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Abstract

A highly sensitive and specific electrospray ionization (ESI) liquid chromatography—tandem mass spectrometry (LC/MS/MS) method for
quantitation of naringenin (NAR) and an explanation for the double peaks phenomenon was developed and validated. NAR was extracted fror
rat plasma and tissues along with the internal standard (IS), hesperidin, with ethyl acetate. The analytes were analyzed in the multiple-reactiot
monitoring (MRM) mode as the precursor/product ion paimff 273.4/151.3 for NAR aneh/z 611.5/303.3 for the IS. The assay was linear over
the concentration range of 5-2500 ng/mL. The lower limit quantification was 5ng/mL, available for plasma pharmacokinetics of NAR in rats.
Accuracy in within- and between-run precisions showed good reproducibility. When NAR was administered orally, only little and predominantly
its glucuronidation were into circulation in the plasma. There existed double peaks phenomenon in plasma concentration—time curve leading to tr
relatively slow elimination of NAR in plasma. The results showed that there was a linear relationship between the AUC of total NAR and dosages.
And the double peaks are mainly due to enterohepatic circulation.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction 1983 as well as inhibiting the proliferation of breast cancer
and delaying mammary tumorigeness®(et al., 1998 Limited
Flavonoids are a group of naturally occurring compoundglasma data or pharmacokinetic parameters of NAR are avail-
ubiquitous in the plant kingdom. These flavonoids have showmble in the literature. Also, there are no studies reporting the
many biological and pharmacological activities, such as the inhienterohepatic circulation of NAR and multiple peaks in plasma
bition of enzymesHavsteen, 2002; Keung and Vallee, 1993 concentration—time profile. Hepatic metabolism and enterohep-
free radical scavengind3prs et al., 199)) anti-inflammation  atic circulation are among some of the factors that may affect the
(Perri and Auteri, 1988 anti-estrogen Tang and Adams, pharmacokinetics of certain drugs. Therefore, the primary aim
1980 and the inhibition of tumor promotionN\jshino et al., of the study was to characterize pharmacokinetics of NAR and
1983. Naringenin (4,5,7-trinydroxyflavanone) and the agly- illustrate the contribution of enterohepatic circulation to double
cone of naringin have been demonstrated to inhibit the humapeaks in plasma concentration—time profiles.
cytochrome P-450 isoform, CYP1A2, in vivBiikr et al., 1998 Inrecent years, various methods have been reported for quan-
In vitro NAR inhibits CYP3A4 activity in human liver micro- tification of narigenin in biological samples using HPLC with
somes Guengerich and Kim, 1990Moreover, NAR was found UV, fluorescence or mass spectrometer detection (LC/M8ii (
to exhibit aorta dilatory$canchez de Rojas et al., 199énti- et al., 1996, 1997; Hsiu et al., 200@ support preclinical and
oxidant effects Kroyer, 1986, and anti-ulcer effectsP@rmar, clinical studies, which typically required 15—-30 min on-column
separation, and had either a relatively higher quantitation limit
or a large sample size requirement. In order to fully evaluate
« Corresponding author. Tel.: +86 20 84110808; fax: +86 20 84112308,  N€ Pharmacokinetics of NAR in plasma, it was necessary to
E-mail addresses: 1sssww@zsu.edu.cn, puiarc16@zsu.edu.cn, develop and validate an assay with appropriate sensitivity, selec-
puiarc09@zsu.edu.cn (W. Su). tivity, accuracy and precision. Most reported approaches involve
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long and tedious sample detection and preparation, either solidPLC pump, a DGU 12A-degasser and an SIL-10A autosampler
phase extraction or protein precipitation involved multiple stepgShimadzu, Columbia, MD).

(Ishii et al., 1996, 1997; Hsiu et al., 200Here, we describe

a sensitive LC/MS/MS method to quantify NAR in rat plasma2.3. HPLC and mass spectrometric conditions

and tissue homogenates. The sample preparation is simple and

requires only a two-step liquid—liquid extraction. In the present NAR and IS hesperidin were separated on a 150xnm
study, the method was validated and used to quantify NAR ir2,0 mm Beta Basic pm Cig ODS column (Keystone, Belle-
plasma and tissue samples to support a pharmacokinetic stugyhte, PA). The mobile phase composition was a mixture of

in rats. water/methanol (30:70, v/v) at a flow rate of 0.4 mL/min. The
run time was 3 min.

