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Abstract

A method of analysis of hesperetin {(+/3,5,7-trihydroxy-4methoxyflavanone) in biological fluids is necessary to study the kinetics
of in vitro and in vivo metabolism and tissue distribution. A simple high-performance liquid chromatographic method was developed for
simultaneous determination of hesperetin enantiomers in rat serum, and rat and human urine. Serum and urine (0.1 ml) were precipitated with
cold acetonitrile after addition of the internal standard, 7-methoxycoumarin. Separation was achieved on a Chiralpak AD-RH column with
UV detection at 298 nm. The calibration curve was linear ranging from 0.5 tp.g06l for each enantiomer. The mean extraction efficiency
was >98%. Precision of the assay was <5% (CV), and was within 5% at the limit of quantitatiqrg(thh. Bias of the assay was lower
than 5%, and was within 5% at the limit of quantitation. The assay was applied successfully to the urinary excretion of hesperetin in rats and
humans.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction supported on silica géb] and that multiple microcrystalline
cross-linked acetylcellulose (CTA) colump§ can separate
Hesperidin [+/-3,5,7-trihydroxy-4-methoxyflavanone  hesperetin enantiomers although baseline resolution and sep-
7-rhamnoglucoside] Hig. 1) is a chiral flavanone-O- aration were poor. Unfortunately, some of these columns are
glycoside consumed in oranges and other citrus fruits andnot commercially available, and separation and quantifica-
herbal products. The rutinose sugar moiety is rapidly cleavedtion were not validated in biological matrices or applied to
off the parent compound to leave the aglycone bioflavonoid pharmacokinetics studies.
hesperetin (+£-3,5,7-trinydroxy-4-methoxyflavanone) also To our knowledge, no study has been published charac-
achiral flavonoidFig. 2). Thereis currentinterestinthe med- terizing the separation of hesperetin enantiomers in pharma-
ical use of bioflavonoids including hesperetin in the treatment cokinetic studies as there are no validated direct methods
of a variety of cancers and vascular dised&és of stereospecific analysis of hesperetin in the literature. The
Hesperetin has been previously quantified utilizing a va- analytical column used was the Chiralpak AD-RH column
riety of methods[2-5]. All of these other methods have which is packed with tris(3,5-dimethylphenylcarbamate)
overlooked the fact that hesperetin is a chiral compound. derivative of amylose and can be utilized in the reverse
There are, however, two reports demonstrating that multiple- phase. The present study describes a simple stereoselec-
ureido-covalent bonded methylatBetyclodextrin columns  tive, isocratic, reversed-phase high performance liquid chro-
matography (HPLC) method for the determination of the
* Corresponding author. Tel.: +1 509 335 4754: fax: +1 509 335 5902.  €nantiomers of hesperetin and its application to in vivo ki-
E-mail addressndavies@wsu.edu (N.M. Davies). netic studies.
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Fig. 1. Structure of hesperidin. (*) Denotes chiral centre.
2. Experimental
2.1. Chemicals and reagents

Racemic hesperetin, hesperidin, 7-ethoxycoumgsin,
glucuronidase Type IX A an#ll. pomatiaType-HP-2 were
purchased from Sigma Chemicals (St. Louis, MO, USA).
HPLC grade acetonitrile and water were purchased from J.T.
Baker (Phillipsburg, NJ, USA). Phosphoric acid was from
Aldrich Chemical Co. Inc. (Milwaukee, WI, USA). Minute
Maid® Orange Juice was purchased from a local grocery.
Rats were obtained from Charles River Laboratories. Ethics
approval for animal experiments was obtained from Wash-
ington State University. Human experiments were conducted
with written informed consent according to the principles of
the Declaration of Helsinki.

2.2. Chromatographic system and conditions

The HPLC system used was a Shimadzu HPLC (Kyoto,
Japan), consisting of an LC-10AT VP pump, a SIL-10AF auto
injector, a SPD-M10A VP spectrophotometric diodearray de-
tector, and a SCL-10A VP system controller. Data collec-
tion and integration were accomplished using Shimadzu EZ
Start 7.1.1 SP1 software (Kyoto, Japan). The analytical col-
umn used was Chiralpak AD-RH column (150 nxd.6 mm
i.d., 5pm particle size, Chiral Technologies Inc., Exton, PA,
USA). The mobile phase consisted of acetonitrile, water and

phosphoric acid (42:58:0.01, v/v/v), filtered and degassed un-
der reduced pressure, prior to use. Separation was carried ou

isocratically at ambient temperature 23 °C), and a flow
rate of 0.8 ml/min, with ultraviolet (UV) detection at 298 nm.

