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Polygonum multiflorum is a traditional Chinese medicinal herb used in clinical medicine to nourish the liver
and kidney. However, in recent years, there have been increased reports of clinical adverse reactions asso-
ciated with Polygonum multiflorum preparations, especially due to liver injury. The cocktail method can be
used to assess the influence of Polygonum multiflorum on the activity of cytochrome P450 (CYP450) iso-
forms CYP2B6, CYP2C19, CYP2C9, CYP1A2, CYP3A4, and CYP2D6, which were reflected by changes in
pharmacokinetic parameters in six specific probe drugs: bupropion, omeprazole, tolbutamide, phenacetin,
midazolam, and metoprolol. Comprised the experimental rats were randomly divided into five groups: con-
trol group, alcohol extraction A group, alcohol extraction B group, water extraction A group, and water
extraction B group. Each group five male rats and five female rats. Each of the groups received treatments
by gavage as follows: control group was given normal saline, alcohol extraction A group was given 15 g/kg
alcohol extract of Polygonum multiflorum (E15), alcohol extraction B group was given with 30 g/kg alcohol
extract (E30), water extraction A group was given 15 g/kg water extract (W15), and water extraction B group
was given 30 g/kg water extract (W30). The extract solution was orally administered once a day for 28 con-
secutive days. The mixture of six probe drugs was given by gavage, and blood samples were collected
through the tail vein at different time points. Probe drug concentration in rat plasma was measured by liquid
chromatography-mass spectrometry (LC-MS). In the treatment and control groups, Polygonum multiflorum
alcoholic extract inhibited the activity of CYP2C19 and CYP2C9 and induced the activity of CYP1A2.
Polygonum muiltiflorum aquous extract inhibited the activity of CYP2B6, CYP2C19, CYP2C9, CYP1A2,
and CYP2D6. Pathological sections showed that in the alcohol extract group the liver was degenerated
inconspicuously, and in the water extract group, the cytoplasm had vacuoles and particulate matter. The

arrangement of liver cells was irregular.

1. Introduction

The roots of Polygonum multiflorum (Chineses name: He-Shou-
W) are a traditional Chinese medicinal herb used in clinical
medicine to nourish the liver and kidney. Ancient herbal books
rarely mentioned its safety issues while most of them claimed
that it is “non-toxic” but in recent years, clinical adverse
reactions have been increasingly reported (Wu et al. 2012), espe-
cially liver injury (Dong et al. 2014; Jung et al. 2011; Zhang
et al. 2009). The British Medicines and Healthcare Products
regulatory agency (MHRA) has issued information regarding
Polygonum multiflorum’s adverse effects including acute liver
injury, significantly increased transaminase, and obvious jaun-
dice. Adverse reactions can take several days to three months to
manifest, but most take approximately one month (Dong et al.
2014). Thus, it is important to further clarify the relationship
between the different components of the Polygonum multiflorum
and its toxic effects on the liver, to study its overall oral toxicity,
to understand its toxic characteristics and mechanisms, how to
reduce clinical adverse reactions, and how to use Polygonum
multiflorum in a more safe and reasonable manner.
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Cytochrome P450 (CYP450) is a supergene family that encodes
more than 500 different enzymatic proteins (Zhang et al. 2012).
In the human body, CYP450 enzymes are found mainly in the
liver and small intestine. Such enzymes have many isozymes,
which are divided into multiple genetic/subgenomic families,
and enzymes of the same family have similar functions (He et al.
2014). CYP450 enzymes comprise a superfamily of hemopro-
teins, and three families (CYP1, CYP2, and CYP3) are mainly
involved in the metabolism of drugs in both humans and rats
(Kobayashi et al. 2003). CYP450 is the most important oxidase
of the microsomal mixed-function family of oxidases, which
is closely related to the metabolism of endogenous and exoge-
nous substances (Ingelman-Sundberg et al. 2007; Nithipatikom
and Gross 2010; Walsh and Miwa 2011). Among the CYP iso-
forms, families 1 through 3 are the major enzymes involved in
drug metabolism, accounting for about 75% of the total num-
ber of different metabolic reactions (Furge and Guengerich,
2006). More than 90% of marketed drugs are metabolized by
the CYP1A2, 2D6, 2C9, 2C19, 2B6, and 3A_ isoforms (Oh
et al. 2012). In order to assess various individual CYP450
activities, probe drugs have been widely used in many clinical
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investigations in the field of drug metabolism and pharmacoge-
netics (Kozakai et al. 2012; Turpault et al. 2009).

