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Comparison of Tiletamine/Zolazepam, Xylazine-Tiletamine/Zolazepam
and Medetomidine-Tiletamine/Zolazepam Anesthesia in Dogs

Young-Sam Kwon, Jae-Hoon Jeong and Kwang-Ho Jang'
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Abstract : The cardiopulmonary and anesthetic effects of tiletamine/zolazepam(TZ, 10 mg/kg IV), xylazine-tiletamine
fzolazepam(XTZ, X: 1.1 mg/kg M, TZ: 10 mg/kg IV) and medetomid-ine-tiletamine/zolazepam(MTZ, M: 30 pg/kg
M, TZ: 10 mg/kg IV) were evaluated to 15 healthy mongrel dogs (4.16% 0.65 kg). These dogs were randomly
assigned to the three treatment groups(Control, XTZ, MTZ) with 5 dogs in each group. All experimental animals
were premédicafed with atropine(0.03 mg/kg, IM). Xylazine or ‘medetomidine Were administered to dogs in XTZ
group and MTZ group 10 minutes after atropine injection. TZ was administered 20 minutes after atropine injection
in all groups. The loss of pain response at pedal reflex and ear pinching tests in XTZ and MTZ groups were significantly
extended when compared with that of Control group(P < 0.05). Mean arousal time, mean sternal recumbency time
and mean walking time in XTZ and MTZ groups were much longer compared with those of Control group(? <0.01).
All dogs in this study showed head rocking and hypersalivation during recovery time. Body temperature decreased
progressively during experimental period in all groups, but it was not significant. After TZ injection, heart beat rate
significantly increased 10 and 20 minutes in Control group, and 20 and 40 minutes in XTZ group(P < 0.05). Respiratory
rate significantly decreased 0, 10, 20 and 40 minutes after TZ injection in XTZ and MTZ groups. In Control group,
systolic arterial pressure (SAP) 20 minutes. diastolic arterial pressure(DAP) 10 minutes and mean arterial pressures
(MAP) 10 and 20 minutes after TZ injection significantly decreased(P < 0.05). In XTZ group, SAP, DAP and MAP
significantly decreased 20 and 40 minutes after TZ injection(P < 0.05). Thus, it was considered that XTZ and MTZ
were useful in a canine surgical treatment that requires long anesthetic duration and deep analgesia.
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Introduction

Tiletamine [2-(ethylamino)-2-(2-thienyl) cyclohexanone
hvdrochloride] was first reported in 1969, It is a dissocia-
tive anesthetic agent with similar pharmacologic properties
to those of ketamine, but its potency and duration of action
is in the midpoint between the long-acting phencyclidine
and the short-acting ketamine®*'>**?% The CNS effects
induced by tiletamine are highly species specific. In rats
and mice tiletamine causes excitation and ataxia even at
low dose. This effect is not as marked in other species.
Catalepsy occurs in all species when tiletamine is given in
moderate doses™*"**,

Zolazepam [4-(o-fluorophenyl)-6,8-dihydro-1,3,8-trime-
thylpyrzolo[3,4-¢] [1,4] diazepine-7(1H)-one] is a benzodi-
azepine derivative with similar pharmacologic properties to
those of diazepam®>'#*2*% Benzodiazepines have effects
including production of amnesia, minimal depression of
cardiorespiratory function, strong anticonvulsant action. It
s rzlatively safe even when overdosed and rarely causes
significant tolerance or physical dependence”. Zolazepam
was first investigated for use in humans and is the only
benzodiazepine approved by the FDA for use in animals
when combined with tiletamine®.

Zoletil®(Virbac®, France) as Telazol®(A H Robins®) is a
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1:1 mixture by weight of tiletamine and zolazepam and a
nonnarcotic, nonbarbiturate injectable anesthetic and immo-
bilizing agent used in dogs, cats, other domestic and wild
animals®?. Intramuscular or intravenous administration of
tiletamine-zolazepam to dogs and cats results in smooth
induction and recovery from anesthesia, excellent skeletal
muscle relaxation and retention of pharyngeal and palpebral
reflexes. Tachycardia, however, may be a common effect
and may last for 30 minutes in dogs. Other adverse effects
include transient apnea, vocalization, erratic and/or pro-
longed recovery, involuntary muscular twitching, hyperto-
nia, cyanosis, cardiac arrest pulmonary edema, muscle
rigidity and either hypertension or hypotension®*.

