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ABSTRACT. Sedative effects of combinations of medetomidine at 20 ug/kg - midazolam at 0.3 mg/kg (Me-Mi) and medetomidine at 20
pg/kg - butorphanol at 0.1 mg/kg (Me-B) were evaluated comparing with those of medetomidine alone (20, 40 and 80 u/kg). All dogs
given Me-Mi or Me-B were smoothly and rapidly induced to more profound and longer sedation than those by medetomidine alone.
Especially, Me-Mi produced desirable sedation with moderate reflex depression, analgesia, excellent muscle relaxation and
immobilization without further side effects. This potent effect of this combination seemed to be induced by a synergistic interaction
between medetomidine and midazolam. This combination is available and valuable as a chemical restraint agent in dogs for various
diagnostic or therapeutic procedures accompanied by light pain.—kEy worDs: butorphanol, canine, medetomidine, midazolam,

sedation.

Medetomidine, 4-[1-(2,3-dimethylphenyl)ethyl]-1H im-
idazole hydrochloride, is a newly developed, highly
receptor selective and potent ay-adrenoceptor agonist [3].
Medetomidine produces deep sedation associated with
muscle relaxation and analgesia through activation of
m-adrenoceptors in the central nervous system [8, 25]. It
has been reported that sedative effects induced by
medetomidine is more profound than those by other
known a,-adrenoceptor agonists or other sedatives [25,
27]. The use of medetomidine as preanesthetic medication
has also been reported to improve the anesthetic condition
and reduce the requiring dose and undesirable effects of
anesthetics [2, 9, 13]. Sedative effects induced by medeto-
midine can be reversed effectively and quickly by an
a-adrenoceptor antagonist atipamezole [23, 26]. For
these favorable properties, medetomidine has recently
been of great interest as a drug of choice in veterinary
anesthesia.

Recently, it has been reported that medetomidine with
other tranquilizers or analgesics exerts more profound
sedation than medetomidine alone [1, 4]. Midazolam,
8-chloro-6-(2-fluorophenyl)-1-methyl-4H-imidazo (1, 5a)
(1, 4), is a water-soluble benzodiazepine derivative and
short acting tranquilizer. Like other benzodiazepines,
midazolam has minimal cardiopulmonary depression [14].
When used alone, midazolam does not induce apparent
sedation in dogs, however it enhances the effects of other
anesthetics or sedatives [6, 21, 29]. A combination of
medetomidine and midazolam has been reported to exert
a synergistic effect in rats [17] and to induce deep sedation
in humans and pigs [10, 19], while reducing the dose of
medetomidine. Butorphanol, (—)-17-(cyclobutylmethyl)
morphine-3,14-diol D-(—)-tartrate, is a synthetic opioid
agonist-antagonist analgesic and exerts more potent
effects than morphine, meperidine or pentazocine [12].
Although butorphanol has a weak or no sedative effect, it
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enhances the effect of as-adrenoceptor agonists such as
medetomidine [16] or xylazine [15] as well.

Considering these properties, both combinations of
medetomidine-midazolam and medetomidine-
butorphanol are expected to exert more potent sedative
effects than that by medetomidine alone. If some synergis-
tic interaction can be expected between drugs of the
combination, it will be much more desirable. To our
knowledge, the sedative effects of medetomidine-
midazolam, medetomidine-butorphanol and medetomi-
dine alone have not been compared in dogs. The purpose
of this study is to evaluate the sedative, analgesic and
muscle relaxative effects produced by relatively low doses
of medetomidine-midazolam and  medetomidine-
butorphanol combinations comparing with those by mede-
tomidine alone in dogs.

MATERIALS AND METHODS

Animals: Thirty-one beagles in good health, 13 females
and 18 males, 9.5 kg (range 7.2 to 15.8 kg) of average
body weight and 14.0 months (range 8 to 30 months) of
average age, were used in this study. Whenever different
experiments were performed with the same dog, more
than 7 days elapsed between experiments. The same dog
was not used more than once in the same experiment
group. Food was withheld at least 12 hr before the
experiments, but animals were allowed free access to
water.

