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Midazolam is a water-soluble benzodiazepine 
sedative-hypnotic (Paulson et al, 2017).  It can relieve 
headaches and moderate ataxia and, at physiologic 
pH, the drug becomes much more lipid-soluble 
(Dundee et al, 1984). Midazolam is also considered 
to be a “model” substrate drug for CYP3A enzyme 
in animals. It has been used widely to evaluate 
CYP3A activity and, through finite sampling, has 
been employed to evaluate CYP3A activity in vivo 
(Lee et al, 2002; Katzenmaier et al, 2011; Halama et 
al, 2013). Itraconazole is a broad-spectrum triazole 
used to treat infections caused by dermatophytes, 
yeasts, dimorphic and dematiaceous fungi and molds 
(Haria et al, 1996). Itraconazole is also a competitive 
inhibitor of CYP3A, causing significant drug–drug 
interactions if co-administered with other CYP3A 
substrates (Neuvonen et al, 1998; Olkkola et al, 1996; 
Templeton et al, 2008). Itraconazole is eliminated 
by CYP3A oxidation to hydroxyitraconazole and 
N-desalkyl-itraconazole. After multiple doses, 
40–50% of total CYP3A inhibition is attributed to 
hydroxyitraconazole and N-desalkyl-itraconazole 
(Ke et al, 2014). Some investigators recommended 
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ABSTRACT
The objective of this study was to investigate the effect of the CYP3A enzyme specific inhibitor Itraconazole on 

the pharmacokinetics of midazolam in Bactrian camels. The camels were allocated randomly into 2 groups of 5 animal 
each. Camels in group 1 were given a single dose of midazolam only, and camels in group 2 were administered 4 
consecutive days of Itraconazole and a single dose of Midazolam. Blood samples were collected from the jugular vein 
at different times. Midazolam concentration in plasma was determined by high-performance liquid chromatography-
ultraviolet detection. The pharmacokinetic parameters of Midazolam were analysed by Phoenix WinNonLin v7.0. 
There were no significant differences in the clearance or mean residence time of midazolam between the two groups. 
However, substantial differences were observed in T½, Tmax, Cmax, AUC0–t and Vd between them. T½, Cmax and 
AUC0–t in group 2 were higher than that in group 1, whereas Tmax and Vd in group 2 were significantly lower than 
that in group 1. Therefore, midazolam was metabolised mainly by CYP3A in Bactrian camels, and Itraconazole, a 
specific inhibitor of CYP3A enzyme, could inhibit CYP3A activity significantly and affect the pharmacokinetics of 
midazolam in Bactrian camels.
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Itraconazole as an alternative strong CYP3A inhibitor 
for use in clinical studies, but noted that the other 
investigators could suggest other CYP3A inhibitors 
(Ke et al, 2014; Vermeer et al, 2016).

The pharmacokinetic characteristics of drugs 
(including midazolam) are affected significantly by 
Itraconazole (Olkkola et al, 1996; Isoherranen et al, 
2004). The area under the curve (AUC) of midazolam 
was increased by 1.45- or 1.44-fold after single or 
repeated Itraconazole treatment in rats, respectively 
(Sawada et al, 2002). Therefore, midazolam and 
itraconazole can be used as a specific probe substrate 
and inhibitor for CYP3A, respectively, to study 
the effect of the CYP3A-enzyme specific inhibitor 
itraconazole on the pharmacokinetics of midazolam 
in Bactrian camels.

Materials and Methods

Experimental Camels
All study procedures and animal care 

activities were conducted in accordance with the 
Bioethics Committee of the College of Veterinary 
Medicine in Inner Mongolia Agricultural University 




