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Abstract

A specific and accurate high-performance liquid chromatographic method has been developed and validated for the simultaneous determi-
nation of luteolin and apigenin in the plasma of dog. The sample was treated with 6.0% perchloric acid to precipitate the protein. Luteolin and
apigenin were extracted with ethyl acetate. The organic layer separated was dried and reconstituted in the mobile phase. The HPLC separatior
was performed on {g column and the UV detector was set at 350 nm. The standard curve for luteolin and apigenin in plasma were linear
over the range of 38.5-4350 and 16.5-1860 ng/ml, with the correlation coefficients 0.9996 and 0.9999, respectively. The assay recoveries for
luteolin and apigenin ranged from 102.7 to 104.5% and 93.8-101.8%, respectively. The intra- and inter-day precisions (R.S.D.) for luteolin
and apigenin were all less than 7.9%. The sample was stable within 244Cattdrage, 30 days at20°C storage, and undergoing four
freeze—thaw-assay cycles. The limits of detection (LOD) of luteolin and apigenin were 1.82 and 1.94 ng/ml, while the limits of quantification
(LOQ) were 7.84 and 6.29 ng/ml, respectively. The method developed was applied successfully to study pharmacokinetics of the effective
composition (luteolin) ofChrysanthemum morifoliuextract in dogs after single dose of oral administration.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction orally administrated4,5]. Our previous studies also showed
luteolin-7-Of-p-glucoside and apigenin-7-@-b-glucoside
The flower ofChrysanthemum morifoliurRamat. (CM) were not be detected in plasma of dog even if 15 g/kg of CM
has been widely used as a healthy food and folk medicine was administrated orally. Luteolin and apigenin possess di-
in China for a long time. Its antioxidation, vasoactive ef- verse pharmacological activities which could be related with
fects and anti-ischemia/reperfusion injury action have been most actions of CM in clini§6,7]. We suggested that luteolin
proved in animal models and clinid,2]. It is found that and apigenin might be the bioactive components of CM when
the flavonoids are abundant in CM. The main flavonoids in it was orally administrated.
CM were luteolin-7-OB-p-glucoside and apigenin-7-@- Flavonoids absorption and metabolism have been studied
p-glucosiddg 3] which could be biotransformed to their agly- by in vitro methods for instance in human intestinal Caco-2
cone forms—Iuteolin (34',5,7-tetrahydroxyflavone), and cells[8] and rat liver microsom¢g9]. However, to the best
apigenin (4,5,7-trinydroxyflavone)Kig. 1), respectively, in of our knowledge, the pharmacokinetics of flavonoids or
intestine by microorganism when the extract of CM was flavonoids contained Chinese traditional medicine and other
natural drugs has not been reported broddg]. There-
mpondmg author. Tel.: +86 571 87 217226: fore,_ our present study gim; to develop a HPLQ mgthpd
fax: +86 571 87 964190. for simultaneous determination of luteolin and apigenin in
E-mail addresshdjiang@zju.edu.cn (H. Jiang). plasma for further studies on the pharmacokinetics and action
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Fig. 1. The chemical structures of luteolin and apigenin.

mechanism of bioactive compositions of CM extract (CME)
orally administered by dog.

2. Experimental
2.1. Materials

Luteolin and apigenin (purity >99%) were obtained from
J & K-ACIoS (serial number: 62696) and Lot 111K1520
SIGMA-ALDRICH CO., respectively. Methanol and ace-
tonitrile, HPLC grade, were purchased from Merck Co. Ltd.
CME was provided by the Institute of Medicine, Zhejiang
University, China, containing 7.60 and 5.19% of luteolin and
apigenin determined by HPLC after being hydrolyzed with
hydrochloric acid. The other reagents were of analytical pu-
rity.

Beagle dogs, 13.0-15.0 kg, were purchased from the Ex-

perimental Animal Center of Zhaoqin, Guangdong Province,
China. Animal welfare and experimental procedures were
strictly in accordance with the guide for the care and use of
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methanol and 0.2% phosphoric acid aqueous solution (58:42,
v/v) at a flow-rate of 1.0 ml/min. The volume of sample in-
jected was 5Qul, the detective wavelength and the column
temperature were set at 350 nm and' @Qrespectively.

