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SUMMARY. A new HPLC-DAD method has been developed and validated for the simultaneous analysis of
five flavonoids (rutin, quercitrin, quercetin, kaempferol, and isorahamnetin) in rat plasma. Sample pre-
treatment consisted of a liquid–liquid extraction. The five flavonoids was separated on a kromasil C18 col-
umn and recorded at 350 nm. The greatest resolution was achieved with methanol-0.1% formic acid gra-
dient at a flow rate of 1.0 mL min–1. The correlation coefficients for all the calibration plots (r > 0.999)
showed good linearity over the range tested. The relative standard deviation of the method was less than
7% and 10% for intra and inter-day assays respectively, and average recovery was between 77.2 and
99.2%. The detection limits of this method were between 0.006 and 0.02 μg mL–1. The method has been
successfully applied to determine drug concentrations in normal and diabetic rat plasma samples and
pharmacokinetic of Ginkgo biloba extract.

INTRODUCTION
Ginkgo biloba is an ancient Chinese phy-

tomedicine which was used to treat various ail-
ments including circulatory and demential disor-
ders. Standardized leaf extracts have been
proved to be clinically effective in the treatment
of Alzheimer’s disease, depression, impotency,
memory impairment, peripheral vascular dis-
ease, intermittent claudication, vertigo and tinni-
tus, Diabetes mellitus (DM) 1-5. The positive ef-
fects of Ginkgo bibola extracts (EGb) are thought
to result from the synergistic action of two dis-
tinct groups of compounds, the flavonoids and
triterpene lactones 6. The flavonoids are respon-
sible for the free radical scavenging effects of
Ginkgo biloba 7-9, while the ginkgolides are po-
tent anti-platelet factor (PAF) antagonists 10. 

DM is a serious health problem affecting mil-
lions of individuals worldwide. By the year
2025, the World Health Organization (WHO)
predicts that 300 million people will have dia-
betes mellitus 11. It is showed that some changes
of many enzymes and transporters concerned

with metabolism and disposal of drug have tak-
en place in organism under pathologic state of
DM. The expression of cytochrome P450 of liver
microsomes showed marked change in the body
of DM rat induced by streptozotocin (STZ), such
as significant advance of expression level of
messenger ribonucleic acid (mRNA) of CYP1A2,
CYP2B1/2, CYP2E1, and CYP3A2/3, striking de-
crease of expression of CYP2C11 and significant
reduction of expression of its mRNA 12. Price
discovered that metabolic glucuronic acidifica-
tion of rats with DM induced by STZ increased
strikingly 13. Watanabe K presented that expres-
sion of Peptide Transporter 1 (PepT1) increased
notably with DM rats. Thus, pharmacokinetics of
drug is probably influenced under pathologic
state of DM 14.

Many scholars have studied flavonoids in bi-
ological specimen 15-19, but there was little atten-
tion paid to the simultaneous determination of
the concentrations of selected flavonols (rutin,
quercitrin, quercetin, kaempferol, and isoraham-
netin) in diabetic rat plasma and their pharma-
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cokinetic after intravenously administrated EGb.
There are literatures published the pharmacoki-
netic of EGb in rabbits by calculating the total
flavonol glycoside content from the aglycone
concentration after acid hydrolysis or total peak
area of EGb in plasma 20-21, but rutin, quercitrin,
and other flavonols might be effective compo-
nents in EGb for the therapy of DM 22-29 and si-
multaneous determination of several effective
components in vivo through optimizing the ex-
traction method and chromatographic condi-
tions might be suitable for the study of pharma-
cokinetic properties of EGb. Meanwhile, the
pharmacokinetic of EGb should be different in
normal and diabetic rat.

Thus, the objectives of this study were to de-
velop and validate a simple and rapid RP-HPLC-
DAD method for analyzing five effective
flavonoids in normal and diabetic rat plasma af-
ter intravenous administration of EGb and to in-
vestigate the difference in the pharmacokinetic
of EGb in normal and diabetic rats. 

