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Abstract: The objective of this work was to investigate the effect of orally administered puerarin on the pharmacokinetics of ivabradine and its active metabolite N-desmethylivabradine in rats. Twelve healthy male Sprague-Dawley
rats were randomly divided into two groups: the control group (received oral 1.0 mg/kg ivabradine alone) and
test group (1.0 mg/kg ivabradine orally coadministered with 250 mg/kg puerarin). The plasma concentration of
ivabradine and N-desmethylivabradine were estimated by ultra performance liquid chromatography tandem mass
spectrometry (UPLC-MS/MS) and different pharmacokinetic parameters were calculated using DAS 2.0 software.
The pharmacokinetic parameters of t1/2, Cmax, AUC(0-t) and AUC(0-∞) of ivabradine in test group were significantly higher
than those in the control group (P < 0.01). However, puerarin had no effect on the pharmacokinetic parameters of
N-desmethylivabradine when compared to control. This study demonstrates that puerarin increases plasma concentration of ivabradine only, but not N-desmethylivabradine. Henceforth, the pharmacodynamic influence of this
interaction should be taken into consideration while prescribing ivabradine to the patients already taking puerarin.
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Herbal medicine is widely used today. A followup survey found that about 15 million adults in
the US took prescription drugs in combination
with herbal remedies [1-3]. But there was less
research on the interactions between herbal
medicine and chemical drug. Therefore, the
research on the interaction between herbs and
drugs is important.

with stable angina pectoris [8]. Despite its therapeutic benefit, ivabradine has some important
side effects, including bradycardia, atrioventricular block, ventricular extrasystoles and luminous phenomena [9-11]. Because of the high
potential of ivabradine to produce adverse
reactions on overdosing but also the lack of
therapeutic effect on underdosing, is important
to understand how other substances can modify this drug’s pharmacokinetics.

Ivabradine is a novel heart rate-lowering agent
that selectively and specifically inhibits the
depolarizing cardiac pacemaker If current in the
sinus node. Its activity provides pure heart rate
reduction at rest and during exercise, which
improves myocardial oxygen balance and increases coronary perfusion, without any relevant influence on conduction, contractility, ventricular repolarization or blood pressure [4-7].
The anti-ischemic efficacy and the safety of
ivabradine have been demonstrated in patients

After oral administration, the metabolic clearance of ivabradine accounts for about 80% of
its total clearance, with the other 20% corresponding to renal clearance. Only the cytochrome CYP3A4 isoenzyme is involved in the
metabolism of invabradine, so numerous potential interactions can therefore arise with
CYP3A4 inhibitors and inducers. To date, only a
few pharmacokinetic drug-drug interactions of
ivabradine have been published: with omeprazole and lansoprazole [12], azithromycin [13],
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clopidogrel [14], phenytoin [15], carbamazepine [16], simvastatin [17], and Hypericum
Perforatum [18].
Puerarin (4’,7-dihydroxy-8-β-D-glucose isoflavone), an isoflavone glycoside extracted from
Pueraria plants, can lower blood pressure,
resist oxidation, arrhythmia and inflammation,
as well as inhibit tumor cell proliferation [1922]. Recently, the interactions between puerarin and CYPs have been extensively studied,
which showed that puerarin has potent inhibitions of CYP3A4 [23, 24]. Therefore, there are
potent herb-drug interactions when using puerarin in combination with ivabradine. However, it
is not presently clear whether puerarin has the
capacity to affect the pharmacokinetics of
ivabradine and N-desmethylivabradine.
In this study, the pharmacokinetics of ivabradine and N-desmethylivabradine in rats was
investigated after administration of puerarin by
simultaneous determination of ivabradine and
N-desmethylivabradine in rat plasma with an
ultra high performance liquid chromatographymass spectrometry method (UPLC-MS/MS).
Materials and methods
Chemicals materials
Ivabradine (purity > 98%), N-desmethylivabradine (purity > 98%) and carbamazepine (purity
> 98%, IS) were obtained from Sigma (St. Louis,
MO, USA). Puerarin (purity > 98%) was purchased from commercial sources (INDOFINE
Chemical 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
Liquid chromatography was performed on an
Acquity ultra performance liquid chromatography (UPLC) unit (Waters Corp., Milford, MA,
USA) with an Acquity BEH C18 column (2.1 mm
× 50 mm, 1.7 μm) and inline 0.2 μm stainless
steel frit filter (Waters Corp., Milford, MA, USA).
A gradient elution program was conducted for
chromatographic separation with mobile phase
A (acetonitrile), and mobile phase B (0.1% formic acid) as follows: 0-1.0 min (10-90% A), 1.08370

