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Summary 

Aims 

To assess the effect of the antimycotic voriconazole on the pharmacokinetics and 

pharmacodynamics of oral zolpidem, a short-acting imidazopyridine hypnotic. 

 

Methods 

In an open, randomised crossover study with two phases, ten healthy volunteers were given either 

no pre-treatment (control phase) or voriconazole (voriconazole phase) orally 400 mg b.i.d. on the 

first day and 200 mg b.i.d. on the second day. A single oral dose of 10 mg zolpidem was given 1 

hour after the last dose of voriconazole, and during the control phase. Plasma concentrations of 

zolpidem were determined for 24 hours and pharmacodynamic variables measured for 12 hours. 

 

Results 

Voriconazole increased the peak plasma concentration of zolpidem by 20% from 112 to 135 ng ⋅
ml-1 (P < 0.05; 95% CI of the difference 0.32 to 45.3) and the total area under the plasma zolpidem 

concentration-time curve by 41% from 528 to 743 ng ⋅ ml-1 ⋅ h (P < 0.001; 95% CI of the difference 

119 to 310). The time to the peak plasma concentration of oral zolpidem was unchanged by 

voriconazole administration but the elimination half-life was prolonged from 3.2 to 4.1 hours (P <

0.01; 95% CI of the difference 0.27, 1.45). The pharmacodynamics of zolpidem were unaffected by 

voriconazole. 

 

Conclusion 

Voriconazole increased moderately the exposure to the orally administered zolpidem in healthy 

young volunteers but no pharmacodynamic changes were observed. Therefore, zolpidem can be 

used in normal doses together with voriconazole.
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Introduction 

Zolpidem is an imidazopyridine agent that is widely used for the treatment of insomnia. It is rapidly 

absorbed from the gastrointestinal tract and it has an oral bioavailability of approximately 70%. It 

displays linear pharmacokinetics at clinically used doses [1, 2]. In healthy volunteers zolpidem has 

an elimination half-life of 2.0 to 2.2 hours [3], but plasma concentrations of zolpidem are increased 

and elimination delayed in the elderly and in patients with liver or kidney disease [1]. Zolpidem is 

extensively metabolised in humans, predominantly by cytochrome P450 (CYP) 3A4, CYP2C9 and 

CYP1A2 [4]. 

 

Voriconazole is a novel triazole antifungal agent used for the treatment of severe fungal infections 

including Aspergillus and Candida species [5]. It is available both as oral and intravenous 

formulations. Voriconazole is rapidly and almost completely absorbed through the oral route and it 

has an extensive tissue distribution [6, 7]. Voriconazole undergoes extensive oxidative metabolism 

involving the cytochrome P450 enzyme isoforms CYP2C9, CYP2C19 and to a lesser extent 

CYP3A4 [8]. Voriconazole has been shown to inhibit several CYP enzymes, like 2C9 (e.g. 

warfarin), 2C19 (e.g. omeprazole) and 3A4 (e.g. sirolimus) [9, 10, 11]. We have previously shown 

that voriconazole has a strong pharmacokinetic interaction with both orally and intravenously 

administered midazolam [12]. After oral administration of midazolam, voriconazole increased the 

area under the plasma concentration-time curve (AUC) more than 10-fold. 

The participation of multiple CYP-enzymes in the metabolism of zolpidem has implications for its 

susceptibility to possible metabolic drug interactions. Since zolpidem is only partially metabolised 

by CYP3A4, the inhibitors of CYP3A4 appear to have a smaller effect on the pharmacokinetics of 

zolpidem as compared to that of e.g. midazolam, which is metabolised almost completely by 

CYP3A4. In an earlier study, ketoconazole reduced the apparent oral clearance of zolpidem by 64 

% and prolonged the elimination half-life by 30 % [13]. However, fluconazole and itraconazole had 
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only a minor effect on the pharmacokinetics of zolpidem and failed to enhance its sedative effects 

[13, 14]. On the other hand, ketoconazole, fluconazole and itraconazole all strongly affect the 

pharmacokinetics of midazolam [15, 16]. Because voriconazole inhibits multiple CYP-enzymes,

which are involved in the metabolism of zolpidem, we found it important to study the possible 

effect of voriconazole on the pharmacokinetics of oral zolpidem. 

 

Methods 

The study protocol was approved by the Ethics committee of the Hospital District of Southwest 

Finland, as well as by the National Agency of Medicines, Finland. Written informed consent was 

obtained from all subjects prior to entry. 

