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Abstract 

Oxymatrine (OM) is an alkaloid extracted from a Chinese herb that has been 

found to possess anti-hepatic fibrosis effects. To support a pharmacokinetic study for 

OM-loaded polymersome-based poly(ethylene glycol)-b-poly(ε-caprolactone) 

(mPEG-b-PCL) in rats, a rapid, highly selective ultra-performance liquid 

chromatography–tandem mass spectrometry method (UPLC–MS/MS) to quantify OM 

in rat plasma was developed and validated. Tetrahydropalmatine was employed as the 

internal standard (IS). Protein precipitation with acetonitrile was developed for 

preparation of plasma samples. OM and the IS were separated on an ACQUITY 

UPLC
TM

 BEH C18 column (2.1 mm × 50 mm i.d., 1.7 µm), with a gradient elution of 

acetonitrile and 0.1% formic acid (aq), within a run time of 2.5 min. Tandem mass 

detection was carried out electrospray ionization (ESI) in positive ion-selected 

multiple reaction monitoring (MRM) mode. The peak area of the m/z 265.20→148.07 

transition of OM was evaluated versus that of the m/z 356.15→192.07 transition of 

the IS to generate the standard curve. In plasma, the linear range was 4–1000 ng mL
–1

, 

with a lower limit of quantitation (LLOQ) of 4.0 ng mL
–1

 for OM using 100 µL of 

plasma. The intra- and inter-day precision (RSD) were <8.8%, and the relative 

accuracy (RE) was from –1.6% to 8.2%. The extraction recoveries were, on average, 

79.92% for OM and 79.2% for the IS. Matrix effects and stability were investigated 

and found to be acceptable at all three concentration levels. This assay was applied to 

support a pharmacokinetic study of OM-loaded polymersomes in rats after 

intravenous administration. 
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1. Introduction 

Oxymatrine (OM, Fig. 1a) is an alkaloid extracted from a traditional Chinese 

herb that is used for the treatment of infection by the hepatitis-B and -C viruses, and is 

known to be hepatoprotective [1, 2]. OM can relieve hepatic fibrosis or severe injury 

independently [3, 4]. However, if OM is administered parenterally, it has a short 

elimination half-life and poor distribution in the liver, resulting in low biological 

availability and some side-effects [5, 6]. To overcome some limitations of OM in vivo, 

several drug delivery systems (DDS), namely liposomes, polymeric micelles, 

dendrimers and nanoparticles, have been employed.  

Polymersomes (PM) are self-assembled polymeric vesicles. They have received 

great interest in recent years for their potential applications as a novel class of 

nanocarriers in DDS [7]. OM has been successfully loaded into polymersomes based 

on diblock copolymers of methoxy poly(ethylene glycol) (mPEG) and ε-caprolactone 

(ε-CL). 

Pharmacokinetic studies of delivery of OM using PEG-b-PCL polymersomes are 

critical because they provide forecasts, rational utilization, as well as mechanisms of 

enhancing antifibrosis efficacy. 

Several methods have been described for the quantification of OM in biological 

samples: gas chromatography-mass spectrometry (GC–MS) [8], high-performance 

capillary electrophoresis (HPCE) [9] and high-performance liquid chromatography 

with ultraviolet detection HPLC/UV [10, 11]. However, these methods have some 

disadvantages: lack of quantitative precision and reproducibility, complicated sample 
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pretreatment, or low sensitivity of OM in pharmacokinetic studies [12, 13].  

In recent years, there have been a few reports about the quantification of OM in 

biological samples utilising liquid chromatography-mass spectrometry (LC–MS) 

methods. Liquid–liquid extraction (LLE) of samples by chloroform is time-consuming 

in addition to the requirements of large plasma volume and extraction solvent [12-14]. 

The method reported by Xiaoluan et al. [15] involved protein precipitation with a 

large volume of methanol for sample preparation and long chromatographic run times. 