2. Materials and methods The mass spectrometer was operated using electrospray ion-
ization (ESI) with an ionspray voltage of +4500V. The pos-

2.1. Chemicals and reagents itive ion multiple-reaction-monitoring (MRM) mode analysis

was performed using nitrogen as the collision gas. The curtain

NAR (purity >95%) and3-glucuronidase (25,000 unit) were gas (nitrogen) flow and the ionspray flow were set at 0.8 and
purchased from Sigma Chemical (St. Louis, MO, USA). Hes-0.9 L/min, respectively. Precursor/product ion pairs for NAR
peridin (HPLC grade) was obtained from The National Insti-and hesperidin werei/z 273.4/151.3 andn/z 611.5/303.3 as
tute for the Control of Pharmaceutical and Biological Productshown inFig. 1 Standard solution of NAR and hesperidin was
(Beijing, China). Methanol (HPLC grade) was purchased fromapplied to optimize the detecting condition in the presence of LC
Fisher Scientific (Pittsburgh, PA) and other chemicals and solmobile phase. The optimized parameters are shovalie 1
vents were of analytical-reagent grade and were used withol@ata acquisition and processing were performed by Sciex Ana-
further purification. lyst 1.1 software package (SCIEX).

2.2. Instrumentation 2.4. Sample preparation

The LC/MS/MS system that was used consisted of an Applied A 0.1 mL aliquot of each plasma sample was transferred to
Biosystems MDS Sciex API3000 Triple Quadrapole mass spect.5 mL polypropylene tubes with a fixed amount of internal
trometer (Thornhill, Ontario, Canada) coupled to a Shimadzwstandard (1@.L); then, 400u.L ethyl acetate (LC grade) was
HPLC system (Shimadzu, Columbia, MD). The HPLC systemadded to the tube and vortexed for 2 min. After centrifugation
was equipped with an SCL-10A system controller, a LC-10AD(10 min at 6000« g) the supernatant was transferred to a fresh

He 0 oH
> [M+H]*

OH O ™,

R )3 273.4
, 1.566 [152]+H]* m/z 1521
& 153.1
= 1.0e6 ]
% 147.1
£ 5.0e5 i
913 107.3 123.2 154§4971.3_179.3 189.6 231.3  ps4s8
0 80 100 120 140 160 180 200 220 240 260 280 300
(A) m/z, amu
OH
HO O O
‘@:}/ ¢ CH,
[302.4+H]" —o, 0 o
OHOH /
3.6e5 BEE “ o»—y" OH
@ ! F
S 3.0e5 - m/z 302.4
2 4491
@ 20g5
g _465.0 [M+H]*
c
= - 431, 611.5
1.0e5 3455 4135
146.9 281.0 ~
B5.1.1289- "1 1949 262.8. | 1o L] dates 593,
50 100 150 200 250 300 350 400 450 500 550 600 650
(B) m/z, amu

Fig. 1. Product-ion mass spectra of: NAR (A) and hesperidin (B).
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Table 1 ' _ 2500 ng/mL; these replicates were processed independently.
Mass-spactrometer main working parameters The between-run precision was determined across four con-
Parameter Value centrations at five different days, and the mean concentrations
S and the coefficient of variation were calculated. The accu-
ource temperaturéQ) 370 . . )
Dwell time per transition (ms) 100 racy of the_ assay was determined py comparing the nominal
lon source gas (gas 1) (psi) 3 concentrations with the corresponding calculated concentra-
lon source gas (gas 2) (L/min) 6 tions via linear regression. The recovery of NAR was esti-
g“lrlt,a!” gas (nitrogen) (psi) %0 mated by comparing the peak area of the extracted NAR to
e (psi) that of the untreated NAR at concentrations of 5, 50, 500
on spray voltage (V) 4500 - . . .
Entrance potential (V) 11 and 2500 ng/mL.. Moreover, thg stability of_NAR in biologi-
Declustering potential (V) 62 cal samples at different conditions was estimated across four
Focusing potential (V) 350 concentrations.
Collision energy (V) 29
Collision cell exit potential (V) 23

2.7. Pharmacokinetics of three doses in vivo

. Wistar rats (College of Military Medicine Animal Research

tube. The dep_osmon was then added to gQ0Oethyl acetate Center, Guangzhou, China), weighing between 250 and 300 g,

and operated in the same way. Next the supernatant was com- . :
male and female were used half-in-half. The animals had free

bined and evaporated to dryness at room temperature in vacug,
) ) . . . . access to water and standard laboratory chow under a controlled
The final residue was dissolved in 100 mobile phase with

