Available online at www.sciencedirect.com

SGIENOE@DIRECT° ]OURNALOF
CHROMATOGRAPHY B

VA,

oot F Sty
ELSEVIER Journal of Chromatography B, 823 (2005) 172-176

www.elsevier.com/locate/chromb

A HPLC method for the analysis of germacrone in rabbit plasma
and its application to a pharmacokinetic study of germacrone
after administration of zedoary turmeric oil

Jian You*, Fu-de Cui, Qing-po Li, Wang Yong-sheng, Xu Han, Ying-wei Yu

Department of Pharmaceutics, School of Pharmaceutical Science, Shenyang Pharmaceutical University,
No. 103 Wenhua Road, Shenyang 110016, China

Received 5 November 2004; accepted 17 June 2005
Available online 18 July 2005

Abstract

A validated new, simple and highly sensitive reversed-phase HPLC method is developed for studying the pharmacokinetics of germacron
after intravenous administration of zedoary turmeric oil (ZTO) oil-in-water microemulsion. The method did not require a complex and
expensive equipment. A high extraction recovery (>80%) of germacrone was obtained. Linear calibration curves obtained with the peak-are:
ratio (y) of germacrone to internal standard (tanshinonellA) versus drug concentegtweré found to be linear between 8.08 and 808 ng/ml.

The limit of quantitation was 8.08 ng/ml.The monitored compounds were completely separated from others in ZTO and from endogenous
species in plasma by HPLC. Pharmacokinetic investigations were performed on 18 male rabbits after intravenous administration of ZTO
microemulsion via the ear vein at germacrone doses of 3.2, 6.4 and 9.6 mg/kg. The plasma concentration—time data fit to a two-compartmer
intravenous model with a weight of @7 (C: germacrone concentration in plasma). Germacrone exhibited linear pharmacokinetics after
intravenous administration of ZTO microemulsion to rabbits over the germacrone dose range 3.2—9.6 mg/ml.

© 2005 Elsevier B.V. All rights reserved.
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1. Introduction 1-one,3,7-dimethyl-10-(1-methylethylidenc&)-( E), A
in Fig. 1 showed its potent protective effects am
Curcuma zedoarigBerg.) Rose. (Zingiberaceate), also galactosamine/lipopolysaccharide-induced liver injury in
called Er-zhu in Chinese, has long been used as a folkmice and potent inhibitory effects on contractions induced
medicine. The essential oil, zedoary turmeric oil (ZTO), is by high concentration of Kin isolated rat aortic stripi§,7].
extracted from the dry rhizoma of this plant. In Japanese GC-MS|[8] and HPLC methodf] were developed for the
and Chinese traditional medicines, ZTO is prescribed as adetermination of the active components (e.g. germacrone) in
stomachic and emmenagague in various traditional prepara-ZTO to evaluate the quality of Rhizoma Curcumae. However,
tions[1,2]. From ZTO, some hepatoprotective sesquiterpene no information is available about the pharmacokinetics of
compounds were isolatefB3-5], including furanodiene,  germacrone as yet. Three difficulties restrict the further study
germacrone, curdione, neocurdione, curcumenol, isocur-of in vivo absorption and pharmacokinetics of germacrone,
cumenol, aerugidiol and zedoarondiol. A few studies on such as instabilityf10,11], strong volatility and low UV
germacrone (8.012%, w/w, in ZTO) [3,7-cyclodecadien- absorption. In this study, we develop a validated new, simple
and highly sensitive reversed-phase HPLC method for study-
"+ Corresponding author. Tel.: +86 24 81301475 fax: +86 24 23843711, '"d the pharmacokinetics of germacrone after intravenous
E-mail addressesyoujiandoc@yahoo.com.cn (J. You), administration of ZTO oil-in-water microemulsion. The
cuifude@163.com (F. Cui). monitored compounds were completely separated from the
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after agitation (FA 25, FLUKO Equipment Shanghai Co. Ltd.,
China) at 10000 rpm for 5 min, in which the contents of ger-

