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A new anticancer ligustrazine derivative, 3p-hydroxyolea-12-en-28-oic acid-3,5,6-trimethylpyrazin-2-methyl
ester (T-OA, C3gHssO3N2), was previously reported. It was synthesized via conjugating the effective anti-
tumor ingredients of a classic traditional Chinese medicine (TCM) formulation. In the present study,
anticancer efficacy of T-OA was evaluated in vivo using a murine sarcoma S180 model. Reduction of
the tumor weight and tumor HE staining regions demonstrated that T-OA had promising inhibition effects
and a 50% inhibitory rate in S180 mice. Combining the immunohistochemistry, we found T-OA exerted
its antitumor activity by preventing the expression of nuclear transcription factor NF-kB/p65 and COX-2 in
S180 mice. The acute toxic test showed that LDsq value of T-OA exceeded 6.0 g/kg via gavage in mice. In
addition, a simple and rapid HPLC-UV method was developed and validated to study the pharmacokinetic
characteristics of the compound. After single-dose oral administration, time to reach peak concentration of
T-OA (3.97 ng/mL) was 8.33 h; the elimination half-life and area under the concentration—time curve from

t=0 to the last time of T-OA was 4.50 h and 48.01 png-h/mL, respectively.

1. Introduction

The attempt to apply ‘combination principle’ to discover lead
compounds from traditional Chinese medicine (TCM) formu-
lations has already drawn considerable attention (Zhang et al.
2009a, b; Hao et al. 2010; Wang et al. 2013, 2012). In our earlier
study of this field, a series of ligustrazine derivatives were syn-
thesized via conjugating the anti-tumor bioactive compounds
from one classic TCM prescription, Shiquandabu Wan, which
is widely used to treat cancer in Chinese communities (Wang
et al. 2012; Ni et al. 2005; Yin et al. 2011; Zhang et al. 2007).
The anti-tumor evaluation showed that 3@-hydroxyolea-12-
en-28-oic acid-3,5,6-trimethylpyrazin-2-methyl ester (T-OA,
C33Hs303N5), conjugated by one tetramethylpyrazine (TMP)
and one oleanolic acid (OA) via ester bond (Fig. 1), had promis-
ing anti-cancer activities on Bel7402 and HCT-8 tumor cells
with ICs5p=7.611 g/mL and 9.273 pg/mL, respectively.

In this investigation, we screened the T-OA antitumor effectin a
murine sarcoma S180 model, which could directly evaluate the
agents’ tumor inhibition and toxicity; moreover, this model was
also used to elucidate the antitumor mechanisms (Liao et al.
2012; Wu et al. 2010; Chen et al. 2012; Jiang et al. 2011).
Both TMP and OA, the starting materials of T-OA, have earlier
been documented as inhibitors of nuclear factor-kB (NF-«B)
(Lietal. 2009; Suh et al. 2007). NF-«B, a transcriptional factor,
plays a central role in regulating inflammatory and immunolog-
ical processes; it influences the expression of cyclooxygenase-2
(COX-2) and s critically involved in tumor progression due to its
transcriptional regulation of invasion-related factors (Aggarwal
2004; Orlowski and Baldwin 2002; Suauki et al. 2006; Plummer
et al. 1999). In addition, numerous studies have demonstrated
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Fig. 1: Structure of T-OA.

that COX-2 expression increased during progression from nor-
mal to cancerous state; COX-2 stimulates angiogenesis and is
associated with tumor growth, invasion, and metastasis (Tang
et al. 2005; Mazhar et al.2005; Sarkar et al. 2007; Zhong et al.
2012; Cathcart et al. 2012). For these, both NF-«kB and COX-2
have been identified as important mediators of malignancy
and therefore served as important targets for antitumor drug
development and discovery (Nagendraprabhu and Sudhandi-
ran 2011; Olivera et al. 2012; Sivaramakrishnan and Niranjali
2009; Santhi et al. 2006; Breinig et al. 2007). In the light of
recent knowledge about the importance of regulation of NF-kB
and COX-2 activities, immunohistochemistry analysis was
employed to investigate T-OA’s effects on the expression of
NF-«kB/p65 and COX-2 in S180 mice.

