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A total of 10 laboratory beagles was used to determine the cardiovascular and re
spiratory effects of medetomidine. The effects of atropine sulphate and glycopyr
rolate on heart rate were also observed. Xylazine was included as a positive con
trol. Medetomidine induced initial hypertension followed by a longer lasting hy
potensive period. Evident bradycardia with second degree atrioventricular blocks 
and decrease in respiratory frequency was observed. Atropine sulphate and glyco
pyrrolate transiently abolished the bradycardic effect of medetomidine. Xylazine 
exhibited a similar cardiovascular and respiratory pattern to medetomidine. 

atropine sulphate; glycopyrrolate; blood pressure; heart rate; ECG; re
spiratory frequency. 

Introduction 
Medetomidine (MPV-785), 4-(1-(2,3-dime
thylphenyl) ethyl]-lH-imidazole (Fig. 1) is a 
new sedative and analgesic drug intended for 
use in dogs and cats (Vainio et al. 1986/87, 
Vainio et al., 1989). Its cardiovascular pro
perties have been studied in rats (Savo/a et 
al. 1986) and human volunteers (Scheinin et 
al. 1987), hypotension and clear bradycardia 
being evident in both trials. 
The mechanism of the cardiovascular and 
sedative/analgesic action of medetomidine 

Figure l. The chemical structure of medetomidine. 

is most probably alpha-2-adrenoceptor ago
nism (Virtanen 1985, MacDonald & Virta
nen 1986, Savo/a et al. 1986, Virtanen et al. 
1988). The same mechanism mediates the ef
fects of xylazine (Rompun®) (Hedler et al. 
1981, Hsu 1981) and detomidine (Domose
dan®) (Vainio 1983, Virtanen & Nyman 
1985). They are both frequently used veteri
nary sedatives with bradycardic (Hubbell & 
Muir 1982, Vainio 1985) and hypotensive 
(Hubbell & Muir 1982, Nilsfors & Kvart 
1986, Savo/a 1986) properties. 
The present study was performed to investi
gate the cardiovascular and respiratory ef
fects of medetomidine in dogs. Xylazine was 
included as a positive and placebo as a nega
tive control. The effect of atropine and gly
copyrrolate on heart rate was also observed. 