MATERIALS AND METHODS
Chemicals and Reagents

HPLC grade-methanol was obtained from
Fisher Scientific (Fisher Scientific, USA). Rutin,
quercitrin, quercetin, kaempferol, and isorham-
netin (see Fig. 1) reference standard were pur-
chased from National Institute for the Control of
Pharmaceutical and Biological Products (NICPP,
Beijing, China).The purity (more than 99.5%) of
these reference standards was assumed as pro-
vided by the suppliers. Water was prepared by
Automatic double purified water distilling appa-
ratus (Shanghai Yarong Biochemical Factory,
China).The mobile phase was degassed by Ul-
trasonic Generator (Wuxi Ultrasonic Generator
Electronic Equipment Company, China) and fil-
tered by 0.45 um filter (Autoscience Instrument
Co. Ltd, China). EGb used in this study was ob-
tained from Xuzhou Enhua Pharmaceutical Fac-
tory (Xuzhou, China). EGb injection (20 mg
mL–1, dissolved with 30% PEG-400 water solu-
tion) was prepared by our laboratory. Streptozo-
tocin (STZ, Lot No. P7993b) was purchased
from Biomol Research Lab (Plymouth Meeting,
PA, USA). All other chemicals were of analytical
grade. 

Chromatography
The HPLC (Shimadzu, Kyoto, Japan) instru-

ment was equipped with a model series LC-10
ADVP pump, DGU-20A degasser, FCV-10ALVP,
SCL-10AVP system controller, Rheodyne 7725

Figure 1. Chemical structure of five flavonoids. R1 =
OH, R2 = rutinose: Rutin. R1 = OH, R2 = rhamnose:
Quercitrin. R1 = OH, R2 = H: Quercetin. R1 = R2 = H:
Kaempferol. R1 = OCH3, R2 = H: Isorhamnetin.

injector with a 20 µL loop and a SPD-20AVP
Diode array detector. System control and data
analyses were carried out using LCsolution soft-
ware (Shimadzu). Separation have been done
on a kromasil C18 column (5 µm particle size,
250 mm x 4.6 mm i.d. Dalian Elite company,
China) using a one step linear gradient. Mobile
phase A (methanol) and B (0.1% formic acid)
ratios changed as follows: 0~5 min, 35~40%A;
5~40 min, 40~50%A; 40~50 min, 50~60%A;
50~55 min, 60~65%A. The total run time was 55
min at a flow rate of 1 mL.min–1. The eluent was
monitored by a diode array detector and the de-
tection wavelength was set at 350 nm. The sam-
ple injection volume was 20 µL and the column
temperature was 35 °C.

Preparation of standard stock solutions
Individual standard stock solutions of the ref-

erence compounds were prepared by accurately
dissolving 5.05 mg rutin, 4.83 mg quercitrin,
5.05 mg quercetin, 1.23 mg kaempferol, and
0.98 mg isorhamnetin into 25 mL methanol re-
spectively. These solutions were stored at 4 °C
away from light and were found to be stable for
at least 1 month. Working standard solutions for
spiking plasma were freshly prepared by dilut-
ing the stock solution with methanol-0.1%
formic acid (70:30, v/v) to appropriate concen-
trations.

The samples for plasma standard calibration
curves were prepared by spiking the blank rat
plasma (100 µL) with 100 µL of the appropriate
working solution to yield the following concen-
trations: rutin 0.2525~20.2 µg mL–1, quercitrin at
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0.1208~9.66 µg mL–1, quercetin at 0.1008~20.16
µg mL–1, kaempferol at 0.031~2.46 µg mL–1,
isorhamnetin at 0.098~7.84 µg mL–1. Quality
control samples used for the study of intra-day
and inter-day accuracy and precision, extraction
recovery and stability were prepared in the
same way as the calibration samples.

