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Quantitative Determination of Lignans from Schizandra chinensis by HPLC

Dong-Chil Koo, Won-Se Suh, So-Yoon Baek and Sang Hee Shim*
School of Biotechnology, Yeungnam University, Gyeongsan 712-749, South Korea

Abstract — A reversed phase HPLC method was established for quantitative determination of lignans including schizandrin (1),
gomisin A (2), deoxyschizandrin (3), gomisin N (4), and wuweizisu C (5) from Schizandra chinensis using a binary gradient
of acetonitrile and water as a mobile phase with UV detection at 254nm. In result, contents of schizandrin (1), gomisin A (2),
deoxyschizandrin (3), gomisin N (4), and wuweizisu C (5) in Schizandra chinensis from Moonkyung were 8.41 + 0.30,
3.01 £0.13, 1.06 + 0.05, 7.69 + 0.30, and 1.68 £+ 0.06 mg/g, respectively.
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QR (Schizandra chinensisy= 2TIA} (schizandraceae)
= F2AS H= JAE Az ek HAE - SA
A =2, A A, A7 s Adt, dgERdel &
5 Ui Aoz geA ok enalele erA (&
Q. UR}Y, Schizandra chinensis), ‘& 2-P1 A} (Kadsra japonica),
S QUR} (Schizandra repanday’t =4, 92 Ukl &
v|2b (FerAhe T2 EfEAE dofjol] Wol AL Hom
A= T AR, Som|Ate AlFEA Aghs o R
de .

LrR}ef| FEOIS= T AEOS 2= schizandrins A-C,
gomisins A-H, gomisins J-K, gomisin N <] ligllani’»]-z'7)
wuweizidilactones G-H, schindilactones A-G, wuwerizilactone
acid 59| triterpenoid7} Hiw]o] gt}
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1= e £-1 vl gomisin C, gomisin G, gomisin D, schisandrol
B, gomisin A 53} 7o] dibenzocyclooctadiene ringH] o
aromatic methylenedioxy”] 2} hydroxyl 715 =5 7HA &
lignanF+= acetylcholinesterase®]] thgt A& &37}
acetylcholine®] &% #&t= Wlsh= A7 H3ls, =3}
olme} 72 Auj dro] Ego] Frhe Bt Ik &
n|zpol| A HEEE Zh2te] glad QRS0 g4 A=
W A7} gojx g, schisandrin BE ¥ <80 &4
&= mitochondria®] ¥H4tstel 722 QHgsll] =3 F
o] WY dubol| 37} Yok BaE e schisandrin
& FAZo) azvt Ao AFE vp Aok
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flof olel] & Aol ZaiAl =Y.

