Pharmacokinetic Study on Hirsutine and Hirsuteine in Rats Using UPLC-MS/MS
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An ultra-performance liquid chromatography—tandem mass spectrometry (UPLC-MS/MS) method was estab-
lished to determine hirsutine and hirsuteine in rat plasma. Pharmacokinetics of hirsutine and hirsuteine in rats af-
ter intravenous or oral administration has been investigated using this developed UPLC-MS/MS method, and
bioavailability of the two drugs was calculated. Diazepam was used as internal standard, and UPLC BEH column
(2.1 mm x 50 mm, 1.7 um) was used at temperature of 40 °C. The mobile phase was composed of acetonitrile
and water (containing 0.1% formic acid) at a gradient elution flow rate of 0.4 mL/min. Nitrogen was used as des-
olvation gas (800 L/h) and conical gas (50 L/h). The multiple reaction monitoring (MRM) model was applied to
quantitatively analyze hirsutine m/z 369 — 226, hirsuteine m/z 367 — 169.9, and diazepam (internal standard)
m/z 285.1 — 193.3. Rat plasma samples were deproteinized using acetonitrile prior to UPLC-MS/MS analysis.
Within the concentration range of 1-200 ng/mL, the linearity of hirsutine and hirsuteine in plasma was good
(r > 0.995), and the lower limit of quantitation was 1 ng/mL. Relative standard deviations of intra-day precision
for hirsutine and hirsuteine were <6.1% and <5.9%, respectively, and those of inter-day precision were <6% and
<7.7%. Accuracy for hirsutine and hirsuteine ranged between 92.3% and 104.8%. Bioavailability of hirsutine and
hirsuteine was 4.4% and 8.2%, respectively. The method is sensitive and fast with good selectivity and was success-
fully applied in the pharmacokinetic studies after intravenous and oral administration of hirsutine and hirsuteine.
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Introduction

Uncaria rhynchophylla is a commonly used traditional Chinese
medicine, belonging to Uncaria schreber of rubiaceae [1, 2]. Phar-
macological research indicates that U. rhynchophylla has an antag-
onistic effect on Ca®’, can inhibit internal flow and release of
Ca”", and thus poses a strong inhibition effect on the cardiovascu-
lar system and significantly decreasing blood pressure [3]. It fur-
thermore has significant effects of nerve block, infiltration
anaesthesia, and intraspinal anesthesia [4, 5]. Moreover, it exerts
significant inhibition effects on synaptic transmission process of
central nervous system and anti-epilepsy [6, 7]. It can be applied to
reduce blood pressure, for calming, and as sleeping-aid and spas-
molytic. Indole alkaloid is the main effective component of
U. rhynchophylla plants, mainly including rhynchophylline, iso-
thynchophylline, corynoxeine, isocorynoxeine, corynoxine, cory-
noxine B, hirsutine, hirsuteine, corynantheine, and dihydrogen
coinine [8, 9].

The study of pharmacokinetics quantitatively investigates the
absorption, distribution, metabolism, and excretion (ADME) of
drugs in vivo, as well as the underlying mechanism, interaction
within complex drug system, and drug effect material basis
[10, 11]. Hirsutine and hirsuteine are the two main active com-
ponents of U. rhynchophylla. Their pharmacological effects are
closely related to the variation in vivo and distribution charac-
teristics. To study the absorption and distribution of hirsutine
and hirsuteine in vivo, it is necessary to systematically investi-
gate the pharmacokinetics, which provides a theoretical basis
for drug research and development. Thus, the pharmacokinetics
of hirsutine and hirsuteine is very important for the clinical ap-
plication of U. rhynchophylla.
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So far, several studies reported the pharmacokinetics of
rhynchophylline, isorhynchophylline, corynoxeine, and isocory-
noxeine [12-21]. However, few studies reported the pharmaco-
kinetics of hirsutine and hirsuteine. Wu et al. [15] established
an ultra-performance liquid chromatography—tandem mass spec-
trometry (UPLC-MS/MS) method to simultaneously measure
rhynchophylline and hirsutine in rat plasma and also investi-
gated the pharmacokinetics of rhynchophylline and hirsutine
following oral administration of uncaria extractives (1000 mg/kg,
equivalent to 0.82 mg/kg rhynchophylline and 3.47 mg/kg hirsu-
tine). The areas under the curves (AUCs) of thynchophylline and
hirsutine were 222 + 94 and 1406 + 758 min-ng/mL, and half-
lives (t1,) were 81 = 56 min and 94 + 37 min, respectively.
Kashia et al. [16] investigated the pharmacokinetics of indole
and oxindole alkaloids of U. rhynchophylla plants in rat plasma
and brain after oral administration of the traditional Japanese
drug Yokukansan, by establishing liquid chromatography (LC)-
MS/MS detection methods for seven uncaria alkaloids (including
rhynchophylline, isorhynchophylline, corynoxeine, isocorynox-
eine, hirsutine, hirsuteine, and geissoschizine methyl ether). After
oral administration of Yokukansan, rhynchophylline, hirsutine,
hirsuteine, and geissoschizine methyl ether were detected in the
plasma, with half-lives of 1.4 h, 3.4 h, 1.9-3.6 h, and 1.5-2.0 h,
respectively. In the rat brain, only geissoschizine methyl ether
was detected, indicating it as an important component for the
pharmacologic action of Yokukansan. However, none of these
studies reported the pharmacokinetics of hirsutine and hirsuteine
after intravenous administration.

