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Inhibitory effect of sesamin on ivabradine metabolism in rats
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Abstract: In this work, the aim of our study was to assess whether sesamin could influence the pharmacokinetics of
ivabradine and its active metabolite N-desmethylivabradine in rats. At the begining, 12 healthy male Sprague-Dawley
rats were randomly divided into two groups: The rats were received an oral administration of 1.0mg/kg ivabradine alone
(the control group), and the rats were given 1.0mg/kg ivabradine co-administered with 50mg/kg sesamin by gavage (the
test group). After that, blood samples were collected from the tail vein of rats, and ultra-performance liquid
chromatography tandem mass spectrometry (UPLC-MS/MS) were used for determing the plasma concentrations of
ivabradine and N-desmethylivabradine in rats. Finally, the pharmacokinetic parameters were estimated using DAS 2.0
software. As the results, the pharmacokinetic parameters (t;, Cpax, AUC(o.) and AUCg..y) of ivabradine in the control
group were significantly lower than those in the test group (P<0.05). Moreover, sesamin significantly decreased t;.,
Crnax, AUC g and AUCg.,) of N-desmethylivabradine when compared to the control. These results demonstrated that
sesamin increases plasma concentration of ivabradine and decreases N-desmethylivabradine conversely. Hence, our data
indicated sesamin could influence the pharmacokinetic profile of ivabradine in rats, which might cause food-drug

interaction in humans.
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INTRODUCTION

Ivabradine, a novel heart rate-lowering agent, specifically
inhibits the depolarizing cardiac pacemaker I; current in
the sinus node. The activity of ivabradine provides pure
heart rate reduction at rest and during exercise, which
increases coronary perfusion and improves myocardial
oxygen balance without any significant influence.
Recently, ivabradine has been efficacious and safe for
anti-ischemic in patients with stable angina pectoris
(Khawaja et al., 2009; Lattuca et al., 2015; Milliez et al.,
2009; Nar et al., 2015; Prasad et al., 2009; Tardif et al.,
2009).

The metabolic clearance of ivabradine possesses for
~80% of its total clearance and renal clearance accounts
for the other 20%. In addition, CYP3A4 is the main
enzyme in the metabolism of ivabradine, therefore,
numerous potential interactions can arise with CYP3A4
inhibitors and inducers. Its main metabolite, N-
desmethylivabradine, has been shown to block I; in a
similar way and is also a CYP3A4 substrate (Riesen et al.,
2011; Riesen et al., 2010).

Sesamin is a major lignan in sesame, and its biological
effects, such as suppression of hypertension (Miyawaki et
al., 2009), anticarcinogenic effects (Miyahara et al.,
2000), and antioxidant effect (Ikeda et al., 2003; Nakai et
al., 2003), have been extensively studied by many
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researchers. Thus, sesamin seems to be one of the most
reliable food factors, the physiological effects of which
can be expected by individuals taking it as a supplement
or remedy. Meanwhile, some food factors are known to
affect the xenobiotic metabolism. For example, sesamin
shows potent inhibitions of CYP3A4 and interferes with
the metabolism of therapeutic drugs (Lim et al., 2012).
Therefore, there are potent food-drug interactions when
using sesamin in combination with ivabradine. However,
it is not presently clear whether sesamin has the capacity
to affect the pharmacokinetics of ivabradine and N-
desmethylivabradine.

In this study, we had used an ultra-high performance
liquid chromatography-mass spectrometry  method
(UPLC-MS/MS) to determine the concentrations of
ivabradine and N-desmethylivabradine in rat plasma and
investigate the pharmacokinetic changes of ivabradine
and  N-desmethylivabradine in rats after oral
administration of sesamin.

MATERIALS AND METHODS

Chemicals materials

Ivabradine (purity >98%) and N-desmethylivabradine
(purity >98%) were obtained from Sigma-Aldrich
Company (St. Louis, MO). Carbamazepine (purity >98%,
IS) was purchased from the Nation Institute for the
Control of Pharmaceutical and Biological Products
(Beijing, China). Sesamin (purity >98%) was purchased
from commercial sources (INDOFINE Chemical
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Company, Inc., Somerville, NJ, USA). Acetonitrile and
methanol were HPLC grade and purchased from Merck
Company (Darmstadt, Germany). HPLC grade water was
obtained using a Milli Q system (Millipore, Bedford,
USA).