O
=, macrone were 2.0, 4.0 and 6.0 mg/ml, respectively.
o e 2.4. Animal study
(A) (B) Male rabbits weighing 2.5 0.3kg were provided by

the Animal Center of Shenyang Pharmaceutical University
(Shenyang, China). The rabbits were fasted overnight but
others in ZTO and endogenous species in plasma by HPLC.were allowed free access to water. The animals were divided
The study of the pharmacokinetic parameters of germacroneinto three groups (six animals each), receiving germacrone
will provide useful information for its clinical development. dose of3.2,6.4and 9.6 mg/kg viathe ear vein. The blood sam-
ples (about 1.0 ml) were withdrawn via the other ear vein at
predetermined time intervals up to 24 h after the drug admin-

Fig. 1. The structure of germacrone (A) and tanshinone IIA (B).

2. Materials and methods istration and were collected in heparin tubes. The plasma was
) separated by centrifuging at 100Q@ for 5 min and stored
2.1. Chemicals and reagents at—20°C until used for assay.

ZTO was provided by Jiangxi Tongren Natural Perfume 2.5. Sample preparation and assay
Co. (Jiangxi, China); the standards (germacrone and tanshi-
nonellA (B in Fig. 1); the purities: 98.3 and 97.9%, respec- Thawed specimens (0.5ml) were mixed by vortexing
tively) were purchased from National Institute for the Control with 20ul internal standard (3.@g/ml tanshinonellA in
of Pharmaceutical and Biological Products (Beijing, China). methanol) for 30 s, and 1G4 zinc sulfate heptahydrate solu-
Methanol, tetrahydrofuran and acetonitrile of HPLC-grade tion (0.5 g/ml) was added in order to precipitate proteins. The
were obtained from Concord Tech. Co. (Tianjin, China). All solution was centrifuged at 12080g for 5 min to obtain a
other chemicals, such as zinc sulfate heptahydrate solutionclean supernatant. After the supernatant was separatgdl, 80
anhydrous sodium sulfate were of analytical grade. Water of acetonitrile and 80 mg of anhydrous sodium sulfate (as

was deionized and distilled. the dehydrating agent) were sequently added to the precipi-
tate and the mixture was vigorously agitated by vortexing for
2.2. Apparatus and chromatographic conditions 10 min. The resultant solution was centrifuged at 120@

for 10 min again. The obtained clean supernatant was trans-

The HPLC system consisted of a pump (Hitachi L- ferred into a clean glass tube for injection onto the HPLC
7110, Japan), axBondapak C18 column (DiamonSH, system.
200 mmx 4.6 mm, 5um particle size), a guard column Peak area ratios of the compound compared to the internal
(10mmx 4.6 mm) packed with C18 material, a column standard were taken. Using the slope and intercept calculated
oven (Shimadzu CTO-10AS, Japan) and a UV-vis detec- by linear regression analysis of the calibration curve data,
tor (Hitachi L-7420, Japan). The mobile phase was preparedmade on each day of analysis, the concentration of germa-
by mixing 800 ml methanol with 50 ml tetrahydrofuran and crone was calculated.
200 ml 0.1 mol/L sodium acetate solution adjusted to pH6.8
with acetic acid. The solvent was filtered through a Quab
filter and degassed. The concentration of germacrone in the
samples was determined at 245 nm by injecting.2@lume
onto the column with a flow rate of 0.8 ml/min. All chro-
matography was performed at 30.

