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Abstract: Angeloylgomisin H, as a major lignin in the fruits, was reported to have the potential to improve insulin-
stimulated glucose uptake by activating PPAR-γ. In this work, a sensitive and selective UPLC-MS/MS method for 
determination of angeloylgomisin H in rat plasma is developed. After addition of rutin as an internal standard (IS), 
protein precipitation by acetonitrile was used to prepare samples. Chromatographic separation was achieved on a 
UPLC BEH C18 column (2.1 mm × 100 mm, 1.7 μm) with 0.1% formic acid and acetonitrile as the mobile phase 
with gradient elution. An electrospray ionization source was applied and operated in positive ion mode; multiple 
reactions monitoring (MRM) mode was used for quantification using target fragment ions m/z 523.2-315.1 for an-
geloylgomisin H, and m/z 611.1-303.1 for IS. Calibration plots were linear throughout the range 5-2000 ng/mL for 
angeloylgomisin H in rat plasma. Mean recoveries of angeloylgomisin H in rat plasma ranged from 86.2% to 92.5%. 
RSD of intra-day and inter-day precision were both < 11%. The accuracy of the method was between 93.0% and 
104.1%. The method was successfully applied to pharmacokinetic study of angeloylgomisin H after either oral or 
intravenous administration. The absolute bioavailability of angeloylgomisin H was reported as high as 4.9%.
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Introduction

Fructus Schisandrae chinensis, known as 
“Wuweizi”, is derived from the ripe fruits of 
Schisandra chinensis (Turcz). Baill and has a 
long history in health care as a herbal medicine 
in many East Asian countries such as China, 
Japan and Korea. Wuweizi has been revealed  
a widely variety of pharmacological effects in- 
cluding anti-inflammatory [1], antihepatotoxic 
[2], antioxidant [3], antitumoural [4], sedative 
and hypnotic activities [5], thereby being offi-
cially documented in the Chinese Pharmaco- 
poeia [6]. Modern pharmacological studies de- 
monstrated that most of the biological actions 
and the pharmacological effects of Wuweizi 
could be attributed to its lignan constituents 
which represent approximately 1% of the fruits’ 
composition and comprise over 100 related 
compounds [7-9]. Angeloylgomisin H (Figure 
1A), as a major lignin in the fruits, was reported 

to have the potential to improve insulin-stimu-
lated glucose uptake by activating PPAR-γ [10]. 
However, even with the comprehensive research 
on bioactivity, there was little information about 
its pharmacokinetic profile. Consequently, it is 
necessary to study and describe the pharmaco-
kinetic properties of angeloylgomisin H. 

In recent years, several methods have been 
reported for quantitation of the angeloylgomisin 
H in drugs, plant samples and biological fluid, 
such as HPLC-UV [11], UPLC/Q-TOF MS [12], 
HPLC-DAD-MS [13] and UPLC-MS/MS [14, 15]. 

We developed a sensitive, rapid and reliable 
UPLC-MS/MS method for the quantitative anal-
ysis of this bioactive lignan in rat plasma sam-
ple, for the further development and rational 
use of angeloylgomisin H. Furthermore, the vali-
dated method was successfully applied to the 
pharmacokinetic study in rat.
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Experimental

Chemicals and reagents  

Angeloylgomisin H (purity > 98%, Figure 1A) 
and rutin (IS, purity > 98%, Figure 1B) were pur-
chased from the Chengdu Mansite Pharma- 
ceutical CO. LTD. (Chengdu, China). LC-grade 
acetonitrile and methanol were purchased from 
Merck Company (Darmstadt, Germany). Ultra-
pure water was prepared by Millipore Milli-Q 
purification system (Bedford, MA, USA). Rat 
blank plasma samples were supplied from 
drug-free rats (Laboratory Animal Center of 
Wenzhou Medical University).

Instrumentation and conditions  

A UPLC-MS/MS system with ACQUITY I-Class 
UPLC and a XEVO TQD triple quadrupole mass 

spectrometer (Waters Corp., Milford, MA, USA), 
equipped with an electrospray ionization (ESI) 
interface, was used to analyze the compounds. 
The UPLC system was comprised of a Binary 
Solvent Manager (BSM) and a Sample Manager 
with Flow-Through Needle (SM-FTN). Masslynx 
4.1 software (Waters Corp.) was used for data 
acquisition and instrument control.