Moreover, acute toxic test, as a part of safety evaluation of
T-OA, was carried out to investigate the potential toxicity after
orally dosing maximum T-OA in Kunming mice. In addition, an
important part of the preclinical development of a new anticancer
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Fig. 2: Anti-tumor effect of T-OA by HE staining. (a) Model group (x400), the tumor cell nucleus were dyed in brown stains in (a). (b) Model group (x100). (c) CTX group
(x100). (d) Low dose of T-OA group (x 100). (e) Middle dose of T-OA group (x 100). (f) High dose of T-OA group (x 100); the blue arrowhead was tumor tissue; the red

arrowheads were the tumor necrotic regions after drugs administration.

therapeutic is to investigate the pharmacokinetic characteristics
(Lee et al. 2012; Qiu et al. 2012). Thus, a reliable HPLC-UV
method was developed to separate and quantify T-OA in rat
plasma. Then we applied this method to study T-OA’s pharma-
cokinetics after oral administration to Sprague-Dawley (SD)
rats.

2. Investigations, results and discussion
2.1. T-OA’s antitumor activity in vivo

Treatment with the three T-OA doses resulted in marked sup-
pression of tumor weight in a dose-dependent manner (Table 1).
Compared with the model group, the inhibitory rates of T-OA
were 33.98%, 37.23% and 50.00% at the doses of 75, 150,
and 300 mg/kg, respectively; while cyclophosphamide (CTX)
caused 73.40% inhibition. The growth of implanted sarcoma
S180 tumor in mice could be significantly inhibited by the
high T-OA dosage group (p <0.05). Moreover, HE staining also
directly showed that both high T-OA dosage (Fig. 2f) and CTX
groups’ (Fig. 2¢) tumor necrotic regions significantly increased
over the model group (Fig. 2b) (p <0.05). The tumor cells of
the model group exhibited a high mitotic index, obvious atypia
(Fig. 2a and b), whereas tumor cells proliferation of the treated
groups were blockaded in some way. Meanwhile, we could
clearly observe that the necrosis regions of the tumor nests
significantly increased with increasing concentration of T-OA
(Fig. 2 and 3).

Furthermore, the liver indices, which were similar in the normal
and T-OA treated groups (p > 0.05), indicated that T-OA did not
cause serious toxic effects on the liver system (Xu et al. 2012).
Spleen is one of the main immune organs; it is responsible for
initiating immune reactions in the body. Thus the spleen index
directly reflects the status of the immune system (Cesta 2006).
Spleen indices of T-OA treated groups were higher than both the
normal and CTX groups’ (Table 1). Increases in spleen index
suggested that T-OA could regulate the immune system of S180
mice (Liao et al. 2012).

During the ten days’ chemotherapy with CTX after tumor
implanted, the activities of mice in CTX group were becom-
ing slow, listless and emaciated, while there were no signs of
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general clinical symptoms of toxicity or abnormal behavior and
no mortality in T-OA groups. These results indicated that there
was no significant toxicity with the treatment of T-OA, and the
following acute toxic test also displayed that T-OA did not show
toxicity in mice.

2.2. T-OA inhibit the expression of nuclear transcription
factor NF-kB/p65 and COX-2 in murine sarcoma S180
model

NF-kB is an ubiquitous transcription factor in various cells
involved in inflammatory reactions, and exerts its effects by
expressing cytokines, chemokines, cell adhesion molecules and
growth factors (Lee and Burckart 1998). S180 cells were not
implanted in to normal group mice, so liver tissue of nor-
mal mice was set as the control test. In immunohistochemistry
analysis, the normal liver tissue showed weak expression of
NF-«kB/p65 (Fig. 4a). Tumor tissues of the model group dis-
played an increased expression of NF-kB/p65 that was evident

904

Tumor regions ( umz)

L=y
=3
1

50

Modet CiX T-QA T-OA T-OA

controt group 75 mgikg 150 mg/kg 300 mg/kg

Fig. 3: Tumor regions with HE staining of model and treatment groups of S180 mice
(n=8).
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Table 1: Effects of T-OA in S180 mice (mean £ S.D.)