Cocktail probing is a method of using several drugs metabo-
lized by different enzymes at the same time—depending on the
ratio of its metabolites to prototype drug—to measure changes
in metabolism. Now it has become an effective experimental
method for observing selective regulating functions of indi-
vidual CYP enzymes. The use of this cocktail method is
increasingly more widespread and can be used to determine
the activity of CYP450 enzymes in vitro and in vivo. It also has
important applications for quantitative determination of in vivo
activity of drug metabolizing enzymes.

In this paper, the cocktail probe drugs approach is used to
evaluate the induction or inhibition effects of Polygonum multi-
Sflorum that resulted in liver toxicity by observing the activities of
rat cytochrome P450 isoforms CYP2B6, CYP2C19, CYP2C9,
CYP1A2, CYP3A4, and CYP2D6, which are reflected in the
changes in pharmacokinetic parameters from six specific probe
drugs: bupropion, omeprazole, tolbutamide, phenacetin, mida-
zolam, and metoprolol. Tissue pathological sectioning also
revealed the mechanism of Polygonum multiflorum-induced
liver toxicity in rats.

2. Investigations and results
2.1. Method validation

Figure 1 shows the chromatograms of a blank plasma sample,
a blank plasma sample spiked with probe drugs and internal
standard substance (IS), and a plasma sample detected by
LC-MS. No other endogenous substances were observed during
the retention time of the variables and IS, which is confirmed by
the clear resolution of the peaks shown. Calibration curves for
six probe drugs were generated by linear regression of peak area
ratios against concentrations. The calibration plot of the probe
drugs in the range of 20-5000 ng/mL were Y =0.0006X + 0.0723
(r=0.9936) for bupropion, y=0.0002x +0.0482 (r=0.9925)
for omeprazole, y=0.00005x+0.017 (r=0.9922) for tolbu-
tamide, y=0.0002x-0.0037 (r=0.9997) for phenacetin,
y=0.0014x+0.2379 (r=0.9948) for midazolam, and
y=0.0009x + 0.0583 (r =0.9983) for metoprolol. The peak area
ratio and concentration of each probe drug had good linear
relationships within the concentration range. The lower limit
of quantitation (LLOQ) for each probe drug in plasma was
10ng/mL. Table 1 shows the results for intra-day precision,
inter-day precision, accuracy, and the recovery rate of extrac-
tion. The relative standard deviation (RSD%) of the six probe
drugs in 20 ng/mL, 500ng/mL, and 2000 ng/mL were less than
15%. The intra-day relative error (RE%) ranged from —6.55
to 10.54% while the inter-day RE% ranged from —11.88 to
11.47%. The results demonstrated that the values were within
the acceptable range, and the method was accurate and precise.
The extraction recoveries ranged from 89.36 to 99.68%. Table 1
shows the result of the matrix effect, and the percentage of
concentration was between 85% and 115%. Results showed
that using this method, the plasma ion inhibition or interference
of the matrix is negligible.

2.2. Pharmacokinetic study

The main pharmacokinetic parameters after administration of
bupropion, omeprazole, tolbutamide, phenacetin, midazolam,
and metoprolol from non-compartment model analysis are sum-
marized in Table 2

Compared with the control group, pharmacokinetics parame-
ters of midazolam in the experimental group showed almost no
change.
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Compared with the control group, the alcohol extraction
group of bupropion showed no statistical differences in phar-
macokinetics parameters. In the water extraction group, the
plasma concentration-time curve (AUCO-t) of W15 and W30
groups increased from 1857.27 to 5509.63 ng/mLh and
2982.58 ng/mL h, respectively, which had significant differences
(»<0.05). Plasma clearance (CL) of W15 and W30 groups were
reduced from 5.81 to 2.74 L/h kg and 3.64 L/h kg, respectively,
which had significant differences (p < 0.01, p <0.05). Maximum
plasma concentration (Cyax) of W15 and W30 groups were
increased from 749.30 to 1177.08 ng/mL and 1099.29 ng/mL,
respectively, which had significant differences (p <0.05).
Compared with the control group, the AUC.; of omeprazole was
increased in the alcohol extraction group and the water extrac-
tion group. For E30, W15, and W30 groups, AUCy increased
from 970.84 ng/mLh to 1522.06 ng/mLh, 4375.96 ng/mLh
and 2964.94 ng/mL h, respectively, with significant differences
(»<0.05, p<0.01, p<0.01). CL was reduced in all the groups,
of which the E30, W15, and W30 groups were reduced from 8.67
L/hkgto4.98 L/hkg, 2.54 L/hkg, and 3.51 L/h kg respectively,
with significant differences (p <0.05, p<0.01, p<0.01, respec-
tively). Cyax increased in all the groups, specifically the E30,
W15, and W30 groups increased from 610.30 ng/mL to 917.05
ng/mL, 2243.16 ng/mL, and 2232.00 ng/mL, respectively, with
significant differences (p <0.05, p<0.01, p<0.01).

