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a b s t r a c t

A rapid and high sensitive liquid chromatography/tandem mass spectrometry (LC/MS/MS) method for
simultaneous determination of chlorogenic acid and cinnamic acid in human plasma was developed.
The analytes and internal standard (IS), tinidazole, were extracted from human plasma via liquid/liquid
extraction with ether–ethyl acetate (1:1, v/v) and separated on an Agilent Zorbax SB C18 column within
5 min. Quantitation was performed on a triple quadrupole mass spectrometer employing electrospray
ionization technique, operating in multiple reaction monitoring (MRM) and negative ion mode. The
eywords:
ailuoning injection

hlorogenic acid
innamic acid
C/MS/MS
harmacokinetic study

precursor to product ion transitions monitored for chlorogenic acid, cinnamic acid and IS were m/z
352.9 → 191.1, 146.8 → 103.1, 245.6 → 126.0, respectively. The assay was validated with linear range of
1.00–800.00 ng/mL for chlorogenic acid and 0.50–400.00 ng/mL for cinnamic acid. The intra- and inter-
day precisions (RSD%) were within 9.05% for each analyte. The absolution recoveries were greater than
74.62% for chlorogenic acid and 76.21% for cinnamic acid. Each analyte was proved to be stable dur-
ing all sample storage, preparation and analytic procedures. The method was successfully applied to a

f Mail
pharmacokinetic study o

. Introduction

Mailuoning injection [1–3], a well-known composite formu-
ation of traditional Chinese medicine (TCM), is commonly used
n clinical practice. It is made from the extracts of TCM includ-
ng Flos lonicerae, Artemisiae scopariae, Scrophularia ningpoensis and
chyranthes bientata Bl. The pharmacological and clinical studies
how that Mailuoning injection can expand the vessels, improve
icro-circulation, increase the blood flow, suppress platelet con-

estion and thrombosis, dissolve the thrombus and lower the whole
lood viscosity. Chlorogenic acid is one of the primary ingredients
f Flos lonicerae and cinnamic acid is one of the primary ingre-
ients of Achyranthes bientata Bl. Both are the active ingredients
f Mailuoning injection and have relatively high concentrations.
he concentrations of chlorogenic acid and cinnamic acid are the
uality indication of Mailuoning injection. Few studies on the pre-
linic pharmacokinetics of Mailuoning injection [4,5], chlorogenic

cid [6,7] and cinnamic acid [8,9] have been reported. No report
bout clinic pharmacokinetics of Mailuoning injection, chlorogenic
cid and cinnamic acid has been published. Several methods for
he determination of chlorogenic acid or cinnamic acid in plasma

∗ Corresponding author. Tel.: +86 25 86617141 80518; fax: +86 25 86555033.
E-mail address: jennifer2886@126.com (J. Zhang).

731-7085/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
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uoning injection in 10 healthy volunteers.
© 2009 Elsevier B.V. All rights reserved.

have been described in the literature. These methods include high
performance liquid chromatography (HPLC) [4,7–16] and liquid
chromatography/mass spectrometry (LC/MS) [5,6]. For chlorogenic
acid, the LC/MS method reported by Wang et al. [5] presents lower
limit of quantification (LLOQ) of 5 ng/mL, the highest LLOQ among
others, is not adequately sensitive for the quantification due to low
concentration in human plasma. For cinnamic acid, the HPLC–UV
method reported by Zhang et al. [4] presents LLOQ of 11.2 ng/mL, is
not adequately sensitive for the quantification due to low concen-
tration in human plasma. Now a rapid and high sensitive LC/MS/MS
method for the simultaneous determination of chlorogenic acid and
cinnamic acid in human plasma was developed. The application of
this method was demonstrated for the quantification of chlorogenic
acid and cinnamic acid in plasma after intravenous administration
of 20 mL Mailuoning injection in 10 healthy volunteers.