T W
HEE - 2 2l AR 2= 20099 99 &7
oA AulE S Y3t 900 g& ARSI BES
Pt A Fetat dA=sie A7l B Folrt.
7171 & A2k — TLC (Thin layer chromatography)2] <1
£ UV detectore ©]-&3F 254 nm, 365 nm detection?} 2+
A2 Wgste] ol Fojxitt. g 742 JASCO DIP1000
(Tokyo, Japan) automatic digital polarimeterS &3l ©|Fo]
Ak, w2, A 2 AR e #fell ARl HPLCE Perkin
Elmer series 2002} Agilent series 1200 ©|t}. HPLCOll A&
H column Luna Cj (250 x 10.00 mm, Phenomenex)}
ZORBAX Eclipse XDB-C;; column (semi-preparative
9.4 x250 mm 5 pm, Agilent), ZORBOX Eclipse XDB-C
(semi-preparative 4.6 x 150 mm, 5 um, Agilent)°]t}. NMR
spectrum< Varian VNS 600 spectrometer ('H: 600 MHz,
C: 150 MHz)$} Varian Unity INOVA FI-NMR spectrometer
(500 MHz), =283 Bruker DPX 300 spectrometer ('H:
300 MHz, °C: 75 MHz)E A}&3to] 2438193, NMR
chemical shift value= part per million (ppm)HI= YER
At F=, 3 2 column chromatographyg &m& AleF
4 15 (OCI company Ltd., DC chemical Co. Ltd.y& AM&-
3} 3L, HPLC& &= HPLC grade®] water, acetonirile
(ACN), 28] 3 MeOH (Fisher Scientific Korea Ltd.)S A}
312t NMRE &wjo]= CDCl; (Cambridge Isotope
Laboratories, Inc.)7} A8 %1t} Column chromatography
4 IA4E 70-230 mesh?] silica gel?} 70 mesh©] 3}2]
silica gel (Merck)E ARE-319, TLCEC 2= Kieselgel 60
F,5, (Merck)E plateZ ARE-3192H 20% ag H,SO,7F 244
A|oFO 2 ARE-E ATt
2|0t dEse| 22| - AR 712 I 900 g&
MeOHZE F&3 ¥, 540 we} &24 22 n-Haxane,
CH,Cl,, ¥ EtOAcE -85 AA8I3th 2L 5 n-Hexane &
ol ti3led open column chromatography % semi-preparative
HPLCE AAlst F 1059 gad sietess wel, &
Astsdet.
3fgI2 1 (schizandrin) ¥4 22t —'H-.NMR (300 MHz,
CDCL,) &: 0.77 (3H, d, J = 7.2 Hz, 8-CH,), 121 GH, s,
7-CH,), 1.86 (1H, m, H-8), 2.32 (2H, d, J = 13 Hz H-6,
9), 261 (H, d, J = 13 Hz H-6, 9), 3.53, 3.54, 3.75,
3.79, 3.83, 3.85 (3H each, s, 6xOCH,), 6.49 (1H, s, H-
11), 6.57 (1H, s, H-4); "C-NMR (75.5 MHz, CDCL,) &:
1519 (C-1), 140.8 (C-2), 152.4 (C-3), 110.5 (C-4), 131.9
(C-5), 40.9 (C-6), 71.9 (C-7), 41.9 (C-8), 343 (C-9), 133.9
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(C-10), 110.0 (C-11), 152.1 (C-12), 1402 (C-13), 151.6
(C-14), 122.8 (C-15), 124.2 (C-16), 15.9 (C-17), 29.9 (C-
18), 56.1 (2xOCH,), 60.7 (2xOCH,), 61.0 (2xOCH;)

SIEHE 2 (gomisin A) 8 2at _'H.NMR (300 MHz,
CDCLy) &: 0.79 (3H, d, J = 7.2 Hz, 8-CH,), 123 (3H, s,
7-CH,), 1.84 (1H, br s, H-8), 2.31 (1H, dd, J = 72, 13
Hz, H-9), 2.32 (I1H, d, J = 13 Hz, H-6"), 2.55 (1H, d, J =
13 Hz, H-9), 2.66 (1H, d, J = 13 Hz H-6) 3.46, 3.49,
3.82, 3.88 (each 3H, s, 4xOCH,), 594 (2H, d, J = 24
Hz, OCH,0), 6.56 (1H, s, H-11), 6.60 (1H, s, H-4); "C-
NMR (75.5 MHz, CDCly) &: 152.3 (C-1), 140.7 (C-2),
152.1 (C-3), 1103 (C-4), 132.0 (C-5), 40.5 (C-6), 71.7
(C-7), 42.0 (C-8), 33.7 (C-9), 132.5 (C-10), 105.9 (C-11),
147.8 (C-12), 1349 (C-13), 141.2 (C-14), 121.8 (C-15),
124.1 (C-16), 15.8 (C-17), 30.1 (C-18), 100.8 (OCH,0),
559, 59.7, 60.6, 61.1 (4xOCH,)

