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ABSTRACT. In clinical practice, the simultaneous use of zolpidem and phenytoin 
cannot always be avoided, although it can be associated with additive depressants 
effects on the central nervous system. Considering the common metabolic 
pathways involving CYP3A and CYP2C, a pharmacokinetic interaction between 
phenytoin and zolpidem is possible, although not previously quantified. The study 
was designed as a non-randomized, two-period preclinical trial. Twenty male 
subjects were included in a study consisting of two periods. Between these, 
subjects were treated for 6 days with a single daily dose of 150 mg phenytoin. 
For each treatment period, pharmacokinetic parameters of zolpidem were 
determined. The multiple-dose administration of phenytoin influenced 
zolpidem’s pharmacokinetics in healthy volunteers, decreasing its exposure 
through enzymatic induction. 
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INTRODUCTION  

Insomnia is a prevalent and undertreated sleep disorder, having 
diverse and interrelated consequences, with Z-drugs among the preferred 
therapeutic options [1]. Zolpidem (Fig. 1) is indicated for the short-term treatment 
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of insomnia, characterized by difficulties with sleep initiation or by difficulty 
returning to sleep after middle-of-the-night awakening [2]. Available clinical 
experience confirmed its positive effect on subjective and objective measures of 
sleep, in both acute and chronic insomnia as well as the absence of rebound 
insomnia in situations of intermittent administration [3,4]. It is also under 
investigation for several other indications as the management of restless legs 
syndrome, various disorders of consciousness or persistent pain [5,6,7].  

 
Figure 1. Chemical structure of zolpidem 

 
Zolpidem activates the α1-containing GABAA (BZ1) receptor, with a 

reduced influence on the α2, α3 or α5 subunits [8]. Its selectivity explains the 
reduced myorelaxant or anticonvulsant effects and the preservation of deep 
sleep (stages 3 and 4) at hypnotic doses [9]. Zolpidem has an approximately 
70% bioavailability. The elimination half-life is about 2.5 - 2.6 hours [2]. 
CYP3A4 is mainly involved in its metabolism (61% of the net intrinsic clearance), 
with a more reduced contribution of CYP1A2, 2C9, 2D6, and 2C19, respectively 
[10].  

Given their multiple and complex mechanisms of action, antiepileptic 
drugs are used for the treatment and prevention of seizures, and for the 
management of various nonepileptic neurologic or psychiatric disorders [11]. 
Phenytoin is labeled for the treatment and prophylaxis of seizures during 
and following neurosurgery or secondary to traumatic brain injuries, as a 
treatment of generalized tonic-clonic and complex partial seizures and for 
the management of trigeminal neuralgia [12]. It can also be recommended 
for the management of the peripheral nervous system disorders secondary 
to brain tumors or HIV / AIDS infection [13,14,15].  

Phenytoin slows the rate of reactivation of voltage-dependent sodium 
channels after depolarization. The anticonvulsant activity does not cause 
general depression of the central nervous system and the therapeutic drug 
levels in the cerebrospinal fluid correlate with the free plasmatic concentration 
(the anticonvulsant activity is usually obtained at levels of 10-20 µg/mL) [16]. It 
presents an oral bioavailability of 20% - 90% and it is highly protein-bound 
(88 - 93%). It is metabolized by a saturable and genetically polymorphic, hepatic 
process via the CYP2C9 and CYP2C19 isoenzymes [17]. One population 
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pharmacokinetic analysis conducted in various patients groups, suggested 
a linear two-compartment model for phenytoin [18]. The average half-life of 
phenytoin is about 24 hours for most patients in the low to mid therapeutic 
range, showing large age-dependent interindividual variations (12-60 hours) 
[19]. Pharmacokinetic drug interactions could be related to impaired absorption, 
to plasmatic protein displacement or to altered metabolism, as phenytoin is a 
CYP2C9 and CYP2C19 substrate and a strong inducer for CYP3A4, CYP2C9, 
CYP2C19 and CYP2B6 [20,21], respectively. Therefore, the therapeutic drug 
monitoring of phenytoin remains a challenging aspect of its therapeutic use, 
considering its non-linear pharmacokinetics, zero-order elimination and 
multilevel drug-drug interactions [22]. 
 In clinical practice, the simultaneous use of multiple drugs acting on 
the central nervous system is frequent, although it is associated with potential 
additive depressant effects [9]. Moreover, considering the common metabolic 
pathways involving CYP3A and CYP2C, a pharmacokinetic interaction between 
phenytoin and zolpidem is possible, although not previously quantified. 
Therefore, the aim of this study was to evaluate the magnitude of such a 
pharmacokinetic interaction in healthy volunteers. 
 
 
RESULTS AND DISCUSSION 

 
The mean plasma concentrations for zolpidem when administered 

alone, or in combination with phenytoin after 6 days of treatment with 
phenytoin are shown in Figure 2. 

 
Figure 2. Mean ± SD plasma concentration–time curves of zolpidem  

(single dose 5 mg p.o.) administered alone (▲) or in combination with phenytoin 
(150 mg, p.o.), after pre-treatment with phenytoin during 6 days (●), n=20.  