Angeloylgomisin H and rutin (IS) were separat-
ed using a UPLC BEH C18 column (2.1 mm × 
100 mm, 1.7 μm, Waters, USA) maintained at 
40°C. The initial mobile phase consisted of 
acetonitrile and water (containing 0.1% formic 
acid) with gradient elution at a flow rate of 0.4 
mL/min and an injection volume of 2 μL. Elution 
was in a linear gradient, where the acetonitrile 
content increased from 20% to 85% between 0 
and 1.0 min. The acetonitrile content was main-
tained at 85% for 1.0 min, then dropped to 20% 
within 0.5 min. The total run time of the analyt-
es was 3 min. 

Mass spectrometric detection was performed 
on a triple-quadrupole mass spectrometer 
equipped with an ESI interface in positive 
mode. Nitrogen was used as the desolvation 
gas (1000 L/h) and cone gas (50 L/h). Ion mon-
itoring conditions were defined as capillary volt-
age of 2.5 kV, source temperature of 150°C, 
and desolvation temperature of 500°C. Mul- 
tiple reaction monitoring (MRM) modes of m/z 
523.2-315.1 for angeloylgomisin H, and m/z 
611.1-303.1 for IS were utilized to conduct 
quantitative analysis, Figure 2.

Calibration standards and quality control 
samples

The stock solutions of angeloylgomisin H (1.0 
mg/mL) and rutin (IS) (1.0 mg/mL) were pre-
pared in methanol-water (50:50). The 0.5 µg/
mL working standard solution of the IS was pre-
pared from the IS stock solution by dilution with 
methanol; working solutions for calibration and 
controls were prepared from stock solutions 
similarly, using methanol diluent. All of the solu-
tions were stored at 4°C  and were brought to 
room temperature before use.

Angeloylgomisin H calibration standards were 
prepared by spiking blank rat plasma with 
appropriate amounts of the working solutions. 
Calibration plots were offset to range between 
5-2000 ng/mL for angeloylgomisin H in rat 

Figure 1. Chemical structure of angeloylgomisin H (A) 
and rutin (IS, B).
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plasma at 5, 10, 20, 50, 100, 200, 500, 1000, 
and 2000 ng/mL, each by adding 10 µL of the 
appropriate working solution to 100 µL of blank 
rat plasma, followed by short vortex mixing. 
Quality-control (QC) samples were prepared in 
the same manner as the calibration standards, 
in three different plasma concentrations (8, 
800, and 1600 ng/mL). The calibration stan-
dards and QC samples protein precipitation by 
acetonitrile before UPLC-MS/MS analysis.

Sample preparation

Before analysis, the plasma sample was th- 
awed to room temperature. An aliquot of 10 µL 
of the IS working solution (0.5 µg/mL) was 
added to 100 µL of the collected plasma sam-
ple in a 1.5 mL centrifuge tube, followed by the 
addition of 200 µL of acetonitrile. The tubes 
were vortex mixed for 1.0 min. After centrifuga-
tion at 14900 g for 10 min, the supernatant (2 

Figure 2. Mass spectrum of angeloylgomisin H (A) and rutin (IS, B).
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µL) was injected into the UPLC-MS/MS system 
for analysis.

Method validation  

Rigorous tests for selectivity, linearity, accura-
cy, precision, recovery, and stability, according 
to the guidelines set by the United States Food 
and Drug Administration (FDA) [16] and Euro- 
pean Medicines Agency (EMA) [17], were con-
ducted in order to thoroughly validate the pro-
posed bioanalytical method. Validation runs 
were conducted on three consecutive days. 
Each validation run consisted of one set of cali-
bration standards and six replicates of QC plas-
ma samples.

The selectivity of the method was evaluated  
by analyzing blank rat plasma, blank plasma-
spiked angeloylgomisin H and IS, and a rat plas-
ma sample.

Calibration curves were constructed by ana- 
lyzing spiked calibration samples on three  
separate days. Peak area ratios of angeloyl-
gomisin H-to-IS was plotted against analyte 
concentrations. Resultant standard curves 
were well fitted to the equations by linear 
regression, with a weighting factor of the recip-
rocal of the concentration (1/x) in the concen-
tration range of 5-2000 ng/mL. The LLOQ was 
defined as the lowest concentration on the  
calibration curves.