Compared with the control group, the AUCy of tolbutamide
increased in the alcohol extraction and water extraction group.
The E15, E30, W15, and W30 groups increased from 67909.22
ng/mL h to 360300.70 ng/mL h, 228784.19 ng/mL h, 463695.63
ng/mL h, and 351217.72 ng/mLh, respectively, all of which
had significant differences (p <0.05, p<0.01, p<0.01, p<0.01,
respectively). All CL reduced from 0.02 to 0.003 L/h kg, 0.005
L/hkg, 0.002 L/h kg, 0.003 L/h kg, respectively; all had signif-
icant differences (p<0.01). All Cy,y increased from 9257.71
to 34854.88 ng/mL, 21800.93 ng/mL, 47889.30 ng/mL, and
35724.45 ng/mL, respectively; all had significant differences
(p<0.01).

Compared with the control group, AUCy of phenacetin was
reduced in the alcohol extraction group, E15 and E30 reduced
from 7872.74 ng/ml h to 3833.78 ng/mL h, and 3724.57 ng/ml h,
respectively, with significant differences (p <0.05). In the water
extraction group, AUC, increased to 19722.62 ng/mLh and
14281.43 ng/mL h, respectively, with significant differences
(p<0.01, p<0.05). CL increased in the alcohol extraction
group, in which E15 and E30 increased from 1.54 L/hkg
to 4.44 L/hkg and 3.63 L/hkg, respectively, with statistical
differences (p<0.05). CL decreased in the water extraction
group, where W15 and W30 were reduced to 0.54 L/hkg and
0.87 L/h kg, respectively, with significant differences (p <0.05,
p<0.01). Cyux was reduced in the alcohol extraction group,
where E15 and E30 reduced from 5726.51 ng/mL to 3098.85
ng/ml and 3044.28 ng/mL, respectively, with significant differ-
ences (p <0.05, p <0.01). Cpax increased for the water extraction
group, where W15 and W30 increased to 9193.26 ng/mL and
7676.91 ng/mL, respectively, with statistically significant dif-
ferences (p <0.01, p <0.05).

Comparing the alcohol extraction group with the control
group, there was no significant difference in the plasma
concentration-time curve (AUCy,), plasma clearance (CL), or
maximum plasma concentration (Cy,,x) for metoprolol. In the
water extraction group, AUCy., of metoprolol increased, and
the W15 and W30 were increased from 3008.02 ng/mLh to
7564.82 ng/mLh and 5770.34 ng/mLh, with significant dif-
ferences (p <0.01, p <0.05). CL was reduced from 3.16 L/h kg
to 1.41 L/hkg and 2.00 L/hkg, with significant differences
(»<0.05, p<0.01). Cyax Was increased from 1316.63 ng/mL to
2176.79 ng/mL and 1747.03 ng/mL, with significant differences
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Fig. 1: LC-MS Chromatograms. A. Blank plasma spiked with bupropion; B. Blank plasma spiked with omeprazole; C. Blank plasma spiked with tolbutamide; D. Blank plasma
spiked with phenacetin; E. Blank plasma spiked with midazolam; F. Blank plasma spiked with metoprolol; G. Blank plasma spiked with carbamazepine (IS).

(»<0.01, p<0.05). Figure 2 shows the concentration-time
curve of bupropion, omeprazole, tolbutamide, phenacetin,
midazolam, and metoprolol.

2.3. Liver pathological sections

As can be seen from Fig. 3, compared with control group, the
arrangement of liver cells was relatively regular and had less
degenerated cells in the Polygonum multiflorum alcohol extrac-
tion group. Liver cell cytoplasm of the water extraction group
had particulate matter and vacuoles, and the arrangement of liver
cells was irregular.

