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ABSTRACT

A method for analysis of aristolochic acids (AAs: AA-I, AA-II) in Asarum (Xixin, named in Chinese) and its preparations by
liquid chromatography coupled with tandem mass spectrometry has been developed. The chromatographic analysis was carried out
using a Cig column (2.1x150 mm) and a mixture of 0.1% formic acid (containing 0.1% ammonium acetate) and acetonitrile (65:35,
v/v) as the mobile phase at a flow rate of 0.3 mL/min. Piromidic acid was used as an internal standard. The mass detection was
measured as the positive ion electrospray ionization mode. The precursor and daughter ions for quantitation were m/z 359 and 298 for
AA-1, m/z 329 and 268 for AA-II. The instrument detection limit of AA-I and AA-II was 2 and 2.8 ng/mL, respectively. The result
showed that Asarum contained AA-I while AA-II was not detected. AA-I distribution in different parts of Asarum was examined in
detail and AA-I content in both methanol and water extracts was also compared in this study. In our twenty samples of Asarum, the
average amounts of AA-I in 75% methanol extracts of roots, rhizomes, petioles and leaves were 1.23 £ 0.64, 1.72 £+ 1.38, 7.81 + 4.04
and 27.13 = 25.31 ppm, respectively. The average amounts of AA-I in water extracts of roots, rhizomes, petioles and leaves were 0.33
+0.32, 0.45 + 0.50, 3.98 + 3.09 and 6.32 + 9.75 ppm, respectively. The results indicated that the amounts of AA-I in roots were less
than those in petioles and leaves, and the amounts of AA-I in water extracts were about 25 to 50 percent of those in 75% methanol
extracts. For Asarum preparations, the amounts of AA-I in each six of Xi-xin-extract-powder and Ma-Huang-Fu-Zi-Xi-Xin-Tang
ranged between 0.35-2.07 ppm and 0.21-1.00 ppm, respectively. Results of this study could be provided for the regulatory authority

as references.
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INTRODUCTION

Aristolochic acids (AAs) are well known nephro-
toxin and potential carcinogen found in Aristolochia spp.,
Bragantia spp. and Asarum spp.!. Herbal products
containing AAs probably cause renal damage or renal
failure, and have been associated with the development
of nephropathy™®>). Therefore, those products have been
banned in several countries, such as Canada, Australia,
Germany, UK and USA®).

Aristolochia spp. and Asarum spp. are widely used
in traditional Chinese medicine (TCM), but those prod-
ucts are regulated as medicines in Taiwan. The genus
Aristolochia includes numerous medicinal plants, such
as Aristolochia fangchi Wu, A. manshuriensis Kom., 4.

* Author for correspondence. Tel:+886-2-26531239;
Fax:+886-2-26531244; E-mail: linjerhuei@nlfd.gov.tw

debilis Sieb. et Zucc., and A. contorta Bge, etc.. Because
Aristolochia contains AAs, herbs of this genus had been
prohibited from manufacturing, dispensing, importing,
exporting, selling and displaying in Taiwan'”). In addi-
tion, Chinese herbal preparations (CHPs) contained those
prohibited herbs were recalled from market immediately
and drug permit licenses of those CHPs were revoked in
2003®. However, Asarum (Xixin, named in Chinese)
which originated from a few Asarum spp. remained avail-
able for medicinal use.

Asarum is mainly derived from Asarum heterotro-
poides Fr. Schmidt var. mandshuricum Kitag, A. sieboldii
Miq. or A. sieboldii Miq var. seoulense Nakaihas'?).
Asarum is commonly used in TCM and has antipyretic,
anti-inflammatory and analgesic effects!!). Asarum
could be used only when its manufacturing process
follows the regulations® | i.e. the medicinal part shall be
the roots instead of the whole plants; only water extracts
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of Asarum can be used for medicinal purpose; raw mate-
rials and finished products shall be examined by the offi-
cial assay method (HPLC/UV) to ensure free of AAs
before marketing.