2. Experimental

2.1. Chemicals, materials and reagents
Chlorogenic acid, cinnamic acid, and tinidazole (IS) (Fig. 1) were
purchased from the National Institute for the Control of Pharmaceu-
tical and Biological Products. Mailuoning injection, 10 mL/vial, lot
number 200806262, containing 3.7 × 105 ng/mL chlorogenic acid
and 3.3 × 105 ng/mL cinnamic acid, expired before June 2011, was

http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:jennifer2886@126.com
dx.doi.org/10.1016/j.jpba.2009.09.039
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the experimental analysis of different samples with known con-
ig. 1. Structures of two analytes and IS. (A) Chlorogenic acid; (B) cinnamic acid;
C) tinidazole.

anufactured by Jin Ling Pharmaceutical Co. Ltd. (Nanjing, China).
ecommendation dosage is 10–20 mL/each with intravenous gut-
ae. Methanol and acetonitrile was of HPLC grade (Merck, USA).
thers were of AR grade. Ultrapure water used for the LC/MS/MS
as from Milli-Q water purification system (Millipore, USA).

.2. Preparation of standard solutions and plasma samples

The standard stock solutions were prepared by dissolving
equisite amount of chlorogenic acid, cinnamic acid and IS in
ethanol, and were further diluted appropriately with methanol

eparately. Combined working solutions of two analytes, required
or spiking plasma calibration and quality control samples, were
ubsequently prepared. The concentration of IS working solution
as 108.7 ng/mL. All the solutions were stored at 4 ◦C until use.
rug free plasma, blank plasma, was stored in the freezer and
llowed to completely thaw before use. The calibration standards
nd quality control (QC) samples were prepared by spiking blank
lasma with combined working solutions. Calibration standards
ere made at 1.00, 2.00, 4.00, 20.0, 40.0, 200, 400, 800 ng/mL

or chlorogenic acid, and 0.50, 1.00, 2.00, 10.0, 20.0, 100, 200,

00 ng/mL for cinnamic acid. Quality controls were prepared at
.00, 60.0, 600 ng/mL for chlorogenic acid, and 1.50, 30.0, 300 ng/mL
or cinnamic acid. The spiked plasma samples were stored at −20 ◦C
or validation.
Biomedical Analysis 51 (2010) 685–690

2.3. LC/MS/MS instrumentation and conditions

A series 1200 HPLC system (Agilent, USA) consisted of a quat
pump, an autosampler and an online degasser. The analytes and
IS were separated on an Agilent Zorbax SB C18 column (5 �m;
4.6 mm × 150 mm) with the mobile phase, methanol–2 mmol/L
ammonium acetate solution (45/55, v/v), at a flow rate of
0.5 mL/min. The autosampler temperature was maintained at 4 ◦C
and the injection volume was 5 �L. The total LC run time was
5 min. Detection of analytes and IS was performed on API4000
tandem quadrupole mass spectrometer (Applied Biosystems, USA).
Negative ion electrospray ionization (ESI) was used to form depro-
tonated molecules. Multiple reaction monitoring (MRM) was used
to monitor precursor to product ion transition of m/z 352.9 → 191.1
for chlorogenic acid, m/z 146.8 → 103.1 for cinnamic acid, and m/z
245.6 → 126.0 for IS. All the parameters of LC and MS were con-
trolled by Analyst software version 1.4.1.

For analytes and IS the source parameters were ion spray volt-
age (ISV) 4000 V, turbo heater temperature (TEM) 400 ◦C, collision
activation dissociation (CAD) 6 psi, curtain gas (CUR) 20 psi. The
compound dependent parameters like declustering potential (DP)
and collision energy (CE) were optimized at 52 and 25 for chloro-
genic acid, 50 and 15 for cinnamic acid, and 25 and 15 for IS,
respectively. Quadrupole 1 and quadrupole 3 were maintained at
unit resolution. Dwell time set was 200 ms for both the analytes
and IS.

2.4. Procedure for sample extraction

In a 10 mL centrifuge tube an aliquots of 500 �L plasma, mixed
with 50 �L working solution of IS (108.7 ng/mL) and 50 �L 1 mol/L
hydrochloric acid, was vortexed until thoroughly mixed. After 4 mL
ethyl-ether–ethyl acetate (1:1, v/v) was added, the tube was vor-
texed vigorously for 3 min, followed by centrifugation for 10 min
at 3000 × g. 3.2 mL of supernatant was transferred into another
tube and evaporated to dryness at 40 ◦C under a gentle stream of
nitrogen. The residue, dissolved into 100 �L mobile phase, was vor-
texed for 1 min and then centrifuged for 5 min at 12,000 × g. 5 �L
supernatant was injected into the LC/MS/MS system for analysis.

