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Abstract

A rapid and sensitive UPLC-MS/MS method was developed and fully validated for the quantification of hyperoside in rat
plasma after intragastric, intraperitoneal and intravenous administration. Geniposide was used as an internal standard, and
simple liquid-liquid extraction by ethyl acetate was utilized for to extracting the analytes from the rat plasma samples.
Chromatographic separation was carried out on an InfinityLab Poroshell 120EC-C18column (2.1 mm X 50 mm, 1.9-Micro,
Agilent technologies, USA). The mobile phase consisted of methanol (A) and water (B) (containing 0.1% acetic acid) at a
flow rate of 0.4 mL/min. A run time of 3 min for each sample made it possible to analyze more than 300 plasma samples per
day. The validated linear ranges of hyperoside were 2—1000 ng/mL in rat plasma. The intra-day and inter-day precision were
within 2.6-9.3%, and accuracy were +8.6%. And the results of recovery and matrix interference studies were well within the
accepted variability limits. Finally, this method was fully validated and successfully applied to the pharmacokinetic studies
of hyperoside via different administration routes in rats.
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Abbreviations AUC  Area under curve
Hyp Hyperoside MRT  Mean residence time
IS Internal standard

LLOQ Lower limit of quantification

QC Quality control Introduction
ESI Electrospray ionization
CE Collision energy values Hyperoside (quercetin 3-O-galactoside, Hyp) is one of the

flavonol glycosides. It was detected in many plant species,
such as Abelmoschus manihot [1], Apocynum venetum L.
[2], Crataegus pinnatifida [3], etc. The ethanol extract of the

TEM  Temperature
HL Half life
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flower in Abelmoschus manihot is made as Huangkui capsule
and has been used to treat patients with kidney diseases [4].
The extracts of Apocynum venetum L. exerted an protective
effect on pirarubicin-induced cardiotoxicity [5]. Zhang [6]
reported that hawthorn extracts exhibited antibacterial activ-
ity. So hyperoside may be a potential medicinal ingredient.
At the same time, it is reported that hyperoside has extensive
pharmacological effects. For examples, it could induce both
autophagy and apoptosis of cancer cells [7]. In addition,
hyperoside was reported to have anti-inflammatory and anti-
oxidant activities [8]. While protecting the cardiomyocytes
[9], cortical neurons [10] and renal [11] from ischemia/rep-
erfusion injury, it can also enhance immunity [12], protect
the liver [13] and ameliorate depression [14]. A recent study
has been reported hyperoside was one of the key molecules
of Qing-Fei-Pai-Du decoction in the treatment of COVID-19
[15]. Based on the researches described above, hyperoside
has good prospects for medicine.

To further understand its pharmacological mechanism
in vivo, it is necessary to explore its pharmacokinetics. Ai
et al. [16] studied the pharmacokinetic changes of hyperoside
in vivo by gavage and intravenous injection. Both Cmax and
AUC were positively correlated with the dose, and the cor-
relation coefficients were 0.998 and 0.999, respectively, indi-
cating that the elimination of hyperoside was in line with the
characteristics of linear kinetics. The bioavailability of hyper-
oside was low, with an oral bioavailability of only 1%, and
pre-administration of verapamil increased its bioavailability by
2.4% [17]. The low bioavailability of hyperoside may affect its
distribution in various tissues and even its efficacy. In addition,
some scholars have studied the possibility of hyperoside and
its metabolites to reach the nervous system and the pharma-
cokinetics in the brain based on the protective effect of hypero-
side on the nervous system. It was found that the content of
hyperoside and its metabolites in the brain was not detected
after intragastric administration, but it could be detected after
intraperitoneal injection [18]. Therefore, different routes of
administration may affect its distribution in tissues, thus affect-
ing its efficacy. For examples, Ganlixin has an obvious clini-
cal effect in the treatment of chronic toxic hepatitis, but has
poor absorption in oral preparations. Pharmacokinetic studies
show its absolute bioavailability is only about 3%, so Gan-
lixin is well suited for injection [19]. Besides, the pharmacoki-
netics of Topotecan in different routes were studied. Plasma
concentrations at elimination phase following subcutaneous
administration were much higher than oral administration and
intravenous administration [20]. In the study of pharmacoki-
netics of puerarin (the principal component of Tonggiao Sanyu
Prescription) in different administration, the bioavailability of
nasal administration was higher than that of oral administra-
tion, which can provide some scientific foundation for the
method of administration and the dosage form of Tonggiao
Sanyu prescription [21]. Intraperitoneal injection [11, 22, 23]
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was mostly used in the studies on the efficacy of hyperoside,
while gavage was always used in a long-time study [24, 25].
Whether the physiological basis of hyperoside is related to the
amount of hyperoside exposed in vivo, there has no reports
of comparing different administration routes. Therefore, it is
necessary to investigate the dynamic changes of hyperoside
under different administration routes, and obtain its pharma-
cokinetic parameters, so that the method of administration,
dosage, interval and course of treatment can be determined
scientifically, which can improve clinical treatment level.

