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Pharmacokinetic study of liquiritin in rat serum using molecularly imprinted
solid-phase extraction combined with RP-HPLC
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[Abstract]: A method using molecularly imprinted
solid-phase extraction combined with RP-HPLC-UV
was developed for determination of Liquiritin(LQR)
in rat plasma after oral administration of Compound
Liquorice Tablets(CLT). To this end, molecularly
imprinted polymers were prepared by in situ
polymerization, using LQR as the template,
acrylamide as the functional monomer, and ethylene
glycol  dimethacrylate as crosslinker, whose
solid-phase extraction properties for Liquiritin were
evaluated by HPLC-UV. The enrichment and
extraction recovery were investigated in the study
after the extraction procedure was optimized. The
recovery was larger than 85.0% and the RSD was less
than 10.0%. Calibration curve was expressed as
y=16004x-1.864 (r=0.996) with a linear range of
0.007pug'mL"'~1.683 pg'mL™". Besides, the T, was
0.5 h for Liquiritin and the C,,,, was 0.8 ug'mL™" after
oral administration of Compound Liquorice Tablets.
In addition, the pharmacokinetic parameters were
calculated by two-compartment model. The results
indicated that the monolithic polymer pipette
presented a good extraction efficiency for Liquiritin.
At the same time, the results indicated the index
components could basically reveal the
pharmacokinetic behavior. This study was aimed to
explore an approach that could be applied to
promulgate the pharmacokinetic and provide more
information for the clinical application.

[Keywords]: Liquiritin; Compound Liquorice Tablets;
MI-SPE-HPLC-UV; Pharmacokinetic

1. Introduction

Compound Liquorice Tablets(CLT) are applied

extensively in clinical whose main functions are

! *Correspondence to:Li Kang , PHD, School of Pharmacy,
Guangdong Pharmaceutical University, Guangzhou 510006,
Guangdong, China; e-mail: likang229@aliyun.com

antitussive and expectorant. It is widely received by
majority of patients for its smaller side effects and
inexpensive feature[1]. Licorice is the sole medicinal
herbs of CLT. Nevertheless, Liquiritin(LQR) is one of
the bioactive ingredients existing in the root of
licorice, which has been reported to possess a variety
of pharmacological activity, such as anti-depressed[2],
anti-Alzheimer's Disease [3], in addition, antioxidant
and liver detoxification[4]. There are so many
pharmacological effects that it is often studied by
scholars. According to reports in the literatures, the
frequently detected methods were HPLC-UV[5-7],
SPE-HPLC[8], UPLC[9-10], Electrochemistry[11],
Fluorescence  spectroscopy[12]. However, Few
documents reported any methods determining the
content of LQR from the traditional Chinese medicine
with solid phase extraction(SPE) especially in
biological samples. To enrich, purify, or remove LQR
from a mixture, selective separation is necessary
because of the coexistence of compounds with similar
functional groups[13]. However, isolation and
purification of LQR from natural products by
molecularly imprinted solid phase extraction(MISPE)
have not previously been reported at present.
Meanwhile, early research had shown that orally
administered LQR could be metabolized into
liquiritigenin[14]. The low level of LQR in the blood
has been a bottleneck in its pharmacokinetic study.
Therefore, it is necessary to develop a sensitive and
convenient method to determine LQR in plasma in the

studies of pharmacokinetics and clinical application.

SPE, which is a mature technique[15-17], has been
widely used for biological fluids[18-20]. It is used to
purify and pre-concentrate the analytes. At the same
time, molecularly imprinted polymers(MIP) are
synthetic material with the capability of selective
recognition of targeted compounds, which have

specific binding sites with complementary sizes,
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shapes, and functional groups to the template, and
involve a mechanism of interaction based on
molecular recognition[21-22]. Moreover, in situ
polymerization of polymer based monoliths has
several advantages over silica based ones, such as
easy preparation and convenient introduction of
function groups in monolith[23]. Researches on
96-well pipette-tips with monolithic methacrylate
sorbent plug[24-25] and monolithic micro-extraction
tips by photopoly merization[26] validated the more
flexibility of preparing polymer monoliths. MISPE is
an efficient approach for separation and clean-up of
target compound present at low concentrations or in
complex matrixes[27], which may have the advan
-tages of both MIP, with high selectivity, and SPE,
with the most convenience. The technique is attracting
for separation and purification of natural products[22].
MISPE has not been used for separation of LQR in
CLT.

