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ABSTRACT

Two triterpenoids, euphol and tirucallol were isolated from Kansui Radix (Euphorbia kansui Liou, Euphorbiaceae) by amodified iso-
lation method. These constituents were used as marker substances for quality control of Kansui Radix using a home-developed gas chro-

matography-mass spectrometry (GC-MS) method.

The linear calibration ranges were 50.0-400.0 pg/mL (r=0.9988) for euphol and 20.0-200.0 pg/mL (r=0.9976) for tirucallol. The rel-
ative standard deviations of two marker substances for intraday and interday analyses were 0.90-3.07% and 3.93-8.17%, respectively.
Recoveries were euphol 98.3+1.2%, and tirucallol 84.8+.0%. The contents of two marker substances in seven crude drugs of Kansui

Radix were euphol 0.10-0.19%, and tirucallol 0.05-0.07%.
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INTRODUCTION

Traditional Chinese herbal medicines, which have been
used for centuries, require effective chromatographic meth-
ods to ensure quality control. In our laboratory, we have
developed severa high-performance liquid chromatographic
(HPLC)4 and capillary electrophoresis (CE)(>®) methods
for the determination of marker constituents in traditional
Chinese medicines.

Kansui Radix isthe dried root of Euphorbia kansui Liou
(Euphorbiaceae) and a toxic herbal medicine. It is adminis-
tered for the treatments of anasarca, ascites, tympanitis, her-
nia hydrocele and dysuria®.

Several diterpenoidsi’®13) and triterpenoids4-16) have
been isolated from this plant. Many triterpenoids are impor-
tant because of their biological activities. The troublesome
process of separating a pure compound from crude extracts
resultsin difficulty for determining the quantities and charac-
terizing the active ingredients. Because of the low sensitivity
at the detection wavelength and high detection limit due to
the background interference of triterpenoid, the popular
method for quantitative analysis, HPLC, is not suitable.

Euphol is the major triterpenoid of Euphorbia kansui,
and its diastereomer: tirucallol aso contained in this plant(14-
16), The chemical structures of two constituents are shown in
Figure 1. Euphol is aso found in other plants of the same
genus, such as E. antiquorum and E. broteri. Tirucallol, but
not euphol, was found to have strong antiviral activity. The
difference of cytotoxicities between the two compounds was
correlated with the stereochemistry of the proton on C-20(16),
In this study, the separation of these two constituents in
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tirucallol

Figure 1. The chemical structures of euphol and tirucallol.

Euphorbia kansui was carried out by using a column packed
with silver nitrate coated silica gel. A rapid and simple gas
chromatography-mass spectrometry (GC-MS) method for
routine quantitative analysis of Kansui Radix was developed.

MATERIALSAND METHODS

|. Materials

The roots of Euphorbia kansui 2.0 kg and seven crude
drug samples of Kansui Radix (ca. 40 g) were obtained from
local markets in Taipei. The authenticity of these samples
was verified using the voucher specimen deposited in the
National Laboratories of Foods and Drugs, Department of
Health, Executive Yuan, Republic of China.
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I1. Apparatus

Melting points measured with a Fisher-Johns melting-
point apparatus were used directly. Optical rotation was mea-
sured with a Jasco DIP-1000 polarimeter. NMR spectra were
recorded on a Bruker AM-300 WB/DMX-500 SB FT-NMR
spectrometer. A Hewlett-Packard 5890 gas chromatograph
with an HP 5973 mass selective detector and an HP 6890
series injector was employed.

I11. Working Standards and Reagents

Euphol and tirucallol were isolated from the root of
Euphorbia kansui. Cholesterol was purchased from Merck
(Darmstadt, Germany). Chloroform, methanol, n-hexane,
acetone, toluene, ethylacetate and dichlormethane were ana-
Iytical grade. Column chromatography was carried out with
Silicagel 60 (70-230 mesh, Merck).

IV. Extraction, Separation and Characterization

The root of Euphorbia kansui (2.0 kg) was cut into
small pieces and extracted five times with chloroform (15 )
by refluxing at 60°C, one hour each time. The chloroform
was removed by evaporation under reduced pressure, and the
resulting precipitate removed by filtration. The filtrate, after
concentration, was subjected to a silicagel medium pressure
column chromatography using n-hexane containing increas-
ing amounts of toluene (0-100 %). The solvent polarity was
further increased using dichloromethane, ethyl acetate and
methanol, sequentially. The combined triterpenoid fractions
were chromatographed again over silica gel with toluene.
The residue of the eluent was re-crystallized using n-hexane
yielded euphol. The mother liquid was chromatographed
over a 10 % silver nitrate-silica gel column (n-hexane) and
eluted with n-hexane-dichloromethane (1:2) to givetirucallol
and euphol.