Some ,-agonists are used as sedatives and analgesics by
veterinarians. Xylazine hydrochloride was the first reported
o,-agonist. It was synthesized in Germany in 1962 for use as
an antihypertensive but was found to have potent sedative
effects in animals. In the early 70's, reports of xylazine's
utility as an anesthetic adjunct began appearing in American
and European veterinary literature®. Xylazine is currently
approved for use in dogs, cats, horses, deer, and elk in the
United States*.

Medetomidine is a selective and potent 0,-agonist which
exerts marked sedative and analgesic effects in laboratory
animals, cats and dogs. It is lipophilic, rapidly eliminated
and possesses more potency and efficacy than other -
agonist. As with xylazine, higher doses do not result in
more sedation but increase the duration of effect. Medeto-
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midine is commonly used as a preanesthetic prior to ket-
amine, barbiturate, or mask induction with an inhalation
anesthetic?**64!,

Lately tiletamine/zolazepam combination substitute for
ketamine that commonly used for an injectable anesthetic for
dogs and cats. So, this experiment is carried out to evaluate
the anesthetic effects of tiletamine/zolazepam, xylazine-
tiletarnine/zola-zepam and medetomidine-ti-letamine/zolazepam
and to assess the most useful anesthetic combination.

Materials and Methods

Animals

Fifteen healthy adult, mixed-breed dogs of either sex,
weighing from 3.45 to 5.25 kg(mean+SD, 4.21+0.55 kg)
were studied. They were vaccinated (Vangard puppy®, Pfizer
Co., France) 1 month before the experiment. They were
housed individually and fed a commercial dry food (Bio-
mill®, Woosung Feed Co Ltd, Korea). Food and water were
withheld for 12 hrs prior to the experiment. Dogs were ran-
domly allotted to one of three groups(n=35); tiletamine/
zolazepam(Control), xylazine-tileta-mine/zola-zepam(XTZ)
and medetomidine-tiletamine/zolazepam(MTZ).

Treatment

Hair was clipped at both catheter and needle electrodes
inserted site. All experimental animals were premedicated
with atropine(Atropine sulfate®, Dong-A Pharm Co. Ltd.,
Korea, 0.03 mg/kg, IM). Xylazine(Rumpun®, Bayer Korea,
Korea, 1.1 mg/kg, IM) or medetomidine(Domitor®, Orion
Co, Finland, 30 pg/kg, IM) were administered to dogs in
XTZ group and MTZ group 10 minutes after atropine
injection. TZ(Zoletit50%, Virbac, France, 10 mg/kg, IV) was
administered 10 minutes after the preanesthetics injection
in XTZ and MTZ groups, and 20 minutes after atropine
injection in Control group.

Dogs were positioned dorsal recumbency. A catheter
inserted into the femoral artery after surgical approach with
routine methods was connected to a tube filled with heparin.
The tube was connected to a polygraph(Model 7P1, Grass
instrument Co., USA) for measuring blood pressure.

Measurements

1) Pedal reflex and ear pinching test: The interdigital
region and an ear was grasped with a mosquito forcep for 5
seconds, every 10 minutes from 10 minutes after TZ injec-
tion till showing pain response. Pain response was judged
by bending the hind leg and shaking head.

2) Duration of anesthesia: From the time of TZ injection,
arousal time until dog lifted its head, sternal recumbency
time until the dog positioned sternal recumbency, and walk
time until the dog could hold up its body and take a step on
a nonskid surface were measured.