In this paper, MIP were prepared by in situ
polymerization, using LQR as the template,
acrylamide(AM) as the functional monomer, and
ethylene glycol dimethacrylate (EDMA) as cross
-linker. Separation of LQR in CLT was carried out by
MISPE. A new method using MI-SPE-HPLC-UV for
the determination of LQR in rat plasma demonstrate
its applicability in analyzing the pharmacokinetic
parameters of LQR after a single oral administration
of CLT, so as to provide reliable data to support the

safety in clinical.
2. Experimental
2.1 Chemicals and Reagents

CLT were purchased from GuangZhou Bai Yun
Shan Pharmaceutical General Factory (Guangzhou,
China); Ethylene glycol dimethacrylate (EDMA, 98%,
Acros Organics,US), N,N-DimethylFormamide(DMF)
acrylamide(AM), and 2-(dimethylamino) ethylmetha-
crylate(DMAM) were purchased from Aladdin
Reagent Co. Ltd. (Shanghai, China). Toluene,
Azobisisobutyronitrile(AIBN), polyethylene glycol
400 (PEG, AR grade, MW 400) were obtained from
Tianjin Kermel Chemical Reagent Co. Ltd. (Tianjin,
China). LQR was supplied by National Institute for
the Control of Pharmaceutical and Biological Products
(Beijing, China). Methanol and acetonitrile were of

chromatographic grade (Darm stadt, Germany). Water

was prepared in ultrapure water system (Milllpore,
American). All other reagents were of analytical
grade.

2.2 Instrument and Equipment

HPLC system was from Agilent Technologies
(1200 series LC system). The HPLC consisted of a
G1311A quaternarypump, a GI1316A thermostatted
column compartment, a G1322A degasser, a G1314B
VWD and a G1328B manual injector (with 20uL
loop). The Microcentrifuge was purchased from Ther
-mo Electron corporation(Beijing, China). Super silent
adjustable air pump was obtained from Guang dong
hailea group Co. Ltd(Guang zhou, China). Moreover,
JSM-6330F Field Emission Scanning Eletron
Microscope and AUW220D electronic balance were
gained from Japan Electronics Co.Ltd(Qingdao, China)
and Shimadzu (Guangzhou, China); In addition,
80-2Centrifuge and HH-S thermostat water bath were
acquired from the Gongyi City to Instrument
Co.Ltd( Gongyi, China).

2.3 Dosage Regimen

Male Sprague-Dawley rats weighed 250-300g were
supplied by Laboratory Animal Center of Guangzhou
University of Traditional Chinese Medicine (scxk:
2008-0020). All experimental procedures were
conducted in conformity with institutional guidelines
for the care and use of laboratory animals in Guang
Zhou University of Chinese Medicine, Guang Zhou,
China, and conformed to the National Institutes of
Health Guide for Care and Use of Laboratory Animals
("Laboratory Animal Management Regulations" and
"Experimental ~ Animal  Permit = Management
Regulations (Trial)"). The rats were kept in an air
conditioned animal quarter at 22-24°C and a relative
humidity of 50+10%, which had accessed to standard
laboratory food and water. The rats were fasted and
given free access to water for 12 h prior to
experiments. Gavaged 20 mL-kg' at equivalent
dosage(Weigh the CLT 40 tablets to 20 mL, per tablet
containing 112.5 mg of licorice extract powder), blood
samples were collected into a heparinized tube via the
oculi chorioideae vein prior to intragastric gavage and
at0.17h,0.25h,0.5h,0.75h, 1 h, 1.5h,2h,4h, 8 h,
12 h and 24 h after oral administration. After centrifu
gating at 4000 rpm for 15 min, the layers of plasma

were transferred to clean tubes and stored at-20 °C.
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2.4 The preparation of Molecularly Imprinted
Polymers

