Study on Metabolic Kinetics of Ampelopsin in Rat Liver Microsomes and Its Inhibition Effect by
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ABSTRACT: OBJECTIVE To investigate the metabolic regularity of ampelopisn in rat liver microsomes and the effect of
pharmaceutical excipients on its metabolism. METHODS The UPLC-MS/MS method was established to screen metabolic
conditions in vitro and evaluate metabolic patterns by detecting the residual concentration of ampelopsin in the metabolic
reaction system. RESULTS Ampelopisn metabolism was affected by incubation time, liver microsome concentration and
initial ampelopisn concentration. Rat hepatocyte pigment P450 subenzyme CYP3A, CYP1A1/2 and CYP2EI played a major role
in serpentine metabolism. The inhibitory effect of pharmaceutical excipients on ampelopsin metabolism was dose-dependent
manner. The metabolic kinetics studies revealed that Cremophor RH40, Tween 80, PVP K30, HPBCD and F68 exhibited
significant inhibition metabolism in a mixed competition. CONCLUSION These pharmaceutical excipients are expected to
improve the oral bioavailability of ampelopsin by inhibiting metabolism.
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OH
Ampelopsis grossedentata (Hand-Mazz) W.T. Wang, 1o © O OH
commonly known as vine teal!l. In terms of its
distribution in the plant, >27% of AMP is found in OH

Ampelopsin(AMP), which was first isolated
from Ampelopsis meliaefolia by Kotake and Kubota,
has been reported as a major bioactive component in

the leaves and tender stems, with >40% in the
cataphylls. It has been reported that AMP possessed
a variety of pharmacological activities, including
hepatoprotectivel?), hypoglycemic!*!, antioxidant!*-*!,
anti-inflammatory®), anti-tumor'””), and neuroprotective
effects!!”!, et al. To evaluate its pharmacological
potential and the possibility for drug product
development, systematic research on AMP has been
conducted over the last decades. Chemical structure
of AMP was shown in Fig. 1.
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Fig. 1 Chemical structure of ampelopsin
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Due to its poor water solubility and bioavailability,
which result in the limited application of AMP in drug
product development!!'"'? various pharmaceutical
excipients(PEs) and techniques have been adapted
to solve this problem!'!:!*"14 However, low
bioavailability of drugs probably ascribes the poor
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absorption or the extensive first-pass metabolism
Cytochrome P450(CYP) enzymes are important roles
to phase 1 metabolism. Furthermore, CYP activity may
be affected by enzyme inducer or inhibitor. It has
been demonstrated that many physicochemical
properties and metabolism of drugs, especially those
involved in hepatocytes and gastrointestinal membranes,
are modulated by PEs['7!"”). The quantity and
physicochemical properties of PEs effect on the
magnitude of this inhibitory. Therefore, Generally
Recognized as Safe(GRAS)-listed PEs has been used
to modulate the drugs with low bioavailability due to
metabolism inhibition. To our knowledge, how PEs
modulates the metabolic behavior of AMP has not
been studied.

The primary objective of this study was to explain
the metabolic behavior of AMP in the presence of
PEs using rat liver microsomes. A secondary objective
was to investigate how PEs concentration
specifically affects the kinetics of AMP metabolism.
Six excipients commonly used in improving the
solubility of drugs, including polysorbate 80(Tween
80), poloxamer 188(F68), polyoxyl 40 castor oil
(Cremophor RH40), PEG 400, hydroxypropyl--
cyclodextrin(HPBCD), and PVP K30, which were
selected as experimental excipients.

1 Materials and methods
1.1 Materials
AMP(batch number: 20150203), a-naphthoflavone

(batch number: 20150821), fluvastatin(batch number:

20150617), 4-methylpyrazole(batch number: 20150805),
quinidine(batch number: 20150722), and ketoconazole
(batch number: 20150903) were obtained from
Shanghai Yuanye Bio-Technology Co., Ltd. Internal
standards(I.S) quercetin(batch number: 20150818)
and ticlopidine  hydrochloride(batch  number:
20150506) were obtained from the National Institute
for Food and Drug Control, with a purity of =
98.0%(HPLC). Rat mixed pool microsomes(batch
number: 150915) were purchased from Research
Institute for Liver Diseases(Shanghai) Co., Ltd.
B-nicotinamide adenine dinucleotide phosphate
(NADPH, batch number: 20150714) in the reduced
form, tris(hydroxymethyl) aminomethane(Tris, ultra-
pure grade, batch number: 20150408), Tween
80(batch number: 20151022), F68(batch number:
20151209), and HPBCD(batch number: 20151014)
were purchased from Sigma. Cremophor RH40
(batch number: 20150911), PVP K30(batch number:
20151117) and PEG 400(batch number: 20151110)
were obtained from BASF. HPLC-grade water(>
18 mQ) was prepared by a Millipore water purification
system(Millipore, USA). Both acetonitrile and
methanol of HPLC-grade were purchased from RCI
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Labscan. All other reagents were of analytical grade.
1.2 Liquid chromatographic(LC)-mass spectrometry
(MS) analysis

LC analysis was carried out on an Agilent 1290
UPLC system equipped with a 1290 binary pump
solvent management system, 1290 TCC, and 1290
auto-sampler. The separation of the sample was
conducted using a Waters ACQUITY BEH Cis
column(100 mmx2.1 mm, 1.7 pm) with a column
temperature of 40 C. Gradient elution was
performed by using a mixture of A(0.1% formic
acid) and B(0.1% formic acid in acetonitrile) as the
mobile phase. The gradient elution program was set
as follows: 10%—55% of B for 0—6 min, 55%—
100% of B for 6—7 min, 100% of B for 7-9 min,
100%—10% of B for 9-9.1 min, 10% of B for
9.1-12 min and then returned to the initial condition.
The flow rate was set at 0.35 mL-min~', while the
auto-sampler was conditioned at 4 ‘C, and the
injection volume was 3 pL.

As for the MS detection, an Agilent 6460 Triple
Quadrupole MS equipped with an Agilent Jet Stream
electrospray ionization source (ESI) was operated in
the negative ionization mode. The parameters of the
source were set as follows: capillary voltage 3.5 kV;

source temperature 300 ‘C; drying gas temperature

300 C; drying gas flow 10 L-min!

; nebulizer 45 psi;
sheath gas temperature 350 ‘C; sheath gas flow
10 L-min~!. Quantitative analysis was performed
using multiple-reaction monitoring(MRM) of the
transitions of m/z 319.0>193.0 for AMP and m/z
301.0>179.0 for 1.S, with a scan time of 0.10 s per
transition. Mass Hunter software(Agilent Technologies)
was used for the LC-MS/MS system control and data
processing.
1.3 Method validation

Method validation followed the US Food and
Drug Administration guidelines on validation of
bioanalytical methods!?’!. Specificity was validated by
comparing the MRM ion chromatograms of blank
microsomes, blank microsomes spiked with AMP and
1.S and microsomes incubated with AMP(250 ng-mL™")
and NADPH(1 mmol-L™") in Tris-HCI buffer for 10 min.

Calibration standards were prepared by spiking
blank microsomes with AMP standard solutions to nine
specific concentrations ranging in 1-1 000 ng-mL™".
A standard curve was obtained by plotting the ratios
of the chromatographic peak arecas(AMP/I.S.) versus
the concentration of these solutions. Quercetin was
used as the I.S of AMP. The intercept, slope, and
coefficient of determination were determined by
weighted(1/conc?) least-squares linear regression
analysis.
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To investigate the residual effect, two blank
samples were injected continuously after the highest
concentration point of the standard curve to observe
whether there were residues of analyte and internal
standard in blank samples.

To evaluate the accuracy and precision of the
method, quality control(QC) samples of four
concentrations[lower limit of quantification(LLOQ),
low, medium, and high] were analyzed in six

replicates on a single day and three consecutive days.

The accuracy and precision were expressed by
relative error(RE, %) and relative standard deviation
(RSD, %), respectively. The accuracy and precision
were defined as being within 80%—120%, and LLOQ
was that at which the signal/noise ratio was =10.
The inter-day and intra-day accuracy and precision
values for the lowest acceptable reproducibility
concentrations were defined as being within +15%.