3) Body temperature, heart beat rate, and respiratory rate:
These were recorded before experiment, O(right before TZ

injection), 10, 20, 40, and 60 minutes after TZ injection till
the dog lifted its head. Body temperature with a electro-
thermometer, respiratory rate with stethoscope, and heart
beat rate with the polygraph of electrocardiography were
measured .

4) Arterial blood pressure: Via the femoral artery, systolic
arterial pressure(SAP), diastolic arterial pressure(DAP) and
mean arterial pressure(MAP) were measured with the poly-
graph during 30 seconds. These were recorded after catheter
inserted into the femoral artery, 0, 10, 20, 40, and 60 min-
utes after TZ injection till the dog lifted its head.

5) Blood gas analysis: Via the tube that was connected to
the catheter inserted into the femoral artery, 1.5 ml of arterial
blood was collected and pH, PaO,, PaCO, were measured
with blood gas analyzer(AVL compact 1 Blood Gas Ana-
lyzer, AVL Scientific Co.) at same time point of measuring
arterial blood pressure.

6) Complete blood count(CBC), and blood chemistry
test: Blood(1.5 ml) samples were collected from the jugular
vein on day-1(before experiment), 0(40 minutes after TZ
injection), 1, 3 and 7 after experi-ment. Blood urea nitrogen
(BUN), creatinine, serum alanine aminotransfer-ase(SALT),
serum aspartate aminotrasferase(SAST), and total protein
were measured with auto dry chemistry analyzer
(SPOTCHEM SP-4410, Kyoto DAIICHI KAGAGU Co.
Ltd., Japan) and CBC was evaluated with auto blood cell
analyzer(HEMA VET 850, CDC Technologies Inc.).

Statistical analysis

All data were expressed as meanzstandard deviation
(SD). The comparisons for statistical significance among
groups were performed with the Student's ¢-test and P val-
ues <0.05 were considered significant.

Results

Duration of analgesia

The absence of pain response lasted for 10+0.0(mean+
SD) minutes in Control group, 38+4.5 minutes in XTZ
group and 44+8.9 minutes in MTZ group based on pedal
reflex, and 18+4.5 minutes in Control group, 40+12.2 min-
utes in XTZ group and 56+12.2 minutes in MTZ group
based on ear pinching test. The absence of pain reflex in XTZ
and MTZ groups in both tests were significantly extended,
compared with those in Control group(P <0.05) (Fig 1).

Duration of anesthesia

Mean arousal time(MAT) was 23.4+8.8(mean+SD) min-
utes in Control group, 50.5+3.4 minutes in XTZ group and
67.3+7.0 minutes in MTZ group. In XTZ and MTZ group,
MAT was significantly extended compared with Control
group (P <0.01). Mean sternal recumbency time(MST) was
34.4+9.7 minutes in Control group, 58.3+6.0 minutes in
XTZ group and 73.1+6.4 minutes in MTZ group. In XTZ



Comparison of Tiletamine/Zolazepam, Xylazine-Tiletamine/Zolazepam and Medetomidine-Tiletamine/....... 35

& Control WmXTZ aOMTZ

80 -

* Kk

70
60
* % *

50
40

iime (min)

30
20|

Pedal reflex Ear clamp test

Fig 1. Comparison of analgesic time in dogs anesthetized with
nietamine/zolazepam

Control: tiletamine/zolazepam only(10 mg/kg, IV)

XTZ: xylazine(1.1 mg/kg,IM)-tiletamine/zolazepam(10mg/kg, IV)
MTZ: medetomidine(30 pug/kg, IM)-tiletamine/zolazepam

{10 mg/kg, IV)