To evaluate the matrix effect, blank rat plas- 
ma was extracted and spiked with the ana- 
lyte at 8, 800, and 1600 ng/mL concentrations 
(n = 6). The corresponding peak are as were 
then compared to those of neat standard so- 
lutions at equivalent concentrations, this pe- 
ak area ratio is defined as the matrix effect. 
The matrix effect of the IS was evaluated at  
a concentration of 50 ng/mL in a similar 
manner.

Accuracy and precision were assessed by the 
determination of QC samples at three concen-
tration levels in six replicates (8, 800, and 
1600 ng/mL) over three days of validation test-
ing. The precision is expressed as RSD. 

The recovery of angeloylgomisin H was evalu-
ated by comparing the peak area of extracted 
QC samples with those of reference QC solu-
tions reconstituted in blank plasma extracts (n 
= 6). The recovery of the IS was determined in 
the same way. 

Carry-over was assessed following injection of 
a blank plasma sample immediately after 3 
repeats of the upper limit of quantification 
(ULOQ), after which the response was checked 
for accuracy [25]. 

Stability values of angeloylgomisin H in rat plas-
ma were evaluated by analyzing three repli-
cates of plasma samples at concentrations of 

Figure 3. Representative UPLC-MS/MS chromatograms of angeloylgomisin H and rutin (IS), (A) blank plasma; (B) 
blank plasma spiked with angeloylgomisin H (5 ng/mL) and IS (50 ng/mL); (C) a rat plasma sample 3 h after intra-
venous administration of single dosage 2 mg/kg angeloylgomisin H.
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8 or 1600 ng/mL which were all exposed to dif-
ferent conditions. These results were com-
pared with the freshly-prepared plasma sam-
ples. Short-term stability was determined after 
the exposure of the spiked samples to room 
temperature for 2 h, and the ready-to-inject 
samples (after protein precipitation,) in the 
HPLC autosampler at room temperature for 24 
h. Freeze/thaw stability was evaluated after 
three complete freeze/thaw cycles (-20 to 
25°C) on consecutive days. Long-term stability 
was assessed after storage of the standard 
spiked plasma samples at -20°C for 20 days. 
The stability of the IS (50 ng/mL) was evaluated 
similarly [26, 27].

min. The plasma as-obtained (100 µL) was 
stored at -20°C until analysis. 

Plasma angeloylgomisin H concentration ver-
sus time data for each rat was analyzed by DAS 
(Drug and statistics) software (Version 2.0, 
Wenzhou Medical University). The maximum 
plasma concentration (Cmax) was observed 
directly from the concentration-time curve. The 
area under the plasma concentration-time 
curve (AUC) was estimated by the trapezoidal 
rule. The plasma clearance (CL), apparent vol-
ume of distribution (V), and the half-life (t1/2) 
were estimated using non-compartmental cal-
culations performed with DAS software. The 

Figure 4. Mean plasma concentration time profile after oral (10 mg/kg, po) 
and intravenous (2 mg/kg, iv) administration of angeloylgomisin H in rats.

Table 1. Primary pharmacokinetic parameters after oral and intra-
venous administration of angeloylgomisin H in rats (n = 6)

Parameters Unit
Mean SD Mean SD

po 10 mg/kg iv 2 mg/kg
AUC(0-t) ng/mL*h 72.1 38.0 295.6 66.8
AUC(0-∞) ng/mL*h 74.6 40.8 306.2 77.1
t1/2 h 0.4 0.1 0.7 0.4
CL L/h/kg 168.2 80.8 6.9 1.8
V L/kg 83.4 40.0 6.8 2.8
Cmax ng/mL 117.7 37.1 720.8 290.9
Absolute bioavailability/Fabs 4.9%
The maximum plasma concentration (Cmax) was observed directly from the concen-
tration-time curve. The area under the plasma concentration-time curve (AUC) was 
estimated by the trapezoidal rule. The plasma clearance (CL), apparent volume 
of distribution (V), and the half-life (t1/2) were estimated using non-compartmental 
calculations performed with DAS (Drug and statistics) software.

