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Abstract — A simple and reliable reverse phase HPLC method was developed to determine pharmacologically active marker
compounds of Ephedrae Herba, Phytolaccae Radix and Polyporus. The stability test of water-extract of three natural medicines
were examined for six months. However, no significant change in the content of the marker compounds of each extract

observed during the time of investigation.
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HaL lev o]=9] QAN tigh A A= Wi I
& Agoltt.” £3] w3 (Aristolochiae Fructusy® %'
<3} (Aristolochiaceae)®] FW2W = (4ristolchia contorta)
A2 W= g E5AY E, A9A o= ARSE T
Aok o}, nlEE o] F=A4E-2 aristolochic acide 2 ¢
A Jom HT oy FE Ao HH, FAFE 2 A
HEA]o] Blw Rl al, AVl A4 = aristolochic acid”} T©F
F HrE toloE A E A7) 583 3 A%
e do] HAEHA] Aol o] HAdo thek #4lo] =obA]
o] Aofol] thgh etA o] 5L A A AR kA F7EA}
8 gnr} 443 desi?

SHEAHSGANN = STt SHEE AAIRIY 4
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Ao gk A=d 9 PN e BAEHE 8E
ok Aok A, APA7] Foll wet dsAdere] fradE
o 2 4 Zpolrt UL, A3, 7Rl wEF A]5E
A T Zpol7t o] AsAokel tigh 7l A Eel &
88pH A3k ARE FAAI0N o] &-atedof it B3k
AYSFe AN E, oJokE HA| 5o W ke Qs A
71402 B&sh= 73, QHEA SRl Aol Fepoln <F
Aol dHE A EE AMEEt 54 AEE A
T U= FAAEE 4 T Utk

vl8} (Ephedrae Herba)y> v} (Ephedra sinica) &+ &
E25 (E. intermedia, E. equisetina)®] Z27& A1-&-31H
alkaloidAl ¥ (-)-ephedrine S &3t Yo (+)-
pseudoephedrine, ephedroxane, (-)-norephedrine, (-)-N-
methylephedrine, (+)-N-methylpseudoephedrine, (+)-norp-
seudoephedrine 5-¢| - alkaloid® A3t} wdte] F&&
o okakgn® 71458 5 2kgo]” defA Ut ephedrine
o+ adrenaline®} W]t w7217 S-5-28-, dopamine®
9] FFTE e, AL A, A 28280 9
.Y pseudoephedrine®l] & 813+ 0328, ephedrine
pseudoephedrinedl= 722 HE9] 7]4A] ggago] UL,
ephedrine, pseudoephedrine, ephedroxane, pseudoephedroxane
o= gdzalgo] A4 gIrh.” AE (Phytolaccae Radix)
£ Z2]F (Phytolacca esculentum) =+ v =FA}2] 3 (P
americana)®] YP21E LY A0 Z 23T X7 ¥ o|=AE
o &E AL, oM = F7E ST AY F-Foll AR
HAoU koA A ER Y AN TR
| A AEEAG, AE, AR 5 ok AAL Al
59 B37b Ah'? AE (Polyporus)S A® (Polyporus
umbellatus)®] w&olth. QB|UF-2 (Alnus spp.), FUFS5
(Quercus spp.) B A2PIF2: (Betula spp.) 52 ¥elol ¥
2HEl A 0= sterol AT EI thIATE LHA AL
F= olxoko g Algsta Aok tEAle ey
ergosterol 3}3E-S TPAR 23k FZoA 283 oh)
Zol| thE AIEFA ] BEo] Yot

s v, S 2 AR 3 AoRS Ve E HPLC-
UVE o]&38t] A #4450 A4S g9sision, g4
AHE of&al Aok BEstE FEEE FHe A
ool Bz AR HskE eI EHN
QAR ARgshe Ao FEEC] S ERlstarx)

ST

Mo

-
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MERE - 2 Aol A8 35 Aok, vk, 45
A GEHE Ak /1A, AR 1Yol 719,
By =