 

Subjects 

Ten healthy volunteers, all men (age range 19 to 29 years; weight range 67 to 100 kg) were 

recruited from the students studying medicine at the University of Turku. Before entering the study, 

the volunteers were ascertained to be in good health by medical history, clinical examination and 

standard haematological and blood chemistry tests. None of the volunteers was receiving any 

continuous medication or was a smoker. 

 

Study design 

We used an open, randomised, two-phase crossover study design at intervals of one week. Before 

the administration of zolpidem, the volunteers were given in a randomised order either no pre-

treatment (control phase) or oral voriconazole (voriconazole phase) for two days. The dose of 

voriconazole (Vfend tablet, Pfizer, Sandwich, Kent, UK) was 400 mg every 12 hours for one day 

and then 200 mg every 12 hours for one additional day. The last dose of voriconazole was given at 

08:00 h with 150 ml of water by the investigators in the research facility, and those volunteers not 

receiving any pre-treatment were given 150 ml of water. One hour after the last dose of 
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voriconazole or the water intake all subjects received 10 mg of oral zolpidem (Stilnoct 10 mg tablet, 

Sanofi-Synthelabo, Bromma, Sweden) with 150 ml of water. The volunteers had been instructed to 

take the pre-treatment at home with meal and the adherence with the drug dosing schedule was 

assessed by using mobile phone short message service. The volunteers fasted for 12 hours before 

the administration of zolpidem. They were given standard meals 4 hours and 8 hours after zolpidem 

administration. The drinking of grapefruit juice, alcohol, coffee, tea or cola on the test days or for 2 

days prior to the study was forbidden. 

 

Blood sampling and drug analysis 

On the test days, a forearm vein of each subject was cannulated and timed blood samples were 

drawn into ethylenediaminetetraacetic acid tubes immediately before the last voriconazole dose and 

0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12 and 24 hours after zolpidem administration. Plasma was separated 

within 30 minutes and stored at -40 ºC until analysis.  

 

Concentrations of zolpidem were determined after HPLC-separation with mass spectrometry and 

zopiclone was used as an internal standard [17]. The sensitivity of the method was 0.25 ng/ml and 

the interday coefficient of variation (CV) for zolpidem was 8.3%, 9.3% and 13.7% at a mean value 

of 1 ng/ml, 10 ng/ml and 100 ng/ml, respectively (n = 12 at each concentration). Concentrations of 

voriconazole were determined by HPLC [18, 19]. The quantitation limit was 20 ng/ml and the CV 

was 3.7%, 0.7% and 0.9% at a mean value of 51.1, 977 and 10047 ng/ml, respectively (n = 3 at each 

concentration). 

 

Pharmacokinetic analysis 

The peak plasma concentrations (Cmax) and corresponding peak plasma concentration times (tmax)

were observed directly from the data. The areas under the zolpidem plasma concentration-time 

curves AUC(0–∞) were estimated by means of the trapezoidal rule with extrapolation to infinity. 
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We used the linear trapezoidal rule while successive concentration values were increasing, and the 

logarithmic trapezoidal rule when successive concentration values were decreasing after the peak 

concentration value. For each subject, the terminal log-linear phase of the plasma zolpidem 

concentration-time curve was identified visually and the elimination rate constant (ke) was 

determined by regression analysis. The elimination half-life (t½) was then calculated from the 

equation: t½ = ln 2 / ke. The pharmacokinetic data was analysed with the use of pharmacokinetic 

program WinNonlin (version 3.0, Pharsight Corporation, California, USA). 

 

Phamacodynamic measurements 

The effects of zolpidem were assessed with three visual analog scales (VAS) and the Maddox wing 

test at the time of blood sampling up to 12 hours after zolpidem administration. Subjective effects 

(alert to drowsy, no drug effect to very strong drug effect, very good performance to very poor 

performance) were recorded on the 100-mm horizontal visual analog scales [20]. The Maddox wing 

test was used to measure the effect of zolpidem on the coordination of the extraocular muscles, and 

the result was given in diopters [21]. For each pharmacodynamic variable, the area under the 

response-time curve was determined by trapezoidal rule for 12 hours. 

