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To  investigate  the  pharmacokinetics  of  rhein  in  human,  a  liquid  chromatography–electrospray  ionization
tandem  mass/mass  spectrometry  (HPLC–ESI-MS/MS)  method  for the  determination  of  rhein  in human
plasma  is  established  in  this  study.  Indomethacin  is used  as  the  internal  standard  (I.S.).  The  plasma
samples  are  analyzed  after  protein  precipitation  with  methanol,  and  the  LC  separation  is performed  on  an
Agilent  Eclipse  XDB-C18  column  with  a  mobile  phase  of  acetonitrile–0.2%  formic  acid  water  (70:30,  v/v).
The  electrospray-ion  source  is  performed  in the negative  mode.  The  multi-reaction  monitoring  mode  is

− −

harmacokinetics
hein
uman plasma
C–MS/MS

selected  and  the  ion  selected  channels  are  set at m/z:  283.1  →  238.9  for rhein  ([M−H] → [M–CO2–H] )
and  m/z:  356.2  →  312.0  for  indomethacin  ([M−H]− →  [M–CO2–H]−),  respectively.  Calibration  curve  is
linear  over  the  range  of  1.0–8000.0  ng/ml.  The  chromatographic  separation  is achieved  within  12  min.
The  lower  limits  of  quantification  (LLOQ)  is  1.0  ng/ml.  The  intra-  and  inter-run  precisions  are  less than
4.65%  and  8.28%,  respectively.  The  method  is  successfully  applied  to determine  the  plasma  concentrations
of  rhein  in  Chinese  volunteers.
. Introduction

Rhein(1.8-dihydroxy-3-carboxy-anthraquinone), a lipophilic
nthraquinone derived from a traditional Chinese herbal medicine
heum palmatum L., is traditionally used to treat many different dis-
ases in China. Rhein has many types of bioactivities in restoring
he first-phase insulin secretion and protecting the islets function
1], shifting the Th1/Th2 responses by inhibiting T-box expressed in
-cells (T-bet) expression and enhancing GATA-binding protein-3
GATA-3) expression [2], inhibiting the viability of MCF-7 and MDA-

B-435s breast cancer cells [3],  affecting angpt2 and tie2 related
o angiogenesis [4],  inhibiting the hypertrophy of renal proximal
ubular epithelial cells [5],  and so on. Therefore, rhein can be used in
he treatments of anti-inflammatory, anti-viral reagents and anti-
umor, etc. The pharmacokinetics of rhein in rats have been studied
n previous studies [6–11].

In published studies, Several LC–MS [12–15],  TLC [16] and HPLC
17–19] methods have been used for the determination of rhein in

ats plasma, and only HPLC method has been used for the quan-
ification of rhein in human plasma [20,21], in which the most
ensitive assay is the LC–MS/MS method with an LLOQ of 10 ng/ml

∗ Corresponding author. Tel.: +86 25 8310 7062; fax: +86 25 8310 7082.
E-mail address: David cool@126.com (D.-w. Xiao).

731-7085/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpba.2011.09.001
© 2011 Elsevier B.V. All rights reserved.

[12]. As searched through Medline, Science Direct and Google using
key words such as pharmacokinetics, rhein, human and determi-
nation, the method of HPLC–ESI-MS/MS for the determination of
rhein in human plasma is not available. So, to evaluate the phar-
macokinetics of rhein in human, we  needed to develop a simple and
sensitive method for the determination of rhein in human plasma.
This study developed a simple and sensitive LC–ESI-MS/MS method
with an LLOQ as low as 1.0 ng/ml for the quantification of rhein
in human plasma with one-step precipitation. The method is suc-
cessfully applied to study the pharmacokinetics of rhein in healthy
Chinese volunteers.

2. Experimental

2.1. Chemicals and reagents

The standard substances of rhein (Fig. 1A, 99.7%, purity) and
indomethacin (Fig. 1B, 99.8%, purity) to were both obtained from
National Institute for the Control of Pharmaceutical and Biological
Products (Beijing, China). The test formulation was rhein capsule,
which (the quality of preparation C/W GMP  defined by Food and

Drug Administration of China) was  provided by the Chemical
and Pharmaceutical Preparation Lab of Nanjing Drum Tower
Hospital (Nanjing, China). Methanol and acetonitrile were both of
HPLC grade (Merck, Darmstadt, Germany). The deionized water

dx.doi.org/10.1016/j.jpba.2011.09.001
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:David_cool@126.com
dx.doi.org/10.1016/j.jpba.2011.09.001
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The extraction recoveries of rhein were evaluated by analyzing
five replicates at concentrations of 2.0, 100.0 and 4000.0 ng/ml for
Fig. 1. Chemical structures of rhein (A) and indomethacin (B).

as purified with Milli-Q water system (Millipore Corporation,
edford, Massachusetts, France) and used throughout the study.

