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Summary

Dexmedetomidine (DEX) is a highly selective a2-adrenoceptor agonist in both the central and
peripheral nervous systems. Its cardiorespiratory effects have been described; however, these
effects have not been reported when it is used in combination with volatile anaesthetics in
rats. The cardiovascular and respiratory actions of a continuous intravenous infusion of
0.25 mg/kg/min of DEX administered to rats anaesthetized at 1 minimum alveolar
concentration (MAC) of either halothane (HAL) or isoflurane (ISO) were studied. Twenty-
eight rats were grouped into four treatment groups: HAL alone, ISO alone, DEXþHAL and
DEXþ ISO. The MACHAL or MACISO was determined in each rat from alveolar gas
samples at the time of tail clamping. Control MAC values, expressed as mean7standard
deviation, were 1.3170.1% for HAL and 1.4670.05% for ISO. DEX reduced HAL MAC from
1.3170.1% to 0.3670.22% (72717% MAC reduction) and ISO MAC from 1.4670.05% to
0.8370.2% (43714%MAC reduction). Heart rate (HR) was decreased in both DEX groups at
1 MAC, with no differences between HAL and ISO. The mean arterial pressure was
significantly depressed in the DEXþ ISO group compared with the ISO only group. This
difference in mean arterial blood pressure (MABP) was not seen between the DEXþHAL
and HAL only groups. Respiratory depression was minor at 1 MAC with both inhalant
anaesthetics. DEX reduced the MAC of HAL to a degree greater than it decreased the MAC
of ISO. The effects of DEX on HR and ventilation were similar in rats anaesthetized with
HAL or ISO at 1 MAC; however, hypotension was more pronounced when DEX was
combined with ISO at 1 MAC.
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Dexmedetomidine (DEX) is a potent,
efficacious and selective agonist of a2-
adrenoceptors in the central and peripheral
nervous system (Vickery et al. 1988). It
belongs to the imidazoline group of drugs,
and is the pharmacologically active

D-isomer of the racemate medetomidine,
a sedative agent widely used in veterinary
medicine.

The hypnotic and analgesic properties of
DEX, as well as its cardiorespiratory effects,
have been described in animals and humans
(Vickery et al. 1988, Kersten et al. 1993, Bol
et al. 1997, Farber et al. 1999). The ability
of DEX to reduce the intraoperative
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requirements for inhalant (Segal et al. 1989,
Savola et al. 1991, Aantaa et al. 1997) and
injectable anaesthetics (Scheinin et al. 1992,
Meert & De Kock 1994, Venn et al. 1999,
Joo et al. 2000, Peden et al. 2001) has been
demonstrated. However, the cardiovascular
and respiratory effects of DEX when used in
combination with volatile anaesthetics have
not, to our knowledge, been described in rats.

The aim of this study was to describe the
cardiovascular and respiratory effects of a
continuous intravenous infusion of DEX in
rats anaesthetized with halothane (HAL) or
isoflurane (ISO) at 1�minimum alveolar
concentration (1 MACHAL or 1 MACISO,
respectively).

Materials and methods

Animals and husbandry

A total of 28 female SPF Wistar Hannover
rats (Harlan Interfauna Iberica SL, Barcelona,
Spain), weighing 200720 g (180–220 g) and
aged three months, were used in these
experiments. Studies were approved by the
institutional animal care committee. Rats
were housed in groups of seven in type IV
Plexiglas cages on wood chip bedding, and
maintained on a 12h light/12h dark cycle
(light on at 07:00 h). The animals had free
access to commercial rodent food (CRM,
Harlan Interfauna Iberica SL, Barcelona,
Spain), and tap water was available ad
libitum from polyethylene water bottles.
The environmental conditions were held
constant; room temperature 20721C and
50–60% relative humidity. The animals were
allowed to acclimatize for at least one week
before the studies took place, and did not
receive any medication. Each experiment
was performed in themorning (09:00–12:00h).
All animals were handled according to the
guidelines set forth in the ‘Guide for the
Care and Use of Laboratory Animals’
published by the National Institutes of
Health.