Group Dose (mg/kg) Mice number start/end Weight gain (g) Tumor weight (g) Inhibitory rate (%) Liver index (100*g/g) Spleen index (mg/g)
Normal group  —— 10/10 7.23+2.16 —_— —_— 5.01£0.46 4.104+0.77
Model group e 10/10 9.574+2.15% 0.94£0.41 —_— 5.28£0.48 4.33+0.84
CTX 20 10/10 6.90 £2.04 0.254+0.16" 73.40% 5.19£0.33 393+£1.11
T-OA 75 10/10 10.154+2.81% 0.63+0.30 33.98% 5.434+0.59 436+1.13
T-OA 150 10/10 7.54£3.56 0.59£0.28 37.23% 5.39+£0.46 5.684+1.77%
T-OA 300 10/10 7.72 £3.68 0.4740.23" 50.00% 545+£0.72 4.824+2.23

#compared with normal group: # p<0.05, # p<0.01; * compared with model group: *p< 0.05, **p<0A01A

from increased brown staining (Fig. 4b). However, S180 mice
treated by CTX and T-OA (low, middle and high dose) exhib-
ited a decrease in NF-kB/p65 expression compared with model
group (Fig. 4c, 4d, 4e and 4f, respectively), and T-OA groups
revealed in a dose-dependent manner expression of NF-kB/p65.
The high dose of T-OA group’s NF-kB/p65 expression greatly
decreased and its inhibition effect was similar to that of the CTX
group’s, whose inhibition effect on NF-«B had been proved ear-
lier (Mammon et al. 2006). This finding suggested that T-OA
administration could prevent NF-kB/p65 activation, exert its
antitumor effect possibly through disrupting NF-«B signaling in
S180 tumors thus leading to cancer cells proliferation blockade.
The immunohistochemical results of COX-2 were represented
in Fig. 5. The results were similar to the immunohistochemical
analysis of NF-kB. As COX-2 is expressed weakly in normal
tissues, the liver tissue of normal group showed only negligi-
ble expression of COX-2 (Fig. 5a). However, the model group
showed an increased brown stained expression of COX-2 in
tumor tissue (Fig. 5b). In addition, T-OA (Fig. 5d, 5e and 5f,
respectively) treated mice displayed a decreased expression of
COX-2 compared with the model group (Fig. 5b) in a dose-
dependent manner. The results were accordant with previous
studies that some antitumor agents suppressed COX-2 expres-
sion via inhibition of NF-kB activity (Plummer et al. 1999; Yoon
et al. 2005; Kang et al. 2011).

2.3. Acute toxicity test in vivo

Acute toxicity test is an important part of preclinical devel-
opment of a new oral anticancer therapeutic. The relative

body weight loss was used here as a measure of toxicity (Wu
et al. 2010). The mice were randomly grouped on the basis
of their body weight. At the beginning of administration, the
weight showed no significant difference between the groups
(P>0.05). After oral administration of the maximum tolerated
dose (6 g/kg/day), there was no mortality in each group and
no signs of general clinical symptoms of toxicity or abnormal
behavior appeared during two weeks. At the end of the exper-
iment, there were no significant differences in body weights
between treatment and control groups (Fig. 6).

2.4. Pharmacokinetic study

Administration of 300 mg/kg T-OA, led to a significant growth
inhibition to the implanted S180 tumor at the end of treatment;
but the dosage was higher than that of common antitumor agents
and it was necessary for the further pharmacokinetic properties
study to indicate an extrapolated bioavailability. To make an
accurate and continuous monitoring of blood concentration, SD
rats were chosen for the pharmacokinetics evaluation.