According to Chinese materia medica, the only
medicinal part of Asarum is the roots because leaves are
toxic('?). Recent reports showed that Asarum contains
trace amounts of aristolochic acid I (AA-I)>Y but
researchers did not mention whether AA-I is extracted
from whole plants or the roots only. More scientific
evidences are needed to prove that Asarum roots are safer
than whole plants. In addition, AAs could completely
dissolve in organic solvents, but slightly dissolve in
water!>). Therefore, we predict that water extracts may
contain less AAs. However, the amount of AAs that can
be extracted by water from Asarum has not been evalu-
ated yet. Asarum and its preparations shall be checked by
the HPLC assay method to ensure those were free of AAs
before marketing. Sensitive detection method still needs
to be applied to Asarum to find out these were free of
AAs or with trace AAs that were not detected by HPLC.
Therefore, we used a sensitive and accurate instrument
of LC/MS/MS to evaluate the amounts of AAs in roots,
rhizomes, petioles and leaves of Asarum in this study,
and compared the extraction ratio with different solvents
between 75% methanol and water extracts.

MATERIALS AND METHODS
1. Samples Identification

Whole plant of Asarum samples were randomly
collected from markets in Taiwan. Samples including 11
samples of 4. heterotropoidis Fr. var. mandshuricum and 9
samples of 4. sieboldii were identified by pharmacognosy
exams. Each sample was subsequently divided into four
parts including roots, rhizomes, petioles and leaves (Figure
1). Each part of samples was ground into powder for anal-
ysis. In addition, 6 samples of Xi-xin-extract-powder and 6
samples of Ma-Huang-Fu-Zi-Xi-Xin-Tang were purchased
from pharmaceutical companies in Taiwan.

II. Chemicals

Aristolochic acids standard (Figure 2), a mixture of
AA-TI (40%) and aristolochic acid II (AA-II) (56%), was
purchased from Sigma Co. (St. Louis, Mo, USA) (lot
No. 092K 1249). Piromidic acid was purchased from ICN
Biomedicals, Inc. (Costa Mesa, CA, USA) and used as the
internal standard. LC grade methanol and reagent grade
formic acid were purchased from Ridel-deHaén Co.
(Seelze, Germany). LC grade acetonitrile was purchased
from Labscan Co., Ltd. (Bangkok, Thailand). Reagent
grade ammonium acetate was purchased from Merck &
Co., Inc. (Darmstadt, Germany).
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Figure 2. Structures of aristolochic acids.

1. Instrumentation

Analyses were carried out using a high performance
liquid chromatograph (Waters 2690 Alliance, Milford,
MA, USA) interfaced to a quadrupole mass spectrom-
eter (Micromass Quattro Ultima) through a PEEK loop
via a photodiode array detector (Waters 996) with split
ratio adjusted as 1:1. Chromatographic separation was
performed on a CI8 column (Zorbax Extend-C18, 150
x 2.1 mm, i.d.,, 5 pm, Santa Clara, CA, USA) with an
isocratic elution of mixed mobile phase solvents of 35%
of acetonitrile and 65% of aqueous solutions (containing
0.1% ammonium acetate and 0.1% formic acid) at a flow
rate of 0.3 mL/min. The photodiode array detector was
set at 251 nm for chromatographic display. The mass
spectrometer was fitted with an electrospray (ES) ioniza-
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tion source, which was operated in positive mode. Identi-
fication of AA-I and AA-II was achieved using daughter
ion scan mode. The parameters for daughter ion scan are
listed in Table 1. Quantification was achieved by multiple
reaction monitoring (MRM) mode. The pairs of ions
selected as precursor and daughter ions were m/z 359 and
298 for AA-I, and m/z 329 and 268 for AA-II. The param-
eters for MRM analyses are listed in Table 2.