Plasma sample preparation
One hundred microliter plasma was aliquot-

ed in a centrifuge tube, and then spiked with
acetone-diethyl ether (1:14, v/v) 1.5 mL by vor-
tex mixing for 1 min. The mixture was cen-
trifuged at 14,000 rpm for 15 min to separate
water phase from the organic phase (I). The wa-
ter phase was spiked with 1 mL methanol by
vortex mixing for 1 min and centrifuged at
14,000 rpm for 15 min to separate protein from
the organic phase (II). The organic phase (I)
and the organic phase (II) were put together
and transferred to a clean centrifuge tube. This
mixture was evaporated to dryness under a gen-
tle stream of nitrogen. The residue was reconsti-
tuted with 1 mL methanol-0.1% formic acid
(70:30, v/v) and filtrated by using 0.45 µm cellu-
lose acetate membrane. An aliquot of 20 µL of
the solution was injected into the chromato-
graphic system.

Validation of the assay method
Calibration

The plasma samples for standard cure were
prepared as described in plasma sample prepa-
ration. An aliquot of 20 µL of the resulting solu-
tion was injected into HPLC system, and each
concentration was analyzed for five times.
Based on the peak area, calibration lines of
peak area versus analyte concentrations were
plotted.

Detection wavelength and specificity
The rat plasma samples were detected at 254

nm and 350 nm by Diode array detector under
the chromatography conditions as described in
chromatography system. Interference of endoge-
nous substance in rat plasma was investigated.

The specificity of the method was investigat-
ed by comparing the chromatograms of blank
plasma samples from different rats with that of
blank plasma spiked with standard solution and
the samples collected after intravenous adminis-
tration of EGb injection.

Recovery
Recovery was calculated by comparing the

peak areas of the extracted quality control sam-

ples with that of the unextracted standard solu-
tions containing the equivalent amount of ana-
lytes. 

Precision
Spiked rat plasma samples with different

concentrations of rutin, quercitrin, quercetin,
isorahamnetin, and kaempferol were used for
precision studies. The intra-day precision was
calculated by analyzing five replicates of control
samples within a day. The inter-day variability
was estimated by analyzing samples on five sep-
arate days. The relative standard deviation
(RSD) was used to estimate the precision.

Sensitivity
The limit of detection (LOD) was defined as

the lowest concentration of the drug resulting in
a signal-to-noise ratio of 3:1. The limit of quan-
tification (LOQ) was defined as the lowest con-
centration of spiked plasma samples that can be
determined with sufficient precision and accura-
cy, i.e., RSD. less than 15%.

Stability
Stability of five flavonoids in rat plasma was

examined in two ways: (1) The stability of ana-
lytes in the plasma stored at –20 °C was deter-
mined in 0, 1, 2, 3, 7 days. (2) The stability of
the analytes after extraction from plasma and
dissolving in methanol-0.1% formic acid (70:30,
v/v) at 4 °C away from light was determined at
0, 24 and 48 h.

Pharmacokinetic studies
Healthy male Sprague-Dawley rats with an

average weight of 200 g were provided by
Xuzhou Medical College (Xuzhou, China) fol-
lowing the Guiding Principles for Care and Use
of Laboratory Animals of Xuzhou Medical Col-
lege. Diabetes mellitus was induced in the male
Sprague-Dawley rats by i.p. injection of 60 mg
kg–1 of the beta-cell toxin STZ (dissolved in pH
4.5 citrate buffer immediately before the injec-
tion). Meanwhile controlled normal standard
rats were received 6 mL kg–1 citrate buffer. The
induction of the diabetic state was confirmed by
the blood glucose level measurement on the
third day after STZ administration. The rats with
fasting blood glucose concentrations at 14 mmol
L–1 were applied to research. The controlled
normal standard and diabetic animals housed in
the barrier environment refer to breed specific
pathogen-free grade animals, and they were al-
lowed free access to food and water. 