In addition, compared with conventional high-performance liquid 

chromatography–mass spectrometry (HPLC–MS), ultra performance liquid 

chromatography–tandem mass spectrometry (UPLC–MS/MS) produces obvious 

improvements in sensitivity, speed and resolution. Moreover, those LC-MS methods 

have been described only for the determination of free OM in biological samples, 

whereas the method for OM-loaded nanocarriers has not.  

The aim of the present study was to develop a method that could efficiently 

extract OM from polymersomes and determine OM in rat plasma to support a 

pharmacokinetic study of OM-loaded polymersomes. Here, a rapid, specific, highly 

sensitive, and validated UPLC–MS/MS method was developed for the quantification 

of OM in rat plasma. This is the first study focusing on the in vivo pharmacokinetics 

of OM-loaded polymersomes. 
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2. Experimental 

2.1 Materials and animals 

OM was obtained from Zi Jinhua Pharmaceuticals (Ningxia, China). The internal 

standard (IS) tetrahydropalmatine (98% purity, Fig. 1b) was ordered from the National 

Institute for the Control of Pharmaceutical and Biological Products (Beijing, China). 

HPLC-grade acetonitrile and formic acid were obtained from Dikma (Richmond Hill, 

NY, USA). Deionized water was from the Barnstead EASYpure® IIRF/UV Ultrapure 

Water system (Dubuque, IA, USA). All other reagents were of analytical or 

chromatographic grade. Deionized water, solvent and samples were passed through a 

0.22-µm filter before use in UPLC–MS/MS analyses.  

The animals used for experimentation were treated according to protocols that 

had been evaluated and approved by the ethical committee of Shenyang 

Pharmaceutical University (Shenyang, China). 

Male Sprague–Dawley rats (220–240 g) were from Shenyang Laboratory Animal 

Center (Shenyang, China). Rats were housed in a controlled environment 

(temperature, 25±3°C; relative humidity, 45–60%) with a 12-h light–dark cycle and 

fasted for 12 h before experimentation but had free access to water.  

 

2.2 Preparation of OM-loaded polymersomes 

Polymersomes based on poly(ethylene glycol)-b-poly(ε-caprolactone) 

(PEG-b-PCL) were prepared employing the film hydration method as reported by 

Discher et al. [16]. OM was loaded into polymersomes using a pH-gradient method 
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developed for liposomes [17].  

 

2.3 Preparation of standard and quality-control (QC) samples 

Stock solutions of OM and IS were prepared at 5 and 2 µg mL
–1

 in methanol, 

respectively. For OM, further dilutions were carried out with methanol-water (1/1, v/v) 

to make a set of working solution ranging from 20 to 5000 ng mL
–1

. A working 

solution of the IS (98 ng mL
–1

) was also prepared by diluting the stock solution with 

methanol-water (1/1, v/v). All solutions were stored at –20°C. Blank plasma samples 

should be defined as plasma samples lacking analyte and IS. Calibration standard and 

QC samples should be defined as fortified plasma standard and fortified plasma QC 

samples. The standard solutions (20 µL) were used to spike 100 µL of blank plasma 

samples either for calibration standard and QC samples, both in the preliminary study 

and during the pharmacokinetic study. The calibration samples for OM were 4, 10, 20, 

40, 100, 200, 400 and 1000 ng mL
–1

. QC samples were prepared in the same way at 

concentrations of 4, 10 and 100 and 800 ng mL
–1

 and represented the lower limit of 

quantification (LLOQ), low, medium and high concentrations, respectively.  

 

2.4 Preparation of plasma samples  

Plasma was collected with heparin sodium from Male Sprague-Dawley rats and 

stored at −20 °C until use. To 100 µL of plasma sample (or a calibration standard or 

QC sample) were added 20 µL of IS working solution (98 ng mL
–1

) and 350 µL of 

acetonitrile. The mixture was vortex-mixed at 3000 rpm for 3 min and centrifuged at 
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15,000 rpm for 10 min at room temperature. An aliquot of the supernatant (250 µL) 

was transferred into a clean tube and evaporated to dryness at 40°C under a gentle 

stream of nitrogen. The residue was reconstituted with 100 µL of acetonitrile: 0.1% 

formic acid (aq) (90: 10, v: v) and vortex-mixed at 1200 rpm for 3 min. After 

centrifugation at 15,000 rpm for 10 min at room temperature, the supernatant was 

transferred into an autosampler vial. Then, 5-µL each of the samples prepared above 

were injected into the UPLC-MS/MS system for analyses. 