IV. Preparation of Standard Solution and Calibration
Curve

Accurately weighed 5 mg of aristolochic acids was
transferred to a 100-mL volumetric flask and dissolved
in 75% methanol. The solution was diluted with 75%
methanol to give standard solutions with AA-I concen-
trations of 0.01, 0.02, 0.05, 0.1, 0.5, 1, 2 and 5 pg/mL,
each containing 0.1 pg/mL of the Piromidic acid internal
standard. The corresponding AA-II concentration was
0.014, 0.028, 0.07, 0.14, 0.7, 1.4, 2.8 and 7 ug/mL, respec-
tively. Twenty microliters of the standard solution were
injected and analyzed by LC/MS/MS with parameters as
described in Table 2. Quantification was achieved using
MRM method. Calibration curve was obtained from the
plot of concentration versus peak area ratio of standard to
internal standard. The linear regression equation and its
correlation coefficient (%) were then calculated.

V. Sample Preparation

For root, rhizome, petiole or leaf part of Asarum,
2.5 g of powdered samples was extracted with 75% meth-
anol or water (40 mL, 30 mL, 30 mL) thrice by sonication
for 20 min, respectively. After filtration, the combined
extract was evaporated to dryness. The residue of root
or rhizome was dissolved in 2.5 mL of 75% methanol or
water, and the residue of petiole or leaf was dissolved in
10 mL of 75% methanol or water. For Asarum prepara-
tions, an amount of the sample contained 2 g of Asarum
was extracted with 50 mL of 75% methanol by sonication
for 20 minutes. After filtration, the extract was evapo-
rated to dryness. Then the residue was dissolved with
75% methanol and transferred into a 10 mL volumetric
flask. If necessary, the sample was diluted to allow detec-
tion in the range of the calibration curve. Piromidic acid
was added to each sample as the internal standard, giving
a final concentration of 0.1 pg/mL. A volume of 20 uL
was injected and analyzed by LC/MS/MS. Quantification
of AA-I was achieved using MRM method.

V1. Precision and Accuracy

The intra- and inter-day assay for AA-I were assayed
at 0.01, 0.1, 1 and 5 pg/mL on the same day and on 6
consecutive days, respectively. The coefficient of varia-
tion (C.V) served as a measure of precision. Accuracy
was assessed by calculating the relative error (R.E.), i.c.
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Table 1. Parameters of daughter ion scan for AA-I, AA-II and
Piromidic acid in the LC/MS/MS analysis

Parameters AA-1 AA-II Piromodic acid
Tonization mode ESI* ESI* ESI™
Selected precursor ion 359 329 289
(m/z)

Carrier Flow (mL/min) 0.3 0.3 0.3
Capillary voltage (kV) 3 3 3
Cone voltage (V) 20 20 40
Collision energy (eV): 10 12 20
Argon

Source Temp (°C) 120 120 120
Desolvation Temp (°C) 350 350 350
Scan range (m/z) 200-400  200-400 200-400

Table 2. Parameters of MRM set for quantitative analysis of AA-I,
AA-II and Piromidic acid

Parameters AA-1 AA-II Piromodic acid
Precursor ion (m/z) 359 329 289
Daughter ion (m/z) 298 268 271
Dwell (secs) 0.25 0.25 0.25
Cone (Volt) 20 20 40
Collision (eV) 10 12 20

the magnitude of the difference between exact value and
measured value divided by exact value.

VII. Recovery

Three different amounts of AA-I were added to
samples and prepared as described in sample prepara-
tion. Each spiked solution contained final concentrations
of 0.2, 1, or 2 pg/mL of AA-I. Injection was repeated in
triplicate. Recoveries of AA-I were calculated from cali-
bration curves.

RESULTS AND DISCUSSION

There are many methods to analyze AAs, such as
TLC, HPLC, UPLC!"®, HPLC/MS!"?), and HPLC/MS/
MSU13. However, only high sensitive instruments could
detect Asarum due to its trace AA-I. In the prelimi-
nary test, HPLC/UV, an official method referred by the
Japanese Pharmacopoeia®, was used to detect AAs
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Figure 3. A full mass spectrum of AAs from m/z 200 to 400.
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Figure 4. Daughter ion spectra of the [M+NH,4]" ions of (A) AA-I and (B) AA-II.

