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Abstract
To determine the pharmacokinetics of Daidzein 4′-Phenylsulfonyl Ester (DZPE) in rats, a
validated HPLC method has been developed for the simultaneous determination of DZPE and its
metabolite Daidzein (DZ) in rat plasma. DZPE and DZ were determined by reversed-phase HPLC
system (column: Diamonsil C18, 5 μm silica, 200 × 4.6 mm i.d.; eluent: methanol and 0.1% formic
acid aquatic solution, 1:1, v/v; detection wavelength: 262 nm) with genistein as the internal standard.
The calibration curves were linear over the ranges of 19.8-19800 ng/ml for DZPE and 10.26-8208
ng/ml for DZ. The lower limits of detection were 9.64 ng/ml and 5.42 ng/ml for DZPE and DZ,
respectively. The RSDs of intra-days and inter-days tests were less than 8.2% and the average recovery
ranged from 86.6% to 94.4% for DZPE and 72.4% to 82.0% for DZ. Subsequently, the method
was applied to the pharmacokinetic study of DZPE and DZ in rat’s plasma. About 30.6% of DZPE
was converted into DZ after oral administration of DZPE in rats, while only 11.2% of DZPE was
converted into DZ after intravenous administration of DZPE within 24 h. The absolute bioavailability
of total DZPE and DZ was 31.6%. The method was demonstrated to be feasible for pharmacokinetic
studies of DZPE in rats.
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Introduction
As a major isoflavone component of soybeans and Glycine
max (L.) Merr, the oestrogen-like compound daidzein is widely
consumed by humans from the sources of soy and soy-based
food products. Many pharmaceutical researches showed that
daidzein exhibited various health-benefit activities including
inhibition of the growth of breast and prostate cancers [1,2],
promotion of the proliferation of osteoporosis cells [3,4]
prevention of diabetes onset [5] and alleviation of menopausal
www.gavinpublishers.org

symptom [6-8]. Apart from these beneficial effects on human
health, daidzein has also been approved by US Food and Drugs
Administration as a good candidate in treating cardiovascular
diseases in virtue of the advantages of low cost and abundance
as well as its clinical safety [9]. The mechanism of anti-cardiovascular disease of daidzein is probably due to reducing the
Low-Density Lipoprotein (LDL) cholesterol, inducing nitric
oxide production, and improving vascular reactivity [10].
Regardless of these health benefits, the oral administration
of daidzein has recently been reported to encounter a major
therapeutic problem due to its poor oral bioavailability which
limits its curative effect [11,12]. Qiu et al., reported that the
absolute bioavailability of daidzein in rats after administration
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of daidzein solution was only 6.1% in the form of total daidzein
(free plus conjugated daidzein) [13]. The reasons caused
poor bioavailability of daidzein could be attributed to its low
solubility, its low partition coefficient of oil/water, and
especially its strong metabolism that occurs in the intestine
and liver [14]. In order to increase the oral administration of
daidzein, which would be expected to increase its tract or
cellular absorption, several research groups have already
reported to modify the molecular structure of daidzein to
create its various derivatives [15-18]. Among them,
esterification is usually considered as a better route to obtain
its derivatives with better bioavailability. It has been reported
that acylation of cholestane could increase the antitumor
potency [19]. Acylated saponin in low concentration also
activated the metabolism of endothelial cells, which enhanced
the permeability of the blood vessel walls for better adsorption
of the saponin into tissues [20]. Our research group has also
synthesized a sulfonate analogue of daidzein (Figure 1) in
previous report, which is expected to enhance its bioavailability [21]. In the present study, we continue to develop a validated
HPLC method prior to evaluation of the pharmacokinetics of
Daidzein 4′-Phenylsulfonyl Ester (DZPE) and its metabolite
Daidzein (DZ) in rats after intravenous administration and
oral administration of DZPE. With the results, we may provide
an experimental basis for clinical application.

acetonitrile and methanol (CH3OH) were purchased from
Merck Company (Darmstadt, Germany). Dimethylsulfoxide
(DMSO), formic acid and other reagents were of reagent grade.
Distilled water was used for the preparation of all solutions.