2.4.1. Method validation

2.4.1.1. Specificity

Typical chromatograms of T-OA in rat plasma are presented
in Fig. 7. With the chromatographic conditions described
in the Experimental part, satisfactory peak separation and
resolution were achieved, and no endogenous substances or
metabolites significantly interfered with the determination of
T-OA. (3, 18, 20)-3-hydroxy-11-oxoolean-12-en-29-oicacid-
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Low dose of T-OA (x100). (e) Middle dose of T-OA (x 100). (f) High dose of T-OA (x100).
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Fig. 5: Immunohistochemical analysis of COX-2 in control and treated groups of mice. (a) Normal group (x 100). (b) Model group (x 100). (c) CTX group (x 100). (d) Low dose

of T-OA (x100). (e) Middle dose of T-OA (x 100). (f) High dose of T-OA (x100).

3,5,6-trimethylpyrazin-2-methyl ester, which had been reported
in our previous study, was selected as internal standard (IS)
because of its similar chemical structure, chromatographic
behavior, efficient extraction (Fig. 7a) (Wang et al. 2012). The
retention time for IS and T-OA was approximately at 7.6 and
10.6 min, respectively.

2.4.1.2. Calibration curve and linearity

The calibration curve was of good linearity within a range of
0.2050 — 8.2000 pg/mL in rat plasma, and the linear regression
equation was Y =0.5507 X — 0.0327 with a linear correlation
coefficient (r) of 0.9995. X referred to ratio of T-OA peak area
over the IS area; and Y was the concentration of T-OA in rat
plasma.

2.4.1.3. Precision, accuracy, limit of detection, and quantita-
tion

The intra- and inter-day precision and accuracy are summarized
in Table 2. The intra- and inter-day precision was expressed
as RSD, which ranged from 1.12 to 2.46% and 0.97 to 2.68%,
respectively. The limit of detection was 0.1010 wg/mL and the
limit of quantitation was 0.2050 pg/mL. The results indicated
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Fig. 6: Body weights change of each group at the first day (day 0) and the last day
(day 14) after oral administration maximum tolerated dose (6 g/kg/day).
*P <0.05 compared with control group. All data were expressed as
mean + S.D. (n=20).
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that the present method was reliable and reproducible for quan-
titative T-OA in biosamples.

2.4.1.4. Extraction recovery and stability

The relative extraction recovery and absolute extraction recov-
ery of T-OA in rat plasma are summarized in Table 3. The mean
relative recoveries of T-OA in plasma at three different concen-
trations (0.8250, 2.5625 and 6.5600 p.g/mL) were 91.52, 103.95,
92.48%:; and the mean absolute recoveries were 88.39,90.27 and
86.51%, respectively. The recovery of IS was above 90%.
Freezing and thawing cycles did not significantly change the
concentrations of T-OA. The mean amount of T-OA in plasma
samples was found to be 98.90% of the initial value after
three freezing—thawing cycles. The spiked plasma samples were
found stable at room temperature for 24 h. After storing at room
temperature for 24 h, T-OA’s concentration in the reconstituted
methanol solutions ranged from 99.42 to 100.51% of the initial
concentration. Thus, these data indicated T-OA was stable in
plasma samples during measurement; T-OA’s biosample prepa-
ration procedure was satisfying and could achieve the believable
results for its pharmacokinetic study.

2.4.2. Pharmacokinetic study and data analysis

The method developed in this study was selective for T-OA
analyzed and no endogenous interference was observed on chro-
matograms. The mean plasma concentration-time profile of
T-OA after oral administration (300 mg/kg) is shown in Fig. §,
with pharmacokinetic parameters summarized in Table 4. T-
OA behaved according to the non-compartment model after
single-dose oral administration in six rats. It was absorbed at a
slow rate and reached the maximum plasma concentration (Cy,ax
value 3.97 pg/mL) within 8.33 h. The plasma concentration of
T-OA declined with an elimination half-life of 4.50 h. The area
under concentration—time curve from =0 to last time (AUC)
(ng-h/mL) was 48.01 + 11.21 for T-OA.