2.5. Method validation

The method was validated for selectivity, sensitivity (LLOQ),
matrix effect (ME), linearity, precision and accuracy, recovery and
stability.

Specificity was assessed by comparing the total ion chromatog-
raphy (TIC) of 6 blank plasma samples with TIC of plasma samples
spiked with chlorogenic acid, cinnamic acid and IS to check any
possible interference at the retention time of analytes and IS. Fur-
ther, 5 �L working solution was prepared in the mobile phase and
was injected to check the interference.

Matrix effect was checked by comparing the area response of
unextracted samples (Ai) to that of aqueous sample (Ar). Unex-
tracted samples were prepared in three different lots of blank
plasma. Matrix effect at three QC levels had been observed:

ME (%) = Ai
Ar

× 100

The lowest limit of quantification (LLOQ), defined as the mini-
mum concentration at which the analyte could be quantified with
acceptable accuracy and precision (RSD < 20%), was determined by
centrations of the analyte.
Five linearity curves containing eight non-zero concentrations

were analysed. Best-fit calibration curves of peak area ratio (chloro-
genic acid versus IS, cinnamic acid versus IS) versus concentration
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ig. 2. TIC of chlorogenic acid, cinnamic acid, and IS in different conditions. (A) TIC o
f double blank sample; (C) TIC of spiked plasma with chlorogenic acid (1000 ng/mL
dministration of Mailuoning injection (20 mL) at intervals of 30 min.

ere drawn. The concentration of the analytes was calculated from
alibration curve (f = a × C + b, where f is the peak area ratio and C
s the concentration) using least-squares linear regression analy-
is with reciprocate of the drug concentration as a weighing factor
1/C2) for chlorogenic acid and cinnamic acid. The regression equa-
ion for the calibration standards was also used to back-calculate
he measured concentration at each QC level. The peak area ratio

alues of calibration standards were proportional to the concentra-
ion of the drugs in plasma over the range tested.

The recovery of the analytes from the extraction procedure
as performed at each QC level. It was evaluated by comparing
eak area of extracted samples (spiked before extraction) to the
rogenic acid (0.05 �g/mL), cinnamic acid (0.025 �g/mL), and IS in methanol; (B) TIC
amic acid (500 ng/mL) and IS (108.7 ng/mL); (D) TIC of plasma after an intravenous

peak area of unextracted samples (QC working solutions spiked in
extracted plasma).

The intra-batch precision and accuracy were evaluated in five
replicate analyses for chlorogenic acid and cinnamic acid at three
QC levels on the same analytical run. Inter-batch precision and
accuracy were calculated after repeated analysis in three dif-
ferent analytical runs. Concentrations were calculated from the

calibration curve. The accuracy and precision was calculated and
expressed in terms of %bias and coefficient of variation (%CV),
respectively.

Stability experiments were performed to evaluate the analyte
stability in stock solutions and in plasma samples under differ-
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Table 1
Matrix effect of chlorogenic acid, cinnamic acid and tinidazole (IS).

Injecting concentration
(ng/mL)

ME (%)

Chlorogenic acid (n = 3) 15 76.5 ± 8.11
300 76.9 ± 7.24

3,000 81.9 ± 6.01

Cinnamic acid (n = 3) 7.5 85.5 ± 5.63

3.5. Stability

Chlorogenic acid and cinnamic acid were found stable in
extracted plasma samples for 24 h at room temperature. Both ana-

Table 2
Recoveries of chlorogenic acid, cinnamic acid and IS from human plasma using ethyl-
ether–ethyl acetate (1:1, v/v) as extracting solvent.

Injecting concentration (ng/mL) Recoveries (n = 5)

Chlorogenic acid 15.0 74.6 ± 3.11
300 75.9 ± 2.61

3000 81.6 ± 2.85
88 J. Zhang et al. / Journal of Pharmaceutica

nt conditions. Room temperature stability, refrigerated stability
f extracted sample, freeze–thaw stability and long term stability
ere performed using three replicates at each QC level.

