acetate FZ°] &} Zrol &9 chloroform
2.5 ml #7Fsle] 30+ &<t sonication ¥ U9 hexane F+&3 WHI FdsA 94 &
st A FES Hsta olgd HAHS 3WEStY chloroform FEES AUT
Chloroform % ¥ Y2 %9 &E9 methanol 2.5 ml& Y3 99 L3 HHo=

33] W& FE3}9] methanol FEES AU olFA TAHSE FE3IH hexane, ethyl

¢ R
a1
rlo

U

acetate, chloroform, % methanol F==2 &S AASH7] & filteringdt & Z2FS 10

mlE 233 10¥] 3A3le] hexane, ethyl acetate, chloroform, % methanol®d] F&&<
A Agde s ARgedltt. a4 &) FE9 HPLC w47]71¢] =72 Table 194 H=

uhsh e},

(2) Hexane, Ethyl acetate, Chloroform, 2 Methanol®] &"j*8 &
Azd FAS EHste] 05 g9 AlEE 27 4709 15 ml test tubed] hexane,

chloroform, ethyl acetate, % methanol 2.5 mlE ¥ ©tS 3087 sonicationd}3it}.

Sonication & 15% =¢F 3300 rpme HE2 JARE dlo] AEd HRES A&k 13
FEo] Bya F2 Ao Ed Zzte] gulE Hrbste] 2xke} 3xke] 33| Wby FEE& F5h
hexane, chloroform, ethyl acetate, @ methanol %<& 559}t ZHzte] &) F=o
og) 9& FEEo EBELES A Y filteringdtal W TS 10 mlE W 3 104
3| A sle] BAAERE AMEEgl o, HPLC B4 %78 Table 13 #t}.

Table 18. The condition of HPLC anaylsis

Column : RUNA C18 (Phenomenex, 150 X< 3.00 mm, 5u)

Mobile phase . acetonitrile : Water (20:80%)

Flow rate : 1.0 mL/min

Injection volume : 10 pe
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D €34 F293
Al &

0.5 g& hexane, ethyl acetate, chloroform, ™ methanol®ZA4 x4 o=

F=oATh Ak —%%%Oﬂ t3te] schisandrin C, gomisin N, gomisin A % schisandrins
FFO R osto] TS Hlw EAEAT (Fig. 76). LUAEFE F2¥ 459 lignan &34
Steks BA3l A3 hexane FEEA EE lignano] FEY AW, hexanelZ F=3 &
Ho o &0 thdle] ethyl acetate, chloroform, % methanol FEENAE g1do] A3
At Hexane —?% oA Wel¥ 4F9 lignan %S H]wSHH schisandrin®] $F&Fo] Al
=tow TF2& gomisin N, gomisin A, schisandrin C¢] <22 lignan $FgfFo] wFhcth. w

2} Eulxliflﬂ lignang F=317] fsiAe st §mE A & o, 2 AT
A3, hexanew °|-&at¥ emzte] Lo} 9l lignans EF F=T F AAT. WA=
H-E lignano] Wol ¥l = AFS ALY 9814 E hexanes o] &3tk 3o 71
BAARL Wi o] & Aot

Hexane Chloroform EtOAc MeOH

0.8

08
0.4
.

Fig. 76. Comparative analysis of lignan contents obtained from successive extraction

Percent lignans

Lignans

with hexane, ethyl acetate, chloroform, and methanol.

2) 59 &7 F& ¥4

AZIHAS vhafisle] 0.5 g9 A]EE hexane, ethyl acetate, chloroform, ¥ methanol®]
g2 747t FES FEE T lignand o] S wndt A= Fig. 770014 B
vpel 2ok, eujRt A EE 4F9] lignan S Hlugk A3 schisandrin hexane,
EtOAc, CHCl3 ¥ MeOH?| =& guj= A lignan® F%°] 7}s3F3th. 1 oA hexaned}
EtOAc F=Eol|A schisandrin o] wWkom methanol®}t CHCl3 FE=E9A49Y
schisandrin®] gr&Fo] vl A ko)

Schisandrin¥=  FAFSHAl gomisin N& CHCl; FEE49 o] Ad =ko

=

methanol, EtOAc, % hexane 9= #obft}h. Schisandrin® gomisin No| FF&Fo]

H)te], schisandrin C9} gomisin A9] $heFo] Jdjx o=z Wity emzleA] #2H 4%
lighan & # <l schisandrin, schisandrin C, gomisin N % gomisin A% THFH FAlo] =&
FEEY S 942 FEEAA BT FFEo JdRoerm 1 Apol= ATk EdE 459 =
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oAM= ol wdhe=Hl, o= FAo] #2 v FE=A tiRe| lignan

Schisandrin Schisandrin C Gomisin A Gomisin N

— eEne
=== Chibrofm
== E10AC

0.8 " = oo
_I_ _-[_

::: annnBEDNR

Extraction solvents

Percent lignans

Fig. 77. Comparative analysis of lignan contents obtained from each extraction solution of

hexane, ethyl acetate, chloroform, and methanol.

Ch & 2

ol’de] AE FHFHom Aot v Aok evxte S &£ 94 S
BeA AL AHete] AR AH e R o mRE sy Wikel A A, 2, 7
A, 8, o715x,10e Fag g shAa Qo] AokdaE olgagon ofyztge thyud
o] 7lss NI AR Tes Aot doAesolslA o AHd AREEHo ¢k
o' omAte] Fa ok A YEhlt AR CRE lignan SFERA A AP 1
AdF FAg A 3 T ®ma®7h vk Schizandrin®] o] FolAl b BE F ol
74 A 71edd Qo AR Yk 2 9ol gomisin At FFEAFE A7 D
gomisin N 2 F oA &3t 288 T8 Ad3sts AA 71279 rghurgi0g vro}
A A sk 2 S FAATAL T

B oo ouzle] ¥ lignan A% % schisandrin, schisandrin C, gomisin N, %
gomisin AE = gt 7x2E FAstL AL vk adE ASE] A8 78 H

At

SMAREY &4 BoE 4FFo BES TLCE dAMee] 121802 B (Fig. 5, 6, 8,
2 10)skal 1 BAe P BAL ou] Bl Heold g 2AZA 'H-NMR, PC-NMR,
Dept—NMREH EE S E,L?_]'S}OJE},B_IS’ 42, 45-46)

Schisandrin®] ®# 9} 7% %4 (Fig. 12)°] gk 'H-NMR, C-NMR data 23} (Table
D= Tkeya T (1979)2] Ru'¥ol A&7 18709 carbonol] 6709 methoxy group, 2702
methyl”7], 270¢] methylene”], OH”]7} 91+ dibenzocyclooctadiene® 7| E&74 FZE 71X
3 Q& lignan/l E2US & 5 U3

Schisandrin C (Fig. 15)¢ gomisin N (Fig. 20)& Ikeya & (1982)'”¢] 'H-NMR¥}
PC-NMR dataZ v]udk 23} 18719 carbons 7FAal 9lom #87]o] £H wE A9

el EFo] g2t AL ¢ 4 Arh schisandrin C (Table )& F 719
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methylenedioxy”] 7} 100.6 ppm®] peak”} o™, C-13 C-14°] F+ 7% methoxy”]7} 3}
o™ 2709 methyl”], 2709 methylene”]7} 1+= dibenzocyclooctadiene®d 7|EZAFZE
721 lignanAl 313 AT

Gomisin N9 +2+= 100.7 ppmel 17H¢] methylenedioxy”], 4709 methoxy”], 27]<]
methyl”7], 270¢] methylene”]7} 912, IR spectrum data°llA] OH7]¢] peako] l+=d] o]
= gomisin No| OH7]7} §1& lignan Edolghs AL 9wl A& Choi 5 (2006)'73}
Slanina 5(1997)"”¢] gomisin Noﬂ 3t data Bae} A5} (Table 5).

Gomisin A9l FZE lkeya 5 (1979)¢] &3y =314 “C-NMR spectrum (Fig.
23)ell A C-129F C-13¢] AZA= methylenedloxy, 4789] methoxy group (C-1, 2, 3, 14), 2
1] methyl”7]7F e, 2702] methylene group, 170¢] methine”|7} Ag % o] A 23719
carbon®. 2 A% dibenzocylooctadiene A 2] 3}3HE o] 1t}

2 Ay A 9mAS] hexane FEES ¥ ol¢H S HXAZ=HI(Fig. 28), olelgt 4
7= Rhyu 5 (2006)9] A5 A#Wel fAlelglth, £k @A TV} =S hexane FEF B2
L

=3
g
gomisin A #t& Z4S FElste] 3 olgH s A o Ay, 3 Uy MEE AA e
AASHA & WHAEZS] 3 o)ge S FT7MAFHeERE enxte] dioleks FHIIA7]| = X
AT OE &80 7k & Aol
o

A&

i Wl mE 3 B4S 98 HPLCE AH&-st
Atk =244 FEUY (Fig. 29)22 #4435 3 43 hexane FEE|A lignan 548 2ol
Sha-3lar QAW ¥BH chloroform, methanol FEE9]| A+ lighan E3o] FEF5 XA &gkt}.

2 A4 FEF39S A5 (Fig. 30)9+ lignan &2 SchisandriHO] 7HY @k oe
™ gomisin N, gomisin A, schisandrin C9] o2 &aFo] ottt 7A@ = (2002)Pe
methanol F&w°| /49 ot 52 = B2 A3} schisandrin®] }ﬂ ii’ gomisin A,
gomlsm N«] o 72 gheko] Yugktta ®H st ol ¢£AFEH O 2 A hexanel ® T
sk = Qllew, gujdEE A FE319S "ol chloroform¥} methanol=
ol A ghFol oftt =tk wEbd PR EAH lignans FESH] AT thFe &
4%%‘ T Ao, & A9 Z3%=E hexane WO EE lignan e BT FE2E F UF

PN
ok = otk

o3 o
A=
e

o mlm
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(1) MeOH FEEZFE &8 KM7PCe 7254
ouAe] MeOHFEE245H 5823 KM7PC A%<S 1 D NMR ¥+ 2 D NMRS ©]
g3lo] FxZ A3 Ay Fig. 783 799014 ®iE uel go] AT 4 du ayy
KM7PCe] HZEAQ x5 S48 + Jdon, HIFAQ 2= LC-MS data} Zagd &
A AgFel gk wEkA g FRE Qe Ax Rad bt gldlernz KM7PCY #Ab
A

A2 CoHuuOr, A 234.2033¢1 A=4d= 4T <+

N

OCH3
@)
@) Chemical Formula: CoH1407
HO Exact Mass: 234.074
H,CO Molecular Weight: 234.2033
OCHj;
O

a9 78, v WEkE FEEEFYH EElE KM7PCY &
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'H NMR of KM7PC (500 MHz in CDCls)

Dept 135 NMR of KM7PC (125 MHz in CDCls)
gCOSY NMR of KM7PC (500 MHz in CDCls)

HSQC NMR of KM7PC (in CDCls)

a9 79, evzte] MeOHFSE=25E 23

BC NMR of KM7PC (125 MHz in CDCls)

Dept 90 NMR of KM7PC (125 MHz in CDCls)

HMBC NMR of KM7PC (in CDCls)

KM7PC9 1D¢} 2D NMR spectrum
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(2) MeOH F#&E2YXE <5883 KM7IHPBS] NMR t©| o]

MeOH FZE=2Z5EH &8s KM7IHPB 1D NMR dHo]H+= the-9] IfoA] Hi=
nhel 2o e gl 8 o o)t

'"H NMR of KM7IHPB (500 MHz in CDCls) 13C NMR of KM7IHPB (125 MHz in CDCls)

Dept 135 NMR of KM7IHPB (125 MHz in CDCl3) Dept 135 NMR of KM7IHPB (125 MHz in CDCly)
gCOSY NMR of KM7IHPB (500 MHz in CDCls)

HSQC NMR of KM7IHPB (in CDCl3) HMBC NMR of KM7IHPB (in CDCls)

a9 80. vt MeOHFEE25-H w8l¥ KM7IHPB 1D ¥ 2D NMR spectrum
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Schisandra chinensis has been regarded as a useful material in the preventive or treatment of several
human diseases. The study of the Schisandra chinensis” molecular identity has been prioritized because
it has been found to regulate cellular responses. Here, we examined the effects from various extracts
of Schisandra chinensis to moniter the relative intracellular calcium increase in human neutrephils. We
identified an active molecule and structural configuration of a new active compound {®-iso-cubebene),

?e]{yvnrss: = ) based on the discovery of a cubebene backbone using NMR, MS, and CD spectral data. In terms of its func-
Ncei‘:gpl:ﬂilsc HEnL tional aspect, we observed that ¢-iso-cubebene strongly stimulated CXCL8 production in human neutro-

phils. Also, @-iso-cubebene-induced CXCL8 production was almost completely inhibited by the calcium
chelator, EGTA, thus highlighting the role of calcium signaling in the process. Taken together, our results
demonstrate that -iso-cubebene is a novel natural compound which stimulates intracellular calcium
signaling and CXCL8 production. As a result, ¢-iso-cubebene should be useful for the development of

o-iso-cubebene (a novel compound)
Calcium increase
CXCL8

an immune-modulating agent.

© 2009 Elsevier Inc. All rights reserved.

Schisandra chinensis has been regarded as a useful material in
the regulation of various (patho)physiological conditions over the
last several decades in Korea, China, and Japan [1]. Previous studies
have shown that several C18 dibenzocyclooctadiene lignan isolates
from Schisandra chinensis have anti-cancer properties [2,3] anti-
hepatocarcinogenesis [4], anti-hepatotoxic [5], anti-HIV [6], anti-
oxidant [3,7], and anti-inflammatory [8] activities. Schisandra chin-
ensis has also been employed for the treatment and prevention of
some chronic diseases such as inflammation, hepatitis, and cancer
[9], which may result from biomolecular damage by free radicals
and reactive oxygen species.

The identification of components from natural resources that
modulate physiological responses has been an important issue in
medical research. Consequently, the identification of Schisandra
chinensis’ cellular target molecules and action mechanisms will
be very informative for the generation of potential drug targets.
In this study, we screened a series of extract fractions from Schisan-
dra chinensis, in an effort to identify a molecule that can stimulate
intracellular calcium ([Ca®"];) signaling in human neutrophils. We
found that a novel active compound stimulates a [Ca®']; increase

* Corresponding authors. Tel.: +82 55 350 5522; fax: +82 55 350 5529 (Y.W.
Choi), tel: +#82 51 240 2889; fax: +82 51 241 1321 (Y.-5. Bae).
E-mail addresses: ywchoi@pusan.ac.kr (Y.-W. Choi), yoesik@dau.ac kr (Y.-S. Bae).
1 These authors contributed equally to this work.

0006-231X/$ - see frent matter @ 2003 Elsevier Inc. All rights reserved.
dei:10.1016/j.bbrc.2008.12.174

in human neutrophils. In addition, we determined the structure
of the compound. By studying the immunological role of this com-
pound, we can determine whether the compound will be useful in
the development of an immune-modulating agent.

Materials and methods

Materials. Schisandra chinensis fruits were collected in Septem-
ber 2005 from Moonkyeng, Korea. A voucher specimen {Accession
number SC-PRDR-1) has been deposited in the Herbarium of The
Pusan National University. RPMI 1640 was from Invitrogen Corp.
{Carlsbad, CA) and fetal bovine serum from Hyclone Laboratories
Inc. (Logen, UT). Fura-2 pentaacetoxymethyl ester (fura-2{AM)
was purchased from Molecular Probes (Eugene, OR). U-73122,
SK&F, nifedifine, diltiazem, and thapsigargin were obtained from
Calbiochem (San Diego, CA).

Extraction of a new o-iso-cubebene. The dried fruits of Schisandra
chinensis (2.5 kg) were ground to a fine powder and then succes-
sively extracted at room temperature with n-hexane, CHCl;, and
MeOH. The hexane extract (308 g) was evaporated in vacuo and
chromatographed on a silica gel {40 pm, Baker, NJ) column
(100 x 10 cm) with a step gradient 0%, 5%, 20% EtOAc in hexane
and 5% MeOH in CHCl; to obtain 28 fractions. The fraction 1
(KH1PA, 3689 mg) was separated on a silica gel column
{100 x 3.0 cm) with 15% acetone in CH,Cl; to obtain nine fractions.
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Next, the fraction 2 (KH1PA1B, 999 mg) was separated on a silica
gel column (100 x 3.0 cm) with 15% acetene in CH,Cl, to yield o-
iso-cubebene {316 mg). Pure o-iso-cubebene was identified by
HPLC on a Phenomenex Luna €18 column {Phenomenex,
150 x 4.6 mm ID; 5 um particle size) with an acetonitrile-water-
reagent alcohol gradient at a flow rate of 1.0 ml per minute.

Isolation of human neutrophils. Peripheral blood leukocytes were
obtained from young healthy donors. Human neutrophils were isc-
lated by standard dextran sedimentation, the hypotonic lysis of
erythrocytes, and by using a lymphocyte separation medium gradi-
ent, as described previously [10]. Isolated human neutrophils were
used promptly.

Measurement of {Ca®*J.. The chemically induced [Ca®"]; rise was
measured using fura-2/AM [11]. Freshly prepared human neutro-
phils were incubated in serum free RPMI 1640 medium with
3 uM of fura-2/AM at 37 °C for 30 min with continuous stirring.
After washing with serum free RPMI 1640 medium, the cells were
suspended in serum free RPMI containing 250 pM of sulfinpyra-
zone to prevent dye leakage. About 2 x 10° cells were suspended
in Locke's solution {158.4 mM NaCl, 5.6 mM KCl, 1.2 mM MgCl,,
5mM Hepes pH 7.3, 10mM glucose, 0.2 mM CaCl,, and EGTA)
for each measurement. Changes in the fluorescence ratio were
measured at an emission wavelength of 500 nm for dual excita-
tion wavelengths at 340 nm and 380 nm. The calibration of the
fluorescence ratio versus [Ca®']; was performed as described by
Grynkiewicz [11].

Determination of the structure of active compound. The chemi-
cal structure of a-iso-cubebene was verified by LC-MS (Bruker
BioApex FT mass spectrometer) and NMR analysis {Varian Inova
500 spectrometer). The optical rotations were recorded on a JAS-
CO DIP-370 digital polarimeter. The IR spectra were recorded on
an AATI Mattson Genesis Series FTIR. The NMR spectra ('H, '3C)
were recorded in CDCl; on a Varian Inova spectrometer at
500 MHz for proton and 125 MHz for carbon-13, running gradi-
ents and using residual sclvent peaks as internal references.
High-resolution mass spectra were recorded on a Bruker BioApex
FT mass spectrometer.

Cytokine assay. Cytokine measurement was performed as previ-
ously described [12]. Neutrophils (3 x 10° cells/0.3 ml) were
placed in RPMI 1640 medium containing 5% FBS in 24-well plates
and kept in a 5% CO, incubator at 37 °C. After stimulation, cell-free
supernatants were collected, centrifuged, and measured for CXCL8
by enzyme-linked immunosorbent assay {BD Biosciences Pharmin-
gen, San Diego, CA) according to the instruction of the vender.

Statistics. The results are expressed as means = SE of the number
of determinations indicated. Statistical significance of differences
was determined by Student ¢-test. Significance was accepted when
P 005

Results

Identification of a compound that strongly stimulates an intracellular
calcium increase in human neutrophils

In this study, we tested the effect of several extracts (hexane,
chloroform, methanol, and water extracts) from Schisandra chinen-
sis, in an effort to find a molecule that can stimulate intracellular
calcium signaling in human neutrophils. As shown in Fig. 1A, the
hexane extract {1 mg/ml) stimulated an increase in intracellular
calcium in human neutrophils, while the other extracts did not.
We further fractionated the active hexane extract into 38 different
fractions, and cnce again tested their effect on calcium signaling.
Among these, one fraction of hexane extract (KH1PA1B) proved
to be the most potent in terms of its ability to stimulate intracellu-
lar calcium increase (Fig. 1B and data not shown). We also found
that the active fraction contained an almost pure (>99%) compound
via HPLC analysis (Fig. 1C).

Determination of the structure of active compound

The active compound was obtained as a white oil with [o]3® — 13
{c 0.51, CHCl3). The positive high-resolution time-of-flight mass
spectrometry (HRTOFMS) indicated a molecular ion at mjz 222,
corresponding to [M + NH,4]*, and thus indicating that its molecular

WKYMVm
Hexane l (\\
Ext Chloroform Methanol Water
. Ext Ext Ext DMSO \
1 1 1 | k
o
& = v e e I .
—! "
(TR Time
(1 min)
C
KH1PA1B \wkyMvm
400
300 -
o 4
. E 200 &
-‘.E 100
3 |: -
i = 04
L T”n? 0 15 20 25 a0
(1 min) Time (min)

Fig. 1. Effect of extracts of Schisandra chinensis en Ca®* increase in human neutrephils. Human neutrophils were treated with several extracts of Schisandra chinensis (1 mg/
ml) (A). Neutrophils treated with 200 ngfml of KH1PA1E or 100 nM of WKYMVm (B). The relative intracellular Ca® cencentrations are expressed as fluorescence ratios
(340:380 nm). The data represents five independent experiments (A and B). (C) HPLC profile of ¢-iso-cubebene.
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formula is C;5H54NH,4. An analysis of the 1D and 2D NMR data with
homo- and hetercnuclear direct and leng-range correlations per-
mitted the assignments of the 'H and '*C NMR resonances as
shown in Fig. 2A. The '*C NMR and DEPT spectra showed 15 sig-
nals, including 2 olefinic carbons (4 142.5 and 117.1) and four
methyl groups (§ 23.3, 19.9, 19.3 and 19.1).

From the molecular ion signal at m/z 204 of «-iso-cubebene the
elemental composition of C;sHa4 can be concluded. This finding
was confirmed by the '3C NMR/DEPT technique, which showed
four primary (4 23.3, 19.9, 19.3, 19.1), three secondary {4 36.7,
30.9, 22.2), six tertiary (§ 117.1, 43.2, 44.7, 45.5, 48.3, 32.5), and
two quaternary carbons {4 142.5, 39.4). From these data, the pres-
ence of one double bond is derived. The elemental composition of
CysHa4 indicates four unsaturations in a tricyclic ring system in
addition to the presence of a double bond. The 'H NMR of a-iso-
cubebene shows three methyl doublets in the region of § = 0.79-
0.89 (H-12, H-13, H-14) and one down-field shifted methyl signal
at § = 1.68 (H-15). The absorption of one olefinic proton is detected
at § = 5.28 (H-4), while two cyclopropane protons show resonances
at 5= 2.03 (H-6) and 1.67 {H-5).