* P<0.05 compared with TZ

**: P<0.01 compared with TZ

and MTZ group, time to dogs seated sternal recumbency
was significantly extended compared with that in control
group(P <0.01). Mean walking time(MWT) was 44.8+10.2
minutes in Control group, 67.3+8.0 minutes in XTZ group
and 82.3+5.4 minutes in MTZ group. In XTZ and MTZ
groups, mean walking time was significantly extended
compared with that in Control group (P <0.01) (Fig 2). In
Control group, all dogs showed head rocking and hypersal-
vation, and a dog showed circling movement. Dogs in XTZ
and MTZ groups also showed head rocking and hypersali-
vatior, but their recovery was more smooth than those of
Control group. In Control group, all dogs showed excita-
won, shaking their head and neck rocking or circling move-
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Fig 2. Comparison of analgesic time in dogs anesthetized with
tiletamine/zolazepam
*: P<0.01 compared with TZ

ment and salivation when recovery period. In XTZ group, 3
dogs vomited after xylazine administration and all dogs
showed shaking their head and salivation in recovery period,
but more smoothly recovered than those of Control group. In
MTZ group, any dogs did not vomit but showed their head
and neck rocking and salivation in recovery period, but more
weaker than those of Control group.

Body temperature, heart rate, and respiratory rate

Body temperature did not change significantly over time
in all groups. Body temperature, however, progressively
decreased in anesthetic period and increased in reversal
period. Heart beat rate significantly increased 10 minutes and
20 minutes in Control group, but significantly decreased 20
minutes and 40 minutes in XTZ group(P <0.05) after TZ
injection, respectively. In MTZ group, heart beat rate didn't
change significantly over time. Respiratory rate significantly

Table 1. Values of temperature, heart rates, and respiratory rates obtained in each recording stages in dogs anesthetized with tiletamine/

zolazepam (mean &= SD)
. Time after tiletamine/zolazepam injection (minutes)
Group Variables
-10 0 10 20 40 60
BT 39.3x0.6 39304 39.1+1.0 39.1+13
Control HR 136.4+20.6 129.3+4.1 220.0+33.5"  226.7+23.1
RR 30.5+£7.9 28.0+4.3 24059 28.7+11.0
BT 39.0£0.5 38.8+0.8 38.7+£0.8 38.3x0.9 38.2+0.8
XTZ HR 109+19.1 104.1£21.9 91.0+33.5 84.0+21.7" 84.0x£16.7°
RR 372+17.8 20.4+12.4" 15.6x9.1° 16.4+5.0" 30.4£15.6"
BT 39.1+0.7 39.2+04 39.1+0.8 38310 38.8+0.8 38.4+0.6
MTZ HR 1152+11.8 108.0+11.0 104.0£21.9 108.0+17.9 96.0+26.1 105.1£10.0
RR 34.0+4.2 21.6+6.8" 17.2+7.0° 17.4+4.4" 24.8+5.0° 31.0+3.5

BT: Body temperature(°C)
HR: Heart rates(beats/min),
RR: Respiratory rates(breaths/min)
1 P<10.05 compared with values of before atropine injection
#x: P« (.01 compared with values of before atropine injection
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Table 2. Values of arterial blood pressures in dogs anesthetized with tiletamine/zolazepam (mean = SD)
. Time after tiletamine/zolazepam injection (minutes)
Group Variables
-10 0 10 20 40 60
SAP 2750+ 6.2 2754x 8.7 256.7+17.5" 258.5% 4.0"
Control DAP 220.3+15.8 219.1x19.1 175.1+34.3" 171.8+35.9"
MAP 245.8+10.0 245.1x12.7 213.0+24.1° 215.1+19.9
SAP 2704+ 7.3 249.0+23.4 235.2+23.2" 221.0+18.8" 204.2+18.3"
XTZ DAP 205.2+25.1 176.1+£46.7 168.6+23.2" 141.4+27.3" 125.1£20.9™
MAP 237.8+15.6 212.6+35.0 201.9x22.5 181.2+22.7" 164.7£19.3"
SAP 263.8+ 5.4 2662+ 2.8 263.4x 44 260.0+ 5.4 2419+18.4 244.1+15.1
MTZ DAP 180.0+27.5 208.5+12.1 215.0+£24.1 198.5+24 4 178.6+264 180.5«17.1
MAP 222.1x16.0 2369+ 6.8 239.3+12.3 229.5+13.8 211.8+18.9 170.8+96.4
SAP: Systolic arterial pressure(mmHg)
DAP: Diastolic arterial pressure(mmHg)
MAP: Mean arterial pressure(mmHg)
*: P<0.05 compared with -10
**: P <0.01 compared with -10
Table 3. Values of arterial blood analysis after tiletamine/zolazepam injection in dogs (mean £ SD)
. Time after tiletamine/zolazepam injection (minutes)
Group Variables
-10 0 10 20 40 60
pH 7.360+0.091 7.302+0.072  7.271+0.047 7.277+0.076
Control PaCO, 26.8+6.7 28.9+3.2 26.4+3.9 21.8%3.2
PaO, 108.5+22.6 118.5%21.2 1347154 136.0+21.1
pH 7.407+0.045 7.307+0.068  7.215+0.137 7.233+0.162 7.343+0.065
XTZ PaCO, 26.9+4.7 26.1+4.3 27.9x4.1 25.5+4.6 25.8+2.2
PaO, 112.0+21.9 1454124 121.5234.2 131.9£23.7 131.8+21.8
pH 7.391+0.045 7.355£0.056  7.272+0.098 7.303+0.109 7.340+0.035 7.332+0.056
MTZ PaCO, 27.3£3.0 233445 25.8+7.5 20.8+4.6 27.2%4.22 23.1£29
Pao, 124.6+20.7 123.8+£28.9 96.7+14.8 113.9+£254 133.1+28.5 132.1x19.4