in Asarum. The result showed that AA-I1 was detected
in leaf part of Asarum, but not in root part. In order to
ensure accuracy of the above observation, the resulting
test solution was further concentrated. AA-I was found
in root part but could not be quantitatively determined
due to matrix interferences. The preliminary data showed
that HPLC/UV was not a suitable method for the analysis
of trace AA-I in Asarum. Therefore, the present study
applied LC/MS/MS to analyze AA contents in Asarum.
The analysis of AAs by LC/MS/MS method was
developed in our previous report!!”). The reference stan-
dards AA-I and AA-II could be separated by LC. The
positive ion electrospray mode used in MS/MS could
yield a good spectra performance. High abundance
[M+NH,4]" ion fragment of AA-I at m/z 359 and AA-II
at m/z 329 occurred in the first stage of mass spectrum
which was chosen as the precursor ion for the MS/MS

analysis (Figure 3). The MS/MS product ions, m/z 298
and m/z 268, were used for quantitative measurement for
AA-T and AA-II, respectively (Figure 4).

In this study, the detection limit for AA-I and AA-II
based on a signal-to-noise ratio of three was 2.0 and 2.8
ng/mL, respectively. Calibration curve ranged from 0.01
to 5 pg/mL for AA-I and 0.014 to 7 pg/mL for AA-II, and
the correlation coefficient (%) was over 0.9995. This indi-
cated a definite linear relationship between the concen-
trations and the detector responses. The precision and
accuracy results are showed in Table 3. For 0.01 pg/mL
of AA-I, intraday and interday coefficients of variation
(C.V) were 19.98% and 19.03%, respectively. For concen-
tration of 0.1, 1, and 5 pg/mL, intraday and interday C.V.
ranged from 0.20 to 5.54%. In addition, the relative error
ranged from 0.08 to 8.48%. This showed that the repro-
ducibility was acceptable for analyzing AA-I. The recov-
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Table 3. Precision and accuracy tests for aristolochic acid I
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Intra-day Inter-day
Concentration
(ng/mL) Measured value (pg/mL) C.V. R.EP Measured value (pug/mL) C.V. R.EP
(mean = S.D.)* (%) (%) (mean = S.D.)* (%) (%)
0.01 0.009 + 0.002 19.98 5.99 0.011 £ 0.002 19.03 8.48
0.1 0.094 + 0.004 4.19 5.95 0.094 £ 0.005 5.54 5.74
1 1.012 £ 0.033 3.29 1.22 0.998 £ 0.021 2.10 0.23
5 4.996 £ 0.013 0.27 0.08 4.990 £0.010 0.20 0.21
%n=6.
bRelative error (%) = lexact value — mean measured value|/exact value x 100
Table 4. Recovery tests of aristolochic acid I in Asarum
Spiked concentration Recovery of each part (%)
ImL - i mean * SD
(ng/mL) Roots Rhizomes Petioles Leaves
0.2 110.7 96.2 114.6 111.4 108.2 £8.2
1 117.0 114.4 90.6 113.9 109.0+12.3
2 93.7 117.7 92.3 92.1 99.0 £ 12.5
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Figure 5. Chromatograms of the selected representative sample. (A)
LC-UV chromatogram. (UV = 251 nm), (B) MRM chromatogram
of AA-I (m/z 359>298), (C) MRM chromatogram of AA-II (m/z
329>268).

eries of AA-I from methanol extracts of Asarum were
determined by analyzing the extracts before and after
spiking with three different concentrations of AA-I. The
average recoveries of AA-I in root, rhizome, petiole and
leaf parts of Asarum ranged from 99.0 to 109.0% (Table
4), suggesting the extraction procedure was suitable and
the matrix of Asarum did not affect analyses. All data
demonstrate LC/MS/MS method used in this study has
good sensitivity, precision, accuracy and reproducibility
for the determination of AA-I in Asarum.