A A 58 TlRew AlekhE ARS8 (3
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vy K
=3t A8 BAE &
ZFEulsta, T )] e AX A
B A E= vk ofshlsh o] By
o] At} (mF3, CUD-3172-1; A5, CUD-1289-1; # &,
CUD-3173-1). w}3+ (Ephedrac Herba), *3 5 (Phytolaccae
Radix) ¥ #% (Polyporus) 5% F=14HS AR8-38l ). 7}
AR AFolFEA I 2003-17, B3 Frasdadat
el &3 A ARl we} IeFEsial o8 F
%3 3 57 Axslo] ARgsin”

A2} 2 7|7 —ephedrine?} pseudoephedrine W}
(Ephedrae Herba)oll 4] 3,4-dihydroxybenzaldehyde= #] %
(Polyporus)ell A1 2] 8Fof AR5} 3L, phytolaccoside B,
phytolaccoside E 2 phytolaccoside 1= 745 (Phytolaccae
Radix)ol|A 2|3+ sieheS AlEtish 7] sadol7l
Aol AME-3F th HPLC system- GilsonAl2] 306
pump, 811C dynamic mixer, UV/VIS-156 detector, 231
XL sample injector 2 GILSON UniPoint dataS A&-3}%
S column Agilent TechnologiesAF2] Agilent Eclipse
XD8-C18 (5 um, 4.6 x 150 mm)E AF&-3}31th HPLC &
vl = Burdick & JacksonAte] MeOH ¥ acetonitrileS AME-
3193, H,0= Milli-QZ *2]st &2 ARSIt

org X|Z23 22| - 713 (Ephedrae Herba) 1kge
MeOHEZ 3|7 &<k 33] Wi &7zt dw &1L of
8k F 7t 5381 500 g2 MeOH 925 ATt
MeOH 95 = 3 LE §&8kal 2% HCIE 718l pH 32
2 23 F ether® FE3 29| A NH,OHE
7t pH 9% 8ISt IFES CH,CLE 83ty 557]
oA Axsle] CHLCL, E8E 5.1 g2 A4t} CH,Cl, -3
=% silica gel column chromatography 2} CH,Cl,-MeOH
(G0 : 1= 0:1)°] W& ARl 117]e] £ vr
3L, 8 H-F S silica gel column chromatography 2}
CH,C1,-MeOH (10 : 1 — 5 : 1) &9 & AF&-3}o] pseudo-
ephedrine (64.0 mg) 2 ephedrine (84.3 mg)2 2|3} ch

Pseudoephedrine — white amorphous powder, mp,
119-120°C; "H-NMR (400 MHz, CD,0D): 7.45~7.34 (SH,
m, H-2-H-6), 458 (IH, d, J = 92 Hz, H-7), 338 (1H,
dq, J = 92, 6.8 Hz, H-8), 3.32 (IH, s, N-H), 2.74 (3H, s,
N-CH,), 1.10 (3H, d, J = 92 Hz, H-9); "C-NMR (100
MHz, CD,OD): 142.1 (C-1), 130.0 (C-3.4.5), 1284 (C-
2,6), 75.7 (C-7), 61.9 (C-8), 30.1 (N-CHj), 12.9 (C-9)."""”

Ephedrine — colorless needles; mp, 210°C; 'H-NMR
(400 MHz, CD;OD): 7.46~7.30 (SH, m, H-2~H-6), 5.19
(1H, d, J = 32 Hz, H-7), 346 (H, dq, J = 6.8, 32 Hz,
H-8), 332 (IH, s, N-H), 2.81 (3H, s, N-CH,), 1.08 (3H,
d, J = 68 Hz, H-9); "C-NMR (100 MHz, CD,0OD):
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142.6 (C-1), 129.7 (C-3,5), 129.0 (C-4), 127.1 (C-2,6),
71.7 (C-7), 61.6 (C-8), 31.7 (N-CH,), 10.1 (C-9).

M XE2E 22| - A% (Polyporus) 1 kg= H,0=Z 4
AIZF E4t 33] RbEele] d¥ FEstal A3 & 4 1
Zato] 40 g0 B FEES AUTh = FEES B 59
HPLC (C,g column; 150 x 4.5 mm, 5 um; mobile phase,
MeOH : H)O, 10 : 90 — 90 : 10, 60 min; detector: UV
254 nm; flow rate: 1 ml/min; t,; 27.01 min)& 3 3}
3,4-dihydroxybenzaldehyde 3 mg& At}

3,4-Dihydroxybenzaldehyde — '"H-NMR (400 MHz,
CD,OD): 9.69 (1H, s, H-7), 7.30 (I1H, d, J = 7.6 Hz, H-
6), 332 (1H, s, N-H), 7.29 (1H, br s, H-2); "C-NMR
(100 MHz, CD,OD): 193.3 (C-7), 153.8 (C-4), 146.8 (C-
3), 131.2 (C-1), 119.6 (C-6), 116.4 (C-5), 1149 (C-2).