L . ) 12 h light—dark cycle. After at least one week of an acclimation
X‘g}&gm)gng for30s. Analiquot of 201l was subjected to the period, the animals were divided into 10 groups (10 animals in

; . . . ._each group).
Tlssues were thawed _and h_omoge_nlzed with physml_oglca? Thg1 ratg)were fasted overnight and had access to water ad
saline (1g:10mL) in the tlssumlzer. Bile samples were dllutpfqibitum. For oral administration, the solution was prepared by
to 10-folds. Then the 0.1 mL aliquot of each sample (tissue, bil

e,. . . .
. . : . dissolving NAR in a solvent mixture (PEG 400:water =1:1).
and tissue contents) was mixed withidDIS. The preparation Rats were administered with NAR (30, 90, 270 mg/kg) via gas-
steps were the same for plasma.

. : hi tric gavage. Blood samples were withdrawn from eyes at 0, 5,
The analy5|s_of NAR glucuronides was re_port (etal, 15, 30,45min, 1, 2, 4, 6, 8, 12, 24 and 48 h after administration.
1996, 1997; Hsiu et al., 2002For determination of total NAR . .
. . . . . Blood samples were collected with polythene tubes deal with
(including NAR and its glucuronides), 0.1 mL plasma was incu-

. . . anticoagulant heparin sodium 100 unit/mL and then centrifuged
bated with qucuropldase 500 unit/mL at3Z for 1 h and then at 6000x g for 10 min to obtain plasma stored a20°C until
prepared as described above.

Dilutions samples were prepared by using the blank plasmzfnalyS's'

tissue and bile to dilute samples into the working calibratio
curve. All prepared biological samples were stored-a0°C
and all prepared stock solutions were stored & 4

n L. .
2.8. Enterohepatic circulation

After an overnight fast, the operation on 70 rats was started.
Under ether anesthesia, a laparotomy was performed through
2.5. Preparations of calibration standard (CS) and quality a midline abdominal skin incision. The common bile duct
controls (QS) was exposed and ligated, and a polyethylene cannula (PE-

10) was inserted into the proximal common bile duct and

CS samples were prepared by adding knownamounts of NARyed. Then the other end of the PE cannula was penetrated

(0.5,1,5,10, 50,100,250 ng) to 0.1 mL of blank plasma, homogthrough the celiac muscle and fixed on the back to collect

with 5 ng of heperidin as an internal standard. The CS samplesgministration.

were prepared intriplicate and the standard curves were obtained Fojiowing a 2—3 day period, the rats were given 30 mg/kg

by a linear fitting of the peak-area ratios versus the concentrayAR via gastric gavage and collected bile fluid at 0-2, 24,

tion of naringenin. The QC samples for both low and high range,_g 6-8,8-12, 12-24, 24-48 h, meanwhile, blood samples were
calibration curves in six replicates were prepared in the samgjithdrawn at 5, 15, 30, 45min, 1, 2, 4, 6, 8 h.

manner as the CS samples to determine the precision and accu-
racy of the assay and to evaluate the stability of samples underg Gustroenteric circulation
various conditions.

Forty-two rats underwent enterohepatic circulation and tail
2.6. Validation intravenous administration NAR 30 mg/kg. At 5, 15, 30, 45, 60,
120, 180 min, blood, stomach and small intestine were collected.
The linearity was evaluated in the concentration range ofurthermore, the stomach and small intestine were rinsed with
5-2500 ng/mL. The within-run precision values were deter-2 mL phosphate buffered saline to obtain the contents. All sam-
mined in six replicates at the concentration of 5, 50, 500ples were stored at20°C until analysis.
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2.10. Pharmacokinetic analysis

Table 2
Precision and accuracy for NAR QC samples in plasiag)

Plgsma concentration-time p_rofile is analyzec_j by the Win- Nominal Observed cv Accuracy
Nonlin computer software, version 4.0.1 (Pharsight Corpora- concentration  concentration (%) (%)
tion, Mountain View, CA), using the non-compartmental model. (ng/mL) (ng/mL)

Between-run 5 4.88 5.95 97.60

3. Results 50 51.23 5.21 102.46
500 498.19 7.18 99.64

3.1. Chromatography and specificity 2500 2497.54 5.07 99.90
o - Within-run 5 4,97 4.56 99.40

Under optimized LC/MS/MS conditions, NAR and the IS 50 50.79 3.89 101.58
were baseline separated with the retention times of 1.08 and 500 500.02 5.42 100.00