1.9 min (90-90% A), 1.9-2.0 min (90-10% A),
2.0-3.0 min (10-10% A). The flow rate was 0.40
mL/min. The overall run time was 3.0 min. A
XEVO TQD triple quadrupole mass spectrometer equipped with an electro-spray ionization
(ESI) source was used for mass spectrometric
detection. The detection was operated in the
multiple reaction monitoring (MRM) mode
under unit mass resolution in the mass analyzers. The MRM transitions were 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. Mass spectrometry
was operated with the capillary voltage set at
3.50 kV, the cone and source offset set at 35
and 50 V, respectively. The desolvation temperature and desolvation gas flow rate set at
600°C and 500 L/h, respectively. And the
argon flow rate and collision set at 150 L/h and
7.0 Bar, respectively. The Masslynx 4.1 software (Waters Corp., Milford, MA, USA) was used
for data acquisition and instrument control.
Sample preparation
Before analysis, frozen plasma sample was
thawed to room temperature. In a 1.5 mL centrifuge tube, an aliquot of 200 µL of the internal
standard working solution (30 ng/mL) was
added to 0.1 mL of plasma sample. The tubes
were vortex mixed for 1.0 min. After centrifugation at 15,000 g for 10 min, the supernatant (2
µL) was injected into the UPLC-MS/MS system
for analysis.
Method validation
The method was considered valid according to
the following criteria: selectivity, linearity, accuracy, precision, percent recovery and stability.
The concentration ranges of the calibrators of
ivabradine and N-desmethylivabradine were
0.1-100, 0.05-10 ng/ml for plasma, respectively. The plasma sample concentrations were calculated from the calibration curves. Intra- and
inter-day precision and accuracy were evaluated by assaying six replicates of each spiked
QC sample at the low, middle, and high concentrations on three separate days. Precision is
expressed as relative standard deviation. Accuracy was calculated as the percent error in the
calculated mean concentration relative to the
nominal concentrations. The short-term stored
stabilities of analytes after being processed
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the experiment. Necessary
approval from the Institutional Animal Ethics Committee
was obtained to carry out the
experiments.
Pharmacokinetic study
Twelve Sprague-Dawley male
rats were divided into 2 groups: the control group (received oral 1.0 mg/kg ivabradine
alone) and test group (1.0
mg/kg ivabradine orally coadministered with 250 mg/kg
puerarin). Diet was prohibited
for 12 h before the experiment but water was freely
available. Blood samples (0.3
mL) were collected from the
Figure 1. Mean plasma concentrations of ivabradine versus time after single
tail vein into heparinized 1.5
oral administration of ivabradine 1.0 mg/kg alone or coadministration with
mL polythene tubes at 0.083,
250 mg/kg puerarin in rats.
0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4,
6, 8 and 12 h after oral administration. The samples were immediately centriTable 1. The main pharmacokinetic paramfuged at 4000 g for 8 min. The plasma obtained
eters of ivabradine after single oral administra(100 µL) was stored at -20°C until analysis.
tion of ivabradine 1.0 mg/kg alone or coadministration with 250 mg/kg puerarin in rats
Statistical analysis
Parameters
t1/2 (h)
Tmax (h)
CLz/F (L/h/kg)
Cmax (ng/mL)
AUC(0-t) (ng·h/mL)
AUC(0-∞) (ng·h/mL)

Control
Test
1.71 ± 0.25
2.20 ± 0.14**
0.26 ± 0.03
1.06 ± 0.31**
20.70 ± 2.47 11.95 ± 6.49**
26.03 ± 4.25 46.67 ± 13.82**
48.12 ± 5.16 104.24 ± 26.45**
48.88 ± 6.35 104.51 ± 26.35**

**Significantly different from control, P < 0.01.

were evaluated by testing their stabilities after
being protein precipitated and stored for 3 h
at room temperature. Long-term stability was
examined for 31 days at -25°C. Freeze-thaw
stability testing was determined after freezing
at -25°C and thawing to room temperature
three times.
Animals
Male Sprague-Dawley rats with body weights of
220 ± 20 g were purchased from Laboratory
Animal Center of Henan University of Science
and Technology. The rats were acclimatized for
a week in laboratory conditions to minimize all
efforts of any animal suffering before initiating