Several analytical methods have been reported for the
determination of hyperoside in biological samples. Ai et al.
[16] reported that when administered by gavage, hypero-
side could not be detected in serum by HPLC. Therefore,
they adopted the method of hydrolysis by 3-glucoside acid
enzyme, measuring the concentration of quercetin after
hydrolysis, and then the conversion to the content of hypero-
side, and the lower limit of detection was 0.01 pg/mL. How-
ever, quercetin is a metabolite of hyperoside after desac-
charification [26], so the above determination method is
questionable. The concentration of hyperoside in plasma was
also determined via HPLC by Liu [27]. But, the lower limit
of quantification (LLOQ) was just 0.892 pg/mL. Besides,
Yin et al. [28] determined hyperoside and isoquercitrin in rat
plasma by membrane-protected micro-solid-phase extraction
with HPLC. The linear range was between 1 and 120 pg/mL.
The method was not sensitive but expensive. In addition,
hyperoside was detected in plasma by UPLC-MS by Tan
[29], but it takes 10 min. Yin [26] improved the method of
detection of hyperoside in plasma of beagle dogs after the
administration of Hypericum perforatum extract by LC-ESI
MS/MS, and the analysis time was 2 min. However, the lin-
ear range of this method was 10-5000 ng/mL. In summary,
the reported methods have the problems of long analysis
time, poor sensitivity and high cost. Therefore, it is neces-
sary to establish a sensitive, convenient, simple and low-cost
analytical method to fastly determine compounds.

In this paper, we developed a novel UPLC-MS/MS
method for the quantification of hyperoside in rat plasma.
The method had the advantages of short analysis time, high
sensitivity, good reproducibility and simple sample process-
ing. It was applied for the pharmacokinetic study of hypero-
side in different administration routes, so as to provide guid-
ance for drug development and clinical rational application.

Materials and Methods
Chemicals and Reagents
The reference standards of hyperoside (>98% pure) and

geniposide (>98% pure, internal standard) were pur-
chased from Shanghai Yuanye Bio-Technology Co. Ltd.



UPLC-MS/MS Method for the Determination of Hyperoside and Application to Pharmacokinetics... 251

(Shanghai, China); their chemical structures are shown in
Fig. 1. Methanol of HPLC grade were obtained from Merck
KGaA (Darmstadt, Germany). Acetic acid glacialof HPLC
grade was obtained from Tedia company (USA). Ultrapure
water was purified by an GenPure UV-TOC/UF xCAD plus
(Thermo Electrion LED GmbH, Germany). Other reagents
and chemicals were of analytical grade.

Ultra Performance Liquid Chromatography-Mass
Spectrometry Analysis

Chromatography was achieved using an Nexera UHPLC
System. Chromatographic separation was carried
out on an InfinityLab Poroshell 120 EC-C18 column
(2.1 mm x50 mm, 1.9-Micron, Agilent technologies,
USA). The column temperature was maintained at 40 °C.
The mobile phase consisted of methanol (A) and water (B)
(containing 0.1% acetic acid glacial). The gradient condition
was: 0—0.3 min, linear from 22 to 33% A; 0.3—0.7 min, held
at 33% A for 0.4 min; 0.71-2.0 min, linear from 70 to 75%
A, and then an immediate reduction to 22% A for equilibra-
tion of the column. The total run time was 3 min. The flow
rate was maintained at 0.4 mL/min, and the injection volume
was 3.0 pL.

The AB SCIEX QTRAP 5500 (AB SCIEX, Framingham,
MA, USA) was connected to the UPLC system via an elec-
trospray ionization (ESI) interface. The source operated in
negative ion mode at an ion spray voltage of — 4500 V. The
collision energy values (CE) and temperature (TEM) were
— 30 V and 450 °C, respectively. The mass spectrometer
was operated in multiple reaction monitoring (MRM) of the
transitions of m/z 463.0 — m/z 300.1 for hyperoside and m/z
387.0 —m/z 225.1 for geniposide. Figure 2 shows the full-
scan product ion scan spectra and the fragmentation path-
ways of the hyperoside and geniposide.