2500 2490.75 7.65 99.63

0.72 min, respectivelyHig. 2C and D). The total run time was
3 minand much shorter than previously published methigtis

et al., 1996, 1997; Hsiu et al., 200Blank rat plasma showed
no significant interfering peaks at the retention time of NAR and5—2500 ng/mL of NAR in rat plasma, bile, tissues and the con-

the IS Fig. 2A and B). The addition of acetic or formic acid to tents with the correlation coefficient >0.99. Therefore, the

the mobile phase system will improve the separation, but th&€LOQ of NAR assay in rat plasma was established at 5 ng/mL.
system without the acid were well separated and also successflhbles 2—5hows the within- and between-run accuracy and pre-
in a number of studies, as shown in the case of isoflavonoidsision data. The method was found to be accurate with <5% devi-

(Farmakalidis and Murphy, 1984, 1985
3.2. Assay validation

The calibration curves evaluated by the weighed?)1lin-

ation from the nominal values and highly precise with between-
run precision, <7.85%, and within-run precision, <7.65%, at
each concentration of QC samples tested. The average extrac-
tionrecoveries for NAR atthe four QC levels in different samples
ranged from 81.24 to 88.50% as showiTable 6 No significant

ear regression were linear over the concentration range dbss of NAR (<4.2%) was observed after storage of plasma at

B X|C of +MRM (2 pairs): 611.5/303.4 amu Max. 90.0
90
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Fig. 2. Representative MRM chromatograms of: (A) blank rats plasma monitored for 611.5/303.4; (B) blank rats plasma monitored for 273.4/188KlLrg8) b

plasma with NAR; and (D) blank rats plasma with IS hesperidin.
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Table 3 _ 5000
Precision and accuracy for NAR QC samples in bile 6) —E' 4000
Nominal Observed Ccv Accuracy \g —— low
concentration  concentration (%) (%) .5 3000 —m— medium
(ng/mL) (ng/mL) E 2000 —a—high
Between-run 5 4.88 6.47 97.60 §
50 50.17 5.89 100.34 g 1000
500 493.19 6.98 98.64 o
2500 2486.54 7.01 99.46 0 -
0 8 16 24 32 40 48
Within-run 5 4.94 5.18 98.80 time (h)
50 49.16 3.88 98.32
500 499.13 4.24 99.83 Fig. 3. Plasmaconcentration vs. time curve of free NAR after oral administration
2500 2497.61 6.73 99.91 (low: 30 mg/kg; medium: 90 mg/kg; high: 270 mg/kgs 10).
Table 4 room temperature for at least 12Taple 7. Processed samples
Precision and accuracy for NAR QC samples in tissuest) were stable up to 24 h in the autosampler tfeghe 7. Plasma
Nominal concentration (ng/mL) 5 500 o500  Samples were stable a20°C for at least 3 weeks with no sig-
— nificant loss (<6.5%Table ) and over at least three freeze/thaw
Between-run cycles {Table 9.
Observed concentration (ng/mL) 491 48.99 497.56 2494.75
Coefficient variation (CV%) 3.64 4.25 5.19 6.33 3.3. Pharmacokinetic analysis
Accuracy (%) 98.20 97.98 9951 99.79
Within-run The pharmacokinetic parameters of total and free NAR
Observed concentration (ng/mL) 509 49.14 501.24 2502.17were obtained by WinNonlin computer software using non-
Coefficient variation (CV%) 238 329 415 5.11 compartmental model in virtue of the phenomenon of double
Accuracy (%) 10180 98.28 10025 10001 heaks and summarized fable 8 The plasma level of NAR
Intestine conjugates was higher than that of free NAR. The mean con-
Between-run centration versus time profiles is shownhigs. 3 and 4Fol-
Observed concentration (ng/mL) 489 4794 499.97 2481.17lowing oral administration 30, 90, 270 mg/kg NAR, plasma
Coefficient variation (CV%) 517 487 438 7.09 |evels of free NAR rapidly reache@max within 15 min, while
Accuracy (%) 97.80 9588  99.99 the total NAR concentration reache@may at 0.5, 2 and
Within-run 2h, respectively. The total NAR AWC,s of three dosages
Observed concentration (ng/mL) ~ 4.96  48.99  500.01  2479.57\y55 30990.94, 132992.70 and 463107.43 ng/mL h, which was
Coefficient variation (CV%) 313 4.29 4.19 ", linearly correlated to the doses with correlation coefficient
Accuracy (%) 99.20 97.98 100.00 99.18 .
>0.999. Because of the double peaks phenomenon, the elim-
ination half-time of the total amount of NAR is relatively
Table 5 long at the doses of 90 and 270 mg/kg, which is 7.58 and