The pharmacokinetic study indicates that the extrapolated
bioavailability of T-OA was less than 10%. The poor phar-
macokinetic performance may be due to poor water-solubility
that results from T-OA’s relatively lipophilic structure. To raise
T-OA’s bioavailability, several pharmaceutical preparations are
in progress. For example, the solid dispersion method as an
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Table 2: Intra- and inter-day precision and accuracy of T-OA in rat plasma (mean + SD, n=5)

Intra-day Inter-day
Concentration added (pg/mL) Concentration observed (pg/mL) Accuracy (%) Precision (RSD %) Concentration observed (pg/mL) Accuracy (%) Precision (RSD %)
0.8250 0.8330 % 0.0205 100.97 £2.48 2.46 0.7490 £ 0.0106 90.79 £1.28 1.41
2.5625 2.6540 +0.0318 103.57+£1.24 1.12 2.4934 +0.0241 97.30 £ 0.94 0.97
6.5600 5.9963 £ 0.0679 91.41+1.04 1.13 6.2674 +0.1683 95.54 +2.57 2.68
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Fig. 7: Representative HPLC chromatograms of the analytes. (a) Structure of internal standard (IS); (b) Blank rat plasma; (c) HPLC chromatogram of IS; (d) HPLC
chromatogram of T-OA; (e) Plasma sample collected at 4 h after administration of T-OA (300 mg/kg) added with IS; 7 IS; 2 T-OA.

approach for bioavailability enhancement of poorly water-
soluble drug (Chiou and Riegelman 1971; Sinha et al. 2010;
Leuner and Dressman 2000; Liu and Wang 2007; He et al.
2011), containing the fusion method and the solvent evapora-
tion method, has been prepared to increase the water-soluble
of T-OA. In addition, to enhance the permeability and intesti-
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Fig. 8: Plasma concentration—time profiles of T-OA after oral administration
(mean + SD, n=6).
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nal absorption of T-OA in vivo, an oil-in-water micro emulsion
form (diameter about 80 nm) of T-OA have been prepared suc-
cessfully; a single-dose (300 mg/kg) oral pharmacokinetic study
of this micro emulsion showed that peak plasma concentrations
of T-OA could reach 12.95 pg/mL.

2.5. Conclusions

In summary, our present study indicated that T-OA is a potent
oral antitumor therapeutic with low toxicity. The antitumor
mechanism tests suggested that T-OA exerts its antitumor activ-
ity by preventing the expression of NF-kB/p65 and COX-2 in
S180 mice. Furthermore, we developed a simple and reliable
HPLC method to quantify T-OA in rat plasma. The analytical
method was successfully applied to identify the pharmacokinetic
profile of T-OA 1in rats. It was found that T-OA had a longer
elimination half-life than its parent compounds TMP and OA
(Jeong et al. 2007; Xiao et al. 2007). Though the oral pharma-
cokinetic study produced a limited exposure, it indicated that
T-OA could exert antitumor efficacy at a low blood concentra-
tion. Moreover, we found T-OA’s oral bioavailability could be
improved significantly through preparing the oil-in-water micro

Pharmazie 68 (2013)
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Table 3: Extraction recovery of T-OA in rat plasma
(mean + SD, n=5)

Concentration added (pg/mL) Relative recovery Absolute recovery

Cops / Cine% RSD% A gps /A he% RSD%
0.8250 91.52+£296 323 8839+241 2.73
2.5625 103954191 1.84 90.27+440 4.88
6.5600 9248+2.31 250 86.51+3.77 4.36

emulsion form; this part of work will be displayed in the near
future. Based on the studies of pharmacology and pharmacoki-
netic evaluations, T-OA represented a valuable candidate for
anticancer drug discovery and development.