.6. Pharmacokinetic study

The study was conducted at the Clinic Pharmacology Laboratory,
he Affiliated Hospital of Nanjing University of Traditional Chinese
edicine. Ethics committee (IRB of The Affiliated Hospital of Nan-

ing University of Traditional Chinese Medicine, Nanjing, China)
pproved the study protocol. All the volunteers were informed of
he aim and risk involved in the study and written consent were
btained. Health check up was done by general physical examina-
ion, ECG and laboratory tests like hematology, biochemistry and
rine examination. Ten healthy volunteers (half male, half female)
ere selected for the study. An 12-h overnight fasting was neces-

ary before the intravenous administration. Lunch, served 4 h after
he administration, should exclude vegetables containing chloro-
enic acid and cinnamic acid.

Based on the clinical dose to patients, healthy volunteers
ere given Mailuoning injection via intravenous guttae with

0 mL/each. Blood samples were collected from forearm vein before
he administration, 0.5 h during the administration, and after the
dministration at intervals of 0, 5, 10, 20, 30, 60, 90, 120, 180, 240,
60, and 480 min. Blood samples were in heparinized polythene
ubes, and centrifuged at 3000 × g for 10 min. Plasma was separated
nd stored at −75 ◦C until use.

.7. Pharmacokinetic analysis

Pharmacokinetic parameters were calculated by Drug And
tatistic (DAS) 1.0 pharmacokinetic software (Chinese Pharma-
ological Association, Anhui, China). Pharmacokinetic parameters
nclude compartment parameters and statistic parameters.

Maximum plasma concentrations (Cmax) and the time point
f maximum plasma concentration curve (tmax) were observed
rom the plasma concentration–time curve. Area under the plasma
oncentration–time curve (AUC) was calculated by the linear trape-
oidal rule. The elimination rate constant (kel) was calculated by
inear regression of the terminal points of the semi-log plot of
lasma concentration against time. Half-life of drug elimination
uring the terminal phase (t1/2) was calculated from the for-
ula t1/2 = 0.693/kel. Mean residence time (MRT) was calculated

s AUMC/AUC, where AUMC is the area under the first moment
lasma concentration–time curve. Volume of distribution (Vd) of
he central compartment was calculated as dose/C0, where C0 is
he concentration measured just after the administration. Plasma
learance (CL) was calculated as dose/AUC.

. Results and discussion

.1. Selectivity and sensitivity (LLOQ)

The liquid–liquid extraction methodology in combination with
ass spectrometry detection gave very good selectivity for the ana-

ytes and IS. Fig. 2(A) shows the total ion chromatography (TIC) of
hlorogenic acid (0.05 �g/mL), cinnamic acid (0.025 �g/mL), and
S in methanol. The retention time was 2.5 min for chlorogenic
cid, 3.5 min for cinnamic acid, and 4.4 min for IS, respectively.
o endogenous interference was detected in blank plasma sam-
les at the retention time of two analytes and IS, as shown in

ig. 2(B). Fig. 2(C) shows the TIC of spiked plasma with two analytes
1000 ng/mL for chlorogenic acid, 500 ng/mL for cinnamic acid) and
S (108.7 ng/mL). Fig. 2(D) shows the TIC of plasma after an intra-
enous administration of Mailuoning injection (20 mL) at intervals
f 30 min.
150 83.4 ± 2.09
1,500 82.5 ± 3.38

Tinidazole (n = 9) 54,350 81.1 ± 2.76

The lower limit of quantitation (LLOQ) was defined as the
lowest concentration that could be reliably quantitated from the
background level. In this case, the LLOQs of chlorogenic acid and
cinnamic acid were 1.00 and 0.50 ng/mL, respectively.

3.2. Linearity and matrix effect

For chlorogenic acid, the linear regression equation for mean
of five calibration curves was y = 0.0505x − 0.0232, r = 0.9994. For
cinnamic acid, the equation for mean of five calibration curves was
y = 0.0916x + 0.0759, r = 0.9986 (Fig. 3).