.2. Instrumentation and conditions

Analysis of samples and standards was performed using an
C–MS–MS system (Agilent Technologies, Inc., USA). The HPLC–ESI-
S/MS  equipment consisted of a Quat pump, a Hip-ALS SL+

uto-sampler, and an Agilent 6460A Triple Quadrupole Tan-
em Mass/Mass Spectrometry (Agilent Technologies, Inc., USA)
quipped with an ESI ion source. Masshunter software was used for
ata acquisition and analysis. LC separation was performed on an
gilent Eclipse XDB-C18 column (4.6 mm × 150 mm,  5 �m,  Agilent
echnologies, Inc., USA) with a mobile phase of acetonitrile–0.2%
ormic acid water (70:30, v/v) at a flow rate of 0.3 ml/min. The col-
mn temperature was maintained at 35 ◦C. HPLC–ESI-MS/MS was
arried out using nitrogen to assist nebulization. Tuning the ion
pray, operated in the negative ionization mode, for rhein resulted
n a 4000 V spray voltage and a 350 ◦C capillary temperature with
he nitrogen sheath at a flow rate of 11 l/min. Nebulizer was  set at
5 psi. The tube lens offsets were both selected at 135 V and the
elta EMV(−) was set at −200 V. The multi-reaction monitoring

MRM)  mode was used and the collision energy was  selected at
0 V and 8 V for rhein and indomethacin, respectively. The target

ons were set at m/z: 283.1 → 238.9 for rhein and 356.2 → 312.0 for
ndomethacin (I.S.), respectively.

.3. Preparation of stock and working solutions

The stock solutions of rhein (1.0 mg/ml) and internal standard
0.5 mg/ml) were prepared in methanol and stored at −20 ◦C. Stan-
ard solutions of rhein with concentrations of 100.0, 10.0, 1.0, and
.1 �g/ml, were prepared by serial dilution of rhein stock solution
ith methanol in separate 25 ml  volumetric flasks. A solution con-

aining 0.5 �g/ml internal standard was also obtained by further
ilution of I.S. stock solution with methanol.

.4. Sample preparation

All frozen standards and samples were allowed to thaw at
oom temperature and homogenized by vortex. A 0.2-ml aliquot
lasma sample was transferred to a 1.5 ml  centrifuge tube together
ith 20 �l of I.S. (0.5 �g/ml). The sample mixture was  mixed with

.60 ml  of methanol and vortex mixed for approximate 5 min, then
llowed to stand for 5 min  to deproteinize and the precipitate was
emoved by centrifugation at 14,000 rpm for 5 min. The super-

atant was pipetted into an injected vial and a 10 �l aliquot was

njected into the HPLC–ESI-MS/MS system for analysis.
d Biomedical Analysis 57 (2012) 19– 25

2.5. Calibration standards and quality controls

Calibration standards of rhein were prepared by spiking appro-
priate amounts of the standard solutions in 0.20 ml  blank plasma
obtained from healthy volunteers.

Standard curves were prepared in the range of 1.0–8000.0 ng/ml
for rhein at concentrations of 1.0, 5.0, 20.0, 100.0, 500.0, 2000.0,
and 8000.0 ng/ml. The calibration curve was prepared and assayed
along with quality control (QC) samples and each run of unknown
plasma samples.

The QC samples were prepared at concentration levels of 2.0,
100.0, and 4000.0 ng/ml for rhein using the same method of prepar-
ing the calibration standards and stored at −70 ◦C. The amounts of
QC samples were over 5% of test samples. QC samples were ana-
lyzed with processed test samples at intervals in each run. The
results of the QC samples provided the basis of accepting or reject-
ing the run.

3. Assay validation

3.1. Specificity

The specificity of the assay was checked by comparing the chro-
matograms of six different batches of blank human plasma with
the corresponding spiked plasma. Each blank plasma sample was
tested using the protein precipitation procedure and HPLC–ESI-
MS/MS  conditions to ensure no interference of rhein and I.S. from
plasma.