This finding was further confirmed by the multiple-bond CH
correlation {HMBC), where proton H-11 couples to both C-6 and
C-8 (Fig. 2B). The same applies to proton H-7, which also couples
to C-1, C-5 and (-9, while H-12 and H-13 additionally couple to
C-7 and C-11. The HMBC correlations observed between H-15
and C-4, C-3, and C-2 suggest the presence of a methyl group at
C-3 of the cyclopropane ring. Cross-peaks were also observed be-

A
B
c 600
50
E 400
g 300
= 200
100
0

0.1 1 10 100 1000
o-iso-cubebene(ug/ml)

Fig. 2. Identification of a-iso-cubebene as a nevel molecule that stimulates human
neutrophils. (A) Structure of o-iso-cubebene. (B) Key HMBC correlations of o-iso-
cubebene. (C) Neutrophils treated with several concentrations of purified o-iso-
cubebene. The peak level ef [Ca®*]; was recerded and the results are presented as
the means +SE of three independent experiments, which were performed in
duplicate (C).

tween H-15 and C-2 as well as between C-15, H-2, and H-4. As
H-9 couples to the methane carbon €-10 and the methyl doublet
C-14, the connectivities in the six-membered ring are established.
The adjacent quaternary carbon C-1 reveals correlations to H-2, H-
5,H-6, H-7, H-9, H-10 and H-14, which is consistent with the cube-
bane sesquiterpene skeleton.

The purified compound, a-iso-cubebene stimulated an intracel-
lular calcium increase in a concentration-dependent manner, indi-
cating that the maximal activity is approximately 200 pg/ml
{Fig. 2C).

a-iso-cubebene-stimulated calcium increase was mediated by the
thapsigargin-sensitive pathway

Since a-iso-cubebene stimulated intracellular calcium increase
in human neutrophils, we investigated what source [Ca*’]; is in-
creased by the compound. Generally, an increase in intracellular
calcium can be induced from two different sources; calcium re-
lease from the endoplasmic reticulum and the calcium influx from
the extracellular medium [13]. As shown in Fig. 2, 200 pgfml of -
iso-cubebene caused an elevation of [Ca®]; in the presence of
extracellular calcium. a-iso-cubebene failed to stimulate the eleva-
tion of [Ca®'[; in the absence of extracellular calcium {(data not
shown), suggesting that the compound induces Ca?* influx across
the plasma membrane in human neutrophils. Pretreatment with
the phsopholipase C inhibitor {U73122) did not affect ¢-iso-cubeb-
ene-induced [Ca®*); increase {Fig. 3), ruling out the possible role of
phospholipase C-mediated response. Since increasing Ca®" influx
through different Ca®* channels has been suggested as a potential
mechanism for the cellular response to extracellular calcium con-
centration, we examined the effect of «-iso-cubebene on the in-
crease of [Ca®"]; via the calcium channel. The o-iso-cubebene-
induced increase of [Ca®"]; was not inhibited by preincubating with
voltage-sensitive L-type calcium channel inhibiters (1 pM nifedi-
fine, 10 uM diltiazem, or 10 uM SK&F) (Fig. 3). However, pretreat-
ment of thapsigargin prior to a-isc-cubebene completely inhibited
a-iso-cubebene-induced [Ca®']; increase in human neutrophils
(Fig. 3). These results strongly indicate that the a-isc-cubebene
compound increases Ca®" influx via the thapsigargin-sensitive sig-
naling pathway, however, not by the calcium channel-dependent
pathway in human neutrophils.

a-isocubebene u-iso-cubebene

a-iso-cubebene

U-73122 SK&F
' 5
a-isocubebene
l «-iso-cubebene
i in i\ a-iso-cubebene
Nifedifine }'\w. Diltiazem J\'\,\\:Ikzapstgargln
) b S

= A
=
-
i Time

{1 min)

Fig. 3. Effect of several inhibitors for calcium channel and calcium signaling on o-
isc-cubebene-induced calcium increase. Human neutrophils were preincubated
with or without SK&F (10 pM), nifedifine (1 pM), diltiazem (10 pM), or thapsigargin
(10 uM), and then stimulated with a-iso-cubebene (200 pg/ml). The relative [Ca**];
are expressed as fluorescence raties (340:380 nm). The data are representative of
three independent experiments.
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Fig. 4. The production of CXCL8 by o-isc-cubebene from human neutrophils.
Freshly isclated human neutrophils were stimulated with 200 pg/ml of a-iso-
cubebene for series of time pericds (A). The secretion of CXCL8 by 200 pgfml of o-
iso-cubebene-stimulated neutrophils was determined with or without EGTA
(2 mM). The secreted cytekine levels were determined by ELISA (A and B). Data
are presented as means * SEM of three independent experiments performed in
duplicate.

The stimulation of human neutrophils with «-iso-cubebene induces
CXCL8 production

To investigate the effect of u-iso-cubebene on the primary cyto-
kines in human neutrophils, freshly isolated human neutrophils
were stimulated with 200 pgfml of @-iso-cubebene for a series of
time periods. o-iso-cubebene-induced CXCL8 production was
apparent after 2 h of stimulation and increased until 24 h of stim-
ulation (Fig. 4A). It has been previously reported that Ca?* mobili-
zation is required for the secretion of several molecules, including
cytokines [14]. To characterize the signaling pathway associated
with CXCL8 secretion by o-iso-cubebene, we examined the role
of Ca*" mobilization on a-iso-cubebene-induced CXCL8 production
by preincubating human neutrophils with EGTA, an intracellular
Ca®" chelating agent, pricr to adding a-iso-cubebene. As shown
in Fig. 4B, EGTA completely blocked o-iso-cubebene-induced
CXCL8 production, suggesting that Ca®" mobilization has a critical
role in CXCLS secretion.

Discussion

In this study, we identified a novel natural compound, o-isc-
cubebene, which stimulates intracellular calcium increase in hu-
man neutrophils. In studying its immunological role, we deter-
mined that g-iso-cubebene stimulates CXCL8 production, which
was mediated by an intracellular calcium increase in neutrophils.

For the molecular mechanism involved in the ¢-iso-cubebene-
induced calcium increase, we observed that an c-iso-cubebene-in-

duced [Ca®']; increase was inhibited by thapsigargin, but not by
several other kinds of inhibitors for L-type Ca®" channel. It is there-
fore, possible that the interaction of certain types of molecules and
a-iso-cubebene lead to an increase in [Ca®']; through the thapsi-
gargin-sensitive calcium pool. This might ultimately lead to the
activation of the signaling pathway that is critical for CXCL8 pro-
duction. It has been demonstrated that calcium is a well estab-
lished regulator of transcriptional change in gene expression,
which is important for cellular function, differentiation, and prolif-
eration [15-17]. Several intracellular signaling molecules such as
CaMKII have been regulated by calcium signaling, leading to the
activation of some transcription factors. The activation of calcium
signaling and production of CXCL8 suggests the role of an unknown
target receptor for a-iso-cubebene. Further studies evaluating the
identification of the receptor interacting with the compound and
their signaling pathway should be investigated.

CXCL8, which is a chemoattractant, targets leukocytes express-
ing the CXCL8 receptors CXCR1 and CXCR2 [18]. Moreover, CXCL8
is a well-known major neutrophil activating cytokine, and is pro-
duced by several human cell types [19]. It has been reported that
the production of CXCLS at the site of an inflammation can activate
neutrophils in an autocrine mode [20]. Some of leukocytic cells,
such as monocytes and a subpopulation of T cells express CXCR1
or CXCR2, and CXCL8 recruits and activates the cells locally, result-
ing in a modulation of the cell-mediated immune response [21].
Keeping in mind that CXCL8 plays a crucial role in the modulation
of several immune responses, and that a-iso-cubebene stimulates
CXCL8 producticn in neutrophils, we can suggest that a-iso-cubeb-
ene should be regarded as a target molecule for the development of
immunomedulators of CXCLS-related diseases.
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Abstract

Aim: To study the effects of dibenzocyclooctadiene lignans isolated from Schisandra
chinensis, such as wuweizisu C, gomisin N, gomisin A, and schisandrin, on the
membrane potential in C6 glioma cells. Methods: The membrane potential was
estimated by measuring the fluorescence change in DiBAC-loaded glioma cells.
Results: Wuweizisu C decreased the membrane potential in a concentration—-dependent
manner. Gomisin N and gomisin A, however, showed differential modulation and no
change was induced by schisandrin or dimethyl-4,4'-dimethoxy-5,6,5",6"'-dimethylene
dioxybiphenyl-2,2"'-dicarboxylate, a synthetic drug derived from dibenzocyclooctadiene
lignans. We found no involvement of Gi/o proteins, phospholipase C, and extracellular
Na+ on the wuweizisu C-induced decrease of the membrane potential. Wuweizisu C
by itself did not change the intracellular Ca®" [Ca®']i concentration, but decreased the
ATP-induced Ca®" increase in C6 glioma cells. The 4 lignans at all concentrations
used in this study did not induce any effect on cell viability. Furthermore, we found a
similar decrease of the membrane potential by wuweizisu C in PC12 neuronal cells.
Conclusion: Our results suggest that the decrease in the membrane potential and the
modulation of [Ca®"]i concentration by wuweizisu C could be important action

mechanisms of wuweizisu C.
Key words

Schisandra chinensis  lignan; wuwelzisu C; membrane potential; glioma;
dimethyl-4,4’'-dimethoxy-5,6,5"",6"'-dimethylene dioxybiphenyl-2,2’'-dicarboxylate
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Introduction

Schisandra chinensis Baill grows wild in Russia, China, Korea, and Japan. In Oriental
countries, ripe Schisandra fruits have been used as a tonic[1]. The fruit of Schisandra
chinensis has been found to be effective in viral and chemically—-induced hepatitis[2].
It is enriched in lignans, and more than 30 lignans have been isolated from this
fruit[3,4]. Several lignans, including wuweizisu C and gomisin A, have been reported
to protect the liver from hepatotoxic chemicals[5—7]. Pharmacological studies of
lignans have also revealed anti-inflammatory[8] and anti-HIV effects[9]. Gomisin A
also  suppresses liver carcinogenesis by  tumor-promoting agents[10——12].
Dimethyl-4,4"-dimethoxy-5,6,5",6"—dimethylene dioxybiphenyl-2,2 -dicarboxylate (DDB),
a synthetic drug derived from dibenzocyclooctadiene lignans, was developed as a
supplement for acute and chronic hepatitis patients[13—17].

In a previous study, wuweizisu C, gomisin N, and deoxyschisandrin exhibited
significant neuroprotective activities against glutamate—induced neurotoxicity in primary
cultures of rat cortical cells[18]. Gomisin A improved scopolamine—-induced memory
impairment via the enhancement of the cholinergic nervous system in mice[19]. In
addition, the beneficial effect of Fructus schisandrae on cycloheximide—induced
amnesia was found to be enhanced by treatment with serotonergic 5-HTZ2 receptor
antagonists, but was attenuated by serotonergic 5-HT1A receptor agonists and
cholinergic antagonists[20,21]. Schisandra chinensis fruit was accepted as a main
herbal prescription for the improvement of learning performance in
senescence—-accelerated mice and for scopolamine-induced memory impairment in
mice[22,23].

Ion channels for K+ and Cl- are involved in regulating the proliferation rate
through the modulation of the membrane potential and cell volume[24]. Chlorotoxin, a
putative Cl- channel-specific inhibitor, has been shown to interfere with glioma cell
invasion and is now in phase II of clinical trials for the treatment of gliomas[25]. The
modulation of the membrane potential plays an important role in neuronal and smooth
muscle cells. However, it has been poorly investigated in glioma cells, although
voltage—gated ion channels expressed in glia cells function to modulate the membrane
potential and cell cycle[26]. Thus in this study, we tested the effect of 4
dibenzocyclooctadiene lignans, wuweizisu C, gomisin N, gomisin A, and schisandrin
isolated and identified from Schrsandra chinensis on the membrane potential in C6
glioma and PC12 neuronal cells (Figure 1) and further characterized the response with

specific pharmacological inhibitors.
Materials and methods

Extraction and isolation Fruits of Schisandra chinensis were collected in September
2002 from Mujoo, Korea. A voucher specimen (Accession No SC-NCNPR-1) was
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deposited at the herbarium of The University of Mississippi (USA). The plant was
identified by one of the authors (Young-whan CHOI). The compounds wuweizisu C,
gomisin N, gomisin A, and schisandrin (Figure 1) were isolated from the fruits of
Schisandra chinensis [27], and the purity checked with HPLC was 92%—96%[28].

Chemical agents DIBAC4(3) was acquired from Biotium (Hayway, CA, USA). U73122
was from Biomol (Plymouth Meeting, PA, USA), and DDB was kindly provided by
PharmaKing (Seoul, Korea).

OCHs OCHy

O
Wuweizisu C

Schisandrin Gomisin N
/]
o]

COOCH;
HiCO

COOCH;

HaCO ‘
CLO

OCH;z

Gomisin A DDB

Figure 1. Chemical structures of the 4 lignans isolated from Schrisandra chinensis and
DDB.

Cell culture Rat C6 glioma cells were maintained in high-glucose Dulbecco’'s
modified Eagle’'s medium containing 10% (v/v) fetal bovine serum, 100 U/mL penicillin,
50 pg/mL streptomycin, 2 mmol/LL glutamine, and 1 mmol/L sodium pyruvate at 37 °C
in a humidified 5% CO: incubator[29]. PC12 cells were maintained in RPMI-1640
containing 5% (v/v) fetal bovine serum, 15% (v/v) horse serum, 100 U/mL penicillin,
50 pg/mL streptomycin, 2 mmol/LL glutamine, and 1 mmol/L. sodium pyruvate at 37°C
in a humidified 5% COgz incubator.

Measurement of membrane potential The cells were trypsin digested, sedimented,
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and resuspended in HEPES buffered medium consisting of 20 mmol/l. HEPES (pH 7.4),
103 mmol/L. NaCl, 4.8 mmol/LL KCl, 1.2 mmol/. KH;PO4, 1.2 mmol/L MgSQ,, 0.5
mmol/L. CaCls, 25 mmol/L NaHCOs3, and 15 mmol/L glucose, and then incubated for 30
min with 5 pmol/L DiBAC4(3). Fluorescence emission from the excitation wavelength
(488 nm) was measured at 530 nm every 0.1 s by a F4500 fluorescence
spectrophotometer (Hitachi, Japan). The membrane potential was estimated from

measurements of the fluorescence change of DiBAC loaded cells[29].

Measurements of intracellular Ca?" concentration Cells were trypsin digested,
sedimented, resuspended in HEPES-buffered medium (20 mmol/l. HEPES [pH 7.4],
103 mmol/L. NaCl, 4.8 mmol/LL KCl, 1.2 mmol/. KH;PO4, 1.2 mmol/L MgSQ,, 0.5
mmol/L. CaCle, 25 mmol/L NaHCO3, 15 mmol/L. glucose, and 0.1% bovine serum
albumin [fatty acid freel), and incubated for 40 min with 5 pmol/LL Fura-2/AM for the
Ca® measurement. Intracellular Ca®* [Ca®']i was estimated from the change 1n
fluorescence of the Fura 2-loaded cells[30]. The fluorescence emissions at 510 nm
from excitation wavelengths of 340 and 380 nm were measured every 0.1 s, and the
ratio of fluorescence intensities from the 2 wavelengths (340/380) was monitored
to estimate [Ca®"li [31].

Data presentation Representative traces for the membrane potential were chosen
from 3 independent experiments and are shown in Figures 2-5. The results from 3
independent experiments, shown as the percentage of the control level, are shown in

Figures 2 and 5.
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Results

Lignans from Schisandra chinensis induce changes of membrane potential in C6 glioma
cells In C6 glioma cells, wuweizisu C decreased the membrane potential in a
concentration—dependent manner (Figure 2A, 2E). Gomisin N and gomisin A decreased
the membrane potential by 100 pmol/L (Figure 2C, 2D, 2G, 2H). Schisandrin, however,
did not change the membrane potential up to 100 umol/L. (Figure 2B, 2F). Similarly,
DDB did not change the membrane potential, even at 100 umol/L (data not shown).
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Figure 2. Effect of lignans from Schisandra chinensis on the membrane potential in C6
glioma cells. Representative traces of the membrane potential with various
concentrations of wuweizisu C (A), schisandrin (B), gomisin A (C), and gomisin N (D)
in DiBAC-loaded C6 glioma cells are shown. Lignans were added as indicated by the
arrow (30 s). Concentration dependence of wuweizisu C- (E), schisandrin—- (F), gomisin
A-(G), and gomisin N (H)-induced decrease in the membrane potential (E). MP,
membrane potential; FO, fluorescence value before addition of wuweizisu C; delta F,
maximum fluorescence change after the wuweizisu C addition. b/X0.05, ¢/X0.01 ws
control.
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Involvement of G proteins and phospholipase C in wuweizisu C-induced membrane
potential  Pertussis toxin has been used to elucidate the involvement of Gi/o-type G
proteins in various signaling pathways[29,32]. Thus we treated C6 glioma cells with
pertussis toxin (100 ng/mL, 24 h). However, the wuweizisu C-induced decrease in the
membrane potential was not blunted, suggesting no involvement of G-protein—coupled
receptors coupled to Gi/o-type G proteins (Figure 3A). U73122 is a pharmacological
tool to test the involvement of phospholipase C located in the plasma membrane and
activated through Gqg/l1l-protein—-coupled receptors[32]. We treated C6 glioma cells
with U73122 (5 pumol/L, 10 min) and found no change in the wuweizisu C-induced

decrease in the membrane potential (Figure 3B).

Effects of 5-(N-Ethyl-N-isopropyl)—amiloride (EIPA) and Na+-free media on the
wuweizisu C—induced membrane potential We next tested the effects of EIPA and
Na+ —free media on the wuweizisu C-induced change in the membrane potential. EIPA
is an inhibitor of the Na“/H' exchanger (NHE). By itself, EIPA treatment dramatically
decreased the membrane potential and this decrease lasted for 30 min (Figure 3C).
After 30 min of EIPA treatment, it was impossible to say whether NHE was a
component of the wuweizisu C-induced decrease in the membrane potential because
the resting membrane potential was decreased by the EIPA treatment. However,
EIPA-sensitive NHE was definitely a regulator of the membrane potential in C6
cells[33].

When the effect of wuweizisu C on the membrane potential was measured in
Na+ —free medium, the wuweizisu C-induced decrease in the membrane potential was
not affected by the depletion of Na' in the extracellular medium (Figure 3D),
suggesting that extracellular Na® is not important for the membrane potential decrease

by wuweizisu C in C6 glioma cells.
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Figure 3. Effect of pharmacological inhibitors on wuweizisu C-induced decrease of the
membrane potential. Representative traces of the membrane potential with 100 pmol/L
wuweizisu C in DiBAC-loaded C6 glioma cells treated with pertussis toxin (A, 100
ng/ml, 24 h), U73122 (B, 5 umol/L, 10 min), or vehicle are shown. Representative
traces of the membrane potential with 100 pmol/L. wuweizisu C in EIPA-treated cells
(C, 100 pmol/L, 30 min) or Na+ -free media (D) in DiBAC-loaded C6 glioma cells are

shown.

Effect of wuweizisu C on [Ca?"]i concentration We also measured changes in the
[Ca?"]i concentration. By themselves, the 4 lignans did not change [Ca®']i, with the
exception of gomisin N (Figure 4C). Gomisin N slowly increased [Ca® ]i however, the
increase did not affect the following the ATP-induced [Ca®"]i increase. Wuweizisu C
inhibited the ATP-induced increase of [Ca®'li, but the increase was not inhibited by
other lignans (Figure 4E-4H). The wuweizisu C-induced inhibition and gomisin
Ninduced increase of [Ca® li implied the modulation of Ca2" homeostasis by the

lignans from Schisandra chinesis.
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Figure 4. Effect of wuweizisu C on [Ca2+]i concentration in C6 glioma cells.

Representative traces of [Ca2+ ]i concentration with 100 pmol/L wuweizisu C (AE),
schisandrin (B,F), gomisin N (C,G), and gomisin A (D,H) in Fura-2-loaded C6 glioma
cells are shown. Each lignan (100 pmol/L) was added as indicated by the first arrow
(30 s), and ATP (10 mmol/L.) was added as indicated by the second arrow (90 s) in
the upper panels (A-D). ATP (10 mmol/L) was added as indicated by the first arrow
(30 s) and each lignan (100 pmol/L) was added as indicated by the second arrow (45
s) in the lower panels (E-H). Histograms show meantSEM of [Ca2+ ]i change from 3
independent experiments (C-1 and E-1). C-1 shows increase of [Ca2+ ]i by gomisin N
(100 pmol/L) and ATP (10 mmol/L). E-1 shows decrease of [Ca2+]i by ATP (10
mmol/L.) and wuweizisu C (100 pmol/L).

Wuweizisu C induces a decrease in membrane potential in PC12 neuronal cells To
see the effects of these 4 lignans on the membrane potential in neurons, changes in
the membrane potential induced by the lignans were measured in PC12 neuronal cells.
Similarly, wuweizisu C decreased the membrane potential in a concentration dependent
manner (Figure 5A, 5E). Gomisin N decreased the membrane potential only at 100

mol/L (Figure 5C). Schisandrin and gomisin A, however, did not change the membrane
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potential even at 100 pmol/L (Figure 5B, 5D), suggesting differential sensitivity of

PC12 neuronal cells to each lignan.
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Figure 5. Effect of lignans from Schisandra chinensis on the membrane potential in
PC12 neuronal cells. Representative traces of the membrane potential with 100 pmol/L
of wuweizisu C, schisandrin, gomisin N, and gomisin A in DiBAC-loaded PC12
neuronal cells are shown. Lignan was added as indicated by the (30 s). Concentration
dependence of wuweizisu C-induced decrease of the membrane potential (E). MP,
membrane potential; FO, fluorescence value before addition of wuweizisu C; DF,
maximum fluorescence change after addition of wuweizisu C. b/X0.05, ¢/X0.01 ws
control.