The pre-polymerization solution consisted of
LQR(5.01 mg), AM (6.8 mg), DMF (400 pL),
Dodecanol (400 pL), EDMA (90 uL), PEG 400 (100
uL), and were dissolved in 1.1 mL acetonitrile. The
initiator AIBN (2.0 mg) was added to the
pre-polymerization solution. The resulting solution
was purged with nitrogen gas for 10 min to remove
oxygen. A polypropylene pipette of 5 mL was filled
with toluene to pretreat its inner surface after the taper
end was flame-sealed. After that, 2 mL pre-
polymerization solution was introduced into the
pipette and the other end of the pipette was sealed
immediately. The polymerization was carried out for
24 h by setting pipette in a water bath at 60 °C. Finally,
a plug of monolithic polymer column was prepared by
in situ polymerization in the pipette. After both sealed
ends of the pipette were cut off, the monolithic
column in pipette was set on a SPE digital control
instrument for being rinsed with methanol thoroughly
in order to remove the porogenic solvents and any
other unreacted monomers under vacuum condition.
The finally obtained pipette containing monolithic
polymer plug was used as SPE cartridge for the
following SPE experiments. The reaction results were
illustrated as follows (Fig.1 and Fig.2).

Fig.1. Photograph of the monolithic polymer SPE

column.

Fig.2. The reaction principle

2.5 The Scanning Electron Microscopy (SEM) of
Monolithic Column

Monolithic column was activated after eluting of
the template and cutting its cross-section, then
characterizing the microstructure of the monolithic
column by cold field SEM before the samples
properly been treated (Fig.3). The column contained a
pretty uniform voids and larger pore size, compared
with several photographs. It proved that the column
had a good permeability. Due to the dense and
intricate network structure formed in the monolithic

column, it expressed strong mechanical strength and

resisted greater pressure.

Fig.3. SEM image for the section of monolithic

polymer (8000 and 2500 times magnification).

2.6 Imprinted Activated and Template Column
Eluted

The cartridge was eluted with 10% acetic acid in
acetonitrile (V/V), which was detected by HPLC-UV
and traced detection until it is undetectable template
molecule. The preprocessing of monolithic column
was as follows: 0.5% ammonia adjusted the pH until
neutral, water leaching, and eventually the whole
column was stored in the water, to be on the kind,
with a flow rate of 0.10 mL-min™".

2.7 Plasma Sample Preparation
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The volume of 200 pL plasma was spiked with 1.0
mL methanol. The mixture was vortexed for 1.0 min.
After centrifugation at 12,000 rpm for 15 min, the
supernate was transferred to a new tube and dried
under a stream of nitrogen. The residue was
vortex-mixed with 100 pLL methanol for 30 s and then
passed through the molecularly imprinted column.
The cartridge was eluted with 8.0 mL in acetonitrile
containing 10% acetic acid after rinsing with 2.0 mL
pure water and washing with 1.0 mL of 5% methanol
in water (V/V). The eluate were dried under a stream
of nitrogen at 40 °C. The mixture was vortex-mixed
with 100 pL methanol for 60 s and centrifuged at
12,000 rpm for 15 min to precipitate protein. 20 pL
supernateant were injected into the HPLC system for
quantitative analysis.

2.8 HPLC Chromatographic Conditions

A Diamonsil C;g column (250 mmx4.6 mm, 5 um)
and Guard Column: XB-Cg (5 um, Welch Materials)
were applied to chromatography separations, which
were performed at 35°C with the detecting
wavelength set at 276 nm and flow rate at 1.0
mL-min”'. Mobile phase were composed of 0.03%
acetic acid in water (V/V) (A) and acetonitrile (B).
The composition of mobile phase (V/V) within an
analysis term for rat plasma sample changed as
follows Table 1.

