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ABSTRACT

Objective: To explore the effect of age on Qingkailing Granules disposition by comparing the pharmacoki-
netics of geniposide and baicalin in juvenile and adult rats.

Methods: A simple and rapid LC-MS/MS method was developed and validated to simultaneously deter-
mine geniposide and baicalin in rat plasma after a simple protein precipitation. The analytes were sepa-
rated on an Agilent ZORBAX Extend-C;g column. The mobile phase consisted of acetonitrile and water
with 0.1% (volume percent) formic acid at a flow rate of 0.6 mL/min. The ionization was conducted using
an ESI source in negative ion mode. Multiple reaction monitoring was used for quantification at transi-
tions of m/z 445.0 — m/z 268.9 for baicalin, m/z 433.2 — m/z 225.0 for geniposide, m/z 431.0 - m/z
341.0 for vitexin (IS). Juvenile and adult rats were administrated Qingkailing Granules (3 g/kg) orally.
Plasma concentrations of baicalin and geniposide were determined by LC-MS/MS.

Results: The linear ranges of the analytes were 1-1000 ng/mL for baicalin and 2-2000 ng/mL for genipo-
side. The method was successfully applied to compare the pharmacokinetics of the analytes between
juvenile and adult rats after oral administration of Qingkailing Granules. AUC was bigger in adult rats,
while t1, was longer in juvenile rats.

Conclusion: These results suggested that the absorption and elimination of baicalin and geniposide in
juvenile rats was lower than that in adult rats. Additional attention should be paid to the pharmacoki-

netic difference when Qingkailing Granules were used in children.
© 2020 Tianjin Press of Chinese Herbal Medicines. Published by ELSEVIER B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Qingkailing (QKL) Granules preparation is developed from
Angong Niuhuang Pills, a traditional Chinese medicine (TCM) for-
mula that has been used for thousand years in China. Now, QKL
is widely used for the treatment of fever and colds, infection of
the upper respiratory tract, pneumonia, and hepatitis, especially
for the treatment of cold and flu in children (Miao, Zhou, Li, Liao,
& Zheng, 2015). Recently, injection preparation of QKL was warned
to be used in children due to severe cases of adverse drug reactions
(ADR), including sudden death (Li, Deng, Yue, Zhang, & Sun, 2015).
Oral dosage forms of QKL, by contrast, have higher safety and are
more suitable for children (Yang, Wang, Bai, Li, & Ai, 2009). How-
ever, the pharmacokinetics of oral formulation has not been fully
understood, which makes it still risky when used in children.

* Corresponding authors.
E-mail addresses: xiaokuihuo@dmu.edu.cn (X.-k. Huo), shixp_0411@163.com
(X.-p. Shi).

https://doi.org/10.1016/j.chmed.2020.05.011

According to Chinese Pharmacopoeia, QKL is prepared by eight
herb medicines that exhibit excellent antiviral and anti-
inflammatory activities. The major bioactive components of QKL
consisted of baicalin, geniposide, chlorogenic acid, and cholic acid,
which could synergistically contribute to its therapeutic effects
(Ma et al., 2006). Among them, the content ranges of cholic acid,
geniposide and baicalin are required to meet the standard of Chi-
nese Pharmacopeia (2015). Recently, the pharmacokinetics of
QKL injection in rats has been reported (Peng et al., 2014). Further-
more, age, disease, and combined drugs directly affect the pharma-
cokinetics (Batchelor & Marriott, 2015; Huo et al., 2017; Zhao et al.,
2017); However, little is known about their pharmacokinetics in
paediatric populations. Considering the huge physiological differ-
ence between paediatric and adults, it is necessary to make a deep
study on the pharmacokinetic profiles of the main chemical com-
ponents in QKL Granules in paediatric populations. Baicalin and
geniposide were then taken as the analytes for pharmacokinetic
study except cholic acid for inevitable interference by endogenous
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bile acids. In the present study, a rapid, sensitive and accurate LC-
MS/MS analytical method was developed to simultaneously quan-
tify baicalin, and geniposide in rat plasma after oral administration
of QKLGranules. Using the method, the pharmacokinetic difference
of QKL Granules in juvenile and adult rats after oral administration
was studied. The results of present study would provide useful
information for the safe and rational clinical application of QKL
Granules in children.