2.5. Preparation of reagents and solutions

A stock solution containing 232y0g/ml luteolin and
99.2ug/ml apigenin was prepared in methanol. This so-
lution was diluted with the mobile phase to prepare the
working solutions containing 1.544, 4.632, 23.16, 46.31,
77.33, 116.0 and 1740g/ml of luteolin and 0.660, 1.980,
9.900, 19.80, 33.07, 49.60 and 74 49/ml of apigenin,
respectively. The analytical standards were used to as-
sess the linearity, recovery, accuracy, precision and stability
studies.

Plasma calibration standards, containing 38.50, 115.8,
578.8, 1158, 1933, 2900 and 4350ng/ml of luteolin and
16.50, 49.50, 247.5, 495.0, 826.8, 1240and1860 ng/ml of
apigenin, respectively, were prepared individually by diluting
5wl of the working standards to 0.2 ml plasma. This method
was used to prepare appropriately calibration standards in
plasma in replicates. The calibration standards were prepared
freshly on each day of analysis.

2.6. Assay sample preparation

0.2 ml 6.0% perchloric acid was added slowly into 0.2 ml
blank, control or sample plasma to precipitate protein com-

|ab0rat0ry animals and the related ethical regulations of our p|ete|y Luteolin and apigenin were extracted with 3.0ml

university.
2.2. Instrumentation

Agilent 1100 HPLC system, equipped with G1314A

of ethyl acetate by vortexing for 5min. After centrifuga-
tion for 10 min at 3500 rpm, 2.0 ml of the supernatant or-
ganic phase were carefully transferred to another tube and
evaporated to dryness in the vacuum desiccator under room
temperature. The residue was reconstituted in (256f

isocratic pump, a thermostatted column compartment, amobile phase, the mixture was centrifuged for 10 min at

variable-wavelength UV detector (VWD) and Agilent Chem-
station software.

2.3. Sample collection

Dogs were orally administrated with CME at the dosage

12,000 rpm and the supernatant was injected into the HPLC
apparatus.

3. Results

of 102 mg/kg after being fasted for 12 h. The blood samples 3.1. Validation

(1.0 ml) were collected from saphenous vein in a 5ml tube
containing heparinat 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 8.0, 10.0

by centrifugation for 10 min at 3000 rpm. Blank plasma was

»3.1.1. Separation and selectivity
12.0, 24.0 h after administration. The plasma was isolated

Individual blank plasma sample, control sample and
plasma sample following an oral administration of CME were

collected by the same method before dogs were orally dosedassayedFig. 2 showed the chromatograms of blank sam-

with CME.
2.4. Chromatographic condition
The analysis was performed on Diamonsil OD£ €ol-

umn (250 mmx 4.6 mm, 5um). The optimum separation of
HPLC was carried out with a mobile phase composed of

ple, blank plasma sample spiked with 1158 ng/ml of lute-
olin and 495.0 ng/ml of apigenin. Luteolin and apigenin were
well separated under the present chromatographic condition.
Retention time was approximately 11.0 min for luteolin and
17.0 min for apigenin. No interference peaks of endogenous
constituents from plasma and reagents were observed at the
retention time of luteolin and apigenin.
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Fig. 2. Chromatograms of blank plasma (A); plasma spiked with 1158 ng/ml luteolin and 495.0 ng/ml apigenin (B); plasma sample after an oratiadministra
of CME (102 mg/kg) for 2.0 h (C). (1) Luteolin; and (2) apigenin.

3.1.2. Calibration curve 3.1.3. Recovery

The peak areay] of the luteolin and apigenin was mea- Blank plasma of dog was spiked with luteolin and apigenin
sured and plotted against the concentratigofluteolin and at low, medium and high concentration, respectively (see
apigenin after HPLC analysis. The standard curve of luteolin Table ). Five samples for each concentration were processed
and apigenin in dog plasma were linear over the range of as described previously. The assay recovery was obtained by
38.50-4350 and 16.50-1860 ng/ml, respectively. The regres-comparing the peak area of luteolin and apigenin of the ex-
sion equations werg=0.133%+0.5419 (=0.9996,n=7) tracted samples with which calculated from the calibration
for luteolin andy=0.110%+0.5125 (=0.9999,n=7) for curve. While, absolute recovery were determined by com-
apigenin, respectively. paring the peak area of luteolin and apigenin of the extracted
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Table 1 _ o stability of freeze—thaw cycles was done over four cycles at
Recovery for assay of luteolin and apigenir=(5) —20°C, 97.5-104.1% and 94.1-105.9% of initial content of
Theoretical concentrationAbsolute recovery Assay recovery luteolin and apigenin were detected. The previous stability
(ng/mli) Mean (%) R.S.D.(%) Mean(%) RSD.(%) (ests demonstrated that the analytes were stable under these
Luteolin conditions.