3. Discussion

Compared to the control group, AUC of bupropion increased
(»<0.05), CL was reduced (p<0.05), and C,,,x Was increased
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in the Polygonum multiflorum water extraction group, indicating
that the water extract inhibited the activity of CYP2B6 enzyme.
Compared to the control group, in E30, W15, and W30, AUC of
omeprazole increased (p <0.05, p<0.01, p<0.01), CL reduced
(p<0.05, p<0.01, p<0.01), and Cx increased, (p<0.05,
p<0.01, p<0.01), indicating that high doses of Polygonum
multiflorum alcohol extract and water extract can inhibit the
activity of CYP2C19 enzyme. For tolbutamide, AUC increased
(p<0.05), CL reduced (p <0.01), Cppx increased (p <0.01) for
Polygonum multiflorum water extract and alcohol extract groups
compared to the control group, indicating that water and alcohol
extract can inhibit the activity of enzyme CYP2C9.

Compared to the control group, phenacetin’s AUC decreased
(p<0.05), CL increased (p <0.05), Cyax reduced (p <0.05) in
the Polygonum multiflorum alcohol extract group, indicating
that it can induce the activity of CYP1A2 enzyme. While
the Polygonum multiflorum water extract group can inhibit
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Table 1: Precision, accuracy and recovery for probe drugs in rat plasma (mean & S.D., n=10)
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Probe drugs Conc. (ng/mL) RE (%) Recovery (%) Matrix effect (%)
Intra-day Inter-day Intra-day Inter-day
Bupropion 20 8.56 10.49 7.24 9.24 91.56 £+ 6.35 93.21 + 7.55
500 9.32 8.52 —6.55 7.55 98.56 + 3.52 87.57 £ 4.24
2000 4.25 5.69 3.49 —-5.32 96.25 + 6.79 93.45 + 1.06
Omeprazole 20 5.26 6.35 9.45 10.22 92.55 £ 1.35 85.89 £ 5.36
500 7.41 7.24 —5.36 3.46 89.28 + 8.44 88.26 £ 4.32
2000 5.36 6.52 3.25 —2.12 98.13 £+ 2.55 93.25 £ 1.78
tolbutamide 20 7.25 8.47 8.69 9.35 93.69 £+ 6.37 88.85 £+ 6.99
500 5.24 5.23 —5.66 —6.99 9547 + 4.26 94.55 + 2.33
2000 4.29 4.22 5.74 4.78 89.64 £ 2.14 98.65 + 2.33
Phenacetin 20 10.25 10.55 10.25 —11.88 90.44 + 8.69 87.96 £ 5.89
500 8.26 9.62 —3.82 5.46 97.89 £ 7.16 95.26 + 1.23
2000 6.26 5.29 4.36 5.63 90.11 £+ 9.36 90.44 + 9.26
Midazolam 20 11.58 12.28 10.54 11.47 96.22 £+ 1.56 89.74 + 1.66
500 8.54 9.22 —4.33 —5.25 90.74 + 8.58 98.88 + 4.36
2000 6.22 8.25 5.87 4.22 99.68 + 7.69 97.83 £ 8.74
Metoprolol 20 12.35 11.24 9.54 8.74 92.36 £ 10.79 90.67 £+ 5.99
500 9.26 7.36 3.58 5.66 98.12 £ 6.36 88.44 £ 7.24
2000 6.51 5.34 —1.61 —3.58 89.36 £ 5.22 89.69 £ 4.51
the activity of CYP1A2 enzyme, for phenacetin, the AUC 4.2. Animals

increased (p<0.01, p<0.05), CL reduced (p<0.01, p<0.05),
Chmax increased (p <0.01, p<0.05).

Compared to the control group, the pharmacokinetic param-
eters of midazolam did almost not almost change, indicating
that Polygonum multiflorum alcohol and water extracts did not
induce or inhibit the activity of CYP3A4. Compared to the con-
trol group, in the Polygonum multiflorum water extract group,
metoprolol’s AUC increased (p<0.01, p<0.05), CL reduced
(p<0.01, p<0.05), Cpax increased (p <0.01, p<0.05), indicat-
ing that Polygonum multiflorum water extract can inhibit the
activity of CYP2D6.

In addition, pathological sections revealed that degeneration
in the Polygonum multiflorum alcohol extract group was not
obvious, while the cytoplasm in the water extract group had
particulate matter and vacuoles, and the arrangement of liver
cells was relatively irregular.