Experimental protocol: Experiments were performed in
a quiet room. After all base-line values of heart rate,
respiratory rate and body temperature were obtained, 20
pg/kg of medetomidine (Domitor: Farmos Group Ltd.,
Finland) (Me20), 40 pg/kg of medetomidine (Me40), 80
pg/kg of medetomidine (Me80), 20 ug/kg of medetomi-
dine and 0.3 mg/kg of midazolam (Dormicum: Yama-
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nouchi Pharmaceutical, Japan) (Me-Mi) or 20 ug/kg of
medetomidine and 0.1 mg/kg of butorphanol (Stadol:
Bristol-Myers Squibb K. K., Japan) (Me-B) were adminis-
tered in separate experiments (n=7 each). Medetomidine,
medetomidine-midazolam or medetomidine-butorphanol
mixed in the same syringe were injected intramuscularly in
the hind limb. Drug doses for the combinations were
tested in a preliminary investigation to establish dose
combinations for adequate sedation.

Assessment of sedative, analgesic and muscle relaxative
effects: Effects of each dose of medetomidine alone,
medetomidine-midazolam and medetomidine-
butorphanol were assessed by sedative, analgesic and
muscle relaxant characters and by induction time (time
from administration to lateral recumbency), arousal time
(time from administration to sternal recumbency), recov-
ery time (time from administration to total recovery from
sedation) and duration of lateral recumbency. These
effects were repeatedly assessed before, and (5), 10, (15),
20, 30, 40, 50, 60, 80, 100 and 120 min after drug
administration or until complete recovery from sedation.

Sedative effect of each drug or drug combination was
evaluated from posture, response to sound and depress-
ions of swallowing and pedal reflexes. Posture and
response to sound (three hand claps) were evaluated
according to the followiny criteria; posture, score 0:
normal, score 1: sedated but able to stand, score 2: sternal
recumbency, score 3: lateral recumbency with apparent
spontaneous movement (head and/or limb), score 4:
lateral recumbency with subtle spontaneous movement
(twitching and/or blink), score 5: lateral recumbency
without spontaneous movement; response to sound, score
0: normal, score 1: decreased, score 2: slight, score 3: no
response. Effects on swallowing and pedal reflexes were
evaluated according to the following criteria; score 0:
normal, score 1: weak, score 2: reflex (response) could be
induced only by an increased stimulus, score 3: absent.
Analgesic effects were evaluated by response to nose
clamping, which was scored as described for assessment of
reflexes. Muscle relaxant effects were estimated by
observing jaw tone, which was scored according to the
following criteria; score 0: resistant to opening mouth
(difficult to open), score 1: moderately resistant to
opening mouth (possible to open), score 2: slightly
resistant to opening mouth (relaxed), score 3: not resistant
to opening mouth.

Pattern and depth of respiration, mucous membranes,
eyeball position, salivation, twitching and spontaneous
movement were also recorded during sedation and side
effects were noted whenever they occurred.

Heart rate (HR), respiratory rate (RR) and body
temperature (BT) were measured before drug administra-
tion. HR was monitored by an electrocardiogram (ECG)
(OEC-6301, Nihon Kohden, Japan) or a stethoscope, RR
by observation and BT (rectal temperature) by a thermo-
meter (model CTM-303, Terumo, Japan). These three
measurements were repeated 5, 10, 15, 20, 30, 40, 50, 60,
80, 100 and 120 min after drug administration.

Statistical analyses: Statistical analysis of the results was
performed as follows. Time interval data were analyzed by
one-way analysis of variance and Duncan’s multiple
comparison procedure. The values of HR, RR and RT
were analyzed by one-way analysis of variance, Shceffe’s
multiple comparison procedure (among the groups
tested), and by two-way analysis of variance and Sceffe’s
multiple comparison procedure (vs. base-line values). P
values below 0.05 were indicated as statistically signi-
ficant.

RESULTS

Following administration of Me-Mi or Me-B, dogs were
smoothly and rapidly induced to sedation. They were
ataxic and drowsy within a few minutes and laterally
recumbent in significantly shorter induction time than
dogs given Me20 and Me40, and shorter than Me80 with
no significance (Table 1). After being laterally recumbent,
sedative condition in dogs given these combinations
deepened further and reached to the maximal level
approximately within 20 min. Considerable variation in
condition of induction was found between dogs given
medetomidine alone.

