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Comparative evaluation of halothane anaesthesia in

medetomidine—butorphanol and midazolam—-butorphanol

premedicated water buffaloes (Bubalus bubalis)

V Malik®, P Kinjavdekar”, Amarpal’, H P Aithal’, A M Pawde® and Surbhi’

ABSTRACT

Six clinically healthy male water buffaloes (Bubalus bubalis) 2-3 years of age and weighing
290-325 kg were used for 2 different treatments (H; and Hy). The animals of group Hj were
premedicated with medetomidine (2.5 g/kg,i.v.) and butorphanol (0.05 mg/kg, i.v.), while in
group Hz midazolam (0.25 mg/kg) and butorphanol (0.05 mg/kg) were used intravenously.
Induction of anaesthesia was achieved by 5 % thiopental sodium in Hj (3.85 = 0.63 mg/kg)
and Ha (6.96 = 0.45 mg/kg) groups. The anaesthesia was maintained with halothane in
100 % oxygen through a large animal anaesthetic machine. Better analgesia and sedation
with a significantly lower dose of thiopental for induction and significantly higher values of
sternal recumbency time and standing time were recorded in group Hj than in group Ha,
whereas no significant (P > 0.05) difference for the halothane concentration was observed
between groups Hy and Ho. Significant decrease in heart rate was observed in group Hi
whereas it significantly increased in group Hz. In both groups, RR decreased during the
preanaesthetic period, which increased significantly (P < 0.01) after halothane administra-
tion. Inboth groups a significant (P < 0.01) fallin RT was recorded from 20 min to the end of
observation period. A significant (P < 0.05) fall in MAP was observed in group Hi from 15
min until the end, while in group Ha MAP increased nonsignificantly (P > 0.05) after
premedication and a significant (P < 0.05) occurredafter thiopental administration. In both
groups a significant (P < 0.01) increase in CVP and a significant (P < 0.01) decrease in SpO2
were observed after premedication which persisted up to 120 min. ECG changes included
significant (P < 0.01) decrease and increase in QRS amplitudes in groups Hy and Ha respec-
tively, a significant (P < 0.05) increase in PR interval was recorded at 15 min in group Hj, a
significant (P < 0.05) decrease in PR intervalin group Hz, a significant (P < 0.05) decrease in
T wave amplitude in group Hy, and a significant (P < 0.01) increase in duration of T wave in
group Hi . Itis concluded that both combinations can be used safely in buffaloes for surgery
of 2 h duration but better sedation, analgesia and muscular relaxation and more dose
sparing effect on anaesthetics and shorter recovery times were observed in group Hi.
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INTRODUCTION

In large ruminants inhalation anaesthe-
sia maximizes effectiveness and safety,
provided appropriate adaptations are
made for fasting and positioning of ani-
mals. Anaesthesia for major surgery is
usually maintained with volatile agents
but sedation and induction of anaesthesia
with injectable drugs are very important
in large, aggressive animals. Medetomi-
dine, the most potent alpha-2 agonist, has
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been investigated in some species of
animals***'. This drug has, however, not
been widely used in buffaloes, particu-
larly in combination with butorphanol.
Butorphanol, a synthetic opioid analge-
sic, is a partial agonist and agonist at «
opioid receptors. Midazolam has been
reported to produce adequate sedation
when used as premedicant with thiopen-
tal sodium in human beings and several
species of animals™®*. Synergistic inter-
actions have been reported between al-
pha-2 agonists and opioids and benzo-
diazepines and opioids in earlier stud-
ies™”. However, the suitability of combin-
ing butorphanol with medetomidine or
midazolam is yet to be established in
buffaloes.

Thiopentone sodium is the most widely
used intravenous induction agent in
ruminants and has been used in cattle
and buffalo calves'®”. There are few
reports on the use of inhalant anaesthesia
in large ruminants like cattle and
sheep™"*'. However, perusal of literature
reveals little information on the use of
halothane in adult buffaloes. Considering
the importance of this species and the
scarcity of information, this study was
designed to compare the suitability of
halothane anaesthesia with 2 different
preanaesthetic protocols.