8lgl2 3 (deoxyschizandrin) W44 &2t _'H.NMR (300
MHz, CDCL,) &: 0.69 (3H, d, J = 6.9 Hz, 8-CH,), 0.95
(3H, d, J = 6.9 Hz, 7-CH,), 1.78 (1H, m, H-8), 1.86 (1H,
m, H-7), 2.01 (1H, d, J = 13 Hz, H-9'), 2.24 (1H, dd, J
=96, 13 Hz, H-6), 2.45 (1H, d, J = 13 Hz, H-9), 2.53
(IH, d, m, H-6), 3.54 (6H, s, 2xOCH;), 3.83 (6H, s,
2xOCH,), 3.84 (6H, s, 2xOCH,), 6.50 (2H, s, H-4, 11);
BC-NMR (75.5 MHz, CDCL,) &: 151.6 (C-1), 140.1 (C-2),
1529 (C-3), 107.2 (C-4), 139.2 (C-5), 35.6 (C-6), 40.8
(C-7), 33.8 (C-8), 39.2 (C-9), 133.9 (C-10), 110.5 (C-11),
151.6 (C-12), 139.7 (C-13), 151.4 (C-14), 123.4 (C-15),
1223 (C-16), 12.7 (C-17), 21.9 (C-18), 55.8, 55.9, 60.6
(3xOCH,), 60.9 (3xOCH;)

SlE12 4 (gomisin N) 44 Z4X _'H.NMR (300 MHz,
CDCLy) & 0.71 (3H, d, J = 6.9 Hz 7-CH,), 0.94 (3H, d,
J =72 Hz 8-CH,), 1.77 (1H, m, H-8), 1.87 (1H, m, H-
7), 1.99 (1H, d, J = 13 Hz, H-9), 2.20 (1H, dd, J = 9.6,
13 Hz, H-9'), 2,51 (1H, dd, J = 2.4, 14 Hz, H-6) 2.55
(IH, dd, J = 6.6, 14 Hz, H-6'), 3.52, 3.80, 3.86, 3.87
(each 3H, s, 4xOCH,), 5.90 (2H, s, OCH,0), 6.45 (1H, s,
H-11), 6.53 (1H, s, H-4); "C-NMR (75.5 MHz, CDCl;)
8: 151.7 (C-1), 140.1 (C-2), 151.6 (C-3), 110.7 (C-4),
1342 (C-5), 39.2 (C-6), 33.6 (C-7), 40.8 (C-8), 35.6 (C-
9), 137.9 (C-10), 103.0 (C-11), 148.8 (C-12), 134.6 (C-
13), 141.1 (C-14), 1214 (C-15), 1234 (C-16), 21.7 (C-
17), 129 (C-18), 100.8 (OCH,0), 55.9, 59.7, 60.7, 61.1
(4xOCHL,)

5lEHE 5 (wuweizisu C) 44 = A ZAE _'H.NMR
(300 MHz, CDCL,) &: 0.70 3H, d, J = 6.9 Hz, 7-CH,),
0.94 3H, d, J = 6.9 Hz, 8-CH,), 1.75 (1H, m, H-8), 1.85
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(1H, m, H-7), 1.97 (1H, d, J = 13 Hz, H9), 2.22 (1H,
dd, J = 93 Hz, 13, H-6), 241 (I1H, d, J = 13 Hz, H-9),
2.52 (1H, dd, J = 7.2, 13 Hz) 3.80, 3.82 (each 3H, s,
2xOCH,), 592 (2H, s, OCH,0), 593 (2H, s, OCH,0),
6.46 (2H, s, H-4, 11); "C-NMR (75.5 MHz, CDCL,) &:
148.8 (C-1), 1349 (C-2), 141.2 (C-3), 100.9 (C-4), 132.9
(C-5), 389 (C-6), 33.8 (C-7), 409 (C-8), 35.5 (C-9),
1384 (C-10), 1009 (C-11), 141.4 (C-12), 134.5 (C-13),
147.8 (C-14), 1223 (C-15), 1212 (C-16), 12.7 (C-17),
21.9 (C-18), 59.8 (2xOCH,), 103.3, 106.3 (2xOCH,0)

