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Matrine is contained in several herbs used in traditional Chinese medicine, named Sophora alopecuroides, Sophora
flavescens or Sophora subprostrata. In vitro and in vivo studies have focused on the treatment of chronic hepatitis
or liver fibrosis using matrine. However, little is known about its liver pharmacokinetic profile. In this study pharma-
cokinetics of matrine in rat organs and tissues, such as liver, blood and skin were studied after intravenous (40 mg/
kg) or transdermal administration (6 mg/cm?, 5 cm?). Samples were collected at timed intervals for measurement of
matrine by a HPLC-UV method. The pharmacokinetic parameters were calculated by non-compartmental analysis
using DAS 2.0. The AUC(O_t) values in the liver, blood microdialysates and plasma after intravenous administration
were 395.91+74.48, 848.86+146.35 and 1304.07+305.92 min-mg/l, respectively. Following transdermal administra-
tion, the AUC(O_‘) value in the liver, blood, plasma and skin microdialysates were 695.30+233.79, 1096.07+390.71,
2767.57+518.48 and 42735.77+27938.33 min-mg/l, respectively. Here, we show a promising delivery system for
matrine that could replace traditional administration, and a better understanding of the transdermal pharmacokinetics

of matrine, which may be helpful for further clinical and laboratory studies.

1. Introduction

Herbal medicines have been increasingly applied to treat various
diseases and in the promotion of health in recent years. Matrine
is the major active pharmaceutical ingredient of the dried roots of
traditional Chinese herbs like Sophora alopecuroides, Sophora
flavescens or Sophora subprostrata, which have been extensively
used in China for the treatment of chronic hepatitis and liver fibrosis
(Yuan et al. 2010; Jiang et al. 2015; Sabatino et al. 2015; Wu et al.
2016; Yang et al. 2016).Clinically, matrine is commonly admin-
istered via intravenous (i.v.) injection and oral capsules or tablets
(Zhang et al. 2009). Oral administration leads to gastrointestinal
reactions and low bioavailability. The absolute oral bioavailability
of matrine was found to be only 20%, when compared with admin-
istration by injection (Ruan et al. 2010). Therefore, it is necessary
to develop a new method of matrine administration. Compared
with conventional pharmaceutical dosing regimens, transdermal
administration offers an alternative pathway with many important
advantages, including elimination of hepatic first-pass metabo-
lism, enhancement of therapeutic efficacy, reduced side effects and
improved patient compliance (Thiede et al. 2014; Tong et al. 2015;
Gennari et al. 2016). Matrine is suitable for transdermal delivery,
as it has a low molecular weight of 248.3, a melting point of 85 °C
and a partition coefficient (logk ) of 0.897. However, current
transdermal administration studies have only reported the physi-
cochemical properties, stability and skin penetration of matrine in
vitro.

Several studies have been performed on the pharmacokinetics of
matrine alone or as part of an herbal mixture following oral admin-
istration (Ruan et al. 2010; Yang et al. 2010; Tang et al. 2013; Wang
et al. 2014). Almost all of these reports have only described matrine
plasma concentration. However, it is essential to study the liver
pharmacokinetics of matrine for further drug investigations. Wu et
al. (2009) studied the tissue distribution of matrine and drug concen-
trations were determined by tissue (containing liver) homogenates,
but little is known about the unbound liver pharmacokinetic profile
of matrine. Microdialysis is a continuous sampling method suitable
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for in vivo pharmacokinetic measurements. This method is mini-
mally invasive and provides samples of the unbound drug (only the
unbound fraction is therapeutically active for drugs in vivo), which
is an analytical advantage (Gao et al. 2014; Li et al. 2014a, b; Gottas
et al. 2016; Joshi et al. 2016). This technology can be combined
for multi-site synchronization of microdialysis experiments, and
provides valuable information about matrine concentration changes
in different parts for clinical applications.