PaCO,: Arterial partial pressure of carbon dioxide (mmHg)
PaQ,: Arterial partial pressure of oxygen(mmHg)

decreased 0, 10, 20 and 40 minutes after TZ injection in XTZ
and MTZ groups. In Control group, however, respiratory
rate did not change significantly(Table 1).

Arterial blood pressure

Arterial blood pressure progressively decreased over time
in all groups(Table 2).

After TZ injection, SAP, DAP and MAP significantly
decreased 10 and 20 minutes later (P <0.05) in Control
group, 20 and 40 minutes later (P<0.05) in XTZ group. In
MTZ group, they did not change significantly.

Blood gas analysis
Insignificant changes in pH, PaO, and PaCO, levels were
seen in all groups(Table 3).

Complete blood count and bleod chemistry

Insignificant changes in CBC levels were seen in all
groups, except WBC level in XTZ group on day 1 after
experiment. It increased significantly(P <0.05)(Table 4).
The levels of SALT, SAST, BUN, creatinine and total pro-
tein were in normal ranges and did not significantly change
in all groups(Table 5).

Discussion

The choice of anesthetic agents in veterinary practice is
influenced by many factors including patient's condition,
familiarity with a specific anesthetic regimen, cost, personnel,
record keeping, training of the veterinarian and caseload of
the practice®'. In view of training of the veterinarian and
caseload of the practice, ketamine is the most commonly
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Table 4. Changes in complete blood count in dogs anesthetized with tiletamine/zolazepam (mean *+ SD)
Giroups Variables Time after experiment (day)
-1 0 1 3 7
WBC 15.90+3.09 16.05+5.70 20.00+6.08 16.52+5.49 15.70+1.88
Control RBC 8.23+1.23 7.45+0.82 6.53+£1.80 6.82+1.01 6.89+1.82
PLT 416+91 396+44 40356 417+35 371+69
PCV 45.9x4.7 41.1£6.0 42.7+3.8 44.1+49 44.6+5.6
WBC 13.82+1.04 15.03+3.79 22.76x4.17" 15.83x1.44 13.34x1.70
<TZ RBC 8.07+1.14 7.14+0.55 7.34+1.53 7.99+1.38 9.33+1.19
PLT 439+95 426v38 431+64 388+38 372492
PCV 47.4+42 443+4.1 45.6+3.9 46.1+24 47.2+0.9
WBC 13.44+2.60 13.79£4.20 17.92+£6.90 14.57+5.39 15.79+1.94
MTZ RBC 7.67x0.54 6.68+0.78 6.84+1.82 6.95+0.93 6.77+£1.23
PLT 428117 388+92 417+82 36790 365+65
PCV 49.6+4.7 45.6+4.1 44.4+3.1 479+2.4 46.2+2.9
WBC: white blood cell(K/ul)
RBC: red blood cell(M/ul)
PLT: platelet(K/ul)
PCV: sacked cell volume(%)
* P<0.05
Table 5. Changes in Serum chemistry values in dogs anesthetized with tiletamine/zolazepam (mean £ SD)