UPLC-MS/MS conditions

Chromatographic separation was performed on an
Acquity BEH C18 column (2.1mm x 50mm, 1.7um) by
employing the Acquity ultra performance liquid
chromatography (UPLC) unit (Waters Corp., Milford,
MA, USA) (Chen et al., 2015). The mobile phase
combined solvent A (acetonitrile) and solvent B (0.1%
formic acid in water), and a gradient program was
employed with the flow rate of 0.40mL/min as follows: 0-
1.0 min linear increased from 10% to 90% A, 1.0-1.9 min
maintained at 90% A, 1.9-2.0 min linear decreased to 10%
A, and 2.0-3.0 min maintained at 10% A. The overall run
time was 3.0 min. The mass spectrometric detection was
operated using a XEVO TQD triple quadruple mass
spectrometer equipped with an electro-spray ionization
(ESI) source under the multiple reaction monitoring
(MRM) mode. The MRM transitions were monitored at
m/z 469.2 — 177.2 for ivabradine, m/z 455.2 — 262.2 for
N-desmethylivabradine and m/z 237.1 — 194.2 for IS,
respectively. Data acquisition and instrument control were
obtained by the Masslynx 4.1 software (Waters Corp.,
Milford, MA, USA).

Sample preparation

Protein precipitation was used as sample pre-treatment for
the plasma samples. To 100uL of plasma sample in a 1.5
mL centrifuge tube, 200uL acetonitrile (IS in acetonitrile
30ng/mL) was added. After vortexing for 1min, the tubes
were centrifugated for 10min at 15,000g. Transfer 100uL
supernatant to a new tube, 100puL water was added and
mixed, then 2ul. was injected into the UPLC-MS/MS
system for analysis.

Pharmacokinetic study

Male Sprague-Dawley rats with body weights of 220+£20
g were obtained from Laboratory Animal Center of
Wenzhou Medical University. Twelve rats were randomly
divided into two groups: The control group and the test
group, which were received oral 1.0mg/kg ivabradine
alone and co-administered with 50mg/kg sesamin,
respectively. Diet was prohibited for 12h before the
experiment but water was freely available. After oral
administration, blood samples (0.3mL) of Sprague-
Dawley rats were collected from the tail vein into
heparinized 1.5mL polythene tubes at 0.083, 0.25, 0.5,
0.75, 1, 1.5, 2, 3, 4, 6, 8 and 12h. After immediately
centrifugation at 4000g for 8 min, the supernatant plasma
was obtained and stored at -20°C until analysis.

STATISTICAL ANALYSIS

The non-compartmental analysis was used to calculate the
pharmacokinetic parameters by DAS (Drug and statistics)

software (Version 2.0, Shanghai University of Traditional
Chinese Medicine, China). The statistical analyses were
evaluated by unpaired #-test (SPSS 19.0, Chicago, IL). A
value of P<0.05 was statistically significant.

RESULTS

To investigate the effect of sesamin on the
pharmacokinetics of ivabradine and its active metabolite
N-desmethylivabradine in rats, we applied non-
compartmental model to analyze the changes of the main
pharmacokinetic parameters. The mean pharmacokinetic
parameters and mean plasma concentration-time curves of
ivabradine in two groups were showed in table 1 and fig.
1, respectively. In addition, the mean pharmacokinetic
parameters and mean plasma concentration-time curves of
N-desmethylivabradine in two groups were presented in
table 2 and fig. 2, respectively.
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Fig. 1: Mean plasma concentration-time curve of

ivabradine after single oral administration of ivabradine
1.0mg/kg alone or co-administration with 50mg/kg
sesamin in rats.
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Fig. 2: Mean plasma concentration-time curve of N-
desmethylivabradine after single oral administration of
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Table 1: The main pharmacokinetic parameters of ivabradine in two groups (n=6).

Parameters Control Test
ty, (h) 1.70 £ 0.56 1.92+0.79 *
T max (D) 0.27+0.07 0.40+0.14
CL,/F (L/h/kg) 20.20+3.32 6.28 £ 3.24 **
Crnax (ng/mL) 28.40 £ 5.26 95.84 £+ 66.25 **
AUCo.y (ng-h/mL) 48.76 £ 5.27 210.26 + 139.57 **
AUC 9.,y (ng-h/mL) 4991 +5.22 210.35 £ 139.67 **

Table 2: The main pharmacokinetic parameters of N-desmethylivabradine in two groups (n=6).

