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nm : 331 287 - FAB-MS(Neg.) : m/z 783|[M-
H}- » TH-NMR{CD;0D}§ : 7.66 * 6.37 (each
1H, d, J=15.9Hz, olefinic H) ~ 6.75 ~ 7.20(each
1H, d, J=1.8Hz) - 7.08 - 6.69(each 1H, dd, J= 1.8,
8.1Hz) ~ 6.82 ~ 6.81{each 1H, d, J=8.1Hz)(two
pairs of ABX type H} ~ 5.19(1H, br.s.) ~ 4.38(1H,
d, I=8.1Hz) ~ 4.23(1H, d, J=8.1Hz) (anomeric H
of sugar) ~ 2.82(2H, t, J=7.2 Hz, methylene H)~
1.10 (3H,d, J=6.3Hz, rha. H-6)- 13C-
NMR(CD;0D) § : 18.5(rha C-6) ~ 56,4 ~ 56.5(-
OMe) ~ 643~ 66.7~69.0~ 694~ 704~ 72.0~
T21~T723~724~737~740~749~76.1"
81.4(sugar) ~ 102.9(glc C-1) ~ 104.1 (tha C- 1)~
105.0¢ara C-1) ~ 36.5~ 70.5 ~ 111.09 ~ 112.9 -
115.1 ~ 1165~ 117.1~ 121.2 ~ 1244 ~ 127.6~
133.2~147.4 -~ 1475~ 148.1 ~ 149.4 ~
150.8(feruloyl and 3-OH-4-OCH;3-phenylethyl
C) ~ 168.2(feruloyl -COO-)

SN-B(harpagoside) B H @ E & B R -
UV Az nm : 278 - FAB-MS(Neg.) : m/z 493[M-
H] o TH-NMR(CD;0D)§ : 7.66 ~ 6.50(each 1H,
d, J=15.9Hz, olefinic H) » 7.58(2H, m) ~ 7.39(3H,
m) (cinnamoyl H) ~ 6.40(1H, d, J=6.4Hz, H-3) »
6.17(1H, s, H-1) ~ 4.93(1H, dd, J=1.6, 6.6 Hz, glc
H-4) ~ 4.62(1H, d, J=8.0Hz, gic H-1) ~ 2.93(1H,
s, H-9) ~ 2.27(1H, d, I=15.2Hz, H-7) ~ 2.01{1H,
dd, I=4.4, 15.2Hz, H-7) ~ 1.53(3H, s, CH3) ; 13C-
NMR (CD;0D) §:94.66(C-1) ~ 143.91(C-3) ~
106.90(C-4) ~ 73.42 (C-5)~ 77.69(C-6) -
46.22(C-7) ~ 8R.76(C-8) ~ 55.64 (C-9) ~ 22.66(C-
10y ~ 100.02(glec C-1)~ 74.57(gle C-2)~
78.15(gle C-3) ~ 71.79(glc C-4) ~ 78.15(glc C-
5) ~ 63.02(glc C-6) ~ 168.69(C=0) ~ 120.15(C-
o)~ 146.08(C-B) ~ 135.78 (arom. C-1}~
130.01(arom. C-2) ~ 129.20(arom. C-3) ~ 13147
(arom. C-4) > 129.20(arom. C- 5) ~ 130.01(arom.
C-6) o

SN-C(cinnamic acid) & |3 6,455 °
UV A2 nm : 267 » 221 » 'H-NMR(CDC13)
d :6.45(1H, d, J=16.1Hz, H-o) ~ 7.77(1H, d, J=
16.1Hz, H-B) ~ 7.54(2H, m, arom. C-2,6) °
7.39(3H, m, arom. C-3,4, 5) =
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B %20 S8 2 =R BPSN-A
Z 'H-NMR B35 tn BB &F 4 it iR B 30 — 4
ABX# 7 aromatic H » — #trans olefinic H » —
#Hethylene H » J = {# 5%~ anomeric H.2 W i 7,
5% it Bi2-(3-hydroxy-4-methoxyphenyl) ethyl
1-O-fo-L.-arabinopyranosyl(1—6)]-feruloyl(1—
A]-o-L-rhamnopyranosyl(1— 3)-B-D-glucopyra-
nosided® £ 480l » 7 Einegative FAB-MS & 5 7E
m/z T83FR[M-HI 2 2R » BRRmE 20 T2
HH ] o 45 5 S0 BROGE ] 2 P C-NMR B L 2 58
W ARG o