Matrix effect represented as ion suppression for this method.
ME was consistent in all the lots and did not affect the quantitative
analysis of analytes and IS peak. The results are shown in Table 1.

3.3. Recovery

The recoveries of chlorogenic acid and cinnamic acid are shown
in Table 2.

The recoveries of two analytes and IS could be promoted by
acidifying the plasma samples with hydrochloric acid, so 1 mol/L
hydrochloric acid 50 �L was added to plasma samples before
extraction. The recoveries using different organic solvents as
extractant were compared. Since the polarities of two analytes were
varied, ethyl-ether/ethyl acetate (1:1) as the extractant was chosen
to obtain suitable recoveries of each analyte.

3.4. Accuracy and precision

The accuracy between 85% and 115% and precision less than
15% are acceptable. Intra-batch and inter-batch precision and accu-
racy for the analysis of chlorogenic acid and cinnamic acid in
human plasma are presented in Tables 3 and 4. These show that
the LC/MS/MS assay is excellent for the simultaneous quantitative
analysis of two analytes in human plasma.
Cinnamic acid 7.5 80.7 ± 3.62
150 77.3 ± 2.36

1500 76.2 ± 2.26

Tinidazole 54.35 76.0 ± 3.02
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Fig. 3. Mean calibration curves of analytes in human plasma. (A) Chlorogenic acid
and (B) cinnamic acid.

Table 3
Intra-batch accuracy and precision for the analysis of chlorogenic acid and cinnamic
acid in human plasma.

Nominal
concentration
(ng/mL)

Measured
concentration
(ng/mL)

Accuracy (%) Precision (%)

Chlorogenic
acid (n = 5)

3.00 2.96 ± 0.119 98.8 ± 4.05 4.00

60.0 57.0 ± 1.88 95.1 ± 3.36 3.30
600 587 ± 31.1 97.7 ± 5.02 5.29

Cinnamic 1.50 1.39 ± 0.064 92.5 ± 4.16 4.63

l
a
l

3

M
c
T

T
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a

acid (n = 5)
30.0 27.4 ± 0.900 91.3 ± 3.02 3.28

300 296 ± 6.19 98.8 ± 2.08 2.09

ytes were stable under three freeze/thaw cycles. The chlorogenic
cid and cinnamic acid spiked plasma samples stored at −20 ◦C for
ong term stability were found stable for 20 days.

.6. Application
The pharmacokinetic parameters like Cmax, Tmax, AUC0–7.17, t1/2,
RT0–7.17, CL and Vd were calculated for chlorogenic acid and

innamic acid. The pharmacokinetic parameters are presented in
able 5.

able 4
nter-batch accuracy and precision for the analysis of chlorogenic acid and cinnamic
cid in human plasma.

Nominal
concentration
(ng/mL)

Measured
concentration
(ng/mL)

Accuracy (%) Precision (%)

Chlorogenic
acid (n = 15)

3.00 2.86 ± 0.257 95.2 ± 8.62 9.00

60.0 60.3 ± 4.61 101 ± 7.76 7.65
600 618 ± 45.2 103 ± 7.45 7.32

Cinnamic acid
(n = 15)

1.50 1.41 ± 0.119 94.2 ± 7.92 8.41

30.0 28.4 ± 2.24 94.6 ± 7.47 7.89
300 285 ± 11.8 95.0 ± 3.95 4.15

Fig. 4. Average plasma concentration–time curves and the corresponding semi-
logarithmic plots after an intravenous administration of Mailuoning injection to
healthy volunteers. (A) Average plasma concentration–time curves of chlorogenic
acid; (B) the corresponding semi-logarithmic plots of chlorogenic acid; (C) average
plasma concentration–time curves of cinnamic acid; (D) the corresponding semi-
logarithmic plots of cinnamic acid.
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Table 5
Pharmacokinetic parameters of chlorogenic acid and cinnamic acid in 10 healthy
volunteers with an intravenous administration of Mailuoning injection.