The aim of this study was to characterize and compare the phar-
macokinetics of unbound matrine in different tissues and organs of
the rat (blood, liver and skin) using microdialysis, following trans-
dermal and intravenous administration. This study may help to
give more accurate pharmacokinetic parameters and better clarify
the transdermal or intravenous administration process of matrine.
This is the first report of the liver microdialysis of matrine.

2. Investigations and results

2.1. Validation of the analytical method

The HPLC method was able to rapidly and sensitively measuring
matrine concentrations in microdialysate and plasma. The reten-
tion time was approximately 4.3 min for microdialysate or 5.5 min
for plasma, and no interference was found from other endogenous
compounds. The retention time was different microdialysate and
plasma samples, as there was interference at 4.3 min in the plasma
samples, meaning that appropriate adjustments to the mobile phase
proportions were made.

To ensure the reliability of the assay, the analytical method was
validated using blank Ringer’s solution and plasma samples that
were spiked with different matrine concentrations. The HPLC
method showed good linearity throughout the concentration
range of 0.10-25.00 pg/ml in Ringer’s solution and over the range
0.32-81.80 pg/ml in plasma. The regression equations were Y =
11937.17X+232.26 (n=5, R*>=1.000) for samples in Ringer’s solu-
tion and Y =4751.17X+96.54 (n=5, R*=1.000) for plasma samples.
Intra-day and inter-day variability was determined, and all of the
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R.S.Ds were less than 10.75%, with accuracy levels between 94.7-
107.9%. The stability results indicated that matrine was stable
during storage in both Ringer’s solution and plasma.

2.2. Recovery of the probe

The results of probe recovery of matrine showed that recovery was
not correlated with drug concentration (matrine: 2.5, 5.0, 10.0 pug/
ml) and was inversely proportional to the perfusion velocity (1.0,
2.0, 3.0 ul/min). At the same flow rate, the recovery measured by
in vitro positive dialysis was highly consistent with that measured
by retrodialysis. In vitro recoveries from the concentric cannula
probe and the linear probe were 41.57+0.92~81.67+0.96% and
44.69+1.24~82.99+1.26% at different perfusion velocities. There-
fore, the recovery could be applied to the pharmacokinetic studies.

2.3. In vivo pharmacokinetic study of matrine

The concentration-time profiles and pharmacokinetic parameters
of matrine in rat plasma and dialysates from liver, blood and skin
following transdermal (6 mg/cm?, 5 cm?) or i.v. administration (40
mg/kg) are presented in Figs. 1-2 and Tables 1-2.

The pharmacokinetic results following i.v. administration of matrine
showed that the AUC and C__of matrine had the following trend:
plasma > blood microdialysis > liver microdialysis. This was most
likely due to the drug first entering the blood and then the liver,
and the drug concentration from blood microdialysis identified the
concentration of unbound drug, while the plasma concentration
was made up of unbound and protein-bound matrine.

With regards to the pharmacokinetics of matrine transdermal
administration, the AUC of matrine showed the following trend:
subcutaneous microdialysis > plasma > blood microdialysis > liver
microdialysis, and the C__and AUC in the blood microdialysate
were about 50% compared to those in plasma, suggesting that the
concentration of unbound matrine was approximately 50% of the
total plasma concentration. Compared with the pharmacokinetics
of i.v. administered matrine (40 mg/kg), the transdermal patch
group showed similar C__in plasma and an MRT that was three
times longer at different parts. The AUC  of the patch was twice
as large as those following i.v. injection, while the AUC .. of the
patch was similar to those of i.v. administration.