Statistical Analyses

Data acquisition and processing were performed with Ana-
lyst 1.6.2 software (Applied Biosystems [AB Sciex]). The

Fig. 1 Chemical structures of hyperoside (a) and geniposide (b)

pharmacokinetic parameters were analyzed using Phoenix
WinNonlin 7.0 software (Certara, USA).

Preparation of Standards and Quality Control
Samples

Stock solutions of hyperoside and geniposide with concen-
tration of 1.0 mg/mL were prepared in methanol and stored
at — 20 °C. Working solutions were prepared by stock solu-
tions via diluting dilution with methanol to the final concen-
trations. Nine levels of drug-plasma calibration standards
were constructed, with final concentrations of 2, 5, 10, 20,
50, 100, 200, 500, 1000 ng/mL, through proper dilution of
working solutions and spiking into the blank rat plasma.
The QC samples of hyperoside were similarly prepared in
blank plasma, to obtain final concentrations of 5, 20, 200
and 800 ng/mL. The QC samples were used to study the
precision, accuracy, matrix effect, extraction recovery and
stability under different storage conditions.

Plasma Sample Preparation

Rat plasma (50 pL) was added into 1.5 mL centrifuge tube,
then was mixed with 1 mL ethyl acetate. After the mixtures
was vortexed for 3 min, the sample was centrifugated at
15,000 rpm for 10 min. Then, the supernatant was trans-
ferred to another 1.5 mL centrifuge tube and evaporated to
dryness at 45 °C via a vacuum concentration apparatus. The
residue was reconstituted in 100 pL solution consisting of
methanol and water (containing 0.1% acetic acid glacial,
50:50, v/v), and centrifuged at 15,000 rpm for 10 min. The
solution (3 pL) was used for analysis.

Application to a Pharmacokinetic Study

Twenty-one male specific pathogen-free wistar rats
(190-200 g) were purchased from Vital River Laboratory
Animal Technology (Beijing, China) and were kept in stand-
ard laboratory conditions (12 h light/dark cycle, 40-70%
humidity, and a constant temperature of 22-24 °C). Ani-
mal welfare and experimental procedures were performed
in compliance with the National Institutes of Health Guide
for the Care and Use of Laboratory Animals and the related
ethical regulations of the Institutional Animal Care and Use
Committee of China Pharmaceutical University. The rats
were randomly divided into three groups (n=7): Hyperoside
was administered to Group 1 (100 mg/kg) via gavage, and
Group 2 (100 mg/kg) via intraperitoneal injection and Group
3(2 mg/kg) via tail intravenous injection. Whole blood sam-
ples (100 pL) were collected in heparinized polythene tubes
at 0.033, 0.083, 0.166, 0.25, 0.50, 0.75, 1, 2, 4, 6, 8, 10 and
12 h after administration of hyperoside, and immediately
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centrifuged at 4000 rpm for 10 min at 4 °C to obtain plasma.
All samples were stored at — 20 °C until analyzed.

Results

The specificity of the method was assessed by comparing
the chromatographic profiles of blank plasma obtained
from six rats. No visible interfering peaks was observed in
the retention time windows of the hyperoside and internal
standard (Fig. 3a, b). Hyperoside and IS were separated
well, with good peak shapes and resolution. The retention
times of hyperoside and internal standard were 1.54 min and
1.12 min, respectively (Fig. 3c, d). The chromatographic
profiles of plasma sample obtained from rat are shown in
Fig. 3e, f (e: hyperoside, f: IS).

The calibration curve was constructed by the measured
peak area ratios (hyperoside/IS) as the vertical axis and the
nominal concentration of hyperoside as the horizontal axis
using weighted linear regression (w = 1/x%) analysis. The
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linearity was investigated using five calibration standards
and the linear range was 2.00-1000 ng/mL for hyperoside
in rat plasma. The correlation coefficient (r) was > 0.99.
The LLOQ values of hyperoside in rat plasma was 2.00 ng/
mL. And the accuracies were expressed by relative error
[RE%, RE% = (the measured concentration-the spiked con-
centration)/the spiked concentration X 100]. As shown in
Table 1, the accuracies (RE%) of hyperoside at the LLOQ
was — 8.5%, which met the quantitative detection of ana-
lytes. The intra-day and inter-day precision (RSD) were
within 2.6-9.3%, and the accuracy (RE%) were + 8.6%.
These results indicated this method can provide acceptable
precision, accuracy and reproducibility for determination of
hyperoside in rat plasma.