EGb was given to diabetic and normal
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Sprague-Dawley rats (n=10) by intravenous ad-
ministration at the dosage of 20 mg kg–1. Blood
samples (0.5 mL) were collected by vena cau-
dalis at 1, 2, 3, 5, 10, 15, 30, 60, 90, 120, 180,
and 240 min post-intravenous administration
and were immediately centrifuged (14000 rpm
for 10 min) to separate the plasma fractions. The
plasma samples were treated according to the
procedure described in plasma sample prepara-
tion. And then 20 µL of the above solution was
injected under the optimum conditions men-
tioned earlier.

RESULTS AND DISCUSSION
In addition to the determination of effective

components in traditional preparation
medicines, it is more important to clarify the
destiny of effective components in vivo-the
pharmacokinetic profiles. Optimizing the extrac-
tion method and chromatographic conditions
should be a quick and simple way to study the
pharmacokinetic properties of several effective
components in one preparation in vivo. Due to
the obvious difference in polarity and concen-
tration among rutin, quercitrin, quercetin,
kaempferol, and isorhamnetin, simultaneous de-
termination of the five flavonoids in plasma be-
comes difficult in a single HPLC run. Although
there are literatures concerning the determina-
tion of rutin, quercitrin, quercetin, kaempferol,
and isorhamnetin simultaneously in Ginkgo bi-
bola extract solid oral dosage or independently

Figure 2. Chromatograms of diabetic rat plasma samples. (A) Blank diabetic rat plasma detected at 350 nm; (B)
Blank diabetic rat plasma spiked with Rutin, Quercitrin, Quercetin, Kaempferol and Isorhamnetin detected at 350
nm; (C) Diabetic rat plasma sample at 10 min after intravenous administration of Ginkgo biloba extract injection
detected at 350 nm; (D) Diabetic rat plasma sample at 10 min after intravenous administration of Ginkgo biloba
extract injection detected at 254 nm. (1: Rutin; 2: Quercitrin; 3: Quercetin; 4: Kaempferol; 5: Isorhamnetin).

in plasma using HPLC with relatively fine sensi-
tivity 30, the methods may not be appropriate for
the study of the traditional Chinese preparations
in vivo for it’s low drug concentration and inter-
ference of plasma endogenous substance The
major contribution of the present HPLC method
is to develop a simple extraction method and a
gradient elution program to reduce the running
time and reach satisfactory specificity and sensi-
tivity for rutin, quercitrin, quercetin, kaempferol,
and isorhamnetin in diabetic rat plasma at the
same time after intravenously administrated with
EGb.

Selection of the detection wavelength and
study on the specificity 

In order to obtain the optimal detection
wavelengths for the chromatography separation,
the separated result of rutin, quercitrin,
quercetin, kaempferol, and isorhamnetin was
obtained at 254 nm and 350 nm by diode array
detector. The results of different detection wave-
length showed that the absorbance peaks of five
flavonoids were different. Although they all had
the best or better absorbance peaks at 254 nm,
interference of endogenous substance from rat
plasma in the preparation have the same chro-
matographic behavior as rutin (see Figure 2C
and 2D). Therefore, the Diode array detector
was set at the wavelength of 350 nm in this as-
say.

The representative RP-HPLC profiles of a
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blank plasma sample (Fig. 2A), a blank plasma
sample spiked with standard solution (Fig. 2B)
and plasma sample at 10 min after intravenous
administration of EGb injection (Fig. 2C) were
shown in Fig.2. No interference was observed
under the assay conditions. The peaks of the
analytes in the plasma were identified by com-
paring their retention time with that of the stan-
dard and further confirmed by their on-line UV
spectra.