Pharmacokinetic study 

Male Sprague-Dawley rats 
(200-220 g) were obtained 
from the Laboratory Animal 
Center of Wenzhou Medical 
University to study the phar-
macokinetics of angeloylgo- 
misin H. All twelve rats were 
housed at the Laboratory 
Animal Center of Wenzhou 
Medical University. All experi-
mental procedures and proto-
cols were reviewed and app- 
roved by the Animal Care and 
Use Committee of Wenzhou 
Medical University, and were 
in accordance with the Guide 
for the Care and Use of Labo- 
ratory Animals. Diet was pro-
hibited for 12 h before the 
experiment but water was 
freely available. Blood sam-
ples (0.3 mL) were collected 
from the tail vein into heparin-
ized 1.5 mL polythene tubes 
at 0.0333, 0.15, 0.5, 1, 1.5, 
2, 3, 4 h after oral (10 mg/kg) 
or intravenous (2 mg/kg) ad- 
ministration of angeloylgo- 
misin H. Angeloylgomisin H 
(40 mg) was dissolved in 4 mL 
saline with little 0.1% HCl, 
about 3 mL for oral adminis-
tration and 1 mL for intra- 
venous administration. The 
samples were immediately 
centrifuged at 3000 g for 10 
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absolute bioavailability (Fabs) is the dose-cor-
rected area under curve (AUC) non-intravenous 
divided by AUC intravenous. The formula for 
calculating F for a drug administered by the oral 
route (po) is given below.  

100F
AUC Dose
AUC Dose

abs
iv po

Po iv= #
#

#

Results and discussion

Selectivity and matrix effect

Figure 3 shows typical chromatograms of a 
blank plasma sample, a blank plasma sample 
spiked with angeloylgomisin H and IS, and a 
plasma sample. There were no interfering 
endogenous substances observed at the reten-
tion time of the angeloylgomisin H and IS.

The matrix effect for angeloylgomisin H at con-
centrations of 8, 800, and 1600 ng/mL were 
measured between 98.8% and 109.8% (n = 6). 
The matrix effect for IS (50 ng/mL) was 95.6% 
(n = 6). As a result, matrix effect from plasma is 
considered negligible in this method.

Calibration curve and sensitivity

Linear regressions of the peak area ratios  
versus concentrations were fitted over the  
concentration range 5-2000 ng/mL for angel-
oylgomisin H in rat plasma. The equation uti-
lized to express the calibration curve is: y = 
0.00022381*x+0.00325613, r = 0.9955, wh- 
ere y represents the ratios of angeloylgomisin H 
peak area to that of IS, and x represents the 
plasma concentration. The LLOQ for the deter-
mination of angeloylgomisin H in plasma was 5 
ng/mL. The precision and accuracy at LLOQ 
were 12.6% and 90.7%, respectively. The LOD, 
defined as a signal/noise ratio of 3, was 2 ng/
mL for angeloylgomisin H in rat plasma.

Precision, accuracy and recovery

The precision of the method was determined by 
calculating RSD for QCs at three concentration 
levels over three days of validation tests. Intra-
day precision was 7% or less, and inter-day pre-
cision was 11% or less at each QC level. The 
accuracy of the method ranged from 93.0% to 
104.1% at each QC level. Mean recoveries of 
angeloylgomisin H were higher than 86.2%. The 
recovery of the IS (50 ng/mL) was 89.6%. 

Carry-over

None of the analytes showed any significant 
peak (≥ 20% of the LLOQ and 5% of the IS) in 
blank samples injected after the ULOQ sam-
ples. Adding 0.5 extra minutes to the end of the 
gradient elution effectively washed the system 
between samples, thereby eliminating carry-
over [25]. 

Stability

Results from the auto-sampler showed that the 
analyte was stable under room temperature, 
freeze-thaw, and long-term (20 days) condi-
tions, confirmed because the bias in concentra-
tions were within ± 15% of their nominal values. 
To this effect, the established method is suit-
able for pharmacokinetic study.

Application

The method was applied to a pharmacokinetic 
study in rats. The mean plasma concentration-
time curve after oral (10 mg/kg) or intravenous 
(2 mg/kg) administration of angeloylgomisin H 
is shown in Figure 4. Primary pharmacokinetic 
parameters, based on non-compartment mo- 
del analysis, are summarized in Table 1. The 
absolute bioavailability of angeloylgomisin H 
was reported as high as 4.9%, it helps to build 
a better understanding of the pharmacological 
features of angeloylgomisin H. 

Conclusion

In present study, a simple, precise, and accu-
rate UPLC-MS/MS method for the quantitation 
of angeloylgomisin H in rat plasma was estab-
lished, utilizing 100 µL of plasma with an LLOQ 
of 5 ng/mL. The UPLC-MS/MS method was su-
ccessfully applied to a pharmacokinetic study 
of angeloylgomisin H after both oral and intra-
venous administration. The absolute bioavail-
ability of angeloylgomisin H was identified at 
4.9%.
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