To investigate the extraction recovery, AMP at
three concentrations(10, 100, 500 ng-mL~!) was
spiked to samples before and after extraction,
respectively. The recovery of each QC level was
calculated based on the peak area ratios of AMP
added before and after extraction. For the evaluation
of the matrix effect of three QC levels, the peak
response from samples spiked post-extraction was
designated as A, while the peak response from the
pure standard solution containing an equivalent
amount of AMP was as B. The ratio(A/Bx100%)
was used to evaluate the matrix effect. The
extraction recovery and matrix effect of I.S were
also simultaneously evaluated using the same
method as described above.

In this study, freezing/thawing and long-term
storage were not carried out during sample handling
and analysis. For these experiments, QC samples
were prepared in blank microsomes and stored at
room temperature for 12 h. Auto-sampler stability
was performed by setting pretreated QC samples in
the auto-sampler (temperature, 4 ‘C) for 48 h before
analysis.

1.4 Stability of AMP in the buffer

AMP was incubated with water, 100 mmol-L!
Tris-HCI buffer(pH 7.4) or 100 mmol-L~' PBS buffer
(pH 7.4) at 37 'C for 60 min, respectively. After
incubation, samples were analyzed by LC-MS/MS
analysis to determine the concentration of intact
AMP to assess its degradation.

1.5 Effect of in vitro metabolic factors

The effects of the incubation time, the
concentration of liver microsomes, and AMP
concentration on the metabolism in rat liver
microsomes were studied in detail.
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AMP was pre-incubated at 37 “C for 5 min in an
incubation system containing appropriate buffer(pH
7.4) and liver microsomal protein, followed by the
addition of 100 pL NADPH(2.0 mmol-L!) to initiate
the reaction in a 37 'C water bath with shaking at
100 r'min~!. The concentrations of microsomes and
NADPH were set at 1.0 mg-mL~! and 1.0 mmol-L™!
in the final incubation system, respectively. To avoid
potential effects on metabolism, the organic solvent
volume was <1% of the total incubation system
volume. The solutions were vortex for 1 min after
ice-cold methanol containing 200 ng-mL~" quercetin
(I.S) was added to terminate the reaction. In the end,
proteins were separated by centrifugation(13 000xg,
8 min, 4 ‘C), and then the supernatant containing
AMP and I.S was analyzed by UPLC-MS/MS.

1.6 Chemical inhibition

To confirm the CYP isoforms involved in the
metabolism of AMP, the effects of CYP-selective
inhibitors, including ticlopidine hydrochloride for
CYP2B, quinidine for CYP2D6, ketoconazole for
CYP3A1/2P1, o-naphthoflavone for CYP1A1/2[%2],
fluvastatin for CYP2C11?3! and 4-methylpyrazole for
CYP2E1P24 on the metabolism of AMP in untreated
rat liver microsomes were investigated. For each
inhibitor, a triplicate test was performed with three rat
liver microsomal samples randomly selected.

The inhibition study was performed with
inhibitors of six different concentrations, and a single
concentration of rat liver microsomes(l mg-mL™")
and AMP(80 pmol-L™"). All inhibitors were dissolved
in 50% methanol. To correct the effects of the
solvent on microsomal activity, a blank sample with
equivalent volume and concentration of methanol
was included in the control incubations. The
inhibitors were pre-incubated with rat liver microsomes
and NADPH at 37 °C for 15 min, followed by the
addition of AMP to initiate the reaction. The
metabolism of AMP was assayed by UPLC-MS/MS
and expressed as the disappearance rate of AMP.

1.7 PEs’ effects on metabolic behavior of AMP
and /Cso determination

To study the effects of PEs on the AMP
metabolism in rat liver microsomes, two different
concentrations(20 or 40 pg-mL™") PEs were added
into the incubation system with AMP. The metabolic
rate of AMP was characterized as above.

To determine the /Cso of PEs on microsomes, the
metabolism of AMP was established by preincubating
with the PEs for 15 min at 37 ‘C. The concentration
ranges of the PEs were as follows: Tween 80
(10.0-200.0 pg-mL-"), F68(10.0~200.0 pg-mL'),
Cremophor RH40(1.0-40.00 pg-mL-'), PVP K30
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(4.0~-100.0 ug-mL"), and HPBCD(4.0~100.0 ug-mL™1).
And then, the incubation experiment was performed
as described in “1.6”.