In the insert a logarithmic scale is employed. 
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The mean values of pharmacokinetic parameters [16] of zolpidem 
administered alone, or in combination with phenytoin, as well as statistical 
ANOVA test results are given in Table 1. 

 
Table1. Pharmacokinetic parameters of zolpidem administered alone or after treatment 

with phenytoin and the result of statistical ANOVA test (in form of p values)  
used for comparison 

Parameter 
(±SD) 

Zolpidem 
(Reference) 

Zolpidem + Phenytoin 
(Test) 

p* value 

Cmax (ng/mL) 56.6±25.4 36.0±14.6 0.0005, S 
tmax (hr) 0.8±0.3 0.8±0.4 0.816, NS 

AUC0 - (ng.hr/mL) 211.5±119.6 103.5±54.0 0.0009, S 
kel (1/hr) 0.3±0.1 0.4±0.1 0.0411, S 
t½ (hr) 2.5±0.9 1.7±0.5 0.0411, S 

Cl (mL/hr) 34290.4±27007.8 61587.0±32764.4 0.0009, S 

* Statistically significant (symbolized S) when p<0.05; NS stands for non-significant 
 
The present study showed that phenytoin had an important influence on 

the pharmacokinetics of zolpidem. A systemic metabolic drug-drug interaction 
was observed since the half-life of zolpidem was significantly decreased. This 
may due to the phenytoin’s enzymatic induction of hepatic CYP3A4, CYP2C9 
and CYP2C19. However, zolpidem’s exposure (Cmax and AUC0-∞) was also 
significantly reduced by the pre-treatment/co-administration of phenytoin; this 
indicated a pre-systemic metabolic drug-drug interaction. The metabolism 
of zolpidem occurs predominantly through CYP3A4, CYP2C9 and CYP1A2 
isoenzymes [10]; the CYP3A4 isoenzymes are the predominant ones at 
both the intestinal and hepatic levels, whereas the others are mainly present in 
the liver [23]. Phenytoin induces CYP3A4 at both the intestinal and hepatic 
level and consequently, the first-pass metabolism of zolpidem was increased 
[24]. As an effect of a pre-systemic pharmacokinetic drug-drug interaction, 
the exposure of zolpidem was significantly lowered. 
 This study offers a first perspective on the magnitude of the 
pharmacokinetic interaction between zolpidem and phenytoin administered 
to human subjects. Results may contribute to the establishment of effective 
dosing intervals or treatment regimens [25]. For example, insomnia is common 
in epilepsy and it was associated with short term poor seizure control and 
worse quality of life [26]. Sleep disorders are frequently associated with various 
neurologic conditions, including persistent neuropathic pain, for which phenytoin 
has an on-label indication. Therefore, such clinical settings might require the co-
prescription of phenytoin and zolpidem, in spite of their additive central nervous 
system depressant effect [27]. If such association is implemented, then the 
pharmacokinetic interaction should be taken into consideration in situations 
when a long-term phenytoin treatment is to be stopped. This scenario favors an 
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increased risk for zolpidem overdose and side-effects, including daytime 
residual effects on cognitive and psychomotor performance [28]. On the 
other hand, the initiation of phenytoin in a patient exposed to a chronic therapy 
with zolpidem could trigger signs and symptoms of zolpidem withdrawal 
that can complicate the patient’s clinical state [29]. 
 We identified a single previous investigation analyzing the simultaneous 
use of zolpidem and phenytoin, which focused on a pharmacodynamic aspect of 
their interaction, suggesting an increased antiepileptic effect. It was demonstrated 
on Wistar rats; it was supposed to be mediated through hyper-polarization, 
secondary to membrane stabilizing activity through sodium channel blockade 
by phenytoin and to reinforced GABA mimetic action of zolpidem [30].  
 Therefore, these results bring new information referring to the 
pharmacokinetic interactions previously confirmed for both zolpidem and 
phenytoin [31-34]. 
 
 
CONCLUSIONS 

 
Administration of multiple-dose phenytoin influenced zolpidem 

pharmacokinetics in healthy volunteers, decreasing its exposure due to enzymatic 
induction.  
 
 
EXPERIMENTAL SECTION 
 
Subjects 

 
Twenty healthy adult male subjects aged 22 to 30 years were eligible for 

the study. The health status of each volunteer was assessed using the individual 
medical history, the results of physical examinations, vital signs, electrocardiogram 
evaluation, and laboratory test results. Exclusion criteria included: use of any 
non-prescription drug products within 14 days before initiation of the study; 
use of prescription drugs during the 30-day period before the start of the study; 
use of other investigational drugs within 60 days before initiation of the study; 
donations or transfusions of blood or blood products during the 60-day period 
before the start of the study; smoking of more than 10 cigarettes per day; history 
of drug abuse; sitting systolic blood pressure ≥ 140 mm Hg or ≤ 90 mm Hg; or 
sitting diastolic blood pressure ≥ 90 mm Hg or ≤ 50 mm Hg.  

