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ABSTRACT

An HPLC method was applied for the simultaneous determination of five marker substancesin the traditional Chinese medicine prepa-
ration “Tzyy-Yun-Gau”. These substances included shikonin, deoxyshikonin, 3,3-dimethylacrylshikonin, and acetylshikonin in Arnebiae

Radix; and ferulic acid in Angelicae Radix.

Tzyy-Yun-Gau was partitioned in a mixture of n-hexane and methanol, and a fraction taken into the methanol layer was analyzed. The
samples were run through an HPLC column (Inertsil ODS-2, 4.6 mm |.D. x 250 mm) at 30°C with a mobile phase consisting of methanol,
acetonitrile and 2% acetic acid with linear gradient elution at aflow-rate of 1.0 mL/min. A UV detector was used for detection. The detec-
tion wavelength varied with time, which was 325 nm during 0~25 min, 525 nm during 25~58.5 min, 440 nm during 58.5~62 min, and 525
nm during 62~80 min. This could be a successful separation method for the simultaneous determination of five marker substances in

“Tzyy-Yun-Gau”.

Key words: Tzyy-Yun-Gau, Arnebiae Radix, Angelicae Radix, shikonin, deoxyshikonin, (3,3-dimethylacrylshikonin, acetylshikonin, fer-

ulic acid

INTRODUCTION

Quality control is an important factor in obtaining the
Good Manufacturing Practice (GMP) standard for Chinese
medicinal preparations. In recent years, a number of analyti-
cal methods for Chinese medicina preparations have been
established in our laboratoriest™@. Our aimisto develop sim-
ple and expedient analytical methods for routine quality con-
trol. In this study, we selected atraditional preparation, Tzyy-
Yun-Gau, which contains Angelicae Radix, Arnebiae Radix,
sesame ail, lard oil, and yellow wax, and is a kind of topical
medicine used extensively in the treatment of frostbite,
burns, rub and so on. Although the compositions and the ana-
lytical methods of Angelicae Radix(323) and Arnebiae
Radix(243D have been well established, we found that in
existing literature, only shikonin®® in Tzyy-Yun-Gau has
been studied and analyzed. Therefore this study employed
HPL C to simultaneously determine the content of five mark-
er substances. These substances included shikonin,
deoxyshikonin, (3,B-dimethylacrylshikonin, and acetyl-
shikonin in Arnebiae Radix; and ferulic acid in Angelicae
Radix.

MATERIALSAND METHODS

* Author for correspondence. Tel: 08-7703202 ext. 6345;
Fax: 08-7740264; E-mail:layhl @mail.npust.edu.tw

|. Materials

According to Ref. 33, the materias for Tzyy-Yun-Gau
preparation are Angelicae Radix, Arnebiae Radix, sesame
ail, lard oil, and yellow wax. Each material was obtained
from the herbal market, and Angelicae sinensis Radix and
Arnebiae Radix were pulverized through a #8 mesh sieve
(2.36 mm).

1. Chemicals and Reagents

The structures of the marker substances are shown in

COOH
c—=c{
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H
OCH3
OH g
Ferulic acid OH o R H
R
Deoxyshikonin -H
Shikonin —OH
Acetylshikonin —O-CO-CHs

3,B-Dimethylacrylshikonin —0O—-CO-CH=C(CHs).

Figure 1. Structures of marker constituents.
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Figure I. Ferulic acid was purchased from Sigma. Shikonin,
deoxyshikonin, ,B-dimethylacrylshikonin and acetyl-
shikonin were purified and identified in our laboratory, and
the internal standard emodin was obtained from
Extrasynthese (France). Acetonitrile, methanol, n-hexane
(HPLC grade), and acetic acid (analytical-reagent grade)
were obtained from Riedel-de Haen (Germany). Ultra-pure
distilled water with aresistivity greater than I8BMQ was used.

I11. Liquid Chromatography

HPLC was conducted with an HP model 1100 system
equipped with an HP GI315A Photodiode Array Detector,
HP G1314A Variable Wavelength Detector, HP G1311A
QuatPump, HP G1322A Degasser, HP G1313A Auto-sam-
pler, and HP G1316A Column Oven. Peak areas were calcu-
lated with an HP Vectra VE PC 5/100 integrator. An Inertsil
ODS-2 reversed-phase column (4.6 mm |.D. x 250 mm) was
used.