1.8 PEs’ inhibitory mechanism

To characterize the kinetics of AMP metabolism
inhibition and estimate the Ki(inhibition constant),
AMP(16-120 pmol-L~!) was incubated in PEs with
increasing concentrations. Final concentrations of
the PEs were: Tween 80(0.00—-40.00 pg-mL""),
F68(0.00-100 pg-mL~"), Cremophor RH40(0.00—
10.00 pg'mL~"), PVP K30(0.00-40.00 pg-mL™"),
and HPBCD(0.00-40.00 pg-mL™"). Lineweaver-Burk
analyses were performed to determine the nature of
the inhibition and to further characterize any
metabolic interaction. K; values, the inhibitor
constants, were determined by regression analysis of
secondary plots(Km/Vmax ratio as a function of
inhibitor concentration). The slopes were determined
from linear regression analysis and converted to
apparent Km/Vmax(Km/Vmax, app) values. Apparent
Km/Vmax values were then plotted versus the
concentration of PEs to generate K; values(the
x-intercepts of the linear regression line)!2>-71,

1.9 Statistical analysis

All data were presented as x s . The statistical
significance of differences was carried out using
analysis of variance(ANOVA) test with a probability
level at 1% or 5%.

2 Results
2.1 Method validation

The typical MRM chromatograms of blank
microsomes(A), spiked microsomes containing AMP
(250 ng'mL~") and quercetin 1.S(200 ng-mL~")(B),
spiked microsomes containing AMP(80 ummol-L™")
incubated with  microsomes(1.0 mg-mL~!) and
NADPH(1.0 mmol-L~!) in Tris-HCl buffer(C) for
10 min were shown in Fig. 2. As shown in Fig. 2, the
analysis of AMP and 1.S could be performed without
endogenous peaks interference.

The calibration curves exhibited good linearity
over the tested concentration range(1—1 000 ng-mL").
The regression equation of the AMP in rat liver
microsomes was: Y=0.022 3X=0.111 2(+*=0.997 7).
As shown in the data, the LLOQ for the AMP in rat
liver microsomes was 1.0 ng-mL"".

After the standard sample with the highest
concentration(1 000 ng'-mL~!) was analyzed, two
blank samples were continuously injected and
analyzed. The results showed that this method had
no residual effect and did not affect the
determination of AMP and internal standard.

For three QC concentrations of AMP, the intra-
day precision(RSD, %) ranged between 1.3% and
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4.7%, and accuracy(RE, %) ranged from -0.9% to

1.2%. Inter-day precision(RSD, %) ranged between

3.4% and 4.9%, and accuracy(RE, %) ranged from

-4.6% to 2.9%, respectively. The precision and

accuracy were acceptable in biological work media.
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Fig. 2 Typical MRM chromatograms of ampelopsin and
quercetin in rat liver microsomes.

A-blank liver microsome sample; B—blank liver microsome sample
spiked with ampelopsin(250 ng'mL™") and quercetin L.S(200 ng-mL™);
C—ampelopsin(80 pwmol-L™") incubated with microsomes(1.0 mg-mL™")
and NADPH(1.0 mmol-L") at 37 “C for 10 min.
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The average extraction recovery of AMP from
QC samples ranged from (96.4+2.7)% to (103.2+
3.5)%, whereas (96.7+2.3)% for 1.S, which showed
that the protein precipitation method acquired
accurate and consistent data. In this study, the matrix
effects derived from QC samples were between(98.4+
3.7Y% and (105.6+4.3)%, which were within the
acceptable limits(85%—115%). Matrix effect on AMP
was not significantly detected for the efficient sample
treatment and high selectivity of MRM, indicating
that ion suppression and enhancement from rat liver
microsomes were negligible for this method.

The stability tests showed that AMP remain
generally stable in QC samples at room temperature
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for 12 h(RE: -2.0%—4.1%, RSD<3.1%), and in
auto-sampler conditions for 48 h after preparation
(RE: —2.3%-3.8%, RSD<2.5%).