2.3. Stock and working standard solutions
Twenty-five milligram of racemic hesperetin was accu-

rately weighed on an analytical balance (AG245, Mettler)
and dissolved with methanol in a 25 ml volumetric flask to
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Fig. 2. Structure of hesperetin. (*) Denotes chiral centre.
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make a stock standard solution in methanol with a racemic
concentration of 1 mg/ml. A methanolic stock solution of 7-
ethoxycoumarin (internal standard) was prepared similarly
with a concentration of 1 mg/ml. This solution was diluted
with methanol to make a working internal standard solution
of 25p.g/ml. These solutions were protected from light and
stored at-20°C between uses, for no longer than 3 months.
Calibration standards in serum were prepared daily from the
stock solution of hesperetin by sequential dilution with blank
rat serum or human and rat urine, yielding a series of con-
centrations namely, 0.5, 1.0, 5.0, 10.0, 50.0 and 106/l

of each enantiomer in three replicates.

Quality control (QC) samples were prepared from the
stock solution of hesperetin by dilution with blank biological
fluid to yield target concentrations of 0.5, 1.0, 5.0, 10.0, 50.0
and 100.Qug/ml. The QC samples were divided into 0.1 ml
aliquots in micro centrifuge tubes and stored-@&0°C before
use.

2.4, Sample preparation

To the working standards or samples (0.1 ml) were added
25ul of internal standard solution (3&g/ml), and 1 ml of
cold acetonitrile in 2.0 ml Eppendorf tubes. The mixture
was vortexed for 1 min (Vortex Genie-2, VWR Scientific,
West Chester, PA, USA), and centrifuged at 15,000 rpm for
5min (Beckman Microfuge centrifuge, Beckman Coulter
Inc., Fullerton, CA, USA). The organic phase supernatantwas
collected into culture tubes (10 mm75 mm) and evaporated
to dryness using a HetoVac concentrator (Heto-Holten, DK-
3450 Allerad, Denmark). The residue was reconstituted with
200ul of mobile phase, vortexed for 1 min and centrifuged
at 5000 rpm for 5min. The supernatant was transferred to
HPLC vials and 2@l of the injected into the HPLC system.

2.5. Precision and accuracy

The within-run precision and accuracy of the replicate as-
ays (=6) were tested by using six different concentrations
f hesperetin enantiomers, namely 0.5, 1.0, 5.0, 10.0, 50.0
and 100.Qug/ml. The between-run precision and accuracy
of the assays were estimated from the results of six replicate
assays of QC samples on six different days within 1 week.
The precision was evaluated by the relative standard devia-
tion (R.S.D.). The accuracy was estimated based on the mean
percentage error of measured concentration to the actual con-
centration8].

2.6. Recovery

Recovery for hesperetin enantiomers from biological flu-
ids was assesseth£6) at 0.5, 1.0, 5.0, 10.0, 50.0 and
100pg/ml and the recovery of the internal standard 7-
ethoxycoumarin was evaluated at the concentration used in
sample analysis (2bg/ml). A known amount of hesperetin
or 7-ethoxycoumarin was spiked into 0.1 ml biological fluid
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to give the above concentrations. The samples were treated aage with a curved feeding needle attached to a syringe. This
described under section 2.4 and analysed by HPLC. The ex-dose of hesperidin has previously been shown to demonstrate
traction efficiency was determined by comparing the peak ar- anti-inflammatory and analgesic activity in rf@$. Urine was
eas of hesperetin or 7-ethoxycoumarin to those of hesperetincollected 0—4, 4-8, 8-24 h and stored-at0°C until anal-
or 7-ethoxycoumarin solutions of corresponding concentra- ysis. Urine samples (1Q0) were run in duplicate with or
tion injected directly in the HPLC system without extraction. without the addition of 4Q.l of 500 U/ml B-glucuronidase
IX-A and incubated in a shaking water bath at&/with for
2.7. Freeze-thaw and bench-top stability of hesperetin 2 h to liberate any glucuronide conjugai&8].
samples
2.9. Data analysis

The freeze-thaw stability of hesperetin enantiomers was
evaluated at three concentrations 1.0, 5.0 anddifnl, us- Quantification was based on calibration curves con-
ing QC samples. These samples were analysed in triplicatestructed using peak area ratio (PAR) of hesperetin to internal
without being frozen at first, and then stored-at0°C and standard, against hesperetin concentrations using unweighted
thawed at room temperature (251 °C) for three cycles. least squares linear regression.