38.50 91.08 7.9 108 87

1933 88.35 0.70 102 0.70 3.1.6. Sensitivity

4350 9069 083 103 10 The limit of detection (LOD) of luteolin and apigenin was
Apigenin 1.82 and 1.94 ng/ml in dog plasma, respectively, which was

16.50 96.52 8.1 982 11 measured based on signal/noise (S/N) =3 with dilution step

826.8 89.92 0.52 106 053 by step

1860 91.73 15 108 15 )

The limit of quantification (LOQ) was defined as the low-
est nominal concentration of the control sample in five repli-
cate with acceptable precision and accurac2@% R.S.D.).

samples with the peak area obtained from direct injections e LOQ of assaying luteolin and apigenin in dog plasma
of a standard solution containing the same concentration of\ a5 7.84 and 6.29 ng/ml, with R.S.D.=6.2 and 5.9%, re-

luteolin and apigenin. As the results shownTable 1 the spectively.
lowest absolute recovery was 88.35% while the lowest assay
recovery was 93.82%, which revealed that the accuracy of

the method was satisfied. 3.2. Pharmacokinetic study of CME in dogs

The developed HPLC method was applied to determine lu-
teolin and apigenin plasma concentrations in the dog follow-
ing single oral dosing of CME (102 mg/kg). Unexpectedly,

the concentration of apigenin was below the LOQ, the mean
The intra- and inter-day precision (R.S.D.) of the entire an- P9 Q

iical q | db sis h Splasma concentration—time profile of luteolin best-fitted two-
alytical procedure were evaluated by analysis homogeneou compartment model with 0.333h lag time was shown in

sample in five replicates in 1 or 5 days. All values of R.S.D. Fig. 3
of intra-assay were less than 7.9%, while the values of R.S.D. ¢
for inter-assay precision were less than 6.0%b(e 9.

3.1.4. Precision
Blank plasma spiked with three different concentrations of
luteolin and apigeninTiable 2 were used for precision study.

Software 3P87 was applied to the various pharmacokinetic
parameters for luteolin, the results were listed@aible 3 Ap-
parent maximal concentratioax) and the corresponding

3.1.5. Stability _ time (tmax) of luteolin were about 450 ng/ml and 3.0 h deter-
The plasma samples were assayed under three differentyine visually from the concentration—time profile. The pa-

conditions to assess the _s.tgbility of luteolin and apigenin.in rameters of luteolin after oral administration of CME includ-
plasma samples. All stabilities were assayed at low and h'ghing: the half-life for first exponential termt(,), and half-
concentrations (38.50 and 4350 ng/ml for luteolin, 16.50 and |ita for second exponential termyf5) which were calcu-

1860 ng/ml for apigenin) in triplicate. In short-term stability |5;aq by In (AUG_z4 )/ and In (AUGy_p4 1)/, wherea and
test, samples were stored in refrigeratof @} for 0-24h, g 5re the rate constants for the first and second exponential

the assay was performed at 0, 2, 4, 8, 12, 24 h, the resultemg respectively, the total area under the plasma concen-
showed 94.0-105.1% and 91.3-104.5% of initial content of \~+i5n versus time curve (AU 24 1) which was determined

luteolin and apigenin were recovered. Long-term stability

was studied by assaying samples after 1, 3, 7, 15, and 30 00m

days of storage{20°C), 97.6-107.5% and 95.2—-103.2% of
initial content of luteolin and apigenin were recovered. The - 600
E
Table 2 %D 300
Precision of assay for luteolin and apigenin 2 400+
=
Theoretical concentration (ng/ml) Precision (% R.S.D.) g
3 300
Intra-assay Inter-assay §
Luteolin g 2004
3850 7.9 6.0 2 100
1933 2.3 34
4350 0.86 16 0
0 0 20 30
Apll%esncl)n s . time/h
12228 2123 31% Fig. 3. Mean £&S.D.) plasma concentration—time profile of luteolin after

oral administration of CME (102 mg/kg) to dogs< 3).
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Table 3 4.3. Internal standard (IS)
Pharmacokinetic parameters of luteolin after oral administration of CME
(102 mg/kg) to three dogs