MATERIALS AND METHODS

Experimental animals

Six clinically healthy male buffaloes 2-3
years of age and weighing 290-325 kg
were used. The clinical status of the
animals was assessed by recording heart
rate, respiratory rate and rectal tempera-
ture and by conducting haematological
examinations. The animals were fasted
for 48 hours and water was withheld for
24 hours prior to the start of the experi-
ment. The animals were secured in right
lateral recumbency and the left ventro-
lateral aspect of the neck and dorsal side
of the left ear were aseptically prepared
for administration of drugs. A pre-hepari-
nised polythene catheter was introduced
into the jugular vein through a 12 gauge
hypodermic needle and passed up to the
level of the right atrium. This catheter was
attached to a central venous pressure
(CVP) saline manometer through a
3-way stopcock for recording of CVE. The
3rd end of the stopcock was attached to
a glass syringe filled with heparinised
saline for flushing the system. The posi-
tion of the catheter in the anterior vena
cava or right atrium was confirmed by
pressure changes in the saline manome-
ter due to respiration. The cuff of the
non-invasive blood pressure (NIBP) mon-
itor (Surgivet, Smith Medical PM,
Waukesha, WI, 53186) was applied
around the base of the tail for monitoring
systolic, diastolic and mean arterial blood
pressures. Subcutaneous needle electrodes
were placed at the posterior border of the
scapula and at the 5th costochondral
junction (base apex lead) for recording of
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electrocardiograms at 1 mV and 25 mm/s
paper speed (BPL, New Delhi). The base-
line data for arterial oxygen saturation
were obtained by applying the sensor of a
pulse oxymeter (Nonin Medical Inc.,
Minneapolis, USA) to the tongue after
application of a mouth gag in the sedated
animals. The animals were stabilised
for 30 min before recording the baseline
data.

Experimental design

All the animals received 2 treatments
randomly at 10-day intervals. In group H,
medetomidine (2.5 mg/kg) (Domitor;
Orion Corporation, Formos Group,
Turku, Finland) and butorphanol (0.05
mg/kg) (Butrum; Aristo Pharma,
Mumbai) and in group H, midazolam
(0.25 mg/kg) (Mezolam; Neon Laboratories,
Mumbeai) and butorphanol (0.05 mg/kg)
were administered intravenously. Induc-
tion of anaesthesia was achieved with 5 %
thiopental sodium (Thiosol sodium;
Neon Laboratories, Mumbai) in both
groups. Anaesthesia was maintained
with halothane (Halothane I.P. 85; Raman
and Weil Pvt Ltd, 15, Mumbai) in 100 %
oxygen through a large-animal anaes-
thetic machine (Surgivet; Smith Medical
PM, Waukesha, USA). The time of admin-
istration of preanaesthetics was taken as
time zero.

Technique of drug administration

After 15 min of premedication, the
animals were restrained in right lateral
recumbency and anaesthesia was induced
with intravenous thiopental sodium. An
additional dose of thiopental sodium, if
required, was administered until the
pinprick reflex over the ribs and coronary
band ceased to occur. A mouth gag was
used to open the jaws and an endo-
tracheal tube was passed and connected
to the anaesthetic machine. Halothane in
100 % oxygen was administered via a
semi- closed rebreathing system for main-
tenance of anaesthesia for 120 min. The
vaporiser setting was adjusted according
to depth of anaesthesia after monitoring
the animal’s response to a pinprick on the
tail.

Clinical observations

Sedation. Sedation was evaluated by
recording behavioural changes and was
graded on a 1-4 scoring scale as: 1 (no
sedation) = standing alert, head high,
eyes open; 2 (mild sedation) = standing
but appearing tired, drooping of head
and eyelids; 3 (moderate sedation) = able
to sit without support, drooping of head
and eyelids; 4 (excellent sedation) = un-
able to sit without support, drooping of
head and eyelids.
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Analgesia. Analgesia was assessed by
recording the animal’s response at 15-min
intervals by pricking with a 22 G hypo-
dermic needle on the rib periosteum and
at the coronary band. The analgesia was
graded on a 1-4 scoring scale as: 1 (no
analgesia) = strong reaction to pinpricks;
2 (mild analgesia) = weak response to pin
pricks; 3 (moderate analgesia) = occa-
sional response to pinpricks; 4 (excellent
analgesia) = no response to pinpricks.

Muscular relaxation. Muscle relaxation
was recorded in the muscles of the abdo-
men, legs and jaws. The ease with which
the jaws of recumbent animals could be
opened, their hind limbs could be bent
without resistance and the flaccid abdo-
men could be pressed was recorded as the
extent of muscle relaxation. It was graded
on a 1-4 scoring scale as: 1 (no relaxation)
= normal abdominal muscles, tightly
closed jaws and stiff limbs; 2 (mild relax-
ation) = moderate resistance to pressing
of abdomen, opening of jaws and bend-
ing of limbs; 3 (moderate relaxation) =
mild resistance to pressing of abdomen,
opening of jaws and bending of limbs;
4 (excellent relaxation) = flaccid abdo-
men, no resistance to opening of jaws and
bending of limbs.

Reflexes. The degree of loss of various
reflexes, namely palpebral, corneal, pedal
(interdigital skin fold pinching with a ar-
tery forceps for 1 second) and pinprick
(deep pricking the last thoracic rib
periosteum with a 22 G hypodermic
needle) were recorded at different inter-
valsin the animals of different groups and
were graded on a (-) to (++++) scoring
scale as: (-) = completely lost; (+): mild
response; (++): moderate response;
(+++): good response; (++++): excel-
lent response.