8371

The results are given as mean standard deviation (SD). The noncompartmental 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 t-test (SPSS
19.0, Chicago, IL). A value of P < 0.05 was considered to be statistically significant.
Results
UPLC-MS/MS method validation
No interference can be observed in the UPLC
chromatograms. The calibration curve was linear over the concentration range of 0.1-100
ng/ml for ivabradine and 0.05-10 ng/mL for
N-desmethylivabradine, both with a correlation
coefficient r > 0.996. The LLOQ of ivabradine
and N-desmethylivabradine was 0.1 and 0.05
ng/mL, respectively. The precision evaluation
revealed that all coefficients of variation were
below 15% and the accuracy analysis showed
that the relative errors to the true concentra-
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orally in rats are shown in
Figure 1. Absorption of ivabradine was rapid; ivabradine
was detected in plasma from
the first blood sampling time
(5 min) for both without and
with puerarin. Table 1 summarizes the pharmacokinetic
parameters of ivabradine. The
presence of puerarin significantly increased the AUC(0-∞)
(113.8%) and Cmax (79.3%) of
orally administered ivabradine
(P < 0.01). In addition, statistical comparison of pharmacokinetic parameters of ivabradine showed that coadministration with puerarin
caused significant increase
in t1/2 and Tmax of ivabradine
Figure 2. Mean plasma concentrations of N-desmethylivabradine versus
in comparison to the contime after single oral administration of ivabradine 1.0 mg/kg alone or coadtrol group. Further, CLz/F of
ministration with 250 mg/kg puerarin in rats.
ivabradine was significantly
decreased in puerarin coadministration
group
in comparison with that of
Table 2. The main pharmacokinetic paramcontrol
group
(Table
1).
eters of N-desmethylivabradine after single
oral administration of ivabradine 1.0 mg/kg
The mean plasma concentration-time profiles
alone or coadministration with 250 mg/kg
of N-desmethylivabradine are shown in Figure
puerarin in rats
2, and the pharmacokinetic parameters are
Parameters
Control
Test
summarized in Table 2. However, coadminist1/2 (h)
3.10 ± 0.24
2.92 ± 0.64
tered puerarin did not alter t1/2, Tmax, CLz/F, Cmax,
Tmax (h)
0.27 ± 0.05
0.29 ± 0.06
AUC(0-t) and AUC(0-∞) of N-desmethylivabradine
CLz/F (L/h/kg)
86.88 ± 7.50 102.90 ± 46.89
significantly (P > 0.05) when compared to conCmax (ng/mL)
5.13 ± 0.82
4.28 ± 0.23
trol (Table 2).
AUC(0-t) (ng·h/mL) 10.79 ± 1.08
AUC(0-∞) (ng·h/mL) 11.58 ± 1.01