SIEM2 6 (gomisin C) A Hat _'H.NMR (300 MHz,
CDCLy) &: 1.18 (3H, d, J = 6.9 Hz, 8-CH,), 1.38 (3H, s,
7-CHy), 2.12 (1H, m, H-8), 2.22 (1H, d, J = 13.8 Hz, H-
99, 2.35 (1H, dd, J = 9.6, 13.8 Hz, H-9), 3.30, 3.57, 3.89,
3.94 (each 3H, s, 4<OCH,), 5.81 (1H, s, H-6), 5.78 (1H,
d, J = 1.5 Hz, OCH,0), 6.56 (1H, s, H-11), 6.81 (1H, s,
H-4), 727~734 (2H, m, benzoyl), 7.46~7.53 (3H, m,
benzoyl); C-NMR (75.5 MHz, CDCLy) & 152.3 (C-1),
1419 (C-2), 152.1 (C-3), 109.9 (C-4), 130.4 (C-5), 84.8
(C-6), 72.3 (C-7), 42.6 (C-8), 363 (C-9), 1352 (C-10),
102.4 (C-11), 148.8 (C-12), 1343 (C-13), 1403 (C-14),
1223 (C-15), 1212 (C-16), 18.8 (C-17), 28.0 (C-18),
1004 (OCH,0), 55.9, 58.6, 60.7, 60.8 (OCH,), benzoyl
129.4, 129.6, 127.9, 133.0, 164.9 (C=0).

518M2 7 (gomisin E) W44 22t _'H.NMR (300 MHz,
CDCL,) &: 0.70 (GH, d, J = 6.9 Hz, 8-CH,), 0.93 (3H, d,
J =69 Hz, 7-CH,), 1.13 (3H, d, J = 6.9 Hz, 21-CH,),
121 (3H, s, 20-CH,), 1.85 (1H, m, H-7), 1.97 (1H, d, J
= 13 Hz, H-9'), 3.53, 3.72, 3.75 (each 3H, s, 3xOCH,),
3.90~421 (2H, m, H-22), 5.13 (1H, d, J = 7.0 Hz, H-6),
532, 545 (2H, s, OCH,0), 6.42 (1H, s, H-11), 6.88 (1H,
s, H-4); [a], = + 32.7° (¢ 1.0x10° g/mL, CHCL,).

5lEH2 8 (gomisin J) WA 2gt _'H.NMR (300 MHz,
CDCLy) &: 0.75 GH, d, J = 6.9 Hz, 8-CH;), 0.99 (3H, d,
J =69 Hz, 7-CH,), 2.0~1.7 (4H, m, benzyl), 3.50 (6H, s,
2xOCH,), 3.94 (6H, s, 2xOCH,), 6.63 (2H, s, H-4, 11).

582 9 (+gomisin K3) W44 2af _'H.NMR (300
MHz, CDCL) &: 0.73 (3H, d, J = 7.0 Hz, 8-CH,), 1.00
(H, d, J = 7.0 Hz, 7-CH,), 1.82 (2H, m, H-7, 8), 2.13
(2H, m, H-6), 3.63 (3H , s, OCH,), 3.90, 3.92 (each 6H ,
s, 4xOCH;), 6.38 (1H, s, H-11), 6.58 (1H, s, H-4); “C-
NMR (75.5 MHz, CDCly) &: 1513 (C-1), 139.8 (C-2),
1532 (C-3), 107.3 (C-4), 139.7 (C-5), 35.7 (C-6), 40.8
(C-7), 33.7 (C-8), 39.1 (C-9), 1345 (C-10), 107.7 (C-11),
150.5 (C-12), 1340 (C-13), 146.7 (C-14), 117.0 (C-15),
121.2 (C-16), 12.7 (C-17), 21.9 (C-18), 56.0, 55.9, 61.0,
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61.0, 61.1 (5xOCH,); [a], = + 55.7° (c 1.0x10° g/mL,
CHCL,).