2.6. Data analysis

Pharmacokinetic parameters were calculated from
plasma concentration—time data using a single-dose, two-
compartment intravenous model with 3P97, a practical phar-
macokinetic program (the Chinese Society of Mathematical

Ph logy). The dat best fit with ight GP1/
2.3. Preparation of the microemulsion of ZTO armacology). The data were best fit with a weig

To prepare microemulsions of ZTO, oil phase was com- 3. Results and discussion

posed as follows: propanediol (0.82 ml) and poloxamer188

(0.28 g) were melted down and mixed with polysorbate 80  TanshinonellA was chosen as the internal standard
(0.389). 0.11, 0.22 and 0.33g of ZTO dissolved in ethanol because of its similar property with germacrone and the sat-
(0.73ml) were respectively added into above the mixture isfying resolution between the two compounésy( 2). As
under vigorous agitation to obtain the emulsions with three can be seen, no interference was found in the region of inves-
concentration levels of ZTO. The obtained oil phase was tigated compounds. Germacrone and the internal standard
added into the distilled water. The resultant microemulsions (tanshinonellA) were well separated under the experimental
(O/W) with three concentration levels of ZTO were obtained conditions as described above, with retention times of 13.87
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Fig. 2. Chromatograms of germacrone and tanshinonellA. (A) Blank plasma,; (B) blank plasma spiked with germacrone (40.4 ng/ml, peak 1) andl#anshinone
(132 ng/ml, peak II); (C) plasma sample of a rabbit, 20 min after intravenous administration of the ZTO microemulsions at germacrone dose of 6.4 mg/kg
(determined germacrone concentration: 628.8 ng/ml, peak ).

and 17.47 min, respectively. The chromatographic mobile mobile phase was lower than 6.0. The final separation of
phase composition is a critical factor for the separation samples was performed at pH 6.8.

of monitored compounds from the others in ZTO and the  Germacrone, as a sesquiterpene compound, has high
endogenous in plasma. The resolution between germa-volatility. A liquid—liquid extraction procedure could not
crone and the internal standard depended strongly on thebe employed here, since germacrone would be lost during
amount of tetrahydrofuran. With more tetrahydrofuran the extraction due to its volatility. Protein-precipitation proce-
resolution became smaller than 1.5. Contrarily, a scarcity dure, as an alternative preparing-sample method, was not
of tetrahydrofuran produced greater resolution between on its own adequate because of the incomplete removal of
the two peaks. Complete separation between monitoredprotein, and moreover, the sensitivity became lower when
compounds and the others in ZTO was obtained at thethe samples were diluted with the precipitating agent. To
methanol/water ratio (800:200), while the determination of determine the amount of germacrone in plasma, a novel
germacrone and the internal standard was interfered withmethod of sample preparation was employed, which was
by the endogenous compounds in plasma when pH of thecomposed of two processes, protein precipitation followed
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by solvent extraction. It was found that the types of precip- 1000

LT . #+  3.2mg/kg(o
itating agent and extracting-solvent as well as the amounts

bs)
L] 6.4 mg/kg(obs)

(
(
(
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(
(

of them were critical factors for protein-precipitation and & 9.6 mg/kg(obs)
extract recovery. Three steps were involved in the preparation : — - — 32mghkg(oah
wowodx_ |t 6.4 mg/kg(oal)

)