2. Materials and methods
2.1. Materials

Baicalin (B20570), geniposide (B21661), and vitexin (B33310,
IS) with purity more than 98% were purchased from the Shanghai
Yuanye Biotechnology Co., Ltd. (Shanghai, China). QKL Granules
were bought from Guangzhou Baiyunshan Pharmaceutical Hold-
ings Co., Ltd. (Lot No. 450308, Guangzhou, China). Methanol and
formic acid were obtained from Tedia (OH, USA). Deionized water
was prepared in our laboratory (Millipore, MA, USA).

2.2. Equipment and LC-MS/MS condition

LC-MS/MS system was consisted of an Agilent 1200 HPLC sys-
tem (Agilent, Waldbronn, Germany) and an API 3200 triple quadru-
pole instrument (Applied Biosystems, Foster City, CA, USA).

Liquid chromatography condition was as follows. An Agilent
ZORBAX Extend-C;g column (100 mm x 4.6 mm, 5 pm) was used
for the separation of analytes at 30 °C with a flow rate of 0.6 mL/
min. The mobile phase was in gradient manner which was con-
sisted of acetonitrile (A) and 10 mmol/L ammonium acetate (B)
and the gradient elution was set as: 0-1.0 min, 5% A; 1.0-
5.0 min, 5% A — 52% A; 5.0-5.5 min, 52% A — 5% A; 5.0-8.0 min,
5% A.

The analytes and IS at 1 pg/mL in methanol were used to opti-
mize mass spectrometric parameters. Mass spectrometric determi-
nation were conducted in the negative mode with an electrospray
ionization source (ESI) and performed on multiple reaction moni-
toring (MRM) mode. lon spray voltage was —4.5 kV. Turbo temper-
ature was 500 °C. Curtain gas pressure was 20 psi. Gas source 1 and
gas source 2 were set at 40 and 60 psi, respectively. EP and CXP
were set at —10 eV and —13 eV for all analytes. The transitions
used for determination and optimized DP and CE were listed in
Table 1. Injection volume was 10 pL.

2.3. Preparation of standard and quality control samples

A mixed stock standard solution of baicalin and geniposide was
prepared in methanol at final concentrations of 0.4 and 1.0 mg/mL,
respectively. The working solution at series concentrations was
obtained by further diluting the stock solution with methanol.
The internal solution was prepared at a final concentration of
100 ng/mL. All solutions were kept at 4 °C until use.

To prepare the calibration samples, 100 pL standard working
solutions were evaporated to dryness using nitrogen gas at 37 °C
in a water bath. Then, blank rat plasma (100 pL) acidified with
10% formic acid (2 pL) (Xing, Chen, & Zhong, 2005) was added to
redissolve the analytes. The concentration ranges of calibration
samples for baicalin, and geniposide were 1.0-1000 ng/mL and
2.0-2000 ng/mL, respectively.

Quality control (QC) samples were prepared at three levels in
the same way mentioned above as follows: 2.0, 40.0 and 800 ng/
mL for baicalin, 4.0, 80.0 and 1600 ng/mL for geniposide.
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2.4. Sample preparation

Acidified plasma samples (100 pL) were spiked with 20 pL of IS
working solution and 200 pL of methanol for protein precipitation.
After vortex and centrifugation at 20 000 rpm for 20 min, an ali-
quot of 250 pL supernatant was transferred to a new tube then
evaporated to dryness at 37 °C using nitrogen. The residue was dis-
solved in 100 plL mobile phase and an aliquot of 10 pL was used for
LC-MS/MS analysis.

2.5. Method validation

Validation of the proposed method was performed with respect
to specificity, linearity, matrix effect, accuracy and precision
according to FDA guidelines for bioanalytical method validation.

2.5.1. Selectivity, linearity and lower limit of quantification

Selectivity was tested by comparison of blank plasma from six
individual rats with corresponding spiked plasma samples at lower
limit of quantification (LLOQ).

Calibration curve samples containing a zero sample processed
without analyte but with IS and six non-zero samples were ana-
lyzed in six replicates. Peak area ratios of analytes to the IS were
plotted versus the corresponding concentrations to obtain the cal-
ibration curve using a 1/x?> weighted linear least-squares regres-
sion model. The linearity of each calibration curve was defined
by a correlation coefficient (r) of at least 0.995.

LLOQ was defined as the lowest concentration of each analyte
determined with acceptable precision and accuracy (six replicates
with relative standard deviation below 20% and relative error
within +20%). Moreover, LLOQ should producing a signal-to-noise
(S/N) ratio larger than 10.