EEN W EME AY =M - AF FEE 100 mge]
70% MeOH 10 mLE 7}8l] HPLCE-A]-& AE2 ARE-3)
Tl pseudoephedrine, phytolaccoside B,
phytolaccoside E, phytolaccoside I % 3,4-dihydroxyben-
zaldehyde Z+7} 70% MeOHZ | mg/mL FE& o] ¥
Ao ALg3ITt FAE ETHH AW membrane filter
2 o3k 5 ARGt

NESE ¥ - v 59 #& 9 HPLC ¥4 A=E
ENE AFE2EE A8, Table B} 72+ 27102 &
At ZHzte] AR AAE At Aok =
=9 e "kl

FEE QY MY 35| W] EF FEES
Az3 Bo] A AES S8 ANES AR ¥l
N BASPHA 0, 1, 2, 3, 4, 5, 6 /Ll ZHke] AlRE
A% HPLC Z7100l4 BA8i0th. Zh2te] Mg 94 &

ephedrine,
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A 372] EP-tubedl] FH3kaL 6047} sonication $- membrane
filter®. o33+ 3 HPLCE H4]3}%T).

o X|EE3 78 - v AFE +
1 kg= MeOHE F&3}3L FE54 2 25 AT
HCEE 7Fl pH 302 HE FH3)0L ether® FE3)aL
& & Zo NH,OHZ 73] pH 2
ot & F& CHCLE &v #9335 CHCL #8 =2
silica gel column chromatographyS- WHE-AA|8l] 29| 3}
e Rl 259 39ES 'H-NMRZ “C-NMR
spectroscopic data®} mp 522 pseudoephedrine?} ephedrine
dS IR 4 AN ©]5°] NMR datae= w30l HILE
data®} A=]s}g) "7

ME XNESE FX8H - AP FLATSE dux
ergosterold] 3}5+E-2 HPLC-UV, HPLC-ELSD 402 &
Ao ofE]go] o], AFL] & FEES] HPLC #4289
8 FE2= F UV 97 A& sighES skt &2
¥ 3gHEe] F2EA4S 'H-NMR spectrum®] 9.69 ppmol]
] aldehyde peak, 7.30, 6.91 ppm 2Z}Z} doublet signal (J
= 7.6 Hz), 7.29 ppmlA] broad singlet signals°] #2¥)
t} =38 "C-NMR spectrum- 193.3 ppmolA] aldehyde
carbon, 153.8, 146.8, 131.2, 119.6, 1164, 1149 ppmol| A
aromatic ring carbon®] 2% o] 3 4-dihydroxybenzaldehyde
2 % FAsaL A7 e] HPLC #4419 354 = A3}
Ak

Mof EE X|EME M — Uvhz oz AJofke] FA 9
A AFAES 2 S tisEshAY 2F Aofe] Bol

Table 1. HPLC conditions for Ephedrae Herba, Phytolaccae Radix, and Polyporus

Ephedrac Herba

Marker compounds: ephedrine, pseudoephedrine

Column: Agilent Eclipse XD8-C18 (5 um, 4.6 X 150 mm)

Mobile phase: 10 mM hexanesulfonic acid-Na :

Detector: 210 nm
Flow rate: 1 mL/min
Column Temp.: 30°C

Phytolaccae Radix

acetonitrile = 90 : 10 — 60 : 40 (60 min)

Marker compounds: phytolacoside B, phytolacoside E, phytolacoside T

Column: Agilent Eclipse XD8-C18 (5 um, 4.6 x 150 mm)

Mobile phase: H,O :

acetonitrile = 70 : 30 — 10 : 90 (60 min)

Detector: ELSD; SC: 30°C, DT: 60 30°C, gas: 3 bar

Flow rate: 1 mL/min
Column Temp.: 30°C

Polyporus

Marker compound: 3,4-dihydorxybenzaldehyde

Column: Agilent Eclipse XD8-C18 (5 um, 4.6 x 150 mm)