Chlorogenic acid Cinnamic acid

Cmax (�g/L) 255.70 ± 66.425 119.63 ± 40.303
Tmax (h) 1.04 ± 0.282 1.00 ± 0.310
AUC0–7.17 (�g/L h) 403.62 ± 109.296 158.64 ± 56.019
MRT0–7.17 (h) 1.26 ± 0.116 0.80 ± 0.065
Vd (L/kg) 0.700 ± 0.244 0.519 ± 0.314
t1/2� (h) 1.35 ± 0.533 0.42 ± 0.087
CL (L/kg/h) 0.370 ± 0.105 0.899 ± 0.295

Table 6
Pharmacokinetic parameters for chlorogenic acid from different reports.

Human (our results) Rat [4] Rat [5]

MRT0–7.17 1.26 ± 0.116 h No report 28.4 ± 4.3 min
Vd 0.700 ± 0.244 L/kg 0.0517 L/kg 0.66 ± 0.36 L/kg
t1/2� 1.35 ± 0.533 h 18.4 min 27.9 ± 5.4 min
CL 0.370 ± 0.105 L/kg/h 0.0013 L/kg/min 1.60 ± 0.59 L/kg/h

Table 7
Pharmacokinetic parameters for cinnamic acid from different reports.

Human (our results) Rat [4]

a
v
t
a
p
s
M

a
o
m
t
o
a

u
a
c
t
p
t

[

[

[

MRT0–7.17 0.80 ± 0.065 h No report
Vd 0.519 ± 0.314 L/kg 1.5939 L/kg
t1/2� 0.42 ± 0.087 h 213.5 min
CL 0.899 ± 0.295 L/kg/h 0.0035 L/kg/min

A two-compartment, first-order pharmacokinetic model
ppeared to fit the concentration–time curve after an intra-
enous administration of Mailuoning injection with 20 mL/each
o the volunteers (equivalent to 7.4 mg of chlorogenic acid
nd 6.6 mg of cinnamic acid). Fig. 4 shows the average
lasma concentration–time curves and the corresponding
emi-logarithmic plots after an intravenous administration of
ailuoning injection to healthy volunteers.
The maximum concentrations of chlorogenic acid and cinnamic

cid reached at 1 h after an intravenous administration of Mailu-
ning injection to healthy volunteers. Cmax of chlorogenic acid was
uch higher than that of cinnamic acid. It showed that the veloci-

ies of absorption for the two analytes were similar, but the degree
f absorption for chlorogenic acid was greater than that of cinnamic
cid.

The pharmacokinetic parameters revealed the distribution vol-
mes of two analytes were less than 1 L/kg, suggesting that two

nalytes mainly existed in peripheral blood in human. The t1/2 of
innamic acid was less than that of chlorogenic acid. It revealed
hat cinnamic acid eliminated faster than chlorogenic acid did. The
lasma clearances of two analytes were less than 1 L/kg/h, showing
hat two analytes eliminated quickly in blood.

[

[
[
[

Biomedical Analysis 51 (2010) 685–690

There was no gender differences (P > 0.05) for main phar-
macokinetic parameters of two analytes. Some pharmacokinetic
parameters for chlorogenic acid from different reports are shown
in Table 6 and some pharmacokinetic parameters for cinnamic acid
from different reports are shown in Table 7. It revealed that there
was species difference in these pharmacokinetic parameters for
two analytes.

4. Conclusions

A simple, specific, rapid and sensitive analytical method for
simultaneous determination of chlorogenic acid and cinnamic acid
in human plasma had been developed and validated. The proposed
method is the first LC/MS/MS method for determination of two ana-
lytes. Simple liquid–liquid extraction procedure and short run time
can increase sample throughput that is important for large sample
batches. The method provided excellent specificity and linearity
with a limit of quantification of 1.00 ng/mL for chlorogenic acid
and 0.50 ng/mL for cinnamic acid. The application of this method
was demonstrated for the quantitative analysis of two analytes in
plasma after intravenous administration of Mailuoning injection
to healthy volunteers. The pharmacokinetic parameters of chloro-
genic acid and cinnamic acid in human were also reported for the
first time. This information should be useful for further investi-
gating in pharmacokinetics, pharmacy and toxicity of Mailuoning
injection. It also provides the academic support to the clinic therapy
study of this traditional Chinese medicine.
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