382 10 (methylgomisin O) W44 Egt _'H.NMR
(300 MHz, CDCL,) &: 0.85 (6H, d, J = 6.9 Hz, 7,8-CH,),
1.58 (1H, m, H-8), 1.81 (1H, m, H-7), 1.95 (1H, m, H-
9A), 237 (1H, m, H-9B), 297 (3H, s, 6-OCH,), 3.69,
3.72, 3.77, 3.82 (each 3H, s, 4<xOCH,), 6.01, 6.03 (each
1H, s, OCH,0), 6.55 (1H, s, H-11), 6.59 (1H, s, H-4);
BC-NMR (75.5 MHz, CDClLy) &: 142.6 (C-1), 137.7 (C-2),
1484 (C-3), 107.5 (C-4), 133.7 (C-5), 90.6 (C-6), 39.5
(C-7), 37.5 (C-8), 39.3 (C-9), 137.2 (C-10), 107.4 (C-11),
154.1 (C-12), 140.8 (C-13), 152.9 (C-14), 123.5 (C-15),
124.5 (C-16), 17.1 (C-17), 17.2 (C-18), 59.5 (1-CH;), 55.9
(6-CH;), 56.1 (12-CH,), 60.6 (13-CH;), 60.5 (14-CH,),
102.1 (OCH,0).

HPLC B4 E&ENH =X - 3% = L2894 1059
=5 HEE F OPOR FiHel v JRE S,
schizandrin (1), gomisin A (2), deoxyschizandrin (3),
gomisin N (4) 2 wuweizisu C (5)% 1.0 mg¥ &3] =
#ste] HPLCE MeOH Imlol] o]3 ©]Z1& stock
solution®Z 0.1, 0.05, 0.025, 0.01 pg/ule] FEE TAZHS
2 s48te] EFgoR AgaT

ZAH =X - Smja} Az 1g2 3] 100% MeOH
S FEEUE AMESl] 40+ 5°CellA] 3AZHY 23] " 5
Z Stk ol FEAE 1Ax AIX £ 6 mgS F o]
1 ml®] MeOHel| o] E4A 502 o] g5t

HPLC BM=Z1 —~HPLC 7]7] Z7A& CI8 (semi-
preparative 4.6x150 mm, 5 um, Agilent) coloumn2 AR}
3L, UV 254 nm & 3PgollA] Acetonitrile-WaterS 20:80
oA 100:02.% gradientE® FU o™ 2 1.0 m/minS =
3

EEEO ATM XY W HSEH (LOD), HYE
(LOQ)EH -7 799 /K] =& &3d HPLC
Ao NS sl en Al y=ax+b(y: peak W
A, x: AR FE)| YUl Yt 2 EFECILOD
(limit of detection; 73Z $HA)2} LOQ (limit of quantitation;
A& = A% XF2 injectiondt T, signal/noise Y]
&5 o3t el

(1),5) gomisin A (2),4’6) deoxyschizandrin (3),4"5) gomisin N
@), wuweizisu C (5),” gomisin C (6),>” gomisin E (7),""
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Compounds R, R, R, R R, Ry,
schizandrin (1) Me Me Me H Me OH
gomisin A (2) CH, Me H Me OH
deoxyschizandrin (3) Me Me Me H Me H
wuweizisu C (5) CH, H Me H Me
(+)-gomisin K (9) Me Me Me H Me H

Compounds R, R, R, R R, Ry, R,
gomisin N (4) CH, Me H Me H H
gomisin C (6) CH, Me H OH Me  Benzyl
gomisin J (8) H Me Me H Me H H
methylgomisin O (10) CH, Me H Me H OMe

gomisin E (7)
Fig. 1. Chemical structures of the lignans (1-10) isolated from Schizandra chinensis.
gomisin J (8),” (+)-gomisin K, (9)" 2 methylgomisin O = 2ot} Eeld SREE T tEoE EAshk=s 5

102 F9aATt (Fig 1). 28€ 1029 fadt 3 %9] 3}3E =, schizandrin (1), gomisin A (2), deoxy-
methylgomisin O (10)E ©] A& HSo=Z £, RY schizandrin (3), gomisin N (4) 2 wuweizisu C (5)°] ™3}
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2000
1800 r2=0.99885
1600
r2=0.99886
1400 r2=0.99860
y  12=0.99869
1200
]
£ 1000
< r2=0.99886
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.
200 —+—gomisinN
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concentration (ug/puL)

Fig. 3. Calibration curve of five lignans (1-5)

o] FREAE AT

474 HPLC v_—ﬁZ:Zﬂ 31| A retention time 16.3, 18.5,
28.4, 30.6 ¥ 31.7% A Z+Z} schizandrin (1), gomisin A
(2), deoxyschizandrin (3), gomisin N (4) 2
(5)%] peakso] YERTH (Fig. 2).