3. Discussion

Several studies have investigated matrine pharmacokinetics in rats
following i.v. administration. Ruan et al. (2010) showed that after
the i.v. administration of 20 mg/kg matrine in conscious wistar rats,
the AUC in plasma was 3048.0 min- mg/l and ¢, was 287.4 min.
Yang et al. (2010) showed that after i.v. administration of 2 mg/kg
matrine in anaesthetized SD rats, the AUC  in plasma was 108.6
min- mg/l and t, was 142.0 min, while Wu et al. (2009) showed

that i.v. administration of 15 mg/kg matrine to anaesthetized SD rats,
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Fig. 1: Concentration versus time profiles of matrine in rat plasma, blood and liver
microdialysates after i.v. administration (40 mg/kg) or transdermal adminis-
tration (6 mg/cm?, 5 cm?) in rats (mean+SD, n=6).
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Fig. 2: Concentration versus time profiles of matrine in rat skin microdialysates after
transdermal administration (6 mg/cm?, 5 cm?) in rats (mean+SD, n=6).
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min. In our study, i.v. administration of matrine to anaestlll/étized SD
rats resulted in an AUC |/ in plasma of 1304.1 min- mg/l and t,, of
132.8 min. In the above studies, there was no difference in t, in
SD rats. There were some differences in the AUC, which may have
been due to different doses, sampling methods, species and status
of the rats. In the three studies mentioned above, i.v. administration
was performed through the tail vein, and venous blood samples were
collected from eye sockets vein, tail vein, and or femoral artery. In
our study, i.v. administration was performed through the femoral
vein and venous blood samples were collected from the tail vein.
It is important to quantify drug concentrations at different body sites,
especially in certain organs, such as the liver. The AUC, . =~ or

verfplasma is used to describe the drug distribution to the liver after
administration. Some studies have investigated liver homogenates
following intravenous administration of matrine in SD rats (Wu, et al.
2009). However, the unbound drug concentration is related to phar-
macological effects, therefore, tissue homogenates do not reflect the
real drug concentration that has a pharmacological effect. In our study,
the AUC, . of unbound matrine in liver compared to blood was
47.49+9.80 % following i.v. administration, and the value increased to
67.32+19.62 % after transdermal administration, however, there was

no significant difference between the two groups (P> 0.05). AUC

resulted in an AUC in plasma of 184.8 min- mg/l and t,,, of 152.4

liver/

lasma (unbound matrine in liver compared to total matrine concentra-
tion in plasma) and AUCblmd,AUCplmel (unbound matrine in blood
compared to total matrine concentration in plasma) also showed no
significant difference between iv. and transdermal administration.
This result showed that the distribution of matrine after transdermal
administration was similar to that following iv. administration.
Unbound drug in the liver and blood was collected in our study by
microdialysis, and the results showed that the drug concentration in the
liver was lower than in blood or plasma, as protein-bound drug cannot
permeate the microdialysis membrane only allowing any unbound
drug to be measured. Since microdialysis can be used to measure the
concentration of unbound drug in the blood, the bound concentration
of matrine in the plasma in our study could be calculated as 33%
(=1-AUC,_, plasma)” Using ultrafiltration, it has been reported that the
in vitro plasma protein binding of matrine is about 10% (Tang, et al.
2013). These conflicting data may be caused by different methods: in
vitro vs in vivo and ultrafiltration vs microdialysis.

The pharmacokinetic profile of matrine following transdermal
administration indicated that the MRT  ~of matrine in rats increased
significantly after transdermal administration. The AUCs from
different organs and tissues following transdermal administration
were higher than those after i.v. administration. One possible reason
for this is that the transdermal administration dosage was approxi-
mately 30 mg (i.e. 6 mg/cm® x 5 cm?) for one rat, while the i.v. dose
was approximately 12 mg (40 mg/kg). C_of two administration
routes were similar (P> 0.05), indicating that the 5 cm? patch group
achieved similar effects to those seen in the i.v. administration group
and that transdermal administration plays a role in long and slow
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Table 1: Non-compartmental pharmacokinetic parameters of matrine in rat plasma, blood and liver microdialysates following i.v. administration

(40 mg/kg) in rats (mean+SD, n=6)