V. GC-MS System

The column was a 30 mx0.25 mm |.D. fused silica cap-
illary cross-linked column with 5 % phenylmethylsilicone
phase, 0.25 um film thickness (HP-5MS; HP). Helium was
used as the carrier gas with a constant flow of 1.0 mL/min.
The column head pressure was set at 10.5 p.s.i. Temperature
conditionswere asfollows: theinitial temperature was 200°C
for 2 min, then increased at 10°C /min by linear to 300°C, and
held for 4 min. A 1-pL volume sample wasinjected using the
splitless mode. Full-scan mass spectra were collected
between 40 and 550 amu at 2.89 scan/s. The MS was operat-
ed in the electron impact (EI) ionization mode with an elec-
tron energy of 70 eV. Theion source and quadrupol e temper-
atures were maintained at 230 and 150°C, respectively. For
euphol and tirucallol, ions with n/z 393 and 411 were moni-
tored, and for cholesterol, ions with m/z 275 and 386 were
monitored.
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V1. Preparation of Standard Solutions

To prepare standard solutions (containing euphol and
tirucallol), an appropriate amount of internal standard solu-
tion was added to an accurately weighed amount of euphol
and tirucallol standard which was dissolved in methanol for
GC-MS. The various concentrations were within the range
50.0-400.0 and 20.0-200.0 pg/mL, respectively. Calibration
graphs were plotted subsequently for linear regression analy-
sis of the peak area ratios with concentrations.

VII. Preparation of Sample Solution
(1) Solvent Extraction

Twenty grams of Kansui Radix was cut into pieces and
mixed well. Two grams of the sample was extracted three
times with 10 mL of methanol, acetone, dichlormethane, n-
hexane and ethyl acetate separately by reflux, for 30 min
each. The extracts were filtered into a volumetric flask,
methanol was added to 25 mL, respectively. This solution
was filtered through a 0.45 pm syringe filter (Whatman)
before use.

(I1) Sample Determination

Four gram of each Kansui Radix sample was extracted
two times with 20 mL of acetone in an ultrasonic bath, fil-
tered, and then made to 50 mL with acetone. An aiquot of
4.5 mL of the above solution and 0.5 mL of cholesterol solu-
tion (0.5 mg/mL) was placed into a 5 mL volumetric flask.
This solution was filtered through a 0.45 pum syringe filter
(Whatman) before use.

VIIl. Recovery Studies

Three different concentrations of markers: 100.0, 150.0
and 200.0 pg/mL for euphol and 40.0, 60.0 and 80.0 pg/mL
for tirucallol were added to sample solution, respectively. To
each solution, a suitable amount of internal standard was
added to yield afina concentration of 50.0 pg/mL of choles-
terol. All sampleswerefiltered through a0.45 um syringefil -
ter (Whatman) and injected for GC-M S analysis to calculate
the concentration of euphol and tirucallol from their calibra-
tion graphs.

Recovery (%) = (Amount measured / Amount added)x100 %

RESULTS AND DISCUSSION

I. Isolation of Working Standard

The chloroform extract of Kansui Radix was repeatedly
chromatographed on a silica gel column to give euphol.
References 14-16 show the isolation of euphol and tirucallol
using repeat column chromatography and recrystallization.
In this study, a 10% silver nitrate-silica gel column was used
for the separation of these two optical isomers. This modified



280

method was easier and more time saving than silica gel with-
out silver nitrate coating.

Euphol

White needles (n-hexane), mp 105°C, [a]Z + 25.1°
(c=0.12, n-hexane). EIMS (70 V) m/z: 393, 411, 426 (M*).
IH-NMR (CDCls) &: 5.07 (1H, t, J=7.1Hz, H-24), 3.22 (1H,
dd, J=4.5, 11.7 Hz, H-3),1.66, 1.58, 0.98, 0.93, 0.86, 0.78,
0.73 (each 3H, s, CHyx7), 0.84 (3H, d, J=6.6 Hz, CHs). The
13C-NMR spectrum data are given in Table 1.

Tirucallol

White needles (n-hexane), mp 130°C, [a]3 —(18.4° (c=
0.09, n-hexane). EIMS (70 eV) m/z 393, 411, 426(M™). H-
NMR (CDCls) 8: 5.08 (1H, t, J=7.1 Hz , H-24), 3.22 (1H, dd,
J=4.5, 11.7 Hz, H-3), 1.66, 1.58, 0.98, 0.93, 0.84, 0.78, 0.73
(each 3H, s, CH3x7), 0.89 (3H, d, J=6.4 Hz, CH3). The 13C-
NMR spectrum dataare given in Table 1.

1. Solvent Extraction

The extraction yields of two constituents using different
solvents are shown in Table 2. With acetone the two con-
stituents yielded the best extraction rates. Euphol and tirucal-
lol yielded over 90.0 % in the first extraction by acetone.