Ciroups Varibles Recording stage(day)
-1 0 1 3 7
SALT 22.0+12.7 254x17.6 24.4+122 16.8£11.2 17.4£5.7
SAST 12.4+4.7 152+74 13.0+£8.9 13.4+6.7 15.0£49
Control BUN 17.4+3.4 14.6+3.0 15.2+4.0 12.6+£5.2 12.8+5.5
Cre 0.7+0.1 0.7+0.1 0.7+0.1 0.610.2 0.5+0.2
T-Pro 6.6+0.4 6.3+0.4 6.3+0.5 6.5+0.4 6.8+0.7
SALT 17.2+11.3 18.4+10.8 16.4+7.1 13.6£6.5 12.4+6.1
SAST 10.8+4.0 11.8+6.3 10.0x1.4 11.0+2.8 9.2+0.4
XTZ BUN 20.2+6.7 13.4+4.0 16.4+5.8 19.4£8.5 16.8+5.6
Cre 0.8+£0.4 0.8+0.1 0.7+0.1 0.7x0.1 0.8+0.1
T-Pro 5.5+£0.8 5.6x0.1 6.2+0.5 6.4+0.3 6.8+0.6
SALT 22.0£12.7 25.4+17.6 244+12.2 16.8+11.2 17.4+5.7
SAST 11.2+2.2 10.0x1.7 13.0x3.8 10.0+1.4 9.8+1.8
MTZ BUN 19.2+4.9 20.6x8.2 13.6+4.6 13.8+£3.5 21.0+£6.9
Cre 0.7+£0.2 0.7x0.1 0.7+0.1 0.6x0.1 0.7+£0.2
T-Pro 7.1+£0.6 72+1.2 6.2+0.8 6.3+0.9 7315

SALT: serum alanine aminotransfer-ase(IU/L)
SAST: serum aspartate aminotrasferase(TU/L)

BUN: blood urea nitrogen(mg/dl)

Cre: creatinine(mg/dl)
T-Pro: total protein(g/dl)

used dissociative injectable anesthetic agent for animal
anestaesia®™*'*,

Zoletil® is a nonopioid, nonbarbiturate injectable anesthe-
uc agent. It consists of a 1: 1(weight: weight) combination
of tiletamine and zolazepam. The pharmacodynamics of

tiletamine, a dissociative anesthetic agent, are similar to
those of ketamine, but tiletamine has a longer duration of
action and greater analgesic effect than does ketamine'*****.
Tiletamine is only approved for use in combination with a
benzodiazepine derivative, zolazepam®'.
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Xylazine and medetomidine are ¢;-adrenergic agonists
commonly used as preanesthetics with dissociative anesthet-
ics. These o,-adrenergic agonists can mediate analgesia,
anxiolysis, sedation, sympatholysis, and control of hyper-
tension. Xylazine has adverse effects including vomiting,
hypersalivation, hyperurination, hyperglycemia, arrythmia,
and bradycar_dial‘),ZO,Zl,30,32,36,4] .

Emesis may occur in dogs and cats soon after xylazine is
administered'**, It was reported that medetomidine also
induced emesis in dogs(30-40 ng/kg) and cats(80-110 pg/
kg)*, but no emesis was observed in any dogs treated
medetomidine(30 pg/kg, IM) in this study. Xylazine and
TZ can cause hypersalivation. Atropine or glycopyrrolate
has been recommended to be used with xylazine and TZ to
control this problem®’. Although all dogs were premedi-
cated with atropine, they showed hypersalivation during
recovery time in this study.