HHE FTFEES o83 AN S 2 A=
3¢} Z+t}. Correlation efficiency %
2 453 A448S et dEds 01%3}04
MeOH FEEol| -5 E]ZL e T A,
schizandrin (1), gomisin A (2), deoxyschizandrln 3), gomisin

wuweizisu C
18 7
HES BT

[ R=N
AT

N 4) 2 wuweizisu C (5)°] 717}, 8.41+0.30, 3.01 +0.13,
1.06 £ 0.05, 7.69+0.30 2 1.68+0.06 mg/gd]l A< B3}
Aok #AEEAIE 22 1, 1, 05, 1, 1 pg/mlZ YeRdT 4
ZeAle 2zt 3, 3, 1.5, 3, 3 pg/mle 2 e RS 7
=3 Qo] 7hssiths A ERIsiTh (Table I). 27]2F
o gElo] e 2lmd-S schizandrin®] 7F Bar, 2 o)
=902 gomisin No| F&o] &2 ZO0=F U,
deoxyschizandrin®] -2 7P w2 2102 Ui %
=3k euat, felvet 2= A emak, Xgh S

23 23 9F $AN 2R evlde) g g
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Table. 1. Calibration data for analysis of five lignans (1-5) in Schizandra chinensis

Regression equation

Compound o owH Gem)  Gem) g
Slope(a) Intercept(b)
schizandrin (1) 17118.7440 27.7324 8.41+0.30 1 3 0.99869
gomisin A (2) 14930.2809 -5.7902 3.01£0.13 1 3 0.99886
deoxyschizandrin (3) 17900.2173 -5.1423 1.06+0.05 0.5 1.5 0.99885
gomisin N (4) 8909.7907 -1.6774 7.69+0.30 1 3 0.99886
wuweizisu C (5) 13374.8236 2.7151 1.68+0.06 1 3 0.99860
HeEag BAe oo waslel Itk B evlge %
73-$-% schizandrin®} gomisin N2| $H&fo] =2 Flo] F%
HolglaL, T 2l e S fARKA UEks,
a3 T4k emrbe] A EA Aot vlas] e Hls:
3 e vehle 2 S0 5 Ak
4 =

B AT E SrARTE F 1059 P YRS
schizandrin (1), gomisin A (2), deoxyschizandrin (3),
gomisin N (4), wuweizisu C (5), gomisin C (6), gomisin
E (7), gomisin J (8), (+)-gomisin K; (9) ¥ methylgomisin
0 (10) & £33, ©]E 5 methylgomisin O (10) £
AEollM Agoz e, RuHth 22 steEs &
o s EAst= e (1-5)° tiste] RP-HPLCE ©|
B3 AFEAPIEE SHeIslt) ol8e] s #A% 4
3}, schizandrin (1)°] 8.41+0.30 mg/go & 7P =7 e
%37, deoxyschizandrin®] 1.06 +0.05 mg/go 2 7} SA
YebsTh S5t enAket s2uEt B9 ] erjte] 2
I el RS AT ZRIES Hlaste] & W,
7 uAke] AR e Hsdt RS UEiie As
gl 4= AUt

o] AT 20108 ARAH FEAEF LA
A7H] AP Wol YT APAHE olol] A=Y

L2324 (1999) oFxe] At o8, 247. dgrzh, A2

2. Shi, L., He, X., Pan, Y., Han, L., Yang, X. and Zhao, Y.
(2007) Chemical constituents of fruit handles from Schisan-
dra chinensis. Zhongyaocai 32: 1054-1056.
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