3. Experimental
3.1. General

Murine sarcoma S180 cells provided by 302 military hospital of
China were maintained in RPMI-1640 medium, supplemented
with 10% fetal bovine serum (Hyclone, Aurora, Canada), 100
IU/ml Penicillin-Streptomycin (Hyclone), and Non-Essential
Amino Acids (Sigma), at 37 °C under humidified air with 5%
CO,. Female/male Kunming mice and male SD rats (Beijing
Vital River Laboratory Animal Technology Company Limited,
China) were kept under standard laboratory conditions (tap
water, constant room temperature 22 °C). Principles of labora-
tory animal care were followed and all experiments were carried
out in accordance with the “Regulation for the Administration
of Affairs Concerning Experimental Animals” (State Council of
China, 1988).

Both T-OA and IS were synthesized in our laboratory as reported
previously (Wang et al. 2012). The purity of T-OA and IS was >
99% by HPLC analysis. HPLC-grade methanol and acetonitrile
were purchased from Xinkeao Scientific & Technology Co. Ltd
(Beijing, China). Other chemicals and reagents were analytical
grade and commercially available.

The LC system consisted of a Waters 2695 HPLC system
(Waters Corporation, USA) and with column temperature set
at 30°C, using diode-array detection (Shimadzu SPD-M10A).
The column used during pharmacokinetic assay was a reversed-
phase Agilent TC-C18 analytical column (4.6 mm x 250 mm,
5 pm particle size) and was eluted at a flow rate of 1 mL/min
solvent consisted of 95% MeOH and 5% aqueous solution.
Detection wavelength was 278 nm. The injection volume was
10 L.

3.2. Evaluation of anti-tumor effect in S180 mice

S180 cells were harvested and washed three times with RPMI-
1640 medium. The cells were pelleted by brief centrifugation
at 800 r/min for 10 min. The supernatant was aspirated, and the
cells were resuspended in normal saline at a density of 2 x 107
cells/mL. Male Kunming mice were subcutaneously implanted
with 2 x 10° cells/mouse on the left flank (day 0). Twenty-four
hours after inoculation, 50 tumor bearing mice were randomly
divided into model group, CTX group, high T-OA dose group,
medium T-OA dose group, and low T-OA dose group (n=10),
respectively. Another 10 mice without any treatment were set as
normal group.

T-OA (suspended in bean oil) was continuously administrated
via gavage, once daily for 10 days. S180 mice in the high,
medium and low T-OA dose groups received intragastric T-OA
of 300, 150 and 75 mg/day per kg of body weight, respectively;
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Table 4: Main pharmacokinetic parameters of T-OA in rats

Parameters Units Mean =+ SD

AUC 5 pg-h/mL 48.01 +=11.21

CL mL/h/kg 6194.82 £ 1422.85
V, mL/kg 40757.87 £ 13803.29
tip h 4.50+£0.82

Crax pg/mL 3.974+0.97

Tonax h 8.334+0.82

MRT h 9.434+0.50

the CTX group received CTX (20 mg/kg), model and normal
groups were oral treated with bean oil, respectively.
Twenty-four hours after the last administration, the mice were
sacrificed and the solid tumors, livers and spleens were excised
and weighed. The inhibition rate (IR) of tumor growth was calcu-
lated by the following formula: IR (%) = [(A — B)/A]/100, where
A is the average tumor weight of the model group, and B is that
of the treatment group mice. The index of livers was calculated
as W /Wy, where W was the average livers weight (g) of each
group and W, was the average mouse body weight (g) of each
group. The index of spleen was calculated as Wy/W,, where
W, was the average spleen weight (mg) of each group and Wy,
was the average mouse body weights (g) of each group. Then
samples of the tumors were fixed in 10% neutral buffered for-
malin, embedded in paraffin, sectioned at 4 mm, and processed
according to the hematoxylin and eosin (HE) staining protocol.
Quantitative analysis was made in a blinded manner under a
light microscope. Each section was examined at magnification
(x100). Computer-assisted image tracking was used to calcu-
late the positive tumor areas. The results were regarded as the
mean =+ SD of eight different sections.

