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Introduction

Dexmedetomidine is an α2-agonist used for a short-
term sedation of adults in the ICU. The central hyp-
notic mechanism is not associated with GABA, as in the 
case of benzodiazepines and propofol. The stimulation 
of an adrenergic system in the central nervous system 
at locus coeruleus elicits a conscious sedation whereas 
the analgesic properties are the effect of substance P 
suppression in the dorsal horn of the spinal column. 
Cardiovascular effects are bradycardia and hypoten-

sion. The lack of respiratory inhibition is one of the 
advantages of the drug [1]. Dexmedetomidine exerts 
cardioprotective, nephroprotective, hepatoprotective 
and neuroprotective activity, and the latter one seems 
to be of special importance to patients in the ICU, 
probably preventing the occurrence of delirium [2, 3].

Clinical studies on healthy volunteers have shown 
that dexmedetomidine pharmacokinetics is best 
described by a two-compartment model. The distribu-
tion phase is rapid with a half-life of 6 min. The drug 
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Aim. This study aimed to examine the influence of maturation and dosage on the sedative and haemodynamic 
response observed in rabbits after the administration of dexmedetomidine. 
Material and methods. The pharmacodynamics of dexmedetomidine was studied on 14 healthy New Zealand 
white rabbits at three periods of maturation; stage 1–1.5 months old, stage 2–2.5 months old and stage 3–6.5 
months old ones. The administered dose of dexmedetomidine ranged from 25 µg/kg to 300 µg/kg of body 
weight. The pedal withdrawal reflex was used to measure the duration of anaesthesia. The heart rate and mean 
arterial pressure were measured at the third stage of the study to evaluate the haemodynamic response. A simple 
pharmacodynamic relationship between the dose and the duration of anesthesia was used to describe the data.
Results. We observed that young rabbits were less sensitive to dexmedetomidine than adult animals, as was 
reflected by the pedal withdrawal reflex, and we found that the haemodynamic response to dexmedetomidine 
depended on dosage of the drug. Dexmedetomidine decreased the mean blood pressure in a dosage-dependent 
manner with the highest decrease observed for the lowest dose. As the dose increased, the hypotensive effect of 
the drug was less noticeable. After the administration of dexmedetomidine the heart rate decreased to the same 
value regardless of the dose applied.
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is highly protein bound. The volume of distribution at 
steady state equals 1.33 L/kg or 118 L. Metabolism of 
dexmedetomidine occurs mainly in the liver by cyto-
chrome P450 (CYP) enzyme 2A6 and uridine diphos-
phate glucuronosyltransferase (UGTs) glucuronidation 
pathways, specifically UGT1A4 and UGT2B10, to inac-
tive metabolites. Dexmedetomidine clearance equals 
39 L/hr, and the elimination half-life of 2–2.5 hours [4].

Currently, dexmedetomidine in humans has been 
registered for sedation. There are still intensive scien-
tific studies on possibilities of dexmedetomidine peri-
operative application in anaesthetized patients as pre-
medication, adjuvant in neuraxial and general anaes-
thesia. The scientists test its narcotic-sparing effects, as 
well as effectiveness for awake fiberoptic intubation, 
and intraoperative sedation [2].

Dexmedetomidine, despite of the fact that it is reg-
istered only for adults, has been recently proposed for 
sedation in the pediatric ICU settings [5]. However, the 
problem which occurs in almost every drug administered 
in the PICU settings, is the lack of detailed pharmacoki-
netic and pharmacodynamic information on the drug in 
children population. Up to 70% of the drugs in pediatric 
intensive care and 90% of the drugs in neonatal inten-
sive care, are prescribed in an off-label or unlicensed 
manner. Pediatric dosing regimens are usually empiri-
cally derived from adult regimens using linear extrapo-
lations based on body weight. However, this calculation 
does not take into account all the physiological changes 
occurring during the maturation process. Child-ren dif-
fer from adults in their response to drugs, one of the 
reason may be a different metabolism which is faster in 
children than in adults. These differences cause changes 
in the pharmacokinetics (PK) and/or pharmacodynam-
ics (PD) of drugs and they may also vary among chil-
dren of different ages. This may lead to therapeutic fail-
ure and severe adverse effects or even death, like in the 
example of fatal complication after propofol infusion 
used for long-term sedation in neonates [6, 7]. Large 
interindividual differences in the pediatric population 
and also the need to broaden patients group to chil-
dren for most of commonly used drugs show the prob-
lem which is occurring in PICU settings. The lack of PK 
and PD information on drugs in children has led to the 
European regulation, which came into force in 2007. 
This law recommends to perform the studies in children 
in the early stages of the development of a new drug 
[6, 8, 9, 10]. Due to the ethical reason, it is difficult to 
eliminate the problem of interindividual variability and 
examine the influence of maturation process on phar-
macodynamics of a given drug in one child in different 