Table 1 The liquid phase elution conditions

0.03% acetic acetonitrile
T(min) acid in water
VIV) (A)% B)%
0 90 10
10 87 13
15 82 18
20 70 30
30 60 40
40 60 40
55 90 10

2.9 Pharmacokinetics

The rats were almost given orally with 6.0 g-kg™
CLT which was equivalent to 74 mgkg' of LQR
(Contents of LQR in CLT is about 3.7 mg per
tablet[28]). Plasma collected in different time points.
Average plasma concentration-time curve (Fig.4), and

the pharmacokinetic parameters (Table 2) were

calculated (DAS 3.1, China). The area under plasma
concentration-time curve (AUC,, to the last
measurable plasma concentration (C-t) was estimated
by using the linear trapezoidal rule. The area under the
plasma concentration-time curve to time infinity
(AUC,_,) was calculated as AUC_,, = AUC,+ C/K..
The mean residence time (MRT) was calculated as
AUMC,_./AUC,.,. Data were expressed in mean and
standard deviation (SD) for each group. The validated
method was successfully applied to pharmacokinetic
study for LQR in rat plasma after a single oral

administration of CLT.
3. Results and discussions

3.1 Specificity

The representative chromatograms of LQR and blank
plasma, blank plasma spiked with LQR and plasma
sample obtained after oral administration of CLT
decoction are shown in Fig.4. The retention time of
LOQ is about 22 min. Under the established
chromatographic condition, no endogenous interfer-
ence from the plasma was observed and the analyte

were not interfered with each other.
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Fig.4. Si: Blank plasma; S,: LQR(0.168
pgmL™") ; S;: Blank serum containing LQR; S,: Rat

plasma after 0.5 hour oral administration of CLT

3.2 Calibration Curve and Linear Range

According to the handling of plasma samples(2.7).
The reference standard of LQR was accurately
weighed to 10 mL volumetric flask, the 10mL
volumetric flask was filled to mark with methanol
(obtaining 520pg-mL"" stock solution). The calibration
curves ranged from 0.007 pg'mL™! to 1.683 pg'mL™"'.
The series of standard solution concentr ations were
0.007 pg'mL", 0.017 ugrmL™', 0.067 pg'mL™', 0.168
pug'mL”, 0.337 ugmL’, 0.673 ug'mL’, and 1.683
ugmL™". Pressing the operation of the processing of

the plasma sample, the regression equation in plasma
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was y=16004x-1.864 (n=5), in which y is the
peak-area, and x is the concentration of LQR. The
correlation coefficient (r) was 0.996. The method was
found to be sufficiently sensitive for the determination
of LQR in rats. The lower limit of quantification(LOQ)
of the method was 0.052
ug'mL (signal-to-noise >10).

3.3 The Recoveries and Precision Test

On the basis of plasma sample processing
operations(2.7). The accuracy and precision of the
method were evaluated with QC sample at
concentrations of 1.683 pgrmL™, 0.168 ugmL’,
0.017 pgmL". According to the processing and
determination of the plasma samples, the precision of
intra-day and inter-day were obtained. The results
were 4.4% (n=5), 0.7% (n=5), 5.7% (n=5). 3.2% (n=
5), 5.6% (n=5), 2.9% (n=>5) for the low, medium and
high QC samples, respectively. Mean recoveries of
LQR rat plasma were 88.7% (RSD=2.4%), 94.1%
(RSD=0.8%), 90.5% (RSD=3.7%), respectively.
These results indicated that the method possessed the

acceptable accuracy and high reproducibility.
3.4 Stability

The stability of LQR in plasma was evaluated
under different storage conditions at concentrations of
1.683 pg'mL™, 0.168 ug'mL™", 0.017 ugrmL™" levels. Tt
was found that LQR was stable in rat plasma after
being stored at room temperature for 24 h, the RSD
were 3.2%, 1.2%, 2.3%(n=5), respectively. After
repeating three freeze-thaw cycles and being stored at
-20°C for one week, the RSD were 4.0%, 1.5%, 3.3%
(n=5). In addition, the samples were found to be stable
in repeated freezing, in accordance with the
processing and determination of plasma samples, the
concentrations of LQR content RSD were 1.5%, 2.8%,
3.02%; In brief, The results showed that the plasma
samples of LQR had a good stability under the above

conditions.