Compared to LC-MS/MS, UPLC-MS/MS is more sensitive,
offering significant advantages in the investigation of pharmaco-
kinetics of chemical drugs [22, 23]. Furthermore, a powerful sep-
aration and analysis capacity is applicable to analyze in vivo
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metabolites of complicated traditional Chinese medicine com-
ponents and complex compound systems. In this study, a
UPLC-MS/MS detection method was built to measure the
plasma concentrations of hirsutine and hirsuteine. Using this
method, pharmacokinetics of the two drugs after intravenous
and oral administration were investigated, and bioavailability
was calculated.

Materials and Methods

Chemical and Animal. Hirsutine (purity > 98%, Figure 1a)
and hirsuteine (purity > 98%, Figure 1b) were purchased from
Chengdu Mansite Pharmaceutical Co., Ltd. Diazepam (internal
standard, purity > 98%, Figure 1c) was purchased from National
Institutes for Food and Drug Control. HPLC-grade acetonitrile
and methanol were purchased from Merck (Darmstadt,
Germany). Ultrapure water was made with a Millipore Milli-Q
water system (Bedford, MA, USA). Sprague-Dawley (SD) rats
(200220 g) were purchased from the Animal Experimental
center of Wenzhou Medical University.

Equipment. The AQUITY I-Class UPLC and XEVO TQS-
micro triple quadrupole mass spectrometer (Waters Corp, Milford,
MA, USA) was used in this study. Masslynx 4.1 software (Waters
Corp.) was used to collect data and to control the equipment.

UPLC BEH C18 column (2.1 mm x 50 mm, 1.7 um, Waters,
USA) was used to analyze hirsutine and hirsuteine in the plasma,
and the temperature was set to 40 °C. The mobile phase was
composed of acetonitrile and water (containing 0.1% formic acid)
using gradient elution. The flow rate was set at 0.4 mL/min,
and elution time was 4 min. The gradient elution was set as fol-
lows: 0-0.2 min, acetonitrile 10%; 0.2-1.5 min, acetonitrile
10%—-80%; 1.5-2.0 min, acetonitrile 80%; 2.0-2.5 min, acetoni-
trile 80%—10%; and 2.5-4.0 min, acetonitrile 10%.

Nitrogen was used as both desolvation gas (800 L/h) and
conical gas (50 L/h). Capillary voltage was set to 1.5 kV, ion
source temperature was 150 °C, and desolvation temperature
was 400 °C. The multiple reaction monitoring (MRM) model
was applied to quantitatively analyze hirsutine m/z 369.2 —
226.0, hirsuteine m/z 367 — 169.9, and diazepam (internal
standard) m/z 285.1 — 193.3.

Preparation of Standard Working Solutions. Stock solutions
of hirsutine (1.0 mg/mL), hirsuteine (1.0 mg/mL), and
diazepam (1.0 mg/mL) were prepared with methanol-water at
a ratio of 50:50 (v/v). A series of standard working solutions
with different concentrations was prepared by diluting stock
solutions with methanol. All solutions were stored at 4 °C.

Preparation for Standard Curve. Blank rat plasma was added
with appropriate working solutions of hirsutine and hirsuteine to
prepare samples with concentrations of 1, 5, 10, 20, 60, 100, and
200 ng/mL (concentration range within 1-200 ng/mL). With
the identical method, samples for quality control (QC) at
concentrations of 2, 45, and 190 ng/mL were prepared.

Sample Processing. In a 1.5 mL centrifuge tube, 100 uL of
plasma sample was added, further added with 200 uL of
acetonitrile (containing internal standard diazepam, 50 ng/mL),
mixed with a vortexer, and centrifuged at 13,000 rpm for 10 min
at 4 °C. Supernate (100 pL) was transferred into a liner pipe in a
vial, and injection volume was 2 uL.