stages of its ripeness. The study conducted in the ani-
mals seems to be a rational solution.

To examine pharmacodynamic response to giv-
en drug in the laboratory setting, scientists use vari-
ous reflexes of different animals. One of them is the 
pedal withdrawal reflex. This reflex was proposed for 
assessing the sedative pharmacodynamic response to 
various drugs: propofol [11], midazolam [12], diaze-
pam-ketamine-pentazocine [13] in rabbits. The aim of 
our study was to examine the influence of the matura-
tion process on the sedative pharmacological response 
to dexmedetomidine in rabbits and to determine the 
influence of different doses of dexmedetomidine on 
rabbits’ monitored hemodynamic parameters.

Materials and methods

All experiments with animals were conducted with 
approval by the local animal care committee and their 
care was in accordance with institutional and interna-
tional guidelines.

Animals
The study was divided into 3 periods according to three 
stages of animals’ growth. 14 healthy New Zealand 
white rabbits with the average weight of 1.2 ± 0.1 kg 
(mean ± SD), aged 42–54 days, were used in the first 
period. In the second period the average weight and 
age of the animals were 1.8 ± 0.2 kg and 75–85 days, 
respectively, whereas in the third period they were 
3.2 ± 0.4 kg and 169–214 days, respectively. Two rab-
bits were not used in the second period due to the pro-
cedural reasons, whereas three new adult animals were 
added during the third period to examine the haemo-
dynamic response to dexmedetomidine.

All the rabbits were housed individually in stainless 
steel cages under controlled environmental conditions. 
The room temperature and relative humidity were con-
trolled at 20–22ºC and 50–60%, respectively. The rab-
bits were provided with 125 g of commercial pelleted 
diet once a day between 08:00 and 12:00 h and they 
drank tap water ad libitum. Dexmedetomidine (Dex-
domitor 0.5 mg/ml, Orion Corporation, Finland) was 
administered intravenously as a single bolus at differ-
ent doses (25 µg/kg, 35 µg/kg, 50 µg/kg, 75 µg/kg, 
100 µg/kg, 140 µg/kg, 150 µg/kg, 200 µg/kg, 250 
µg/kg, 300 µg/kg of body weight). The experiment 
was conducted from November, 2013 till April, 2014.

Animals were fasted on the day of sedation. Just 
before infusion, the rabbits were weighed and placed 
into restraining cages. The hair over the auricular artery 
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and on the tail was removed and the skin cleaned with 
alcohol. A 22G catheter was inserted percutaneously 
into the central auricular artery and fixed with tape. 
Dexmedetomidine was administered to the margin-
al vein of the opposite ear. Warm fluids (38ºC) were 
infused after each blood sampling. Rabbits from peri-
od 3 of examination additionally had arterial catheter 
attached to monitoring system Philips IntelliVue MP5 
with Philips M1567A catheter and sedation included  
monitoring of cardiac and respiratory status.

The animals were oxygenated with 100% oxygen 
at 3 L/min via a facial mask; oxygen flow was contin-
ued until the animals recovered completely. Appropri-
ate dose of dexmedetomidine was administered as 
a bolus injection. Rabbits from stage 3 of examination 
had additionally monitored heart rate and recorded 
from the curve of the arterial blood pressure during 
the first 30 minutes from administration. Blood oxy-
gen saturation was monitored from the shaved tail by 
pulse-oximetry. 