In order to investigate the distribution of AAs in

Figure 6. Daughter ion spectrum of the selected representative
sample (A) was compared with the reference spectrum of AA-I (B).

whole plant of Asarum, each plant was divided into four
parts, i.e. roots, rhizomes, petioles and leaves. In addi-
tion, methanol and water extracts were compared in this
study. The LC/MS/MS chromatograms of a selected
representative sample are shown in Figure 5. AA-I was
not detected by PDA detector (Figure 5-A) but could be
determined by MRM analysis (Figure 5-B). AA-II was
not detected by either PDA detector or MRM analysis
(Figure 5-C). AA-I was further confirmed by the NLFD3/
LM library database, the matching quality of the back-
ground subtracted daughter ion spectra between the
sample and standard was over 800 (Figure 6).

The amounts of AA-I in various parts of Asarum are
summarized in Table 5. The average amount of AA-I in
75% methanol extracts of roots, rhizomes, petioles and
leaves was 1.23 £ 0.64, 1.72 + 1.38, 7.81 + 4.04 and 27.13
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Table 5. The amounts of aristolochic acid I in each part of Asarum
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Concentration (ppm)

Roots Rhizomes Petioles Leaves
Samples Range Mean + SD Range Mean + SD Range Mean + SD Range Mean + SD
A. heterotropoidis Fr. var. mandshuricum (n = 11)
75% methanol extract 0.82-290 135+0.78 041-4.89 2.14+1.51 234-1841 759+440 8.01-53.76 18.23+14.23
H,O0 extract 0.08-134 037+£040 0.08-1.87 0.61+0.59 0.79-936 3.66+2.71 0.69-929  3.00=*2.62
H,0/75% methanol 0.27 0.28 0.48 0.16
A. sieboldii (n="9)
75% methanol extract 048-1.70 1.07+040 0.19-3.87 121+1.07 1.89-14.05 8.08+3.81 11.10-89.78 38.01 £32.04
H,O0 extract 0.03-0.59 028+0.18 0.04-097 026+0.29 126-12.19 436+3.62 0.93-40.42 10.39+13.54
H,0/75% methanol 0.26 0.21 0.54 0.27
Total samples (n = 20)
75% methanol extract 048-290 123+0.64 0.19-489 1.72+138 1.89-1841 7.81+4.04 8.01-89.78 27.13+2531
H,O extract 0.03-134 033+032 0.04-187 045+0.50 0.79-12.19 3.98+3.09 0.69-4042 6.32+9.75
H,0/75% methanol 0.27 0.26 0.51 0.23

+ 25.31 ppm, respectively. This result showed that the
leaf has the highest amounts of AA-I and the root instead
of the whole plant indeed reduces A A intake. In addition,
the average amount of AA-I in water extracts of roots,
rhizomes, petioles and leaves was 0.33 £ 0.32, 0.45 £ 0.50,
3.98 + 3.09 and 6.32 + 9.75 ppm, respectively. This result
showed that the leaf and petiole contained higher amounts
of AA-I than the root and rhizome. Furthermore, the
AA-I contents in water extracts were one-fourth of that in
75% methanol extracts of roots, rhizomes or leaves and
half of that in 75% methanol extracts of petioles. This
showed that water extracts indeed contain reduced quan-
tity of AAs. In conclusion, it unambiguously reduces AA
intake by using water extracts of Asarum roots for medic-
inal purpose.

AA-II was not detected in any samples. This result
corresponded with report by Jong er al.'® who have
analyzed the AA-I content in methanol extracts of 9
Asarum species by LC/APCI/MS. However, the authors did
not mention which part of Asarum samples were analyzed.
On the other hand, Xeu ez al.'® analyzed AA-I from the
aerial and underground parts of Asarum by UPLC/UV.
Their result showed that aerial part contains higher level
of AA-I (ranged of 5.95-71.19 ppm) than the underground
part (ranged of 0.48-5.0 ppm). In our study, the amounts
of AA-I in roots, rhizomes, petioles and leaves of Asarum
were evaluated separately. Our study showed that leaves
have the highest amount of AAs followed by petioles,

rhizomes and roots. This result corresponded with the
report of Xeu et al., but AA-I distribution in Asarum was
surveyed in more details in our study.