The mobile phase was a mixture of methanol, acetoni-
trile and 2% acetic acid solution with linear gradient elution
(0 min, 5: 5: 90; 70 min, 40: 40: 20), filtered through a 0.45
pm membrane filter (Millipore) and degassed prior to use.
The analysis was carried out at a flow-rate of 1.0 mL/min. A
UV detector was used for the detection of the marker sub-
stances. The detection wavelength varied with time, which
was 325 nm during 0~25 min, 525 nm during 25~58.5 min,
440 nm during 58.5~62 min, and 525 nm during 68~80 min.

V. Calibration Method

The standard solutions of each marker substance were
diluted with 70 % methanol to afford sequential concentra-
tions. Each diluted solution contained the internal standard,
emodin, of 108 pug/mL. After filtering through a0.45 pum fil-
ter, 20 pL of each concentration was injected into the HPLC
column for analysis. The calibration graphs were plotted
after linear regression of the peak arearatio with concentra-
tion.

V. Reproducibility Test

The standard solutions with various concentrations of
ferulic acid (8.3, 33.2, 132.6 pg/mL), shikonin (11.5, 40.6,
184.5 pg/mL), deoxyshikonin (10.4, 65.3, 408.0 pg/mL),
B3,B-dimethylacrylshikonin (25.1, 100.2, 501.0 pg/mL), and
acetylshikonin (24.1, 96.5, 482.5 pg/mL) were used for a
reproducibility test. Anintra-day test (injecting each concen-
tration three times during 24 hr), and inter-day test (injecting
each concentration four times during 7 days with each injec-
tion separated by at least 24 hr) were used to check repro-
ducibility.

V1. Preparation of Tzyy-Yun-Gau

Angelicae Radix 18.75 g and Arnebiae Radix 37.5 g
were weighed and pulverized, and sesame oil 150 g and lard
oil 75 g were then added. The mixture was boiled for 10 min
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and filtered while hot. Finally yellow wax 18.75 g was added
to thefiltrate.

VII. Preparation of Sample Solutions

Samples of 300 mg each of the above-mentioned Tzyy-
Yun-Gau or commercia Tzyy-Yun-Gau was partitioned with
amixture of n-hexane 10 mL and methanol 10 mL in a sepa-
rator (2,500 rpm, 30 min). Then the methanol layer was then
separated and a suitable amount of internal standard emodin
was added to the solution to give a concentration of 108

pg/mL.

VIII. Recovery Test

The methanol layer from Tzyy-Yun-Gau was divided
into four portions, one portion used asacontrol group and the
rest being spiked with different concentrations of standard
solutionsto afford various concentrations of ferulic acid (8.3,
33.2, 132.6 pg/mL), shikonin (11.5, 40.6, 184.5 pg/mL),
deoxyshikonin (10.4, 65.3, 408.0 pug/mL), B,B-dimethy-
lacrylshikonin (25.1, 100.2, 501.0 pg/mL), and acetyl-
shikonin (24.1, 96.5, 482.5 ug/mL). Internal standard emodin
was added to each solution to a concentration of 108 pg/mL.
All samples were filtered through a 0.45 pum filter, injected
into the HPL C column for analysis and the recovery calculat-
ed.

RESULTS AND DISCUSSION

|. Separation Result by HPLC

A methanol extract of Tzyy-Yun-Gau was analyzed with
an HPLC instrument. Ferulic acid, shikonin, deoxyshikonin,
[3,B-dimethylacrylshikonin, acetylshikonin and the internal
standard were completely separated as shown in Figure 2.
The retention times of the marker substances and internal
standard were 21.7, 57.4, 75.6, 66.1 and 60.1 min, respec-
tively. On the inspection of three-dimensional chro-
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Figure 2. Chromatogram of ferulic acid, shikonin, deoxyshikonin, 3,3-
dimethylacrylshikonin, acetylshikonin and internal standard in Tzyy-
Yun-Gau.
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Table 1. Reproducibilities of intra-day and inter-day analysis of Tzyy-
Yun-Gau

Journal of Food and Drug Analysis, Vol. 8, No. 4, 2000

Table 3. Contents of each marker substance in two different prepara-
tions of Tzyy-Yun-Gau

Compound Concentration CV%

(ug/mL) intra-day (n=3) inter-day (n=4)