In order to monitor the level of sedation, two basic 
reflexes, i.e. pedal withdrawal reflex and corneal reflex, 
were tested. The reflex was tested in the following peri-
ods: initially, every 20, 40, 50 and 60 seconds, and 
every few minutes after administration, until full recov-
ery. In this study, the recorded starting point and end-
point was loss and return of the pedal withdrawal reflex, 
whereas the corneal reflex was always retained during 
the experiments. The reflex is elicited by extending the 
limb and stimulating it to achieve its withdrawal.

Pharmacodynamics
The main parameter derived from pedal withdrawal 
reflex measurements is the duration of anesthesia (td). 
Assuming an IV infusion and one compartment disposi-
tion model the duration of anesthesia can be described 
by the following equation (1) [14]:

where k denotes elimination rate constant, D denotes 
the administered dose, and Dmin denotes the minimum 
effective dose. For more complex PK the equation can 
also be used, as the terminal (the slowest) phase will 
mostly contribute to the time of responsiveness after 
administration of an anaesthethic. In such case, k will 
denote the slope of the terminal phase.

The statistical analysis was done in Matlab® Soft-
ware version 7.0 (The MathWorks, Inc., Natick, MA, 
USA) using the Curve Fitting Tool.

Results

Table 1 shows comparison between administered 
dose of dexmedetomidine and rabbit response on the 
basis of loss and return of pedal withdrawal reflex. In 
all stages of our research, time required for loss and 
return of the reflex shortens and elongates, respective-
ly, with given dose of dexmedetomidine. Small doses 
entail more time to cause anaesthesia and consequent-
ly shorten the duration of sedation. The higher doses 
of dexmedetomidine the longer is sedation and more 
time needed for pedal withdrawal reflex return. 

The proposed model adequately described the 
experimentally determined durations of anesthesia (td) 
as shown in Figure 1. The linearity of anaesthesia dura-
tion with respect to logarithm of dose indicated that 
a linear PK can be expected within the studied range of 
doses. The following parameter estimates (coefficient of 
variation) were obtained for Stage 1: Dmin = 20.8 (28.5%) 
mg/kg and k = 0.0369 (17%) min-1; Stage 2: Dmin = 11.4 
(39.8%) mg/kg and k = 0.0411 (18.8%) min-1; and Stage 
3: Dmin= 8.60 (83.0 %) mg/kg and k = 0.0367 (32.5%) 
min-1. The obtained terminal elimination rate constants 
corresponded to half-lifes of 18.8 min (Stage 1), 16.9 min 
(Stage 2) and 18.9 min (Stage 3). No age related chang-
es of terminal elimination rate constant were observed. 
However, a decrease of a minimal effective dose with 
rabbits age was evident. It suggested that young rabbits 
were less sensitive for dexmedetomidine than old ones.

Influence of the drug on blood pressure and heart 
rate was summarized in Table 2 and Figure 2. The base-
line MAP equaled 92 ± 8.4 mmHg. It decreased on aver-
age upon dexmedetomidine administration to the value 
of 76 ±9.6 mmHg. Interestingly, the highest decrease 
was observed for the smallest dose (35µg/kg). For larger 
doses the decrease in MAP was less apparent. The signifi-
cant slope of 0.103 mmHg/(mg/kg) between mean MAP 
and dexmedetomidine dose was observed. This value 
indicates that the increase in the dexmedetomidine dose 
of 10 µg/kg is followed by the increase in mean MAP 
of 10.3 mmHg. This equation seems valid for the range 
of studied doses (35–250 µg/kg). The dexmedetomidine 
also decreased the heart rate from the initial (baseline) 
values of 207 ± 49.0 beats/min to 100 ± 20.8 beats/min 
noted during the anesthesia. The decrease in heart rate 
was constant, independent of the administered dose.