Discussion

In this study, the effects of wuweizisu C, gomisin A, gomisin N, and schisandrin,
which are dibenzooctadiene lignans of Schisandra fruits, on the membrane potential
were investigated in C6 glioma cells. We previously observed an increase of the
membrane potential with sarcotride A and bio—active lysophospholipids, such as
lysophosphatidic acid and lysophosphatidylserine in C6 glioma cells [29,33,34]. In the
present study, we showed decreases of the membrane potential by wuweizisu C,
gomisin N, and gomisin A. Although the precise mechanism for the decreases was not
elucidated, we found independence of pertussis—sensitive G proteins, U73122-sensitive
phospholipase C, and extracellular Na'. Furthermore, we found that wuweizisu C
decreased the membrane potential in PC1l2 neuronal cells. We also found that
wuweizisu C inhibits the ATP-induced increase of the [Ca2+ ]i concentration, and
by itself, gomisin N increases the basal Ca®" concentration. In primary-cultured rat
cortical cells, the kainic acid-induced Ca®" influx was significantly inhibited by

wuweizisu C and gomisin N, supporting our observation[18].
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Because schisandrin, gomisin A, and gomisin N have been shown to reverse cancer
drug resistance by targeting P-glycoprotein (P-gp, ABCB1) or multidrug resistance
associated protein 1 (ABCC1)[35-1], we tested the effect of probenecid on the
membrane potential in C6 glioma cells. However, probenecid (50 and 500 pmol/L) did
not change the membrane potential in C6 glioma cells, excluding the possibility that
wuwelzisu C decreases the membrane potential through the modulation of P-gp in C6
glioma cells (data not shown).

The modulation of the membrane potential was induced by wuweizisu C, gomisin N,
and gomisin A, but not by schisandrin. Three modulatory lignans have 1-
methylenedioxy groups on dibenzocyclooctadiene, but not in the schisandrin structure.
Furthermore, gomisin N and gomisin A, which have just 1 methylenedioxy group,
showed a decrease of the membrane potential at a 100 pmol/LL concentration.
Wuweizisu C, which has 2 methylenedioxy groups, showed a
concentration—-dependently decrease of the membrane potential. Thus we presumed
that the 2 methylenedioxy groups are important for the modulation of the membrane
potential and tested DDB, which has 2 methylenedioxy groups, but not the
cyclooctadiene ring. DDB did not change the membrane potential like schisandrin in C6
glioma cells (data not shown), suggesting the importance of the cyclooctadiene ring as
well as the methylenedioxy groups. This idea is supported by the changes in the
membrane potential in PC1l2 neuronal cells because gomisin N decreased the
membrane potential, but gomisin A did not, showing differential responses in glioma
and neuronal cells to lignans containing 1 methylenedioxy group.

In summary, we showed the decrease in the membrane potential by wuweizisu C in
C6 glioma and PC12 neuronal cells and its inhibition of the ATP-induced [Ca2+ i
increase. Although the precise mechanism for this decrease was not elucidated, the
present study provides useful information for the elucidation of the action mechanisms
of Schisandra chinensis, especially the lignans and drug development using Schisandra

chinensis (fruits) or active lignans.
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Cl. Gomisin N isolated from Schisandra chinensis was significantly induced
anti—proliferative and pro—apoptotic effects in the hepatic carcinoma

ABSTRACT

A lignans 1isolated from Schisandriachinensis were generally prescribed in
anti—cancer and anti—hepatitis in Chinese medicine. To investigate the new function of
compounds isolated from Schisandria chinensis on therapy of hepatic carcinoma, the
killing ability of lignans were screened with cell proliferation assay. Especially,
Gomisin N showed the high killing ability for hepatic carcinoma compare with other
compounds. Furthermore, cell morphology and flow cytometry analysis showed that
this compounds were only induced the cell death at high concentration, while did not
induce the any change of cell death at low concentration. In addition, the expression
level of Bcl-2 and Bax protein involving in apoptotic pathway were markedly
increased in only 320 uM treated group compare to vehicle and other treated groups,
while the expression level of pb53 protein remained unchange in this condition. Thus,
these results suggest the possibility that Gomisin N should be considered as candidate
of anti—cancer to inhibit the proliferation of human hepatic carcinoma and induce

apoptosis.

Key Words: Bcl-2, Bax

INTRODUCTION

Schisandra chinensis usually called “Chinese Magnolia” and has a well recognized
history in traditional Chinese medicine. Also, it widely distributed in Eastern regions of
Siberia, China, Japan and Korea (Panossian and Wikman, 2008). During the last 20
years, many active compounds with various action mechanism including Gomisin A, B,
C, D, E, F, G, K3, N, J, Schisandrol B, Schisandrin, and Schisandrin C were isolated
from this plant (Panossian and Wikman, 2008; Azzam et al., 2007). Therapeutic
properties of these compounds were classified into major four categories as follows;
adaptogenic action, hepatic protector, hepatic stabilizer and hepatic regeneration.
Firstly, studies for adaptogenic action were performed on specific action mechanism
such as energizing, stimulation of nervous system, oxygenator, immune-modulator,
anti—oxidant and skin protector (Panossian and Wikman, 2008; Panossian, 1999; Chiu
et al., 2002; Ko, 2002; Nakamura et al., 2003). Especially, several studies showed that
these compounds reduced the hyperlipemia and significantly inhibited the development
of arteriosclerosis (Yim and Ko, 1999). Second is the function as a hepatic protector.
These compounds were tightly correlated with the increase of the hepatic level of

ascorbic acid, the inhibition of NADPH oxidizing and lipid peroxydizing, and the
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induction effect on the microsome hepatic cytochrome P-450 enzymatic system. Also,
these compounds prevent the cholestasis induced by toxic substances (Baek et al.,
2001; Iwata et al., 2004; Chang et al., 2007; Ko et al., 1995). Finally, these
compounds contributed to the hepatic regeneration process through induction of the
mRNA transcription for the growth factor of the hepatocyte, the stimulation of
hepatocyte proliferation and the increases of the blood flow to the liver. In addition,
these compounds were induced the increase of the levels of mitochondrial hepatic
glutation and the activity of the mitochondrial reductase glutation in order to improve
the capacity of regeneration of the reduced glutation and the synthesis of hepatic
glucogen (Chen et al., 2008; Kubo et al., 1992). However, few functional studies have
been conducted to investigate whether compounds isolated from Schisandra chinensis
could effect on the cell death of the hepatic carcinoma invitro.

In this study, to investigate the new function of several compounds isolated from
Schisandra chinensis on anti—cancer effect, four compounds were screened with MTT
assay.Of the four compounds, GomisinN was significantly induced the cell death of
hepatic carcinoma. Therefore, these results suggested that Gomisin N was considered

as a novel candidate compound having the ability for the anti—cancer effects.

MATERIALS and METHODS

Regents

Minimum Essential Medium (MEM) powder, Trypsin and antibiotics (100 unit/ml
penicillin and 100 ug/ml streptomycine) were purchased from GIBCO (Grand Island,
NY, USA). Fetal Bovine Serum was supplied by Invitorogen (NZ, USA). All other
chemicals were purchased from Sigma Chemical (St. Louis, MO, USA).

Plant material

The fruits of Schisandra chinensis used 1n this study were collected from
Moonkyeng-city in Korea at September 2005. A voucher specimen (accessionnumber
SC-PNUNPRL-1) has been deposited in the Herbarium of Pusan National University.

Extraction and structure elucidation of compounds

The dried fruits of Schisandra chinensis (2.5kg) were ground to a fine powder and
were successively extracted at room temperature with n—hexane, EtOAc, and MeOH.
The hexane extract (308g) was evaporated in vacuo and chromatographed on a silica
gel (40 pm, J.T. Baker, NJ, USA) column (70x8.0 cm) with a step gradient 0,5%, 10%,
20%, 30% EtOAc in hexane (each 1 L) (Choi et al. 2006). The fraction 11 (3,476 mg)

were separated on a silicagel column (100x3.0 cm) with 25% hexane in CHCl3 to give
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5 fractions. Fraction 11IA was further purified by column chromatography on silicalgel
eluting with CHClsz—acetone (19:1) to give a Gomisin N (774mg). The fraction 8 (1.579
mg) were separated on a silicagel column (100x3.0 cm) with CH:Cly to give a
Schisandrin C (501 mg). The fraction 29 (1,992 mg) were separated on a silicagel
column (100x3.0 cm) with 15% CHCIl3 in acetone to give a Gomisin A (97 3mg). The
fractions 36, 37, and 38 (10,533 mg) were separated on a silicagel column (100x3.0
cm) with 5% CHsCls in acetone to give a Schisandrin (4,606 mg). Pure Gomisin A was
identified by HPLC on a Phenomenex Luna C18 column (Phenomenex, 150 x 4.6 mm
[.D.; 5 pum particle size) (Avula et al., 2007). In addition, the chemical structure of
lignans was verified by LC-MS (Bruker BioApex FT mass spectrometer) and NMR
analysis (Varian inova 500 spectrometer). Optical rotations were recorded on a JASCO
DIP-370 digital polarimeter. IR spectra were recorded on an AATI Mattson Genesis
Series FTIR. NMR spectra (‘H, C) were recorded in CDCls on a Varianinova 500
spectrometer operating at 500 MHz for '"H and 125 MHz for 13C, running gradient sand
using residual solvent peaks as internal references. High-resolution massspectra were

recorded on a Bruker BioApex FT mass spectrometer.

Cell culture and treatment

HepG2 cell, a human hepatoblastoma cell line, was purchased from Korean Cell
Line Bank (Seoul, Korea). These cell line were grown as monolayers in MEN
supplemented with 10% Fetal Bovine Serum and antibiotics (100 unit/ml penicillin and
100 ug/ml streptomycine), incubated at 37C in a humidified incubator containing 5%

COginair.

Assay of cell proliferation

Firstly, the wells in 96-well plate were divided into four groups involving Vehichel,
40 uM, 80 uM, 160 uM and 320 uM and assign three well per each group. HepG2
cells were seeded at density of 4 x 1O4ce11/200u1in96—wellplateandgrownfor24hrsat37°C
incubator. When the cells attained to 70-80% confluence, various concentrations of
Gomisin N dissolved in DMSO were added to each well. Thereafter, these cells were
further incubated for another 24 hrs. Cell proliferation were evaluated using an
tetrazolium compound MTT (3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium
bromide, Sigma M2128). After supernatant in compound-treated well and
veichel-treated well was discarded, 200 ul of fresh MEM solution and 50 ul of MTT
solution (2 mg/ml in PBS) were added each well. And these cells were incubated at
37C incubator. MTT 1is reduced by metabolically active cells to insoluble purple
formazan dye crystals. After 4 hrs, 220 ul of MTT mixture was removed from each
well and MTT formazan precipitates were dissolved in 150 ul of DMSO. Finally, the

absorbance of sample in the well was directly read using a SoftMax Prob
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spectrophotometer (Molecular Device, USA). The optimal wavelength for absorbance is
570 nm. Also, the data is analysed by cell number versus absorbance, allowing

quantification of changes in cell proliferation.

Flow cytometric analysis

The percentage of cell undergoing apoptosis process and dead cells was detected
with staining methods of FITC Annexin V (BD Bioscience, USA). HepG2 cells were
seeded at density of 2 x 10° cells in 100 mm® dish and grown for 24-48 hrs at 37C
incubator. When the cells attained to 70-80% confluence, various concentration of
Gomisin N dissolved in DMSO was added to each culture dish. Thereafter, these cells
were further incubated for another OO hrs. Then each group of cells were harvested,
washed twice with ice-cold PBS and then resuspend cells in 1x Binding buffer at a
concentration of 1 x 10° cells/ml. About 1 x 10° cells in 100 ul of solution were
transferred into a round-bottum culture tube. Five ul of FITC Annexin V were added
to stain these cells. After the incubation for 15 min at room temperature, 400 ul of 1x
Binding buffer were added into each tube and analyze by FACSCalibur (BD
Biosciences, USA) within 1 hr.

Western blot analyses

The HepG2 cell harvested from 100 mm® culture dish solubilized with 1% Nonidet
P-40 in 150 mM NaCl, 10 mM Tris HCl (pH 7.5), and 1 mM EDTA, supplemented
with a protein inhibitor mixture (Roche, Germany). They were then centrifuged at
10,000 x g for 10 min at 4°C. The homogenated proteins were separated on 10%
sodium dodecyl sulfate polyacrylamide gels for 3 hrs and transferred to nitrocellulose
membranes for 2 hrs at 40 V. The membranes were then incubated with the primary
antibodies [anti-Bcl-2 (SC-7382), anti-Bax (SC-493), anti-p53 (SC-6243) and anti—a
—tubulin (Sigma, MI)], which were used to detect Bcl-2, Bax, p53 and anti—a—tubulin.
Each antigen—antibody complex was then visualized with a biotinylated secondary
antibody (goat anti-rabbit)-conjugated HRP streptavidin (Zymed, Histostain—Plus Kit)
diluted to 1:1,500 in PBS.

Statistical analysis

Tests for significance between vehicle—treated and compounds—treated gorups were
performed using a One-Way ANOVA test of variance (SPSS for Windows, Release
10.10, Standard Version, Chicago, IL). All the values are reported as the mean =

standard deviation (SD). A pvalue<0.05wasconsideredsignificant.
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Results

Isolation of four compounds from Schisandra chinensis

Firstly, in order to prepare compounds to use the study of anti—cancer effects,
Schisandra chinensis were extracted by three extraction chemicals involving n—hexane,
EtOAc and MeOH. From these experiments, we harvested the four compounds that
were usually extracted with large amount compare to other compounds. Also, to
identify the exact name of these compounds, their structures were analyzed by
LC-MS and NMR analysis. And then, these compounds were identified as Gomisin N,
Schisandrin, Schisandrin C and Gomisin A (Fig. 95). Furthermore, to verify the purity
of these compounds for anti—cancer effects test, the chromatography was performed
for four compounds ©purified from Schisandra chinensis. The results of
chromatography showed that these compounds had the purity enough to apply the test
of anti-cancer effects (Fig. 96). Therefore, all of these results showed that four
compounds for testing anti—cancer effects were successfully isolated from Schisandra

chinensis.

Schisandrin Schisandrin C

Fig. 95. Chemical structures of gomisin N (A), gomisin A (B), schisandrin (C), and

schisandrin C (D) isolated from Schisandra chinensis.
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Fig. 96. HPLC profile of gomisin N (A), gomisin A (B), schisandrin (C), and schisandrin
C (D) from Schisandra chinensis.Bail. HPLC analysis showed the isolated lignans had

a purity of more than 96%.

Effects of fours extracts on cell proliferation

To select the best compounds which have the highest ability of cell killing for
hepatic carcinoma in four compounds, the proliferation activity were screened in all
group that had received four compound on various concentration using MTT assay.
For Schisandrin C, MTT assay represented that these compounds induced the cell
proliferation rather than the cell death of HepG2 cell from 40 uM to 160 uM (Fig. 97).
Also, the cell proliferation in Gomisin A-treated group remained at constant level (Fig.
97), However, MTT screening results of the four compounds also showed that two
compounds involving Gomisin N and Schisandrin was significantly induced the cell
death compare to other two compounds. For the Gomisin N-treated group, the cell
proliferation in 40 uM treated groups was slightly increased compare to vehicle group.
However, these proliferations were rapidly decreased in the range from 80 uM to 320

uM of Gomisin N concentration (Fig. 97).
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Fig. 97. Atin-proliferative effect of four compounds on HepGZ2 cell. Cells were
cultured with four compounds at various concentrations for 24 hrs. Vehicle—treated
cell were treated with DMSO as using the dissolving agents of four compounds.
Activity of cell proliferation was measured using MTT assay. The wvalues of data

represented mean = SD of three experiments.

In addition, Schisandrin were also induced the cell death in the high concentration, but
the effect ratio of cell death were lower than Gomisin N (Fig. 97). These results
suggested that Gomisin N treatment is highly effective in inducing the death of HepG2
cells at the high concentrations, while did not contribute to the cell death process at
low concentrations. Therefore, we selected Gomisin N as a best candidate compounds

having ability of anti—proliferation and pro—apoptosis to use further analysis.

Effects of Gomisin N on cell morphology
Furthermore, in order to study whether the cell death effects of Gomisin N

observed from MTT assay was consistently observed on cell morphology, the

microscope image of HepGZ2 cells were observed by phase—contrast microscope after

- 160 -



24 hrs of treatment with various concentrations. In the 40 uM-treated group, the
number and morphology of HepGZ2 cell were more crowded than those in the vehicle
treated group. However, HepGZ2 cells in 80 uM-treated groups showed the similar
pattern of vehicle treated group. For 160 uM-treated group, few number of dead cell
were firstly observed in the microscope image of HepGZ2 cells. And the number of
these cells was markedly increased in the 320 uM-treated groups (Fig. 98). These
results showed that the results exerted from cell morphology analysis under the
Gomisin N-treated condition were reflected the results of MTT assay at the same

condition.

Fig. 98. Microscope images of HepG2 cells after 24 hrs of treatment with Gomisin N
at various concentrations. Vehicle—treated cell were treated with DMSO as using the
dissolving agents of four compounds. A cell morphology was viewed with a

microscope 20x magnification.
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Effects of Gomisin N on apoptosis

Generally, FITC Annexin V is used to quantitatively determine the percentage of
cells within a population that are actively undergoing apoptosis (Andree et al., 1990;
Casciola—Rosen et al., 1996). To investigate the effect of Gomisin N on apoptosis
process, HepG2 cells treated with various concentration of Gomisin N were stained
with FITC Annexin V and the activity of fluorescence were detected by Flow
cytometry. As shown in Fig. 5, Gomisin N significantly induced the increase the
number of cells that are undergoing apoptosis from 15% to 98% in 24 hrs. However,
this reaction was induced at even low concentration of Gomisin N, and this level of

induction remained at a constant level until high concentration.
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Fig. 99. Identifying cells that are undergoing apoptosis. HepGZ2 cell were incubated
with Gomisin N at various concentrations for 24 hrs, and stained with FITC Annexin V
to detect the apoptotic cells. The flouresence exposing these cells were analyzed by
Flow cytometer. M1 indicated a live cells and M?Z2 indicated either undergoing
apoptosis or had already died. The values of data represented mean * SD of three

experiments. * p<0.05 is the significance level compared to the vehicle treated group.
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Therefore, these results suggested that Gomisin N could induce the apoptosis of
HepG2 cells with the dose-independent pattern. Especially, Gomisin N may induce the
loss of plasma membrane asymmetry, one of early event in apoptosis process, for the

most of cell treated at 40 uM concentration.

Effects of Gomisin N on apoptic pathway

Family of proteins belong Bcl-2 include both pro- and anti—apoptotic members. Of
these members, Bcl-2 proteins stimulate the anti—apoptotic process and Bax protein
significantly inhibits the anti—apoptotic actions of bcl-2 protein (Tsujimoto, 1998;
Tsujimoto and Shimizu, 2000). In order to study the effects of Gomisin N treatment on
proteins associated with the apoptosis signaling pathway, the expression level of Bel-2
and Bax protein were determined in the vehicle-treated group and Gomisin N-treated
group using western blot analysis. The expression level of Bcl-2 protein did not
change in the low concentration range compare to vehicle group. However, the high
concentration range involving 160 uM and 320 uM-treated groups showed the higher
expression level of Bcl-2 protein than those in low concentration range. In case of
Bax protein, the expression level of this protein were markedly increased in only 320
uM treated group compare to vehicle and other treated groups. Furthermore, to
examine whether the tumor suppressor gene would be affected by the Gomisin N in
HepG2 cell, the expression level of pb3 protein were detected in vehicle and Gomisin
N-treated group. The expression level of p53 protein remained unchanged in both the
four treated group and vehicle group (Fig. 100). Therefore, these results suggested
that Gomisin N could simultaneously induce the increase of the proteins associated
with anti—apoptotic and pro—apoptotic process, but do not affects any change on

expression level of tumor suppressor protein.
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Fig. 100. Effects of Gomisin N on apoptotic pathway and the expression level of
tumor suppressor gene.Expression levels of the Bcl-2, Bax and pb3 proteins were
analyzed using Western blot analysis. The membranes were incubated with antibodies
for Bel-2, Bax, pb53 proteins and the B-actin proteins from the HepGZ2 cells under the
various concentration of Gomisin N treatment condition. Expression levels were
quantified by an Imaging Densitometer and the sizes of products were indicated,
respectively. The wvalues of data represented mean = SD of three experiments. =

p<0.05 is the significance level compared to the vehicle treated group.
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DISCUSSION

Hepatocellular carcinoma i1s a primary malignancy of the hepatocyte, generally
leading to death within 6-20 months. This disease also is the fifth most popular
cancer in men and the eighth most popular cancer in women worldwide (Bosch et al.,
2004). Furthermore, cirrhosis of any etiology was known the major risk factor for
hepatocellular carcinoma (Adami et al., 2008). Until now, about 80% of patients with
newly diagnosed hepatocellular carcinoma have preexisting cirrhosis in the liver organ.
Especially, this cirrhosis was mainly caused by excessive alcohol use, hepatitis C
infection, and hepatitis B infection (El-Serag and Mason, 2000). In addition, a many
therapeutic strategies were conducted to give medical treatment of hepatocellular
carcinoma involving surgical resection and liver transplantation, although available
treatment options depend on the characteristics of tumor (Thomas and Zhu, 2005;
Bruix and Sherman, 2005). In this study, we investigated the new function of
compounds isolated from Schisandra chinensis on the anti—tumor ability. Therefore, our
study shown that Gomisin N was significantly induced the cell death of hepatic
carcinoma using cell proliferation assay.

Lignans are the most common constituents of Schisandra chinensis(Turcz. Baill.
(Magnoliaceae). Major lignans in European seeds are reported to be deoxyschisandrin
(0.07-1.09%), gomisin N (0.24-1.49%), schisandrin (0.75-1.86%), wuweizisu C
(0.01-0.34%), and gomisin A (0.13-0.90%)(He et al., 1997). Furthermore, several CI18
dibenzocyclooctadiene lignans isolated from Schisandra chinensis showed various
therapeutic activities involving anti-cancer (Chen et al., 2002, Yasukawa et al., 1992),
anti—hepatocarcinogenesis (Ohtaki et al., 1996, Nomura et al., 1992), anti—-hepatotoxic
(Wu et al., 2003), anti-HIV (Chen et al., 1997), anti—oxidant (Choi et al., 2006; Lu and
Liu, 1992), anti-inflammatory (Yasukawa et al., 1992) and vascular relaxation (Park et
al, 2007) in previous studies. Especially, our laboratory discovered a hexane extract
of the fruits of Schisandra chinensis (Schisandraceae), which is indigenous to Korea,
Japan and China, and had the ability of the cancer inhibition (Choi et al., 2006).
However, very limited literature is available on the pharmacological mechanism of
action of Schisandrachinensis.