3.5 Optimization of The Column and Analysis of
The Real Sample

Different washing and eluting steps were
investigated to optimize the process of selective
extraction, It was important to apply a washing step
immediately after loading biological sample on the

sorbent because it could reduce most of the

interferences in the separation of the analyte. Different
washing solvents with different polarity (pure water,
5% methanol in water(V/V), 10% methanol in
water(V/V)) were investigated. Besides, three kinds of
elution processes(pure methanol, 5% acetic acid in
acetonitrile (V/V) and 10% acetic acid in acetonitrile
(V/V)) were checked. Finally, we chose 5% methanol
in water (V/V) as the leaching solvent and 10%
acetate in acetonitrile (V/V) as eluent judging by the

imprinted column retention and adsorption effects.

The blood samples of 200 pL were selected and
compared with the sample before passing through the
column. Apparently, the results were enriched a lot of
times. The peak area of LQR in real sample was just
0.9 calculating in one rat(n=3). Meanwhile, the corres
ponding concentration of LQR was determined as
3.45 ng (n =3, RSD =4.8%), which could not reach
the LOQ. So, the action greatly limit the detecting
methods. However, our analysis objects couldn't
effectively convey and reflect by HPLC-UV in
chromatograms (Fig.5-S2). By analysing the content
of target compound after being directly injected, the
area of LQR was attained 38.9(n=3), which was
expressed at the concentration of 50.9ng collecting the
blood samples of 400 pL. By the enrichment, we
could fairly conduct quantitative analysis with the low
content of LQR in rat serums and we can distinctly
identify the target peak(Fig.5-S3). In addition, the
LQR can effectively selective adsorption by MI-SPE.
Therefore, the way we made could solved the analyte
of low content in serum. Furthermore, it had made
great practical significance. The way of synthesis was
not only so simple but also contained obvious effect
for the enrichment. It seems suitable to apply a bigger
volume of polymer monolith in pipette as SPE device
to extracting more drug molecules from serum for
HPLC analysis. Besides, the establishment of the
method provided many parmacokinetic parameters for
CLT, which could effectively guide the reasonable

application in clinical.
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Fig.5. S1: Blank serum containing LQR; S2: The
blood sample of 200uL after 0.5 hour oral
administration of CLT; S3: The Preconcentration of
400uL blood sample after dealing with SPE cartridge

3.6 Results of Pharmacokinetic Study

The validated MI-SPE-HPLC-UV method was
applied to a pharmacokinetic study of LQR in rats
after oral administration of CLT. The pharmaco
-kinetic ~parameters were calculated by two
-compartment model presented in Table 2. As seen
from Table 2, the T, was 0.5 h for LQR, which
demonstrated that LQR was quickly absorbed into the
body and

administration of CLT. In addition, the concentration

also quickly eliminated after oral
of LQR at 24 h plasma samples was below limit of
detection(LOD). However, the C,. of was 0.8
ug-mL™" after oral adminis tration of CLT. Meanwhile,
the little component into blood of LQR quickly
converted to other biologically active substances.
Therefore, the pharma cokinetic studies need to be

further investigated.

Clmgf.)

Tikh

Fig.6. The plasma concentration-time curve
administrated LQR
Table2.Pharmacokinetic parameters of CLT in rat

plasma after gavaging 74 mg-kg”' of LQR (n=5)

51

M3

Parameters Unit Mean+SD
Tomax H 0.50+0.00
Conax pgmL! 0.800.03
/5B H 27.49+10.46
V,/F L-kg'! 80.36+7.08
CL/F L-(hkg)! 7.97+3.41

AUC(0-t) mg-(L*h)’! 8.51+4.41

4. Conclusions

In the present work, a MI-SPE-HPLC-UV
method for the quantification of LQR in plasma was
developed and validated. Meanwhile, The MIP was
prepared in acetonitrile using LQR as template
molecule and AM as functional monomer. In the end,
the composite of the porogen were DMF and
Dodecanol, which had a better ability to identify LQR.
Mechanistic studies indicated that the recognition sites
came from hydrogen bonding, possibly causing the
between LQR and
acrylamide[29]. Owing to the presence of hydrogen,

system of benzoyl groups
the competitive reagents had a significant effect on the
recognizable performance of the polymer. MIP were
prepared by in situ polymerization, reacting in the 5
mL pipette, which was feasible and contained
potential applications. MISPE is an efficient approach
for separation and clean-up of target compound
presenting at low concen trations or in complex
matrixes. It can be envisaged that the developed
monolithic polymer was suitable to enrich other target
molecules with the similar structure as LQR. Further
investigations on its application of other flavonoid
compounds in plasma are in progress in our group.