3.3. Immunohistochemical analysis of nuclear factor-«B
(NF-kB), and cycloxygenase-2 (COX-2)

An immunohistochemical study was performed with mono-
clonal antibodies against NF-kB (P65) and COX-2. The final
dilution for these antibodies was 1:50 and 1:150, respectively.
With all antibodies, a three-step indirect immunohistochemical
method was used. The paraffin section of the S180 tumor was
dewaxed to water, incubated in 3% H,O, for 10 min at room
temperature, washed three times with 0.01 mol/L. PBS, heat
induced epitope retrieval. Then incubated with 5-10% normal
goat serum for 10 min, pour to serum, not washed. Then incu-
bated with primary antibodies for 1-2h at 37 °C, washed three
times with 0.01 mol/L PBS. The secondary antibodies biotin-
labeled were diluted to 1:250 in PBS prior to use, incubated for
30min at 37 °C, and washed three times with 0.01 mol/L PBS.
Finally incubation with an appropriate amount of a horseradish
peroxidase-labeled streptavidin peroxidase working solution for
30 min at 37 °C, and washed three times with 0.01 mol/L PBS.
Coloration with DAB for 5 min, and washed by running water
quietly. Sections were redyed with haematoxylin, every piece of
the sections was dehydrated, made to be transparent in a con-
ventional way, and then observed and photographed under a
microscope. Primary antibodies were replaced by PBS for the
negative controls. None of the controls revealed any specific
signal.

3.4. Acute toxicity

Kunming mice of both sexes, weighing 18-22 g, were divided
into two groups of 20 animals matched in weight and size. The
mice were placed in cages and kept under standard environmen-
tal conditions with a standard rodent diet and water ad libitum
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under a 12 hlight-dark cycle. They were deprived of food for 24 h
but allowed free access to tap water throughout the experiments.
The maximum suspended dose (50 mg/mL) of T-OA was pre-
pared in bean oil solution. Then one group of 20 mice of both
sexes received the maximum tolerated dose (0.4 mL/10g) by
oral administration every four hours. The total administration of
T-OA was 6 g/kg during 12 h. Similarly, the other 20 mice (con-
trol group) received bean oil (0.4 mL/10 g) via gavage for three
times in 12 h. The general behavior of the mice was observed
continuously for 1h after the treatment and then intermittently
for 4 h, and thereafter over a period of 24 h. The mice were fur-
ther observed for up to 14 days following treatment for any signs
of toxicity and deaths, and the latency of death. Behavior, toxic
effects and mortality response were recorded.

3.5. Pharmacokinetic assay

3.5.1. Preparation of standard solution, quality control
working solution, and samples

T-OA stock solutions (2.0500 mg/mL) and IS working solu-
tion (40.1600 wg/mL) were prepared with methanol. A series
of T-OA standard working solutions at 2.0500, 4.1000, 8.2000,
16.4000, 20.5000, 41.0000, 51.2500 and 82.0000 wg/mL were
serially diluted in methanol from the stock solution. Qual-
ity control (QC) working solutions (8.2500, 25.6250, and
65.6000 pg/mL) of T-OA were prepared in the same way. All the
solutions were stored at 4 °C and brought to room temperature
before using.