Schisandrin B (Sch B) is the most active and abundant dibenzocyclooctadiene
derivative isolated from Schisandra chinensis (1i,1991). Generally, this derivative was
used for treatment of viral and chemical hepatitis. Also, several studies showed that
Sch B could protect against free radical-mediated hepatocellular damage and enhance
the hepatic glutathione antioxidant status in the mitochondria (Ip et al., 1995; Ip and
Ko, 1995). There has been reported that Schisandrin B have enantiomers ((+)Sch B
and (-)Sch B) (Chiu et al., 2006). Furthermore, these two compounds were showed
the ability having the different function. (+) Sch B could be affected on the
proliferation and apoptosis. Especially, (+) Sch B significantly enhanced

doxorubin-induced apoptosis of a human hepatic carcinoma cell line and a human
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breast cancer cell (Li et al, 2006). (-) Sch B was called a Gomisin N. Also,
pretretment of this compound protected against hypoxia/reoxygenation-induced
apoptosis of H9c2 cells (Chiu et al., 2008). However, there are no reported that
Gomisin N could affect on the cell proliferation and apoptosis. In our results, Gomisin
N show the highest activity in four compounds involving as Gomisin N, Schisandrin,
Schisandrin C and Gomisin A screened in this study. Especially, Gomisin N was
significantly inhibited the cell proliferation about 50% at high concentration, while did
not contribute to the cell death process in low concentrations.

The cell death program is characterized by some morphological feature involving

loss of plasma membrane asymmetry and attachment, fragmentation and condensation
of nucleus, formation of cytoplasm vesicle (Schwartz et al., 1993: Bursch et al., 2000).
Especially, loss of plasma membrane is one of the earliest features, and detected by
Annexin V conjugated FITC (Homburg et al., 1995; Koopman et al., 1994). In our
study, the results obtained from this technique showed that Gomisin N markedly
induce the loss of plasma membrane asymmetry at low concentration. These effects
remained unchanged in other concentration level.
Apoptosis or programmed cell death plays a critical role in a variety of physiological
processes during fetal development and in adult life. Defects in apoptosis process lead
to progress of many diseases involving progressive cell accumulation and cancer In
the most of case. Apoptosis process involves many kinds of family proteins. Of these
proteins, Bcl-2 proteins as one of key molecules in apoptosis induce the
anit—apoptotic process (Apakama et al., 1996). Also, previous study suggested that this
protein 1s 1nappropriately over expressed in many solid tumors, and contributing to
resistance to chemotherapy and radiation-induced apoptosis (Apakama et al., 1996;
Joensunn et al., 1996). Unlike many other known human oncogenes, Bcl-2 exerts its
influence by enhancing cell survival rather than stimulating cell division (Joensunn et
al., 1996). In this study, we investigated whether the expression level of Bcl-2 protein
would be affected Gomisin N treatment in hepatic carcinoma. As shown in Fig. O,
expression level of Bcle—-2 protein remained to consistant level at low concentration.
But, high concentration treatment of Gomisin N were significantly induced the
expression level of Bcl-2 protein.

Bax protein, another member of Bcl-2 family, inhibits the anti—apoptotic actions of
Bcl-2. However, some reports suggested that Bax acts as a classic tumor suppressor
gene in vivo. Several human tumors involved loss of function mutations for this
protein and knockout of the Bax gene induce to tumorigenesis in mice (Bakelendt et
al., 2000; Harima et al., 2000; Ito et al., 1999). When we examined the effects of
Gomisin N treatment on the expression level of Bax protein by western blot, the
expression level of Bax protein significantly increased in the only 320 uM-treated
group. These results suggested that the increase of the Bax expression treated with

Gomisin N could contribute to cell death inhibiting the anti—apoptotic actions.
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All of the aforementioned results showed that Gomisin N can serve as novel
candidate for therapeutic treatment of hepatic carcinoma. However, intensive work 1is
still needed to define the role of this compound in inducing the cell death of

hepatocellular carcinoma in order to clinical applicant the patients.
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(1) LPSE A5 AW AEAA emzt AL FESES FFER 9 A|EF] F-3%
vy x4 3y
Adhesion molecule W3S 7FAA = 2o 37| 918 oI T A Lo
LPS (200 ng/ml) A 2A1ZF Aol ew|z At F5ES A gste] RT-PCR=E &1t
a2 Ay ewnzap Ak FEHE FoA SCKH10, SCKH19, SCKH1PA &3] E-selectin®]
o] A% 9lar, SCKHI19, SCKHIPA, SCKH7, SCKH9, SCKH13, SCKH17¢l <3
ICAM-19] #&o] HAHGom VCAM-19 @& SCKHIPAC 2&iAnt #HA9s Bt
(Fig. 110).

Fig. 110. The effects of hexane extracts of S. chinensis on adhesion
molecules expression in HUVECs treated with LPS. Human umbilical vein
endothelial cells (HUVECs) were incubated for 2 h after treatment with the
fractions of hexane extracte of S. chinensis, and then followed by incubation
for 6 h after treatment with LPS (200 ng/ml). RT-PCR analysis for gene
expression of E-selelctin, ICAM-1, VCAM-1 and GAPDH was performed.
The density of each band was measured by a scanning densitometry. Data
are expressed as ratios of adhesion moleculs mRNA normalized to GAPDH

mRNA and then expressed as the mean * SD.
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53] SCKHIPAZ A#hsI AL M LPSSI3) g AZR2eas] Hae garits A
AL FRlst & SCKHIPAZYH MAHZZ Fg¥ AEZQ SCKHIPAIBPBE o] &3}
VCAM-1, E-selectin, MCP-1, IL-6 % IL-8¢ 2dxd axs 39 1 23
SCKH1PAIBPB| 9] VCAM-1 % E-selectin®} 22 58 AMXEF2EX} ¥k ol e}t [L-6
% IL-83 e F8 93 Al fade] wHel AAYe HA & AUtk (Fig.

=2 AR AR
111).

Fig. 111. The effects of SCKH1PAIBPB from hexane extracts of
S. chinensis on VCAM-1, MCP-1, IL-6 and IL-8 expression in
HUVECs treated with LPS. Human umbilical vein endothelial cells
(HUVECs) were incubated for 2 h after treatment with
KH1PAIBPB (1PA) from hexane extracts of S. chinensis, and then
followed by incubation for 6 h after treatment with LPS (200
ng/ml). 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. 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 mean =*
SD.
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(2) FAZEN7IE o] &8 EHUIAE FH FFIEA 23 24
HUVEC A 2d] SCKHIPAIBPBE A&t % 6A12te] A7 A0S @ TNF-a (20 ng/ml)
E AFsta A F FAEEA 7S o] &3l HUVEC Al¥e VCAM-1 2AAREE 43
th. 71 A3 TNF-aol 93] Z7Fs VCAM-19] Zdo] KHIPAIBPBel| 93] 7HA5 At} (Fig.
112).

Fig. 112. Flow cytometric analysis of the effects of SCKHI1PAIBPB from
hexane extracts of S. chinensis on VACM-1 expression in HUVECs treated
with TNF-a. Human umbilical vein endothelial cells (HUVECs) were incubated
for 6 h after treatment with KH1PAIBPB from henane extracts of S. chinensis,
and then followed by incubation for 8 h after treatment with TNF-a (20

ng/ml). Data are expressed as percent VCAM-1" cells.
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(3) FFAN P L o] &3 EAUIAHE A ¥
HUVEC A3 omnjx} Ak < Ay
n AL o]&3] HUVEC A3EZ<¢ VCAM-1 &3 A

]l
ng/mDE A gstar A7 ¥ &3y
sttt 1 A3 TNF-ao 9&] =7} VCAM-1¢] 23 o] SCKH1PAIBPBe| 2]3f

o} (Fig. 113)

TE &
|

Control KH1PAIBPB + TNF-a

Fig. 113. Effects of KHI1PAIBPB on VCAM-1 expression in TNF-a stimulated
human umbilical vein endothelial cells by immunofluorescent microscopy.
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(4) EFNIAAES} SIAE Alo)9 H3F 5F
HUVEC Ao omzt ik F&2ES AHEst % 6417kl FAEAES W LPS (200
ng/ml) Aglata GAAFE} M-e-S AlFT IREE 447 T AR AH E} RHE G
Aol 5 AbAsIY. 1 A3 LPSel o3 Frhsk H-2HEo] SCKHIPAIBPBE A &) <ol
A ZAE B (Fig. 114).

Fig. 114. The effect of S. chinensis on U937 monocyte adhesion in
LPS-strimulated HUVECs. Cells were pretreated with KH1PAIBPB from hexane
extracts of S. chinensis for 2 h followed by the LPS (200 ng/ml) for 4 h. The
number of adherent monocytes to HUVECs was determined by cell counting. Data

are expressed as the mean * SD.
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ZFe] FE&E % gomisin N, gomisin J, SCKH7, SCKHI &< EAWIAHE F2&
238931 SCKH7¥ SCKH9+= W IA XS] BEFS 57}/\]731’4’ LPS® A=3F 83
A ZAA oA} At FEE T SCKH10, SCKH19 ¥ SCKHIPATE E-selectin®] o&d S
oA Fal, SCKH19, SCKH1PA, SCKH7, SCKH9, SCKH13 % SCKH17& ICAM-19] %¥
< Eiﬂiﬂoﬁ SCKHIPAE VCAM-19] ¥&& A8ty ®3 SCKHIPAE MCP-1,
[L-6 % IL-89 W #HAAZ o FAWaALe} delAE 71o] FAge e A7
53] SCKHIPAZFH AAHZ=Z #ed A&EZQ  SCKHIPAIBPBO ¢Js] VCAM-1 %
E-selectin®} 2 8 A EF2E2 #ok ofyzl [L-6 2 IL-83 £ T8 E354 AlolE

7F1l ALY o] HAES AT F Ao, sMAsFo] Ay TP Fag b
MAA= Ll VCAM-1 A 2 g o] Bl s w9 FolaiA JAd e F8sh A
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d
S $WE 4 AUk 183 SCKHIPAIBPBS FaAUg A e} dalA|E Alole] Fabsan
AR
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H}, Schisandrin COll 2|8t QIH EFAMES MEAIH S Gl arrest

Mz gy

(D) YAERE 4883 schisandrin® schisandrin C9) -—r"z

QU RFE 4823 schisandrin® schisandrin C9] T2E Al 2 AF A2 EHE
g 2 T2 FAdA AEeion, e =49 Fx (Fig. 115) 2 +%= (Fig.
116)+= v 23l FAsE =T, F 7Y 2lad E5F °F 96% o] ==& YEhd
AT

Fig. 115. Chemical structures of schisandrin (A) and schisandrin C (B) from Schisandra
chinensis. Bail.

] jchisandn’n C

Fig. 116. HPLC profile of schisandrin and schisandrin C from Schisandra chinensis.

Bail. HPLC analysis showed the isolated lignans had a purity of more than 96%.
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(2) GAHES WS

Ao AbEgE U937 QA FAAEE Y FEAT4 (KRIBB, Taejeon, Korea)oll A
& Hkom 90%e] RPMI-1640 ®iA] (Gibco BRL, Grand Island, NY, USA), 10% fetal
bovine serum (FBS, Gibco BRL)°| 1%<] penicillin % streptomycin (Gibco BRL)o] >3}
| A E AFESE] 5% CO,, 37T 2735t A w3kl

(3) MTT assay°l 3 AXE F2 A ZA}

A ] 6 well plated] 5<1070/ml =& AES BFekar 2447 <k kA sA 7]
th schisandrin®} schisandrin C& A& L2 A2s $ 48A1%F &<t v &Fshdct. 48417
% tetrazolium bromide salt (MTT, Amresco, Solon, OH, USA)E 0.5 mg/ml %7} A
A= sl A sl AR EFetal 3AF E<F CO: incubatorol Al WAl th5 DMSO=
wellol A E formazing EF =< ¥ ELISA reader (Molecular Devices, Sunnyvale,
CA, USA)Z 540 nmolA F3EE AN 54 EF A HE gFlon, T g 34
T3 FF A= Sigma Plot 4.0 =213 (SPSS Ins.) o2 F33it}.

(4) DNA flow cytometry©l] &3+ AEF7] 24

A%} 2 schisandrin®} schisandrin C& Z}Z} A 2]k uj x| oA 48A|%F &< nvj A A3
£ Wolx PBSE %3 AL e 1,000 rpmeE 1087F 9AEe 8 & A=t vga
Ge AXE PBSE Z {41713, 27FS ethanold #A7Fste] 4TolA 3 A 7ot A A

Ao, 18"l MEES o] Bolyow A3sle= FFEZQ DNA intercalating dye
propidium iodide (PI, concentration, 50 pg/ml; Sigma)®t 10 k unit®] RNase (Sigma)ES #
gate] A, 4TdA 1AIZE 5k A8kt A PBSZ F+ ¥ washing #H4& A +
DNA flow cytometry (Becton Dickinson, San Jose, CA, USA)el| Z&A|A &3FutSo] u=
histogram< ModiFit LT (Becton Dickinson) program< AF&3ho] #4139t}

(5) SDS—polyacrylamide gel A7]19& % Western blot analysis

A%+ 9 schisandrin®} schisandrin C7F A 2]l® vjx|o| A 2k A EES lysis buffer® &
gt 5, aHdAEEER Ax W MESE SN 0 5" uwnd s
SDS-polyacrylamide gel A7]dF oz Fg sttt Ead v aS 353 acrylamide gel
< nitrocellulose membrane (Schleicher and Schuell, Keene, NH, USA)°o =
electroblotting®l] ]3] @ojA7l & 10% skim milkE g3+ PBS-T (0.1% Tween 20 in
PBS)ell 4CelA 1A%t o] incubationstd Al H]Eo]HQl @Ml Ao st blockings A A
sttt a8 54 WA digt A E membraned] HEAA Y A 9SS o7l
¥, PBS-T=Z Hojlar 54 @Al gt oz @A W& A 5 ECL (Enhanced
Chemi Luminoesence) €< (Amersham Life Science Corp., Arlington Heights, IL, USA)
= AE8AIT B X-ray filmoll Z3AIA 54 @] o5 A5 2 A AMEH
A5 Santa Cruz Biotechnology Inc. (Santa Cruz, CA, USA) % Calbiochem
(Cambridge, MA, USA)oA Fd3tFom, o]z} A= AL-2% peroxidase—labeled donkey
anti-rabbit immunoglobulin ¥ peroxidase-labeled sheep anti-mouse immunoglobulin<
Amersham Corp. (Arlington Heights, 1L, USA)oA G435}t
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(6) In vitro caspase-3, -8 2 -99] activity 3

Caspases®] &4 A%7} schisandrin®} schisandrin C ]g]el] 2]3}e] ol WMal= {1t
SHEA] Lol ] 918te] A4 2 schisandrin® schisandrin C7F 25 v 2ol A 48A]7F Hf
FH MEZE B2 F Aot sde iR dwdS FEstal APl o€ A FHlE
o 150 pgoll fluorogenic peptide 712 100 uMeo] 3% extraction buffer [40 mM
HEPES (pH 7.4), 20% glycerol (v/v), 1 mM EDTA, 0.2% NP-40 and 10 mM DL-DTT]
50 pl& &35+ 9| microtiter platedl]l THA] extraction bufferoll 3413te] 7z} sample %
% volumee] 100 ul7b A &kt Ade] A" 7122 caspase-39 ol
Asp-Glu-Val-Asp (DEVD)-p-nitroaniline (pNA)©o| A L caspase—89] G- =
[le-Glu—Thr-Asp (IETD)-pNA©°|%l o™ caspase-92 Leu-Glu-His-Asp (LEHD)-pNAS%IT}.
0¥ plated 37TCoA W& 23t tf 3A]7F 59t incubation A|Z1 % ELISA readerZ

o] g3tol 405 nme] FYEE ol atel W3] PrE Y
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g 3 oz

(1) Schisandrin® schisandrin C U937 A%< 4] oA

U937 WMEH A|¥9o F2o] wX+= schisandrin® schisandrin C¢] J8S FA}sl7] 98
o] MTT assay® H|a3s}3it}. Fig. 22 U3t 559 schisandrin®} schisandrin C 2] 48
A7 o] A A AEFA schisandrin CE #E] T oEH oz =24 A Eiﬂr?— o
2 5 e, schisandring AIESA AAEA7E AT ol @ dAEe T4 oA &
i schisandrin C¢ &%= 7ol W& A3 e M= Aol AT (Fig. 117).

H
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A) 0 Schisandrin @ Schisandrin C
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OSchisandrin @ Schisandrin C
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Fig. 117. Growth inhibition of Human leukemic cells (U937) after treatment with
schisandrin and schisandrin C (A). Human leukemic cells (U937) were plated at 1x10°
cells per 60 mm plate, and incubated for 24 hr. The cells were treated with various
concentrations of schisandrin and schisandrin C for 48 hr. The growth inhibition was
measured by the metabolic—dye-based MTT assay (B). Results are expressed as the

means = S.E. of three independent experiments.

(2) Schisandrin®} schisandrin Col] 23t ME A=E JA € apoptosis F&

U937 AAFF4AMES] enAERY F8lg schisandrin®} schisnadrin Co] A&
of mx= JegFS dolr 7] st U937 A *Eol chisandrin? schisnadrin CS 48A17F &
g3t & trypan blue® M3l hemocytometer® 2rolds AXS FE A3
Fig. 118 YEld wvle} o] schisandrin Co =7} S71E4% U937 Al X9 AEEL UH

[e]
=
o

1l
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- A9t} Schisandrin® schisnadrin Co] Aol &gk U937 AM>Ee AES As7}
apoptosis & Fade] A=AE FAe7] 918kl DAPI stainings AAIste] 3o FE|=
ZAek el Fig. 39 YeRl wieb o] schisandrin® schisandrin C7F A @] #] &¢e AAk
Hj Rl o A gk U937 Aol A 3o Fej7l S5k Jdom Mol Aot schisandrin
C7F Ag® Mxe AL, a4 $Z=(chromatin condensation)oll €38+ apoptosis7} dojt
MEANM AP X oz #H2E = apoptotic body?] &&9| schisadnrin C A8 H% &4 <
7FE] Atk o]i= nucleosome?] linker DNA F-3#-9] HAtto]| o]3F DNA whHsle] Ay[5]ojm=
schisandrin C2] Ao 2]t M L2l AEE A= apoptosis 2 DS FHo] S
S ¢ = A wEbA schisandrin C # 8ol W& U037 Al¥2] apoptosis & ALE A
FHoz v Hrislr] sl Y 2R wgH HAEES UF SR flow cytometry
s T MEF719 sub-Gl7lel d|FE = AEES] RIEE ZAMSE AF= Fig. 118 C

Schisandrin (M) Schisandrin C (ph)

0 25 50 100 25 50 100

Fig. 118. Effects of schisandrin and schisandrin C on cell cycle distribution of U937
cells. Exponentially growing cells were treated for 48 hr with indicated concentrations
of schisandrin and schisandrin C. The cells were trypsinized and pellets were
collected. The cells were fixed and digested with RNase, and then cellular DNA was
stained with PI, and analyzed by flow cytometry. Arrows mean the frequency sub—-G1

cell population. Results are expressed as average from two separate experiments.
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Table. 19. Fractions of each cell cycle phase of U937 human leukemic
cells cultured in the presence or absence of various concentration of
schisandrin and schisandrin C for 48 hr.

Concentration Number of cells (%)
(uM) G1 S G2/M
0 54.91 24.02 21.07
Schisandrin
25 54.61 23.78 21.61
50 54.70 23.31 21.99
100 55.76 23.24 21.00
Schisandrin C
25 56.41 22.97 20.62
50 57.89 21.50 20.64
100 69.88 16.15 13.97

(3) Schisandrin®} schisandrin Col| 23k U937 AlX2] G2/M arrest

5+ schisandrin¥} schisandrin C9] 4AXEZ FAGA| dAo]l 54 MEF7] 2L
o] Aol A=A ARE FAbe7] flste] PI 94 ¥ flow cytometry 45
A= Fig. 1189 vhebdl wiel 2t} Fig. 1189 ZA¥olA sub-G171E #A19)g Y x AZ
s Ao RE AEFT] 77k A7le] s E = AlE] WRE F»steh A= Table 1990
YeR Atk Aol A & 4= slo]l A ZxelA widsE U937 M2 A9 Gl7ld e
= AlEe HIET} oF 55% AEQld H|Ete] S W G2/M7]d &38h= AMES] W= 7
24% 2 21% AEF . 18y schisandrin C7F A 2l® wjx]ol A wjkd U937 Alxel 7
S71 2 G2/M7]ell efF == AEe] W7} schisandrin C A2 s%=7F S7Fg+5 ¢ 7
o] 747} 16%9 14%= YEtwen, Gl7ldAE F7tEol °F 70%=2 YERRTh 1Y
schisandrin® 2] Al A 2] %=1ke] A EZF7]= 2oz} gldet

il
il

z}

RN Ve S .

(4) p21 59 ¥do "X+ schisandrin®} schisandrin C¢] 9
2% schisandrin®} schisandrin C9] A gol ola] fF&x= U937 E+9A
apoptosis7t TYAA AR} = AEFT] A AR Hd Wsket dado
o o F-E FAtslr] flste] AAAQ] MEF7] 2o F83% &S sk p2l19 e v x
+ schisandrin®} schisandrin C¢] 9&S FAFSIAT. Fig. 1199 AFoA & 5 A%
p212] A} 4ol A schisandrin and schisandrin C2] ] gle] w2 o] F77 #&EFHS
=3

=~
2
>
o
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A) B)
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Fig. 119. Induction of pl6, p21 and p27 by schisandrin and schisandrin C treatment in
human leukemic cells. (A) After 48 hr incubation with schisandrin and schisandrin C.
The cells were lysed and then cellular proteins were separated by
SDS-polyacrylamide gels and transferred onto nitrocellulose membranes. The
membranes were probed with anti-pl6and anti-p21 antibodies. Proteins were

visualized using an ECL detection system. Actin was used as an internal control.

(5) DNA ©#3}

Schisandrin®} schisandrin C7} AMEAFES FXE3to] QojA DNA @A E dAs= A
S ##el7] 98 schisandrin and schisandrin CE *JE]3F U 937 MEXZ5E DNAE #
3ol DNA w3l gAS Ay Bttt (Fig. 120). 2 23}, schisandrin C %5 25 uM=
Aelgh 49 3% DNA @35 @203 4 gl ot 100 uM A& & 745 DNA laddering
| A= AE 32 5 %o, Hoechest 929 A¥A 5 schisandrin* #]:= DNA7}F
GHSl e %] gk o} schisandrin ColX = @A DNAWHS 7 #2E Y}, Jayaprakasha
59| bromide stainingS 3%t Poncirus trifoliata (L.) Raf 9] FEES AHglst &L AE
F(colon cancer, HT-29)ollA] MZEAE o] A2 A Yi 59 @A 4% 5 FE=2=25H
e b wE A wdw MEe AlxApEA @4 S71eF DNA ©Hste] S 5
AT AHREE 2 AT A3e FAES UEhd 23 vt A 2 Qu AR Y s
schisandrin C7} ¢tAI32 9] DNA @3S fFk3hs 13t 4= A

O

M 1o o

roh ok f
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A) Schisandrin Schisandrin C
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0 25 50 100 25 50 100 (uM)
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lEm.E A ﬁm.