In addition, the pharmacokinetic parameters of
LQR were preliminary studied. The developed
method was employed for the first time to a
pharmacokinetic study of CLT. Results of the present
study indicated that the pharmacokinetic information
were needed for the design and interpretation of
toxicity and clinical studies. A two-compartment
model (weight=1) was selected for pharmacokinetic
modeling, as it best fits the datas obtained from rats
using DAS software. The pharmacokinetic parameters
of LQR were presented in Table 2. The T, was 0.5 h
for LQR and AUC(0-t) was 8.51+4.41 mg-(L*h)"
However, according to the previous study[30], the
results showed that the T, of LQR was 0.25 h,
which were a little difference with previous studies.

The high bioavailability of LQR in our study may
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cause by the animal species differences, different
pharmaceuticals or individual variations. Besides, the
analytical method in our study shows high sensitivity
and selectivity for the quantitation of LQR in rat
plasma. Thus, it may be presumed that the detetion
limit of LQR may contribute to the precision in
pharmacokinetic study.

In summary, a simple, specific and sensitive
MI-SPE-HPLC-UV method was established and
validated for determination of LQR in rat plasma. The
pharmacokinetic results provided reliable data to
support the safety in clinical. In adition, the method
was a very valuable reference as clinical instruction of
CLT.

5. Acknowledgments

The authors express their gratitude for the financial
supports from the Scientific Research Foundation for
the Returned Overseas Chinese Scholars, State
Education Ministry (NO.44140022) and the financial
supports of the National Natural Science Foundation
of China (No.[2011]1139).

References

[1]JLi CM. The adverse reactions and prevention
countermeasures of compound liquorice tablets. TCM,
2(2011)116-117.

[2]Wang W, Hu X, Zhao Z, Liu P, Hu Y, Zhou J, Zhou
D, Wang Z, Guo D, Guo H. Antidepressant like effects
of liquir itin and iso liquiritin from Glycyrrhiza
uralensis in the forced swimming test and tail
suspension test in mice. Progress in Neuro Psycho
-pharmacology & Biologicalp sychiatry, 32(20
08)1179-1184.

[3]Chen ZA, Wang JL, Liu RT, Ren JP, Wen LQ, Chen
XJ, Bian GX. Liquiritin potentiate neurite outgrowth
induced by nerve growth factor in PC12 cells.
Cytotechnology, 60(2009)125-132.

[4]1SunYX, Tang Y, Wu AL, Liu T, Dai XL, Zheng QS,
Wang ZB.Neuroprotective effect of liquiritin against
focal cerebral ischemia reperfusion in mice via its
antioxidant and antia-poptosis properties. J Asian Nat
Prod Res, 12(2010)1051-1060.

[5]Wu YP, Meng XS, Bao YR, Wang S, Kang TG.
Simultaneous quantitative determination of nine
active chemical compositions in traditional Chinese
medicine Glycyrrhiza by RP-HPLC with full-time
five-wavelength fusion method. Am J Chin Med,
41(2013)211-219.

[6]Yang L, Li LL, Liu TT, Zu YG, Yang FJ, Zhao CJ,
Zhang L, Chen XQ, Zhang ZH. Development of
sample preparation method for isoliquiritigenin,
liquiritin, and glycyrrhizic acid analysis in licorice by
ionic  liquids-ultrasound based extraction and
high-performance liquid chromatography detection.
Food Chem, 138(2013)173-179.

