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Abstract: Objectives: This study aimed to assess the interaction between metoprolol and Ginkgo tablets during their
co-administration to provide a reference for clinical prescribing. Methods: The co-administration of metoprolol (20
mg/kg) and Ginkgo tablets (2.4 mg/kg) was conducted in adult Sprague Dawley (SD) rats (n = 8). An optimized liquid
chromatography-tandem mass spectrometry (LC-MS/MS) method was developed for the analysis of plasma meto-
prolol to evaluate its pharmacokinetics. In vitro, the rat liver microsomes were employed to assess the effect of Gink-
go tablets on the metabolic stability of metoprolol and the activity of Cytochrome P450 2D6 (CYP2D6). Results: The
developed LC-MS/MS method was demonstrated of high sensitivity, accuracy, and precision. When co-administered
with Ginkgo tablets, it increased the area under the curve (AUC, 59.01 + 10.11 vs. 39.19 + 10.21 yg/mL x min), the
maximum plasma concentration (C__, 461.72 + 44.64 vs. 276.35 + 118.09 ng/mL), and the half-life (ti/z, 302.83
+91.52 vs. 262.34 + 111.12 min) of metoprolol in rats and reduced the clearance rate (0.346 £ 0.057 vs. 0.539 *
0.145 L/min/kg). In vitro, Ginkgo tablets improved the metabolic stability of metoprolol and suppressed the activity
of CYP2D6 in a concentration-dependent manner with the IC_ value of 11.17 uM. Conclusion: Co-administration
of metoprolol with Ginkgo tablets resulted in increasing its systemic exposure through inhibiting CYP2D6 activity.
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Introduction liver and absorbed by the gut with > 90%
absorption. The in vivo biotransformation of
metoprolol mainly involved the O-demethylation,
a-hydroxylation, and N-dealkylation mediating
by CYP2D6, which showed a significant first-

pass effect [5].

B blockers are commonly used in the clinical
therapy of cardiovascular diseases, such as
hypertension, heart failure, coronary heart dis-
ease, arrhythmia, etc. [1, 2]. Metoprolol is a
selective B blocker that can lower blood pres-
sure and reduce decreased sinus rhythm,
which makes it widely used in the treatment

The Ginkgo tablet, developed from extracting
effective components of Ginkgo biloba leaves,

of hypertension, angina pectoris, myocardial
infarction, aortic dissection, arrhythmia, and
relieve the symptoms like palpitations and
tachycardia [3, 4]. Metoprolol is metabolized by
cytochrome P450 enzymes (CYP450s) in the

plays a crucial role in treating cardiovascular
diseases. It is mainly composed of flavonoids
and terpene lactones. The combination of
metoprolol with Ginkgo tablets has shown sig-
nificant effects on hypertension and its compli-

https://doi.org/10.62347/WUSG1450


http://www.ajtr.org
https://doi.org/10.62347/WUSG1450


Interaction of Ginkgo tablets and metoprolol

cations [6-8]. This co-administration also ben-
efits patients with coronary heart disease and
heart failure. It is particularly effective for hy-
pertensive patients with hemodynamic chang-
es. However, it is unclear whether an interac-
tion occurs during their co-administration.

Previous investigations have identified num-
erous interactions between co-administered
drugs. The drug-drug interactions sometimes
induced adverse reactions influencing drug
efficacy and even resulting in toxicity. Phar-
macokinetic or pharmacodynamic drug-drug
interactions often relate to the activity of CYP-
450s. While a former study indicated that the
Ginkgo biloba showed a weak inhibitory effect
on the activity of CYP2DG6, it is also was able
to induce its pharmacokinetic interaction with
metoprolol due to the deep involvement of
CYP2D6 in the metabolism of metoprolol [9].
Therefore, the pharmacokinetics of metoprolol
during its co-administration with Ginkgo tablets
was investigated in the present study, aiming to
disclose a possible risk during drug combina-
tion and provide a reference for the co-prescrip-
tion of metoprolol and Ginkgo tablets.

Materials and methods
Animal experiments

This study was approved by the Ethics Com-
mittee of the Zhejiang Chinese Medical Uni-
versity (No. IACUC-20201123-07). All institu-
tional and national guidelines regarding the
care and use of laboratory animals were fol-
lowed. Adult Sprague Dawley rats weighing
200-240 g were procured from the Sino-British
SIPPR/BK Lab and housed at 20-24°C with
40-60% humidity. After maintaining for 10 d
with free access to drink and food, the rats
were fasted overnight for experiments.