Mobile phase: H,O :
Detector: 220 nm

Flow rate: 1 mL/min
Column Temp.: 30°C

acetonitrile = 90 : 10 — 35 : 65 (30 min)
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HN\CH3

pseudoephedrine

CHO

HO
OH

phytolaccoside |

3,4-dihydroxybenzaldehyde
Ho~ CHOH

Fig. 1. Chemical structures of maker compounds

(ephedrine and pseudoephedrine isolated from Ephedrae Herba;
phytolacosides B, E, and T isolated from Phytolaccae Radix;
3,4-dihydroxybenzaldehyde isolated from Polyporus).

oL} BoldwE A &

AEoz Fth) B AelME 359 Aok AL A
284 g Holm FAES vk (Ephedrae Herba)oll A=
ephedrien?} pseudoephedrineS A|FHJHE O 2 A5 (Phy-
tolaccaea Radix)- phytolaccoside B, phytolaccoside E 2!
phytolaccoside 12 X FAF-o 2 ZHzt A4 3ATt (Fig. 1).
)3l A FRAE-L ergosterold] 3FEE dH A 9
O o] sterol 3}3HE-S HPLCE EA0) o]&go] 9
o] AHollA 3 4-dihydroxybenzaldehydeS 2]} =&
o7 ARSIt Zh7te] A EAE HPLC #4412 Table 19]
Z710 2 7Fzre] AEo] resolution 2 o3 E 5] Ha
ol Ao w AR WellE v gkt 2y nist
9] ephedrine?} pseudoephedrine®] resolution= 20|40 2

ftllo

Table II. Calibration data of HPLC-UV
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5
NE)eZ &2 sl FadE FFH7HE ST
S Az e A3 WA 7 EAANE 20 A 5
o] Wal7} #EE A g, /1Y A7 B wWE 1A
AHE FojA= 4= gISith
A FAE2] 3E-e Fig. 29F Table 1113} 7ZHom wld}h
(Ephedrae Herba)e] €< F&E HPLC #4 ZA
pseudoephedrine 2 ephedrine®] 4274 HE
27HA] A F ephedrine] TS E 1 =t} thgte]
A A wlEke] ephedrine®] e 0.7% ©|’FoE 43}
o
=

)
X2
H

I 9] FAel Agtet Algolth Tt npghe] B4

X 2 pseudoephedrine ¥ ephedrine®] A& AL 2
-2 719] HPLC 42 700A &7t =4 HAEHA
eFof 2717 Aol mhgke] =9 alkaloid ¥ ERISHATH
Mg St A2 W 70A BASE AR FF A
EAg AR E] gHgoll= Zpo7t glo] mige] I FEE
gshe ERIE 4= AT AH (Phytolaccae Radix)]
2% HPLC ¥4 A3} phytolaccoside B, phytolaccoside
E ¥ phytolaccoside 17} 44712 B Z AN HEE AL,
37HA] ¥ Z phytolaccodie 7} F=2AF-O & ol F[jo
™ phytolaccodie BS] FHreko] AY Ao Ao = <l
At ol Bt A W 2o Bad ARE F
Z A B43F A 82 chromatogram3} x}o]7} glow A
T e At A5 dF FEES Aol g9
H At A (polyporus)®] =& HPLC 4] 23} 34-
dihydroxybenzaldehyde”} /3712 #-AF2710A AEE UL,
Aol oo 2 4# 3 ergosterol Al F2] 33HES
chromophore”} §1¢] HPLCo|A] E91% %] 2k9tt}. 6711 €
S A W 2oA BAF AEE FE Al 24
3l A]&2] 3.4-dihydroxybenzaldehyde?] kel <f7F w3}

o ro o

Maker compound

Regression equation” Correlation coefficients

Ephedrac Herba pseudoephedrine

ephedrine

Phytolaccae Radix phytolaccoside B
phytolaccoside E

phytolaccoside I

Polyporus 3,4-dihydroxybenzaldehyde

y = -0.0156x + 0.01738 0.9994
y = -0.0024x + 0.0744 0.9996
y = 0.0229x — 0.00124 0.9997
y = 0.0710x — 0.03554 0.9998
y = 0.00181x — 0.0131 0.9994
y = 0.00488x — 0.0221 0.9999

a)y = peak area, X = amount (Llg)
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T T 1
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1. pseudoephedrine, 2. ephedrine,
(©) | (D)