of samples, using zinc sulfate heptahydrate solution, acetoni-
trile and anhydrous sodium sulfate, after which the sample
cleanup was complete. In the first step, protein precipitation,
the water-soluble precipitating agent zinc sulfate heptahy-
drate was added, and then liquid was separated from the
mixture by centrifugation and removed. The denatured pro-
tein and monitored compounds were coprecipitated because
oftheir water-insoluble nature. From the precipitate, the mon-
itored compounds were extracted by addition of acetonitrile, 1
which has the capacity to dissolve them while maintaining the
majority of proteins in a precipitated state. In addition, ace-
tonitrile is suitable for injection onto the HPLC system, and Fig. 3. The mean plasma concentration—time profiles of germacrone after
a high extraction recovery of germacrone was obtained whenintravenous administrations of the microemulsion, the points (obs) are the
acetonitrile was used as the extracting-solvent. The extrac_experimental data (mean+S.D.), the lines (cal) are the pharmacokinetic
tion recovery was improved on the increase of acetonitrile, Mod®! fitted curves.
But, the sensitivity will become low because of diluted sam-
ples with excessive addition of acetonitrile. As a drying and 103.5, 96.6 and 95.8% at three different concentrations (10.1,
precipitating agent, the residual moisture and protein were 101.0 and 707.0 ng/ml), respectively. The extract recovery of
completely removed from the clean supernatant by addition germacrone was within the range of 81.3-90.2%. The inter-
of anhydrous sodium sulfate and then centrifugation. Suffi- nal standard showed a mean extraction recovery of 67.5%
cienttime of extraction is required to obtain the high recovery with R.S.D. <5% (=5). The limit of quantitation, defined
achieved in this method. as the lowest concentration level which was measured pre-
For the calibration curves, pools of plasma were spiked cisely and accurately with R.S.D. and bias less than 10%, was
with germacrone working standards, which were obtained calculated from the five independent made replications and
using serial dilution from a stock solution, to obtain con- was confirmed to be 8.08 ng/ml. The stability tests of germa-
centrations of: 8.08, 20.2, 40.4, 80.8, 202.0, 404.0 and crone in plasma, stored in three concentrations (10.1, 101.0
808.0 ng/ml. The calibration curves were obtained with peak- and 404.0 ng/ml), after each of the three freeze—thaw cycles,
area ratio of germacrone to internal standard from plasmaduring 1 month, confer stability of germacrone during these
samples after analytical procedure versus drug concentrationoperations.
Within- and between-day precision were calculated for three  Pharmacokinetic investigations were performed on 18
concentrations (10.1, 101.0 and 707.0 ng/ml), correspondingmale rabbits after intravenous administration via the ear vein
to quality control samples of the method. The samples, which at germacrone dose of 3.2, 6.4 and 9.6 mgikg. 3 shows
were prepared before experiment and were stored in the saméhe mean plasma concentration—time profiles of Germacrone
conditions as samples taken from animals, were assessed ovafter intravenous administration of the ZTO microemulsion.
the current made calibration curve. The within- and between- The plasma concentration—time data fit to a two-compartment
day precisions (R.S.D.) ranged from 4.8 to 7.7% and from 3.5 intravenous model with a weight of@?. The pharmacoki-
to 8.9%, respectivelyTable 7). Method and extract recover-  netic parameters are summarizedTeble 2 The distribu-
ies were quantified at three different concentrations (10.1, tion half-lives were very short (0.16, 0.15 and 0.15h for
101.0 and 707.0 ng/ml). The recovery of internal standard, in germacrone dose of 3.2, 6.4 and 9.6, respectively), but the
concentration used in experimental procedure, has also beerlimination half-lives were longer (6.7, 9.5 and 8.9h for
carried out. The mean method recoveries (accuracy) weregermacrone dose of 3.2, 6.4 and 9.6, respectively), which

9.6 mg/kg(oal

———
Seal

10 1
Il :

Conentration (ng/ml)

0 4 8 12 16 20 24
Time (h)

Table 1

Recovery and precision of the method in rabbit plasmag, meant S.D.)

Conc. (ng/ml) Method recovery (%) Extract recovery (%) Within®RyS.D. (%) Between-d&R.S.D. (%)
101 103.5£ 5.5 90.2+ 3.4 4.8 55

1010 96.6+ 9.3 82.5+ 7.2 7.7 8.9

707.0 95.8+ 6.5 81.3+ 5.7 5.2 35

a Reference calibration curve € 7); linear regression equatioxicoefficient, 0.005199; intercept, 0.002287; correlation, 0.9994.