2.2 In vitro metabolic conditions establishment

To investigate the potential chemical degradation
of AMP in microsome-free solvent systems, AMP
(80 pmol-L~") was incubated with water, PBS buffer,
and Tris-HCl buffer(pH 7.4), respectively. The
solvent effect on AMP was shown in Fig. 3A. The
intact AMP concentration significantly decreased in
PBS buffer during incubations up to 60 min as
compared with in water, whereas there was no
variation in Tris-HCI buffer. These results indicated
that AMP was stable in Tris-HCI buffer, whereas no
stable in PBS buffer. Therefore, Tris-HCI buffer(pH
7.4) was chosen for the subsequent in vitro metabolic
experiment.

As a significant factor of the drug metabolism
in vitro, incubation time effects on metabolic
behaviors of AMP in rat liver microsomes as well.
As show in Fig. 3B, AMP was rapidly metabolized
in the initial phase(10 min), and then the intact AMP
concentration slightly decreased following incubation
time for the remainder of 60 min. Consequently, an
incubation time of 10 min was chosen for subsequent
experiments.

Fig. 3C showed the effect of microsome
concentrations on the metabolism of AMP. In the
selected microsome concentrations ranging from 0.3 to
1.0 mg-mL~!, the metabolic rate of AMP dramatically
increased from 0.72 to 2.08 pmol-L~!-min~'-mg™"!
protein and demonstrated first-order kinetics
characteristics(’=0.985 4). Results indicated that
higher microsome concentration lead to a greater
metabolism capacity. However, at concentrations above
1.0 mg-mL~!, microsome protein-binding also
increased, resulting in decreased sample extraction
recovery. Therefore, 1.0 mg-mL~' was selected as
the reaction concentration.

Fig. 3D showed the effect of AMP concentration
on metabolism. It showed that as AMP concentration
increased from 10 to 120 umol-L~!, the rate of AMP
metabolism rapidly increased from 0.29 to
1.79 pmol-L~"-min~"-mg~! protein. But a further
increase in AMP concentration resulted in only a
slight increase in the metabolism rate to
1.98 pmol-L~"-min~!-mg~! protein. These results
suggested that the metabolism capacity approaches its
maximum at an AMP concentration of 120 pmol-L~!.
2.3 Effects of CYP inhibitors on AMP metabolism

In order to confirm the CYP isoforms involved
in AMP metabolism, the effects of CYP-selective
inhibitors on AMP(80 umol-L~") metabolism were
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investigated. With an inhibitor concentration of
50 pmol-L~!, the inhibition ratios of >50%, 20%—50%
and <20% were taken to indicate strong inhibitory
effects, moderate inhibitory effects, and no
inhibitory effects, respectively?®?°!. Fig. 4 showed
the inhibitions for quinidine, fluvastatin and
ticlopidine were all <20%, which was interpreted as
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Fig. 3 Effect of buffer and in vitro metabolic factors on
AMP in rat liver microsomes(x + s, n=3)
A—effect of buffer composition on incubation of ampelopsin for
60 min at 37°C; B—effect of incubation time on the metabolism of
ampelopsin(80 umol-L™") in rat liver microsomes(1.0 mg-mL™")
containing NADPH(1.0 mmol-L™"); C—effect of liver microsome
concentration on the metabolism of ampelopsin(80 pmol-L™");
D—effect of ampelopsin concentration on the metabolism of ampelopsin.
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Fig. 4 Effects of the CYP-selective inhibitors on the metabolism of ampelopsin in rat liver microsomes( x + s, n=3)
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meaning no inhibitory effects. Ketoconazole had
strong inhibitory effect with inhibition ratio of 65.5%,
while o-naphthoflavone and 4-methylpyrazole had
moderate inhibitory effects with inhibition ratios of
45.2% and 32.1%, respectively. This suggests that the
CYP3A1/2, CYP1A1/2, and CYP2El inhibitors
contributed to the in vitro metabolism of AMP, while
CYP2C11, CYP2D6 and CYP2B inhibitors had no
conspicuous effects on AMP metabolism in rat liver
microsomes.
2.4 PEs modulation effects on metabolism

The effects of diversiform PEs on AMP
metabolism in vitro were shown in Fig. 5. To avoid
addition of PEs leading to difference in AMP
solubility, the AMP concentration was controlled
below saturation in each reaction mixture all along.
In the absence of any PEs, 61.5% of AMP remained
intact after incubation. The 20 pg-mL~' of PEs
significantly inhibited the metabolism of AMP in
comparison with control(P<0.01). It indicated that
these PEs were effective on inhibiting the
metabolism of AMP in liver microsomes.
Interestingly, the metabolic inhibition of Cremophor
RH40, Tween 80, PVP K30, HPBCD, and F68 were
significantly increased while the PEs concentrations
were increased to 40 pg-mL-!. At that level, PEG
400 did not significantly affect AMP metabolism.
However, as PEG 400 concentrations greater than
100 pg-mL~!, it induced AMP metabolism.