Method Validation. Method validation was conducted
according to the Analytical Procedures and Methods Validation
for Drugs and Biologics made by the Food and Drug
Administration (FDA) [24]. The validation work included
selectivity, matrix effect, linearity, precision, accuracy, recovery,
and stability.

Selectivity of the UPLC-MS/MS method was evaluated by
detecting six lots of blank plasma, blank plasma spiked with
hirsutine, hirsuteine and internal standard (diazepam), and
plasma samples.

The standard solutions (concentration range between 1 and
200 ng/mL) were detected under the same conditions as plasma
samples, and standard curves (peak area versus concentration)
were plotted to evaluate linearity.

Precision and accuracy of the method were evaluated by mea-
suring concentrations of three plasma samples for six times. Preci-
sion was expressed as relative standard deviation (RSD). Intra-day
and inter-day precisions were confirmed by measuring the QC
samples within three continuous days. Accuracy was evaluated by
the coincidence level between average concentrations of the QC
samples and actual values within three continuous days. The
intra-day and inter-day precisions should not exceed 15%, and the
accuracy should be within £15%.

The recovery was evaluated by comparing the peak area of
extracted QC samples with that of reference QC solutions.

The matrix effect was evaluated via comparison of peak
area between standard solutions spiked into blank plasma after
protein precipitation by acetonitrile and the corresponding
concentrations of standard solutions.

Stabilities of hirsutine and hirsuteine in plasma were analyzed
by storing the QC samples (at three concentrations) under differ-
ent storage conditions, including short-term stability (2 h at room
temperature), long-term stability (20 °C for 30 days), and
freeze—thaw stability (continuous freeze-thaw for three times,
from —20 °C to room temperature).

Pharmacokinetic Study. Diet was prohibited for 12 h
before the experiment while water was freely available.
Twenty-four SD rats (200-220 g) were numbered as 1-24 and
divided into four groups. Rats 1-6 and rats 7-12 were
intravenous administrated with hirsuteine (1.0 mg/kg) and
hirsutine (1.0 mg/kg), respectively. Rats 13-18 and rats 19-24
were orally administered with hirsuteine (5 mg/mL) and
hirsutine (5 mg/mL), respectively. Blood (0.3 mL) was drawn
from the caudal vein of rats 1-12 at 0.0333, 0.25, 0.5, 1, 2, 4,
6, 8, 12, and 24 h after intravenous administration and of rats
13-24 at 0.08333, 0.25, 0.5, 1, 2, 4, 6, 8, 12, and 24 h after
oral administration. The blood was centrifuged at 13,000 rpm

Figure 1. Chemical structure of hirsutine (a), hirsuteine (b), and diazepam (internal standard, c)
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for 10 min at 4 °C, and 100 uL of the supernate was
transferred into a 1.5 mL centrifuge tube and stored at —20 °C.

AUC, mean residence time (MRT), clearance rate (CL), apparent
distribution volume (V), maximum plasma concentration (Cpay),
and half-life (#,,) were analyzed using a non-compartmental
model with DAS 2.0 software (China Pharmaceutical Univer-
sity). The equation of bioavailability was as follows: absolute
bioavailability = AUC of oral administration/AUC of intravenous
administration x 100%.
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Statistical analysis was carried out using SPSS software (ver-
sion 18.0, SPSS). Independent samples ¢ test was applied in order
to analyze the pharmacokinetic parameters between two groups.
A P value of <0.05 was considered statistically significant.

Result

Selectivity. Figure 2 illustrates UPLC-MS/MS chromatograms
of blank plasma, blank plasma samples spiked with hirsutine,
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Figure 2. UPLC-MS/MS chromatograms of blank plasma samples (a), blank plasma samples spiked with hirsutine, hirsuteine and internal standard (b),

and a collected plasma sample after intravenous administration (c)
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hirsuteine and internal standard, and collected plasma samples.
Retention times of hirsutine, hirsuteine, and diazepam (internal
standard) were 1.91, 1.89, and 2.23 min. No apparent impurities
and endogenous substances were observed to have interfered
with the detection, suggesting good selectivity.

Standard Curve. Concentrations of standard curves of
hirsutine and hirsuteine in the plasma were in the range of
1-200 ng/mL. The standard curve equations were as follows:
Y1 = 0.00832 X1 + 0.00741, » = 0.9992; Y2 = 0.00730 X2 +
0.00696, r = 0.9993; where Y1 represents the peak area ratio
of hirsutine to internal standard, X1 represents the hirsutine
concentration in plasma, Y2 represents the peak area ratio of
hirsuteine to diazepam, and X2 represents the hirsuteine
concentration in plasma.