SN-B Znegative FAB-MS[B3E77m/z 4938
RIM-H] 2 2R » ¥Em/z 147 Bl cinnamoyl &
2 [M-HJ-Z 2212 o TH-NMR & BC-NMR ¥ 3% 4%
B L BREC #harpagoside 7 F b BB i # g 2 —
F©79 » TIERR H 45 o SN-CZ'H-NMR 7%
£ B trans olefinic HA § 6.45(1H > 4
J=16.1Hz) ~ 7.77(1H » d » J=16.1Hz) * F R ok
BZproton ; X § 7.39%(3H > m)%7.54 2H » m)H
syaromatic HZ FR9E » A< pig 73 BE 47 ¥ )5 B2 11
57 7 5% FL R cinnamic acid ©

KBRS 258 QanZz wkED - B
96 ~ 804 70% 2 ethanol I B30 i 28 B » A B
R BRI AR 18 P celites 1 2 B 77 » 52 Lin-hexa-
ne-dichloromethaneyp 2 # » B L)
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G ) A osilica gelk MCIE # & #F - D
dichloromethane-methanol-water & 60% methanol
IR T 45 harpagoside (2 %£0.0092%) » Kajimoto
Z 5 ® » Hmethanol ZE HY » ZE WK DAIE T 48
WO ZE R » 15T HERE Msilica gel(# ¥ LAhexane-
acetone ’ ethylacetate-methanol » chloroform-
methanal » chloroform-methanol-waterjiif)
Sephadex LH-20(}4 methanoly$$&) X Bondapak
C1a( LA 60%methanol i/ #8) &5 B A1 /- BE AL - T
82-(3-hydroxy-4-methoxyphenyl) ethyl 1-O-[c-
L-arabinopyranosyl(1— 6)]-feruloyl(1—4)]-a-L-
rhamnopyranosyl(1— 3)-B-D-glucopyranoside(Hf
SN-A) K harpagoside ©

AT 97 F 30% 2 acetone I &AM i 25 B (20
SETE ) 0 2 ORI IR AR IR Sacetoneff
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Table 1. The relative extraction ratio of the marker substances (SN-A, B and C) in Scrophulariae Radix

SN-A(%) SN-B(%) SN-C(%)
Solvent reflux ultrasonic reflux ultrasonic reflux ultrasonic
‘Water 63.1 71.2 451 59.4 78.4 70.4
30%Methanol 78.5 81.8 76.2 84.1 73.8 77.7
50%Methanol 79.4 78.4 67.9 73.2 717 77.7
T5%Methanol 66.9 69.1 59.9 56.2 91.1 81.8
100%Methanol 46.2 41.1 49.5 37.7 76.4 56.8
30%Ethanol 08.3 68.6 100.0 63.6 82.1 82.5
50%Ethanol 81.8 80.2 71.0 69.7 89.2 81.1
75%FEthanol 75.9 38.0 72.0 34.35 88.6 28.2
100%Ethanol 80.1 3.3 20.3 8.8 472 221
30%Acetone 100.0 63.4 86.0 53.4 79.1 80.1
50%Acetone 45.6 71.9 44.5 68.8 90.4 100.0
T5%Acetone 40.1 30.4 51.4 43,7 79.1 80.2
100% Acetone 1.3 0.8 4.7 2.7 21.8 15.0

SN-A: 2-(3-hydroxy-4-methoxyphenyl) ethyl 1-O-[o-L-arabinopyranosyl (1—6)]-feruloyl(1—4}]-a-L-
rhamnopyranosyl(1— 3)-B-D-glucopyranoside

SN-B: harpagoside
SN-C: cinnamic acid
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H#879.1%
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J& ¥ # Diaion HP-202 & KW & » B
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Mg 2 A i o
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Figure 1. Structures of 2-(3-hydroxy-4-methoxy-
phenyl) ethyl 1-O-f ¢ -L-arabinopyranosyl (1—6)]-
feruloyl(1—4)]- o -L-thamnopyranosyl(1—3)- § -D-
glucopyranoside(SN-A), harpagoside(SN-B) and cin-
namic acid(SN-C).