Instrumentation and monitoring

For induction of anaesthesia, each rat was
placed in a 30� 15� 10 cm induction
chamber, and a concentration of 5% ISO

(Foranes, Abbott Laboratories Ltd, Kent,
UK) or 4% HAL (Fluothanes, AstraZeneca
SA, Madrid, Spain) vaporized in 100%
oxygen at a flow rate of 8 L/min was added.
When the animals had lost their palpebral
reflex and jaw tone, tracheal intubation was
performed with the animal positioned in
dorsal recumbency using a 16-gauge
polyethylene catheter (Abbott Ireland, Sligo,
Republic of Ireland). Then, a 0.89mm
diameter� 45 cm length flexible, blunt-tip,
Teflon-coated guidewire (Intermedica,
Madrid, Spain) was inserted into the trachea
with an otoscope and used to direct the
endotracheal catheter (Weksler et al. 1994).
Correct placement of the catheter was
confirmed by CO2 infrared-absorption
analysis (8050, Dräger Medizintechnik
GMBH, Germany), and it was then
connected to a small T-piece breathing
system with a minimal dead space (0.2mL)
and a fresh gas flow of 2L/min of oxygen.
During the study, the rats breathed
spontaneously. The inspired concentration
of ISO or HAL was adjusted as necessary
(2.1–2.3% for ISO and 1.9–2.1% for HAL),
based on assessment of the palpebral reflex
and haemodynamic responses during
instrumentation. The carotid artery was
exposed via surgical cutdown and
catheterized using a 24-gauge polyethylene
catheter (Abbott Ireland, Sligo, Republic of
Ireland); this was connected to a calibrated
pressure transducer (Transtar TM DPT,
Medex Medical Inc, Haslingden, UK) by
means of a 15 cm non-pliant extension set
(Portexs, Smiths Industries, Kent, UK). This
access allowed for arterial blood sampling
and continuous blood pressure measure-
ment. Direct arterial blood pressure (ABP)
and heart rate (HR) were continuously
recorded (PM 8060 vitara, Dräger
Medizintechnik GMBH, Germany). Rectal
temperature (Temp) was maintained
between 371C and 381C by means of a total
temperature management system (Bair
Huggers model 505, Augustine Medical
Inc, MN, USA). Arterial blood gases
were measured at the end of each study
period (1306 pH/Blood Gas Analyser,
Instrumentation Laboratory, Barcelona,
Spain). A tail vein was catheterized with a
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24-gauge polyethylene catheter (Abbott
Ireland, Sligo, Republic of Ireland) for the
infusion of DEX or saline (SAL) solution
(Perfusors compact, B/BRAUN Melsungen
AG, Germany). Respiratory rate (RR) and
alveolar concentration of ISO or HAL were
measured by endotracheal gas sampling
(60mL/min), using a calibrated infrared-
absorption analyser (8050, Dräger
Medizintechnik GMBH, Germany). Inspired
and end-tidal ISO or HAL concentrations
were continuously obtained by means of a
fine catheter (0.9mm external diameter –
Portexs model 100/383/118, Hythe, UK)
inserted through the endotracheal tube with
the tip located at the level of the carina. At
the end of each experiment, animals were
deeply anaesthetized with the inhalant agent
in use and euthanized with 50mEq/kg
intravenous potassium chloride (UCB
Pharma, SA, Barcelona, Spain).

MAC determination

Before the first MAC determination, the
inspired concentration was adjusted to 1.4%
for ISO and to 1.3% for HAL, which are
values close to the reported MACISO and
MACHAL for rats (Steffey 1996). Each ISO or
HAL end-tidal concentration was held
constant for at least 15min in an attempt to
reach equilibrium between alveolar gas (end-
tidal), arterial blood and brain (Quasha et al.
1980).

The method described by Quasha et al.
(1980) was used to determine the MACISO

and MACHAL values. A supramaximal
noxious stimulus was applied to the animal
at a specific end-tidal concentration of each
volatile agent. This stimulation was
performed by tail clamping with a 20 cm
full-length haemostat (Aesculaps,
Germany). The tail was always clamped
close to the base and to a full ratchet lock,
but at different sites, for 60 s. If the response
was positive, the delivered ISO or HAL
concentration was increased by 0.1–0.2%,
and, if the response was negative, the
concentration of the volatile anaesthetic
was decreased by 0.1–0.2%. After a re-
equilibration period of 15min, the
application of the stimulus was repeated. A