Precision and accuracy for NAR QC samples in tissue content§)

Nominal concentration (ng/mL) 5 500 2500
Stomach content
Between-run
Observed concentration (ng/mL) 4.87  48.27 498.11
Coefficient variation (CV%) 5.28 4.97 4.93 7.85
Accuracy (%) 97.40 96.54 99.62 98.74
Within-run
Observed concentration (ng/mL) 492 50.62 497.16 2472.21
Coefficient variation (CV%) 4.00 4.81 4.89 6.51
Accuracy (%) 98.40 101.24 99.43 98.89
Intestine content
Between-run
Observed concentration (ng/mL) 490 5112 488.22 2476.23
Coefficient variation (CV%) 4.56 5.11 7.18 7.47
Accuracy (%) 98.00 102.24 97.64 99.05
Within-run
Observed concentration (ng/mL) 5.03  48.98 490.54 2489.79
Coefficient variation (CV%) 3.48 3.19 5.04 6.98
Accuracy (%) 100.60 97.96

10.51 h, respectively, and the respective MRT was 7.90 and
8.60 h.

It is interesting to note that there exists a dose-dependent
relationship after orally administering three doses in rats;

2a68.461 1€ AUC of total NAR is linearly increasing as the dosages

increase. The formation of glucuronide conjugates are not
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S 20000

@
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S 10000 .
0 . i' ]
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time (h)

98.11 99.59 Fig. 4. Plasma concentration vs. time curve of total NAR after oral administra-

tion (low: 30 mg/kg; medium: 90 mg/kg; high: 270 mg/kgs 10).
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Table 6
Absolute recovery of NAR in QC samples determined by LC/MS/MS §)
Absolute recovery (%, meahS.D.) 5 50 500 2500
Plasma 86.99-4.17 87.02£7.91 84.61+6.78 87.244.03
Bile 84.60+ 2.85 85.66t 7.89 85.02+ 4.08 87.76+3.18
Stomach 82.38:6.27 84.15+5.87 83.63:6.12 88.50+ 7.45
Intestine 81.24-4.46 81.98t 3.89 82.64t 5.49 84.73+ 6.46
Stomach content 85.424.13 84.63t5.09 84.82+6.41 86.60r5.42
Intestine content 81.484.32 82.25:6.13 83.40+ 4.87 83.74:6.17
Table 7 —a— free naringenin
Stability of NAR in rats plasmau(= 6) S 1000 m— total naringenin
=1
Sample condition Nominal concentration (ng/mL) = 800
Q2
50 500 3]
S 600
Observed CV (%) Observed CV (%) o
(ng/mL) (ng/mL) .g 400
~
Freshly prepared 49.21 3.49 497.29 4.57 g 200
12 h at room temperature 48.59 4.12 495.31 3.91 3
Autosampler 24 h stability  48.14 5.04 485.42 5.24 OM-44—8 " . +
3 weeks at-20°C 47.72 6.49 492.89 5.22 0 8 16 24 32 40 48
Free/thaw cycle no.1 47.86 5.89 491.25 4.73 time (h)
Free/thaw cycle no.2 47.51 6.47 489.68 5.93
Free/thaw cycle no.3 46.87 6.98 479.14 7.38 Fig. 5. Cumulative excretion of NAR in bile vs. time curve in the bile duct

ligated rats £ =10).

. . . 20000
saturated in the testing dosages calculated from pharma- 2
cological experiments. The relatively slow elimination rate > 16000 —e— in ligated rats
of NAR may be due to glucuronidation and enterohepatic ‘S’ 12000 = in normal rats
circulation. =
£ 8000
3.4. Enterohepatic circulation g 4000 L
(&)
+* +
Following oral administration 30 mg/kg NAR in the bile duct % 2 4 6 8
ligated rats, most of NAR excreted from bile exists in the form time (h)

of glucuronide conjugates showed Fig. 5, just as reported
(Karen et al. 200)1 NAR administered oraIIy excreted twice Fig. 6. Total plasma drug concentration vs. time curve of NAR in normal and
as much from bile (12%) than from urine (6.25%, data unpub—"gated rats 4= 10).
lishedin ourlaboratory). The total plasma concentration of NAR