2.5.2. Accuracy and precision

LLOQ and QC samples at three concentration levels in six repli-
cates were analyzed within day (intra-day) and over six consecu-
tive days (inter-day) to assess the accuracy and precision.
Accuracy were calculated as [(Cobs-Cspiked)/Cspiked] x 100%.
Precision were evaluated by relative standard deviation
(RSD, = [standard deviation (SD)/Cobs] x 100%). Accuracy and pre-
cision values varied within +15%, except for the LLOQ, which varied
by up to +20%.

2.5.3. Matrix effect and recovery

Extraction recoveries were determined by comparing the peak
area obtained from plasma samples at the three QC levels spiked
before extraction with those from plasma samples spiked after
extraction. The matrix effect was evaluated by comparing the peak
area obtained from plasma samples at the three QC levels spiked
after extraction with those from the analytes in neat solvent. The
same procedure was performed for I.S.

2.5.4. Stability

The stabilities of analytes were evaluated by analyzing QC sam-
ples in six replicates after storage at ambient temperature for 2 h,
in auto-sampler for 24 h at 4 °C after protein precipitation, at
—20 °C for 30 d and after three freeze-thaw cycles from —20 °C
to room temperature. These results were compared with those
obtained for freshly prepared QC sample, stability (%) = (Cobs/
Cspiked) x 100.

2.6. Pharmacokinetic study
Male Sprague-Dawley rats weighing from 48 to 56 g (juvenile,

3 weeks, n =72)and 180-220 g (adult, 6-8 weeks, n = 6) were used
for PK study. The study protocol was approved by the Animal
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Ethics Committee of Dalian Medical University (SCXK-2018-003)
and carried out according to the Guidelines for the Care and Use
of Laboratory Animals. Before the pharmacokinetic experiments,
rats were fasted all-night and permitted free drink water. All rats
received an oral dose of QKL Granules at 3 g/kg body weight, which
was equal to 21.3 mg/kg baicalin and 2.28 mg/kg geniposide. Adult
rats were anesthetized and cannulated in the jugular vein for the
collection of blood samples. Full profile of concentration-time data
was obtained from each adult rat at 0.083, 0.25, 0.50, 0.75, 1.0, 2.0,
4.0, 6.0, 8.0, 10.0 and 12.0 h after administration. Sparse data from
juvenile rats were collected by decapitating and bleeding six juve-
nile rats per time point mentioned above. Blood samples (0.2 mL)
were collected into heparinized tubes, and immediately cen-
trifuged to isolate plasma. Then, the plasma samples were acidified
with 2 pL of 10% formic acid and kept at —20 °C until sample
preparation.

2.7. Data and statistical analysis

Pharmacokinetic parameters were calculated using a non-
compartmental model by Drug And Statistics 2.1.1 (DAS 2.1.1,
Mathematical Pharmacology Professional Committee of China,
Shanghai, China). Dates were expressed as mean + SD. The statisti-
cal significance of differences between mean values was calculated
using the non-paired t-test. Differences were considered as statis-
tically significant if P values were < 0.05.

3. Results and discussion
3.1. Method development

According to the direct full-scan ESI mass spectra, in order to
obtain better responses for the simultaneous analysis without
the need for polarity switching, negative mode was chosen to
perform the ionization. MS/MS fragmentation patterns of these
[M — H] ions were shown in Fig. 1. The MRM transitions
selected to analyze baicalin, geniposide, and IS were summarized
in Table 1.

The chromatographic conditions were investigated to opti-
mize sensitivity, resolution and peak shape. In present study,
the better peak shapes, reproducible retentions and sufficient
separation of the analytes were obtained when mobile phase
consisted of acetonitrile and water with 10 mmol/L ammonium
acetate (Fig. 2).

