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Aim

 

To determine the absolute bioavailability of extravascularly administered
dexmedetomidine, a novel a2-adrenoceptor agonist, in healthy subjects.

 

Methods

 

Single 2 

 

m

 

g kg

 

-

 

1

 

 doses of dexmedetomidine were given intravenously, intra-
muscularly, perorally and buccally (where the solution is not swallowed) to
12 healthy male subjects. The drug concentration-time data were analysed using
linear one-compartment (buccal and peroral data), or two-compartment modelling
(intravenous data), or noncompartmental methods (intramuscular data).

 

Results

 

Mean (95% CI) absolute bioavailability after peroral, buccal and intramus-
cular administration was 16% (12–20%), 82% (73–92%) and 104% (96–112%),
respectively.

 

Conclusion

 

Dexmedetomidine is well absorbed systemically through the oral
mucosa, and therefore buccal dosing may provide an effective, noninvasive route to
administer the drug.
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Introduction

 

Dexmedetomidine is a potent and specific a2-adrenergic
receptor agonist [1], which causes sedation and anaesthe-
sia in animals [2]. In humans, dexmedetomidine has been
under clinical evaluation as an adjunct to anaesthesia [3,
4] and, more recently, as an agent for sedation in the
intensive care unit [5]. The pharmacokinetics of dexme-
detomidine in humans have been studied after intrave-
nous (i.v), intramuscular (i.m) and transdermal
administration [6–10]. The mean elimination half-life is
1.5–3 h after i.v and i.m. dosing, and 5.6 h after trans-
dermal dosing. After i.m and transdermal administration,
the time to maximum concentration in blood was 1.6–
1.7 h and 6 h, and the absolute bioavailability was esti-
mated to be 73% and 88%, respectively. The aim of this
study was to determine the absolute bioavailability of
dexmedetomidine administered via the peroral (p.o.) and
buccal route. An i.m. dose of the drug was used as a
reference.

 

Methods

 

In this open study, dexmedetomidine hydrochloride
(Orion Pharma, Turku, Finland) was given intravenously
and extravascularly to 12 healthy male subjects (age 20–
27 years; weight 67–85 kg; height 171–191 cm) using a
four-period, cross-over design with balanced randomiza-
tion. The wash-out period between consecutive admin-
istrations was at least 8 days. The general health of the
subjects was ascertained through medical history and by
clinical examinations, including electrocardiography and
a thorough laboratory screening. On the study days,
subjects abstained from smoking, and fasted from the
midnight before and until 3 h after drug administration.
During this period, only water was allowed. Alcohol
intake was prohibited for 48 h and any medication for
2 weeks prior to the beginning of the study. The protocol
was approved by the Ethics Committee of Turku Uni-
versity Central Hospital. Written informed consent was
obtained from each subject.

At the beginning of each study session, a single
2 
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 dose of dexmedetomidine was administered
intravenously (over 5 min at a constant rate using an
infusion pump), intramuscularly (by injection), perorally
(drug solution ingested with 150 ml of water) or buccally
(the drug solution retained in the mouth for 5 min with-
out swallowing, then expelled into a tube for the mea-
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surement of remaining drug). 10 ml venous blood
samples were collected at baseline and at 10 min, 20 min,
30 min, 45 min, 1 h, 1.5 h, 2 h, 3 h, 4 h, 5 h, 6 h and
7 h after receiving the drug. After i.v. administration,
samples were also drawn at 5 and 15 min The blood
samples were centrifuged and the sera stored in polyeth-
ylene storage tubes at 20 

 

∞

 

C. Dexmedetomidine concen-
trations were measured using a validated [11] gas
chromatographic/mass spectrometric method [12]. The
lower limit of quantification was 0.02 

 

m

 

g l

 

-

 

1

 

. The qual-
ity control samples showed an interassay variability of
5.1–7.1% (CV%) over the concentration range 0.1–
2.5 

 

m

 

g l

 

-

 

1

 

. The amount of dexmedetomidine expelled
from the mouth was analysed using a simple high-
performance liquid chromatography method with UV
detection. The coefficient of variation of the method was
less than 1%.