The lower limit of quantitation (LLOQ) for hirsutine and
hirsuteine in plasma was 1 ng/mL (signal to noise ratio 12),
precision was below 12%, and accuracy was in the range of
85-115%. Limit of detection (LOD) of them was 0.2 ng/mL
(signal to noise ratio, 3).

Precision, Accuracy, Recovery, and Matrix Effect. As shown
in Table 1, RSDs of intra-day precision were below 6.1% at

Table 1. Precision, accuracy, and recovery of hirsutine in plasma (n = 6)

Concentration Precision Accuracy Recovery  Matrix
(ng/mL) (CV%) (%) (%) effect
(%)

Intra-day Inter-day Intra-day Inter-day

QC samples of hirsutine, and those of inter-day precision were
below 6%. Accuracy ranged between 92.8-104.8%, average
recovery was higher than 83.5%, and the matrix effect was
between 101.6% and 104.9%. As shown in Table 2, the RSDs
of intra-day precision were below 5.9% at QC sample of
hirsuteine, and those of inter-day precision were below 7.7%.
The accuracy range was between 92.3% and 104.2%, average
recovery was above 84.2%, and the matrix effect was between
99.6% and 108.6%.

Stability. Variation and RSD of hirsutine and hirsuteine
stored at different conditions (room temperature for 2 h,
—20 °C for 30 days, and freezing—thawing cycles for three times)
were + 12% and <15%, respectively, suggesting that they were
very stable.

Pharmacokinetic Study. Figure 3a and 3b illustrates
hirsutine and hirsuteine concentrations versus time after
intravenous administration, and Figure 3¢ and 3d shows the
curves after oral administration. Tables 3 and 4 show the main
pharmacokinetic parameters analyzed via non-compartment
model. The bioavailability of hirsutine and hirsuteine was
4.4% and 8.1%, respectively, and CL was significantly lower
than that of the oral administration. These results demonstrate
that hirsutine and hirsuteine were poor absorption.

Table 3. Pharmacokinetic parameters of hirsutine and hirsuteine after
intravenous administration

2 4.2 6.0 102.0 947 843+7.4101.6+8.5 Parameter Unit Hirsutine Hirsuteine
45 5.8 4.6 92.8 93.5 83.5+£54103.9+57 (1.0 mg/kg) (1.0 mg/kg)
190 6.1 6.0 1048 954 89.6+5.6104.9+6.3 AUCw ng/mL*h 3200+ 538 1733 = 21.9°
AUC(g o) ng/mL*h 324.1 + 542 176.1 + 19.}2b
Table 2. Precision, accuracy, and recovery of hirsuteine in plasma (n = 6) MRT . h 50+08 3.1+ 0'2b
- — - MRT g ) h 5.0+0.8 34+04
Concentration Prec1i10n Acc;Jracy Rec;)very Matrix tn h 26+0.7 41+19
(ng/mL) (CV%) () (%) effect CL L/h/kg 31405 57+0.6°
Intra-day Inter-day Intra-day Inter-day (%) \% L/kg 11.9+3.2 349 £19.5°
2 42 68 986 923 842+651060+7.6 Conax ng/mL 97.9+28.8 725+143
45 24 52 96.3 948 87.6+43108.6+5.6 Compared with hirsutine group, a is P < 0.05 and b is P < 0.01, as
190 5.9 7.7 1042 101.5 952+42 99.6+3.7 indicated by the statistical analysis 7 test.
90
- =
E gm 60 -
S 80 k=
=3 c
s 2
=1 ©
g (LR £ 301
g = g
5 N s
o, B g N
4 04 L S —
o s w15 2 s 0 5 . T
Time (h) Time (h)
a b
- 5 204
E 201 E
g £ 15
N S
T 104 T 101
z e
§ \f S 4] \{
hﬁ, o
3 04 Mi o N ~i _—
T T | N 0 5 1w 15w 25
Time (h) Time (h)
c d

Figure 3. Plasma concentration versus time curve of hirsutine and hirsuteine
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Table 4. Pharmacokinetic parameters of hirsutine and hirsuteine after oral
administration

Parameter Unit Hirsutine Hirsuteine
(5.0 mg/kg) (5.0 mg/kg)
AUC g ng/mL*h 70.8 £ 17.8 703+ 194
AUC (o) ng/mL*h 71.9+17.7 71.7+19.7
MRT h 3.6+0.6 44+0.9
MRT (o h 38+0.8 4.8+0.7
t h 1.8£05 3.5+09°
CL/F L/h/kg 73.2 +£18.3 74.0 £20.1
V/F L/kg 189.4 +79.0 359.0 + 102.5*
Crnax ng/mL 21.9 £6.6 17.8 £5.4

Compared with hirsutine group, a is P < 0.05 and b is P < 0.01, as
indicated by the statistical analysis 7 test.