Healthy SD rats were fasted overnight and water was allowed
ad libitum throughout the experiments. Blood was obtained
from the ophthalmic vein and collected with dried heparinized
tubes. The plasma was separated by centrifugation at 3,000 g
for 10 min. Plasma stored in a freezer at —20°C was thawed
at 4°C before treatment. The plasma samples were prepared
according to the method described by Li et al. (2011), with
minor modifications. Briefly, 5 puL IS working solution was
added to the plasma samples (100 nL), followed by vortexing
for 1 min. For extraction, 300 pL acetonitrile was added to the
mixture under vortex-mixing for 5 min. The mixture was then
centrifuged at 12,000g for 5 min in a refrigerated centrifuge at
4°C. The organic phase was transferred into a clean test tube
and was evaporated to dryness in a water bath at 40 °C under
a gentle stream of nitrogen. The residue was reconstituted in
methanol and was then vortex-mixed for 1 min. The solution
was centrifuged at 12,000g for 5 min and a 10 pL supernatant
was injected into the HPLC system for analysis.

3.5.2. Method validation

3.5.2.1. Calibration curve and linearity

The calibration curve for T-OA was prepared by spiking a series
of 100 pL blank rat plasma with 10 wL standard working solu-
tions. Then 5 L IS working solution was added to these plasma
samples, respectively. The calibration curve was constructed by
linear least-squares regression analysis plotting of the plasma
samples’ peak area ratios of T-OA to the IS versus the corre-
sponding working solution concentrations of T-OA. Thus, the
linearity was evaluated by the linear correlation coefficient (r)
of the calibration curve.

3.5.2.2. Precision, accuracy, limit of detection, and quantita-
tion

The precision was expressed as the intra-day and inter-day rel-
ative standard deviation (RSD). Quality control samples (QC
samples) of low, middle and high concentration were prepared
by blank plasma spiked with QC working solutions of T-OA,
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respectively. The intra-day RSD was assessed by determin-
ing QC samples at the three concentration levels five times
on the same day, whilst the inter-day RSD was determined by
repeated analysis on six consecutive days. The accuracy (relative
recovery) was calculated from the QC samples theoretical con-
centrations (Cype) and the mean QC samples (n=5) observed
concentration (C,ps) according to the formula: relative recov-
ery (%) =(Cobs/Cine) X 100%. The limit of detection (LOD) was
determined as the plasma concentration giving a signal-to-noise
ratio of 3 and the limit of quantitation (LOQ) was the lowest
concentration on the standard curve (Hou et al. 2012).

3.5.2.3. Extraction recovery and stability

The extraction recovery of T-OA from the QC samples
contained relative recovery and absolute recovery, which
were assayed and calculated by the following equation:
relative recovery (%)= (Cops/Cihe) X 100%, which was also
expressed as the accuracy (Li et al. 2011); absolute recovery
(%) = [Aobs/Athe] X 100%, where Ay, is the mean T-OA peak
area (n=5) generated by the QC samples, Ay is the mean
peak area (n=5) obtained by 10-fold-methanol dilution of QC
working solutions, which were the same concentration as QC
samples.

The freeze—thaw stability of T-OA was evaluated by analyz-
ing the QC samples after three freezing (—20°C) and thawing
(ambient) cycles. The short-term stability of T-OA in rat plasma
was assessed by placing the QC samples at room temperature for
24 h before extraction and analysis. The concentration of T-OA
assayed in the above samples after each treatment was compared
with the initial value.

3.5.3. Pharmacokinetic study and data analysis

T-OA was suspended in bean oil solution before using. Before
drug administration, six SD rats were fasted overnight but water
was allowed ad libitum. A single dose (300 mg/kg) of T-OA
solution was administered orally. The blood samples were col-
lected in dried heparinized tubes at 1, 2, 4, 6, 8, 10, 12, 16,
and 24 h after drug administration. The plasma samples were
centrifuged, then frozen and stored at —20 °C until analysis.
The concentration—time profile and the main pharmacokinetic
parameters were processed by the software of WinNonlin (Ver-
sion 5.2, Pharsight Corp., Mountain View, California, USA) with
the non-compartmental model.

3.6. Statistical analysis

All data are expressed as mean = SD. Statistical comparisons
between groups performed using 1-way ANOVA followed by
Student’s t-test and P <0.05 was considered significant.
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