The stability of hesperetin in reconstituted extracts during
run-time in the HPLC auto-injector was investigated_using 3. Results and discussion
pooled extracts from QC samples of three concentration lev-
els 1.0, 5.0, and 5040g/ml. Samples were keptinthe sample  3.1. Chromatography
rack of the auto-injector and injected into HPLC system ev-
ery 4h, from O to 24 h at the temperature of auto-injector ~ Separation of hesperetin enantiomers and the internal stan-

(26+1°C). dard in biological fluids was achieved successfully. There
were no interfering peaks co-eluted with the compounds of
2.8. Urinary excretion of hesperetin in human and rat interest Fig. 3A and C). The order of elution was deter-

mined by taking a 150l aliquot of lemon juice and sub-
After 3 days of a citrus-free diet and an overnight fast jecting it to 200wl of H. pomatiaType-HP-2 enzymé¢l1].
a healthy 21 year old male subject (73 kg) drank three bot- The predominant enantiomer of hesperidin in lemon juice is
tles of Minute Mai® Orange Juice (236 ml each). The hes- in the §—)configuration[12—13] The retention times dR-
peretin enantiomer content in the orange juice was quantifiedandS-hesperetin were approximately 15 and 24 min, respec-
and it was determined that the total ingested dose by thetively (Fig. 3B). The internal standard eluted at approximately
healthy volunteer was 69.13 mg Bfhesperidin, 468.13mg 12 min.

of Shesperidin, 1.52 mg d®-hesperetin and 15.85 mg &f The performance of the HPLC assay was assessed using
hesperetin. Urine was collected at intervals between 0 andthe following parameters, namely peak shape and purity, in-
24 h post-dose and stored-at0°C until analysed. terference from endogenous substances in biological fluid,

A male Sprague-Dawley rat (200g) was placed in a linearity, limit of quantitation (LOQ), freeze-thaw stability,
metabolic cage, and fasted for 12 h before dosing. On the stability of reconstituted extracts, precision, accuracy and re-
day of experiment, the rat was dosed orally with 200 mg/kg covery. Various compositions of mobile phase were tested to
racemic hesperidin in polyethylene glycol 400 via oral gav- achieve the best resolution between hesperetin enantiomers.

200 - 200 1 200 -
i
170 170 § 170 4
&

140 4 . 140 H 140 4
7 g 7
g < 2
E 1104 E 1104 E 10

@

8 e
< o o
€ 801 fé 80 4 € 801
« @a
g < g

50 50 4 50 4

20 20 20 1

. ) -
10 v v v -10 v v v 10 v v v
0 10 20 30 0 10 20 30 0 10 20 &)

(A) Time (min) (B) Time (min) © Time (min)

Fig. 3. Representative chromatograms, of (A) drug-free urine, (B) urine containing hesperetin (HP) enantiomers each with concentratigmbaddixhe
internal standard (IS), and (C) 6 h human urine sample containing hesperetin enantiomers and the IS.
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Table 1
Within- and between-day precision and accuracy of the assay for hesperetin (HT) enantiomers in humar Grinee@nt S.D.)