Parameter Liver microdialysate Blood microdialysate Plasma

AUC,  (min- mg/l) 395.91+74.48" 848.86+146.35 1304.07+305.92"
AUC, , (min- mg/l) 483.50+114.86™ 1072.00£336.21 1600.14£571.15™
MRT,  (min) 111.20£16.19 107.203+18.26 123.46+18.87"
T, ,(min) 161.91+112.82 165.96+126.50 132.77+72.24
T (min) 22.50+0.00° 10.006.12 5.50+7.20°
CL,/F (/min/kg) 0.09+0.02" 0.04+0.01 0.03+0.01""

Vz /F (Ukg) 18.96+12.64 8.22+3.42 4.64+1.23

¢, (mg/l) 3.01x0.51° 7.38£1.74 8.62+1.49

AUC, . (%) 47.49+9.80

AUC, (%) 31.14%5.76

AUC (%) 67.34+13.23

blood /plasma

* P<0.05 compared with blood microdialysate.
## P<0.01 compared with blood microdialysate.

Table 2: Non-compartmental pharmacokinetic parameters of matrine in rat plasma, blood , liver and skin microdialysates following transdermal

administration (6 mg/cm?, 5 cm?) in rats (mean+SD, n=6)

Parameter Liver Blood microdialysate Plasma Subcutaneous microdialysate

microdialysate

AUC,,, (min- mg/l ) 695.30+233.79" 1096.07+390.71 2767.57+518.48" 42735.77+27938.33"
AUC,,., (min- mg/l) 357.74+109.63° 576.27+204.57 1489.62+219.11°

MRT,,, (min) 326.41+26.65 322.33+25.58 344.29+22.00 289.87+30.89

T, (min) 270.00+75.90 280.00+70.14 340.0072.66 240.00+82.70

C, (mg/l) 1.97+0.65° 3.051.08 6.98+1.37" 141.43£108.25°
AUC,,..(%) 67.32+19.62

AUC, (%) 25.09+6.98

AUC (%) 40.20+14.97

blood/plasma

* P<0.05 compared with blood microdialysate.
##* P<0.01 compared with blood microdialysate.

controlled release of matrine. After 360 min, AUCs following trans-
dermal administration were similar to those after i.v. administration
(P> 0.05), while the AUCS«)_” of the transdermal administration
group were twice as large as those of the i.v. group, where the drug
concentration-time curve was not yet complete after 10 h. After
transdermal administration, the drug concentration in the skin was
very high, which suggested that the skin of rats may have a drug
storage effect. However, the variation was very large, which may
be caused by individual differences in rat skin. The standard devia-
tion in rat plasma, blood and liver microdialysate samples was much
smaller. The results indicated matrine rapidly permeates the skin and
then slowly moves into the blood stream or other tissues.

In vitro probe recovery of matrine had been previously studied
and was used here due to its convenience and rationality. It is
generally understood that the real microdialysate concentration is
calculated as C_ =C/R ;  (C is microdialysate concentration, R |
is the recovery). Therefore, the in vitro probe recovery was used
as R, ~Sampling time points were short for i.v. administration,
which meant that the perfusion velocity was set at 2 ul/min, while
slow changes in concentration occurred following transdermal
administration, and the perfusion velocity for transdermal admin-
istration was set at 1 pl/min, where the recovery of the probe may
have been higher. In conclusion, the present study showed that it
was feasible to simultaneously sampling matrine from liver, blood
and skin using three microdialysis probes. Transdermal adminis-
tration is a promising drug delivery route for matrine compared
with i.v. administration. The drug concentration-time curve was
not complete up to 10 h after matrine administration. There is also
a need for further studies in awake animals, as sampling time is
limited when animals are under anaesthesia.
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4. Experimental
4.1. Chemicals

A matrine standard was obtained from National Institutes for Food and Drug Control
(Beijing, China). Matrine (>= 98%) was purchased from Xi’an Sino-herb Bio-tech-
nology Co. (Xi’an, China). Laurocapram was provided by Xinxiang Gaojin Pharma-
ceutical Co. (He’nan, China). Peppermint oil was obtained from Hengcheng Natural
Perfume Oil Refinery (Jiangxi, China). Polyacrylate pressure-sensitive adhesive was
obtained from National Starch & Chemical Company (Bridgewater, USA). HPLC-
grade acetonitrile was obtained from Tedia Co. (Fairfield, USA). Ringer’s solution
(144 mmol/l Na*, 1.5 mmol/l Ca**, 4.0 mmol/l K* and 2.3 mmol/l Mg?**) was prepared
in ultra pure deionized water and filtered through a 0.45-um nylon filter membrane
before use. All other reagents were of analytical grade and commercially available.