132.60 241 324

Ferulic acid 33.20 1.08 295

8.30 259 4.65

184.00 0.54 1.01

Shikonin 46.00 0.57 3.50

11.50 381 5.30

408.00 0.23 0.98

Deoxyshikonin 65.30 0.31 1.15

10.40 0.76 237

(3,B-Dimethyl- 501.00 0.95 128

acrylshikonin 100.20 2.92 1.73

25.10 4.01 2.72

482.50 4901 2.84

Acetylshikonin 96.50 321 1.86

17.40 4.25 3.63

Table 2. Recovery of each marker substance from Tzyy-Yun-Gau

Compound Added? (ug/mL) Found? (ug/mL) Recovery®(%)
132.60 134.00 101.06 + 4.57
Ferulic acid 33.20 34.21 103.04 + 4.57
8.30 8.89 107.11 £ 4.12
184.00 184.22 100.12 + 0.68
Shikonin 46.00 46.85 101.85+ 1.77
11.50 11.86 103.11 £ 4.09
408.00 406.29 99.58 + 1.16
Deoxyshikonin 65.30 65.23 99.90 + 3.36
10.40 10.59 101.86 + 4.89
3,B-Dimethylacryl-  501.00 569.94 113.76 + 3.79
shikonin 100.20 126.69 126.44 + 2.20
25.10 30.54 121.69 + 4.60
482.50 462.86 95.93 + 4.06
Acetylshikonin 96.50 98.60 102.18 £ 1.29
17.40 17.17 98.70 £ 2.60

aMean, n=7. °Mean+SD., n=7.

matograms, these five constituents all showed high purities.
The commercial preparation al so showed satisfactory separa-
tion.

II. Calibration Line

The regression equations and correlation coefficients of
calibration lines for those marker substances were asfollows,
where y is the peak area ratio of the marker to the internal
standard and x is the concentration of the marker.

Ferulic acid in the concentration range of 8.3~132.6
pg/mL; y =—-0.1963 + 0.7553 x, r = 0.9998 (n = 5).

Shikonin in the concentration range of 11.5~184.0
pg/mL; y =—0.0440 + 0.1048 X, r = 0.9993 (n =5).

Deoxyshikonin in the concentration range of 10.4~
408.0 pg/mL; y = —0.0050 + 0.0226 x, r = 0.9999 (n = 5).

3,B-Dimethylacrylshikonin in the concentration range
of 25.1~501.0 pg/mL; y =—0.0111 + 0.0034 x, r = 0.9999 (n
=5).

Acetylshikonin in the concentration range of
25.1~501.0 pg/mL; y =—0.0059 — 0.0323 x, r =0.9994 (n =

Our preparation Commercia preparation

Compound (Hg/9) (Hg/g)
Ferulic acid 36.01 % 0.07 2.03+0.03
Shikonin 22.13+0.54 279+ 0.05
Deoxyshikonin 23.05+1.41 352+1.18
B,B-Dimethyl- 54.89 + 0.16 11.99+ 0.81
acrylshikonin

Acetylshikonin 30.60 + 0.84 5.91+ 051

Datarepresented asmean+ S.D.,n=7.

5).
These results showed good linear relationships between
the peak-arearatio and concentration.

I11. Reproducibility Test

The coefficients of variation (C.V. %) were calculated
from the results as shown in Table 1. The intra-day relative
standard deviations were 1.08~2.59%, 0.54~3.81%,
0.23~0.76%, 0.95~ 4.01%, and 3.21~4.91%, respectively.
The inter-day relative standard deviations were 2.95~4.65%,
1.01~5.30%, 0.98~2.37%, 1.28~2.72%, and 1.86~3.63%,
respectively. Results showed very good reproducibility.

V. Recovery Test

Recovery of the analysis were 101.06 + 4.57~1.07.11 +
4.12% for ferulic acid, 100.12 + 0.68~103.11 + 4.09% for
shikonin, 99.58 + 1.16~101.86 + 4.89% for deoxyshikonin,
113.76 £ 3.79~126.44 + 2.20% for B,B-dimethylacryl-
shikonin, and 95.93 + 4.06~102.18 + 1.29% for acetyl-
shikonin, respectively (Table 2).

V. Analysis of the Commercial Preparations

The contents of marker substancesin commercial prepa-
ration are markedly different from the product prepared in
our laboratory, as shown in Table 3. This is probably due to
the different sources of the crude drugs and the different man-
ufacturing process.

CONCLUSIONS

A multi-component HPLC method was developed for
the simultaneous quantification of five marker substancesin
Tzyy-Yun-Gau. A multi-solvent of methanol, acetonitrile and
2% acetic acid solution was used as the mobile phase with a
gradient elution program, with an Inertsil ODS-2 reversed-
phase column as the stationary phase. Four detection wave-
lengths were varied depending on the retention times of the
respective components. The internal standard, emodin, used
to determinethe calibration line resulted in aprecise and reli-
able quantification analysis. The method can be applied for
analyzing commercial preparations and has the advantage of
simplicity in sample preparation. It could be applicable for
the quality control of Tzyy-Yun-Gau in the future.
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