Table 2. Recoveries of SN-A, B and C in Scrophulariae Radix

Marker Amount Amount Recovery Mean =+ S.D.* R.S.D.

Substance added(pug/ml)  measured(Ug/ml) (%) (%) (%)
5.5 5.28 95,92

SN-A 11.0 11.27 102.47 100.47£3.23 3.21
132 13.60 103.03
5.0 4.94 98.83

SN-B 10.0 10.15 101.51 08.49:+2.62 2.66
12.0 11.42 95.13
1.0 0.97 96.81

SN-C 2.0 2.02 101.17 96.15+4.39 4.56
3.0 2.71 90.48

*Sample Size n=3
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Figure 2. Chromatogram of Scrophulariac Radix
extracted by 30% acetone. IS for internal standard
(sorbic acid).

AR T BB 0 LHPLCAMT - B3
TR T2 AT 51 B 8 4 JB A 3 #E (Cosmuosil 5C -
AR) » BEIM B CAF R LO%EERR VAR - 1444
BEARTERR R YRR o RGO S AT 1B G 4 i B
BB THRER BT SO 2 A R
KR W 4 55 s SN-A 287nm » SN-B 278nm &
SN-C 267nm » #¥{ i K% E278nm » PU{#FSN-B
AR B B R 2 % S SN-A B SN-C75 )

B o =SBRSBI
27.6min{SN-A) » 39.7min(SN-B) X 43.3min{SN-
C) WEBEW R Z RN - REBITHA
Z PR I B By sorbic acid 0 H 3R 2 o e
1 £ 18.6min 5 T & 22 88 bF 73 I 5% Sif7 40 3 558 1
B MR — A AT, o

PLSN-A » B R C R %I R 5 1B =
AR HEEEE RN EAEBERRO R
SN-A : Y=14.58X+11.25(r=0.9907) ; SN-B :
Y=2.26X—0.40 (1=0.9994) ; SN-C : Y=14.12X
—29.28(r=0.9981) - H & RBE/NSN-ATEE)E20
— 150pg/mIE B A © SN-BTF R 5-50ug/ml
B A K SN-CHE TR £ 20-200pg/m1#0 B A 4 2 B
AR BRR o = REFE AR AL 4 2 R d (e WA SR
K BSN-A 0.25ug/ml » SN-B 0,02ug/mlF SN-
C 0.01pg/ml.

=FRAE AR 2 2 W n e i (i ) A
100+4% 22 A = [7l H R K& 5L H B4R EE ey 2=
AEE=) ) HEHKR0.93-1.01% &H
M 40.28-1.97% » B~ A BINERRZ
BRERS 20 BRI FEE Lk
.& o

AT L 2 2 IS E R - R

Table 3. Intraday and interday analytical precisions of SN-A, B and C

Marker Peak area of marker substance / Mean=S.D.
substance peak area of sorbic acid (R.S.D., %)
intraday interday intraday inferday
5.517 5.523
5.526 5472
SN-A 5.647 5.770 5.549+0.054 5.557+0.109
(100ug/ml} 5.561 5.539 {0.97) (1.97)
5.494 5.482
10.914 i1.020
10.950 10.932
SN-B 11.179 10.962 11.007 =0.103 10,976 40.030
(25pg/ml) 11.071 10.969 (0.93) (0.28)
13,920 10.998
9.163 9.292
9.208 9.205
SN-C 9417 0.240 9.263+0.093 9254+ 0.046
(100ug/ml) 9.320 9.209 (1.01) (0.50)
9.205 9.322
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Table 4. The content of marker substances (SN-A, B and C) in commerical Scrophulariae Radix