Materials and methods 
The study was performed in 2 parts. Firstly, 
effects on the arterial blood pressure, heart 
rate, electrocardiogram (ECG) and respira
tory frequency were observed. Secondly, ef-
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feet of atropine and glycopyrrolate on heart 
rate was studied.' 
Ten laboratory beagles were used, both parts 
of the study had their own dogs, 3 bitches 
and 2 males. The ages varied from 0.5 yrs to 
1.5 yrs and weights from 9.3 kg to 14.8 kg at 
the beginning of the study. The dogs were 
conditioned to 12 h light and 12 h dark pe
riods. Food and water were available ad libi
tum. 
The following test substances were included. 
The first part: medetomidine HCl (Domi
tor®, Farmos Group Ltd) 40, 80 and 160 
µg/kg BW, xylazine HCl (Rompun®, Bayer 
Leverkusen) 3 mg/kg BW and physiological 
saline. They were sealed in coded vials where 
the concentratiop.s of the solutions were ad
justed to permit a standard dosing volume of 
0.1 ml/kg BW. The second part: medetomi
dine Farmos Group Ltd) 50 
µg/kg BW, atropine sulphate (Atropin, 
Orion Pharma:C:eutical Co.) 30 µg/kg BW 
and glycopyrrolate (Gastrodyn, Huhtamaki 
Pharmaceuticals/Medica) 10 µg/kg BW. 
The drugs were injected intramuscularly into 
gluteal muscles and intravenously into V. 
cephalica antebrachii in the first part of the 
study (cardiovascular and respiratory effects 
of medetomidine), both modes of admini
stration were tested independently. In the se
cond part of the study (effect of atropine 
and glycopyrrolate) only the i.m. route was 
used. Between the treatments there were at 
least 4 rest days. 
In the first part of the study, the recordings 
of blood pressur:e, heart rate and respiratory 
rate were reported before medetomidine and 
at 2 min intervals during the first half h and 
at 5 min intervals during the latter half h post 
injection. Further measurements were made 
at 1.25 h, 1.5 h, 1. 75 h, 2 h, 2.5 h, 3 h, 3 .5 h, 
4 h, 5 h and 6 h after the administration of 
the drugs. The ECG recordings were made at 
the same time points for a duration of 1 min. 
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In the second part of the study atropine/gly
copyrrolate were injected 10 min before 
medetomidine or concomitantly, medetomi
dine immediately after atropine/ glycopyrro
late. Heart rate was recorded before atropi
ne/ glycopyrrolate before medetomidine and 
thereafter at 5 min time intervals for 1 h and 
at 1.25 h, 1.5 h, 1.75 h, 2 h, 3 h, 4 hand 5 h 
post medetomidine. 
Prior to the experiments, each dog in the 
first part of the study underwent a surgical 
procedure to insert a PVC-catheter into the 
aorta for direct blood pressure measurement 
(for more details of method, see Herd & 
Banger 1964). The tip of the catheter was 
closed with a plastic cap with a rubber mem
brane inside (B. Braun Melsung AG, West 
Germany) and fixed under the loose skin of 
the dorsal neck. The catheter was kept open 
by flushing with heparinized physiological 
sodium chloride (25 I.U. heparin/I ml 0.9% 
NaCl) at intervals of 2-4 days. A recovery 
period of at least 2 weeks was allowed before 
the subsequent experiments. 
For blood pressure measurement the mem
brane of the cap of the arterial catheter was 
punctured through the skin and connected to 
a blood pressure meter Olli-532 (Ollituote 
Oy, SF-02320, Espoo, Finland). For heart 
rate and ECG recordings, disposable adhesi
ve disc electrodes (Medicotest Q-10-A, Med
icotest, 0lstykke, Denmark) were attached 
to both flanks behind the elbows. Hairs were 
first shaved from the area and the bare skin 
wiped with fat solvent to allow better con
tact. The disk electrodes connected to 
Olli-432 monitor (2-channel memory moni
tor with heart rate meter) and ECG-recorder 
Olli-296. Respiratory rate meter Olli-333 re
corded the respiratory frequency by measu
ring the impedance changes of the thorax. 
Therefore another pair of disk electrodes 
were inserted on both flanks above the ear
lier ones. 
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Both parts of the study exhibited cross over 
design which utilized 5 x 5 Latin square de
sign. The AUC's (area under the curve) for 
blood pressure, heart rate and respiratory 
frequency were calculated and thereafter 
analyzed by an ANOVA model. The mini
mum and maximum time peaks, and the re
spective observed peak values were analyzed 
by using the Friedman's two-way analysis of 
variance. 
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Results 
Blood pressure 
Medetomidine and xylazine induced an ini
tial elevation in the mean blood pressure. 
The increase was higher after iv (260Jo) than 
after im (180Jo) administration. The effects 
of different doses of medetomidine or xyla
zine did not differ statistically significantly 
from each other. During the following Yi h, 
the blood pressure returned to the starting 

3 4 5 
time (h) 

6 

Figure 2. The effect of medetomidine and xylazine on mean arterial blood pressure in dogs. Im (upper panel) 
and iv (lower panel) routes of injection were used. Values are arithmetic means. n = 5 ( x) medetomidine 40 
µg/kg, (l:.) medetomidine 80 µg/kg, (D) medetomidine 160 µg/kg, (•) xylazine 3 mg/kg and (Q) placebo. 

Acta vet scand vol 30 no 4 - 1989 



404 0. Vainio & L. Palmu 

level or was lower than that level. The hypo
tension was not statistically significant ex
cept with the iv route of medetomidine 40 
µg/kg and xylazine. In the cases of hypoten
sion, blood pressure returned to the initial 
level in 3-4 h. Details are presented in Fig. 2. 