4.2. Animals

Male Sprague-Dawley rats (290-310 g) were obtained from Zhejiang Laboratory
Animal Center (Hangzhou, China). Animals were kept in a climate controlled room
with temperature maintained at 20 °C and a light-dark cycle of each 12 h, and were
acclimatized for at least one week before use. Water and standard laboratory food were
available ad libitum until 12 h before the experiments, at which time only water was
given. All experiments were performed according to the guidelines for the care and
use of animals as established by Zhejiang Academy of Medical Sciences. Zhejiang
Academy of Medical Sciences ethics/use committee approved all animal experiments.

4.3. Preparation of patch

A transdermal adhesive patch was formulated to determine the optimum combination
of permeation enhancer, pressure-sensitive adhesive, and solvent. Briefly, matrine
was dissolved in ethyl acetate in a glass bottle and then laurocapram (12%, w/w),
peppermint oil (16%, w/w), polyacrylate pressure-sensitive adhesive were added
successively, with stirring until they were uniformly mixed. The resulting solution
was poured on circular aluminum foil placed in glass plate, and the area and thickness
were determined by spreading. The patch was then molded at room temperature in a
dust-free environment and dried at 60 °C in an oven for 30 min. A backing film, made
of aluminum was applied with the help of adhesive and a release liner was applied on
other side of the film to complete the transdermal patch (6 mg/cm?).
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4.4. Animal experiments

Recovery of the probe (R, ) was carried out using an in vitro method (Wang et al.
2008; Deshmukh et al. 2015; Langkilde et al. 2015). Individual microdialysis probes
were placed in a beaker containing a stirred matrine standard solution at different
concentrations at 37 °C and perfused with drug free Ringer’s solution at different
flow-rates. After an equilibration period of 30 min samples were collected in 5 x 30
ul aliquots. Matrine concentrations in the dialysate (C, ) or standard solution (Cg,_ )
were determined by HPLC. R, was calculated as R = C  /Cy .

Before surgery, the rats were anesthetized with an intraperitoneal dose of 20% (w/v)
urethane (1.25 g/kg) and were placed on a 37 °C heating pad. Throughout the experi-
ment, all animals were kept under anaesthesia. The skin of the right jugular region
was shaved and a flexible concentric cannula probe (CMA 20 Elite, 10 mm, CMA,
Sweden) was inserted into the jugular vein. A liver linear probe (CMA 30 Linear MD
Probe, 10 mm, CMA, Sweden) was positioned the median lobe of the liver. The lobe
was carefully replaced and the upper abdomen was superficially closed (Tsai 2002; Lu
et al. 2014). The skin of the hypogastrium was shaved and a concentric probe (CMA
20 MD Elite Probe, 10 mm, CMA, Sweden) inserted subcutaneously. After implanta-
tion, the inlet tube of the probe was connected to a microinjection pump (MD-1001)
and Ringer’s solution was pumped through the microdialysis probe.

To determine matrine concentrations following i.v. injection into the femoral vein
in rats, microdialysis probes were inserted into both the jugular vein and liver as
described above. The probes were perfused with Ringer’s solution at a flow-rate of
2.0 ul/min. After an equilibration period of 60 min, matrine (40 mg/kg) was then
administered intravenously. Liver and blood dialysate samples were collected at 15
min intervals from 0 to 240 min and then at 20 min intervals from 240 min to 360 min
after dosing. At 0, 2, 5, 10, 20, 40, 60, 80, 100, 120, 140, 160, 180, 210, 240, 270, 300,
330, 360, 390, 420, 450 min, 0.1 ml blood samples were taken from the tail vein and
placed in a heparinized polyethylene (PE) conical tube, then centrifuged at 10,000
rpm for 6 min. From each sample, 40 pl of plasma was recovered.