Discussion

During the study we examined the relationship between 
the pharmacological response to dexmedetomidine and 
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Table 1. Comparison of dose-dependent loss and return of pedal withdrawal reflex and duration of sedation in the subsequent 
stages of examination in healthy rabbits

Dose Rabbit no. Loss of pedal withdrawal reflex Return of pedal withdrawal reflex Duration of sedation

STAGE 1

[µg/kg] [min] [min] [min]
25 8 01:10 14:30 13:20
35 11 02:30 15:30 13:00

50
10 00:35 16:00 15:25
13 00:40 09:00 08:20
14 00:20 21:05 20:45

75
6 00:50 36:00 35:10
9 00:40 35:00 34:20

100 4 00:35 60:00 59:25
140 3 00:40 59:30 58:50
150 5 00:20 56:00 55:40

200
1 00:40 27:40 27:00
7 00:15 67:00 66:45

250 12 00:15 73:00 72:45
300 2 00:20 80:00 79:40

STAGE 2

35
8 00:50 17:00 16:10
11 00:36 19:00 18:24

50
10 00:20 23:30 23:10
13 00:25 30:20 29:55
14 00:35 45:00 44:25

75
6 00:55 57:00 56:05
9 00:40 59:00 58:20

100 4 00:30 36:00 35:30
150 5 00:50 59:16 58:26

200
1 00:30 60:00 59:30
7 00:26 72:00 71:34

250 2 00:35 80:00 79:25

STAGE 3

35
8 01:25 27:00 25:35
11 01:15 35:45 34:30

50
13 01:50 40:00 38:10
14 00:50 46:00 45:10

75 6 01:50 55:00 53:10

100
2 01:00 105:00 104:00
4 01:00 82:00 81:00

150
17 00:30 73:00 72:30
18 00:50 95:30 94:40

200
1 00:45 62:16 61:31
7 00:30 74:00 73:30

250
16 00:20 127:00 126:40
19 00:50 53:00 52:10

the process of maturation in rabbits and the influence 
of the dosage of dexmedetomidine on the haemody-
namic parameters. There have been reports on the use 
of dexmedetomidine in other animals, like rats [15], 
dogs [16], cats [17] or gerbils [18], but only adult ones. 
The administration of dexmedetomidine has also been 

tested on adult rabbits, mainly in the context of neu-
roprotection, ventilatory and haemodynamic proper-
ties [19, 20]. In our study we used the pedal withdrawal 
reflex to measure the duration of sedation after single 
intravenous administration. We found it useful for test-
ing the level of sedation and anaesthesia both in adult 
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and young rabbits. There have been numerous studies 
that used this reflex to examine other drugs, such as 
propofol, midazolam, pentobarbital alone or in mix-
tures: diazepam-ketamine-pentazocine, katamine-xyla-
zine, midazolam-xylazine-alfentanil [11, 12, 13, 21]. Our 
study was unique for the following reasons. First of all, 
we divided the study into 3 periods, taking into account 

the process of maturation of all animals individually. At 
stage 1 we chose young rabbits (42–54 days old), most-
ly because there is no available literature on intravenous 
administration of dexmedetomidine to this age group. 
We conducted the consecutive stages of the study with 
the same animals but at different ages to determine the 
influence of their maturation process on the pharma-

Table 4. The baseline and average mean arterial pressure and heart rate in rabbits after dexmedetomidine administration at the 3rd stage of the experiment

Dose Rabbit no. Body weight Mean arterial pressure (MAP) [mmHg] Heart rate (HR)bpm