 

2.5 UPLC–MS/MS  

Chromatography was conducted on an ACQUITY™ UPLC system (Waters, Milford, 

MA, USA) maintained at 4°C. Separation was achieved on an ACQUITY UPLC™ 

BEH C18 column (50 × 2.1 mm i.d., 1.7 µm; Waters) using gradient elution. The 

mobile phase was composed of solvent A (0.1% formic acid–water) and solvent B 

(acetonitrile) at a flow rate of 0.2 mL/min. The gradient elution was: 0 min, 90% B; 

0–0.9 min, linear from 90% to 30% B; 0.9–1.6 min, holding at 30% B for 0.7 min and 

then an immediate reduction to 90% B at 1.7 min; 1.7–2.5 min for re-equilibration of 

the column. The column temperature was maintained at 40°C and the injection 

volume was 5 µL. 

A Waters ACQUITYTM TQD triple quadrupole tandem mass spectrometer 

(Waters Corp, Manchester, UK) with an electrospray ionization (ESI) interface was 

used for mass analysis. The ESI source was operated in positive ionization mode for 

OM and IS. The optimal parameters for the ionization source were: capillary voltage, 
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3.0 kV; cone voltage, 40 V; source temperature, 100°C; desolvation temperature, 

400°C. The optimized collision energy was 26 and 25 V for OM and IS, respectively. 

The cone and desolvation gas flow rates were 50 and 500 L h
–1

, respectively. Argon 

was used as the collision gas at a flow rate of 0.24 mL min
−1

. Multiple reaction 

monitoring (MRM) was used to monitor the fragmentation transitions of m/z 

265→148 for OM and m/z 356→192 for IS, respectively, with a scan time of 0.2 s. 

All data were aquired using Masslynx
TM

 ver4.1 (Waters).  

 

2.6 Method validation 

Method validation was undertaken according to guidelines set by the Food and 

Drug administration [18]. The validation parameters were selectivity, linearity, LLOQ, 

accuracy, precision, recovery, matrix effect, and stability. 

The selectivity of the method was observed by analyzing blank plasma from 6 

rats, QC plasma samples, and plasma samples after intravenous administration. 

Chromatograms were assessed to quantify the presence of endogenous constituents 

that could potentially interfere with the analysis of OM and IS. To assess linearity, 

calibration curves were prepared using eight standard plasma samples in the range 

from 4 to 1000 ng mL
–1

. The LLOQ was defined as the lowest concentration on the 

standard curve that can be detected with acceptable accuracy and precision (six 

replicates with a relative standard deviation (RE) below 20% and relative error (RSD) 

within ±20%). Intra- and inter-run precision and accuracy were determined by 

analyzing QC samples using six replicates at three concentrations (10, 100 and 800 ng 
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mL
–1

) on 3 validation days. Precision was calculated as the RSD within a single run 

and between different runs. Accuracy was expressed by RE, i.e. (determined 

concentration – nominal concentration)/(nominal concentration) × 100. The extraction 

recoveries of OM were evaluated by comparing the peak areas of six replicates of 

blank plasma samples spiked with QC samples at three levels (10, 100 and 800 ng 

mL
–1

) before extraction with those of blank plasma samples spiked with the 

corresponding QC samples after extraction. The recovery of the IS was also assessed 

in a similar fashion at 98 ng mL
–1

. To evaluate the matrix effect of the ionization of 

analyte, OM at three concentrations (10, 100 and 800 ng/mL) was added to the extract 

of 100 µL blank plasma sample six different lots, dried and reconstituted with 100 µL 

of acetonitrile: 0.1% formic acid (aq) (90: 10, v: v). The corresponding peak areas (A) 

were compared with those of the OM standard solutions dried directly and 

reconstituted with the same volume of mobile phase (B). The ratio (A/B×100) % was 

used to evaluate the matrix effect. The matrix effect of the IS was evaluated using the 

same procedure.  