The extraction recoveries of hyperoside were 81.4 +8.9,
89.7+5.6,82.9+3.3,78.2+4.0% at 5, 20, 200 and 800 ng/
mL, respectively. In this method, the recovery rate of extrac-
tion at various concentrations is relatively stable. The matrix
effect of hyperoside were 92.2+6.6, 101.2+7.4, 100.4+4.7,
and 91.1+7.8% at 5, 20, 200 and 800 ng/mL., respectively.
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Fig.3 Typical MRM chromatograms of sample. Double blank sample (a: hyperoside and b: IS); plasma sample spiked with hyperoside (c) at

LLOQ and IS (d); plasma sample obtained from rat (e: hyperoside, f: IS)

Table 1 Accuracy and precision for the determination of hyperoside

Analytes Spiked concentra-  Intra-day precision (n=35) Inter-day precision (n=15)
tion (ng/mL)
Measured (mean + SD) RE (%) RSD (%) Measured (mean + SD) RE (%) RSD (%)
Hyp 5 5.02+0.13 0.4 2.6 5.4+0.51 8.0 9.3
20 18.88+0.90 -5.6 4.8 18.9+0.91 -55 4.8
200 194.4+10.1 -28 52 195+10.9 -25 5.6
800 731.4+253 - 8.6 35 774 +42.6 -33 5.5

These results indicated that the present method was in the
absence of a significant matrix effect. In this study, ion
enhancement or suppression from rat plasma matrix is
negligible.

The stability of hyperoside was evaluated at the four qual-
ity control (QC) levels (5, 20, 200, and 800 ng/mL) under
different storage conditions in rat plasma. For short-term

stability, QC samples were analysed after left at ambient
temperature for 4 h. Long-term stability was investigated by
analyzing QC samples stored at — 20 °C for 4 weeks. The
QC samples of three freeze—thaw cycles were determined to
assess the freeze—thaw stability. To test the post-preparative
stability, the processed samples was analysed after stored at
4 °C in the autosampler vial for 12 h. The stability results
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are presented in Table 2 and were within the accepted vari-
ability limits.

Some sample concentrations were upper than the
limit of quantification (1000 ng/mL) of the calibration
curve, and then the blank biological matrix was required
to dilute these samples. The precision of diluted samples
was less than 7.70%, and the accuracy of them was within
— 14.46%, which met acceptable criteria of dilution integ-
rity (within + 15%). These results indicated that the diluted
samples could be determined accurately.

The validated UPLC-MS/MS method was successfully
applied for the rats pharmacokinetics of hyperoside after
different drug administration routes. The mean plasma con-
centration—time profile of hyperoside in rats are presented
in Fig. 4. The all pharmacokinetic parameters of hyperoside
are calculated via Phoenix WinNonlin and are summarized
in Table 3.

Discussion

To obtain good resolution and suitable retention times, dif-
ferent mobile phase was tried such as methanol-water and
acetonitrile-water, and added different proportion of ace-
tic acid, ammonium acetate and ammonium formate into
water to get a better chromatographic peak shape. Ace-
tonitrile inhibited peak response compared with methanol
as mobile phase. In addition, the chromatographic peak
was poor after adding ammonium formate and ammonium
acetate. Methanol-water (including 0.1% acetic acid) was
used as the mobile phase, the chromatogram is shown
in Fig. 3. The chromatographic peak of analytes was

215
g -e- i.g-100mg/kg
> -# i.p-100mg/kg
£ 2w - i.v-2mg/kg
L
®
5§ 2
o
S
o
(8]

o 1 2 3 4 5 6 7 8 9 10 11 12
Time(h)

Fig.4 Mean plasma concentration—time profiles of hyperoside fol-
lowing different administration and does of hyperoside (n=7). B rep-
resents the group of administration via intraperitoneal (i.p); A repre-
sents the group of administration via intravenous (i.v); @ represents
the group of administration via intragastric (i.g)

presented with a sharp peak, good symmetry and response
intensity. Therefore, methanol (B)-water(A) containing
0.1% acetic acid was selected as the best mobile phase.

The sample was treated by protein precipitation and
liquid-liquid extraction. We found that the samples treated
by protein precipitation showed low response of analyte,
bifurcation of chromatographic peak. Compared with pro-
tein precipitation, liquid-liquid extraction with the organic
solvent (ethyl acetate) achieved superior recovery. There-
fore, liquid-liquid extraction with ethyl acetate was more
suitable as the plasma sample pretreatment method for
pharmacokinetic study in rats.