Animals and drug administration
Wistar rats, 8-week old and weighing 200-250 g, were
purchased from the Animal Center of Nanchang University
(Nanchang, China). Animals had free access to water
ad libitum until 12 h prior to being used in the experiments.
All animal experiments complied with the requirements of the
National Act on the Use of Experimental Animals (China).
Fifty rats were divided into two groups treated by intravenous
administration and oral administration of DZPE, respectively.
The oral dose or intravenous dose of DZPE were first dissolved
in DMSO and then diluted to the final concentration with
PEG-400 (35 mg/kg). Plasma samples were collected at 0.08,
0.17, 0.33, 0.67, 1, 2, 4, 6, 8, 12, 24 h. Then, each blood sample
was centrifuged at 14,000 × g for 10 min. The plasma samples
were stored at -70ᵒC until analysis by HPLC.

Stock solution and sample preparation
The stock solution of each analyte (DZ and DZPE) was
prepared by dissolving appropriate concentration of the
analyte in MeOH to achieve a concentration of 205.2 μg/ml
and 258 μg/ml, respectively. The stock solution of IS (genistein)
was prepared in CH3OH and diluted with CH3OH to result in
a final concentration of 92 μg/ml. As for preparation of plasma
sample, IS (10 μl) and ethyl acetate (extraction solvent, 1 ml)
were added to plasma samples (50 μl), and then vortexed
vigorously for 3 min, followed by centrifuging at 14,000 × g
for 10 min. The supernatant was transferred to glass tube and
evaporated to dryness under a gentle stream of nitrogen at
40ᵒC. The residue was reconstituted with 200 μl of CH3OH.

HPLC analytic method
The separation of each sample was performed by Agilent
HPLC series 1100 (Agilent Technologies, Little Falls, DE,
USA) equipped with quaternary pump, vacuum degasser,
autosampler and UV detector. The HPLC system was
connected to an Agilent Chemstation Software. Diamonsil C18
column (200 × 4.6 mm, 5 μm) maintained at 25ᵒC was used for
a separation. The mobile phase used was CH3OH: 0.1% formic
acid aquatic solution (1:1, v/v). The flow rate was set at
0.5 ml/min and UV-V is detection was performed at 262 nm.
Figure 1: Chemical structure of Daidzein, Daidzein 4′-Phenylsulfonyl Ester
(DZPE) (A) and Genistein (B).

Materials and Methods
Chemical and reagents
Daidzein (DZ) and Genistein (Internal Standard, IS) with
purity more than 98% was obtained from Shanxi Huike Plant
Company (Shanxi, China). Daidzein 4′-Phenylsulfonyl Ester
(DZPE) was synthesized and purified in our lab. HPLC grade
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HPLC Method Validation
Linearity, the Lower Limit of Detection (LLOD)
and Lower Limit of Quantitation (LLOQ)
In order to construct the calibration curve, a series of each
analyte (DZ and DZPE) standard solutions for plasma were
prepared by spiking blank rat plasma with appropriate stock
solution of each analyte and IS stock solutions (20 μl). The final
concentrations of each analyte were 10.26, 20.52, 61.56, 205.2,
2
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820.8, 3283.2, 8208 ng/ml. The samples were then treated by
the above extraction procedure and analyzed. Standard curves
were plotted from tested compound/IS peak area ratios vs
tested compound concentrations. Meanwhile, analytic method
validation including the Lower Limit of Detection (LLOD) and
Lower Limit of Quantitation (LLOQ) were determined. The
LLOD and LLOQ under the present chromatographic
condition were defined as a signal to noise (S/N) ratio of 3 and
10 respectively.

Accuracy and precision
To study the reliability and suitability of the developed
method, plasma samples were spiked with three concentration
of DZ (20, 80, 450 ng/ml) and DZPE (40, 100, 1000 ng/ml).
The intra-day accuracy and precision values were determined
on one day, while the inter-day accuracy and precision were
determined for 3 consecutive days. Six replicates were analyzed
in each of three analytical runs.

Recovery

Results and Discussion
Analytic method development
Typical chromatograms displaying the peaks observed in
plasma sample for DZ or DZPE spiked with IS are shown in
figure 2. The retention times of DZ, DZPE and IS were 12.37,
13.44, 15.25 min, respectively. Good separations between IS
and DZ or DZPE were achieved under the chromatographic
conditions used. No interfering peaks from endogenous
substances were observed. Standard curves were plotted from
tested compound/IS peak area ratios vs tested compound
concentrations in the ranges of 10.26 - 8208 ng/ml for DZ and
19.8-19800 ng/ml for DZPE, respectively. The linear equation
of DZ obtained was Y = 6 × 10-5 X + 0.013 (r2 = 0.9999), while
the linear equation of DZPE obtained was Y = 0.002X +
0.0317 (r2 = 0.9998). The standard curves exhibited excellent
linearity and correlation coefficient. The limits of the lowest
concentration on the calibration curve can be measured with
acceptable RSD < 10%. The LLODs for DZ and DZPE were
5.42 ng/ml and 9.64 ng/ml, while the LLOQs for DZ and DZPE
were 10.26 ng/ml and 19.8 ng/ml in rat plasma, respectively.