response was considered to be positive when
the rat made a gross purposeful muscular
movement of the head, extremities or body,
or a combination of these, whereas a
negative response was considered to be a
lack of movement, tail flicking, swallowing
or chewing. The MACISO or MACHAL was
then calculated as the average between
the highest concentration that allowed
movement of the animal in response to
the noxious stimulus and the lowest
concentration that prevented movement. For
each rat, MAC was determined in duplicate.
MAC values were corrected to a sea-level
barometric pressure of 760mmHg by using
the following formula: MAC (%) at sea level
barometric pressure (760mmHg) (altitude
adjusted MAC)¼measured MAC (%)�
measured ambient barometric pressure
(705mmHg)/sea level barometric pressure
(760mmHg) (Mama et al. 1999).

Experimental design

Rats were randomly allocated into four
groups of seven animals. Two groups
received a continuous intravenous infusion
of 0.25 mg/kg/min DEX (Precedexs, Abbott
Laboratories, North Carolina, USA), one
group received ISO (DEXþ ISO) and the
other HAL (DEXþHAL) anaesthesia. The
other two groups received a continuous
intravenous infusion of SAL (0.9% NaCl
solution, B/BRAUN Medical SA, Barcelona,
Spain) equivalent to the volume of 0.25 mg/
kg/min DEX; one group was anaesthetized
with ISO (SALþ ISO) and the other with
HAL (SALþHAL). This infusion rate was
maintained until the end of each MAC
determination. In all groups, MAC
determination was initiated 30min after the
beginning of the infusion. The person
assessing the response of the animals was
blinded to the treatment. Basal cardio-
vascular, respiratory and temperature
parameters were recorded before the
beginning of the infusion, and at each
end-tidal ISO and HAL concentration before
tail clamping. For statistical analysis, only
the values recorded at the negative point
around MAC for each rat were considered.
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Statistical analysis

Statistical analysis of data was performed
using the JMP 5.1. software program (SAS
Institute Inc, Cary, NC, USA). All data were
grouped and summarized as mean7standard
deviation (SD). Analysis of variance
(ANOVA) was made and post hoc
comparison of the groups was performed
using the Tukey–Kramer test. A Po0.01
value was considered statistically
significant.

Results

MAC reduction

The MACHAL value corrected to the
barometric pressure at sea level in the
control group was 1.3170.1%. The corrected
MACHAL value in the DEX group was
0.3670.22% (72717% MAC reduction).
The MACISO value corrected to the
barometric pressure at sea level in the
control group was 1.4670.05%. The
corrected MACISO value in the DEX group
was 0.8370.2% (43714% MAC reduction)
(Figure 1).

Cardiovascular and respiratory parameters

At the beginning of the infusion, when
the inspired concentration of volatile
anaesthetic was 1.4% for ISO and 1.3% for
HAL, the ABP and RR of the animals rapidly
dropped into the range of 35–40mmHg and
25–30bpm, respectively, in groups treated
with DEX.

At MAC values, HR was statistically
lower in both DEX groups (25% reduction

in DEXþ ISO and 28% reduction in
DEXþHAL groups) in comparison with
their respective control groups (SALþ ISO
and SALþHAL groups, respectively). No
statistical differences in HR were seen
between the SALþ ISO and SALþHAL
groups or the DEXþ ISO and DEXþHAL
groups (Table 1). Mean arterial blood
pressure (MABP) was statistically lower in
the DEXþ ISO group (35% reduction)
compared with its control (SALþ ISO group).
In comparison, both groups of HAL-
anaesthetized rats had similar MABP values.
No statistical differences in MABP were
seen between the homologue groups of ISO
and HAL (Table 1). There were no statistical
differences in RR, PaO2, PaCO2, pH and
temperature values between any groups
(Table 1).
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Figure 1 Effect of dexmedetomidine intravenous
administration (0.25lg/kg/min) on the minimum
alveolar concentration of isoflurane and halothane
in rats. #Significantly (Po0.01) different from the
respective saline group

Table 1 Cardiorespiratory and temperature values at isoflurane (ISO) or halothane (HAL) minimum alveolar
concentration determination after intravenous administration of either saline (SAL) or 0.25lg/kg/min of
dexmedetomidine (DEX)