5 0 100 50 100 ()

Schisandrin Schisandrin C

Fig. 120. DNA ladder pattern formation in the U937 leukemia cells after treatment
with schisandrin and schisandrin C. After schisandrin and schisandrin C treatment for
24 hr, the cells were collected and DNA was extracted. The DNAs were separated on
1.5 % agarose gel electrophoresis and visualized under UV light after staining with
EtBr.

(6) TRAIL, DR4, DR5, Fas ¥ FasL® 2&dd| v X+ schisandrin® schisandrin C¢ <

A% H2E B apoptosis HA Aol FLF AU = F&o) FEA Sohi
=]

GAAE] B WstE #=3 A3 Fig, 1219 veERY vle} 2o schisandrin CE A g5}
& wjo] TRAIL, DR4, DR5 % FaslL¢] W& o] whulza 3o A 7HA3El ),

S o

A AmE F3 apoptosisol]l UM F5 o FEA &L= FHAE T, TRAILS
DR4 @ DR59} ZA3E3la FaslLy Fas9t Z2E3 024 apoptosiss FWsts Aoz oA
ATh oYt 59 FEA = @@ S| schisadnrin® schisandrin C A gl <]3s}
o] ojufgt Wyt FIEHEAE A AF, Fig. 1219149 o] schisandrin C A& Aol
TRAIL, DR4, DR5 % FasLe| @do] Z43dt= Ao 2 UEY apoptosis S A4 A=
7} o= AL #oste Aow Az E Izt
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A) B)

Schisandrin  Schisandrin C Schisandrin  Schisandrin C
0 25 50 100 25 50 100 (uM) 0 25 40 100 25 50 100 (uM)
55 b B e 4 «— TRAI ———= e e | B2
mg_-w—-‘.._nm [ == —— | Boix,
o L ]~ors e -£%
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Fig. 121. Effect of schisandrin and schisaandrin C treatment on IPA family protein in
U937 human leukemic cells. Cells were incubated with schisandrin and schisadnrin C
for 48 hr, lysed and cellular proteins were separated by 12% SDS-polyacrylamide gels
and transferred onto nitrocellulose membranes. The membranes were probed with the
anti-Bax and anti—-Bcl-2 antibodies. Proteins were visualized using ECL detection

system.

%ol schisandrin C7} 3% viA|ol| A 2gh A E A
A ARl Ades & F AAT wWeEkA schisandrin C A
Hodte= T &S 918ko] apoptosis®t AR S THA=
AR FHALEES] Bd Bislo g AT
Apoptosis A4S wi7leh= x4 F3121 Bel-2/Bax family % apoptosis 245
2

2 apoptosis &S %8 pro-apoptotic A}

L IR
=2
i
2
ol

o 12

A= anti-—apoptotic Ex}F¢1 Bel-
Baxe 933 AL 7FX 2 At (Jurgensmeier et al., 1998; Antonsson and Martinou,
2000). ol + FAA+ mitochondriaZ4-8 cytochrome CE FE|AA T4 A F2%x21
P53, caspase ¥ DNA w¥#H3}e} 3% endonuclease 9 FAS ZA3t} (Antonsson
and Arttino, 2000; Reed, 1998; Rosse et al., 1998). o|& FZ A= M Z dimerE ©|FiL
g=d wd ¢ Wiy dojubd apoptosis’t FEEE Aow 24 vt (Antonsson
and Martinou, 2000; Lenza et al, 1999). Wt <onA=HEE 4% schisadnrind}
schisadnrin Coll &3+ 21A] &AM E2 apoptosis & Ao Bel-2/Bax familye] #d o
2= ZAYSY}. Fig. 69 YEeEhd vle} Zo] schisadnrin CE A ]3RS 7-F-o UI37TAIE
o= ZAME Bax % Bax familyol —’té‘}% Bad, Bcl-2 % Bcl-2 familyel] &3t 9
Bel-XS/L wld o] wstel A Bel-29] Il ghante] Fegxl d4olglon, vhx] o
o] dgo= ok7F At} wheEbq U937 Al XA schisadrin C Aol 93+ apoptosisd
fratoll Bel-2 family’t 523 9SS skl om, Bel-xLe #Aauy Bax9 S7HHUE
Bel-29] @ 7HAe] wE Bax®] i3 @& F7F2 Q1gh apoptosis it #d A5 &

B8} o FoiA: Qe Al Fi Aol

OIN ;3 PL
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(7) Caspase-3 X ®3 A 3]A|7} schisandrin Coll ¢]%} apoptosisel] "] X= FTF

33 [CE/CED-like protease family$l caspaset apoptosis 3% A= FQ3 24l
A2 A 2831 [Antonsson and Martinou, 2000; Chiarugi, 1994; Nagata, 1997], °o|&
familyedll &3l 22 @A ESS Mxoix ;I3 mitochondria®] 9o Ex]3HH,
Bel-2/Bax  family 2@e] wWslo] wel ol5e @43yt AN= ZAew deA v
[Antonsson and Martinou, 2000; Chiarugi, 1994; Miyashita and Reed, 1995]. w}#}A X]
H7kA 48 A caspase = WHE-E9 apoptosis’} FEEH AEA & FAHAEE Ho F
caspase-3 (CPP32)¢] W& AEE A& U2 F %9 schisadnrin®} schisandrin C7} ﬂﬂfﬂ
T HAEE Yoz AL

o+ Apoptosis oA 71 A HQ AEE = caspases FolA 7 A Ql

caspase-3, -8 % -99] w& 9 Ao nx]= schisandrin® schisandrin Co] &S ZA}
3 A3}, Fig. 12204 yERd vle} 7Fo] initiator caspase?l caspase-8 % -99] A =
schisandrin 2o W& & W37t #FHA AN schisandrin CE A Esl3ls 45l
= IRV EE4E FAsHYY. Effector caspase® 4@ % caspase-39 A=
schisandrin Co] Ag] %7} %S o] €43 iAo wdo] Ay

oz ERE £FE8 3 schisadrin®} schisandrin Coll 23+ apoptosis &2 A3}sHA
S8S 9ste] apoptosis FEA SolatA &Eal7F dojub= 4 A poly(ADP-ribose)
polymerase (PARP) [Decker and Muller, 2002; Kaufmann &, 1993; Lieberthal %,
199819 &l mA= FaFas AT 54 W, oF Azl oste] AE WellA
apoptosisZ7} dojubH PARP @ de] Fal7} prRtsw 1 Ay} A2 Aol 29 PARP
GEe 116 kDaol #AFHS 7FA| A9 apoptosis’t dojyt A9 85 kDa A7) ©¥H S T
Zg 4= QY [Kaufmann 5, 1993; Lieberthal &, 1998]. 53] PARP+= DNA repairt}
genomic stability®] Ao w]$ Q3 IS Y [Tewari &, 1995], apoptosise] ¥4
< caspase® Ao ofa] WAl F&f7F dojibd PARPO &A4A 7w AR <lste
XA DNA repair o] A H o]t} [Decker and Muller, 2002; Tewari &, 1995].
ol &2lstr] 9lste] 48417 E<9F A E schisadrin® schisandrin Co] g% nl %] ol A
A A EZA A S PARP HAE HASE A Fig. 794 & 4 %ol 4743 schisadrin bl
Aol A v MEESY A9 116 kDa 1o %3 5 bandE & 4 ATt Schisandrin C
7b Agl| v el A wigE AE] A9 arEEolA] 85 kDa 1R ClA LEEE bandE #E
d F Adon PARP wild o] o] vk ETA O R FAHJASTS & F AU Fig. 7
ol & 4= d5=0°] schisandrin C¢ &l ¢]3}le] DNA repair®} genomic stabilityol] o]
&= PARPO| 2@ FAHdAY Ee dHs7E 2 E A o= schisandrin C # 2o

& caspase-39 &4 A7) apoptosis el ARH AR #Ho] A5S oH|stE Aot

rlr

o] 2] Ao A schisandrin Coll 2o]gk U937 QAAEFAA XS] AAYA = apoptosis
dhal 718 Aol A o™, schisandrin Coll 23 AL LA ES] apoptosis -2l +=
Bel-2 f+d=2ke] o fH4A 2 Bax 2 Hd] S7boll 93 caspase-39] & s}l ofgh
Ao gokd 4 QATh ol A= AEF7] 24 FAH AAQ! cyclins R Cdkse| &
o4} EFolal AR} p21e] W Zvbe] wWE Cdk inhibitor p21 L p27 Wde] Z7 &
de HED F AT olHd Ho] fHAEY Wi AdE Az A= 2 Ay
o A AAIE H A FHAES wd =S S5tY] apoptosisE FEAIE ASE F55 o
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A) Schisandrin  Schisandrin C

0 25 50 100 25 50 100 (M)

‘— — o ——— ‘—‘4— caspase-3
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Relative caspase activity
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Fig. 122. Effects of schisandrin and schisadrin C treatment on the levels and activities
of caspases in Human leukemia cells (U937). (A) U937 cells were treated with
indicated concentrations of schisandrin and schisadrin C for 48 hr, collected and then
lysed. The cellular proteins were separated by SDS-polyacrylamide gels and
transferred onto nitrocellulose membranes. The membranes were probed with the
indicated antibodies. Proteins were visualized using an ECL detection system. Actin
was used as an internal control. (B) Cells grown under the same conditions as (A)
were collected and then lysed. Aliquots (150 pug proteins) were incubated with
DEVD-pNA, IETD-pNA and LEHD-pNA for caspase—-3, -8, -9 and PARP activity,
respectively, at 370C for 3 hr. The released fluorescent products were measured. The

data shown are means * SD of three independent experiments.

o]4Fe] A}o| A schisandrin Coll &3k U937 A *E2] apoptosisel| caspase-3°] Wl T &
S & Ao=Z Yelyy] witol caspase-39 @48 AT 49 schisandrin Coll <]
%= apoptosisel AW g W7t YE =R 9] o FE FAFEGITH WA DAPL 94
o] g3ste] o] HElE #FAI A= Fig. 123004 vepd wpel Fo], AHAulAo) A gk
U937 Alxe] 5= 3ol defrt Aoz e Wil schisandrin C7F A2l i =] ol A
A A A= A A2 apoptotic body7F A EATE 12} caspase-3 ABH A
ARl z-DEVD-fmkE 1A AAEsls A5 BAviAolA Ak AEe} mpzriA 2
apoptotic body”7} #&E A ¢kdtt. o= U937 I UM Eel A schisandrin Coll 9]t f
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Fig. 123. Caspase—3 inhibitor, z—DEVD-fmk, alleviated schisandrin C-induced apoptosis
in Human leukemia cell lines (U937). U937 cells were pretreated for 1 hr with or
without z-DEVD-fmk (50 pM), and then with schisandrin C (100 uM) for additional 48
hr. The cells were stained with DAPI for 10 min and photographed with a
fluorescence microscope using a blue filter. Magnification, X 400. Caspase-3 activity
(B) was determined using manufacturer’s protocol and a flow cytometer after 48 hr in
the presence of the caspase-3 inhibitor z-DEVD-fmk (50 pM) for 1 hr before
schisadnrin C (100 uM) treatment. Data are expressed as meantSD of three

independent experiments.

o] el Ao A schisandrin Coll 2]k AA| A XS] U937 A4l S2gA 2
o Hl tﬂﬁh apoptosis &3 LA g Aol ARom, o] g apoptosis FEAE FHHY
84, Bel-2 family % IAP family®] 2& W3le} 1o wE caspase-39 &4 il ¢
gt 71 dwlA o] gt dady A Aol S & 5 AgTh 2 Ao Ay
schisandrin C¢] 3¢t &%9 AF 9 AFed FA7|dy ddd Ao 7|2 A=A 1

AR oS e Aom YrE,

- 200 -



2 o

H Ao A schisandrin®} schisandrin C2] apoptosis = &3 &7 d a5

= [e)
U937 AT A AEE oz xA6Y o1, apoptosis F2o] #oldt Ao R oAEE FQ
gk fxtEe] B 2 S mA e F5o FEFS ZAMSGIY U937 AMlEe AEEE
schisandrin C2] A& =% Z7lo] ug} ZeEsA dAEHgoH, o= dAd &= A4S =

o
HEsk apoptosis 2ol 9k AYS & 4+ AU Schisandrin C A 2]l 2|3t apoptosis
o Bax % Bel-xLo] &d W3} 9 Bel-29 wd 7Aoo e A A<l Baxe e S7}
o T

9} IAP familyel] &38t= 2l o] ve 7+ 2 caspase? A Ao A#Ado] it

il

}
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Al 2O|XIZ22E =rg2est Mo Hald g3l tyrosinase &M TE A &1}

Mz oy

(1) AIE AE% (cell viability)e] A

kst AxEe] FA L formazano] W3lA  3-(4,5-dimetylthiazol-2-y1)-2,5-diphenyl
tetrazolium bromide?d] Hgtez =A3 ATt PPCA e & 37T, 5% COz incubatorol] A 3}
F 5 4 stE A F enAERY FE3 5= 0.1 ng/mles sEE AHEE & F
48 AZF FoF Sttt 1 & 7} welle] WX ES A A3 MTT solution (1 mg/ml in
PBS)S wi#]¢] 1/10 volumel & ZHzhe] welldll F7Fslar, 37ColA A% Bt vESAIZ &
MTT solutions A|A3dFaL, Z+ welle]l 100 pl®] dimethylsulfoxide (DMSO)E #7}s}e]
15~20%-7F plate shaker® &E59¢| & U}S microplate readerE AFE3}e] 570 nmolA &3
=5 S48k

O

(2) MTT assayE o83 AXE AFAA XA}

AEZuFE 6 well plated] well B 1x10°71¢] U937 MEXE ®F3l3 schisandrin®
schisandrin C& sX¥=2 A2 gt th5 4841t & wlA| & A|A3}al tetrazolium bromide salt
(MTT, Sigma) A2 0.5 mg/ml %2 3]A43to] 200 pl¥ #7313l 3AI7F 5ot wjksta
oh oHjo]l Edk vy MTT AleFE AlAska DMSOE 100 pl® 53k wellol A
formazine 25 %< ¥ ELISA reader (Molecular Devices, Sunnyvale, CA, USA)= 540
nmel| A F3 =5 st S48 5 MRS slon, 1o gk Hdad £ QAE
Microsoft EXCEL program< AF&3Fo] 43}t

[}

_{1)41 J
o T

(3) AFd FHF A

Wehd g B ARl Bk WS offF 45t ST sk Al f.okshd,
a-MSH (200 nM)¢} 2712} (0.5 ug/mDE FH7Fs DMEAoIA 59 B¢t AM3EZE ujkstltt,
10% DMSOZE #H7}gk 1 N NaOH 500 pl-&de] AE HojgE ¥ 0Tl

A =it Wald e ELISA reader?] S o] €3ko] 475 nme] &%

(4) Tyrosinase 84 &3

Tyrosinase A3&A 542 tyrosinase®] #8243 A== DOPA APEY FFEE
FrEAFEAE o) &kl AysArh. AlEudE 6 well plateo] well T 1x10°709] A%
& ¥F3t32 DMEM®| a-MSH (200 nM)$F 2wz} (0.5 ug/mDE @7%0}01 39 & st
o}, 71d=4 10 mM L-DOPA 0.2 mL, 0.175 M phosphate buffer (pH=6.8) 0.2 mL %
E%"” 0.5 mLe] &38 Mo mushroom tyrosinase (110unit mL-1) 0.1 mLE 73}
7C
J

=

o A1 283+ Hk-§-A]Z1 DOPA AAES FTHEE FTFEFHE=AE ol &3] 405 nmol A
%206}04 A &S FAFET o] AFe B 4ubE o7 dlo] HAZkS ekt
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Lignans from Schisandra chinensis
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Pure compounds from Schisandra chinensis
Fig. 124. Cell viability of B16F10 melanoma cells after treatment with pure compounds
from Schisandra chinensis. The cells were cultured in the presence of various
concentrations of several compounds for 48 hours. The viability of the cells was

measured by MTT assay. Each bar represents the mean * S.E. (n=5).
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Fig. 125. Effect of pure compounds from MeOH extracts in Schisandra chinensis on
MTT activity.

(2) a-MSH #Zd ARFE F vz ¢5Ee A8 ddd YA a7

Aeid A e 249 o-MSHE Hsteal 2 975 238k oy 7pA] dxzA ol A
0] 5= pleiotropic molecule®X FIAXO] A F24, F4A2ZFZFo WY x4, dHAzd
A A T st el 7)eo #weldtth ol Al¥XY 4=8-A (melanocortin receptor
1, MCIR)$} ZAd3ste] Gs v AL gdAdsir7]a, o]x4 o2 adenylate cyclase@Ado] <&
cAMP7} F71¥ a1 94424 © & protein kinase A (PKA), tyrosinase &4 &< &3t 2zhd
AL ZZA7] microphthalmia—associated transcription factor (MITF) @3z o] Hl&] S
S7HAA tyrosinase frAzke] WS sk Aoz delAd vk AAE Hunt 52 «a
-MSHell o]&] et &4 2 tyrosinas A o] S7HE AT B gk wp Qo)

oo ¥ Ao A= B16F10 melanoma Al¥°] a-MSHE Fojgto =y HHehd A o}
tyrosinase Ao Qn|ze] AAFZEZHE £FEEd JadEAdEY HES2EYH &5
TEgh 24 E50] oWt JEFs A =X dotr At itk QAR RY Faeld g od
o] BatdS At AlE FEolA mMaRrt e AE gkl #ske] a-MSH= A}
=3 B16F10 melanoma A3ZeA Webd A4S #Es3Av (Fig. 126).

B16F10 melanoma A|¥°]4 1 pM¢ a-MSHZ fFE%¥ & FA g tol H|ste] dzid
A 240.6% S71ath 7o R o2 AFEE Al Q1% arbutin 50 ug/mle] FEZ
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Agd A 150.8%% iR ow, A

SCH37PAPE7} 183.7%% 7% wdtt. WeE FE=EEHH o5idd
KM15IE3} KM15IDPAPEPA©] Z}7} 168.0%%F 166.8% =41 Aehde] A4 7hAig o

Xt webAd KM1SIE® KM15IDPAPEPAS] m¥ g5 7]4bs A ol dow, 7]%o] v
Ao A= v sPgFomA e JhsAdo] 7t e

Fig. 126. Inhibitory effect of pure compounds from Schisandra chinensis on melanin
synthesis in BI6F10 melanoma cells stimulated by 1 uM a-MSH. Cells were seeded at
2x10° cells/well. After 24 hours, cells were treated with various concentrations of
pure compounds and a—-MSH for 48 hours. Then, melanin contents were measured at

405 nm. Each bar represents the mean = S.E. (n=4).

(3) Tyrosinased &A A3
Al Aol FE AR ] ATA HEE tyrosined EHEAZ o] tyrosinase?)

478 98 AWAEE dopaquinone 9 FEAE AFdte] olmwAl W ochulz v} o]
ek o2 AMAET (Lerner® Fitzpatrick, 1950; Pawelek®} Korner, 1982). #zhd A
4 AL VIF ez ldd Ao G491 tyrosinase B4 AAE AH AAS= FE I

23k tyrosinased] Wi = AHAQ AAE HERHA SAT 3 F A A X
Yol A dlabd AL AA|5= F3o] Att (Kahn¥ Andrawis, 1985; Tomita %, 1990).
2 AT E QuARRY e ed 4o dWahd e Fa3 dAE Fulste &4
tyrosinase @A Aslads A7 f18 71£9 HE+<l arbutind} Quxfe] xty} v
e FEEEHEH &R EEAES 0.5 ug/mle] AFEE AHY3ste]  tyrosinase? # &
& vluskgl (Fig. 127). 138 o2 vl =4 7iE 7bsdS HAEsh] f8A Ase
0.5 pg/miA st A3, ditozniey et gad 54 FodAs deide] S48
2AAE SCH37PAPEZY 7Hd a37t At HeEaS2 Ry s s Ed3dAs A

oy 9 g
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o] 848 AAAAY KMI5IES KM15IDPAPEPAY} tyrosinase®] &84S 7H24A 7t

of A¥s FFE Hu ovxERFEYH Bt ¢=FEES> SCH37PAPE, KMISIEZ}
KM15IDPAPEPA7} #lebd 9 tyrosinase?] &4 SAldl #AAaAZATH ol i< HAzid
A PA A FY ¥ oty 53] HAE A9 AFHERA 549 A8 Ao A,
Qv 2HY tigke] saielvt st 220l =2 tyrosinase A @yl AU S
AAA It Holl A shFe] mjuiA|=e] &§-o] vj- 7|vjgch

rU

o

o ik

|

2D Graph 1
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Pure compounds from Schisandra chinensis

Fig. 127. Inhibitory effect of pure compounds (0.5 pg/ml) from Schisandra chinensis on
tyrosinase activity in B16F10 melanoma cells stimulated by 1 pM a—-MSH. Cells were
seeded at 2x10° cells/well. After 24 hours, cells were treated with various
concentrations of several pure compounds and a-MSH for 48 hours. Then, tyrosinase

activity was measured at 490 nm. Each bar represents the mean = S.E. (n=3).