Parameters Control Test
ty» (h) 2.44 +£0.35 1.57+0.49 *
T max (D) 0.26 £ 0.04 0.20 £ 0.09
CL,/F (L/h/kg) 35.13 £2.65 76.15+11.50 **
Cnax (ng/mL) 14.70 £ 0.99 12.19+£1.20 *
AUCq4 (ng-h/mL) 27.76 £ 2.04 20.45+6.48 *
AUC.) (ng-h/mL) 28.59+£2.17 20.66 = 6.68 *

*Significantly different from control, P < 0.05; ** Significantly different from control, P < 0.01.

ivabradine 1.0 mg/kg alone or co-administration with 50
mg/kg sesamin in rats.

When compared with the control group in this study, our
results showed that co-administration with sesamin
exhibited significant increase in the pharmacokinetic
parameters (tjz, Cpax, AUCey and AUC(.) of
ivabradine. Furthermore, CL,F of ivabradine was
significantly decreased in sesamin co-administration
group in comparison to the control group. Besides, co-
administration with sesamin had no significant effect on
the Ty of ivabradine as compared to the control group
(table 1).

As for the metabolite of ivabradine, co-administration
with sesamin significantly decreased the pharmacokinetic
parameters (t;2, Cpaxe AUCy and AUCq.)) of N-
desmethylivabradine when compared to the control.
Furthermore, CL,F of N-desmethylivabradine was
significantly increased in sesamin co-administration
group in comparison to the control group (table 2).

DISCUSSION

As we known, CYP3A4 is the most abundant P450
enzyme in humans, accounting for an average 30-40% of
total P450 protein in the liver (Yuan et al, 2002).
Ivabradine is metabolized to N-desmethylivabradine
mainly by CYP3A4 in humans (Portoles et al., 2006).
Thus, it is important to evaluate the potential
pharmacokinetic interaction based on the inhibition of
ivabradine metabolism mediated by CYP3A4. In this
study, we investigated the influence of sesamin on the
pharmacokinetics of ivabradine and N-
desmethylivabradine in rats.

In pharmacokinetic study, co-administration of a single
dose of sesamin significantly increased the AUC. of
ivabradine, suggesting that oral administration of sesamin
increased the oral bioavailability of ivabradine and may
increase the anti-ischemic effect. The t;, of ivabradine
was  significantly  increased, in  contrast  N-
desmethylivabradine was decreased. It has been reported
that ivabradine is mainly metabolized via hepatic
CYP3A4. It could be concluded that sesamin inhibited
CYP3A4 which metabolized ivabradine to N-
desmethylivabradine. Meanwhile, it has been proved that
sesamin inhibited the expression of CYP3A4 in vitro (Jan
et al.,2012; Lim et al., 2012; Parker et al., 2000), but the
impact of sesamin on CYP3A4 has not been reported in
vivo. Therefore, the result should suggest that sesamin
may mainly inhibit CYP3A4 in vivo, but it also needs to
be studied further.

Similar results were also found by other researches. As
reported, clopidogrel, a thienopyridine anti-platelet agent,
could inhibit the metabolism of ivabradine to N-
desmethylivabradine in rats, which may be related to its
competitive inhibition effect on CYP3A4 (Sun et al.,
2015). In addition, another research also indicated that
silibinin could change the pharmacokinetics of
ivabradine, not the metabolite N-desmethylivabradine in
rats (Chen et al., 2015). Although the mechanism may be
involved the inhibition of CYP3A4-mediated metabolism,
further research is needed to confirm.

CONCLUSION

Up to now, there are few reports about the effects of food
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factors on ivabradine metabolism. In our study, this is first
time to assess the effect of sesamin on the
pharmacokinetics of ivabradine and N-

2545



Inhibitory effect of sesamin on ivabradine metabolism in rats

desmethylivabradine, and these results indicated that
sesamin may have a potential interaction with ivabradine.
Thus, when sesamin and ivabradine are administrated
concurrently, more attention should be paid in order to
reduce the adverse reaction. All above results showed
preponderance of the evidence for clinical rational use of
ivabradine, and provided a new perspective for the
understanding of sesamin.
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