Sample preparation
In this study, several solvent systems, such as

10% trichloroacetic acid, methanol, acetonitrile,
acetone, acetoacetate, and acetone-diethyl ether
with different composition ratios were tested for
extraction of rutin, quercitrin, quercetin,
kaempferol, and isorhamnetin from rat plasma.
Among them best extraction and precision of
quercetin, kaempferol, and isorhamnetin were
observed when a mixture of acetone-diethyl
ether (1:14, v/v) was chosen. Therefore, the rat
plasma was extracted with methanol and ace-
tone-diethyl ether (1:14, v/v) respectively and
the two extracted solution were put together for
simultaneous determination of rutin, quercitrin,
quercetin, kaempferol, and isorhamnetin.

Linearity and sensitivity
The calibration curve of each compound was

established by injecting eight different concen-
trations consisting of five flavonoids, a good
correlation was found between peak areas (y)
and concentrations (x). The results of each com-
pound, such as linearity, linear range, limit of
detection (LOD), limit of quantification (LOQ)
and correlation coefficient (R), were summa-
rized in Table 1. The experimental results
showed that the LODs of each flavonoid were
very low (0.006–0.02 µg mL–1), which indicated
that this method was highly sensitive.

Analyte
Linear range Regression Correlation LOD a LOQ b

(µg mL–1) equation coefficient (µg mL–1) (µg mL–1)

Rutin 0.126~20.2 Y = 9181x-23.51 0.9995 0.01 0.04

Quercitrin 0.121~9.66 Y = 11276x-440.88 0.9999 0.02 0.07

Quercetin 0.101~20.2 Y = 41571x-3742.1 0.9977 0.006 0.02

Kaemferol 0.031~2.46 Y = 39793x-592.53 0.999 0.02 0.07

Isorhamnetin 0.098~7.84 Y = 25563x+35.203 0.9995 0.02 0.08

Table 1. Linearity and sensitivity of detection for five flavonoids in rats plasma by RP-HPLC (nc = 5). aLOD: Lim-
it of detection. bLOQ: Limit of quantitation. cn: Number of determination.

Precision
Analytical precision data were shown in

Table 2. The precisions of rutin, quercitrin,
quercetin, kaempferol, and isorhmnetin calculat-
ed as the relative standard deviation (RSD) at
various concentrations were lower than 7% and
10% for intra-day and inter-day assays, respec-
tively.

Recovery
The accuracy of the method, in terms of re-

covery efficiency, is a measure of the response
of the analytical method to the entire quantity of
the analyte contained in a sample. The recovery
of the five flavonoids in rat plasma samples was
calculated and the results were shown in Table
2 with the mean values of five replicate injec-
tions. The recoveries for the five flavonoids
were between 72.2% and 99.2% in rat plasma
(see Table 2). From the results of recoveries, it
can be concluded that the present method for
the analysis of five flavonoids in plasma has a
good accuracy.

Storage stability
The stability experiments were aimed to test-

ing all possible conditions that the samples
might experience after collection and prior to
the analysis. So the stability of five flavonoids in
rat plasma samples was investigated. The results
of storage stability were summarized in Table 3.
The stability test indicated that all five
flavonoids were stable for at least 7 days in
plasma at -20 °C. In addition, the five flavonoids
were also stable in prepared samples for 48 h
demonstrating the stability of the analytes in 2
days when placed at 4 °C away from light be-
fore analysis.

Pharmacokinetic studies
The validated HPLC-DAD method has been
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successfully used to simultaneously determine
the concentrations of rutin, quercitrin, quercetin,
kaempferol, and isorhamnetin in plasma sam-
ples obtained after intravenous administration of
20 mg.kg–1 of EGb injection to rats. The chro-
matograms generated from the above rat plasma
were shown in Figure 2, respectively. It showed