¥ e

euARAEE Sy d EEEc] dabd A4 A= S dolr o mA v A A
o /Y 7hsd AAFE Elstr] flske] B16F10 melnoma A|XEE o]&ste] depbd 4
tyrosinase @A ko] o3l A3l Az dAabd AA I tyrosinase A E+= SCH37PAPE,
KM15IE¥ KM15IDPAPEPA®] 0.5 pg/mle] @2 XA JA|gaxrt wf$- ko). o]g sk
ARE 18T v v|AEFE £FEEe SCH37PAPE, KMI5IEY} KMI15IDPAPEPAS
B16F10 melanoma A|3X2] @zl A3} tyrosinase A% oA 2H8S Yz 9o s
28712k et m G4 AR TheAs HESY Y & 5 de wHes #
olz A gl ojtt.
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(1) HTS-DPPH radical scavenging assay

Al5E 96 well plate©l 0.1 m® 5312 04 mM DPPH (a,a'-diphenyl-j3
-picrylhydrazyl) & 48 5 H7lste] AoA 30E7F WA * 540 nmolA FHEE
(Wallac 1420, USA) Z7433ich 39rES x5 o2 stof Harghs T3kl
Electronic donating ability (%) = [(FA] 57— ¥

(2) HTS-MTT assay

T YA ET (AGS)Z penicillin (100 units/mL), streptomycin (100 pg/ml) solution
I} 10% $-elo} A (fetal bovine serum)©| ¥3+¥ RPMI (GIBCO BRL, USA) HjAE Al-&
st 5% COgz, 37C wig7]el A viFAIA AREgheh $-d 24 wellel F¥ SAEZF 1 X
10008 ®58kar, 447 Feoll A w2 wA 3 5 pg/mle] BHE 2447+ Sk A sl
3-(4,5-dimethylthiozol-2-1y)-2,5-diphebyltetrazolium bromide (0.1 mg/mD)<S Z} well°l
A ste] 4 AZF gt & A H insoluble formazang DMSO°| *5o]al ELISA reader
(Wallac 1420, USA) & E3l 540 nmollA SFE=E A ¥ o, 38HES Yo7 31y
Haks 78kt % Inhibition= (¥H-3-%/th %)% 100

(3) HTS-cell base NO assay

np9-2~ A AE (RAW 264.7 ATCC W% TIB-71)E penicillin (100 units/mL),
streptomycin (100 pg/mL) solution®} 10% <$-¥lo} &H (fetal bovine serum)o] X%
DMEM (GIBCO BRL, USA) ®i#]& AR&3to] 5% COg, 37T wi7]olA miGAA ALE-gTh
$ 24 welldll wF$-2 HAAEF 5 x 10705 ®F38kar, 4X7F ol Al wiA 2 A 3 5
ng/mle] AZE  1AIZF B9k AAe F LPS (stimulator)E lpg/mLE 16 A7 &<t A2ls)
Sk MEMY ASH 100 pls 96 welldl @oj¥il Griess €9 (1% sulfanilamide/0.1%
N-(1-naphthyl)-ethylenediamine dihydrochloride/2.5% HsPO,) 100 uplE #H7}slal 58 F
ELISA reader (Wallac 1420, USA)E ©°]|&34 540 nmolA FHE=E SA3I% o, 345
S dFez st HAghS T8 % Inhibition=1-[(WH-&w"- A 2.4 71)/dl 21100

(4) HTS-MTT assay

np9-2 A AEZ (RAW 264.7 ATCC ®H3% TIB-71)E penicillin (100 units/mL),
streptomycin (100 pg/mL) solution® 10% <$-¥lo} &H (fetal bovine serum)o] X%
DMEM (GIBCO BRL, USA) #lA& A&3te] 5% CO2, 37C wig7]ol A Al A Ap&-ghct,
A 24 wellel vk AAZEFE 5 X 10°718 EF8kar, 4A42F Holl A wjA=Z A 3
d4dE= (25 5 10 mg/ml )9  ABRE 24712 Fb AEsadth
3-(4,5-dimethylthiozol-2-1y)-2,5-diphebyltetrazolium bromide (0.1 mg/ml)<S Z} well°l
A8 ste] 4 A7F wiFe & A E insoluble formazang DMSO°| *o]il ELISA reader
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(Wallac 1420, USA) & %3] 540 nmollA STF =S =A sl¥ o, 3utES AR o7 3o
HHF#S 739t % Inhibition= (BFS-%/d) Z5)%100

(5) HTS-cell base NO assay

upg-2 A AHIE (RAW 264.7 ATCC W& TIB-71)& penicillin (100 units/mL),
streptomycin (100 pg/mL) solution® 10% <$-¥lo} &H (fetal bovine serum)o] X33
DMEM (GIBCO BRL, USA) ®i#|& AR&3to] 5% COg, 37T wi7]olA miGAA ALE-gTh
S 24 wellel P2 dAMET 5 X 1008 BFeta, 4403 Holl A w2 wA F
dg5% (5, 10, 15, 20 ug/ml )e] A& % L-NAME (NOS inhibitor)& 1A]7F &9 d A
% LPS (stimulator)E& 1 pg/mLZ 16A1ZF &<t Asiith. Az &5 100 plE 96
wellel 2ojEil Griess €9 (1% sulfanilamide/0.1% N-(1-naphthyl)-ethylenediamine
dihydrochloride/2.5% H3PO,) 100 ulE F7}stal 5% 3 ELISA reader (Wallac 1420,
USA) & &3 540 nmeld F3=E S4sislen, 3utas 93 o sto Fdgke 133l
. % Inhibition=1- (& -2 B A )/t 2= ]%100

(6) iNOS protein assay : SDS_PAGE and western blotting

v~ g AE (RAW 264.7 ATCC W& TIB-71)& penicillin (100 units/mL),
streptomycin (100 pg/mL) solution®} 10% <$-¥lo} &H (fetal bovine serum)o] X33
DMEM (GIBCO BRL, USA) wi#]& AR&3te] 5% COg, 37T wi7]olA wiGAA ALE-gTh
24 24 welld] w92 QAMET 5 X 10°E B30, 24A17F Holl A HjA R wA =
dgs= (15, 20 ug/ml )] Al8E 1AZF &t AAg F LPS (stimulator)E 1ug/mLE 16
A7 B Aelekelth. PBSE 2% washing @ ¥ RIPA Lysis buffer (50 mM Tris—Cl, pH
7.5, 150 mM NaCl, 1% NP-40, 0.5% deoxycholic acid)& ©]&3l] @WdSE FE330).
F=9 Y g AS SDS-polyacrylamide  gel  #A7]gdEow Egskth
SDS-polyacrylamide gelel] £2l¥ @S PVDF membrane®® %71 % PBS® 7%7%F 3
3 AlHstal 1% skim milk in PBSell ¥of ZAF=2elM 1A%t &<k blocking 83ttt
primary antibody= 1:1,000~1: 2,000 =7} ¥ %= PBSe| =< 1% skimmed milk®
3]sl membrane¥} A Aol A 1A|ZF ¥ YEA T Membranes PBS-T=Z 7#%F 33
A3 F HRP-conjugated secondary antibodyS 1:1,500~1:2,0000% 3|43}
membrane? 3| F2olA 30 wiYEISITE o]& PBS® 7#3F 33 AlFHF F ECL
western blotting detection reagentsE *18]3}o] A HluminescenceE X-ray filmoll 73
& Zelstdoh.

g 3 oz

(1) HTS-DPPH radical scavenging assay
DPPH (a,a'-diphenyl-B-picrylhydrazyD™ & o]-&3ato] emzte] ALFEE2EH &
gl &4 5 pg/mls H7bste]l b3t adE A5 2= Fig. 1280014 B #ie}
g AEE S A schisandrin C, gomisin N % shisandrine 7% ©]4e] A &3

i)
o

=
1}

N
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B}l o, gomisin G, gomisin B ¥ gomisin AX °F 5% Axo &7 AU

uzte] HWEe FEFEZHEH B &= bSug/mlE DPPH  (q,a'-diphenyl-8
-picrylhydrazy)'-& o]&3sto] d4itst gy HAEd Ay thao A B viel
t}. WEe FEHEFA YSCM0120013 YSCMO012004¢] 3aAtstaazt 7bd =9kon,
YSCM012002, YSCMO012005, YSCMO012006 %  YSCMO012007°] = t}Sojlom,

YSCMO012003°] 7} <okt

A B

Fig. 128. Effect of natural pure compounds from hexane (A) and MeOH (B) extracts
in Schisandra chinesis on HTS-DPPH radical scavenging assay.

(2) HTS-MTT assay

AdEe] 95 5dE AT el ez Axsdes FR1T 2ol 545
el Al &= sEolA &9 d4S ASE o+ Aok wEA evARRE 293 oFe
Ao Fd AFAEFT (AGS)C e Ax54ds Q13 29 atFE225YH sredd
YSCHO12001 =~ YSCHO012009% H&& FE===25EF 583 YSCM012001 7

YSCM012007 B AlxZAdo] ¢l (Fig. 129).

- 210 -



Fig. 129. Effect of natural pure compounds from hexane (A) and MeOH (B) extracts
in Schisandra chinesis on MTT assay in RAW 264.7 cells.

(3) HTS-cell base NO assay

nh9-~ A MY (RAW 264.7 ATCC W% TIB-71)E penicillin (100 units/mL),
streptomycin (100 pg/mL) solution® 10% <$-¥lo} &H (fetal bovine serum)o] X%
DMEM (GIBCO BRL, USA) Wi#|& AR&3te] 5% CO2, 37T wig7]olA] wiSAlA A83F3
=3

mzte] &AL 2 Heks FEEEFY SFEdd Adiol LPSe 9d fFiEE v~
HAAE (RAW 264.7 ATCC M TIB-71)9] iNOSel| w3 d&F= vA=AE &3]
#3ke] INOSel 9l8] FZ=%& NO A st AJgdEde] A3 &4 Griess W& o8
ato]  EQlsigitt (Fig. 130). 2 23 g4 FE=2%F e YSCH12008,
YSCH12005, YSCH12006 % YSCH12009¢} HeHs FE===2Z5H o5E8¥ YSCM12003
o] iAo ® Hojd NO A4 Adllss HEFHATE

AA el A dat F& &4, B AA, ABAE=AEA] 75s 7= &)
E9¢l nitric oxide (NO)& (Lowenstein et al., 1994) ©]2] AX HtgAAME FQ3 SIS
SdslsE Aoz 4R At (Tsoulfas and Geller, 2001). ©]¢F 28 NO= HYAH AA 2
HoAA e #BHE3] macrophage’} 9584 AbElo| A inducible nitric oxide synthase
(NOS)E v Ao =ZH  arginineCZHEH NOE A, 95 w&& F3lshH,
pro—inflammatory UAt=ZA] 2H8-S A "t} (Hobbs et al.,, 1999). 53] bacteria®} &<
M9 Al W= lipopolysaccharide (LPS)7} host receptor®} ZgHste] M W 215 A
o] dojii=d], ol kB kinase (IKK) complex’} &A13}=E o] kB9 phosphorylation 2
degradationol 29}t (Shin et al., 2004). wWetA uAEZRE Y3 JEES 41}

T3 25s Ad A T LY Y THsAe] =2 AoE Als
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Fig. 130. Effect of natural pure compounds from hexane (A) and MeOH (B) extracts
in Schisandra chinesis on cell based NO assay.

(4) HTS-MTT assay
upe-2 YA M ES 5% COy 37°C vlE7]ol Al
TFo A AFEE FLoAE AEZEAS UERA &k

UAA HTS-MTTE =43 A3 2 4
t} (Fig. 131).

A B

Fig. 131. Effect of natural pure compounds from hexane (A) and MeOH (B) extracts
in Schisandra chinesis on MTT assay in RAW 264.7 (ATCC No TIB-71).
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(5) HTS-cell base NO assay
HTS screenings S3lA 1xp4 o2 Ao =99 AR 2 I 52471 LPS 23
FEHE INOSO AWt s v A=AE &R1str] f18ke] INOSel 93] FXE%+= NO A3
Aol tdt Al EAe] A FAS Griess HHES o] &3t FQle3it; (Fig. 132). =1 A3}
YSCH12005, YSCH12003 2 YSCH12006°] #ojv NO A A %Hb% YER AT L 9]
% YSCH120083 YSCH12001% % oFHoz NOAA AdfsS vetygdd. #Hee +
A

l‘ﬂ _PJ
> Tt (o
m{n

SEZHEH £FEgste] 1380w Ast 4 qA & 4@40; NOAA S A
ARG, mEA INOSH A & 7F gdstdon, AEd=2 937 YSCH12003] thahe] 2Hg7]
215 9rel Aoy, tE EAEY gt dow AFE A& 5P Folt),
" L-lane YSCH12001 YSCH12003 YSCH12005 YSCH12006 YSCH12008 YSCH12009
— . 1

Percent inhibition
£ D
o o

N
=]

0
50 100 200 400 5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20
Concentration (uM) Concentration (mg/ml) Concentration (mg/ml) Concentration (mg/ml) Concentration (mg/ml) Concentration (mg/ml) Concentration (mg/ml)

Fig. 132. Inhibition of nitrite (NO) production in LPS-stimulated RAW 264.7 cells
(ATCC No TIB-71) by lignans from Schisandra chinensis. NO concentration was

examined under Griess reagent system by taking culture media at 12 h and 24 h.

L-lane YSCM12001 YSCM12002 YSCM12003 YSCM12007
80

T L

Percent inhibition
IN o
o o

N
o

50 100 200 400 5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20
Concentration (uM) Concentration (mg/ml) Concentration (mg/ml) Concentration (mg/ml) Concentration (mg/ml)

Fig. 133. Inhibition of nitrite (NO) production in LPS-stimulated RAW 264.7 cells
(ATCC No TIB-71) by natural pure compounds from MeOH extracts in Schisandra
chinensis. NO concentration was examined under Griess reagent system by taking
culture media at 12 h and 24 h.
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(6) iNOS protein assay : SDS_PAGE and western blotting

TS Al A EE AR lipopolysaccharide (LPS)E 723k WA A8 &3} &4
24 Za9s, AL, 2 AS 3Ae Aeoe EAd S(septic shock)s FEgtt
(Rietschel & Brade, 1992). TEZAM¥EE Aol ek 7oz dolA F83%k 938

TPty LPS 2Hgeo] T8 FAAZolvt. SEAAMEVL @A4stHYA, SEXAAEE & TUA
w9l WA AFS FH A AAeth AL (nitric oxide, NO)= ZEA 4 F 9]
M EGaf 280 Bosts Ao BuyAYt (Palmer etal,1988). LPS$} IFN-zol| 23+ A3
o] ZIFAAE A=L inducible nitric oxide synthase (NOS)E WaA]7]=H], o] §4hE

L-argininey} 22 AZRE Be 9ko] NOMA S =21A171t} (Hibbs etal,1987).

emzte] AN FEEY W %%%EHH T Ao digte] INOS wh
A A S Western blot assay® 213t RAW 264.7A4 0] KIOM-79E LPSe} =A]9
2] 2]gk & anti-iINOS A& o]&3}o] Western blot 28-S 43§k A3} YSCH12003 20 n
g/ml A= ZEgk INOS @] S AARS AT + AU (Fig. 134). RAW
264.7 A LPSE At iNOS ©ide] <fo] dASIA F7istar, ol#d F7he
YSCH12003°l ¢]ate] &% oj&EAow Aads & + AT °f
o YSCH12003¢l &k ditstd s A A= INOSH AL A
ARG I Qo= ] A aNE YEE EFe] tg AN
Foll A1 Folrt,

Inducible nitric oxide synthase (INOS)+= ¥7AstAl YA+ neuronal NOS (nNOS) %
endothelial NOS (eNOS)¢} ©#], interleukin-18 (IL-1B), tumor necrosis factor-a (TNF-
a), lipopolysaccharide (LPS) &3 #2 dS5HdAdxt @ kAl o] o]3)] 2& =0, i}gF
°] nitric oxide (NOE AR AAHE NO= =gzt dFow FaHaa
(vasodilation), B &4 <=Fwlo] (nonspecific host defense) 59 Z8& A|qk = &3]
HE e wkygd 9= (chronic inflammation), 2] (asthma), 34 A3
(neurodegenerative disease), ThA 7 3l5 (multiple sclerosis), ®&A (arthritis), 99
78 9L obgl 5& {38t} (Lala and Chakraborty, 2001). Wb 2 Aol A] F=83}ar
uAERY Faads oo 4o 3ds 29E UEa Jeng dFe TEEs
g3t & 5 U= Ths S 2] flste] AEHQ AFE AT Aotk

!
e Ay i

W 30, ¢
ol rlr
ot
i
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Fig. 134. The effects of lignans from Schisandra chinensis on LPS-induced iNOS
protein in RAW264.7 cells. Lysates were prepared from control or 24 h LPS (1 pg/ml)
stimulated cells or from LPS plus lignans (10, 15, or 20 uM). Total cellular proteins
(40 ng) were resolved by SDS-PAGE, transferred to nitrocellulose membranes, and
detected using specific antibodies, as described in Materials and methods. The
experiment was repeated three times and similar results were obtained.

120
100
LPS (1 ug'ml) =0
= > o & ~ ~
& & & & & @ s
o < o > ~F > T &0
. & S o S, € g
EP L SR EFL & & =
"“q\f\‘\_}*'& _‘,‘QQ_k\@'_ﬁ%q OHF
[N @3 N = [ N 40
- — 20 15 15 10 20 15 20 15 5 10 20 15
1NDS‘ ——— — e — —— — — — — 20
mbulin‘m‘ o
& S S S S
o"é&cﬁ“}@ %@@ ca“%@ ¥ @‘)‘ﬁ}@ o“qfv;“'%@
RO oF S o é\‘\‘v &
R A o O 7
a7 a® £ ® 7 ® -7 ®
& S e 5 O 5 S

Fig. 135. The effects of pure compounds from MeOH extracts in Schisandra chinensis
on LPS-induced iINOS (A) protein in RAWZ264.7 cells. Lysates were prepared from
control or 24 h LPS (1 pg/ml) stimulated cells or from LPS plus lignans (10, 15, or
20 uM). Total cellular proteins (40 pg) were resolved by SDS-PAGE, transferred to
nitrocellulose membranes, and detected using specific antibodies, as described in
Materials and methods. The experiment was repeated three times and similar results
were obtained.
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ABSTRACT We demonstrate that YSCH12003, novel pure compound isolated from
Schisandra chinensis, inhibits LPS-induced expression of INOS gene in RAW 264.7
cells. Treatment of RAW 264.7 cells with YSCH12003 inhibited LPS-stimulated nitric
oxide production in a dose related manner. Due to the critical role that NO release
plays in mediating inflammatory responses, the inhibitory effects of novel YSCH12003
on 1INOS suggest that YSCH12003 may represent a useful anti—inflammatory agent.
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ppm2 4-decanol 1 mlS #7}3k & 3A]37F&2t diethyl ether® 5&%3}04 394 terpene

FE XHs A, B EFOoR A g5A17 T 40T AL S ]i’ﬁ 3 m=z 5=
a3l 0.22 ym membrane filter2 o33t A& GC/MS &4 8 A|gdo=z 33t

GC-MS (HP 6890 series GC system+ HP 5973 MSD, Hewlett Packard Co. USA)+4]
Z718, FFAP-capillary column (free fatty acid phase; 30 m X 0.25 mm i.d. fused
silica capillary, film thickness 0.25 pm; J & W Scientific, Agilent, Waldbronn,
Germany), carrier gast He (32.6 ml/min.), 28 LX< initial temp.(time) 70C(5
min.), ratex= 5C/min., final temp.(time) 220C(5 min.)®]™, injection port temp. 250T,
interface temp. 240C, 70 eV ionization voltage®] ZHdo = R399}
7t 3 =59 42 mass spectrume 343k A3E EUE Willey library % i+

FastR o, 7+ 3gE] A ZF ¥ WAL WHEEFEZQ 4-decanold H]uLE}
olglo] Aatal oz AZ3sg o olule] response factors 12 7FA3FA )

stebEo sx(ug/g)= {3tdEd IaUAXHTEF=4d H7FFug)<1,000 / {HF-E+=

ot
2 e

7 Az W dx7IbE AEE 50

Alge]l M =AH(CIE L a b colour space)2 Z+ A

mesh %2 EH3 & 5 mm FA2 224 A 3 Hunter colorimeter (Minolta Co.
Chroma meter CR-200, Japan)® =743} 2™, chromatic reference standardi= white
Co-15222% 3} S dw 1L=92.6, a=0.8, 18|31l b=0.322 ©]}t}.

a2lal F e Zh(total color difference value, AE)T AH(15,16) wef of3 A o= +
&tk AE = V(AL)? + (4a)® + (Ab)?

50CAA 3Lz E3Axst o] 12% o5kl v A} HFof] 3

12 5 27 nhgslglon, o] AewA 100 ¢& =FH 3}

HE 85T g4, YHHIL A FE3Fc a8l
2.

7 7] -

AWM= FHF AARER 2.6 w/iveolat, %%%) 10%S #7138 400 meo] 7L\ =}
100 g& Yal Ao FE39en, oju2] pHi= 3.07°]Ath EdH ofA|ELLe R WY H2
o} Fd3 pHE AT FE5 oM o & owlsz FEHolgl selth. FEHA ok 7t
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Zt 6, 12, 18X #31& AAste] FEFa1lom, 59 oA (Toyo, No. 2)& Biichner
funnel& AH&sto] FQ1olahdk 200 meo] oAFelS A== dto] WA terpenefd B MEE
i%}'i%g] ]Ji’ﬁ =4

=224 1000
ppm«] 4-decanol 1 mS H7I8F Y. FE=& 2+ diethyl ether 30 mlE AFE3FH o A+
3ol A 3AIE B FRete] A U RS 2 TS ERNNaSO) .24 &
4A171 & rotary vacuum evaporator® 5 ml7}A] 5%3tal 0.45 um membrane filter= o3}
& A2 GC/MS 48 Alddow st GC/MSe] &4 %32 Table 203} .

sl
)
[>
H
=2
o
K
o
" Og.lH
M
it
o
do
%
=
Jr
lo Fel

)

Table 20. GC-MS" operation condition for analysis of volatile terpenoid

Items Conditions
Column HP-5 (5% phenyl methyl siloxane capillary,
30.0m><250um><0.25xm)
Mode split
Carrier gas He (flow rate : 32.6 m{/min)
Split ratio 30.0 1 1
Oven program Intial temp. 70T
Initial time 5 min
Ramping 57T /min
Final temp. 220TC
Final time 5 min
Injection port temp. 250C
Interface temp. 240C
Ionization voltage 70 eV

U HP 6890 series GC + HP 5973 MSD

2y 3t EE2o 542 mass spectrume 343 A3E EUE Willey library 2 #3S
Fasiolom, 7zt sigtEe] B 7 99 WHAES Wi ET=4HS 4-decanold} H]ulstod
ofefjo] Arka o m AbEsER o, o] ¢ response factor= 1= 7Hg38F3AT

shetEo] s(ueg/g)= {7 &9 JauadgxFiEEd 73 (e)<1,000r / {H5F-E
=AY AHA XA % (mg)}

Aol F42 ofyols A cellol ¥o] Hunter colorimeter(Chroma meter CR-200

Minolta, Japan)® 3} 2™, chromatic reference standard© white C2-15222% 3} uj
L=92.08, a=1.19, b=-0.706°] 31 t}.

=2 2]+= Hunter's color value #t9l L(white +100 < 0 black), a(red +60 < -60
green), b(yellow +60 < -60 blue) % HAAAQA AMAE Yeld= AE(total color
difference value)#t2 ARiel wel & A o= 35k3ivH[21,22].