8.62 ± 3.63
9.11 ± 3.54

tions were below 11%. The recovery of ivabradine and N-desmethylivabradine from plasma was 78.1-85.4% and 75.8-84.3%, respectively. The RSDs of the mean test responses
were within 15% in all stability tests of ivabradine and N-desmethylivabradine in plasma.
The above results demonstrated that the values were within the acceptable range and the
method was accurate and precise.
Effect of puerarin on the pharmacokinetic
study of ivabradine and N-desmethylivabradine
The mean plasma concentration-time profiles
of ivabradine administered (1.0 mg/kg) alone
or in combination with puerarin (250 mg/kg)
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Discussion
Flavonoids are the most abundant polyphenolic
compounds present in most plants and are frequently consumed in human diet [25]. With the
increasing usage of botanical supplement,
herb-drug interactions have become a growing
medical concern [26]. Many flavonoids are
reported to alter bioavailability of many conventional medications due to their modulatory
effect on drug transporters or various cytochrome P450 enzymes [27].
For safety reason, it is thus important to evaluate the potential pharmacokinetic interaction
between herbal drug and oral pharmaceutics in
animals before conducting studies in human. In
this study, we investigated the interaction of
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puerarin with a CYP3A4 substrate, ivabradine,
and its major metabolite N-desmethylivabradine
in rats. A statistical comparison of data against
the control group was performed to determine
the influence of puerarin on the pharmacokinetics of ivabradine and N-desmethylivabradine.
Surprisingly, in the present study, oral administration of puerarin at the dose of 250 mg/kg
significantly increased the AUC(0-∞) and Cmax of
ivabradine, which is a CYP3A4 substrate; even
though puerarin is known to inhibit the function
of CYP3A4 in rats [24]. However, the t1/2, Tmax,
CLz/F, Cmax, AUC(0-t) and AUC(0-∞) of N-desmethylivabradine were not altered significantly in
puerarin treated rats in comparison to the control, suggesting that puerarin has no effect on
the formation of N-desmethylivabradine. So
the results suggested that puerarin may mainly
inhibit CYP3A4 in vivo, but it also needs to be
studied further.
From the analysis, the results also indicated
that a single dose administration of puerarin
could reduce the metabolism rate of ivabradine,
increase the bioavailability, and extend the
resistance time of prototype drug in vivo. Those
changes might be related to a potential interaction between puerarin and CYP3A4 enzyme.
The co-administration of herbal drug puerarin
significantly increased the plasma concentration of ivabradine. However the formation of
N-desmethylivabradine was not affected. Further studies using clinical trials will be needed
to determine if the results obtained in this
study can be extrapolated to humans. If the
results obtained from the rats’ model is confirmed in the clinical trials, the ivabradine dose
should be adjusted for potential drug interactions when ivabradine is used with puerarin or
the puerarin-containing herbal drugs.
Acknowledgements
We thank Lei Ye and Xiaoxiang Du for excellent
technical support.
Disclosure of conflict of interest
None.
Address correspondence to: Xiangjun Qiu, Medical
College of Henan University of Science and Technology, Luoyang, China. E-mail: lyxiangjun@126.
com

8373

References
[1]

Su DJ and Li LF. Trends in the Use of
Complementary and Alternative Medicine in
the United States: 2002-2007. J Health Care
Poor Underserved 2011; 22: 296-310.
[2] Singh SP, Wahajuddin, Raju KS, Ali MM, Kohli
K and Jain GK. Reduced bioavailability of
tamoxifen and its metabolite 4-hydroxytamoxifen after oral administration with biochanin A
(an isoflavone) in rats. Phytother Res 2012;
26: 303-307.
[3] Meng Q and Liu K. Pharmacokinetic interactions between herbal medicines and prescribed drugs: focus on drug metabolic enzymes and transporters. Curr Drug Metab
2014; 15: 791-807.
[4] DiFrancesco D and Camm JA. Heart rate lowering by specific and selective I(f) current inhibition with ivabradine: a new therapeutic perspective in cardiovascular disease. Drugs
2004; 64: 1757-1765.
[5] Nawarskas JJ, Bowman BN and Anderson JR.
Ivabradine: A Unique and Intriguing Medication
for Treating Cardiovascular Disease. Cardiol
Rev 2015; 23: 201-11.
[6] Bohm M, Borer JS, Camm J, Ford I, Lloyd SM,
Komajda M, Tavazzi L, Talajic M, Lainscak M,
Reil JC, Ukena C and Swedberg K. Twenty-fourhour heart rate lowering with ivabradine in
chronic heart failure: insights from the SHIFT
Holter substudy. Eur J Heart Fail 2015; 17:
518-26.
[7] Nar G, Inci S, Aksan G, Demirelli S, Soylu K,
Yuksel S, Gulel O and Icli A. Ivabradine on aortic stiffness in patients with heart failure. J
Investig Med 2015; 63: 620-625.
[8] Borer JS, Fox K, Jaillon P, Lerebours G;
Ivabradine Investigators Group. Antianginal
and antiischemic effects of ivabradine, an I(f)
inhibitor, in stable angina: a randomized, double-blind, multicentered, placebo-controlled
trial. Circulation 2003; 107: 817-823.
[9] Tardif JC, Ponikowski P, Kahan T; ASSOCIATE
Study Investigators. Efficacy of the I(f) current
inhibitor ivabradine in patients with chronic
stable angina receiving beta-blocker therapy: a
4-month, randomized, placebo-controlled trial.
Eur Heart J 2009; 30: 540-548.
[10] Prasad UK, Gray D and Purcell H. Review of the
If selective channel inhibitor ivabradine in the
treatment of chronic stable angina. Adv Ther
2009; 26: 127-137.
[11] Riccioni G, Vitulano N and D’Orazio N. Ivabradine: beyond heart rate control. Adv Ther
2009; 26: 12-24.
[12] Portoles A, Calvo A, Terleira A, Laredo
L, Resplandy G, Gorostiaga C and Moreno A.
Lack of pharmacokinetic interaction between