Nominal Recovery (n = 5) Precision R.S.D a (%) (n = 5)
Analyte Concentration

(µg.mL–1) Mean (%) R.S.D. (%) Intra-day Inter-day

Rutin 10.1 89.6 5.3 1.6 4.7
2.53 80.5 7.7 2.3 4.1
0.253 73.2 7.5 2.5 9.1

Quercitrin 4.83 87.2 4.5 2.9 9.3
1.21 77.9 5.1 1.2 7.9
0.121 76.3 6.3 3.9 8.5

Quercetin 10.1 83.1 4.1 2.4 9.2
2.52 84.9 6.2 5.1 7.4
0.252 72.2 5.2 6.1 8.2

Kaemferol 1.23 99.2 4.2 1.1 4.9
0.308 84.3 5.3 2.6 6.8
0.031 72.5 8.4 2.8 8.3

Isorhamnetin 3.92 86.3 3.9 3.3 6.6
0.98 85.7 5.1 3.4 4.4
0.098 72.3 7.9 2.9 8.6

Table 2. Extraction recoveries and intra-day and inter-day (5 separate days) precision for the determination of
five flavonoids in rat plasma. a RSD  Relative standard deviation.

Rutin 10.1 10.08 2.3 9.98 1.9
2.53 2.41 6.5 2.49 3.5
0.253 0.227 7.1 0.226 4.8

Quercitrin 4.83 4.72 4.2 4.59 3.8
1.21 1.09 7.1 1.16 2.8
0.121 0.123 5.2 0.123 2.2

Quercetin 10.1 9.93 1.9 9.92 2.7
2.52 2.30 3.5 2.24 2.4
0.252 0.254 3.5 0.261 2.1

Kaempferol 1.23 1.17 2.5 1.26 2.6
0.308 0.273 3.6 0.303 4.9
0.031 0.038 4.3 0.030 3.2

Isorhamnetin 3.92 3.88 4.3 3.90 1.5
0.98 0.832 7.1 0.908 3.8
0.098 0.092 5.1 0.086 5.6

Table 3. The stability of five flavonoids in plasma stored at –20 °C was determined during 7 days as well as in
prepared samples stored at 4 °C away from light during 48 h (n = 3).

Nominal
concentration

(µg mL–1)

Mean detected
concentration

(µg mL–1)

Variation
coefficient

(%)

Mean detected
concentration

(µg mL–1)

Variation
coefficient

(%)

In prepared samplesIn plasma

Analyte

that there was no obvious interference on the
analysis of five flavonoids in rat plasma matrix-
es. The concentration of five flavonoids was cal-
culated according to the previously established
linear regression equations in Table 1, and the
mean plasma concentration–time profiles of the
five flavonoids were shown in Figs. 3-7. The
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Rutin Quercitrin Quercetin Kaemperol Isorhamnetin
Parameters Units

N a D b N D N D N D N D

AUC(0–t) mg.h.L–1 60.43 30.34** 55.29 40.49** 3.24 1.71** 0.97 0.42* 4.62 2.08**

AUC(0–∞) mg.h.L–1 65.59 53.20 66.79 44.17** 4.13 2.46** 1.03 0.51 4.79 2.14**

MRT(0–t) h 0.69 0.74 1.45 0.98** 0.56 0.46* 0.77 0.76 0.62 0.63

t1/2 h 1.69 7.76 1.66 1.26* 3.84 3.84 1.18 1.32 1.21 1.07

Cl c L.h–1.kg–1 0.66 0.83 0.69 0.93** 9.94 16.86** 26.62 81.01** 9.24 19.13**

V d L.kg–1 1.58 7.31* 1.44 1.69 53.04 83.89 79.51 154.81** 15.49 29.07*

Table 4. Pharmacokinetic parameters of five flavonoids in normal and diabetic rat (mean, n = 10). N a: normal

rat. D b: diabetic rat. Cl c: clearance. V d: apparent volume of distribution. *p＜0.05 or **p＜0.01 vs Normal rat.

Figure 3. Plasma concentration versus time profiles of
rutin in normal and diabetic rats (n=10) following in-
travenous administration of Ginkgo biloba extract in-
jection at a single dose of 20 mg kg–1.

Figure 4. Plasma concentration versus time profiles of
quercitrin in normal and diabetic rats (n=10) follow-
ing intravenous administration of Ginkgo biloba ex-
tract injection at a single dose of 20 mg kg–1.