Enantiomer concentratiopg/ml)

Added Observed R.S.D. (%) Bias (%)
Within-day Between-day Within-day Between-day Within-day Between-day
RHT SHT RHT SHT RHT SHT RHT SHT RHT SHT RHT SHT
0.5 0.49 049 049 049 451 4.43 5.12 5.21 2.45 2.49 4.23 4.55
1.0 100 101 102 101 3.21 3.21 3.25 3.33 181 1.82 3.31 3.32
5.0 5.01 502 501 510 2.10 211 2.01 4.02 0.50 0.52 0.74 0.75
10 997 999 999 1001 1.71 1.54 151 2.94 3.30 3.31 1.05 1.08
50 2489 2500 2492 2503 1.92 1.80 2.21 2.43 3.32 3.34 2.15 2.12
100 5001 4998 5001 4998 3.41 3.62 3.51 3.52 0.05 0.05 0.04 0.04

For instance, the addition of phosphoric acid (0.01%) leaded tiomers in human urine was <5% over a wide range of
to an improvement on the shape and sharpness of the peaksoncentrationsTable 1. The intra- and inter-run bias as-
compared to a mobile phase with any acid added. Then,sessed during the replicate assays for hesperetin enan-
the amount of phosphoric acid was increased to 0.1%, do-tiomers varied between 0.04 and 4.6%alfle ). These
ing so reduced the sharpness and resolution of the peaksdata indicated that the developed HPLC method is repro-
Also different mobile phase compositions were tested, the ducible and accurate. The mean extraction efficiency for
starting mobile phase was acetonitrile, water and phospho-hesperetin enantiomers from biological fluids varied from
ric acid (40:60:0.01, v/v/v). Increasing the polarity through 98.2 to 98.7% Table 3. In addition, the recovery of 7-
the addition of water to the mobile phase increased reten-ethoxycoumarin was 97.1% at its concentration used in
tion time. Thus, more acetonitrile was added in order to re- the assay. High recovery from biological fluids suggested
duce the retention time to minimize run time, obtaining a that there was negligible loss of hesperetin enantiomers
desirable mobile phase constituted of acetonitrile, water andand 7-ethoxycoumarin during the protein precipitation pro-
phosphoric acid (42:58:0.01, v/v/v). Acetonitrile contentwas cess. Additionally the efficiencies of extraction of hes-
not increased to avoid the internal front of the mobile phase peretin enantiomers and 7-ethoxycoumarin were compara-
overlapping with the internal standard. The retention times of ble.
the analytes were very sensitive to small changes in mobile
phase composition on the Chiralpak AD-RH column.

There are no other stereospecific assays of hesperetin pub3.4. Stability of hesperetin samples
lished in the literature. The present assay is practical to use
in pre-clinical and clinical applications of hesperetin where  No significant degradation was detected after the sam-

small sample volumes are obtained. ples of racemic hesperetin in biological fluids following
three freeze-thaw circles. The recoveries Rf and S
3.2. Linearity and LOQ hesperetin were respectively from 98.5 to 99.9% and 98.3

to 99.7% following three freeze-thaw cycles for hesperetin

Excellent linear relationshipg{=0.999) were demon- QC samples of hesperetin or 7-ethoxycoumarin. There was
strated between PAR d&- and S-hesperetin to the inter- N0 significant decomposition observed after the reconsti-
nal standard and the corresponding serum concentrations ofutéd extracts of racemic hesperetin were stored in the
hesperetin enantiomers over a range of 0.5-lnl. The auto-injector at room temperature for 24h. The measure-
mean regression lines from the validation runs were describedMents were from 98.3 to 99.9% of the initial value for
by R-hesperetin{g/ml) = 0.039%+0.311 andS-hesperetin ~ €xtracts of racemic hesperetin in biological fluids of 0.5,
(g/ml) =0.039%+0.028. 1.0, 5.0, 10.9, 50.0 and'l.()q;@/ml respectively, during

The LOQ of this assay was 0u&/ml in biological fluids the storage in the auto injector at room temperature for
with the corresponding between-day relative standard devia-24h.
tion of 5.12 and 5.21% foR- andS-hesperetin respectively,
and bias of 4.23 and 4.55% f& andS-hesperetin, respec-
tively. The back-calculated concentration of QC samples was
within the acceptance criteria.

Table 2
Recovery of hesperetin enantiomers from human umre)

Concentration¢g/ml) Recovery (%) (meatt S.D.)
3.3. Precision, accuracy and recovery R-hesperetin Shesperetin
1.0 98.2+1.1 98.6+1.3
The within- and between-run precision (R.S.D.) calcu- 50 98.5+1.2 98.5£1.2
98.7+1.3 98.7+0.9

lated during replicate assays<6) of hesperetin enan-
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121 to a urinary excretion study of hesperetin enantiomers in hu-
10 + mans and rats and studies are currently ongoing.
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