Heart rate and ECG 
An evident decrease of heart rate occurred in 
2-4 min after both drugs and both modes of 
injection. The drop was approximately 63% 
from the starting level. The effects of diffe
rent doses of medetomidine and xylazine did 
not differ from each other in this respect. 
After the im route of injection the decrease 
occured slower than after iv. A quicker reco-
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very to control values occurred after im xyla
zine than after im medetomidine doses. Af
ter iv administration, both the lowest dose of 
medetomidine ( 40 µg/kg) and xylazine re
turned the heart rate to the initial level 
sooner than after the higher doses of med
etomidine. The difference was statistically 
significant. For more details, see Fig. 3. 
The most prominent changes in ECG
rhythm induced by both medetomidine and 
xylazine were bradycardia and pronounced 
sinus arrhythmia. Occasional second degree 
atrioventricular blocks were seen at the do
ses of 80 and 160 µg/kg of medetomidine. 
The blocks appeared during the first 15 min 
after injection. 
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Figure 3. The effect of medetomidine and xylazine on heart rate in dogs. Im (upper panel) and iv (lower panel) 
routes of injection were used. Values are arithmetic means. n = 5. ( x) medetomidine 40 µg/il:g, (6) medetomi
dine 80 µg/kg, (D) medetomidine 160 µg/kg, (•) xylazine 3 mg/kg and (0) placebo. 
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Atropine and glycopyrrolate 
Atropine and glycopyrrolate significantly 
prevented the medetomidine induced brady
cardia. However, the effect was not perma
nent. In cases where atropine or glycopyrro
late were injected 10 min before medetomi
dine, the post medetomidine heart rate 
stayed at starting level for 20-30 min before 
the decrease. Concomitant administration 
of medetomidine and the anticholinergic 
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agent, induced a rapid drop of heart rate fol
lowed by a tachycardic period lasting appro
ximately 1 h. Evident bradycardia developed 
thereafter. Recovery to the control values 
occurred in 4-5 h post medetomidine injec
tion. Atropine or glycopyrrolate medication 
did not effect the speed of recovery. The ef
fects of atropine and glycopyrrolate did not 
differ from each other. See Fig. 4. for more 
detailed information. 
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Figure 4. The effect of im atropine sulphate and glycopyrrolate on heart rate after im medetomidine of 50 
µg/kg in dogs. Medetomidine and the anticholinergics were injected concomitantly (upper panel) or the anticho
linergics 10 min before medetomidine (lower panel). Values are arithmetic means. n = 5. ( x) atropine sulphate 
30 µg/kg + medetomidine 50 µg/kg, (L>) glycopyrrolate 10 µg/kg + medetomidine 50 µg/kg, (0) medetomi
dine 50 µg/kg. 
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Figure 5. The effects of medetomidine and xylazine on respiratory rate in dogs. Im (upper panel) and iv (lower 
panel) routes of injection were used. Values are arithmetic means. n= 5. ( x) medetom1dine 40 µg/kg, (6) med
etomidine 80 µg/kg, (0) medetomidine 160 µg/kg, (•) xylazine 3 mg/kg and (0) placebo. 

Respiratory rate 
After both drugs and both modes of injec
tion respiratory rate showed a clear decrea
se. The lowest rates were 18-25 breaths/min. 
Thereafter a gradual return occurred to the 
control level. The effects of the different do
ses of medetomidine and xylazine did not 
statistically differ from each other. Details 
are collected in Fig. 5. 

Discussion 
The medetomidine doses used in this study 
were chosen on the following basis: 40 
µg/kg, normal clinical dose; 80 µg/kg, high 
dose and 160 µg/kg, overdose. Xylazine was 
administered at the highest dose level recom
mended by the manufacturer (3 mg/kg). 