The rats were randomly divided into single
administration and co-administration treat-
ments. Each group consistent of 8 rats for each
treatment (4 male rats and 4 female rats). Both
metoprolol (20 mg/kg) and Ginkgo tablets (2.4
mg/kg) were orally gavaged after powdering
and dissolving in water. For the co-administra-
tion treatment, the rats were pre-treated with
Ginkgo for 10 d to avoid its chemical interac-
tion with metoprolol during their co-existence.
Blood samples were collected after O (before
administration), 8, 15, 30, 45, 60, 90, 120,
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180, 240, 360, 480, 720, 960, and 1440 min
of drug administration through intubation of
the jugular vein. Blood samples were collected
in the ethylene diamine tetraacetic acid (EDTA)
anticoagulation tubes, and the plasma was
obtained after centrifugation at 10* r/min for 5
min and stored at -20°C.

Liquid chromatography-tandem mass spec-
trometry (LC-MS/MS) conditions

Chromatographic analysis was conducted with
the Agilent 1290 series HPLC system. Sample
separation was conducted on a 100 mm x 3.0
mm C18 column with 0.2% formic acid-acetoni-
trile (68:32, v/v) as the mobile phase. The sys-
tem operated at a flow rate of 0.3 mL/min and
a column temperature of 30°C.

The mass spectrometry analysis was per-
formed with the Agilent 6470 Triple Quad MS
system. An electrospray ion source served as
the ion source and the capillary voltage was set
to 3500 V. N, was used as the drying gas with a
flow rate of 10 L/min and a temperature of
350°C. The nebulizer pressure was set at 40
psi, while the sheath gas temperature was
400°C with a flow rate of 11 L/min. The multi-
ple-reaction monitoring mode was applied with
m/z 268.2—116.0 for metoprolol and m/z
237.2—194.0 for the internal standard (carba-
mazepine). The collision energy was 35 eV and
the fragmentation voltage was 120 V.

Quality control and standards calibration

A stock solution of metoprolol was prepared in
methanol solution and then diluted to prepare
the final standard solution. Calibration stan-
dards were established from a series of work-
ing solutions (3.42-7000 ng/mL) that were then
added to blank rat plasma. The low-quality con-
trol (LQC), medium-quality control (MQC), and
high-quality control (HQC) were prepared with
10, 100, and 3500 ng/mL metoprolol.

Method validation

Selectivity: The blank plasma with correspond-
ing concentrations of metoprolol and internal
standard were analyzed. The signal detected in
the blank calibrators should be < 20% of the
lower limit of quantification (LLOQ, the metopro-
lol concentration with the signal-noise ratio of
10) during its retention time, and the peak sig-
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nal should be < 5% relative to the IS signal
response.

Sensitivity: The response signals should exce-
ed the blank matrix signal by over five times,
and the accuracy should be within £ 20% of the
nominal concentration. The maximum relative
standard deviation (RSD) or variation coeffi-
cient should be 20%.

Calibration curve and linearity: The calibration
curve was established with the peak-area ratio
between metoprolol and the internal standard
(IS, y) and nominal concentration of metoprolol
(X). This was achieved using a 1/x? weighted lin-
ear least-squares regression model. The accep-
tance criteria included a correlation coefficient
(r?) > 0.99 and a deviation within + 15% of the
nominal concentration.

Accuracy and precision: The QC samples at
LQC, MQC, and HQC were employed with six
replicates to evaluate the intra- and inter-day
precision and accuracy over three consecutive
days. Accuracy, defined as having a difference
between nominal and measured concentra-
tions of less than 15%, and precision, defined
as having a relative standard deviation (RSD)
of no more than + 15%, were deemed acce-
ptable.

Stability: The stability was assessed with LQC,
MQC, and HQC under various conditions, in-
cluding three freeze-thaw cycles (ranging from
-20°C to room temperature as a cycle), short-
term stability at room temperature for 3 h, and
long-term stability at -20°C for 2 weeks.

Extraction recovery and matrix effect: The
extraction recovery was assessed by the com-
parison between the peak area of blank plas-
ma and samples. The matrix effect was esti-
mated by comparing the blank processed
matrix solution and the solution with LQC, MQC,
and HQC.

Metabolic stability evaluation: The metabolic
stability of metoprolol was evaluated in the
pooled rat liver microsomes. Briefly, rat liver
microsomes were mixed with phosphate buff-
ered saline (PBS) buffer and a nicotinamide
adenine dinucleotide phosphate (NADPH) gen-
erating system containing MgCl,, glucose-
6-phosphate dehydrogenase, NADP*, and sodi-
um citrate. The mixture was incubated for 5
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min and then metoprolol was added. The mix-
ture was pre-incubated with Ginkgo before add-
ing metoprolol to assess its effect on the meta-
bolic stability of metoprolol. After incubating for
0, 1, 5, 15, 30, and 60 min, the mixture was
analyzed by LC-MS/MS as described above.