1’. phytolaccoside B, 2'. phytolaccoside I, 3’. phytolaccoside E
(E) (F)

200 400 | 600 | 800 1000 1200 1400 1600 1800 2000 2200 24100
MMMMMM

1”7 3,4-dihydroxybenzaldehyde

Fig. 2. HPLC chromatogram

(A) standard compounds of Ephedraec Herba, (B) extract of Ephedrae Herba, (C) standard comounds of Phytolaccae Radix, (D)
extract of Phytolaccae Radix, (E) standard comound of Polyporus, (F) extract of Polyporus.

Table III. Contents of marker compounds during the period of stability test (n=3)

Room temperature (mg/g)

0 month 1 month 2 month 3 month 4 month 5 month 6 month
Pseudoephedrine 11.40+0.49 10.99+0.44 11.09£0.27  10.93+£0.54 11.05+0.46 11.21+0.64 10.90+0.72
Ephedrine 34.30+.043 34.40+0.44  34.22+0.47 3421+044  33.89+1.34  33.34+0.74 33.03+1.74
Phytolacoside B 0.79+0.00 0.77+0.07 0.78+0.05 0.76+0.15 0.75+£0.07 0.75+0.15 0.75+0.09
Phytolacoside E 1.71+0.11 1.64+0.16 1.71+0.47 1.64+0.04 1.67+0.12 1.64+0.22 1.62+0.01
Phytolacoside 1 246.00+4.01 233.20+7.02 239.83+8.45 240.56+7.01 238.35+7.01 238.55+5.51 235.89+4.51
3,4-dihydroxy 25.48+2.61 24.87+0.57  25.0443.25 24.28+1.75  22.58+1.80  23.54+4.20 22.16+2.20

benzaldehyde
5°C (mg/g)

0 month 1 month 2 month 3 month 4 month 5 month 6 month
Pseudoephedrine 11.40+0.49 11.29+0.47 11332043  11.07+1.14 11.07+1.26  11.161+0.47  10.86+0.41
Ephedrine 34.30+.043 33.40+0.33 32.68+1.17  33.24+0.57  33.77+0.84  33.54+0.22 32.68+1.01
Phytolacoside B 0.79+0.00 0.77+0.04 0.79+£0.17 0.78+0.21 0.76+0.04 0.76:0.41 0.76+0.35
Phytolacoside E 1.71+0.11 1.68+0.14 1.65+0.37 1.66+£0.23 1.66+£0.08 1.64+0.43 1.64+0.42
Phytolacoside T 246.00+4.01 237.51+£7.78 239.19+4.47 239.41+5.37 237.02+4.88 237.49+5.71 239.38+8.61
3,4-dihydroxy 25.48+2.61 25.24+0.44  25.18+0.79 24.57+2.77  23.71£1.92  23.54+4.35 23.05+2.27

benzaldehyde
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7} 9424 HPLC chromatographyd 452 AZEHE I
A7} glo] AL EF FEES PEAo] ERIT = AT

4 =

-

Aol BHAE 919 FEES AFPILA] 2003-17,
FEFEA Al wet F& AT FEEC] TR
A& $J8l wigke] A]3EAdH-S pseudoephedrine 2! ephedrine
o2, 5] AFAE-S phytolaccoside B, phytolaccoside
E 2 phytolaccoside IZ #% 2 3,4-dihydroxybenzaldehyde
= Ax=de AAsiiv 22+ &2 HPLC-UV 3
ELSD detector?} RP C-18 column®. 2 #-4jo] 7153}5 T},
FEA o] A7 HE wE P AEE sl AlEE
A3 WA Hastar, A8 717 77t 6717t
HPLCE #2{3}e] 7}+zte] peake] patterny}t $HEFO 2 3%
AJoke] QPYAdS SIS o|efsh Aok Al5e] EEs)et
A At S9N EATE AES gREka Ao
fege 284 Fdd e &8o] 7hssittal

Z)ehit,
AL A

B A= 20099 A F ool 8o A EA|
A

o] A7) 21 (09162572 540)00 23] 43 =Se
™ ool ZIAL=HYTH
IE=8
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