During being in maximal sedation for approximately 40
min, excellent immobilization was observed in dogs given
Me-Mi and Me-B and they kept lateral recumbency
without spontaneous movement (Fig. la) and became
unconscious to the environment with eyes rotating down
and no blink. In this phase, the animals did not respond to
the environment and sound with moderate depression of
reflexes (Figs. 1b, ¢ and d). In dogs given Me-Mi, the
scores for jaw tone (Fig. le) and response to nose
clamping (Fig. 1f) were maintained higher values than
those in dogs given Me-B or medetomidine alone, which
indicated excellent muscle relaxation and moderate
analgesia.

Sedation induced by medetomidine alone was deepened
in the dose dependent manner. However, those dogs
showed subtle spontaneous movements and responded to
sound even at the highest dose (Me80) (Figs. 1a and b)

Table 1. Induction time, arousal time, recovery time and
duration of lateral recumbency in dogs given medetomidine
20 wpg/kg (Me20), 40 upg/kg (Me40), 80 ug/kg (Me80),
medetomidine-midazolam (Me-Mi) and medetomidine-
butorphanol (Me-B)®

Induction Arousal Recovery  Duration of fateral
Drugs time (min)  time (min) time (min)  recumbency (min)
Me20 1404754 46.7£2.74 136.4+47.8% 32.7£26.04
Med0 WM7£724 B8 B 23294189 B¢ 69.0+17.0 B
Me80 12.6£52°% 11074332 € 268.64313 B 9814322 ©
Me-Mi 6742.6 B 96.4+189 B¢ 16214365 P §9.7+18.8 B¢
Me-B 69£39 B 99.0£19.6 B 1943340 P 9.1£209 B¢

a) Data are expressed as meanzstandard deviation.
A, B, C, D: Mean values with same superscripts are not
significantly different (P>0.05).
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Fig. 1.

Response to sound (score)

Time after administration (min)

Pedal reflex (score)

Time after administration (min)

Response to nose clamping (score)
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Time after administration (min)

Effects of 20 ug/kg of medetomidine (CJ), 40 pg/kg of medetomidine (M), 80 ug/kg of

medetomidine (O), 20 ug/kg of medetomidine and 0.3 mg/kg of midazolam (O), and 20 ug/kg of
medetomidine and 0.1 mg/kg of butorphanol (@) on posture (a) (full marks = 5), response to
sound (b), swallowing reflex (c), pedal reflex (d), jaw tone (e), and response to nose clamping (f)
(full marks = 3). Each symbol represents the mean value.

and sound stimuli often caused temporary arousal. De-
pression of reflexes and analgesia to nose clamping was
hardly observed in these groups (Figs. lc, d, f). In
addition, three dogs given Me20 and two dogs given Me40
and one dog given Me80 were not induced to satisfactory
sedation, responding the environment and changing their
posture.

Mean duration of lateral recumbency of Me-Mi and
Me-B were significantly longer than that of Me20, and
longer than that of Me40 with no significance (Table 1).
Initial arousal signs in all dogs were characterized by
blink, recovery of eyeball to normal position and/or
increased twitching. Then, head lifting and limb struggling

appeared with clearer response to the environment.
Recovery condition was smooth without excitement nor
relapses to deep sedation in all groups. After arousal, all
dogs given Me40 and Me80 remained moderately sedated
and kept sternal recumbency for longer period than other
dogs. Total recovery time of Me40 and Me80 were
significantly longer than that of Me20 and Me-Mi (Table
1).