Table 2 Stability of hyperoside

. Storage conditions Spiked concentra- Measured concen- RSD (%) RE (%)
unde.r .dlffefent storage tion (ng/mL) tration (ng/mL)
conditions in rat plasma (n=5)
Short-term (4 h at ambient temperature) 5 5.1+£0.72 14.2 2.0
20 17.7+0.98 5.5 - 115
200 205.4+17.74 8.6 2.7
800 791+£47.2 6.0 - 1.1
Three freeze—thaw cycles 5 5.0+0.58 11.6 0
20 18.7+0.47 2.5 —-6.5
200 215.0+6.20 2.9 7.5
800 860.2+66.71 7.8 7.5
Autosampler for 12 h 5 5.1+0.35 6.9 1.1
20 18.6+0.40 2.2 -7.0
200 196.8 +£5.45 2.8 -1.6
800 840.2+68.43 8.1 5.0
Long-term (4 weeks at — 20 °C) 5 5.1+0.17 35 1.1
20 20.2+0.48 24 1.0
200 192.8 +19.87 10.3 -3.6
800 732.5+44.20 6.0 -84
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Table 3 Pharmacokinetic parameters of hyperoside in rats following
different administration of hyperoside (n="7)

Parameter Units ip ig iv
HL_Lambda_z (h) 2.14 4.12 3.28
Tmax (h) 0.32 1.00 0.03
Cmax@ (ng/mL) 55,3109 149.0 4630.6
AUCall@ (h*ng/mL)  40,535.6  305.1 748.3
Vz_obs (mL/kg) 7862.0 2,290,414.7  13,835.6
(Vz_F_obs)@

Cl_obs (mL/h/kg)  2498.5 382,994.1 2786.7
(CI_F_obs)

MRTinf_obs@ (h) 0.77 5.11 0.64
Vss_obs (mL/kg) - - 1800
F(%) - 108.3 0.8 -

The validation of the method was in accordance with the
latest FDA bioanalytical method validation guidance [30].
Figure 4 shows the mean plasma concentration—time pro-
files following different administration route and dose of
hyperoside. The pharmacokinetic parameters of hyperoside
were determined using a non-compartmental model. Model
analysis were calculated, and are summarized in Table 3.
After intravenous administration, hyperoside was quickly
absorbed and eliminated in plasma, and hyperoside was
detected in plasma within 2 min, which was consistent with
previous reports [31]. The data showed that the peak time
was relatively short after oral administration of hyperoside.
In addition, the AUC,;, for oral administration (100 mg/kg)
and intravenous administration (2 mg/kg) were 305.1 h*ng/
mL and 748.3 h*ng/mL, respectively. The above results
indicated that the bioavailability of oral administration was
particularly low. The low bioavailability of flavonoids was
the main reason for limiting its clinical application, which
was closely related to its intestinal metabolism [32-34],
water solubility [35] and efflux transporters [36]. Some
of the flavonoids have low solubility in most solvents due
to their strong planarity, close arrangement between mol-
ecules, small molecular interspace, great molecular attrac-
tion and difficulty in solvents. The hydrophobicity of these
compounds results in their low bioavailability. On the other
hand, the efflux of transporters may be an important cause
of low bioavailability. Vaidyanathan et al. [37] found that
epicatechin, a flavonoid component in tea, under the action
of the multidrugresistance-associated protein2 (MRP2)
transporter inhibitor MK-571, the efflux of the prototype
and the metabolite was significantly reduced. MRP2 has a
significant effect on the bioavailability of epicatechin and
other tea flavones. In addition, the first-pass metabolic effect
of drugs caused by enzymatic hydrolysis of intestinal flora
will also lead to the decrease of bioavailability. Hanske et al.
[38] also confirmed that the bioavailability of astragaloside
in rats was affected by intestinal flora. The reasons for the

low bioavailability of hyperoside are still being investigated.
However, when administered intraperitoneally, the bioavail-
ability of hyperoside was relatively high, which was similar
to the absorption of intravenous administration. The above
data indicated that intraperitoneal injection may be a more
suitable method of administration.

Conclusion

In this paper, we developed a novel UPLC-MS/MS method
for the quantification of hyperoside in rat plasma. Compared
to the previous methods, the method has the advantages of
short analysis time, high sensitivity, good reproducibility
and simple sample processing. And this method was fully
validated and successfully applied to the pharmacokinetic
studies of hyperoside via different administration route in
rats. The pharmacokinetic data demonstrated that the plasma
levels of intraperitoneal injection were closer to those of
intravenous administration than intragastric administration.
The study provides a preliminary experimental basis for the
choice of hyperoside administration route and dosage form,
which is helpful for the later development of hyperoside.
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