There are several CHPs containing Asarum, such
as  Ma-Huang-Fu-Zi-Xi-Xin-Tang (it &M FH25),
Da-Qin-Jiao-Tang (KZFEJ1#%5), Chuan-Chiong-Char-Tyau-
Sann (JI[ZZ55&0), Qing-Shang-Juan-Tong-Tang (/5 I &%
1), Yeh-Gan-Ma-Hwang-Tang (57 T/ ##5), Jiu-Wei-
Qiang-Huo-Tang (JUIKFE{E#%5), Dun-Hwa-Jih-Sheng-Tang
(577 4£5), and Sheau-Qing-Long-Tang (/[N&HER),
etc.. Among these preparations, Ma-Huang-Fu-Zi-Xi-Xin-
Tang contained 38% Asarum while the others contained
less than 6% Asarum. Therefore, six samples of Xi-xin-ex-
tract-powder, a single-ingredient formula, and six samples
of Ma-Huang-Fu-Zi-Xi-Xin-Tang, a multiple-ingredients
formula, were selected as samples to evaluate the amounts
of AAs in CHPs. The 12 samples were first analyzed by
HPLC/UV and no AAs were found in them. We suspected
that the samples either were free of AAs or contained
trace AAs under detected limitation. To clarify whether
those CHPs contain AAs, LC/MS/MS was then applied to
analyze the samples. The amounts of AA-I in 12 CHPs are
shown in Table 6. The amounts of AA-I in Xi-xin-extract-
powder and Ma-Huang-Fu-Zi-Xi-Xin-Tang ranged from
0.35 to 2.07 ppm and 0.13 to 1.00 ppm, respectively. We
estimated raw material Asarum contained 0.09-0.75 ppm
of AA-IL. This result indicated that the medicinal part of
Asarum in these 12 CHPs might be roots or roots with
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rhizomes. Furthermore, we estimated that daily doses of
AA-I intake in those CHPs ranged from 0.79 to 7.44 png.
For renal toxicity of AAs in rats, it was reported that the
non-toxic level was 0.2 mg/kg®”. We predicted that short-
term treatment with Xi-xin-extract-powder or Ma-Huang-
Fu-Zi-Xi-Xin-Tang may not cause obvious renal damage.
However, AAs are associated with nephropathy, and so
the package of Asarum and its preparations should state
potential risk of nephropathy of AAs to remind practitio-
ners and customers.

CONCLUSIONS

This study has surveyed AA-I distribution in
different parts of Asarum and compared AA-I contents
in methanol and water extracts. The amounts of AA-I in
leaves were the highest followed by petioles, rhizomes
and roots. No AA-II was detected in Asarum. Further-
more, the amounts of AA-I in water extracts were about
25 to 50% of those in 75% methanol extracts. This
result proved that the root and water extracts of Asarum
definitely reduce AA intake. In addition, no AAs were
found in the 12 Asarum preparation samples by the
HPLC/UV method, but trace AA-I was found using the
LC/MS/MS method.

Table 6. The amounts of AA-I in Xi-xin-extract-powder and
Ma-Huang- Fu-Zi-Xi-Xin-Tang

AA-I in preparation  AA-I in Asarum®  AA-I intake®

(ppm) (ppm) (ng/day)
Xi-Xin-extract-powders
1 0.90 0.15 0.81
2 0.88 0.19 3.15
3 0.36 0.09 1.96
4 2.07 0.75 7.44
5 0.35 0.11 3.16
6 0.59 0.18 2.13
Ma-Huang-Fu-Zi-Xi-Xin-Tang
1 0.60 0.45 3.60
2 0.73 0.55 4.39
3 0.13 0.10 0.79
4 1.00 0.75 6.01
5 0.37 0.41 3.31
6 0.21 0.12 0.95

#AA-I in Asarum (ppm) = AA-I in preparation (ppm) + the amount
of Asarum in 1 g of preparation

YAA-I intake (pg/day) = labeled daily dose (g/day) x AA-I in
preparation (ppm)

7.

10.
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