HR markedly decreased soon after drug administration,
and remained the levels significantly below base-line
values throughout the experiment in all groups with
average values of 40-60 beats/min (Table 2). ECG
revealed profound bradycardia with sinus arrhythmia. The
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Table 2. Changes in heart rate, respiratory rate and body temperature after administration of
medetomidine at 20 ug/kg (Me20), medetomidine at 40 ug/kg (Me40), medetomidine at 80 ug/kg (Me 80)
medetomidine-middayolam (Me-Mi) and medetomidine-butorphand (Me-B)®

Time after administration (min)

Base-line 5 10 30 60 120

Heart rate

(beats/min) Me20 88.0+22.1%  55.9+16.9%4 48.1113.1%A 41.7410.1%48 42449174 58.6+13.9%4
Med0 87.3+117%  45.0£10.5*4 38.347.64 34.045.0%4 3434344 38.06.0% B
Me80 98.0£19.7  42.048.9** 30.649.2%4 37.0£5.5%48 41.1£5.0%4 40.047.3 B
Me-Mi 93.9419.3%  54.6+8.7*4 52.1+10.2%4 51.1+8.5% B 46.4+7.9%4 §2.1413.7+4B
Me-B 88.3+26.4%  52.9%10.0%A 45.0411.9°4 B4 4441954 46.7£11.6%48

Respiratory rate

(breaths/min) Me20 16.6+3.0% 1574568 14.6£4.74 10.943.2%4 10.1£1.9%4 12.0+1.44
Med0 24.6£102%  19.147.9%B 15.9+4.748 11.6+2.8%A 10.6£2.9*4 12.3+2.9%AB
Me80 27.7+5.14  16.0+£3.3%A8 16.3£2.4%8 10.744.4%4 9.142.5%4 10.3+1.8*4
Me-Mi 25.4£72%  21.4%19 B 209425 B 18.942.0 B 17.4+19% B 16.942.8* B
Me-B 18.9+63%  11.443.0%* 11.4£1.9%4 9.343.0%4 8.6+2.8*4 10.0+3.3%4

Body temperature

(°C) Me20 38.7+04%  38.7+054 38.7£0.54 38.5+0.44 37.5£0.7%4 36.8+0.6**
Med) 38.7+03%  38.8+0.34 38.9£0.34 38.6+0.54 37.9£0.6*4 36.8+0.6**
Me80 39.1+04%  39.4+0.4%A 39.4+0.4*4 39.1+0.5% 38.2+0.5%4 36.5+0.6%A
Me-Mi 39.240.4% 3924044 30.240.54 38.9+0.64 38.1£0.6%4 37.040.7%4
Me-B 387+0.5%  38.8%0.6% 38.7+0.7A 38.240.9% 37.340.9%4 36.340.8%4

a) Data are shown as meanz*standard deviation (n=7 each).
*Significantly different from base-line value (p<<0.05).
AB: Mean values with same alphabet are not significantly different (p>0.05).

bradycardia was also observed even in slightly sedated
dogs given Me20. HR in Me-Mi tended to maintain higher
level than those in Me40 and Me80, however a significant
difference was observed only at 30 min after drug
administration between Me-Mi and Me40. Even after the
arousal, HR remained lower levels in all groups. RR
decreased markedly after onset of sedation in all groups,
however RR in Me-Mi maintained significantly higher
level than those in other groups. In Me20, Me40, Me80,
and Me-B, an irregular respiratory pattern with 15-30 sec
of apnea followed by several rapid breaths was observed.
Such an irregular respiratory pattern was not observed in
Me-Mi. BT gradually decreased after administration in
Me20, Me-Mi and Me-B. Although BT in Me40 and Me80
initially increased and then decreased thereafter, there
were no significant differences among the groups tested.

Twitching was observed in all dogs given Me20 and
Me40, four dogs given Me80 and two dogs given Me-B,
whereas it was not observed in Me-Mi during the sedation.
Two dogs given Me20 and Me40, one dog given Me80 and
three dogs given Me-Mi vomited before onset of sedation.
However, no vomiting was observed in the dogs given
Me-B.

DISCUSSION

In this study, the combinations of medetomidine-
midazolam and medetomidine-butorphanol exerted more
potent sedative effects than any doses of medetomidine
alone, enabling reduction of dose of medetomidine.