CYP2D6 activity evaluation: The evaluation of
CYP2D6 activity was also performed in rat liver
microsomes. The reaction system was pre-
pared as described above, with the addition
of dextromethorphan, a typical substrate of
CYP2D6. This system was incubated with O, 5,
10, 25, 50, and 100 uM Ginkgo to evaluate its
effect on CYP2DG6 activity and estimate its IC..

Statistical analysis

The DAS 3.0 software was employed to calcu-
late the pharmacokinetic parameters of meto-
prolol, both with and without co-administration.
A difference comparison was conducted by
one-way ANOVA using SPSS 26.0 software (P <
0.05).

Results
Method validation

The mass spectra of metoprolol typically sh-
owed its m/z transformed from 268.2 to 116.0
(Figure 1A), while the m/z of IS changed from
237.2 to 194.0 (Figure 1B). Internal standard
showed no significant peaks (Figure 2A). The
chromatograms showed that the retention time
of metoprolol in the blank plasma was 0.964
min and the retention time of IS was 2.586 min
(Figure 2B). In rat plasma, the retention time of
metoprolol and IS was 0.971 min and 2.586
min, respectively (Figure 2C). The LLOQ of
metoprolol was 0.1 ng/mL with the signal-noise
ratio over 10. In addition, the weighted linear
and quadratic analysis revealed the r of the
calibration curve was 0.993.

For intra- and inter-day accuracy and precision,
the intra-day accuracy and precision ranged
from 1.23 to 2.51% and -8.33 to 3.49%, res-
pectively, while the intra-day accuracy and pre-
cision were from 1.27 to 2.46% and -6.45 to
5.79%, respectively, which were acceptable
(Table 1).

Both the matrix effect and recovery of metopro-
lol were over 85% ranged 92.34-98.71% and
89.78-101.33%, respectively, and no signifi-
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Figure 1. Chemical structure and product ion mass spectra of metoprolol (A) and internal standard (B).
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Figure 2. Chromatograms of blank plasma (A), blank plasma with metoprolol and internal standard (B), and rat plasma after oral administration of metoprolol (C).
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Table 1. Accuracy and precision of metoprolol
in rat plasma

. Intra-day Inter-day
Concentration
RSD (%) RE (%) RSD (%) RE (%)
10 1.23 -8.33 246 -6.45
100 1.67 3.49 1.27 4.74
3500 251 -6.02 1.98 5.79

RSD: relative standard deviation indicating precision; RE:
relative error indicating accuracy.

cant difference was observed among LQC,
MQC, and HQC (Table 2).

The stability was evaluated under different con-
ditions. It was found that the variation of meto-
prolol concentration under freeze-thaw, short-
term, and long-term were within 10%, indicat-
ing qualified stability (Table 3).

Pharmacokinetic study

As shown in Figure 3, metoprolol reached the
maximum concentration (276.35 + 118.09 ng/
mL) at 55.71 + 37.46 min, while the co-admin-
istration of Ginkgo significantly improved the
plasma concentration of metoprolol, where the
C,. elevated to 461.72 + 44.64 ng/mL at
30.26 + 13.89 min accompanied by the
increasing AUC, (from 39.19 + 10.21 to 59.01
+ 10.11 pg/mL x min). The pharmacokinetics
of metoprolol showed no significant difference
in male and female rats (Figure S1 and Table
S1). Additionally, the co-administered drugs
also induced the prolonged half-life (302.83 +
91.52 vs. 262.34 + 111.12 min), decreased Cl
(0.346 + 0.057 vs. 0.539 + 0.145 L/min/kg)
andV, (0.154 £ 0.059 vs. 0.188 + 0.048 L/kg),
indicating an increased systemic exposure of
metoprolol (Table 4). Affected by hormones,
the metabolic ability was different between
male and female rats. Comparing the pharma-
cokinetics of metoprolol between male and
female rats, we found no significant diffe-
rences.

In vitro metabolic stability of metoprolol

The in vitro metabolism of metoprolol in rat
liver microsomes showed that the half-life of
metoprolol was 28.76 + 7.34 min with the
intrinsic clearance rate of 48.19 + 8.59 uL/
min/mg protein. In the presence of Ginkgo, the
half-life of metoprolol was prolonged to 46.54 +
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Table 2. Matrix effect and recovery of meto-
prolol in rat plasma

Concentration Matrix  RSD Recovery RSD

(ng/mL) effect (%) (%) (%) (%)
10 9456 3.53 89.78 6.24
100 98.71 4.26 101.33 1.43
3500 9234 178 9746 1.59

RSD: relative standard deviation indicating precision.