Acta vet scand vol 30 no 4 - 1989 

An initial elevation of blood pressure follo
wed by hypotension was observed after im 
and iv injections of medetomidine and xyla
zine. Similar results for the effect of xylazine 
in dogs have been reported by other investi
gators (Klide et al. 1975, Steiner 1980, Hsu & 
Hembrough 1985). Intramuscularly admini
stered placebo had a parallel effect indica
ting that it is the consequence of an unplea
sant event. 
The initial vasopressor effect on medetomi
dine is thought to be mediated through a di
rect effect on the post synaptically located 
alpha-2-adrenoceptors in the smooth muscle 
of resistance vessels (Savo/a et al. 1986). The 
fall in blood pressure after medetomidine 
probably results from stimulation of central 
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alpha-2-adrenoceptors (Savo/a et al. 1986). 
The effects of xylazine on blood pressure are 
attributed to the same mechanism of action 
(involvement of peripheral and central 
alpha-2-adrenoceptors) (Campbell et al. 
1979, Doxey et al. 1981). 
Medetomidine and xylazine induced pro
found bradycardia and sinus arrhythmia. 
Our results with xylazine confirm the pre
vious findings made in dogs after xylazine 
treatment (Klide et al. 1975, Hubbel & Muir 
1982, Hsu & Hembrough 1985). The brady
cardic effect of xylazine has been proposed 
to be due to increased vagal tone, diminished 
activity of the cardiac sympathetic nerves 
(Klide et al. 1975) or a direct depressive ef
fect on the myocardium (Aziz & Carlyle 
1978). The cardiodepressive effects of alpha-
2 agonists, including xylazine (and detomidi
ne), are apparently mediated via central 
alpha-2 adrenoreceptors. Savo/a et a!. (1986) 
reported that the bradycardic effect of med
etomidine was probably of central origin. 
In the present work the anticholinergic 
drugs, atropine and glycopyrrolate, trans
iently prevented the decrease in heart rate af
ter medetomidine injection suggesting that 
increased vagal tone would participate to the 
drop in heart rate. 
After simultaneous administration of atro
pine and medetomidine there was found a 
rapid fall in heart rate, due to the rapid pene
tration of medetomidine into the brain and 
its effect to increase vagal activity (either di
rectly or indirectly as a result of the increase 
in blood pressure). Atropine absorbed slow
lier and the anticholinergic effect was seen 
later as a clear elevation in the heart rate. 
When given 10 min before medetomidine, 
atropine itself had virtually no effect on 
heart rate but it delayed the onset of medeto
midine induced bradycardia. This delayed 
bradycardic effect of medetomidine could 
be due to a decrease in noradrenaline relea-

se, either at peripheral alpha-2 adrenocep
tors in the heart, or via an inhibition of cen
tral sympathetic tone. 
Respiratory depression was evident with 
both drugs. However, even the lowest rates 
of respiration were within the normal limits 
for resting dogs (Park et al. 1970). 
In conclusion, medetomidine HCl proved to 
have cardiovascular and respiratory depres
sing properties in laboratory beagles. The 
bradycardic effect could be abolished with 
atropine sulphate and glycopyrrolate preme
dication. However, the inhibitory effects of 
the anticholinergics was not permanent. The 
positive control drug, xylazine, exhibited a 
comparable cardiovascular and respiratory 
pattern as medetomidine. 
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Sammanfattning 
Kardwvaskulara och respiratoriska effekter av me
detom1din 1 hundar och mverkan av ant1kolmerg1Ska 
amnen. 
De kardiopulmonara effekterna av medetomidin 
studerades med intramuskular och intravenos appli
cering. Effekten av atropinsulfat och glykopyrrolat 
pa hjartfrekvensen iakttogs ocksa. Xylazin fungera
de som positiv kontroll. 
Medetomidin hojde forst blodtrycket och darefter 
foljde en langre hypotensiv period: bradykardin med 
2° atrioventrikular block intraffade. Sankning i 
andningsfrekvensen observerades. Atropinsulfat 
och glykopyrrolat motverkade bradykardin, men ef
fekten var inte permanent. Xylazins farmakologiska 
profil var liknande som medetomidinets. 
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