3.2. Linearity of calibration curve and LLOQ

To evaluate the linearity, calibration standards of seven rhein
concentration levels at 1.0, 5.0, 20.0, 100.0, 500.0, 2000.0, and
8000.0 ng/ml were prepared and assayed on different 5 days. The
calibration curve was constructed by plotting the peak-area ratios
of rhein to the I.S. Versus the concentrations of rhein, using
weighted least squares linear regression. The accuracy of every
concentration was calculated and the calibration curve would be
accepted on the basis of the accuracy for 1.0 ng/ml within ±20%
and for other concentrations within ±15%. The plasma sample
containing 1 ng/ml of rhein (LLOQ) was prepared and assayed for
five replicates, and its precision (within 15%) and accuracy (within
±20%) were defined [22].

3.3. Precision and accuracy

Validation samples of three concentrations (2.0, 100.0 and
4000.0 ng/ml) for rhein were prepared and analyzed on three sep-
arate runs to evaluate the accuracy (five replicates on each run),
intra-day and inter-day precision of the analytical method. Assay
precision was calculated using the relative standard deviation (RSD,
%). Accuracy is defined as the relative deviation in the calculated
value (E) of a standard from that of its true value (T) expressed as a
percentage (RE%). It was  calculated by using the formula:

RE% = E  − T

T
× 100.

3.4. Extraction recovery
rhein. The recovery was calculated by comparison of the peak areas
extracted from plasma samples with those of injected standards.
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.5. Stability

The stability of rhein in plasma was studied under a variety of
torage and handling conditions using the QC samples (2.0, 100.0
nd 4000.0 ng/ml) (five replicates for each level). The short-term
emperature stability was assessed by analyzing QC samples those
ere kept at room temperature (25 ◦C) for 4 h. The processed QC

amples were kept at 4 ◦C (as sample injector set) for 24 h to valu-
te the stability of storage in sample injector. Freeze–thaw stability
−70 ◦C in plasma) was checked through three cycles. The QC sam-
les were stored at 25 ◦C for 0.5 h and thawed unassisted at room
emperature (25 ◦C). When completely thawed, the samples were
efrozen for 24 h under the same conditions and thawed unassisted
t room temperature. The freeze–thaw cycles were repeated three
imes, and then analyzed on the third cycle. The long-term stability
as performed at −70 ◦C in plasma for 8 weeks. The stock solutions

f rhein and I.S. were stored at −70 ◦C for 8 weeks and the stability
f stock solutions was also evaluated.

.6. Matrix effect (ME)

The matrix effect (ME) was examined by comparing the peak
reas of rhein and I.S. between two different sets of samples. The
amples were prepared by serial dilution of standard solution with
lank plasma and mobile phase, respectively and the obtained peak
reas were defined as A and B. ME  was calculated by using the
ormula: ME  (%) = A/B × 100. The matrix effect of the assay was eval-
ated at three concentration levels of 2.0, 100.0 and 4000.0 ng/ml
or rhein and 0.5 �g/ml for I.S. Five samples at each level were
nalyzed. The blank plasma samples used in this study were five
ifferent batches of human blank plasma. If the ME values were
ithin the range of 85–115%, an endogenous matrix effect was

ecommend negative.

.7. Clinical study design and pharmacokinetic analysis [23]

The clinical pharmacokinetic study was approved by the Ethic
ommittee of Nanjing Drum Tower Hospital the Affiliated Hos-
ital of Nanjing University Medical School. The volunteers were
ecruited at Nanjing Medical University and wrote informed con-
ent to participate in the study according to the principles of the
eclaration of Helsinki [24]. 36 healthy adult male Chinese volun-

eers were eligible based on the following criteria: age 18–30 years
nd body mass index between 20 and 24 kg/m2; no smoking sta-
us and no history or evidence of a renal, gastrointestinal, hepatic,
r hematologic, or any acute or chronic disease, or any allergy to
ny drugs; no history of using any kind of drugs within 30 days.
ll volunteers were evenly assigned into 3 groups by a simple ran-
omization method and oral administrated a single dose of rhein
apsule (50, 100 and 200 mg)  with 200 ml  of water after fasting for
2 h, respectively. 3.0-ml blood was drawn before drug administra-
ion (for baseline measurements) and at 0.33, 0.67, 1.0, 2.0, 3.0, 4.0,
.0, 8.0, 12.0, 16.0, 24.0, 36.0, 48.0 and 72.0 h after dosing. The blood
amples were drawn into a vacuum tube with heparin sodium as an
nticoagulant and immediately centrifuged at 1000 × g for 10 min.
he separated plasma was transferred into another clean, dry tube
nd stored at −70 ◦C until quantitative analysis for the determina-
ion of rhein in plasma was performed.