3.2. Method validation

According to the representative chromatograms of blank
plasma samples, no interfering peak was observed in blank
plasma wunder the established chromatographic condition
(Fig. 2), indicating a well selectivity. Regression equations for
calibration curves for three analytes were list in Table 2 and
the r values were all higher than 0.9983, indicating excellent lin-
earity over the concentration range of 1.0-1000 ng/mL for baica-
lin and 2.0-2000 ng/mL for geniposide in the plasma (Table 2).
Moreover, the LLOQs for baicalin and geniposide were validated
as 1.0 ng/mL and 2.0 ng/mL, respectively (Table 2). The intra-
and inter-day precisions ranged from 4.14% to 8.02% and 4.56%
to 9.58% for two analytes, respectively. The corresponding accu-
racy ranged from 101.6% to 108.9% and 98.8% to 104.0% for two
analytes, respectively (Table 3). The data derived from QC sam-
ples of two analytes were all within +15% at all three QC levels,
indicating good precision and accuracy. The extraction recoveries
of two analytes and IS ranged from 90.2% to 97.3%, indicating
the recoveries were stable and reproducible (Table 4). The
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matrix effects of two analytes and IS ranged from 90.8% to
99.8%, suggesting that ion suppression or enhancement from
rat plasma was negligible under the current condition (Table 4).
The results showed that these analytes were stable during sam-
ple storage, the processing and post-treatment with RSD all in
the range from 0.9% to 12.4% (Table 5).

3.3. Pharmacokinetic study

Using the established method, the plasma concentration of
baicalin and geniposide was determined after oral administration
of QKL Granules in juvenile and adult rats. The difference in
pharmacokinetics of QKL Granules between juvenile and adult
rats was obviously found. In adult rats, baicalin and geniposide
in plasma reached their peak concentrations at 0.75 h and 2 h,
respectively (Fig. 3). When given to juvenile rats, Tp.x of three
components was earlier (Fig. 3). Moreover, Cyax of baicalin and
geniposide in adult rats were significantly higher than these in
juvenile rats (Fig. 3). A non-compartmental analysis was per-
formed to obtain the pharmacokinetic parameters of baicalin
and geniposide (Table 6). AUCs of baicalin and geniposide in
adult rats increased by 23.0% and 42.8% compared these in juve-
nile rats, respectively (Table 6). In addition, t;/, values of baicalin
and geniposide in juvenile rats was 3.8-fold and 1.27-fold of
these in adult rats, respectively (Table 6). These results sug-
gested that the absorption and elimination of baicalin and geni-
poside in juvenile rats was lower than that in adult rats.
Physiological changes during childhood have an impact on the
absorption, distribution, metabolism, and elimination of a com-
pound, which contributes to altered pharmacokinetic profile. It
has reported that intestinal transit time was shorter in young
children which may reduce the amount of drug absorbed, partic-
ularly for poorly soluble drugs or sustained release products
(Grand, Watkins, & Torti, 1976; Pedersen & Steffensen, 1987).
Meanwhile, the elimination of a substance mediated by ether
renal excretion or liver metabolism or bile secretion is generally
lower in newborns owing to the immaturity of renal and liver
function (Anderson & Holford, 2013; Barter et al., 2007; Perez
de la Cruz Moreno et al.,, 2006). The higher levels of drugs in
adult rats than that in juvenile rats were also observed in others’
research (Boulamery, Marsot, Bruguerolle, & Simon, 2014).
Therefore, the lower levels of AUC and Cy,,x of baicalin and geni-
poside may attribute to the special physiological characteristics
of juvenile rats. Currently, QKL is widely used for the treatment
of cold and flu in children. As special populations, information
regarding safe and rational use of drugs for children is limited.
There is even no record about Pediatric Use in drug labels. In
present study, we found that juvenile rats exhibited lower
absorption and slower elimination of baicalin and geniposide
after treated with QKL Granules at the same dosage compared
with adult rats. The findings suggested that higher oral dose
and longer delivery intervals might be necessary to reach effec-
tive therapeutic concentration and to avoid excessive accumula-
tion when QKL Granules were used in children. Besides, the
plasma concentrations of chlorogenic acid were also determined
and lower than LLOQ (1 ng/mL) after 1 h and the data was too
little to calculate the pharmacokinetic parameters (data not
shown). Yang et al developed a LC-MS/MS method for the quan-
titative analysis of chlorogenic acid, neochlorogenic acid, cryp-
tochlorogenic acid and geniposide in rat plasma using LC-
electrolyte switch in a contiguous time segments (Yang et al.,
2019), which might improve the LLOQ of chlorogenic acid in this
study. Further study was needed to give suggestion about dose
adjustments.
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Fig. 1. Product ion mass spectra of baicalin (A), geniposide (B) and IS (C) in negative mode.
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Fig. 2. Representative chromatograms for baicalin (A), geniposide (B) and IS (C) in rat plasma samples. Left panel, MRM chromatograms of blank plasma sample; Middle
panel, MRM chromatograms of blank plasma spiked with baicalin (2.0 ng/mL), geniposide (4.0 ng/mL) and IS (100 ng/mL); Right panel, MRM chromatograms of plasma
sample at 30 min following oral administration of QKL Granules (3 g/kg body weight).