The recoveries of DZ and DZPE from rat plasma were
evaluated at three concentrations DZ (20, 80, 450 ng/ml) and
DZPE (40, 100, 1000 ng/ml) covering the linear range of the
standard curve. Each analyte was subsequently analyzed, and
quantified from the corresponding calibration curve. The
recovery test is determined as: Recovery (%) =
(Amountdetermined - Amountspiked)/Amountspiked × 100%. Where
Amountdetermined is the determined total amount from plasma
sample and Amountspiked is the spiked amount of each standard.

Stability
Short-term and long-term stability of DZ and DZPE in
plasma samples were assessed at three concentrations (20, 800
and 3200 ng/ml) for DZ and (40, 1000 and 10000 ng/ml) for
DZPE. The short-term stability was studied by analysis of the
samples being left at 20ᵒC for 24 h and the long-term stability
by analysis of the samples after storage at -70ᵒC for 30 days.
The freeze-thaw stability was determined after three freeze and
thaw cycles. In each cycle, the samples were stored at -20ᵒC
for 24 h and thawed unassisted at room temperature. When
completely thawed, the sample was refrozen within 24 h. The
cycle was repeated two times and then analyzed.

Pharmacokinetic study
Pharmacokinetic analysis was carried out using DAS
2.1.1 pharmacokinetic calculation software (Chinese Society of Mathematical Pharmacology, China). Area Under the
Curve (AUC), maximum plasma concentration (Cmax) and
the time needed to reach the maximum plasma concentration
(Tmax) were determined by the program. The elimination rate
constant (Kel) was obtained from the terminals slope using
regression analysis, and the half-life (t1/2) of the drug was
calculated by a relationship of 0.693/Kel.
3

Figure 2: Representative chromatograms of blank plasma (A); mixed
standards (B); and rat plasma sample after intravenous administration of
35 mg/kg DZPE to rats (C).

Method Validation
Precision and recovery
The accuracy and precision are the most important criteria
for judging the performance of an analytical method. The
accuracy of the analytical method is estimated as the
percentage difference between the mean values generated by
the method and the known concentrations (relative error, %er).
The precision is expressed as the percentage Relative Standard
Deviation (RSD%). Table 1 gave the overview of the intra-day
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RSD, inter-day RSD and mean RE% of the precision and accuracy for low, medium and high quality controls. The intra- and
inter-day accuracies (RE%) of DZ and DZPE were -1.8-7.5%,
0.2- 7.7%, -12.5 - 5.0% and -6.8 - 10.5%, respectively. The intraand inter-day precisions (RSD%) of DZ and DZPE were not
more than 6.1, 6.7, 7.6, and 8.2%, respectively. The extraction
recoveries of DZ from rat plasma were 72.4 ± 14.0%, 82.0 ±
6.3%, and 81.3 ± 4.4% at concentrations of 20, 80, 450 ng/ml,
while the recoveries of DZPE were 86.6 ± 0.9%, 90.7 ± 0.7%,
and 94.4 ± 3.9% at concentrations of 40, 100, 1000 ng/ml, respectively. All the results of the tested samples met the requirements of biological analysis.

35 mg/kg DZPE in rats are illustrated in figure 3. The main
pharmacokinetic parameters of DZPE and DZ in rats are
summarized in table 3. Plasma level of DZ steadily increased
after oral administration of DZPE within 1 h. Most DZ was
eliminated within 24 h after administration. The AUC(0–t) and
AUC(0–∞) of DZ measured after oral administration of DZPE
were estimated to be 1102 ± 445 and 1255 ± 537 ng h/ml,
respectively. DZ was found in plasma after either intravenous
or oral administration and 30.6% of DZPE was converted into
DZ after oral administration, while only 11.2% of DZPE was
converted into DZ after intravenous administration within
24 h. This is mainly due to the effect of liver esterases on DZPE