Previous studies in dogs have reported that the recom-
mended dose of medetomidine ranges from 10 to 80 ug/kg
[25]. Among the doses, intramuscular injection of 40
ng/kg of medetomidine is widely recommended to pro-
duce adequate sedation appropriate for a range of clinical
examinations and procedures in dogs [7, 24, 28]. Howev-
er, cardiovascular depression can not be disregarded,
considerable variation in sedation is found between
animals, and some animals are not sufficiently immobil-
ized and are possibly aroused by an external stimulus with
this dose [4, 27, 28]. Medetomidine at 80 ug/kg (i.m.)
induces longer sedation, however depressant effects on
cardiovascular system and other undesirable effects are
more profound than those by a lower dose of medetomi-
dine [25]. Although effects on cardiovascular system are
less profound, sedative effect induced by medetomidine at
20 pgfkg is less profound than those by a higher dose of
medetomidine with more marked individual differences
between animals [4]. Attempts have been made to
produce preferable sedative condition by combining
medetomidine with other drugs [1, 4]. This study demons-
trated several advantages of combinations of medetomi-
dine-midazolam and medetomidine-butorphanol in dogs.

The principal advantage of addition of midazolam or
butorphanol to medetomidine was an enhancement of
sedative effect. These combinations greatly assured the
sedative condition, prolonged the duration of lateral
recumbency, and depressed the arousal reaction caused by
sensory stimuli, which indicated the more longer available
duration for clinical procedures than that by medetomi-
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dine alone. These combinations invariably produced
profound sedative condition, while there were individual
differences between animals with medetomidine alone,
especially during the induction phase. Even during the
maximum sedation induced by a high dose of medetomi-
dine, the dogs often aroused by sound stimuli or painful
stimuli. The potent sedative effects induced by medetomi-
dine-butorphanol or medetomidine-midazolam could be
considered induced by synergistic interaction of medeto-
midine and midazolam or butorphanol, because each drug
exerts only slight sedative effect when used alone at the
dose used in this study and the sedative effects achieved by
these combinations were greater than those which could
be expected from simple additive effects. Potent sedative
effect in the combination of medetomidine and butorpha-
nol has been reported in pigs [16], however the precise
mechanism of interaction between a;-adrenoceptor agon-
ists and opioids is still undetermined [11]. A significant
synergism of medetomidine and midazolam in rats has
been also reported, indicating that this pharmacodynamic
interaction did not include the drugs’ receptor binding
sites [17]. Although accurate mechanism has been also still
unclear, a possible pharmacodynamic mechanism between
these two drugs was proposed [5, 17, 22].

Another advantage of use of midazolam or butorphanol
with medetomidine was an enhancement of analgesic and
muscle relaxant effects. ap-Adrenoceptor agonists exerts
analgesic and muscle relaxant effects through activation of
ay-adrenoceptor, which are characteristic effects of these
sedatives. As compared with butorphanol, midazolam
enhanced these effects more potently. This combination
induced satisfactory sedation for approximately 40 min,
even if it is used for various diagnostic procedures that
require excellent immobilization such as CT scan and
myelography or therapeutic procedures accompanied by
light pain. Midazolam has been reported to induce muscle
relaxation through making cell membranes more resistant
to neuroexcitation by enhancing the chloride channel
gating function of GABA [20]. This might be the major
reason why midazolam produced profound muscle relaxa-
tion and suppressed muscle twitching. It is very interesting
that medetomidine-midazolam produced more profound
analgesia than medetomidine-butorphanol. The accurate
mechanism of this interaction between medetomidine and
midazolam is unclear, however these drugs act synergisti-
cally because midazolam itself has no analgesic effect in
contrast to the relatively potent analgesic effect of
butorphanol. Further investigations are needed to clarify
the interaction between these two drugs. Furthermore,
since addition of midazolam considerably depressed swal-
lowing reflex accompanying with satisfactory muscle
relaxation, the combination of medetomidine and midazo-
lam would also allow the oral examinations or minor
dental treatments.