The dexmedetomidine concentration-time data after
i.v. administration were analysed using a linear two-
compartment model with zero-order infusion. The non-
linear least-squares fit to the data was performed using
the reciprocal of the predicted concentrations as a
weighting factor (PCNonlin program 

 

vs

 

 4.0, SCI Soft-
ware, Lexington, Kentucky, USA). The concentration-
time data after p.o. and buccal administration were
analysed using a linear one-compartment model with
first-order absorption and correction for lag-time
(PCNonlin). After i.m. administration, compartment
modelling could not be performed, and, thus, the phar-
macokinetic parameters were calculated using standard
noncompartmental methods (BIOPAK program 

 

vs

 

 2.1,
SCI Software). The absolute bioavailability (extent of
absorption) upon extravascular administrations was calcu-
lated using Equation 1:

 (1)

where AUC refers to the area under the concentration-
time curve. The absolute bioavailability is reported as
geometrical mean (95% confidence interval, CI), and
other parameters as mean 

 

±

 

 s.d.

 

Results

 

The mean concentration-time curves of dexmedetomi-
dine concentrations in serum after i.v., i.m., buccal and
p.o. administration are presented in Figure 1.

After i.v. administration, the half-life of the distribu-
tion phase was 6.5 

 

±

 

 3.4 min, and the drug was initially
distributed into a volume of 0.43 

 

±

 

 0.15 l kg

 

-

 

1

 

. The
elimination half-life was 2.17 

 

±

 

 0.42 hours. Total
clearance  was  0.64 

 

±

 

 0.14 l h

 

-

 

1

 

 kg

 

-

 

1

 

 (47.4 

 

±

 

 9.0 l h

 

-

 

1

 

),
and the apparent volume of distribution at steady-state
was 1.61 

 

±

 

 0.26 l kg

 

-

 

1

 

 (121 

 

±

 

 20 l). The AUC was

F
AUC
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2.76 
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 0.54 
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g h l
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. Interindividual variation in the main
pharmacokinetic parameters was relatively low, with stan-
dard deviation of less than 20%.

After i.m. administration, AUC was 2.84 

 

±

 

0.43 
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g h l
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, giving a mean absolute bioavailability of
103.6% (95.5–112.3%). The peak concentration and the
time to peak were 0.51 

 

±

 

 0.08 
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 and 1.7 

 

±

 

 1.8 h,
respectively. The elimination half-life was 2.5 

 

±

 

 0.6 h.
After p.o. administration, the maximum dexmedeto-

midine concentration in serum (0.11 

 

±

 

 0.04 
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) was
achieved in 2.2 

 

±

 

 0.5 h after a lag-time of 0.6 

 

±

 

 0.3 h.
The terminal half-life was estimated to be 1.2 

 

±

 

 0.3 h
which is probably not an accurate estimate, due to the
low concentrations of dexmedetomidine in the elimina-
tion phase. AUC was 0.45 

 

±

 

 0.18 
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, giving a mean
absolute bioavailability of 15.6% (12.1–20.1%).

Whereas the i.v., i.m. and p.o. doses were exactly
2.0 
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, the actual buccal doses varied from 0.49 to
1.75 
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g kg
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 (mean 

 

±

 

 s.d., 1.12 

 

±

 

 0.33 
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), because
not all drug was absorbed. After buccal administration,
AUC was 1.29 

 

±

 

 0.50 
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g h l
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, and the dose-corrected
mean buccal bioavailability was 81.8% (72.6–92.1%). The
peak concentration (0.29 

 

±

 

 0.09 
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g l
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1

 

) was attained at
1.5 

 

±

 

 0.2 h after a short lag-time of 0.13 

 

±

 

 0.04 hours.
The apparent elimination half-life was 1.9 

 

±

 

 0.5 h.

 

Discussion

 

Consistent with previous reports [6, 7], dexmedetomi-
dine kinetics after i.v. administration could be described
adequately by a two-compartment model. The pharma-

 

Figure 1

 

Mean curves of dexmedetomidine concentrations
in serum 

 

vs

 

 time after intravenous (i.v), intramuscular (i.m),
buccal and peroral (p.o) administration of a single 2.0 
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cokinetic parameters obtained after i.v. infusion are com-
parable with previously reported data [6, 7, 10].

In the present work, dexmedetomidine appeared to
show complete bioavailability after i.m. administration,
compared to a previously reported value of 73% [9].
However, the time to maximum concentration and the
elimination half-life after i.m. dosing are in line with the
earlier results [8].

The major finding in the current study was that
dexmedetomidine seemed to be well absorbed systemi-
cally through oral mucosa, the buccal bioavailability
being as high as 82% and the maximum concentration
in serum being reached in 1.5 h. In contrast, the bio-
availability after p.o. administration was poor (16%),
probably due to extensive first-pass effect of dexmedeto-
midine. Based on these observations, we suggest that
buccal dosing of dexmedetomidine provides a clinically
relevant, noninvasive alternative to the invasive i.v. or i.m.
route of administration.

This study was supported by Orion Corporation, Orion Pharma,
Finland.
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