AE= V(AL?+ (Aa)? + (AD)?
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Aevate] FRIFS 75.48%010em, 7 AxHd dxa&s Wud 23 Fig
1369149k o], 50Cek 70CelA 443 T2 Ame FERIF AAEL 44
88.75%, 93.15%°11 2.1, 1043t T2 2T A5 88.04%C] A}
oj¢f Fo] 7z} HAxze] mE FEIFS GFAE T0CAAM A2 Azt dAgke 7}
F Ee AAES Btk ey A0 xE d¥0x A T R AAE EiAe

109 o]abe] B-& AXAIO] 22 KT
HEA S AGA Mo AR AF] ey A% FRFFES 109 ol F4H
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Fig. 136. Removal ratio(%) of moisture
content of fresh Schizandra fruit
(moisture content ; 75.48%) during
three  drying  processes. Symbols
represent as, 50 HAD; 50C hot air
drying, 70 HAD; 70T hot air drying,
FRD; freeze drying.
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Fig. 138. Picture of 50T hot air

drying for 2 days

Fig. 137. Picture of 50T hot air

drying for 1 day

RFax

50C 4Day

50C 3Day

Fig. 140. Picture of 50T hot air

drying for 4 days

Fig. 139. Picture of 50T hot air

drying for 3 days

ob A3Att.
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Fig. 142. Picture of 70T hot air

Fig. 141. Picture of 70T hot air
drying for 2 days

drying for 1 day

k-

AFuz

70T 4Day

70T 3Day

Fig. 144. Picture of 70C hot air

Fig. 143. Picture of 70T hot air
drying for 4 days

drying for 3 days
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Picture of freeze drying

Fig. 146.
for 4 days

Picture of freeze drying

Fig. 145.
for 2 days
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Picture of freeze drying

Fig. 148.
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Picture of freeze drying

Fig. 147.
for 6 days
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Fig. 149. Picture of freeze drying
for 10 days
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50Ce 70C E37x, 283 70T FZ2AxHY F Aol WalsE 54357 ¢85k
2yZyo] Az or Az ovAE whsle] L, a, b ¥ AE @S 43I eH, 1 A3E

Axel e owae] A W L oa, b go] AAHeR EAAZY RN A%
o

A
Egom, 50T, 70C EFHx o0& =l Lgke A9 0olA Wale]l 1007b419] M=
BAEE UellE ez, 7 Az wel 19 dxe A 59 Lk T3 Zo]E Kol
Al ko dxr|zre] AAREFE dxzdd wE xpol7b Ve

gy dEdx 1Y oF, sAAR 29 o5 Lk FoHl AolE HolA o},
Z x7] olFell= A dAT S el Hdx7|Zbel| wE e X2 Zloz Alm Tt
a#he HAG-60)7 AM(+60)S UElUE gho®, Laka vsd s Bmou 7t nxw

Anthocyanin MAE €57 =S u w3 T Z2Wd o) HAHEH[2,3,4], & SI[5]
L 257 YS9 anthocyanin A4 bEHo] Fdvhal Busiloh g 9 F[6]& A
g} 2£o] B3 M E329] shirley 2 dAX A] anthocyaninM4 9 S4r+s= 27 =242
Aashs A4S Bon, agt: fol3He st Ao 2 YEs=dH, 53] 60-70TeA

S vk A At sl E gk washe
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Table 21. Changes in Hunter Color Value of Schizandra Fruit (Schizandra
chinensis fructus) during Freezing Dry processing

" eplication 1st 2nd 3rd 4th Mean score
Condition

L:34.70 L:33.56 L:33.21 L:35.36 L:34.21
2 days a:34.35 a:33.88 a:34.01 a:33.59 a:33.96
b:18.35 b:19.98 b:19.31 b:20.70 b:19.59
L:38.65 L:37.76 L:36.44 L:37.59 L:37.61
4 days a:42.44 a:42.62 a:46.46 a:43.64 a:43.79
b:24.29 b:24.37 b:23.56 b:23.86 b:24.02
L:41.03 L:38.23 1:39.76 L:39.56 1:39.65
6 days a:44.29 a:44.50 a:45.04 a:46.09 a:44.98
b:24.80 b:25.89 b:24.75 b:25.20 b:25.16
L:37.77 L:38.30 1:39.76 L:40.01 1:38.96
8 days a:43.44 a:42.88 a:43.48 a:44.74 a:43.64
b:25.67 b:25.53 b:24.27 b:25.13 b:25.15
L:39.10 L:38.70 L:38.90 L:38.20 L:38.73
10 days a:44.77 a:45.15 a:46.06 a:46.17 a:45.54
b:25.23 b:25.62 b:25.79 b:25.98 b:25.66
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Table 22. Volatile Compounds of Fresh Schizandra Fruit (Schizandra chinensis
fructus) and Changes of Those during 50T Hot Air Dry Processing (ng/g, wet
base)
Group Volatile compounds  Fresh 1 day 5 diSSC Hé)tdi;rs 1 days
a-Pinene 23.61 6.61 2.85 3.02 6.84
Camphene 19.59 5.30 2.36 2.54 5.28
Sabinene 7.27 1.53 0.76 0.88 1.69
B-Pinene 11.08 2.67 1.22 1.63 2.58
Myrcene 56.97 16.83 11.67 10.97 20.41
a—Phellandrene 10.52 3.38 1.94 2.06 3.13
6—Carene 2.07 - - - -
%40“0‘ a-Terpinene 21.88 6.75 4.46 4.27 7.18
erpenes
B-Cymene 21.67 6.72 4.00 4.32 6.58
Limonene 20.66 6.52 3.99 4.19 6.21
cis—Ocimene 3.65 0.87 - 0.56 0.84
trans—B-Ocimene 16.41 4.27 2.83 2.81 4.15
y—Terpinene 58.49 17.00 13.01 12.32 19.93
a—Terpinolene 13.44 4.55 3.36 3.11 4.17
Total(13) 273.87 79.45 51.09 52.57 88.82
5-Elemene 5.93 0.76 1.35 1.06 1.33
a-Ylagene 28.06 9.13 19.60 18.89 26.67
a—-Copaene 8.28 2.08 2.30 2.04 3.00
B-Bourbonene 13.24 3.59 4.31 3.38 4.75
B-Elemene 120.16 25.79 32.06 26.71 37.30
Epizonaren 3.18 0.99 1.11 1.07 1.24
B-Cadinene 7.35 - - - -
Aristolene 51.25 12.62 17.14 14.57 17.92
Naphthalene 3.77 0.98 1.21 1.06 1.31
Germacrene—D 1.41 - - - -
Germacrene—-B 2.33 - - - 1.13
B-Patchoulene 4.61 - - 1.04 1.47
trans—-B-Farnesene 38.03 8.87 10.62 9.64 13.34
Sesqui— y—Selinene 75.97 20.73 25.43 21.12 24.66
terpenes B—-Cubebene 66.69 15.24 20.41 16.73 20.52
B-Selinene 30.33 9.10 10.72 9.29 15.93
a-Bergamotene 103.45 27.38 37.71 35.25 44.07
a-Selinene 45.08 13.11 15.33 13.21 20.70
B-Himachalene 23.32 5.59 11.18 9.19 14.70
Valencene 27.76 6.98 9.16 6.51 14.20
y—Cadinene 7.38 1.90 2.58 2.23 3.64
7-epi—a—-Selinene 4.66 0.92 1.00 0.89 1.27
6—Cadinene 31.02 7.59 10.60 9.27 13.14
Aromadendrene 4.31 0.85 1.32 1.18 1.49
Acoradiene 3.94 0.93 2.05 2.07 2.81
a—-Longipinene 4.73 0.84 1.91 1.64 2.38
a—Gurjunene 7.79 1.53 2.34 1.87 2.61
Calarene 7.03 2.57 3.04 2.71 3.44
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6—Selinene 20.27 5.77 6.84 6.14 8.44
Total(30) 1,004.93 259.52 29557 265.19 383.84
1,8-Cineole 5.91 2.43 1.41 1.44 1.83
L-Linalool 5.48 1.40 0.83 0.89 0.85
Borneol 4.92 1.39 1.13 1.30 1.35
Terpinen—-4-ol 46.02 12.04 12.39 10.75 13.46
Terpene p—Cymen-8-ol 2.14 - - - -
alcohols — _Terpineol 23.07 589 585 569  6.23
Citronellol 11.15 2.07 1.61 1.77 1.63
Nerolidol 25.57 4.65 6.81 6.10 7.06
T-Muurolol 96.45 28.08 34.42 27.27 40.88
Total(9) 511.32 134.41 128.96 120.29 181.03
Bornyl acetate 28.37 6.83 7.85 6.75 9.25
’efsetrepresne Citronellyl acetate 23.56 5.32 7.02 5.86 7.97
Total(2) 539.69 141.24 136.81 127.04 190.28
Furfural 1.95 2.27 0.76 0.75 3.79
1-Isopropyl-2-meth
Others oXxy-4-methyl 13.11 2.56 3.09 2.64 3.86
benzene
2-Undecanone 5.80 0.98 1.05 1.06 1.40
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Table 23. Volatile Compounds of Fresh Schizandra Fruit (Schizandra chinensis
fructus) and Changes of Those during 70C Hot Air Dry Processing (ug/g, wet base)

Group Volatile compounds Fresh 1 day 5 dzgsc Hgtdﬁ;rs 1 days
a-Pinene 23.61 5.08 4.80 2.30 3.32
Camphene 19.59 5.44 4.57 2.37 3.63
Sabinene 7.27 - - - -
B-Pinene 11.08 1.72 2.11 0.83 0.78
Myrcene 56.97 9.52 10.39 6.14 6.93
a—Phellandrene 10.52 1.43 1.43 0.92 1.08
6—Carene 2.07 - - - -

%gl(}“o‘ a-Terpinene 21.88 5.19 4.65 2.97 3.70

penes

B-Cymene 21.67 5.91 4.84 3.94 4.88
Limonene 20.66 4.30 3.88 2.76 3.32
cis—Ocimene 3.65 - - - -
trans—-B-Ocimene 16.41 1.59 1.75 1.17 1.23
y—Terpinene 58.49 18.98 15.73 12.10 14.95
a—Terpinolene 13.44 2.99 2.69 2.09 2.45
Total 273.87 60.16 56.15 38.5 47.82
§-Elemene 5.93 1.46 1.51 1.53 1.42
a-Ylagene 28.06 14.74 14.46 13.15 21.54
a—Copaene 8.28 4.11 3.55 3.90 3.43
B-Bourbonene 13.24 4.59 4.25 4.60 3.88
B-Elemene 120.16 33.29 31.96 33.23 30.60
Epizonaren 3.18 1.19 1.20 1.22 1.14
B-Cadinene 7.35 - - - -
Aristolene 51.25 19.97 20.98 20.60 19.23
Naphthalene 3.77 1.44 1.51 1.53 1.33
Germacrene-D 1.41 0.81 0.74 0.93 0.80
Germacrene—B 2.33 1.02 1.30 1.33 1.24
B-Patchoulene 4.61 1.44 1.55 1.19 1.26
trans—3—-Farnesene 38.03 15.81 14.31 14.91 12.27
y—Selinene 75.97 22.53 21.96 20.12 19.75

Sesqui— B-Cubebene 66.69 17.57 21.15 16.16 12.91

terpenes B-Selinene 30.33 23.02 18.35 22.21 20.70
a-Bergamotene 103.45 35.14 49.64 48.42 43.15
a-Selinene 45.08 27.09 22.87 26.14 24.18
B-Himachalene 23.32 12.46 11.48 10.80 12.24
Valencene 27.76 9.67 10.15 6.23 6.37
y—-Cadinene 7.38 4.85 3.90 4.97 4.45
7-epi—a-Selinene 4.66 1.17 1.04 1.18 1.00
§-Cadinene 31.02 16.26 14.52 15.81 13.27
Aromadendrene 4.31 1.37 1.35 1.27 1.15
Acoradiene 3.94 1.85 1.85 1.82 2.44
a-Longipinene 4.73 2.66 2.50 2.57 2.501
a—Gurjunene 7.79 3.37 2.93 3.24 2.94
Calarene 7.03 1.75 2.42 1.59 1.33
5-Selinene 20.27 4.18 6.36 3.02 2.52
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Total 1,004.93 340.79  339.58 319.15 314.35
1,8-Cineole 5.91 - - - -
L-Linalool 5.48 - - - -
Borneol 4.92 1.27 1.15 0.99 1.07
Terpinen—4-ol 46.02 5.43 5.37 4.60 4.50
Terpene p—Cymen-8-ol 2.14 - - - -
alcohols a—Terpineol 23.07 4.33 3.89 3.59 3.66
Citronellol 11.15 1.34 1.58 0.70 0.50
Nerolidol 25.57 3.80 5.22 3.93 3.39
T-Muurolol 96.45 22.47 35.37 17.81 12.54
Total 1,129.19 356.96  356.79  332.96  327.47
Bornyl acetate 28.37 1.06 0.96 1.09 1.00
’efsetrepresne Citronellyl acetate 23.56 4.87 6.69 5.63 7.65
Total 1,157.56 358.02  357.75 334.05  328.47
Furfural 1.95 4.11 3.06 3.68 4.04
Others ;:fggggg}fe‘gg;gox 13.11 7.88 6.63 6.74 8.14
2-Undecanone 5.80 4.35 4.38 5.17 4.91

- 231 -



Table 24. Changes of volatile compounds of fresh
process(ug/g, wet basis)

and during Freeze Drying

Volatile Freeze Drying
Group compounds Fresh 1 day 2 day 3 day 4 day 6 day & day 10 day

a-Pinene 8.02 4.04 428 770 3.26 3.13 270 3.91

Camphene 6.82 3.29 295 478 2.16 1.73 1.66 2.45

Sabinene 3.97 2.21 2.14 3.81 1.87 2.16 1.80 1.76

B-Pinene 3.41 2.68 251 439 210 203 166 2.16

Myrcene 34.79 16.97 20.27 34.03 17.53 19.51 16.66 19.09

a-Phellandrene 3.51 2.22 263 448 246 236 2.22 2.83

§-Carene 1.18 - 045 0.69 0.39 - - 047
Mono- a-Terpinene 7.92 4.51 5.20 38.38 4.87 4.43 4.27 5.97
terpenes g-Cymene 6.28 438 439 6.87 391 350 3.35 4.34

Limonene 6.95 4.64 493 756 441 409 4.05 5.12

cis—Ocimene 1.15 0.70 093 144 091 084 074 1.07

trans -

“Ocimene B 6.79 438 518 773 4.89 486 453 5.39

y—Terpinene 24.38 14.27 14.39 20.72 12.46 11.19 12.04 13.66

a-Terpinolene 830 3.20 3.60 509 356 3.08 3.20 4.42

Total 115.17 65.29 72.25 115.58 65.22 65.83 63.68 78.22

5-Elemene 236  2.30 258 198 242 262 227 1.79

a-Ylagene 35.56 16.03 14.66 871 11.21 9.48 12.84 7.39

a-Copaene 3.88 3.59 351 324 381 340 3.28 2.80

B-Bourbonene 6.84 755 735 549 7.00 6.66 6.08 5.30

B-Elemene 48.60 57.87 50.60 40.56 48.68 48.85 43.52 34.05

Epizonaren 2.49 - 097 076 093 097 1.18 0.73

B-Cadinene - - - - - - - -

Aristolene 32.93 17.59 1891 16.34 17.90 19.34 20.78 13.71

Naphthalene 229 085 1.12 085 1.31 1.42 144 1.00

Germacrene-D 1.41 082 082 065 098 094 073 0.70

Germacrene-B 206 1.49 1.57 0.80 1.76 1.87 159 1.11

B-Patchoulene 2.30 1.76 1.60 138 1.74 1.84 1.86 1.16

trans -

CFarnesene B 15.87 14.63 15.18 14.14 1556 15.37 15.26 10.74
Sesqui~  y-Selinene 25.01 26.83 26.73 24.36 28.16 27.36 23.99 19.25
Lerpenes g_cubebene 33.78 35.39 32.65 29.83 30.49 33.01 28.49 20.57

B-Selinene 10.85 11.09 12.06 11.08 13.49 13.01 11.64 9.13

a-Bergamotene 60.84 45.52 26.45 40.22 29.39 31.42 36.17 21.09

a-Selinene 19.51 16.23 16.72 15.62 17.53 18.20 16.00 12.06

B-Himachalene  18.11 12.22 9.46 8.02 9.19 885 9.82 5.79

Valencene 17.08 12.82 10.63 12.38 10.42 10.92 7.71 6.66

y—Cadinene 3.64 298 322 268 351 3.60 - 231

7T - e 1 - a

—Selinenpe 2.33 - 1.09 0.82 1.25 1.26  1.05 0.82

5—Cadinene 13.25 14.00 14.46 12.43 15.79 16.04 14.83 9.91

Aromadendrene 1.78 1.47 1.34 1.06 1.41 1.48 1.35 0.86

Acoradiene 292 183 1.32 094 1.24 1.21 1.32 0.74

a-Longipinene 2.36  2.05 1.70  1.28 1.83 1.81 1.99 1.18

a-Gurjunene 213 201 249 204 284 298 2.78 1.74
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Calarene 3.01  2.15 ? 219 455 250 5.66 ?
§—Selinene 10.13  6.10 7.45 593 9.10 9.07 7.20 4.72

Total 488.86 376.36 351.44 375.43 349.61 352.24 337.31 270.81
1,8-Cineole 2.05 1.38 1.62 2.52 1.65 1.71 1.45 2.08
L-Linalool 1.88 1.11 1.36 1.54 1.36 1.24 1.40 1.28
Borneol 1.06 1.32 1.26 1.16 1.20 0.95 1.13 1.07
Terpinen-4-ol 1491 13.83 1426 1584 13.98 13.04 1272 13.05
Terpene ,_Cymen-8-ol
alcohols .
a—"Terpineol 3.97 4.82 5.40 5.99 5.58 5.01 5.19 4.89
Citronellol 2.13 2.91 2.28 1.97 2.25 2.14 2.44 1.90
Nerolidol 7.69 7.21 7.40 6.15 6.93 8.31 6.86 4.27
T-Muurolol 40.13 40.43 41.27 40.54 46.21 55.76 44.31 24.23
Total 522.55 408.94 385.02 410.6 382.56 384.64 368.5 299.35

Bornyl acetate 15.97 9.90 777 741 7.26 5.86 6.43 5.64

Terpene Citronellyl
esters scetate 10.95 8.88 898 8.28 9.10 10.31 9.46 7.95

Total 538.52 418.84 392.79 418.01 389.82 390.5 374.93 304.99
fural 1.38 225 142 218 1.30 0.87 2.51 1.40

1-Isopropyl-2-
Others  methoxy-4-met 5.88 4.39 3.80 395 367 292 341 3.08
hyl benzene

2-Undecanone 257 191 198 1.75 194 185 184 1.61

21510 =AEI T 2 ) g, dFax 45
Azer @D X7re] Z7bd whel 7rAastglon, E3] AA ) wgle] Ax 148y F438 7
As, e 70T IFAE>50TC 302> T A% o2 wokrh

183 sesquiterpene 9] ZFAELS vl A A O} terpene alcohol ¥ terpene ester
T FFE v Bo] gAFHIT. 3 AFsAAxY Fede A O gAage] A
Ao oiEgoy Ay v goked, dxdAdAM Fe U gEo]l A&
terpenew = 7 3 Al Ao=w FAHETH
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Fig. 150. Changes of the contents of wvolatile terpenoid groups of Schizandra fruit
during hot air drying processes at 50C and 70C. Symbols represent as, 50 HAD; hot
air drying process at 50C, 70 HAD; hot air drying process at 70TC.
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Fig. 151. Changes of the contents of wvolatile terpenoid groups of Schizandra fruit

during freeze drying process at —70C. Symbols represent as, FRZ; freeze drying.
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Table 25. Changes of wvolatile terpenoid content of Schizandra fruit during
hot-water extraction processing at 85C (ug/g)
Extract time
Group Terpenes Fresh 67 1o 13
Camphene 19.59 ND" ND 0.28
Myrcene 56.97 ND 0.40 0.64
a—-Terpinene 21.88 ND ND 0.91
Mono- B-Cymene 21.67 0.67 0.55 0.73
Limonene 20.66 ND 0.26 0.46
terpenes 1 8 Cineole 5.91 0.64 0.38 0.31
trans—B—Ocimene 16.41 ND ND 0.22
y—-Terpinene 58.49 0.99 1.00 2.32
a-Terpinolene 13.44 ND ND 1.53
a-Ylangene 28.06 25.33 16.11 28.79
a—-Copaene 8.28 ND 0.26 0.57
B-Bourbonene 13.24 ND 0.33 0.71
B-Elemene 120.16 ND 2.36 4.77
Epizonaren 3.18 ND ND 0.18
Aristolene 51.25 0.54 0.61 1.04
Naphthalene 3.77 1.27 ND 0.20
B-Patchoulene 4.61 ND ND 1.59
trans—B-Farnesene 38.03 1.01 1.34 2.46
y—Selinene 75.97 4.41 4.89 7.43
B-Cubebene 66.69 ND 7.84 ND
Sesqui- B-Selinene 30.33 1.90 2.48 3.96
a-Bergamotene 103.45 11.90 10.52 19.34
terpenes o _Selinene 45.08 ND 5.91 7.89
B-Himachalene 23.32 10.00 6.91 13.52
Valencene 27.76 6.01 6.14 11.59
y—Cadinene 7.38 2.46 0.65 1.17
7-epi—a—-Selinene 4.66 ND 0.21 0.29
5—-Cadinene 31.02 ND 2.80 4.58
Aromadendrene 4.31 1.15 0.89 1.49
Acoradiene 3.94 3.87 2.58 4.46
a-Longipinene 4.73 1.71 1.03 2.04
a—-Gurjunene 7.79 ND 0.76 1.18
Calarene 7.03 ND ND 1.12
5-Selinene 20.27 4.47 4.28 3.70
L-Linalool 5.48 ND 0.16 0.10
Borneol 4.92 1.32 1.45 1.49
Terpene Terpingn—él—ol 46.02 5.20 3.13 2.50
a—Terpineol 23.07 9.86 8.93 9.30
alcohols  ciironellol 11.15 1.38 1.43 1.38
Nerolidol 25.57 0.52 0.67 0.73
T-Muurolol 96.45 8.10 5.99 1.36
Y hours

» ND : Not detected
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Table 26. Changes of volatile terpenoid content of Schizandra fruit during aqueous
extraction processing 1 at room temperature (zg/g)

Extract time

Group Terpenes Fresh 67 10 18
Mono- B-Cymene 21.67 0.35 0.31 0.27
1,8-Cineole 5.91 0.31 0.16 0.15
LerPeNes  y_Terpinene 58.49 0.11 ND" ND
a-Ylangene 28.06 2.10 1.23 1.54
y—Selinene 75.97 0.42 0.14 ND
a-Bergamotene 103.45 1.60 0.82 0.87
Sesqui- B-Himachalene 23.32 0.93 0.42 0.51
Valencene 27.76 0.56 0.29 0.38
terpenes  s_Cadinene 31.02 0.26 0.27 0.38
Acoradiene 3.94 0.34 ND ND
a-Longipinene 4.73 0.17 ND ND
5-Selinene 20.27 0.22 ND ND
L-Linalool 5.48 0.69 0.23 0.80
Borneol 4.92 0.21 ND ND
Terpene Terpinen—4-ol 46.02 2.24 2.27 2.47
alcohols a—Terpineol 23.07 0.86 0.88 0.96
Citronellol 11.15 0.34 0.22 0.26
T—Muurolol 96.45 0.49 0.58 0.85