The plasma concentrations of these blood samples were deter-
ined using the LC–MS/MS method, and the main pharmacokinetic

arameters were calculated. The maximum plasma concentrations
Cmax) and the time to those (tmax) were noted directly. The elimina-

ion half-life (t1/2) was calculated using the formula t1/2 = 0.693/ke.
he area under the plasma concentration–time curve from the start
f administration to the time of the last determined concentra-
ion (AUC0–72) was calculated using the linear trapezoidal rule. The
d Biomedical Analysis 57 (2012) 19– 25 21

area under the plasma concentration–time curve to time infinity
(AUC0–∞) was  calculated as follows: AUC0–∞ = AUC0–72 + C72/ke, in
which the C72 was the plasma concentration of rhein at 72 h post-
dose. Analysis of variance (ANOVA) was performed to test for the
different dose on pharmacokinetic variable.

4. Results and discussion

4.1. Condition of chromatography

In order to achieve the excellent specificity under ESI(−) con-
dition, the percentage of organic phase in the mobile phase was
set high enough (70%) so as to avoiding the hydrophilic response-
suppressing endogenous interferent which broken away from
column before rhein. Compared with methanol, acetonitrile was
selected as the organic phase due to the better selectivity. The
test results showed that better peak shapes could be achieved by
adding a certain amount of formic acid into the aqueous portion.
The concentration of formic acid in deionized water was  also inves-
tigated. The test results showed that exorbitant amount of formic
acid would decreased the MS  sensitivity of rhein and the ratio
of 2‰ was suitable. This result was  on account of the negative
mode in selected ion monitoring being selected for the detec-
tion of rhein. According to this, a mobile phase of 2‰ formic acid
water–acetonitrile (30:70, v/v) was  selected in the method. In this
study, norfloxacin, ibuprofen and indomethacin were investigated
as I.S., respectively. Comparing with norfloxacin and ibuprofen,
indomethacin had more similar retention to rhein and satisfac-
tory resolution from rhein and other peaks [25]. The different
column temperatures of 25, 35 and 45 ◦C were tested and the results
showed that rhein and I.S. could be separated preferably from the
interference of the endogenous substance at the column tempera-
ture of 35 ◦C. The analysis time of each injection was also set as long
as 12 min  so as to avoiding the response-suppressing endogenous
interference and matrix effect. Different volumes of methanol (400,
600, 800 �l) were added respectively into 200 �l of plasma sample
to deproteinize. As results showed, the preferable purity and con-
centration were achieved by adding 3 times volume of methanol
into plasma sample.

4.2. Conditions for MS/MS

Because rhein had only an aglycone without glycosyl in its
structure, meanwhile, its benzene ring was  combined with –OH
and –COOH, it was  a medium-polarity compound. Usually, the
electrospray ionization (ESI) was used for medium-polarity to high-
polarity substance, so the ESI was adopted for the assay of rhein for
its medium-polarity property. On account of its structure, rhein
had considerable acidity and [M−H]− was more suitable to be
achieved. As results showed (Fig. 2), in negative ionization and
full scan mode, m/z: 283.1 [M−H]− was  selected as mother ion for
the detection of rhein. In product ion mode, collision energy was
optimized, and when the value was 10 eV, m/z: 238.9[M–CO2–H]−

was the most abundant as the daughter ion for the detection
of rhein. In order to gain enough response at LLOQ, the volt-
age of electron multiplier tube was  set at −200 V(EMV(−)). Under
these LC–MS/MS conditions, all MS  parameters were fixed and
enough sensibility and specificity were achieved, furthermore, the
value of S/N (LLOQ) was  satisfied with the detection (>10). Under
LC–MS/MS conditions, m/z: 356.2[M−H]− and 312.0[M–CO2–H]−

was selected as mother ion and product ion for the detection

of indomethacin (I.S.), respectively (Fig. 3). In optimized experi-
ments, although the more response was achieved with increase
of the parameters being set for collision energy, indomethacin
would break into pieces completely as no conspicuous fragment
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Fig. 2. ESI(−) tandem mass spectra of rhein at collision energies (CE) of 40 V, 20 V, 10 V and 8 V.

cin at collision energies (CE) of 40 V, 20 V, 10 V and 8 V.
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Table 1
Matrix effect evaluation of rhein and I.S. in human plasma (n = 5).