Intra-day procession (n=6)

Inter-day procession (n=6)

DZPE
Spiked concentration (ng/ml)

40

100

1000

40

100

1000

Measured concentration (ng/ml)

35.46 ± 1.24

103.31 ± 7.85

1050.27 ± 32.5

37.26 ± 2.75

110.57 ± 9.1

1034.83 ± 82.7

RE (%)

-12.5

3.0

5.0

-6.8

10.5

3.4

RSD (%)

3.5

7.6

3.1

7.4

8.2

8.0

DZ
Spiked concentration (ng/ml)

20

80

450

20

80

450

Measured concentration (ng/ml)

20.08 ± 0.85

86.24 ± 3.26

442.1 ± 26.96

20.04 ± 1.2

86.12 ± 4.13

442.25 ± 29.63

RE (%)

0

7.5

-1.8

0.2

7.6

7.7

RSD (%)

4.1

3.8

6.1

6.0

4.8

6.7

Table 1: Precision and accuracy of the LC method for determining DZPE and DZ in rat plasma (mean ± SD).

Stability
Table 2 showed that plasma samples containing DZ and
DZPE were stable at 20ᵒC for 24 h and at -70ᵒC for 30 days.
Meanwhile, the rat plasma samples were stable after three
freeze-thaw cycles. No appreciable loss of DZ and DZPE was
detected within the experimental conditions.
DZPE
Spiked concentration
(ng/ml)

40

1000

as well as plasma esterases on DZPE following oral
administration [22]. The absolute bioavailability of the
sum of DZPE and DZ was 31.6%, which indicated that the
ester-containing compound DZPE improved the absorption
compared to the absolute bioavailability of DZ (6.1%) as
reported from the previous study [13].

DZ
10000

20

800

3200

Storage stability (-70ᵒC, 30 d)
Measured concentration
(ng/ml)

41.8

1053

9600

20.68

771.2

3443

RE (%)

4.5

5.3

-4.0

3.4

-3.6

7.6

Freeze-thaw stability (3 cycles)
Measured concentration
(ng/ml)

38.36

1009

11060

18.94

760

3347

RE (%)

-4.1

0.9

-10.6

-5.3

-5.0

4.6

Processed stability (20ᵒC, 24 h)
Measured concentration
(ng/ml)

44.12

1102

9110

18.94

823.2

3324

RE (%)

10.3

10.2

-8.9

-5.3

2.9

3.9

Table 2: Stability of DZPE and DZ in rat plasma at different conditions (n=6).

Pharmacokinetic study after intravenous and oral
administration of DZPE
The proﬁles of total DZ and DZPE plotted against time
after oral administration and intravenous administration of
Volume 1; Issue 01

Figure 3: The mean plasma concentration-time curves of DZPE (■) and DZ
(♦) after intravenous administration (A) and oral administration (B) of 35 mg/
kg DZPE to rats (n=5).

In summary, we have developed a simple HPLC method
with necessary precision, sensitivity, and accuracy to allow the
simultaneous determination of DZ and DZPE in rat plasma.
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Parameters

Oral

Intravenous

DZPE

DZ

DZPE

DZ

Tmax (h)

0.8 ± 0.30

0.37 ± 0.36

–

0.7 ± 0.16

Cmax(ng/ml)

930 ± 351

324 ± 72

–

716 ± 129

t1/2 (h)

3.26 ± 1.72

5.44 ± 4.11

3.10 ± 0.73

6.94 ± 7.13

MRT0-t (h)

2.96 ± 0.79

4.27 ± 2.15

2.94 ± 1.01

4.29 ± 2.85

AUC0-t (ng.h/ml)

2490 ± 570

1102 ± 445

10086 ± 804

1267 ± 432

AUC0-∞ (ng.h/ml)

2953 ± 658

1255 ± 537

10119 ± 829

1415 ± 596

Absolute
bioavailability (%)

31.6

Table 3: The mean non-compartmental pharmacokinetic parameters of DZPE
and DZ in rats after single oral and intravenous administration of 50 mg/kg
(n=5).

Meanwhile, the validated HPLC method has been successfully
applied to study the pharmacokinetics in rats following
intravenous and oral administration of DZPE at doses of 35
mg/kg. The metabolism of DZPE to DZ after oral administration was greater than that after intravenous administration in
rats, and the relative bioavailability of the sum of DZPE and
DZ was 31.6%.
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