The study was initially tried wit3-naphthol and quercetin

Parameters Meah S.D. as IS. It was regretted th@tnaphthol was oxidized so eas-
tayz ()2 1.799+ 0.37 ily that it was undetectable after sample preparation. Ac-
tuzs ()° . 6.968+ 3.0 cording to the retention time in the present chromatographic
X‘l‘jzéi)f:ﬁ(r?;/mm), 1;)%21 3;192 condition, quercetin was suitable to be an internal standard,
CL (kg h)® 33.144+ 8.7 however, the absolute recovery of the quercetin was only
Crmax (ng/mly 463.9+ 87 about 10% because of its extensive binding to plasma pro-
Tmax (h)° 1.540+ 0.30 teins[12]. The IS was given up ultimately. The variations in

a The half-life of luteolin for the first exponential. the observed analyte concentrations for absolute- and assay-

b The half-life of luteolin for the second exponential. recovery (% mean)Table ) and intra- and inter-assay pre-

¢ Apparent volume of the distribution of central compartment. cision (% R.S.D.)'(able 3 were within the acceptable limits

q A SRR
Area under the plasma concentration—time curve to time |nf|n|ty. 0 . 0
e plasma clearance. of <20% at lowest concentration ard 5% at all other con-

' The maximum plasma concentration. centrations without 1$13]. Therefore, the method without
9 The time to reaclCmax. IS was also feasible.

4.4. Application of the method

by the linear trapezoidal rule from time zero to last sam- . . : S .
Y P CME contains luteolin glucoside and apigenin glucoside

pling point equal to or above the lower limit of quantitation ) . .
AUC;, added as the residual area as estimated by Iog—linearWhICh could be hydrolyzed to their aglycones by the action

extrapolation to infinity, and plasma clearance (CL) as well as thmte.? tinal m&crqqrgarys(;n orlllnt(?rs;mal hydr(t)lyttuijen?yme d
apparent volume of distributiotv§/F) were calculated from when It was administrated orafly. The present study showe

CL = Dose/AUC andVy/F = CL/B, respectively, wher€ is that the concentration of apigenin was too low to be mea-
the fraction of the administered,dose absorbéd sured accurately after the dog was orally administered with

single dose of CME, while the plasma concentration of lute-
olin could be determined without any problem. The same cir-
cumstance occurred in rabbit. Other study in our lab showed

4. Discussion that the concentration of apigenin was very low in plasma
_ of dogs even 920 mg/kg of CME was administrated orally.
4.1. Extraction solvent However, the content of apigenin in CME used in this study

was 5.19%. The concentration of apigenin was also lower

According to Ref[11], the solvent of acetone and diethyl than LOQ even apigenin was orally administrated to rabbit.
ether with different ratio used to extract luteolin and apigenin, Therefore, we suggested that apigenin may be transformed to
the results showed that the extraction recoveries of luteolin |uteolin in vivo [14,15] However, the pharmacokinetic pro-
and apigenin were about 55 and 40%, respectively. It was de-cess was best-fitted to two-compartment model by comparing
duced that due to muItipIe hydroxies present in the structure the AIC values between some possib|e models whose AIC
of luteolin and apigeninKig. 1), both of them had strong  \was smallest.
polarity which resulted in low solubility in low polarity sol- Though, the method was unable to determine the apigenin
vent. Therefore, the higher polarity of solvent, ethyl acetate when apigenin and its glucoside were orally administrated,
was employed, and the satisfactory extraction recoveries wereit can be applied to assay apigenin injected. The study is still
obtained. The extraction recoveries obtained with 3.0 ml of ynderway in our lab.

ethyl acetate were more than 88 and 89% for luteolin and api-
genin, respectively. Moreover, the endogenous components
of the dog plasma did not interfere with the elution of any of 5. Conclusion
the analytesKig. 2).
A reversed-phase HPLC assay for simultaneous determi-
nation of luteolin and apigenin in dog plasma has been de-
4.2. Reagent for protein precipitation veloped and validated. It has been proved simple, rapid, and
reliable method for quantitative determination of luteolin in
To get clear biological sample and protect the HPLC col- plasma samples from three dogs after single oral administra-
umn, it is necessary to precipitate the plasma protein. Thetion of 102 mg/kg CME. Its applications to the determination
organic precipitating agents, acetonitrile and methanol, were of luteolin in plasma of experimental animals after adminis-
tested. However, both of them failed due to poor recoveries tration of Chinese traditional medicine or natural drug con-
and incomplete precipitation. Finally, 6% perchloric acid was taining luteolin or luteolin glucoside are in progress in our
adopted, as a result, the recovery was increased markedly. lab.
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