Polygonum multiflorum extract exerted certain effects on rat liver
CYP450 enzyme activity. Results demonstrated that Polygonum
multiflorum alcohol extract can inhibit the activity of CYP2C19
and CYP2C9 and induce the activity of CYP1A2. Polygonum
multiflorum water extract can inhibit the activity of CYP2B6,
CYP2C19, CYP2C9, CYP1A2, and CYP2D6 in rats.

Firstly, it is better to avoid using large doses of Polygonum mul-
tiflorum for long periods of time, for it may inhibit the activity
of some CYP450 enzymes. More than 90% of marketed drugs
are metabolized by the CYP1A2, 2D6, 2C9, 2C19, 2B6, and
3A isoforms. When these are combined with large doses of
Polygonum multiflorum, close attention must be paid in order
to avoid high plasma drug concentrations resulting in toxic
reactions.

4. Experimental
4.1. Chemicals and reagents

Bupropion, omeprazole, tolbutamide, phenacetin, midazolam, and meto-
prolol (all >98%) and internal standard substance (IS) carbamazepine were
bought from Sigma-Aldrich Company (St. Louis, U.S.A.). HPLC grade ace-
tonitrile and methanol were from Merck Company (Darmstadt, Germany).
All other chemicals were of analytical grade. Ultra-pure water (resis-
tance > 18 m2) was prepared by a Millipore Milli-Q purification system
(Bedford, U.S.A.).

50

Male and female Sprague-Dawley rats (200 £ 12 g) were obtained from
Shanghai SLAC Laboratory Animal Co., Ltd. The animal license number
was SCXK (Shanghai) 2012-0002. All fifty rats were housed at Wen-
zhou Medical University Laboratory Animal Research Center. Animal were
housed under controlled conditions (22 °C) With a natural light-dark cycles.
All experimental procedures were conducted according to the Institutional
Animal Care guidelines and with ethics approval from the Administra-
tion Committee of Experimental Animals, Laboratory Animal Center of
Wenzhou Medical University.

4.3. Instuments and Conditions

All analyses were performed with a 1200 Series liquid chromatograph (Agi-
lent Technologies, Waldbronn, Germany) equipped with a quaternary pump,
a degasser, an autosampler, a thermostated column compartment, and a
Bruker Esquire HCT mass spectrometer (Bruker Technologies, Bremen,
Germany) equipped with an electrospray ion source and controlled by Chem-
Station software (Version B.01.03 [204], Agilent Technologies, Waldbronn,
Germany).

Polygonum multiflorum preparations were purchased from the First Affili-
ated Hospital of Wenzhou Medical University, Guizhou origin. In this study,
the method of alcohol extraction was as follows: Polygonum multiflorum was
crushed into a crude powder and eight times the amount of 80% ethanol was
added followed by heating under reflux for extraction three times. Each
extraction time was 1h, combined with alcohol extracting solution, then
concentrated and frozen at 4 °C. The method of water extraction was as fol-
lows: Polygonum multiflorum was crushed into a crude powder, and eight
times the amount of water was added and heated at reflux for extraction
three times. Each extraction time was 1 h, combined with water extracting
solution, then concentrated and frozen at 4 °C. Using a water bath, it was
also heated to 37 °C before each administration.

Chromatographic separation was achieved on a 150 mm x 2.1 mm, 5 wm,
Agilent Zorbax SB-Cjg column at 30 °C. A gradient elution program was
conducted for chromatographic separation with mobile phase A (0.1 %
formic acid in water) and mobile phase B (acetonitrile) as follows: 0—4.0 min
(10—80 % B), 4.0—8.0min (80—80 % B), 8.0—9.0min (80—10 % B),
9.0—13.0 min (10—10 % B). The flow rate was 0.4 mL/min.

Quantification was performed by peak-area method. The determination of
target ions was performed in selective ion monitoring mode (180 m/z for
phenacetin, 271 m/z for tolbutamide, 240 m/z for bupropion, 268 m/z for
metroprolol, 326 m/z for midazolam, 198 m/z for metoprolol and 237 m/z
for IS). Drying gas flow was set to 7 L/min and temperature to 350 °C.
Nebulizer pressure and capillary voltage of the system was adjusted to 25
psi and 3500V, respectively.