4.84 min and the clearance rate decreased
10 29.78 + 7.17 uL/min/mg protein (Table 5).

Effect of Ginkgo on the activity of CYP2D6

In rat liver microsomes, Ginkgo was found to
serve as an inhibitor of CYP2D6 and its inhibi-
tory effect was enhanced with the increase in
concentration. The concentration-dependent
manner was demonstrated by an IC, of 11.17
UM (Figure 4).

Discussion

Both metoprolol and Ginkgo tablets are com-
monly prescribed to treat cardiovascular dis-
eases such as angina pectoris, myocardial
infarction, coronary heart disease, and stroke
[7, 8, 10-13]. The combination of metoprolol
and Ginkgo tablets has been applied in the
treatment of heart failure and coronary heart
disease, resulting in significant therapeutic
effects. While no adverse reactions have been
reported to data, it is still necessary to assess
their interaction during co-administration.

An optimized LC-MS/MS quantitative analysis
method of metoprolol was developed in the
present study. Through a series of validation
indicators, the method was considered to have
high selectivity, accuracy, and precision and
showed satisfactory stability under different
measuring conditions. With the help of this
analysis method, the interaction between me-
toprolol and Ginkgo tablets was assessed.

Previously, the combination of Ginkgo and
drugs with similar indications was known to
induce drug-drug interactions [14-16]. For ex-
ample, combining Ginkgo tablets with atorvas-
tatin improved the therapeutic efficiency of
coronary heart disease, but Ginkgo tablets
notably boosted the metabolism of atorvas-
tatin [17]. The use of Ginkgo tablets with rosigli-
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Table 3. Stability outcomes of metoprolol in rat plasma

Three freeze-thaw cycles

Short-term stability

Long-term stability

Concentration (ng/mL)

Measured RE Measured RE Measured RE
10 10.12 4.35 10.22 3.14 12.83 4.44
100 99.78 2.17 101.37 2.56 104.56 7.68
3500 3502.10 3.43 3501.09 412 3507.13 2.54

--- Metoprolol -= Metoprolol + Ginkgo

oS
o
| .
Q.
o)
i
] _
€ g
r) 400 .§ 600
c - E
a 5 a0l
2 E 300 53
® = =)
= O €L
T £ 200
o g
: z i
g 50 100 150
8 100 o Time (min)
(3]
E Q— 0-L !
g 0 500 1000 1500
o

Time (min)

Figure 3. Plasma concentration-time curve of metoprolol (20 mg/kg) in the
presence or absence of Ginkgo (2.4 mg/kg) in rats. n = 8.

Table 4. Pharmacokinetic measurements of metoprolol with or
without co-administration of Ginkgo

Parameter Units Metoprolol Metoprolol + Ginkgo
AUCO_t ug/mL x min 39.19 + 10.21 59.01 + 10.11
tl/2 min 262.34 +111.12 302.83 £91.52
T oo min 55.71 £ 37.46 30.26 £ 13.89
C. o ng/mL 276.35 £ 118.09 461.72 £+ 44.64
MRT,, min 163.18 + 41.13 132.14 + 24.96
Cl L/min/kg 0.539 + 0.145 0.346 + 0.057
vd L/kg 0.188 + 0.048 0.154 + 0.059
AUCO.!: area under the curve; t1/25 half-life; Tmax: time reached the maximum concen-

tration; C__ : maximum concentration; MRT : mean residence time; Cl: clearance
rate; Vd: apparent volume of distribution at steady state.

administration induced signi-
ficant changes in the in vivo
metabolism of metoprolol (Fi-
gure 3). Compared to a single
administration of metoprolol,
its co-administration with Gin-
kgo resulted in an increasing
AUC, and C__, and prolonged
the half-life, suggesting an
increasing systemic exposure
and reduced clearance of me-
toprolol (Table 4). Interesting-
ly, the plasma concentration
of metoprolol reached a simi-
lar level after 100 min of cor-
responding administration st-
rategies between the single
administration and co-admin-
istration group. The metabolic
rate and plasma concentra-
tion would stabilize after the
Tmax, which was considered
mainly a result of excretion.
Therefore, it was hypothesized
that the co-administration ex-
erted stronger effect on the
early stage of the pharmacoki-
netics of metoprolol and sli-
ghtly influenced the excretion
process. On the other hand, in
vitro metabolism of metopro-
lol was also investigated in rat
liver microsomes in the pres-
ent study. Consistently, Ginkgo
improved the in vitro metabol-
ic stability of metoprolol by
increasing in vitro half-life and