Y hours

» ND : Not detected
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Table 27. Changes of volatile terpenoid content of Schizandra fruit during aqueous
extraction processing 2 at room temperature (ug/g)

Extract time

Group Terpenes Fresh 67 10 18

Mono-
B-Cymene 21.67 0.36 0.36 0.32

terpenes
a-Ylangene 28.06 2.75 3.51 4.28
trans—B-Farnesene 38.03 NDY ND 0.30
y—Selinene 75.97 0.62 0.74 0.93
B-Selinene 30.33 ND 0.26 0.37
Sesqui- a-Bergamotene 103.45 2.48 2.53 3.50
a-Selinene 45.08 ND 0.85 1.02
terpenes g fiimachalene 23.32 1.47 1.64 1.97
Valencene 27.76 1.08 1.11 1.34
§-Cadinene 31.02 0.40 0.44 0.58
Acoradiene 3.94 ND 0.50 0.61
§-Selinene 20.27 0.56 0.62 0.59
L-Linalool 5.48 0.78 0.79 0.83
Terpene Terpine_n—4—ol 46.02 2.50 2.95 3.02
a-Terpineol 23.07 0.92 0.92 1.13
alcohols  cironeliol 11.15 0.32 0.33 0.32
T-Muurolol 96.45 1.62 2.02 1.70

¥ . hours

» ND : Not detected
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Table 28. Changes of volatile terpenoid content of Schizandra fruit during acetic
acid extraction processing at room temperature (yg/g)

Extract time (pH 3.07)

Group Terpenes Fresh

6 12 18

a—Terpinene 21.88 0.22 0.13 0.14

Mono- B-Cymene 21.67 0.38 0.37 0.35
terpenes 1,8-Cineole 5.91 0.41 0.36 0.49
y—Terpinene 58.49 0.11 0.14 0.06

a—Ylangene 28.06 0.72 2.01 1.01

B-Elemene 120.16 ND" 0.13 0.10
trans—B-Farnesene 38.03 ND ND 0.13

y—Selinene 75.97 0.18 0.33 0.31

B-Selinene 30.33 ND 0.07 0.07

Sesqui- a—Ber.gamotene 103.45 0.67 1.65 1.22
a-Selinene 45.08 0.10 0.20 0.21

terpenes B-Himachalene 23.32 0.28 0.97 0.58
Valencene 27.76 0.27 0.64 0.45

§-Cadinene 31.02 0.08 0.19 0.19

Acoradiene 3.94 ND 0.27 0.14
a-Longipinene 4.73 ND 0.09 ND

5—Selinene 20.27 0.27 0.33 0.57

L-Linalool 5.48 0.68 0.74 0.80

Borneol 4.92 0.11 0.18 0.23

T erpen eTerpinen-4-ol 46.02 2.68 3.18 3.74
alcohols a—Terpineol 23.07 0.82 1.02 1.05
Citronellol 11.15 0.33 0.42 0.48

T—Muurolol 96.45 0.46 0.72 1.31

Y. hours

» ND : Not detected
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A& o 7|9t A3 WHo] U terpene alcoholFE WEHW 1, WY 2 2 oA E
AFEEHo] LAMRY FEHFS Ugkor} F terpene ] o] thd terpene alcoholH 9
Hl-&2 =4 e

& &2 dynamic headspace® 2 c°]&3sto] Az Iy IV EE FAS A
acids 2%, alcohols 6%, aldehydes 4%, esters 8% 3l on, 7H2 2= A2 %, &
n| Az, FxRAz vlE thgdt alcoholsS Hdt zlo] EAolgtal Haslti[21]

A &< headspace®™ ¥ SPMEWH-& o] &sto] 7HA %9 I AFriAES wAeied, &

37709 3tstEo] AR, 6F9 acids, 8% aldehydes, 7F9 alcohols, 1059 esters, 2
9] hydrocarbones, 1%9] ketones¥ 7|E} 3F2] 3itA] Aol EQ¥Qom, 72 xe F
H o3k AR oR  acetic acid, ethyl acetate, 3-hydroxy-2-butanone, ethanol,
phenethyl alcohol & ©o|gtal R s th[22]. o8 sh A Afo A & 4= o] 72 %9
g g7l A= terpeneR ol =0l EQ1E A LT

2542 FEUHES dolRuz FIHJA IFIH 2v¢ 2HHHEGOE dAE] wEE&

)
h=]
L A2 A FEo WHYH 13 oA EAFEHHEOE FS terpene
)
H

(@)
o d
S-S Bk we WA oMNEAFEHE Altte] ARk mek kA 5 dAT %
& ERE v QA 2k N2, " FhEAn s Frhde AL 4 & ATk
wEbr] A ZE MU oEM p gt 2% ol EAlskE At o4
E4Q FFo] o|HHTh ! =
A&t pHE WE =

140 b Terpene alcohols %- HAE
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120 | Monoterpenes\

100 |
80
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20 ;

Contents(w.b.ug/g)

6 12 18

Extration Time (hours)

Fig. 152. Changes of the contents of volatile terpenoid groups of Schizandra fruit
during extraction processes. Symbols represent as, HWE; hot-water extraction, AE]1;

aqueous extraction 1.
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Fig. 153. Changes of the contents of volatile terpenoid groups of Schizandra fruit
during extraction processes. Symbols represent as, AE2; aqueous extraction 2 , AAE;
acetic acid extraction.
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Table 29. Changes of Hunter color value and total color difference of Schizandra

fruit at various extraction conditions

Extraction ” Hunter color value®”
ours
method L a b AE
Hot-water 6  17.43°7£0.01 4.11°+0.10  0.41°+0.04  74.72°£0.02
b a b b
' 12 17.79°+0.02 3.92°+0.11 0.46°+0.05 74.35°+0.02
extraction 18 18.64°+0.03 4.38°+0.14 1.01°+0.05 73.53%+0.03
Aqueous 6 17.30°+0.03 5.21°+0.08 0.78°+0.04 74.90°+0.03
b b b b
_ 12 17.34°+0.01 4.70°+0.04 0.65°+0.03 74.83°+0.02
extraction 1 g 18.17°+0.02 4.27°40.06 0.24*+0.03 73.98%4+0.02
Aqueous 6 17.60°+0.03 5.08%+0.09 0.73°+0.05 74.60°+0.03
b b c b
_ 12 17.83°+0.02 5.40°+0.07 0.98°+0.04 74.39°+0.02
extraction 2 g 17.95°+0.02 5.34"+0.06 0.90°+0.04 74.26°+0.02
Acetic acid 6 17.22;1%).02 5.11:::0.10 0.86;10.05 74.98210.03
' 12 17.10°+0.01 5.03°+0.06 0.69°+0.04 75.09°+0.01
extraction 18 17.03°+0.02 4.72°40.10 0.62°+0.03 75.14°40.02
V= Lightness, a = redness, b = yellowness,
AE(total color difference value) = \/(AL)("—l—(Aa)2—i-(Ab)2

2)

significance level by Duncan's multiple range test.
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¢ Means in a column by different superscripts are significantly different at the p<0.05
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a9 155, oW AJAIE

A ovlz AAES BAPAE AEFAY 5-21-1 Azl FA% AD PR o3t
1A

@ %&: A 10mlE Hstar, olel #eA A3 =& 7heto] 100mlZ il 71 20ml&
Efdoz HYsrh

H 5 A F A ‘thz U}\],o:]/\ﬂl:ﬂ o7 A]@'S]-S’iq-.
@ E%f—i é‘%%d 110, AR 2. Al el w2k Al sl

@ Shizandrin®4]: A& 500 mgS #3}% methanol 2.5 ml¥} A wpfsk 3 3000

- 247 -



rpmol| Al 15% &< YA stE BH S 33 whEste A& AedES FHote] dAFFe=R
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3 35 evAb okl AA7IZre] wE Brixe] W3}

#7717 (days)

1 2 3 4 539 H7F ) 589 HUh &) HF
HE Az
SR oSl 6.3 8.5 11.4 13.8 14.7 20.2 34.7
Brix
Al Qo 1] x|e
s .] el 5.2 9.3 16.2 18.0 20.1 20.1 22.7
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T At s AbE AAsta @ vnlrEtE S B53 ¥ o] schisandrin® S
FARRE A 42% Aol uwFs Eds stk O AR " gom, AE3TY
9 AP EFEN hexaned AHEEE A& ZAZE (=S Ao, AdE FE
ol AN sAFoR AFL AAsA

ok, AEEd 2 AV eAE el obd FARA B FEe] ATNEAFe] 7 M
ol WE7IE B oatAE AAstelof sk Aol ol Sl

ot
Ju

— Hexane, &

i

HexaneZ =5
Ll 3] Ak
H|H] 73L&

H FH2AA

@D Shizandrine 4]

A& 500 mge #3Fe] methanol 2.5 ml¥ A whafek &, 3000 rpmefl Al 158 St A4
TEste BA4ES 33 RbEste] d& AR S FHste] dAFeR g AS AFHOoE oo,
Agilent 1100 series HPLC®| PhenomenexA}2] Luna 5U C18(150<3mm) columns “&Hsle] k3t
215 nm, mobile phase % gradient ratio= &5 acetonitrile®] H]&S 80:20°14] 20:100
A 28FE-7F A 4:dlal o] % 358 71| 80:200. 2 WEA|F o oluf flow ratex 1.0 ml/min
o] ATF.

@ GC/MSe| 27t g4
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AlgE GC/MSS] EA18 GC-MS (HP 6890 series GC system+HP 5973 MSD, Hewlett Packard Co.
USA)oll A, HP-5MS capillary column (30.0m><250um i.d., 0.25um film thickness, Hewlett
Packard Co. USA), carrier gas™ He (32.6 ml/min.), Split ratio 30:1, ¥ =%
initial temp.(time) 100C(15 min.), 12} rates= 5C/min., middle temp.(time) 2207TC(5
min.), 22} rate= 5C/min., Z¥]3l final temp.(time)x= 220C(5 min.)°]™, injection
port temp. 250°C, interface temp. 240C 2 70 eV9 ionization voltage®] Z7Ho = FEAls}
A}, 7 FEEY A4S mass spectrums AT AE EUE Willey library 2 &
= sl

71 AP, GC/MSE A% TIC (Total lon Chromatography)i= 183 27| yelgtown 7t
399 mass spectrume 323+ A3} massborneol, carvacrol, a-ylagene, B -elemene,
trans— 3 —farnesene, acoradiene, widdrene, [ -chamigrene, germacrene D, a-longipinene,
a —amorphene, -himachalene, 1,5-dimethyl-1,5-cyclooctadiene, Yy -cadinene, epizonaren
2 farnesol T2 F-E El AEA A= 1] oy HEAFI FAREIReH | o A

vl B3 AR 3= ATt ol Fold A FvlEE 237 7| A

Abuncance| bR
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¥ 39. 2v| Ao 7MEH e shizandrin®] $&F

75 H 24 (%/A 1A} Shizandrin® % (%)
A Qv =} 100 0.27
AeuA (70T 2%, 49) 24.2 0.63
AemA (FAAZ109) 28.8 0.53
I (@30 x) 7.6 0.12
T (d3dx) 17.5 0.91
AT 12.3 0.86
EHsHE 2.4 2.51
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"E*’Fl"ﬁcﬂxéﬂ]% ?/]1‘& AGe B4 9 ovx2HRE &5 F2d EdEo] ML o]
v X = FEFS AT (1™ 163). °]2A Pinoresinol MoietyE 7FA& 14 Eo] A
A

1t} o] & VO7 (pinoresinol 4,4'-di-B-D-glucose, PDG)e]

Migration
(Fold of Control)

O—=MnDwhoom

& KL ] o D .9 A
%QQO\\ M PO TR O

Al AN

¥ S
& \\0\\0\\0\\0\\0\\0@@\\0(\0 S G

18 163. Valeriana officinalis®5¥ < FEgld A& st Mxe o5 &3 gy

(4) PDGY T+ ¥ ECso

PDG+= pinoresinol moietyol] & 7He] G A7} 4-9F 4°-of] AgH GEIFAZHA A EQ] o]
= FXA7]I= EC507F of ~2 pMEA w9 W2 Fed e HIIO olss ZXIA7I= A
S8 AT (1™ 164).

K

A orCHs

CH20H
OH
F
HOEHC OH

OH

Migration (Fold of Control) TD
[¥5)
1

Glucose Pinoresinol Glucose 0 2 4PDG (ug'l ) 8 10
19 164. Lignan Al99 ++% Y2 pinoresinol 4,4'-di-O-B-D-glucose (PDG)ol| 2]3l A%
o)% %71

(B) AX9 o]F S AANJE LignanAlge ¢+EE £32

7 89 Lignan A199 £4& ©A% 23 AX9 olsS FIA7I=H 254 3
sHA %= FAlo] A%E methoxybenzyl ring®l Ao =2 3QlEQlom glucose AHAl= AlE
o] o] Fs FXIANTIA EIv= S Fded (29 165). o= F o HdE sehtx
A 7HE BEES gssion o] & o3t EHES AEY oleAd F ol=HY A
He= AYEed tie =S Axste 724 242 e 7 ds Aot



A 1. Platelet-derived growth factor B =4-
2. 3-D-glucopyranoside '§
3. Pinoresinol-4-O-f-D-glucose % 3
4. Pinoresinol-4,4'-di-O-f-D-glucose 2 2
5. 8-hydroxypinoresinol-4'-0-p-D-glucose E
B. Massoniresinol-4'-0-p-D-glucose % 14
7. Berchemol-4'-O-f}-D-glucose %’ 0
8. Trans-coniferin Stimulation: - 1 2 3 4 5 6 7 8
a9 165, M9 olFs FXAZ]= lignanAl€e &4 a3y}
(6) PDGE PI3K ¥ Aktl9] %Aé—"— T3 AR o]FE %Y
PDGel €13 A9 olF %71 /1AL FHEH] A o] AL o]FS zAATtw
delA e PIBKY @48 oFdd Al LY2940028 AHElste Asstict (1H
166). ol= <lall PDGoll &3k 4|32 o]Fo] eHeA A=A o p38 MAPK 3 MEKK?]
AsjAl =S PDGol ok AlEe] o] S A H'c'?]— 2 EFo}, =F PDGO o3 A Eo o]Fe
Aktle] 2&Ed ATAAZTH FdlE AEFAME FREA Fokon Aktle] AEH AX
9] o]F2 thA] AktlS A o2H FEFHAT webA PDGE A2 oS PI3K ¥
Aktle] B4L B3 FEdns A9E Ak
A s B_7 C_
S5 o6 310
T4 655 S5 8
893 B g2 6
g;z 5%2 E’E 4
£ = € 2
0 0 0
Inhibitor: - - LY PD SB PDG: - + + + + PDG: - + + + +
PDG c-Akt1  —— o-Akt1 —
o Akt2 a-Akt2 [ O
WT 1KO 2KO DKO \t{\ 0*__0 Op%:(\ Oy“@
F &
13 166. PDGell 93 M9 o5 PIBK 2 Aktle] AzAL 7]dE FaiA Lol
(7) PDGE Gi7l 8435+ GPCRY LPA F8A1E 53 AlX9 o]5& EAAZL.
PI3K % Akt ttgst 425 3 &4d3stdrh. PDGel 9§ PISK % Akte] 443}t 714
S sl Y8 PDGol 93k A|XEe] o]'s =4 Al receptor tyrosine kinase #]3HA|

(Genistein) ¥ GiE& A &l|3}+= pertussis toxin, LPA 48
AT (1™ 167).
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A 20+

Migration (Fold of

0

Genistein: - - + - - - + - - - + - Ki: - -+ - -+ - - 4

PTX: - - = + = = - 4 - - - + PDGF LPA PDG
PDGF LPA PDG

9 167. PDGO 9] MEe] o5& GPCRe] Z3tEo] A= LPA FEA& T3lA Loy,

Genisteine receptor tyrosine kinase?l PDGF 4&A Ao 93t AlEo] oS 9
shAl B sEAITE LPASH 3Fo] GPCRY &d& Afrall AlEe] olss FHIIA7= Aol 4
S wx x| FEt, vhH GPCRol| AZF o] A& Gi @A s ADP—ribosylation/\]Z}O 24
A stral 4 A d+= pertussis toxin (PTX)el] 9JsfA = LPA 1t oz} PDGo 93k A
F9o] o]Fo] FAHAT. wekA PDGE GPCRO EA4e Ea AXY ol FXXF &
T AAT. vy o= F&A 93] PDG7F AlES o] s FXsh=Al dolr 7] 918 LPA
TEAL SAAJA Kil64265 dAE & 5 PDGel <7 ole& FASY. Kil6425+=
PDGF$%} 79| receptor tyrosine kinase F8AZ A 3}6te] AL oS X5
o= F3Fol UJAIRF LPASL o] LPA F&AE 4fst olss FXote A S ai
sttt £3] PDGE LPA 84 EAQ Kil6425¢] ola] AE o]Fo] EH =t
wrEbA] ol gt A3ES Mg o Z PDGE LPA 845 @43 sta Gi 9ids &3 &
EFxletta 3 4 glom o] F PI3K ¥ Akto] Ao PDGol <& Al

qge Brin ¥ 5 Ak ol AWE vFon ARARyE &
o

zo] 0% S 5
reld BA50 Axe olF 5 AR mAE AEI1AE ARl FHFoRN g
A= B 7IZAEE] Adae Bk E53E Aled ¢ e e Aled ¢ v &
T Ao
(8) PDGE LPA F&AE 4 f3td A2 Zafe 3

Aol AAstel] ostd MFE] o]Fo= LPA FEAE AH38lY o]Fods & & U
oh B3 Ale] o] B WSAY] o] ARl AXW ZAerd] E£3 LPA FE8AE A
Sh=A dotr ] s PDGel 9 Zuird 54 Al gdd FAAE ol&sin (1d
168). th+9] Zjiiﬂrow & %ol PDGE= AEQ ZawdE st 2dstal glen o]
& 24 freEls LPATEAS A4l Kil6d2se o8] 89S & 4 vk ®3 L

Z

=
A2 ste] LPA ’“%Xﬂe down regulation 3 & PDGel|l 93 Zgfd adsE B339

49 PDGO 9% et @A gasel 98e ¢ & Ak ol AL oFx v
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Lt Hof ! pE

(1) 2.7Ae] A4k FE2E0 o3 & o) &3
29 16994 H= ukeh o] kel WAl E7F S A5, datel Aeg enjzke] &
=29 %71 ¢F 1000 pg/mlol Al o]kgke 57.7 £ 1.5%% HAE el oH, <
2ol &k ﬂ%% o =7} S gl wel date] olgkHE kst Ae el ¢ U
WA ZE AAS die A9 onxte] i =& e Je
14%=2 HHAE Hepllen, ewzte] dit 559 527t S7hstel wet a9
oj¢te k= Frtstut, datel WIAEZF EAE R onzte] A FEHE Fke e d
ool S EE Aulsilth. wEkA emAke] 4 FEE 2 dyte] WIAETE EAA
o]Este] e oS FEorIE Sk, el WIAEE AN W

A 39
Mol oJFsR] X AH HET (smooth muscle)d] FeFS vjx Ao oS FE3H

-

HE (ug/ml) A HE (ugAnl)

6 F QE+
50 ¢ WED.
0 F
£ S

i
U =
B

0

50 100 500 1000

% Relaxation
1

(2) WFAE} EA8E BoNA 9 2n=te] At
a7 170004 B uke) o), ik FEEo] 2F Il o]d¥ge NO IAS Adfses

L-NAME # 0DQ7} 44218 daol A etshuien], the $94s 48
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0 r
Dve}ucle (HE 500 pgimnl)
g 1 g oibio
o 50r
2ol
T
B o3t
& 20 F
10 f
0
L-NAME [NDO TEA

2% 170. NO 4ol o3 emxte] a4 FEEel ojgh %4

3) WY AME7T A8+ B3 HCAECs (Human Cornary Artery Endothelial Cells) A
e mze] At FEEA o3 NO AAAF A

18 171004 B upsl o], omxle] &} 2EE o Ajdo] BAEWoTRE Sw
Yo A Eo A Aoz ZAN7H Heatde W NOo H4 Eat Z71u= AS o 4 9l
o} wald oA s daEEE o by A Ed A NOY A4S &xdS o 2= 99ttt

A E] NOo FHS =xgoz
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W Aol 9 o)A F e AT

Nitrite in culture media
(Urmaole/mg dry weight)
o — b w 58 s o -3 (=]

comral  velucle 1 100 500 1000

a3 171 W AZAN QA @ FEEo] o F N0 F4 574
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DAF-AME o] &3] NOS| 84& dgow #astgle o NOZt @48 A8 & 9ok

Bright Field Fluorescence Microscopy
0 min 5 min 10 min 15 min
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ot
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(6) 2u|z}e] AAL FZFE) 23 MLC phosphorylation &3
a9 174004 H= vpep o], d3td &S 12T 4 A+ PEE AHEsHA =W MLCE
phosphorylation®] &7}ste] d3#e] F50] dojif=t], of7]o] omxte] i FZES A
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(7)) BAZ o]go] HF gomisin A (GA)Y &3 AF
ol WIHAE7F EAE A5, 19 LollA He vpep o] dato] AHE|g GAS s%7t
°F 300 puMel A o]kt 65.2 + 8.8 %= HWAE HEtWlow, GA9 =7t F7hetel wet
o] olH e Frlehe S AT & AT (2 175). 3ol WA EE AAT 4
9, 3o AH2g GA9 F=7} 3
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GA°ll 9J3llA PE°l <3| phosphorylation® MLC”} dephosphorylation™=# & <13}
At 19 17904 B wvie} o], il PEE A #3A ¥ MLC phosphorylation®] &
7hste] Aol F5o] doju= As I 5 Sl=dl, o7]dd GAE A sl HWd PEC| 9
&4l phosphorylation® MLCE dephosphorylations 927131, MLCP #3]AIQ] calyculin
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(1) 2v&te] FE2E4 3 AE F4 5H
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Lt dat 2 nE

(1) PDGF9l| 9% A9 F24& A F2E &4

AP GIAE] S Fxlo] HMAE dud, 53] 34T T UdoAM wg F
fstt. ol gk HAAM 43T TS dWsta xmekr] 9% WHE Ndstr] flet
o] At wepA 2 Aol = 2mxke} valeriand
FE2ENA VSMC T2 A4 &4& gro} mauxal sigih. 19 18004 B upep o]
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