[µg/kg]  [kg] Baseline Mean Baseline- Mean Baseline Mean Baseline- Mean

35
8 3.2 105 68 37 230 128 102

11 3.1 86 63 23 235 100 135

50
13 2,9 84 62 22 129 84 45

14 2.8 94 64 30 190 159 31

75
6 3.3 95 70 25 214 91 123

9 3.0 92 75 17 217 102 115

100
2 3.1 79 80 -1 183 81 102

4 3.2 90 74 16 243 97 146

150
17 3.7 109 84 25 213 94 119

18 3.9 91 77 14 306 106 200

200
1 3.2 86 95 -9 109 75 34

7 2.8 102 85 17 158 83 75

250
16 4.0 82 81 1 243 91 152

19 2.6 91 83 8 234 103 131

Figure 1. The relationship between the dexmedetomidine dose and the time to return of the pedal withdrawal reflex. 
The symbols denote the experimental data. The straight lines indicate the best fit of the Eq. 1 to the data for each 
stage
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codynamics of dexmedetomidine. Thus, we eliminated 
the problem of interindividual variability. We chose the 
rabbits whose weight was around 1 kg, as the titration 
of dexmedetomidine in smaller animals is more difficult 
and thus its application is limited [22]. For the first time 
we also examined the linearity of the pharmacodynam-
ics of dexmedetomidine and its haemodynamic effects 
on rabbits at very narrow dosage intervals. The linear-
ity of the pharmacokinetics of dexmedetomidine is of 
great clinical importance because there is only a limited 
number of data concerning the pharmacokinetics of 
this drug administered in prolonged (> 24 h) infusion at 
large doses (up to 2.5 µg/kg/h) and there are no such 
studies on children [23]. The results show the linear 
relationship between the logarithm of the administered 
dose of dexmedetomidine and the duration of seda-
tion measured with the pedal withdrawal reflex. During 
our study we observed that as the rabbits grew older, 

they became more sensitive to the sedative effects of 
dexmedetomidine. We cannot transfer the results of our 
studies directly to humans, but we can conclude that 
children may require higher doses of dexmedetomidine 
than adults. However, it is necessary to make a pharma-
cokinetic analysis to explain this phenomenon fully and 
we are planning to do it in further parts of our project. 
Moreover, in the third period we examined the influence 
of different doses of the drug on the haemodynamic 
response. Thus, we confirmed the hypotonic effect of 
dexmedetomidine. As far as this effect is concerned, we 
noted that in spite of the fact that dexmedetomidine is 
known for its hypotensive effect, as doses of the drug 
increased, the blood pressure tended to increase, too. 
Potts et al. conducted a study on children after a car-
diac surgery. The aim of their research was to determine 
the influence of the pharmacodynamics of dexmedeto-
midine on the haemodynamics of the circulatory system 

Figure 2. The relationship between the dexmedetomidine dose and mean arterial pressure and heart rate. The open 
symbols denote the baseline values and closed symbols the mean values noted during the anaesthesia for each rab-
bit. The straight lines indicate the trends in the data



114 Journal of Medical Science 2 (83) 2014

in the children who had undergone cardiac surgeries 
and received a bolus dose of 1–4 µg/kg within 10 min-
utes. Large doses of dexmedetomidine were observed 
to cause the contraction of smooth muscles in blood 
vessels. This resulted in a short increase in the arterial 
pressure, whereas the application of small doses of the 
drug had the hypotensive effect [24]. Three doses of 
dexmedetomidine were previously applied to adult rab-
bits (20, 80 or 320 µg/kg) by Zornow who studied the 
haemodynamic effect of dexmedetomidine on rabbits. 
He noted that the administration of the three doses 
under study caused a decrease in the heart rate in a sig-
nificant and dosage-related fashion, whereas the mean 
arterial blood pressure did not change significantly at 
any dose or time. Similarly to Zornow, we noted a sig-
nificant decrease in the heart rate. However, contrary 
to his findings, we observed significant dosage-related 
changes in the MAP. In our study we observed that small 
doses of dexmedetomidne resulted in a significant drop 
in the blood pressure, but this effect was less noticeable 
with higher doses of the drug. The most important dif-
ference between these two studies consists in the fact 
that although our doses were the same as Zornow’s, the 
intervals were more naoorw (25, 35, 50, 75, 100, 140, 
150, 200, 250, 300 µg/kg) [20].

To conclude, young rabbits are less sensitive to the 
sedative pharmacodynamic response of dexmedetomi-
dine than adult animals. The haemodynamic response 
to dexmedetomidine depends on dosage of the drug. 
There was a significant decrease in the blood pressure 
observed with small doses of the drug, but the effect 
was less noticeable with higher doses. After the admin-
istration of dexmedetomidine the heart rate decreased 
regardless of the dose applied.
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