tazone could be applied in the treatment of 2
diabetes mellitus, which accelerates rosigli-
tazone metabolism by regulating CYP2C8 and
CYP2C9 activity [18]. Metoprolol was co-admin-
istrated with Ginkgo at concentrations of 20
mg/kg and 2.4 mg/kg derived from the clinical
dosage of these two drugs. The pharmacoki-
netic profile of metoprolol showed that the co-
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decreasing the clearance rate. The co-adminis-
tration was performed by prolonging the inter-
val between the administration of Ginkgo and
metoprolol according to previous studies on in
vivo drug-drug interaction evaluation, which
could avoid adverse chemical interactions and
ensure the observation result was from phar-
macokinetic interactions. However, this meth-
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Table 5. Metabolic stability of metoprolol in rat liver microsomes

Metoprolol Metoprolol + Ginkgo P-value
Half-life (min) 28.76 £ 7.34 46.54 + 4.84 < 0.0001
Intrinsic clearance (UL/min/mg protein) 48.19 + 8.59 29.78 £+ 7.17 < 0.0001
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o

Figure 4. Effect of Ginkgo (0, 5, 10, 25, 50, and 100
UM) on the activity of CYP2DG6 in rat liver microsomes.

od might prolong the experimental period. Se-
quential administration can be considered for
the future studies, and the appropriate time
intervals are a research focus.

The activity of CYPA50s has been accepted as
a major risk factor for drug-drug interactions.
The inhibitory effect of Ginkgo tablets on the
activity of CYP3A4 was revealed to lead to an
inhibition of amlodipine biotransformation and
therefore induced drug-drug interaction [15]. It
is well known that metoprolol is metabolized by
CYP2D6, and the effect of Ginkgo tablets on
CYP2D6 activity has also been disclosed.
Hellum et al. found that Ginkgo significantly
suppressed CYP2D6 activity with low concen-
tration and showed a dramatically enhanced
effect with high concentration [19]. Herein, the
concentration-dependent inhibition of CYP2D6
by the Ginkgo tablet was observed with an IC,
of 11.17 uM (Figure 4). The co-administered
concentration of Ginkgo in the present study is
lower than the induced concentration in the
previous study. Hence, it was speculated that
the interaction between metoprolol and Ginkgo
tablets was mediated by CYP2D6. This study
provided direct evidence demonstrating the
inhibition of CYP2D6 by Ginkgo, which was
hypothesized as the mechanism mediating its
interaction with metoprolol. However, there was
a lack of reverse verification for the involve-
ment of CYP2D6, and a rescue experiment with
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the knockout or knockdown of CYP2D6 would
be an effective means to test this. Further
investigation should focus on the high co-
administration concentration of Ginkgo and
confirm the involvement of CYP2D6 with the
help of molecular biologic means to complete
various combining conditions and completely
disclose the interaction mechanism. Moreover,
the results might be distinct in humans. A pre-
vious study reported that the effect of Ginkgo
tablets on CYP2C9 activity did not influence the
clearance of flurbiprofen due to its relatively
lower administrated amounts [20]. Therefore,
clinical validation is also necessary for drug-
drug interaction assessment.

Conclusions

The developed optimized LC-MS/MS method,
which offers high sensitivity and accuracy, can
be used for the measurement of metoprolol.
Co-administration of metoprolol and Ginkgo
tablets inhibited metabolism of metoprolol due
to the inhibition of CYP2D6 by Ginkgo.
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Interaction of Ginkgo tablets and metoprolol
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Figure S1. Plasma concentration of metoprolol in male and female rats.

Table S1. Pharmacokinetic measurements of metoprolol in male and female rats

Parameters Units Male Female
AUC,, pg/mL x min 37.33+£4.82 40.58 + 7.49
t,, min 242.19 + 140.81 277.45 + 103.76
T min 75.00 + 39.69 41.25 + 33.26
C. o ng/mL 250.66 + 145.18 295.62 + 112.62
MRT , min 154.80 + 19.30 169.47 + 54.88
Cl L/min/kg 0.586 + 0.031 0.504 £+ 0.096
vd L/kg 0.178 £ 0.032 0.195 + 0.062

AUC, : area under the curve; t, ,: half-life; T__ : time reached the maximum concentration; C__: maximum concentration; MRT

< mean residence time; Cl: clearance rate; Vd: apparent volume of distribution at steady state.