The stability of sample storage (at room temperature for 4 h, at –20°C for 14 

days), processing (three freeze–thaw cycles) and for 12 h in processed samples at 4°C 

in auto-sampler trays were determined by analyzing three replicate QC samples (at 10 

and 100 and 800 ng mL
–1

). 

 

2.7 Pharmacokinetic experiments 

Twelve male SD rats were divided randomly into two groups. One group was 
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given a single dose of OM solution (30 mg/kg) via the tail vein, whereas the other rats 

were given a single dose of OM-loaded polymersomes at the same dose (both 

preparations contained 3 mg mL
–1

 OM in solution or polymersomes). At 0.083, 0.25, 

0.50, 0.75, 1, 1.5, 2, 4, 6, 8, and 12 h after dosing, blood samples (0.3 mL) were 

collected from the retro-orbital sinus, transferred to heparinized tubes (1.5 mL), and 

inverted slowly several times to ensure full blending with the anticoagulant. Blood 

samples were centrifuged at 4000 rpm for 10 min at 4±2°C to separate plasma and 

stored at −20 °C until analyses. 

3. Results and Discussion  

3.1 IS and extraction solvent 

A stable isotope-labeled analyte is the optimal IS for an UPLC–MS/MS 

quantification assay to correct for unknown losses during the procedure. Achieving a 

reference standard that exhibits a high response and rapid elution under the same 

UPLC–MS/MS conditions as the analytes is difficult. Some candidate compounds 

(e.g., theocin, ephedrine and caffeine that are much closer in structure to the analytes) 

may be used as the IS. However, these compounds were found to be unsatisfactory for 

very low extraction recovery or poor ionization under the specific conditions [15]. 

Finally, tetrahydropalmatine was chosen as the IS because of its similar ESI ionization 

response, appropriate chromatographic retention time and extraction recovery to that 

of OM. 

The reported extraction methods of OM from biological matrices include LLE 

and protein precipitation (PPT). These LLEs by chloroform needed samples and 
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chloroform with large volumes, and involved tedious preparation of samples [12-14]. 

A plasma sample of 0.25 mL was processed using PPT by the addition of 0.75 mL 

methanol and the chromatographic run time was 6.0 min [15]. With regard to 

determination of drugs entrapped in polymersomes, completely dissociating the drug 

from polymersomes with an extraction solvent was very important. With dissolution 

of mPEG-PCL, the structural integrity of the polymersomes was destroyed, and OM 

release ensued.  

In the present study, several organic solvents were assessed for their suitability 

for the precipitation of protein and extraction of analytes from rat plasma. These 

solvents were methanol, methanol-ethyl acetate (1:2, v/v) and acetonitrile, and their 

volumes were 1–5-times that of the biological sample. The results showed that the 

highest extraction recovery was obtained when acetonitrile was used at a ratio of 1/3 

(v/v) with plasma. Acetonitrile was employed concurrently for precipitation and as an 

emulsion-breaking agent compared with the conventional emulsion-breaking agent 

Triton X-100 [19]. We did not require addition of other agents that could have 

interfered with determination of the analytes. This method was similar to the methanol 

precipitation–ultrasonic emulsion breaking of polymer micelles in rat plasma 

described previously [20]..  

 

3.2 Chromatography and mass spectra 

MRM was set for the detection of OM and IS. To obtain the most intense 

protonated molecular ions under positive ionization, the parameters for fragmentor 

Page 14 of 28Analytical Methods

A
n

al
yt

ic
al

 M
et

h
o

d
s 

A
cc

ep
te

d
 M

an
u

sc
ri

p
t



 14

voltages and collision energies were optimized. The MRM transition of OM and IS 

was determined to be m/z 265.1→148.1 and 356.2→192.1, respectively (Fig. 1). 