Although strongly inhibited metabolism in
concentration-dependent method, five PEs relative
inhibitory potency was very different(Fig. 6). The
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ICsy values in vitro were 3.69, 15.25, 25.35, 53.96,
and 61.76 ug-mL~! for Cremophor RH40, PVP K30,
HPBCD, Tween 80, and F68, respectively.
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Fig. 5 Dose-dependent inhibition of the metabolism of

ampelopsin by six pharmaceutical excipients in rat liver
microsomes(x £ s, n=3)
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Fig. 6 ICso determination of five pharmaceutical excipients
in liver microsomes( x + s, n=3)
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In general, the PEs inhibitory effects on the
metabolism of a drug appear to involved disruption
of enzyme activities, drug solubility, and micellar
formation'® 31 In this study, the effect of different
PEs on AMP metabolism was mostly likely on
account of disruption of enzyme activities because the
AMP solution was always unsaturated state and
because the PEs concentration was below critical
micelle concentrations. The dose-dependent inhibition
effect of PEs on drug metabolism is similarly
meaningful in dosage form design. Including these
PEs in AMP pharmaceuticals can be an effective
means to prevent phase 1 metabolism existing in the
liver and gastrointestinal tract, and thus improve oral
bioavailability of AMP.

2.5 Mechanism of PE inhibition

To understand the inhibit metabolism mechanism
of PEs, their metabolic kinetics according to PEs
concentration were studied. The reaction rates were
calculated as the amount of AMP reacted per minute
of microsome incubation time and per milligram of
microsomal protein. The Michaelis-Menten parameters,
Kmn and Vi for AMP were 737.7 umol-L~! and
158.7 umol-L~!-min~!-mg~! protein, respectively.

A Lineweaver-Burk plot was used to describe
the AMP metabolic kinetic profiles in the presence
of five PEs(Fig. 7). In the present of increasing
concentrations of Tween 80, F68, Cremophor RH40,
PVP K30, and HPBCD, an increase in Ky, values and

a decrease in Vmx values was investigated,
respectively. This was consistent with a mixed-type
inhibition. The curves of Tween 80, F68, PVP K30,
and HPBCD intersect in the third quadrant, and it
could be preliminarily judged that the inhibition of
PEs on rat liver microsomes was a noncompetitive-
anticompetitive inhibition. The value of Ki, means
inhibition constant, would take up 50% of the binding
sites. The K; values of Tween 80, F68, Cremophor
RH40, PVP K30 and HPBCD were computed as
approximately 119.26, 176.03, 6.56, 55.47, and
90.93 ng-mL~!, respectively(Fig. 8), indicating a high
affinity for enzymes for AMP metabolism.
3 Discussion

Using rat liver microsomes, AMP metabolism in
vitro, particularly in the presence of PEs was studied.
The AMP metabolism in rat liver microsomes was
under the influence of buffer composition, incubation
time, the concentrations of liver microsome and AMP.
It was found that CYP3A1/2, CYP1A1/2, and
CYP2E1 inhibitors significantly inhibit the
metabolism of AMP in rat liver microsomes. These
results also demonstrate that PEs readily inhibits AMP
metabolism via a mixed-type inhibition mechanism.
This study is an initial attempt to predict the possible
variations in AMP pharmacokinetics caused by
interactions with some PEs. PEs’ effects on
bioavailability of AMP need to be further confirmed
by in vivo studies directly. However, these in vitro
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Fig. 7 Lineweaver-Burk plots of 5 kinds of pharmaceutical excipients to inhibition the metabolism of ampelopsin in rat liver
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metabolic behaviors might be useful to the selection
of suitable PEs in the early stages of AMP
pharmaceuticals development. In addition, inclusion
of appropriate PEs in pharmaceuticals could improve
the availability of drugs having low bioavailability
like AMP.
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