Table 1

Information for MRM parameters.
No. Compounds Monitoring ion Precursor ion (m/z) Product ion (m/z) DP CE
1 Baicalin [M—H]~ 445.0 268.9 -80 -29
2 Geniposide [M + HCOO]~ 4332 225.0 -90 -25
3 Vitexin (IS) [M-H]~ 431.0 341.0 -110 -30
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Table 2
Rgression equations, linear ranges and LLOQs of analytes.
No. Compounds Linear ranges/(ng-mL™") Regression equations r LLOQ/(ng-mL™") Retention time/min
1 Baicalin 1.0-1000 Y = 0.341X-0.162 0.9990 1.0 4.74
2 Geniposide 2.0-2000 Y = 0.575X-0.467 0.9983 2.0 425
Table 3
Precision and accuracy of analytes.
No. Compounds Concentrations/(ng-mL~") Intra-day (n = 6) Inter-day (n = 3)
Precision/RSD % Accuracy/% Precision/RSD % Accuracy/%
1 Baicalin 2 8.02 108.9 9.58 100.5
80 4.14 107.1 4.56 102.8
800 6.10 101.6 5.40 98.8
2 Geniposide 4 6.93 106.1 7.57 104.0
160 5.49 106.3 5.47 102.4
1600 4.84 102.8 5.20 98.5
Table 4
Matrix effect and recovery of analytes.
No. Compounds Spiked/(ng-mL™!) Matrix effect/% Recovery/%
1 Baicalin 2 97.6 90.2
80 99.8 97.3
800 925 92.5
2 Geniposide 4 96.0 95.5
160 97.6 96.0
1600 94.9 92.5
3 IS 100 90.8 95.2
Table 5
Stability of analytes.
No. Compounds Added Con./(ng-mL™") Benth-top stability * Autosampler Freeze/thaw cycles © Long-term stability ¢
stability "
RSD/% RE/% RSD/% RE/% RSD/% RE/% RSD/% RE/%
1 Baicalin 2 9.1 8.0 124 9.2 4.2 -9.5 6.0 71
80 7.2 1.6 7.1 -3.0 3.9 -3.9 2.7 -10.7
800 0.9 -5.0 4.1 -5.6 1.1 5.0 14 -2.8
2 Geniposide 4 8.0 -4.0 6.7 -3.9 7.1 -6.7 33 -7.3
160 1.6 5.7 54 9.2 5.7 5.8 2.5 -7.8
1600 19 -1.0 8.0 1.5 3.9 23 2.0 -33
2 Exposed at ambient temperature (25 °C) for 2 h.
b

Kept at autosampler temperature (4 °C) for 24 h.
After three freeze/thaw cycles
94 Stored at —20 °C for 30 d.

>
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Fig. 3. Plasma concentration-time profiles of baicalin (A) and geniposide (B) in juvenile and adult rats after orally administration of QKL Granules (3 g/kg) (mean * SD, n = 6).
*, P < 0.05 vs adult rats.
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Table 6

Pharmacokinetic parameters of baicalin and geniposide.
Parameters Units Baicalin Geniposide

Juvenile Adult Juvenile Adult

AUC(o-1) pg-mL~"min~! 156 + 46 198 + 58 222 +063° 316+ 0.13
MRT (0. min 537 £101 420 + 129 508 + 202 425 + 171
ti/22 min 588 +118° 154 £ 59 826 + 381 652 + 210
Tmax min 57.7 +18.1 69.2 + 14.6 102 + 42 120 + 40
Cinax ng-mL~! 448 + 110 599 + 242 236+72 30.2£05

2 P <0.05 vs adult rats.

4. Conclusions

A rapid and sensitive LC-MS/MS method was developed and
validated for the simultaneous determination of baicalin and geni-
poside in rat plasma. The main active constituents of QKL Granules
were found to exhibit different pharmacokinetic characterization
between juvenile rats and adult rats for the first time. Juvenile rats
exhibited lower absorption and slower elimination of baicalin and
geniposide.
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