Table 1. The 13C-NMR spectra data (ppm) of euphol and tirucallol (in
CDCly)

Euphol Tirucallol

© ppm C ppm C ppm C ppm

1 3523 16 29.74 1 3523 16 29.81
2 27.65 17 49.61 2 27.65 17 49.09
3 79.00 18 15.52 3 7899 18 15.42
4 3892 19 20.13 4 3893 19 20.13
5 50.94 20 35.86 5 50.93 20 35.91
6 1893 21 18.91 6 1893 21 18.67
7 2792 22 35.40 7 2792 22 37.25
8 13353 23 24.74 8 13352 23 24,92
9 13400 24 125.20 9 134.04 24 12524
10 3725 25 130.87 10 3725 25 13091
11 2151 26 17.68 11 2145 26 17.62
12 28.13 27 25.74 12 28.04 27 25.71
13 4409 28 24.46 13 4408 28 24.36
14 50.01 29 28.04 14 4993 29 27.92
15 30.88 30 15.60 15 30.76 30 1551

Table 2. The relative extraction rate of euphol and tirucallol in Kansui
Radix

Euphol (%) Tirucalol (%)

Times Tota Times Tota
Solvent 1 2 3 1 2 3
n-Hexane 829 34 0 8.3 753 21 0 774
Dichlormethane 558 86 05 650 449 53 0 502
Ethyl acetate 776 20 0 796 691 12 0 704
Acetone 990 10 O 1000 996 04 0 100.0
Methanol 698 66 02 767 646 41 0 687
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Therefore, two extractions with acetone used throughout this
study.

I11. Calibration Graphs for Euphol and Tirucallol

Calibration graphs were constructed in the range 50.0-
400.0 pg/mL for euphol and 20.0-200.0 pg/mL for tirucallol.
The regression equations of these curves and their correlation
coefficients were calculated as follows: euphol, y = 17.12x +
24.71 (r=0.9988) and tirucallol, y = 15.44x + 11.35
(r=0.9976). The results showed good linear relationships
between the peak arearatio and the concentration.

Thefull scan spectrum (from m/z 40 to 550) of euphol is
shown in Figure 2. Euphol yielded amolecular ion at m/z 426
and major fragment ions at 411 and 393. The spectrum of
tirucallol was similar to that of euphol. The present study
used the selected ion monitoring (SIM) mode for quantitative
analysis. The monitored ions of euphol and tirucallol were
the same, and were m/z 393 and 411.

V. Suitability Tests

To assess the precision of this method, we injected stan-
dard solutions of euphol and tirucallol, respectively, five
times on the same day and over a 5-day period. The coeffi-
cient variations of intraday and interday studies were 0.90-
3.07 % and 3.93-8.17 %, respectively (Table 3). The recover-
ies of euphol and tirucallol ranged from 83.4 to 99.3 %. The
R.S.D.s of recoveries of two constituents ranged between
1.1-1.2 % (Table 4).

‘@&b'ur{&aincé 7
| 45000
|

40000

| 1

‘ 1

| 3s0001
|
|

| 30000

|

| 25000 69 |

|

20000 |

| 15000 1

.

[

215 241 259 i\ i

H |

I 281 |

| 311 by
h [ 2 Ztia | || 2977 " 327341 355 JL J i

W CLE 28l 2o e | ]
> 60 80 100 120 140 160 180 200 220 240 260 280 300 3:

10000

5000

1 189
175 ”

I
|
miz- 20 340 360 380 400 420 -

Figure 2. Mass spectrum from m/z 40 to 440 of euphol.

Table 3. Intraday and interday analytical precisions of euphol and tiru-
calol (2n=5)

Congtituents ~ Concentration Intraday Interday
(ug/mL) (R.SD., %)? (R.SD., %)2
50.0 145 3.96
Euphol 200.0 213 7.46
400.0 3.07 8.17
20.0 1.09 393
Tirucdlol 80.0 0.90 6.27
200.0 1.69 5.98
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Table 4. Recoveries of euphol and tirucallol from Kansui Radix (2 n=3)

Congtituents Added  Measured  Recovery Mean+S.D. R.SD.
(ug/mL) (mean?, pg/mL) (mean®, %) (%) (%0)

100.0 96.6 96.6

Euphol 150.0 148.5 99.0 98.3t1.2 12
200.0 198.6 99.3
40.0 34.1 85.3

Tirucdllol 60.0 50.0 834 848+1.0 11
80.0 68.5 85.6

V. Determination of Euphol and Tirucallol in Kansui Radix

The retention time of two constituents, euphol and tiru-
calol, and interna standard (cholesterol) were 14.3, 14.8 and
13.0 min, respectively (Figure 3). As the sample solutions
were injected directly and analyzed, the results were as good
as those obtained and the analysis could be completed within
15 min. The comparison graph of contents of euphol and tiru-
calol in 7 crude drugs of Kansui Radix isshownin Figure 4.
The contents of euphol and tirucalol in crude drugs ranged
between 0.10-0.19 % and 0.05-0.07 %. The contents of
euphol were much greater than tirucallol. Although euphol
did not exhibit antiviral activity, euphol was the major con-
stituent in Kansui Radix and could be used as a marker for
quality control.
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