- K ) . 3.5. Gastroenteric circulati
in ligated rats versus time profile exhibits no double peaks and astroenteric cireutation

relatively lower drug concentration compared with that in nor-  After intravenous administering 30 mg/kg of NAR in ligated
mal rats plasmaHig. 6). rats, it was detected that the stomach and intestine as well as their

Table 8
Non-compartmental pharmacokinetic parameters of NAR after oral administration different doses:(818am = 10; low: 30 mg/kg; medium: 90 mg/kg; high:
270 mg/kg)

Parameter Free NAR Total NAR

Low Medium High Low Medium High
Lambdaz (1/h) 4.62 0.11 0.084 1.15 0.091 0.065
HL_Lambdaz (h) 0.15 6.54 7.94 0.60 7.58 10.51
Tmax () 0.083 0.25 0.083 0.5 2.0 2.0
Cmax (ng/mL) 2925 37175 4420 16977.78 28000 43862.5
AUCo_sg8 (ng/mL h) 952.99 18038.58 21893.46 30990.94 132992.70 463107.43
AUC, (ng/mL h) 953.64 18038.58 21893.46 30993.30 132992.70 453107.43
MRT (h) 0.25 6.97 8.52 2.01 7.90 8.60

Lambdaz: first order rate constant with the terminal (log-linear) portion of the curvel Hinbdaz: terminal half-life;,Tmax: time of maxium observed concentration;
Cmax. maximum observed concentration, AglGgAUC,: area under the curve from the time of dosing to the last measurable concentration or the time of the last
observation; MRT: mean residence time.
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800 —®— intestine re-absorption known as enterohepatic circulation by the action
) —#— intestine content of B-glucuronidase enzyme present in the intestine.
%, 600 —&— stomach NAR and its conjugates were shown to rapidly appear in
?C:/ —x— stomach content plasma after NAR ingestion, indicating conjugation might firstly
-,% 400 occur within the intestinal epithelium with subsequent appear-
= ance of conjugate within the systemic circulation. And perfusion
g 200 studies performed with rat intestine have indicated that at least
8 a part of the formation of flavonoid glucuronides occurs in the
intestine wall Crespy etal., 2002; Spencer et al., 1pBesides,
0 . ; .
0 1 2 3 from the results we can conclude that the NAR glucuronide also

time (h) occurs in liver abundant in UDP-glucuronosyltransferase, the

Fig. 7. Total plasma drug concentration of NAR in intestine and stomach aftei(ey e.nzym.e FO glucuronidation. SUbsequ?nUY’ the .NAR g.lu_

i.v. 30 mg/kg in normal rats«(=6). curonides in liver undergo the enterohepatic circulation, which
leads to the secondary peak in the plasma drug concentration

curve Peter et al., 2000

20000 . L .
o —a plasma After mtraveno_us admlnlstratmn, some drugs can pass
%, 16000 through the gastrointestinal membrane into Gl tract, which also
f 1000 —+4— stomach content might lead to the drug reabsorbed and double peGkeif et
-% —a— intestine content al., 200). Although NAR was detected within Gl tract, the con-
£ 8000 centration was very little compared to the concentration in bile
§ 4000 and plasma. So, we might conclude that enterohepatic circula-
8 tion pay more contribution to the double peaks in the plasma
0 Lat—tcp=—tt concentration—time curve and drug re-absorption.
0 U ime ) 2 3 In summary, we have studied the three dosages pharma-

cokinetics of NAR in rats but then would further investigate
Fig. 8. Total drug concentration vs. time curve of NAR after i.v. 30 mg/kg in the glucuronide conjugates and specify the position of the glu-
ligated rats¢=6). curinidation for the future. We report and testify for the first time
the enterohepatic circulation. This investigation contributes to
contents also observed NAR. Furthermore, the drug concentraformation on NAR pharmacokinetics, which is essential for
tion in the contents of stomach and intestine apparently increaseachderstanding the safety and efficacy of NAR.
as NAR in both stomach and intestine sharply decredsgdy).
As NAR s a polyphenolic compound bearing weakly acidity, thea cknowledgement
concentration in the stomach appeared a little higher than intes-

tine, which was fit to the pH partition theory a certain extent. The authors are grateful to the SINOVA Company

However, by comparison the drug in intestine, stomach and thejfyww.sinovainc.comfor technical and mass spectrometer facil-
contents was much less than NAR in plasiiig ( 8). ity support.
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