The other advantage of using midazolam or butorpha-
nol combined with a low dose of medetomidine is an
improvement or reduction of the undesirable effects of
medetomidine. Addition of butorphanol prevented vomit-

ing. Vomiting after medetomidine administration is a
well-known undesirable effect [7, 24, 28]. In this study, no
vomiting was observed in all dogs given medetomidine-
butorphanol, while two dogs given 20 ug/kg of medetomi-
dine, two dogs given 40 ug/kg of medetomidine, one dog
given 80 ug/kg of medetomidine and three dogs given
medetomidine-midazolam (n=7 each) vomited once be-
fore the onset of the sedation. It has been reported that
the butorphanol effectively reduced vomiting induced by
cisplatin, a potent cancer chemotherapy drug, through
activation of opiate receptor located in vomiting center
[18]. Although the mechanism of the interaction was not
clear, an addition of midazolam regularized respiratory
pattern and maintained higher respiratory rate. Medeto-
midine-midazolam also improved inductive and recovery
condition lengthening the duration of profound sedation
in spite of the reduction of the induction time and total
recovery time. In addition, dogs given medetomidine-
midazolam showed no twitching as mentioned above,
which is one of the frequently noted side effects of
medetomidine [4].

The present study demonstrated that combinations of
medetomidine (20 ug/kg)-midazolam (0.3 mg/kg) or
medetomidine (20 ug/kg)-butorphanol (0.1 mg/kg) ex-
erted potent and preferable sedation even if the dose of
medetomidine was reduced. Especially, Me-Mi showed
several advantages over any doses of medetomidine alone
or Me-B without further side effects. Potent sedative
effect induced by Me-Mi was characterized by prompt
onset of action, predictable depth and duration, moderate
reflex depression and analgesia, excellent muscle relaxa-
tion, regular respiration and excellent immobilization.
This combination is available and valuable in dogs for
most situations that require chemical restraint even if
accompanied by light pain.

ACKNOWLEDGEMENTS. We wish to express our gratitude to
Professor Eberhard Rosin, Department of Surgical Sciences,
School of Veterinary Medicine, University of Wisconsin-
Madison, for valuable advices on this study.

REFERENCES

1. Bartram, D. H., Young, L. E., Diamond, M. J., Gregg, A.
S., and Jones, R. S. 1993. Effects of combinations of
medetomidine/pethidine when used for sedation and pre-
anaesthetic medication in dogs. J. Small Anim. Prac. 34:
554-558.

2. Bergstrom, K. 1988. Cardiovascular and pulmonary effects
of a new sedative / analgesic (medetomidine) as a preanaes-
thetic drug in the dog. Acta Vet. Scand. 29: 109-116.

3. Doze, V. A., Chen, B. X., Li, Z. et al. 1988. Characteriza-
tion of the alpha2-adrenoceptor-effector mechanism for the
hypnotic action of MPV-1440 in rats. Anesthesiology 69:
A619.

4. England, G. C. and Clarke, K. W. 1989. The use of
medetomidine / fentanyl combinations in dogs. Acta Vet.
Scand. 85: 179-186.

5. Gross, M. E., Tranquilli, W. J., Thurmon, J. C., Benson,
G. J., and Olson, W. A. 1990. Hemodynamic effects on

NII-Electronic Library Service



956

10.

11.

12.

13.

14.

15.

16.

17.

K. HAYASHI, ET AL.

intravenous midazolam-xylazine-butorphanol in dogs. Vet.
Surg. 19: 173-180.

Hall, R. 1., Schwieger, I. M., and Hug, C. C. 1988. The
anesthetic efficacy of midazolam in the enflurane-
anesthetized dog. Anesthesiology 68: 862-866.

Hamlin, R. L. and Bednarski, L. S. 1989. Studies to
determine the optimal dose of medetomidine for the dog.
Acta Vet. Scand. 85: 85-95.

Maze, M. and Tranquilli, W. 1991. Alpha-2 adrenoreceptor
agonists: Defining the role in clinical anesthesia. Anesthe-
siology 74: 581-605.

Mones, Y. and Fargetton, X. 1990. A comparative study of
medetomidine / ketamine and xylazine / ketamine anesthe-
sia in dogs. Ver. Rec. 127: 567-571.