Int J Clin Exp Med 2016;9(5):8369-8374

Puerarin effect on ivabradine and N-desmethylivabradine

[13]

[14]

[15]

[16]

[17]

[18]

8374

omeprazole or lansoprazole and ivabradine in
healthy volunteers: an open-label, randomized, crossover, pharmacokinetic interaction
clinical trial. J Clin Pharmacol 2006; 46: 11951203.
Cocco G and Jerie P. Torsades de pointes induced by the concomitant use of ivabradine
and azithromycin: an unexpected dangerous
interaction. Cardiovasc Toxicol 2015; 15: 104106.
Sun W, Wang Z, Chen H, Zhang XD, Huang CK,
Lian QQ, Shang-Guan WN, Zhu GH, Hu GX and
Wang ZS. The effect of clopidogrel on pharmacokinetics of ivabradine and its metabolite in
rats. Drug Dev Ind Pharm 2015; 41: 1512-7.
Vlase L, Popa A, Neag M, Muntean D and
Leucuta SE. Pharmacokinetic interaction between ivabradine and phenytoin in healthy
subjects. Clin Drug Investig 2012; 32: 533538.
Vlase L, Neag M, Popa A, Muntean D, Baldea I
and Leucuta SE. Pharmacokinetic interaction
between ivabradine and carbamazepine in
healthy volunteers. J Clin Pharm Ther 2011;
36: 225-229.
Owczarek J, Jasinska-Stroschein M and
Orszulak-Michalak D. Concomitant administration of different doses of simvastatin with ivabradine influence on PAI-1 and heart rate
in normo- and hypercholesterolaemic rats.
ScientificWorldJournal 2012; 2012: 976519.
Portoles A, Terleira A, Calvo A, Martinez I and
Resplandy G. Effects of Hypericum perforatum
on ivabradine pharmacokinetics in healthy volunteers: an open-label, pharmacokinetic interaction clinical trial. J Clin Pharmacol 2006; 46:
1188-1194.

[19] Meng XH, Ni C, Zhu L, Shen YL, Wang LL and
Chen YY. Puerarin protects against high glucose-induced acute vascular dysfunction: role
of heme oxygenase-1 in rat thoracic aorta.
Vascul Pharmacol 2009; 50: 110-115.
[20] Zhou YX, Zhang H and Peng C. Puerarin: a review of pharmacological effects. Phytother Res
2014; 28: 961-975.
[21] Guo XF, Yang ZR, Wang J, Lei XF, Lv XG and
Dong WG. Synergistic antitumor effect of puerarin combined with 5-fluorouracil on gastric
carcinoma. Mol Med Rep 2015; 11: 25622568.
[22] Wei SY, Chen Y and Xu XY. Progress on the
pharmacological research of puerarin: a review. Chin J Nat Med 2014; 12: 407-414.
[23] Kim SB, Yoon IS, Kim KS, Cho SJ, Kim YS, Cho
HJ, Chung SJ, Chong S and Kim DD. In vitro and
in vivo evaluation of the effect of puerarin on
hepatic cytochrome p450-mediated drug metabolism. Planta Med 2014; 80: 561-567.
[24] Guo YJ, Liang DL, Xu ZS and Ye Q. In vivo inhibitory effects of puerarin on selected rat cytochrome P450 isoenzymes. Pharmazie 2014;
69: 367-370.
[25] Wu JW, Lin LC and Tsai TH. Drug-drug interactions of silymarin on the perspective of pharmacokinetics. J Ethnopharmacol 2009; 121:
185-193.
[26] Izzo AA and Ernst E. Interactions between
herbal medicines and prescribed drugs: an updated systematic review. Drugs 2009; 69:
1777-1798.
[27] Izzo AA and Ernst E. Interactions between
herbal medicines and prescribed drugs: a systematic review. Drugs 2001; 61: 2163-2175.

Int J Clin Exp Med 2016;9(5):8369-8374