 

Insert Fig. 1 Here 

Chromatographic separation was carried out by gradient elution, which can lead 

to an excellent peak shape, short analysis time, and strong response. To obtain an 

optimized response, satisfactory retention time and good peak shapes for the analytes, 

various mobile-phase additives at various concentrations and ratios were investigated: 

ammonium acetate, acetic acid and formic acid. Finally, acetonitrile and 0.1% formic 

acid (aq) were selected to obtain satisfactory ionization conditions and 

chromatographic run times.  

 

3.3 Method validation 

3.3.1 Selectivity 

Typical MRM chromatograms obtained from blank plasma, blank plasma spiked with 

OM and the IS, and a rat plasma sample after intravenous administration of 

OM-loaded polymersomes are presented in Fig. 2. The retention times of OM and the 

IS were approximately 1.12 and 1.67 min, respectively, and the overall 

chromatographic run time was 2.5 min. There were no interfering peaks observed at 

the retention times of the analyte or IS. As presented in Fig. 3, chromatograms were a 

blank plasma sample after the upper limit of quantitation (ULOQ) and a blank plasma 

sample spiked with analyte at the LLOQ and IS. 
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Insert Fig. 2 Here 

 

Insert Fig. 3 Here 

 

3.3.2 Linearity and LLOQ 

Linear responses were obtained for OM ranging from 4 to 1000 ng mL
–1

. Best-fit 

calibration lines of the ratio of OM to IS peak area versus the concentration of 

calibration standards were quantified by least-squares regression analysis with 

weighting factors of 1/x
2
. The typical equation for the calibration curve and its 

correlation coefficient was:  

 

y = 2.01×10
−3

x + 4.07×10
−2

 (r
2
 = 0.9959)  

 

where y refers to the peak area ratio of OM to the IS, and x refers to the plasma 

concentration of OM in serum (ng mL
–1

). The LLOQ was set at 4.0 ng mL
–1

. The 

precision and accuracy at this concentration were acceptable, with a RSD of <14.1% 

and with a RE of <13.5%. 

 

3.3.3 Precision and accuracy 

Intra-day and inter-day precision and accuracy for OM were calculated by 

measuring QC samples. They were within the acceptable range of ±15%, indicating 

Page 16 of 28Analytical Methods

A
n

al
yt

ic
al

 M
et

h
o

d
s 

A
cc

ep
te

d
 M

an
u

sc
ri

p
t



 16

that the method was accurate and precise (Table 1). Intra-day and inter-day precision 

for IS were 11.46% and 12.92%, respectively. 

 

Insert Table 1 Here 

 

3.3.4 Extraction recovery and matrix effects 

The extraction recoveries of OM determined using six replicates of QC samples 

at 10, 100 and 800 ng/mL were calculated to be 77.25±3.7, 80.58±5.28 and 

81.94±4.48%, respectively. The mean recovery of the IS was 79.12±6.72%. The 

matrix effects were found to be 94.78±2.21, 93.56±3.44 and 101.1±2.46% for OM at 

three concentrations and 94.77±3.59% for the IS. There was no significant matrix 

effect on the analyte and IS in this method.  

 

3.3.5 Stability 

The stability of OM in rat plasma under different conditions is presented in Table 

2. These results indicated that OM was stable in plasma at room temperature for 4 h, 

at −20 °C for 14 days, at 4°C in an autosampler for 12 h, and in processed samples 

after three freeze–thaw cycles. 

 

Insert Table 2 Here 

 

3.4 Application 
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The developed method was employed successfully to the pharmacokinetic study 

of OM solution and OM-loaded polymersomes in rat plasma after intravenous 

administration at an equal dose of 30 mg/kg OM. The curves of the plasma 

concentrations of OM for the two formulations are shown in Fig. 4. The 

pharmacokinetic parameters (mean ± SD, n=6) were summarized. For OM solutions, 

they were: area under the curve (AUC) 0–12 h, 16234.27±1385.34 ng.h.mL
–1

; Cmax, 

32847.57±4041.06 ng.mL
–1

; T1/2z, 1.41±0.57 h; CL, 3.10±0.27 L.h
–1

. For 

OM-loaded polymersome formulations, they were: AUC 0–12 h, 30602.95±3982.03 

ng.h.mL
–1

; Cmax, 26607.631±9599.203 ng.mL
-1

; T1/2z, 3.12±0.25; CL, 1.62±0.2 L 

h
–1

. 