To determine matrine concentrations following transdermal administration in rats,
microdialysis probes were inserted into three sites (jugular vein, liver and skin) as
described above. The probes were perfused with Ringer’s solution at a flow rate of
1.0 ul/min. After a recovery period of 60 min, a patch containing 6 mg/cm? matrine
was applied at the hypogastrium skin (5 cm?) where the skin probe was implanted.
Dialysates were collected at 60 min intervals for up to 600 min after dosing. Blood
samples were collected in heparinized polyethylene (PE) conical tubes at 60 min
intervals for up to 600 min, as described above. All samples were stored at -20 °C and
assayed within one month.

dial

4.5. Analytical procedures

The HPLC system contained LC-20AT pump, SPD-20A UV detector and N2000
chromatographic workstation (Intelligent Information Engineer Ltd., Zhejiang
University). A Diamonsil C18 column (4.6 mmx150 mm, 5 um, Dikma) was used
for analysis with a mobile phase of 0.1% phosphoric acid (triethylamine to adjust
pH value to 7.6-7.7) and acetonitrile (65:35,V/V) at a flow- rate of 1.0 ml/min for
the analysis of matrine microdialysis samples. For matrine plasma samples, the
mobile phase consisted of 70:30 0.1% phosphoric acid:acetonitrile. UV detection was
performed at 220 nm and the temperature of column oven was maintained at 35 °C.
Drug concentration was determined by HPLC. Microdialysates (liver, blood and skin)
were analyzed directly, but plasma samples required the precipitation of proteins prior
to injection onto the HPLC. To precipitate proteins, 60 pl acetonitrile was added to 40 ul
plasma sample and the mixture was vortexed for 2 min before centrifugation at 10,000
rpm for 6 min. The supernatant was transferred to another PE tube and analyzed by HPLC.
Standard solutions of matrine (100.0 and 818.0 ug/ml) were prepared in methanol. Cali-
bration standards were prepared by serial dilution of the standards with Ringer’s solu-
tion to give concentrations of 0.10, 0.20, 0.39, 0.78, 1.56, 3.13, 6.25, 12.50, 25.00 ug/
ml and with blank plasma to give concentrations of 0.32, 0.64, 1.28, 2.56, 5.11, 10.23,
20.45, 40.90, 81.80 ug/ml. QC samples were prepared in a similar manner at concentra-
tions of 0.20, 1.56 and 25.00 pg/ml in Ringer’s solution and 0.64, 5.11 and 81.80 ug/ml
in plasma. Linearity was assessed by analyzing nine standards with concentrations over
the range of 0.10-25.00 pg/ml in Ringer’s solution and over the range of 0.32-81.80
pg/ml in plasma. Intra-day precision and accuracy were determined by assaying five
replicates of the QC samples in a single day, while inter-day precision and accuracy
were estimated by analyzing triplicate QC samples over five consecutive days. Stability
was evaluated by analyzing QC samples under two conditions, i.e. freeze-thaw for three
cycles at -20 °C for a month, or room temperature for 12 h.

4.6. Data analysis

DAS 2.0 pharmacokinetic software (Mathematical Pharmacology Professional
Committee of China, Shanghai, China) was used to calculate the pharmacokinetic
parameters. The apparent clearance (CLz/F) and apparent volume of distribution
(Vz/F) were calculated as CLz/F=Dose/AUC and Vz/F=CLz/F/Zeta, respectively.
Zeta was used as the parameter of the non-compartmental model, which was calcu-
lated from the slope of the last points belonging to the elimination phase of the
concentration versus time curve. All data were expressed as mean+SD values. The
student’s t-test was used to determine statistical differences and a value of P<0.05 was
considered statistically significant.
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