 

Statistical analysis 

Student’s paired t-test was used and differences were regarded significant if P < 0.05. We 

calculated also the 95% confidence intervals for the differences between the control and 

voriconazole phases. The possible relationship between the ratio of the AUC(0–∞) of zolpidem 

during the voriconazole phase to that during the control phase and the plasma concentration of 

voriconazole before the administration of last voriconazole dose (Ctrough) was determined by 

Pearson’s product-moment correlation coefficient. The results are expressed as mean values ± SD, 

except in illustrations in which, for clarity, mean values ± SEM are given. All data were analysed 
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with use of the statistical program SPSS for Windows, version 12.0 (SPSS Inc, Chicago, Illinois, 

USA).  

 

Results 

Voriconazole increased the mean Cmax and AUC(0–∞) of oral zolpidem by 20% from 112 to 135 ng 

⋅ ml-1 (P < 0.05; 95% CI of the difference 0.32 to 45.3) and 41% from 528 to 743 ng ⋅ ml-1 ⋅ h (P <

0.001; 95% CI of the difference 119 to 310), respectively (Fig. 1, Table 1). The AUC(0–∞) of oral 

zolpidem was increased in all subjects by voriconazole, the greatest increase being 188%. The t½ of 

zolpidem was prolonged from 3.2 to 4.1 hours (P < 0.01; 95% confidence interval of the difference 

0.27, 1.45). The values for tmax did not change (Fig. 2, Table 1). 

 

Although voriconazole appeared to increase drowsiness in the immediate period following the 

administration of zolpidem, no statistically significant differences between the phases were seen in 

any of the pharmacodynamic variables (Fig. 3). 

 

The mean value of Ctrough of voriconazole was 596 ng/ml (range 249 to 1517) during the 

voriconazole phase. During the voriconazole phase, each of the volunteers had measurable 

voriconazole concentrations before the last dose of voriconazole. In the control phase, the plasma 

voriconazole concentrations were undetectable on the test days. There was no correlation between 

the ratio of the AUC(0–∞) of zolpidem during the voriconazole phase to that during the control 

phase and the Ctrough of voriconazole (r = -0.173; p = 0.63). 

 

All volunteers completed the study but visual adverse events were reported by all ten volunteers. 

Transient altered perception of light, chromatopsia and photophobia were experienced shortly after 
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taking voriconazole. One subject experienced transient headache after starting the pre-treatment 

with voriconazole. No other adverse effects were reported. 

Discussion 

Co-administration of voriconazole moderately affected the pharmacokinetics of oral zolpidem by 

increasing its Cmax by 20% and AUC(0–∞) by 40%. Although voriconazole appeared to increase the 

sedative effects of zolpidem transiently in one of the pharmacodynamic variables, no statistically 

significant differences were seen.  

 

The magnitude of the interaction between an orally administered substrate and an inhibitor of a 

CYP enzyme depends strongly on the pharmacokinetic properties of the substrate. We have 

previously shown that voriconazole increases the area under the oral midazolam plasma 

concentration-time curve more than 10-fold [12]. This occurrence is plausible because oral 

midazolam undergoes significant first-pass metabolism. Thus, the inhibition of first-pass 

metabolism causes a considerable increase of the midazolam concentrations. Another factor 

contributing to the magnitude of the interaction is the metabolic pattern of the substrate. The first-

pass metabolism and elimination of midazolam are almost completely dependent on CYP3A4. The 

oral bioavailability of zolpidem is higher (70-80%) than that of midazolam (30%) and CYP3A4 is 

not the only cytochromal enzyme responsible for its elimination. Studies with human liver 

microsomes have shown that CYP3A4, CYP2C9 and CYP1A2 are likely to make a significant 

contribution to the elimination of zolpidem [2, 4]. Accordingly, an inhibited metabolic pathway of 

zolpidem may be compensated to some degree by another pathway [14]. 

 

Earlier studies with other azole-antifungals have shown that their interactions with zolpidem are 

clearly weaker than those with midazolam or triazolam [13-16, 22]. Both ketoconazole, itraconazole 

and voriconazole have caused at least a 10-fold increase in the mean AUC(0–∞) of oral midazolam 
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and increased greatly also the sedative effects [16, 12]. Correspondingly, itraconazole has increased 

the AUC(0–∞) of oral triazolam 27-fold [22]. However, ketoconazole, fluconazole and itraconazole 

do not increase the mean AUC(0–∞) of zolpidem more than 1.7-, 1.3- and 1.3-fold, respectively 

[13, 14]. In the present study, we observed a 1.4-fold increase of the zolpidem AUC(0–∞) by 

voriconazole. 