SAL+HAL DEX+HAL SAL+ISO DEX+ISO

Heart rate (bpm) 400714 287734� 376718 284724�

Mean arterial blood pressure (mmHg) 8975 80715 100710 6474�

Temperature (1C) 37.770.2 37.670.2 37.670.3 37.870.4
Respiratory rate (rpm) 6677 5679 5779 5577
pH 7.26870.075 7.26970.081 7.32470.053 7.30870.061
PaO2 (mmHg) 185764 153763 169746 162787
PaCO2 (mmHg) 46.4711.8 49.7711.6 41.674.2 44.376.2

�Significantly (Po0.01) different from the respective saline group
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Discussion

A 0.25 mg/kg/min continuous intravenous
infusion of DEX reduces the MAC of HAL
to a significantly greater degree than the
MAC of ISO (72% versus 43% MAC
reduction, respectively), and produces more
severe hypotension in rats anaesthetized
with ISO at 1 MAC. However, the effect
on HR and ventilation is similar in rats
anaesthetized at 1 MAC of either HAL
or ISO.

Without a loading dose of DEX, it would
take a long time (approximately five half-
lives) to reach a steady state. The mean time
from the beginning of the infusion until
MAC determination was 94711min in the
DEXþHAL group and 88718min in the
DEXþ ISO group. Therefore, the concentra-
tion of DEX at MAC determination would be
similar in both groups. Since the reported
half-life (t1/2b) of DEX is 57.473.6min (Bol
et al. 1997), at MAC determination in both
DEX groups, two half-lives (t1/2b) would have
passed. The plasma concentration achieved
at this point would be 75% of the steady-
state concentration, assuming the half-life
described for DEX in conscious rats (Bol
et al. 1997). The half-life of any drug is
expected to be longer in anaesthetized
animals. Since the pharmacokinetics of DEX
in anaesthetized rats has not been described
yet, we cannot accurately predict the
plasma concentration achieved at MAC
determination. However, the purpose of
this study was not to calculate this
concentration, but to assure that it would be
similar in both DEX groups in order to
compare HAL and ISO. Considering that the
anaesthetic depth was similar at MAC
determination in both the HAL and ISO DEX
groups, one might expect similar half-life
variation and therefore similar plasma
concentrations.

After instrumentation and before the
continuous infusion was initiated, the
inspired concentration was adjusted to 1.4%
for ISO and 1.3% for HAL. At the beginning
of the infusion, the ABP and RR rapidly
dropped, reaching life-threatening values in
groups treated with DEX. Therefore, in these
groups, the inspired concentration of ISO or

HAL was initially reduced by up to 0.4%.
Afterwards, the subsequent changes in the
inspired concentration were 0.1–0.2%, being
closer to 0.1% around MAC.

There is a well-documented synergism
between DEX and volatile anaesthetics,
including ISO and HAL, in terms of MAC
reduction (Segal et al. 1989, Savola et al.
1991, Aantaa et al. 1997, Khan et al. 1999).
This reduction is dose-dependent, such that,
at high doses of DEX in rats (100 mg/kg i.p.),
HAL can be discontinued and inspired ISO
concentration reduced by 90% (Segal et al.
1989, Savola et al. 1991). In this study, we
obtained a 72% reduction in the MAC of
HAL and 43% reduction for ISO using DEX
(0.25 mg/kg/min). HAL suppresses movement
by depressing the nociceptive neuronal
transmission in the spinal dorsal horn, and
also by reducing neuronal transmission at
more ventral sites (Jinks et al. 2003).
However, ISO does not depress dorsal horn
activity, but only ventral horn neuronal
transmission (Jinks et al. 2003). This could
explain the stronger interaction between
DEX and HAL, since this a2-adrenoceptor
agonist exerts its antinociceptive effect by
reducing dorsal horn activity (Sullivan et al.
1992).

Alpha2-adrenoceptor agonists produce
bradycardia and have a biphasic effect on
blood pressure depending on the plasma
concentration. At high plasma concentra-
tions, they cause hypertension due to the
agonist interaction with the a2-receptors in
the vascular smooth muscle (van Zwieten &
Chalmers 1994). However, at low
concentrations, they bind to a2-receptors
located in vasomotor centres in the brain
stem, causing a reduction in sympathetic
tone, leading to a decrease in HR and MABP
(van Zwieten & Chalmers 1994). These
effects may be due in part to additional
binding to centrally located noradrenergic
imidazoline receptors (Bol et al. 1997) and
to the decrease in plasma concentrations of
noradrenaline (van Zwieten 1988).