b Reference calibration curve; linear regression equation; Parametarsoéfficient, 0.005423; intercept, 0.002619; correlation, 0.998%:c@efficient,
0.005231; intercept, 0.002306; correlation, 0.9986-8oefficient, 0.005222; intercept, 0.002413; correlation, 0.999%:cbefficient, 0.005121; intercept,
0.002139; correlation, 0.9982; andxscoefficient, 0.005168; intercept, 0.002369; correlation, 0.9995.
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Table2 studying the pharmacokinetics of germacrone after intra-
Pharmacokinetic parameters of germacrone (rae8rD.,n=6) venous administration of ZTO oil-in-water microemul-
Parameters Dose of germacrone (mg/kg) sion. A high extraction recovery of germacrone was
3.2 6.4 96 obtained. The monitored compounds were completely sep-
Ve (UKQ) PYEIY) 25 14 261 18 arated from the others in ZTQ ar_1d_endo_gen_0us species in
Tu (W) 0.16+ 0.092 0.154 0.045 0.15+ 0.066 plasma by HPLC. th_armacokmetlc investigations were per-
Tuzs (h) 6.7+ 24 9.5+ 5.8 8.9+ 3.0 formed on male rabbits and the plasma concentration—time
Ka1 (1/h) 0.17+£0.10 0.31+0.23 0.16+ 0.07 data fit to a two-compartment intravenous model. Germa-
Em 8;:; igi 12 igi ié ggi 1-;‘ crone exhibited linear pharmacokinetics after intravenous
1 , , 94+ 1. 34+ 1. . . :
AUC (nghiml)  498.4% 2551 10022+ 534.9° 16065+ 944.2" administration to rabbits over the germacrone dose range

CL (L/kgh) 6.4+ 2.6 6.2+ 25 6.0+ 3.1 3.2-9.6 mg/ml.

"V, center compartment volume of distributidiy,,, half life of distri-
bution; T1/28, half life of elimination;K>; andK», transportation constants;
K10, elimination constant; AUC, area under the blood concentration—time References
curve; CL, clearance.

*k

p<0.01, compared with those at germacrone dose of 3.2 mg/kg. [1] G.D. Li, F. Xu, A.J. Shen, Chin. Pharm. J. 37 (2002) 806.
" p<0.01, compared with those at germacrone dose of 3.2 or 6.4mg/kg. [2] L.F. Wei, B.C. Zou, M.X. Wei, Shanghai J. Tradit. Chin. Med. 37
(2003) 46.

showed that germacrone was rapidly transported to tissues [3] J.L. Mau, Y.C. Lai, N.P. Wang, C.C. Chen, C.H. Chang, C.C. Chyau,
or organs from blood, then cleared slowly from blood. The _ Food Chem. 82 (2003) 583.

.. . . [4] H. Hikino, K. Agatsuma, T. Takemoto, Tetrahedron Lett. 9 (1968)
plasma concentration increased with dose level; accordingly ™~ ,5oc

the area under the concentration—time curve (AL)Cval- [5] H. Matsuda, T. Morikawa, K. Ninomiya, M. Yoshikawa, Bioorg.
ues also increased with dose. The All(ralues were 498.4, Med. Chem. 9 (2001) 909.

1002.2 and 1606.5 ng h/ml for 3.2, 6.4 and 9.6 mg/kg of ger- [6] H. Matsuda, K. Ninomiya, M. Yoshikawa, Bioorg. Med. Chem. Lett.
macrone dose, respectively. The AUC values versus dosage _ 8 (1998) 339.

. - - 7] H. Matsuda, T. Morikawa, K. Ninomiya, M. Yoshikawa, Tetrahedron
was linear (correlation coefficient=0.998 6). 7 57 (2001) 8443 y

[8] X.F. Wang, C. Yao, C. Fu, J. Chin. Med. Mater. 14 (1991) 35.
. [9] Y. Wang, M.Z. Wang, Acta Pharm. Sin. 36 (2001) 849.
4. Conclusion [10] H. Hikino, C. Konno, T. Nagashima, T. Kohama, T. Takemoto, Tetra-
hedron Lett. 12 (1971) 337.
In this Study' a validated new, Simp'e and h|gh|y [11] E. Tsankova, V. Enev, Tetrahedron 43 (1987) 4425.

sensitive reversed-phase HPLC method is developed for
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