 

Despite a statistically significant increase in the AUC(0–∞) and prolongation of the t½ of zolpidem 

by voriconazole, the increased concentrations of zolpidem were not associated with increased 

psychomotor effects. This is understandable because of the log-linear relationship of the 

concentration versus response curves. Small differences in drug concentrations do not result in 

changes of drug effects. However, because no double-blind study design was used, the 

pharmacodynamic findings must be interpreted cautiously. There was a high rate of reversible 

visual disturbances following the administration of voriconazole. Since the volunteers were medical 

students who were well informed on the adverse-effects of voriconazole, even a double-blind study 

design would hardly have increased the validity of the pharmacodynamic results. 

 

Because voriconazole caused only a minor increase in zolpidem concentrations after its oral 

administration, and because no pharmacodynamic changes were observed, our results suggest that 

zolpidem can most likely be used in normal doses in patients receiving voriconazole. Our study was 

done in young healthy male volunteers and the results cannot be extrapolated uncritically to elderly 

patients or patients having renal or liver dysfunction. It was shown recently in the elderly, that the 

clearance of zolpidem is substantially diminished, particularly in men. This may affect the clinical 

significance of the interaction between zolpidem and voriconazole [23]. There is also other 

evidence that gender may have an effect on zolpidem clearance. Women at all ages may have lower 
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oral clearance of zolpidem than men, which may change also the interpretation of the clinical 

significance of the voriconazole-zolpidem interaction [24,25]. 

 

In conclusion, voriconazole increased slightly the concentrations of orally administered zolpidem. 

Because no pharmacodynamic changes were observed, zolpidem can most likely be used in normal 

doses together with voriconazole. Further studies are needed to investigate whether our results can 

be extrapolated to patients having severe system diseases like renal or liver dysfunction.  

 

The study was supported by the EVO grants #13821 and # 13390 of the Hospital District of 

Southwest Finland and the Sigrid Juselius Foundation  
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Legends to the illustrations: 

 

Figure 1. Plasma concentrations (mean ± SEM) of zolpidem in 10 healthy volunteers after an oral 

dose of 10 mg of zolpidem without pre-treatment (open circles) or following pre-treatment with oral 

voriconazole (400 mg b.i.d. on the first day and 200 mg b.i.d. on the second day; solid circles) 

 

Figure 2. Individual values for the peak plasma concentration (Cmax), area under the zolpidem 

plasma concentration-time curve (AUC(0–∞)), and elimination half-life (t½) of zolpidem in 10 

healthy volunteers after an oral dose of 10 mg of zolpidem without pre-treatment (control) or 

following pre-treatment with oral voriconazole (400 mg b.i.d. on the first day and 200 mg b.i.d. on 

the second day). 

 

Figure 3. Results (mean ± SEM) of the recordings of drowsiness, performance and subjective drug 

effect from visual analog scales (VAS) and Maddox wing test after an oral dose of 10 mg of 

zolpidem without pre-treatment (open circles) or following pre-treatment with oral voriconazole 

(400 mg b.i.d. on the first day and 200 mg b.i.d. on the second day; solid circles) to 10 healthy 

volunteers. 
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Table 1. Pharmacokinetic parameters (mean ± SD; median (range) for tmax) of zolpidem after oral 

administration of 10 mg zolpidem without pre-treatment (control) or following pre-treatment with 

oral voriconazole (400 mg b.i.d. on the first day and 200 mg on the second day) to 10 healthy 

volunteers. 

 

Parameter Control phase Voriconazole phase 95% confidence interval of 
the difference between 
voriconazole and control 
phases 

Zolpidem 
Cmax (ng ⋅ ml-1)
% of control (range) 

112 ± 50 
100 

135 ± 47‡ 
120 (90-147) 

0.32, 45.3 

tmax (h) 1 (0.5-4.0) 1.5 (0.5-3.0)  
AUC(0–∞) (ng ⋅ ml-1⋅ h)
% of control (range) 

528 ± 337 
100 

743 ± 412* 
141 (117-288) 

119, 310 

t½ (h) 
% of control (range) 

3.2 ± 1.8 
100 

4.1 ± 1.6† 
128 (100-270) 

0.27, 1.45 

 
Cmax = peak plasma concentration; tmax = time to peak plasma concentration; AUC(0-∞) = area 

under the zolpidem plasma concentration-time curve; t½ = elimination half-life. 

*Significantly (P < 0.001) different from control. 

†Significantly (P < 0.01) different from control. 

‡Significantly (P < 0.05) different from control. 
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Fig. 1. 
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Fig 2. 
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Fig 3. 
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