HR was reduced by 28% in the DEXþ

HAL group, and by 25% in the DEXþ ISO
group. These percentages are similar to that
obtained by Bol et al. (1997) at the end of the
10min infusion dose of 0.25 mg/kg/min of
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DEX in non-anaesthetized rats. However,
we did not record hypertension in any
DEX group, and this may be because the
maximum plasma concentrations achieved
in our study were lower than the concen-
tration necessary to produce that effect.
MABP was significantly reduced in the
DEXþ ISO group by 35%, but not in the
DEXþHAL group. No changes in ABP were
seen at the end of a 10min infusion of DEX
at 0.25 mg/kg/min in non-anaesthetized rats
(Bol et al. 1997), and neither were they
seen in dogs treated with oral DEX and
anaesthetized with HAL at 1� MAC
(Vickery et al. 1988). It is well documented
that HAL and ISO differ in the way each
reduces ABP. HAL decreases myocardial
contractility, leading to reduced cardiac
output, whereas ISO decreases systemic
vascular resistance by reducing the vascular
tone (Eger 1984). The greater decrease in ABP
when using an infusion of 0.25 mg/kg/min of
DEX together with ISO at 1 MAC might be
due to an interaction of the vasodilatory
effect produced by each drug.

PaO2, PaCO2 and pH values were similar
in all groups. These results suggest that the
infusion protocol of 0.25 mg/kg/min of DEX
did not potentiate the respiratory depression
caused by volatile anaesthetics. At concen-
trations over 1 MAC, ISO has been reported
to depress respiration more than HAL;
however, at 1 MAC, they have similar
ventilatory effects (Eger 1984). Bol et al.
(1997) reported minor ventilatory depressant
effects at any plasma concentration of DEX
in conscious rats.

Our results show PaO2 values of
150–200mmHg, which are lower than
expected in normal healthy animals
breathing 100% oxygen. The inspired
concentration of oxygen may have been less
than 100% in the rats of our study, firstly
because the endotracheal tube was not
sealed, and, secondly, in order to reduce
expiratory resistance, the expiratory limb of
the T-piece breathing system was very short.
Alternatively, the animals may have had a
degree of arterio-venous shunt, which could
have affected the gas exchange.

In summary, a continuous intravenous
infusion of 0.25 mg/kg/min of DEX reduces

the MAC of HAL to a greater degree than the
MAC of ISO, and produces a profound
bradycardia in rats anaesthetized at 1 MAC
of either HAL or ISO; however, it causes
hypotension only in rats anaesthetized with
ISO at 1 MAC, but not in rats anaesthetized
with HAL at 1 MAC.

References

Aantaa R, Jaakola ML, Kallio A, Kanto J (1997)
Reduction of the minimum alveolar concentration
of isoflurane by dexmedetomidine. Anesthesiology
86, 1055–60

Bol CJ, Danhof M, Stanski DR, Mandema JW (1997)
Pharmacokinetic–pharmacodynamic characteriza-
tion of the cardiovascular, hypnotic, EEG and
ventilatory responses to dexmedetomidine in the
rat. Journal of Pharmacology and Experimental

Therapeutics 283, 1051–8
Eger II EI (1984) The pharmacology of isoflurane.

British Journal of Anaesthesia 56, 71S–99S
Farber NE, Samso E, Staunton M, Schwabe D,

Schmeling WT (1999) Dexmedetomidine modu-
lates cardiovascular responses to stimulation of
central nervous system pressor sites. Anesthesia

and Analgesia 88, 617–24
Jinks SL, Martin JT, Carstens E, Jung SW, Antognini JF

(2003) Peri-MAC depression of a nociceptive with-
drawal reflex is accompanied by reduced dorsal
horn activity with halothane but not isoflurane.
Anesthesiology 98, 1128–38

Joo G, Horvath G, Klimscha W, et al. (2000) The
effects of ketamine and its enantiomers on the
morphine- or dexmedetomidine-induced antinoci-
ception after intrathecal administration in rats.
Anesthesiology 93, 231–41