Sample SN-A SN-B SN-C

(Mean35.D.*, %) (Mean = S.D.*, %) Mean=*=S.D.*, %)

i 0.2769+0.0044 0.0347 £ 0.0008 0.4586:+0.0110

2 0.2237%0.0063 0.0226 £0.0007 0.1735+0.0113

3 0.3669+0.0066 0.0999:£0.0025 0.1777 +=0.0077

4 0,0531 40,0027 0.0162+0.0011 0.0580x0.0026

5 0.2278 +0.0020 ND 0.3412+0.0053

6 0,2898 40,0084 0.0506=0.0020 0.3146+0.0218

7 0.2937+0.0086 0.0625=0.0022 (.1186£0.0100

8 0.2701£0.0093 0.1747+£0.1184 0.0788£0.1350

9 0.2323£0.0006 0.0306=0.0006 0.3601 +=0.0040

10 0.2736+£0.0047 0.1005+0.0011 0.2176 £0.0038

il 0.2431+£0.0022 0.0691 = 0.0006 0.4948 =0.0072

12 1.7098 =0.0526 0.1553+=0.0965 0.1428+0,1371

13 0.2128 £0.0013 (0.0342 = 0.0006 0.31063:0.0061

14 0.1755+£0.0008 0.1367 +0.0004 0.3326 £0.0028

15 0.2298 1:0,0038 0.0621x0.0016 0.3165=0.0103
16 0.3076 =0.0037 0.0499 = 0.0006 0.5346+0.0135 7

17 0.2746+0.0045 0.0786=0.0019 0.2756 +£0.0115

18 0.2920+0.0020 0.0674=0.0003 0.2131=0.0044

19 0.1204 £0.0020 0.0151=0.0003 0.3243 = 0.0070

20 0.2123+0.0018 0.0792=0.0014 0.3558 +0.0069

21 0.2081£0.0075 0.0617 £ 0.0808 0.1184+0.2556

22 0.1895x0.1144 0.0100£0.0299 0.0788+0.1199

23 0.2035+0.0521 0.0062 =+ 0.0504 0.0833+0.3778

24 0.3698+0.0772 0.1376 +0.1015 0.1718 10,2549

Range 0.0531~1.7098 ND—~0.1747 0.0580~0.5346

Mean=S5.D. 0.3024 £0,3012 0.0648 £0.0476 (.2522+0.1339

*Sample Size n=3
ND: Not detected
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ABSTRACT

Three polar constituents, 2-(3-hydroxy-4-
methoxyphenyl) ethyl 1-O-[¢a-L-arabinopyra-
nosyl (1—6}]-feruloyl(1—4)]-o-L-rthamnopyra-
nosyl(1—3)-B-D-glucopyranoside(SN-A},
harpagoside(SN-B) and cinnamic acid(SN-C)
have been isolated from Scrophularia ningpoen-
sis by a modified isolation method. These con-
stituents were used as marker substances for qua-
lity analysis of Scrophulariae Radix. In this study
we have also developed a high performance lig-
vid chromatographic method for simultaneous
determination of above marker substances in
Scrophulariae Radix. This performance was done
by using a gradient elution with a solution of ace-

tonitrile in 1,0% acetic acid on a ODS column.

The linear calibration ranges were SN-A 20~
150ug/m! ( r=0.9907 ), SN-B 5-50ug/ml (
r=(19994 ) and SN-C 20-200ug/ml ( r=0.9981 ).
Recoveries were SN-A 100,47+3.23%, SN-B
98.49+2.62% and SN-C 96.15%=4.39%. The rel-
ative standard deviations of three marker sub-
stances for intraday and interday analyses were
0.93-1.01% and 0.28-1.97%.. The contents of
three marker substances in 24 crude drugs of
Scrophulariae Radix were SN-A 0.05%~1.71%,
SN-B non detected~0.17%, and SN-C
(.06%~0.53%, respectively.

Key words : Scrophulariae Radix, Scrophularia ningpoensis, harpagoside, HPLC.
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