Nishimura, R., Kim, H-Y., Matsunaga, S., Hayashi, K.,
Tamura, H., Sasaki, N., and Takeuchi, A. 1993. Sedative
effect induced by a combination of medetomidine and
midazolam in pigs. J. Ver. Med. Sci. 55: 717-722.
Omote, K., Kitahara, L. M., Collins, J. G. et al. 1991.
Interaction between opiate subtype and alpha2-adrenergic
agonists in suppression of noxiously evoked activity of
WDR neurons in the spinal dorsal horn. Anesthesiology 74
737-743.

Orsini, J. A. 1988. Butorphanol tartrate: Pharmacology and
clinical indications. Compend. Contin. Educ. Prac. Vet. 10:
849-854.

Raiha, J. E., Raiha, M. P., and Short, C. E. 1989.
Medetomidine as a preanesthetic prior to ketamine-HCL
and halothane anesthesia in laboratory beagles. Acta Vet.
Scand. 85: 103-110.

Reves, I. G., Fragen, R. J., Vinik, H. R., and Greenblatt,
D. J. Midazolam: Pharmacology and uses. Anesthesiology
62: 310-324.

Robertson, J. T. and Muir, W. W. 1983. A new analgesic
drug combination in the horse. Am. J. Vet Res. 44:
1667-1669.

Sakaguchi, M., Nishimura, R., Sasaki, N., Ishiguro, T.,
Tamura, H., and Takeuchi, A. 1992. Enhancing effect of
butorphanol on medetomidine-induced sedation in pigs. J.
Vet. Med. Sci. 54: 1183-1185.

Salonen, M., Reid, K., and Maze, M. 1992. Synergistic

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

interaction between alpha2-adrenergic agonists and benzo-
diazepines in rat. Anesthesiology 76: 1004-1011.
Schurlg, J. E., Florczyk, A. P., Rose, W. C., and Bradner,
W. T. 1982. Antiemetic activity of butorphanol against
cisplatin-induced emesis in ferrets and dogs. Cancer Treat.
Rep. 66: 1831-1835.

Segal, L. S., Jarvis, D.J., Duncann, S. R., White, P. F., and
Maze, M. 1991. Clinical efficacy of transdermal clonidine
during the perioperative period. Anesthesiology 74:
220-225.

Stoelting, R. K. 1991. Pharmacology and Physiology in
Anesthetic Practice, 2nd ed., J. B. Lippincott, Philadelphia.
Tranquilli, W. J., Graning, L. M., Thurmon, J. C., Benson,
G. J., and Lentz, E. L. 1991. Effects of midazolam
preanesthetic administration on thiamylal induction re-
quirement in dogs. Am. J. Vet. Res. 52: 662-664.
Tranquilli, W. J., Gross, M. E., Thurmon, J. C., and
Benson, G. T. 1990. Evaluation of three midazolam-
xylazine mixtures preliminary trials in dogs. Vet. Surg. 19:
168-172.

Vihi-Vahe, A. T. 1990. The clinical effectiveness of
atipamezole as a medetomidine antagonist in the dog. J.
Vet. Pharmacol. Ther. 13: 198-205.

Vihi-Vahe, T. 1989. Clinical evaluation of medetomidine,
a novel sedative and analgesic drug for dogs and cats. Acta
Vet. Scand. 85: 151-153.

Vainio, O. 1989. Introduction to the clinical pharmacology
of medetomidine. Acta Vet. Scand. 85: 85-88.

Vainio, O. 1990. Reversal of medetomidine-induced car-
diovascular and respiratory changes with atipamezole in
dogs. Vet. Rec. 127: 447-450.

Vainio, O., Palmu, L, Virtanen, R., and Weckesell, J.
1986/87. Medetomidine, a new sedative and analgesic drug
for dogs and cats. J. Assoc. Vet. Anaesth. 14: 53-55.
Vainio, O., Viha -Vahe, T., and Paulm, L. 1989. Sedative
and analgesic effect of medetomidine in dogs. J. Vet
Pharmacol. Ther. 12: 225-231.

Vercellino, C. E., Flacke, W. E., Flacke, J. W., Maclntee,
D. F., and Bloor, B. C. 1988. Hemodynamic and hormonal
effects of alfentanil and midazolam in dogs. Anesth. Analg.
67: S1-S266.

NII-Electronic Library Service