Kersten J, Pagel PS, Tessmer JP, Roerig DL, Schmeling
WT, Warltier DC (1993) Dexmedetomidine alters
the hemodynamic effects of desflurane and
isoflurane in chronically instrumented dogs.
Anesthesiology 79, 1022–32

Khan ZP, Munday IT, Jones RM, Thornton C, Mant
TG, Amin D (1999) Effects of dexmedetomidine on
isoflurane requirements in healthy volunteers. 1:
Pharmacodynamic and pharmacokinetic interac-
tions. British Journal of Anaesthesia 83, 372–80

Mama KR, Wagner AE, Parker DA, Hellyer PW,
Gaynor JS (1999) Determination of the minimum
alveolar concentration of isoflurane in llamas.
Veterinary Surgery 28, 121–5

Meert TF, De Kock M (1994) Potentiation of the
analgesic properties of fentanyl-like opioids with
alpha2-adrenoceptor agonists in rats. Anesthesio-
logy 81, 677–88

Peden CJ, Cloote AH, Stratford N, Prys-Roberts C
(2001) The effect of intravenous dexmedetomidine
premedication on the dose requirement of propofol

Laboratory Animals (2006) 40

14 E Rioja et al.

 at Kungl Tekniska Hogskolan / Royal Institute of Technology on March 6, 2015lan.sagepub.comDownloaded from 

http://lan.sagepub.com/


to induce loss of consciousness in patients receiv-
ing alfentanil. Anaesthesia 56, 408–13

Quasha AL, Eger EI 2nd, Tinker JH (1980) Determi-
nation and applications of MAC. Anesthesiology

53, 315–34
Savola MK, MacIver MB, Doze VA, Kendig JJ, Maze M

(1991) The alpha 2-adrenoceptor agonist dexmede-
tomidine increases the apparent potency of the
volatile anesthetic isoflurane in rats in vivo and in
hippocampal slice in vitro. Brain Research 548, 23–8

Scheinin B, Lindgren L, Randell T, Scheinin H,
Scheinin M (1992) Dexmedetomidine attenuates
sympathoadrenal responses to tracheal intubation
and reduces the need for thiopentone and pre-
operative fentanyl. British Journal of Anaesthesia

68, 126–31
Segal IS, Vickery RG, Maze M (1989) Dexmedeto-

midine decreases halothane anesthetic requirements
in rats. Acta Veterinaria Scandinavica Supplement

85, 55–9
Steffey EP (1996) Inhalation anesthetics. In: Lumb

and Jones Veterinary Anesthesia. 3rd edn. (Thur-
mon JC, Tranquilli WJ, Benson GJ, eds). Maryland:
Lippincott and Wilkins, 297–320

Sullivan AF, Kalso EA, McQuay HJ, Dickenson AH
(1992) The antinociceptive actions of dexmedeto-
midine on dorsal horn neuronal responses in the
anaesthetized rat. European Journal of Pharmacol-

ogy 215, 127–33
van Zwieten PA (1988) Antihypertensive drugs inter-

acting with a- and b-adrenoceptors. A review of
basic pharmacology. Drugs 35, 6–19

van Zwieten PA, Chalmers JP (1994) Different types of
centrally acting antihypertensives and their targets
in the central nervous system. Cardiovascular

Drugs and Therapy 8, 787–99
Venn RM, Bradshaw CJ, Spencer R, et al. (1999)

Preliminary UK experience of dexmedetomidine, a
novel agent for postoperative sedation in the
intensive care unit. Anaesthesia 54, 1136–42

Vickery RG, Sheridan BC, Segal IS, Maze M (1988)
Anesthetic and hemodynamic effects of the
stereoisomers of medetomidine, an alpha-2 adre-
nergic agonist, in halothane-anesthetized dogs.
Anesthesia and Analgesia 67, 611–15

Weksler B, Ng B, Lenert J, Burt M (1994) A simplified
method for endotracheal intubation in the rat.
Journal of Applied Physiology 76, 1823–5

Laboratory Animals (2006) 40

Dexmedetomidine cardiorespiratory and MAC effects 15

 at Kungl Tekniska Hogskolan / Royal Institute of Technology on March 6, 2015lan.sagepub.comDownloaded from 

http://lan.sagepub.com/