Figure 5. Plasma concentration versus time profiles of
quercetin in normal and diabetic rats (n=10) follow-
ing intravenous administration of Ginkgo biloba ex-
tract injection at a single dose of 20 mg kg–1.

Figure 6. Plasma concentration versus time profiles of
kaempferol in normal and diabetic rats (n=10) follow-
ing intravenous administration of Ginkgo biloba ex-
tract injection at a single dose of 20 mg kg–1.
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pharmacokinetic parameters from two-compart-
ment model analysis (Drug and Statistics for
Windows) were summarized in Table 4.

The concentration of five flavonoids in dia-
betic rat plasma was significantly lower than
that of normal rat plasma (AUC (0-t) in Table 4,
p < 0.01 or 0.05), suggesting that clearances of
the respective five ingredients in rat plasma in-
creased in pathologic conditions. But this did
not reduce half-life for each flavonoid (Table 4).

We found that Cmax of quercitrin appeared
at 20~30 min in concentration-time profile of
quercitrin (Fig. 4) after intravenously administra-
tion of EGb. This may result from biotransfor-
mation of rutin or other flavonoids. In order to
confirm our suspect, we investigated the bio-
transformation of rutin in rat plasma by HPLC-

Figure 7. Plasma concentration versus time profiles of
isorhamnetin in normal and diabetic rats (n=10) fol-
lowing intravenous administration of Ginkgo biloba
extract injection at a single dose of 20 mg kg–1.

Figure 8. Chromatogram of rat plasma following in-
travenous administration of rutin. (Chromatography
conditions: mobile phase A (methanol) and B (0.1%
formic acid) ratios changed as follows: 0~10 min,
40~45% A; 10~25 min, 45~55% A; 25~26 min, 55~40%
A; 26~35 min, 40% A. Other conditions were same
with that of Ginkgo biloba extract).

Figure 9. Chromatogram of rat plasma following in-
travenous administration of quercetin. (Chromatogra-
phy conditions: mobile phase A (methanol) and B
(0.1% formic acid) was 50 and 50. Other conditions
were same with that of Ginkgo biloba Extract).

DAD after intravenous administration of rutin.
We found chromatogram of rutin, quercitrin,
and quercetin in rats plasma by comparing with
chromatogram of standard reference substances
(Fig. 8). This suggested that biotransformation of
rutin resulted in change of concentration-time
profile of quercitrin. 

The results of pharmacokinetics revealed that
there were second peaks in profiles of
kaempferol and isorhamnetin after intravenous
administration of EGb (Figs. 6 and 7), which
was not according with pharmacokinetic of in-
travenous administration. Chen et al. reported
that isorhamnetin was found in rats plasma after
oral administration quercetin 31. In order to in-
vestigate transformation of quercetin further, we
observed the change of rat plasma by HPLC-
DAD after intravenous administration of
quercetin. The result revealed that quercetin,
kaempferol, and isorhamnetin were detected in
rat plasma by comparing with chromatogram of
standard reference substances (Fig. 9). There-
fore, we suspected that the second peak of
kaempferol and isorhamnetin resulted from the
transformation of quercetin.

CONCLUSIONS
In summary, the RP-HPLC method men-

tioned here represents an excellent technique
for simultaneous separation and determination
of five flavonoids in normal and diabetic rat
plasma after the intravenous administration of
EGb, and has the advantages of good sensitivity,
precision and reproducibility. In this method, a
simple sample preparation of rat plasma sam-
ples was employed; it is easily adaptable for
many laboratories with commonly available RP-
HPLC equipment. Especially, it was successfully
applied to determine drug concentrations in
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normal and diabetic rat plasma samples that had
been intravenously administered with EGb, and
it will play a reference role on the determination
of flavonoids in other medicinal plants, pharma-
ceutical preparations or clinic analysis. The
pharmacokinetic parameters of EGb in diabetic
rat were apparently different from that in nor-
mal rat.
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