[71Zhao HB, Hong YL, Wang YJ, Shen L, Wu F, Feng
Y, Ruan KF.Influence of combination on the specific
chromatogram of Glycyrrhiza in sini decoctions by

HPLC. Yao Xue Xue Bao. 2012, 47(4)508-511.
[8]Zhang WIJ,Fang MF, Zhao XF, Li YF, Zheng XH,
Wang YZ. Determination of Content of Liquiritin and
Glycyrrhizic  Acid in Radix Glycyrrhizae by
SPE-HPLC, China Pharmaceuticals, 17(2008)5-6.
[9]Wang H,Di LQ,Wen HM, Zhao XL, Tao JH, Wang
HH.UPLC determination of chlorogenic acid, ferulic
Acid, liquiritin and cinnamic acid in Ton gsaimai
pellets, Chinese Journal of Pharmaceutical Analysis,
31(2011) 655-658.

[10]Zhou S, Cao J, Qiu F, Kong W, Yang S, Yang M.
Simultaneous Determination of Five Bioactive
Components in Radix Glycyrrhizae by Pressurised
Liquid, Phytochem Anal, 2(2013)1-7.

[117You W, Zheng ZX, Gao ZN. Electrochemical
behaviors of LQR at hanging mercury drop electrode
and its electrochemical determination. Chin J Anal
Lab, 27(2008)5-7.

[12]Sun YT, Bi SY, Zhao L, J DY. The Fluorescence
Spectral of liquiritin. Lishizhen Medicine And
Material Research, 22 (2011)2851-2853.

[13]Zhang JZ, Gao WY, Gao Y, Liu DL, Huang LQ.
Analysis of influences of spaceflight on chemical
constituents in licorice by HPLC-ESI-MS/MS, Acta
Physiol Plant , 33(2011)2511-2520.

[14]LT WL, Chen Q, Bai J, Sun Z, Yang Y, Ji YB.
Analysis of Metabolites of Bazhen Decoction in Rats
by HPLC-DAD-ESI/MS"  Technique.  Chinese
Pharmaceutical Journal, 46 (2011)422-425.
[15]Ackermans MT, Kettelarij-Haas Y, Boelen A,
Endert E. Determination of thyroid hormones and
their metabolites in tissue using SPE UPLC-tandem
MS. J Biomedical Chromatography, 26 (2012)485-
490.

[16]Patel AV, Sumner S, Thompson HL, Blunden G,
Wright D, Liu JF, Zan JF. Headspace, Solid-phase
microextrac tion, gas chromatographic-mass spec
-trometric analysis of terpenoids in the latex of
Euphorbia species. Nat Prod Commun., 8(2013)63-65.
[17]Javanbakht M, Namjumanesh MH, Akbari
-Adergani B. Molecularly impr -inted solid-phase
extraction for the selective determination of
bromhexine in human serum and urine with high
performance liquid chromatography. Talanta, 80
(2009)133-138.

[18]Rafaela M, Jennifer S, Angela G, Heidi P, Helga K.
Determination of psilocin, bufotenine, LSD and its
metabolites in serum, plasma and urine by
SPE-LC-MS/MS, Int J Legal Med, 127 (2013)
593-601.

[19]Stefan K, Beat A, Stephan L, Martina G,
Wolfgang W. On-line SPE LC-MS/MS for the
quantification of 9-tetrahydrocannabinol (THC)
and its two major metabolites in human peripheral
blood by liquid chromatography tandem mass
spectr ometry, Anal Bioanal Chem, 400 (2011)9-16.
[20]Manuel S, Natalia B, Camilla M, Roberta C,
Mauro M, Dario C. Determination of the two major
endocannabinoids in human plasma by p-SPE
followed by HPLC-MS/MS, Anal Bioanal Chem,
405(2013)785-793.

[21]Vitor RV, Martins MCG, Figueiredo EC, Martins I,
Application of mole cularly imprinted polymer solid



Analytical Methods

-phase extraction for salivary cotinine, Anal Bioanal
Chem, 400 (2011) 2109-2117.