 

Insert Fig 4 Here 

 

4. Conclusion 

The UPLC–MS/MS method described here for OM determination in rat plasma 

is the first procedure for quantitative determination of OM in the presence of OM  

polymersomes. In plasma, the LLOQ was 4 ng mL
–1

, and the assay was linear over a 

concentration range of 4–1000 ng mL
–1

. In addition, the method required only 100 µL 

of plasma for OM determination and the total run time was only 2.5 min per sample. 

Overall, a validated rapid, selective, highly sensitive, and reliable UPLC–MS/MS 

method was developed and applied to study the pharmacokinetic profiles of 

OM-loaded polymersomes in rats.  
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Table 1 Precision and accuracy data for the determination of oxymatrine in rat plasma 

samples, ((n = 3 days, six replicates per day). 

Spiked concentration (ng/mL) 
Average measured  

concentration (ng/mL) 
RSD (%) RE (%) 

Intra-day of oxmatrine    

4 4.38 11.8 9.7 

10 10.48 8.8 4.8 

100 107.45 5.9 7.4 

800 865.69 7.6 8.2 

Inter-day of oxmatrine    

4 4.52 14.1 13.5 

10 10.26 6.0 2.5 

100 98.41 5.2 -1.6 

800 842.52 4.8 5.3 
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Table 2 Stabilities of oxymatrine in rat plasma (n = 6). 

stability 
Spiked concentration 

(ng/mL) 

Observed mean 

concentration (ng/mL) 
RSD (%) RE (%) 

Short-term stability  

(at room temperature, 4 h) 
10 10.56 ±1.14 10.79 5.65 

100 103.23±12.50  12.11 3.23 

800 756.24±54.12  7.16 -5.47  

4 °C in autosampler for 12 h 

in processed samples 
10 10.37±1.39  13.45 3.69  

100 97.05±7.88 8.12 -2.95 

800 819.47±81.32  9.92 2.43  

Three freeze-thaw cycles 

(−20 °C to room temperature) 
10 9.52±1.26  13.26 -4.75  

100 96.21±9.81  10.19 -3.79  

800 742.47±74.99 10.10 -7.19 

Long-term stability 

( − 20 °C, 14 days) 
10 9.31±1.06 11.43 -6.87 

100 91.14±8.15 8.94 -8.86 

800 762.14±44.22 5.80 -4.73 
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Figure legends 

Fig. 1. Product ion mass spectra of [M+H] 
+
 ions of oxymatrine (a) and 

tetrahydropalmatine (b). 

Fig. 2. Representative MRM chromatograms of oxymatrine and tetrahydropalmatine 

(IS) in rat plasmas: (a) blank plasma; (b) blank plasma spiked with oxymatrine (100 

ng mL
-1

) and IS (98 ng mL
 -1

); (c) the plasma sample collected 4 h after intravenous 

administration of 30 mg kg
-1 

oxymatrine. The retention time for oxymatrine and IS 

was 1.12 min and 1.67 min, respectively. 

Fig. 3. Chromatograms for OM and IS in rat plasma samples: (A) a blank sample run 

right after the upper limit of quantitation (ULOQ, 1000 ng/mL); (B) a blank plasma 

sample spiked with analyte at the LLOQ and IS (98 ng/mL). 

Fig. 4. Plasma oxymatrine concentration–time profiles following intravenous injection 

of oxymatrine solution (▲) and oxymatrine-loaded polymersomes (■) in rats. The 

dose for two formulations was 30 mg kg
-1

 of oxymatrine. Each time point represents 

mean ± SD (n = 6). 
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Fig.1 
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Fig.2 
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Fig.3 
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Fig.4 
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