Other side effects including head rocking and muscle
tremor were observed. The dogs of Control group showed
rougher recovery than those in XTZ and MTZ groups. When
TZ combination is used, there is a shorter duration of tran-
quilization than anesthesia due to the longer duration of
tiletamine than that of zolazepam™. In XTZ and MTZ
groups, the dogs showed smooth recovery and it was sup-
posed that xylazine and medetomidine offered longer
duration of tranquilizing effect.

Pedal reflex, limb flexing in response to painful stimu-
lation on the digits or interdigital region and ear pinching
test, head shaking in response to ear pinching are useful
guide to assess the depth of anesthesia in dogs, cats, rabbits,
guinea pigs and rats®. However, other studies have reported
that laryngeal, pharyngeal, and pedal reflex were maintained
when TZ administered alone's**", In this study, pedal reflex
was shown in all dogs of Control group 10 minutes after
TZ administration. Tiletamine offered sufficient analgesic
effect but duration was short whereas zolazepam offered
strong muscle relaxation and anticonvulsant action with
unsatisfactory analgesic effect. The duration showing no
response to pedal reflex and ear pinching test in XTZ group
were 38+4.5(mean+SD) and 40+12.2 minutes, and 44+8.9
and 56+12.2 minutes in MTZ group. These significantly
increased when compared to those of Control group (P <
0.01). This is relevant to a previous study that reported
medeto-midine(20 pg/kg, IM) elevated pressure response
thresholds for 30 minutes and thermal response threshold
for 180 minutes after administration in beagle dogs®.

The dogs of Control group showed the shortest anesthetic
period(23.4+8.8 minutes) and those of MTZ group showed
the longest anesthetic period(67.3+7.0 minutes) in this study.
The dogs in XTZ and MTZ groups had a sigaificantly
longer period of anesthesia than those in Control group (P
<0.01). Chang et al. have observed the similar study'.
Although the duration of anesthetic period was extended
significantly when TZ combined with xylazine or medeto-
midine, the time difference among MAT, MST and MWT

of each group showed little difference. Therefore, it is sup-
posed that xylazine and medetomidine extend anesthetic
period only.

Changes of body temperature were not significant but
consistently decreased during the experimental period in all
groups. One study with polar bears had reported that most
anesthetized bears remained stable across a wide range of
ambient temperatures® and another study with black bears
treated MTZ has reported similar result®. However, Booker
et al. has reported that hypothermia was induced after TZ
injection in Rhesus macaque” . Little changes of body tem-
perature in this study was probably due to the temperature
of the table, which was maintained at 38°C. Hypothermia
may occur after TZ injection as a result of profound muscle
relaxation and it seems to be related to size or weight of
animal'%.

Respiratory rate increases in most species following TZ
injection”, but xylazine and medetomidine can reduce
respiratory rate in dogs**'. Cullen et al. have reported that
respiratory rates were significantly increased after TZ
administered alone in dogs'? and Trace ef al. have also
reported that tachypnea was observed in dogs and cats,
administered TZ intramusculary and intravenously”’, but
Booker et al. have reported that respiratory rates were not
changed significantly in Rhesus macaque®. In this study,
respiratory rates of control group were significantly
increased(P <0.05). Respiratory rates of XTZ and MTZ
groups were significantly decreased(P<0.05) 0, 10, 20 and
40 minutes after TZ injection. Although it is considered
that TZ is related to increasing respiratory rate, respiratory
rates were significantly decreased in XTZ and MTZ groups.
However, the pH, PaCO,, and PaO, were not changed sig-
nificantly. When TZ(2-4 mg/kg) was given intravenously
to dogs without any premedication, the dogs showed apnea
for about 1 minute followed by irregular, slow and shallow
breathing but PaCO, remained nearly normal". Although
respiratory rate decreases with the administration of xyla-
zine at clinically recommended dose, the pH, PaCO, and
P20, values remain virtually unchanged in dogs*. However,
one study has reported that the pH, PaCO, and PaO, were
significantly changed at some recording point in sheep
treated with TZ*, and similar result has been reported in
horses'®. Cullen er al. has reported that PaCO, was signifi-
cantly increased 3, 5 and 10 minutes after TZ administered
without a significant reduction in arterial PaO, in dogs'®.
Wood bison treated with XTZ and MTZ showed significant
increase in pH and PaCO,, and significant decrease in
PaO,’