The study was conducted according to the principles of Declaration 
of Helsinki (1964) and its amendments (Tokyo 1975, Venice 1983, Hong Kong 
1989) and Good Clinical Practice (GCP) rules. The clinical protocol was reviewed 
and approved by the Ethics Committee of the University of Medicine and 
Pharmacy “Iuliu Hatieganu”, Cluj-Napoca, Romania.  
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Study design and blood sampling 
 

The study design was one sequence cross-over and consisted in 2 
periods: Period 1 (Reference), when each volunteer received a single dose of 5 
mg zolpidem and Period 2 (Test), when each volunteer received a single dose 
of 5 mg zolpidem and 150 mg phenytoin. Between the two periods, the subjects 
were treated for 6 days with a single daily dose of 150 mg phenytoin. All drugs 
were administered in the morning, in fasted state. The pharmaceutical products 
used were Sanval® (5 mg coated tablets, LEK Pharmaceuticals D.D. - Slovenia) 
and Fenitoin® (phenytoin 100 mg scored tablets, Gedeon Richter Romania, 
Târgu-Mures, Romania). Serial blood samples (5 mL each) were collected from 
an indwelling IV catheter immediately before drug administration and at 0.5, 1, 
1,5, 2, 2,5, 3, 4, 5, 6, 7, 8, 10 and 12 hours, respectively, after drug administration 
and for each treatment period. Blood samples were collected in heparinized tubes. 
Samples were centrifuged at 1800 g for 5 min and harvested plasma samples 
were stored at -20 ºC until analysis. 

 
Analysis of plasma samples  

 

Zolpidem plasma concentrations were determined by a validated high 
throughput liquid chromatography-mass spectrometry method, by using citalopram 
as an internal standard. The HPLC system was an Agilent 1100 series (Agilent 
Technologies, USA) and was coupled with a Brucker Ion Trap SL (Brucker 
Daltonics GmbH, Germany). A Zorbax SB-C18 chromatographic column 
(100 mm x 3.0 mm i.d., 3.5 μm) (Agilent Technologies) was used. The mobile 
phase consisted of 62:38 (V/V) 1 mM ammonium acetate in water:methanol. 
The flow rate was 1 mL/min and the thermostat temperature set at 45 ˚C. The 
mass spectrometry detection was in multiple reaction monitoring mode (MRM), 
positive ions, using an electrospray ionization source. The ion transitions 
monitored were m/z 308→(m/z 235+ m/z 263) for zolpidem and m/z 325→m/z 
262 for the internal standard. 

0.6 mL of methanol (containing internal standard, 10 ng/mL) were 
added to 0.2 mL of plasma in an Eppendorf tube. The tube was vortex-mixed for 
20 seconds, and then centrifuged for 3 min at 12000 rpm. The supernatant 
was transferred to an autosampler vial and 1 μL was injected into the LC/MS 
system. The calibration curve of zolpidem was linear at a concentration range of 
2 - 208 ng/mL plasma, with a correlation coefficient of 0.996. At quantification 
limit (2 ng/mL), accuracy and precision were: 3.9% and 7.4% (intra-day) and 
9.2% and 10.5% (inter-day), respectively. 

 
Pharmacokinetic analysis 

 

Non-compartmental pharmacokinetic analysis was employed to 
estimate the pharmacokinetic parameters of zolpidem when administered 
alone or in combination with phenytoin. The maximum plasma concentration 
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(Cmax, ng/mL) and the time to reach the peak concentration (tmax, hr) were 
obtained directly by visual inspection of each subject’s plasma concentration-
time profile. The area under the concentration-time curve (AUC0-t) was estimated 
by integration. The area was extrapolated to infinity (AUC0-) by addition of Ct/kel 
to AUC0-t (t in the index indicates the time resolved value). The elimination 
rate constant kel was estimated by the least-square regression of plasma 
concentration-time data points lying in the terminal region, by using a semi-
logarithmic dependence that corresponds to first-order kinetics. The half-life 
(t½) was calculated as the ratio 0.693/kel. The pharmacokinetic analysis was 
performed using Kinetica 4.2 (Thermo Labsystems, U.S.A.).  

 
Statistical analysis 

 

Analysis of variance (ANOVA testing) was used to compare the 
calculated pharmacokinetic parameters of zolpidem for the two periods, 
using general linear model procedures, in which sources of variation were 
subject and period. In order to identify possibly clinically significant differences 
in pharmacokinetic parameters, 90% confidence intervals of the test/reference 
period ratios for Cmax, AUC0-t and AUC0-∞ (log transformed) were determined 
by the Schuirmann’s two one-sided t-test. The equivalence between zolpidem 
administered alone or in combination with phenytoin was inferred if the 90% 
confidence intervals for these pharmacokinetic parameters were within the range 
0.8-1.25. For tmax, the equivalence range was expressed as untransformed 
data, and significance tested using the nonparametric Friedman test. All 
statistical analysis were performed using the Kinetica 4.2 software. 
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