4.4. Drugs and groups

The 50 rats were randomly divided into five groups: Control group, E15
group, E30 group, W15 group, W30 group. Each group had five male rats

Pharmazie 70 (2015)
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Fig. 2: Pharmacokinetic profiles of bupropion (A), omeprazole (B), tolbutamide (C), phenacetin (D), midazolam (E), metoprolol (F).

and five female rats. Treatment was administered by gavage. The control
group was given normal saline, E15 and E30 groups were given 15 g/kg and
30 g/kg of alcohol extract of Polygonum multiflorum, respectively. W15 and
W30 groups were given 15 g/kg and 30 g/kg of water extract of Polygonum
multiflorum, respectively. The dosing volume was 15 mL/kg, administered
orally once a day for 28 consecutive days.

4.5. Pharmacokinetic studies
4.5.1. Preparation of standard solutions

Stock solutions of 1.0 mg/mL each of bupropion, omeprazole, tolbutamide,
phenacetin, midazolam, metoprolol, and IS were prepared in methanol. The
working standard solutions of each drug were prepared by serial dilution of
the stock solution with methanol. All of the solutions were stored at 4 °C and
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brought to room temperature before use. The calibration standards were pre-
pared by spiking blank rat plasma with appropriate amounts of bupropion,
omeprazole, tolbutamide, phenacetin, midazolam, and metoprolol. Calibra-
tion plots of each probe drug were constructed in the range of 20-5000
ng/mL for plasma (25, 50, 100, 200, 500, 1000, 2000, and 5000 ng/mL).
The analytical standards and QC samples were stored at —20 °C.

4.5.2. Method validation

Quality control samples required for each batch were freshly prepared and
were generated using least-squares linear regression. The lower limit of
quantitation (LLOQ) was estimated in the process of calibration curve con-
struction and defined as the lowest concentration for which precision was less
than 20% and accuracy within 80-120%. Intra-assay precision was evaluated

Pharmazie 70 (2015)
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W15

W30

Fig. 3: Typical histopathological section photographs of rat liver changed after administration by ethanol (E15,E30) and water extracts of Polygonum multiflorum (W15,W30).

(x 200).

by analysis of six replicates of the three QC samples in one run. Inter-assay
precision was evaluated by analysis of six replicates of QC samples on three
consecutive days.

Recoveries at three QC levels were determined by comparing the peak areas
of extracted plasma standards with the peak areas of post-extraction plasma
blanks spiked with equivalent concentrations using six replicates. The matrix
effect was investigated at three QC levels using three replicates by comparing
the peak areas of spike-after-extraction samples with neat standard solutions.

Pharmazie 70 (2015)

After successfully completing the modeling, the SD rats were administered
a mixture of six probe drugs by gavage at 1 mL/kg dose. The concentra-
tions of bupropion, omeprazole, tolbutamide, phenacetin, midazolam, and
metoprolol were 10 mg/mL, 10 mg/mL, 1 mg/mL, 10 mg/mL, 10 mg/mL,
and 10mg/mL, respectively. The administered doses of the probe drugs
bupropion, omeprazole, tolbutamide, phenacetin, midazolam, and metopro-
lol were 10 mg/kg, 10 mg/kg, 1 mg/kg, 10 mg/kg, 10 mg/kg, and 10 mg/kg,
respectively. After oral administration of the drug probe, blood samples
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were collected from the tail vein of rats (0.3 mL) into heparinized 1.5 mL
polythene tubes at 0.083, 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 24, 36, 48 h after
administration. The samples were immediately centrifuged at 13000 r/min
for 10 min, and 100 L plasma was obtained for each sample.

In a 1.5 mL centrifuge tube, 0.2 mL acetonitrile (with 200 ng/mL IS) were
added to 0.1 mL of collected plasma sample. Afterwards, the tube was
vortex-mixed for 1.0 min and the sample was centrifuged at 13000 r/min
for 10 min. The supernatant (5 pL) was injected into the LC-MS system for
analysis. Plasma probe drug concentration versus time data for each rat was
analyzed by DAS software (Version 3.0, Drug Clinical Research Center of
Shanghai University of T.C.M. and Shanghai BioGuider Medicinal Tech-
nology Co., Ltd., China). The pharmacokinetic parameters of the test group
and control group probe drugs with t-test inspection were analyzed by SPSS
16.0 statistical software. A p value of <0.05 was considered statistically
significant.

4.6. Histopathological detection

Using 10 % neutral formalin, tissue sections were fixed and then dehydrated
using graded ethanol, hyalinized with xylene, paraffin embedded, sliced,
and stained with Hematoxylin and Eosin (H&E) stain. Pathological changes
were then observed under an optical microscope.
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