Samples Nominal concentration (ng/ml) Matrix effect (%)

Rhein 2.0 98.3
100.0  100.7

T
P

N

Fig. 3. ESI(−) tandem mass spectra of indometha

ons had enough abundant to be satisfied with detection when
he parameters were above a certain extent. So, 8 eV was suit-
ble, relatively. Under this MS  conditions, although the response
f indomethacin was not so high comparing with ibuprofen and
orfloxacin, and the concentration of indomethacin in plasma was
et at a considerable level (0.5 �g/ml), indomethacin was finally
elected as I.S. for its similar retention and satisfactory resolu-
ion.

.3. Method validation

.3.1. Selectivity
Selectivity was assessed by comparing the chromatograms of

ix different batches of blank human plasma with the correspond-
ng spiked plasma. Fig. 4 showed the typical chromatograms of a
lank (a), a LLOQ for rhein in plasma and I.S. (b), a spiked plasma
ample with rhein (500.0 ng/ml) and I.S. (c), and plasma sample

rom one healthy volunteer at 3.0 h after a single dose of rhein cap-
ule administration (d). There was no significant interference from
ndogenous substances observed at the retention times of rhein
nd indomethacin.

able 2
recision and accuracy of the assay for determination of rhein in plasma (n = 3 runs, 5 rep

Spiked concentration (ng/ml) Mean found concentration (ng/ml)

2 2.05 ± 0.17 

100  98.26 ± 6.84 

4000 3754.13 ± 232.76 

ote: RSD, relative standard deviation.
4000.0  102.6
I.S.  500.0 97.8

Note: n, number of replicates.

4.3.2. Matrix effect
The matrix effect of the method was evaluated at three rhein

concentration levels of 2.0, 100.0 and 4000.0 ng/ml and the I.S.
concentration level of 0.5 �g/ml. Five samples at each level were
analyzed. The blank plasma samples used in this study were from
five different batches of human blank plasma. As shown in Table 1,
the results obtained were well within the acceptable limit, which
indicated that there was no matrix effect observed in this study.
4.3.3. Linearity of calibration curves and LLOQ
Five calibration analyses were performed on five consecutive

days and the correlation coefficient >0.99 confirmed that the

licates per run).

Inter-run RSD (%) Intra-run RSD (%)

8.28 4.65
6.32 3.12
5.46 3.26
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Fig. 4. The typical chromatograms of a blank (a), a LLOQ for rhein in plasma and I.S. (b), a spiked plasma sample with rhein (500.0 ng/ml) and I.S. (c), and plasma samples
from  healthy volunteers (d).
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Table 3
The mean extraction recoveries data of rhein in plasma (n = 5).

Spiked concentration (ng/ml) Extraction recovery
(%, mean ± SD)

RSD (%)

2 94.25 ± 7.62 8.08
100 92.17 ± 5.44 5.90

4000 91.68 ± 5.08 5.54

N
t

c
1
s
i

4

a
d
c
l
i
±
l

4

e
c
o
c
T

T
S

N

T
P

M

ote: n, number of replicate; SD, standard deviation; RSD: relative standard devia-
ion.

alibration curves were linear over the concentration ranges of
.0–8000.0 ng/ml for the rhein. The mean calibration curve had a
lope of 20.7844 ± 0.8054, an intercept of 4.3269 ± 0.1505 (weight-
ng factor was 1/C2). The LLOQ for rhein in plasma was 1.0 ng/ml.

.3.4. Precision and accuracy
Rhein plasma samples at three concentration levels of 2.0, 100.0,

nd 4000.0 ng/ml were analyzed for accuracy and precision. The
ata obtained for rhein are shown in Table 2. The precision was
alculated by using one-way ANOVA. For the three concentration
evels of rhein, the intra-day precision was less than 4.65%, the
nter-day precision was less than 8.28% and the accuracy was  within
12.45%. The data obtained for rhein were within the acceptable

imits to meet the guidelines for bio-analytical methods [22].