[22]Schwarz LJ, Danylec B, Yang Y, Harris SJ,
Boysen RI, Hearn MTW.Enrichment of (E)-
Resveratrol from Peanut Byproduct with Molecu larly
Imprinted Polymers, J Agric Food Chem,
59(2011)3539-3543.

[23]Zhang HW, Li K, Liang ZX, Wang FY, Lu QW.
Development of a monolithic polymer pipette for
solid-phase extraction of liquiritigenin in rat
plasma,Chinese Chemical Letters, 23(2012)723-726.
[24]Z. Altun, C. Skoglund, M. Abdel-Rehim
Monolithic packed 96-tips for bioanalysis applicaions,
invited paper, J. Chromatogr. A, 1217(2010)
2581-2588.

[25]Skoglund C, Bassyouni F, Abdel-Rehim M.
Monolithic packed 96-tips set for high-throughput
sample preparation: Determination of cycloph
osphamide and busulfan in whole blood samples by
monolithic packed 96-tips and LC-MS, Biomedical
Chromatography, 27 (2013)714-719.

[26]Liang SS, Chen SH. Monolithic microextraction
tips by emulsion photop olymerization, Chromatogr.
A, 1216 (2009)2282-2287.

[27] Fang JP, Zhang L, Zhang XH, Huang JZ, Tong S,
Kong T, Tian ZY, Zhu JH. Molecularly imprinted
polymers for selective extraction of synephrine from
Aurantii Fructus Imm aturus, Anal Bioanal Chem, 402
(2012)1337-1346.

[28]You W, Wang SH. HPLC determination of
Liquiritin in compound liquorice tablets, Ningxia
Engineering Technology, 4(2005)357-358.

[29]Yang Q Q, L1 J, Di B, Su M X, Yan F. Preparation
of baicaleinmolecularly imprinted monolithic columns,
Chin J Pharm Anal, 31(2011)1-5.

[30]Li L, Liang SP, Du FF, Li C. Simultaneous
Quantification of Multiple Licorice Flavonoids in Rat
Plasma, J Am Soc Mass Spectrom, 18(2007)778-782.

Page 8 of 10



Page 9 of 10

Analytical Methods

A table of contents entry

[Title]:Pharmacokinetic study of liquiritin in rat serum using molecularly
imprinted solid-phase extraction combined with RP-HPLC

[Author]: Huang Y', Li K'*, Shao HK ',Liu SQ', Xiang FJ 2

[Author affiliation]: 'School of Pharmacy, Guangdong Pharmaceutical University, Guangzhou 510006,
Guangdong, China; 2Kangmei Pharmaceutical CO., LTD, Guangzhou 510006, Guangdong, China

[Abstract]: This study was aimed to explore an approach that could be applied to
promulgate the pharmacokinetic and provide more information for the clinical
application. A new method using MI-SPE-HPLC-UYV for the determination of LQR in
rat plasma demonstrate its applicability in analy zing pharmacokinetic parameters of
LQR after a single oral administration of CLT, so as to provide reliable data to support

the safety in clinical. In the form of a chart can be expressed as follows.

> ‘"_iﬁQm;,;:sawr
Sy !

Sequence of SPE Extraction Steps

. m — i
W } 1 :f\.\

L1 =

Condition/ Load Wash Elute
Equilibration ~ Sample Interferences  Analytes
(Not Required (0ptional)

for NP)

[Keywords]:

1.Introduction
2.Experimental

2.1 Chemicals and Reagents

2.2 Instrument and Equipment

2.3 Dosage Regimen
2.4 Preparation of Molecularly Imprinted Polymers

2.5 The Scanning Electron Microscopy (SEM) of Monolithic Column



Analytical Methods

2.6 Imprinted Activated and Template Column Eluted

2.7 Plasma Sample Preparation

2.8 HPLC Chromatographic Conditions
2.9 Pharmacokinetics

3. Results and discussions

3.1 Specificity

3.2 Calibration Curve and Linear Range

3.3 The Recoveries and Precision Test

3.4 Stability

3.5 Optimization of The Column and Analysis of The Real Sample

3.6 Results of Pharmacokinetic Study

4.Conclusions

5.Acknowledgments

Page 10 of 10