The cardiovascular depressant effects of TZ in dogs and
cats are dose dependent®’. Xylazine induced such effect has
been linked to central ¢y-adrenoceptor activation. Three of
five dogs showed arrhythmia in this study. Several studics
in dogs have reported that the ventricular arrhythmogenic
action of xylazine alone or in combination with other anes-
thetic agent'$?*230383% - And medetomidine also induced
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arrhythmia and bradycardia®. Reduction of heart beat rate
is caused by xylazine significantly enhancing vagal tone"'’,
This effect is reduced by injection of antichol-inergic
drugs**°. Although the dogs of XTZ group were premedi-
cated with atropine, heart beat rates significantly decreased
(P <0.05) 20 and 40 minutes after TZ administered in this
study. [n sheep® and cats*, TZ caused insignificant changes
in heart beat rate, but it significantly reduced heart beat rate
10 minutes after the injection in monkeys®. Tracy et al.,
however, have reported that TZ raised heart beat rate in
dogs end cats”’. Other studies in dogs have reported that
significant increase of heart beat rate has also been observed
in dogs given TZ'*'7¥. In this study, dogs of control
group also showed significant increase of heart beat rate.
The increase in heart beat rate is attributed to direct central
nervous system(CNS) stimulation leading to increased
sy mpathetic tone and perhaps decreased vagal tone”. How-
ever, heart beat rate of the XTZ group were significantly
decreased(P < 0.05) 20, 40 minutes after TZ administration
and those of MTZ group were insignificatnly changed. This
was considered as a result of vagal tone being enhanced by
xylazine and medetomidine.

Changes in arterial blood pressure induced by TZ are
characterized by a decrease followed by an increase after
intravenous injection in dogs'’. Tiletamine given to the dog
induces tachycardia and hypertension in dogs'', and TZ also
induces tachycardia but decrease in blood pressure in dogs®.
Thus, an increase in blood pressure at a brief period after
TZ administration seems to be caused by tiletamine and a
long-lasting decrease caused by zolazepam in dogs. In this
study, SAP, DAP and MAP of TZ group were significantly
decrezsed 10 and 20 minutes. The effect of xylazine on
btood pressure is similar to that of TZ*. This effect is
observed in nearly all species. Kuusela ef al., however, have
reportzd that there was no significant change of SAP and
DAP in dogs treated with medetomidine(40 pg/kg)™.
Therefore, it is considered that MTZ is more useful than
XTZ sor patients with hypotension.

In CBC and serum chemistry, no significant change was
observed except for WBC of XTZ group on day 1 after the
experiment. WBC values of all groups increased on day 1
atter recovery from anesthesia. This is considered as the
result of inflammatory response to the surgical procedure.

Although relatively low dose of TZ was used in this
study, XTZ and MTZ combinations showed safe and good
anesthetic effects. But, prolonged duration of recovery
period after TZ injection is considered to be the problem to
be solved. One study has reported that Ro 15-1788 has
shortened duration of recovery period in TZ injected dogs,
but this induced side effects including continuous or semi-
continuous padding and whining®.

The duration of loss of pain reflex was long in XTZ and
MTZ groups, but we don't know whether this was the real
loss of perception of pain or only immobilization due to
muscle relaxation. Further studies using electroencephalog-

raphy need to be performed for accurate evaluation of this
result.

The results from our study indicate that xylazine(1.1 mg/kg)
-TZ(10 mg/kg) and medetomidine(30 pg/kg)-TZ(10 mg/kg)
are considered to be useful in canine operation that requires
long anesthetic duration and strong analgesic effect.
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