.3.5. Extraction recovery
The mean extraction recoveries were measured at three differ-

nt concentration levels for rhein (2.0, 100.0, and 4000.0 ng/ml) by

omparing the peak areas of rhein prepared in plasma with those
btained from direct injection of standards dissolved in the pro-
essed blank plasma. The data of recovery obtained are shown in
able 3.

able 4
tability data of rhein in human plasma (n = 5).

Stability Mean (±SD) s

2.0 

Baseline 2.05 ± 0.17 

Stability  (24 h at 4 ◦C) 2.03 ± 0.14 

Short-term stability (4 h at 25 ◦C) 2.02 ± 0.13 

Long-term stability (8 weeks at −70 ◦C) 1.98 ± 0.21 

Freeze–thaw stability (3 freeze-and-thaw cycles) 1.99 ± 0.18 

ote: n, number of replicate; SD, standard deviation.

able 5
harmacokinetic parameters for rhein after a single oral dose of 50, 100 or 200 mg in Chin

Variable dose (mg) No. of subjects t1/2 (h) Cmax (ng/ml) Tma

50 20 7.92 ± 0.85 2705.75 ± 168.75 4.1
100  20 7.34 ± 0.65 5347.37 ± 256.42 4.0
200 20 8.34 ±  1.21 10225.13 ± 652.18 3.7

RT, mean residence time.

Fig. 6. Linear pharmacokinetics of (A) Cmax and (B) AUC0–∞ of rhein afte
Fig. 5. The mean plasma concentration–time curve of rhein after a single dose of
50, 100 and 200 mg  oral administration in Chinese healthy volunteers.

4.3.6. Stability
The results of stability experiments showed that no significant

degradation occurred at room temperature (25 ◦C) for 4 h, sample
injector temperature (4 ◦C) for 24 h, −70 ◦C for 8 weeks and the
three freeze–thaw cycles for rhein plasma samples. The determina-
tion concentration of rhein in plasma for various kinds of stability
experiments was shown in Table 4.

The standard solutions of rhein and indomethacin at 500 ng/ml
were prepared by spiking the stock solutions with methanol,

respectively. By comparing the peak areas of rhein and I.S. in stock
solutions prepared 8 weeks before with which prepared immedi-
ately. The mean ratios of peak areas were 98.5% and 94.6% for rhein
and indomethacin, respectively, and these results indicated that the

piked concentration (ng/ml)

100.0 4000.0

98.26 ± 6.84 3754.13 ± 232.76
100.15 ± 4.65 3926.75 ± 196.32
101.44 ± 5.31 3864.15 ± 206.88

97.26 ± 7.53 3709.95 ± 158.83
99.36 ± 8.24 3795.32 ± 214.79

ese healthy subjects. All data are means (SD).

x (h) MRT  (h) AUC0−t (ng h/ml) AUC0−∞ (ng h/ml)

8 ± 0.36 8.25 ± 0.92 21226.94 ± 985.46 22652.48 ± 1215.21
0 ± 0.25 7.91 ± 0.64 47413.35 ± 2956.27 51365.73 ± 3429.15
5 ± 0.19 8.06 ± 0.77 100143.42 ± 4892.44 110585.63 ± 5913.22

r a single dose of 50, 100, or 200 mg in Chinese healthy subjects.
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tock solutions of rhein and I.S. stored at −70 ◦C for 8 weeks were
oth stabile.

.4. Pharmacokinetic studies

The developed method was applied to the determination of
hein in human plasma and the pharmacokinetic study. The mean
lasma concentration–time curve of rhein after a single dose of
0, 100 and 200 mg  is shown in Fig. 5. The main pharmacokinetic
arameters of rhein were calculated and summarized in Table 5.
ther than Cmax and AUC0−∞, ANOVA analyses showed that no sig-
ificant differences appeared in pharmacokinetic parameters with
ifferent doses. In the range of 50–200 mg,  Cmax and AUC0−∞ were
roportional to the dose (Fig. 6.) and Tmax and MRT  and t1/2 did not
hange following dose escalation. Therefore, linear pharmacokinet-
cs were found for rhein in Chinese healthy subjects after s single
ral-dose administration in the range of 50–200 mg.

. Conclusion

The assay achieved good sensitivity and specificity for the deter-
ination of rhein in human plasma. No significant interferences

aused by endogenous compounds were observed. This simple and
ensitive assay is suitable for pharmacokinetic studies of rhein in
uman subjects.
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