Discussion

The application of UPLC-MS/MS for the quantitative determi-
nation of hirsutine and hirsuteine was faster and more sensitive
than a traditional HPLC. The detection time took only 4 min for
the plasma, which saved significant time and cost [25, 26]. The
precision, accuracy, recovery, and matrix effect of the established
UPLC-MS/MS method complied with the requirements of phar-
macokinetic research for hirsutine and hirsuteine [27-30]. Fur-
thermore, the LLOQ of hirsutine and hirsuteine (1 ng/mL) was
relatively low, which is very helpful to measure the low concen-
tration at the final time point.

Electrospray ionization (ESI) mass spectrometry positive and
negative selection was often evaluated in the methodology [31].
It has been found that the ESI positive ion mode was more sensi-
tive than the negative ion mode. The UPLC-MS/MS method
was used to separate endogenous interfering substances from hir-
sutine, hirsuteine, and internal standard as much as possible
according to the retention time [32-34]. A good chromatographic
peak and retention time could be obtained by using mobile phase
acetonitrile (containing 0.1% formic acid) and gradient elution.
The selection of internal standard was also very important. Here,
we compared some compounds, which were used as internal
standards, including diazepam, carbamazepine, bupivacaine, and
lidocaine. Finally, diazepam was selected because it had a similar
retention time and ionization mode as hirsutine and hirsuteine.

Prior to UPLC-MS/MS analysis, it is very important to remove
the protein and potential interference factors initiate the method
[35-37]. As a solution for protein precipitation, acetonitrile has
good extraction efficiency and an acceptable matrix effect. Wu
et al. [15] used 1 mmol/L ammonium hydroxide to alkalify the
rat plasma and then extracted the drug via ethyl acetate. After dry-
ing, the drug was redissolved prior to injection (5 nL). Direct pro-
tein precipitation via acetonitrile was faster and simpler than the
method of Wu et al. (liquid-liquid extraction). Although acetoni-
trile diluted the drug concentration in the plasma, the LLOQ was
1 ng/mL, which is still more sensitive than the method by
Wu et al. (2.5 ng/mL).

So far, Wu et al. [15] have reported the pharmacokinetics of
rhynchophylline and hirsutine in plasma after oral administration
using UPLC-MS/MS. Kashia et al. [16] have studied the phar-
macokinetics of hirsutine and hirsuteine following oral adminis-
tration of Yokukansan based on LC-MS/MS. However, none of
these studies reported the pharmacokinetics of hirsutine and hir-
suteine administrated via intravenous administration. In this
study, the UPLC-MS/MS detection method was built to investi-
gate the pharmacokinetics of both drugs in rats via intravenous
or oral administration, based on which bioavailability of both
drugs was calculated.

Table 3 indicates that, after intravenous administration, the phar-
macokinetic behaviors of hirsutine and hirsuteine differed in rats.
AUC and MRT of hirsutine were significantly higher than those of
hirsuteine (P < 0.01). The CL of hirsuteine was significantly

Aixia Han et al.

higher than that of hirsutine (P < 0.01), as was V (P < 0.05).
The different chemical structure of hirsutine and hirsuteine may
be reflected in the pharmacokinetic behaviors. Table 4 shows
that, following oral administration, AUC, MRT, C,,., and CL of
hirsutine and hirsuteine have no significant differences. The 7,
of hirsuteine was significantly higher than that of hirsutine
(P <0.01), and V/F of hirsutine was significantly lower than
that of hirsuteine (P < 0.05). As shown in Tables 3 and 4, AUC
and V of intravenous administration were significantly higher
than those of oral administration. The bioavailability of hirsutine
and hirsuteine was reported for the first time, 4.4% and 8.21%,
respectively.

Conclusion

Here, we established a sensitive and fast UPLC-MS/MS method
to measure hirsutine and hirsuteine concentrations in plasma. The
linearity range was 1-200 ng/mL, LOD was 0.3 ng/mL, and the
run time was 4 min. We successfully used this method for the in-
vestigation of the pharmacokinetics hirsutine and hirsuteine via in-
travenous or oral administration, and the bioavailability was 4.4%
and 8.1%. The analysis of main pharmacokinetic parameters of oral
and intravenous administration indicated that hirsutine and hirsu-
teine had a poor absorption after oral administration.
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