Position of eyeball. Position of the eyeball
in the animals of different groups was
recorded at different intervals and was
graded as C (central) or D (downward
rotation).

Extent of salivation. The extent of saliva-
tion was recorded at different intervals
and was graded on a (-) to (++++) scor-
ing scale as follows: (-): Absent; (+): mild;
(++): moderate; (+++): extensive;
(++++): profuse.

Dose of thiopental and concentration of
halothane. The dose of thiopental sodium
(mg/kg) for induction and concentration
(%) of halothane (range) for maintenance
of anaesthesia was calculated after the
completion of each trial.

Weak time. The time that elapsed from
the time of injection of preanaesthetic
agents to the time when the animals
showed ptosis of the head was recorded
as weak time.

Recovery time. The time from discontinu-

ation of the administration of halothane
and the 1st spontaneous movement of
any body part was recorded as recovery
time.

Sternal recumbency time. The time from
discontinuation of the administration of
halothane to the spontaneous regaining
of sternal recumbency was recorded as
sternal recumbency time.

Standing time. The time from discontinu-
ation of the administration of halothane
to spontaneous regaining of standing
position was recorded as standing time.

Heart rate (beats/min) (HR), respiratory
rate (breaths/min) (RR) and rectal tempera-
ture (°C) (RT). HR, RR and RT were
recorded at 0, 5, 10, 15, 20, 30, 40, 50, 60, 70,
80, 90,100,110 and 120 min of anaesthesia.
Mean arterial pressure, central venous
pressure and electrocardiogram. Mean
arterial pressure (MAP) (mm Hg), central
venous pressure (CVP) (cm H,O), haemo-
globin oxygen saturation (SpO. %) and
electrocardiogram (ECG) (base apex lead)
at 1 mV and 25 mm/s paper speed were
recorded at 0, 5, 10, 15, 20, 30, 40, 50, 60, 70,
80,90,100,110 and 120 min of anaesthesia.

Statistical analysis

Analysis of variance (ANOVA) and
Duncan’s multiple-range test (DMRT)
were used to compare the means at differ-
ent intervals among different groups.
Paired ‘t’ test was used to compare the
means at different intervals with their
respective base values in each group. For
nonparametric observations the Kruskal-
Wallis 1-way test was used to compare the

means between groups™®.

RESULTS

Sedation

In group H, the median + SD (range) of
sedation score was 4 = 0.516 (3—-4). Of 6
animals, 4 recorded a score of 4 and 2
animals recorded a score of 3. Group H,
animals recorded a sedation score of 2 =
0.632 (1-3) (median * SD) (range). In this
group 4 animals recorded a score of 2, 1
animalrecorded 3 and 1 animal scored 1.

In group H; the signs of sedation were
evident after 2-3 min of medetomidine
and butorphanol premedication. Excel-
lent sedation was recorded in this group,
with characteristic signs of sedation. Two
animals in group H; attained sternal
recumbency, whereas 2 animals knelt for
a short period (1-2 min) and could stand
up intermittently. However, other ani-
mals remained in the standing position
but appeared sedated. None of the ani-
mals in this group showed signs of excite-
ment during sedation. In 1 animal the
eyelids were closed with moderate de-
pression of palpebral and corneal reflexes
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and the eyeball turned ventromedially
after 5 min of premedication, but it re-
gained its central position after 10 min of
drug administration.

In group H, animals, moderate sedation
was recorded. Two animals in this group
attained sternal recumbency immediately
after premedication with midazolam and
butorphanol, but these animals stood up
after 5-8 min. Other animals remained in
the standing position with varying
degrees of ataxia and incoordination. All
the animals of this group exhibited signs
of excitement like vigorous licking of
muzzle, shaking of the head and tail,
attempts to stand up, if recumbent within
5min of drug administration. Two animals
of this group showed signs of severe
excitement and were difficult to restrain
before induction. Comparison between
the groups revealed that medetomi-
dine and butorphanol produced better
sedation than midazolam and butor-
phanol.

Analgesia

In group H, the analgesia was graded as
excellent with a score of 4. The median =+
SD (range) of analgesia score recorded in
group H; was 4 = 0.0 (4-4). However, in
group H, the analgesia was graded as good.
The median + SD (range) of analgesia
score in group H, was 2.5 + 0.81 (2-4). In
group H,, 3 animals recorded a score of 2,
while 2 animals recorded 3 and only 1
animal recorded a score of 4.

Muscular relaxation

Median * SD (range) of muscle relax-
ation score was 4 = 0.40 (3—4) in group H,
and 4 = 0.51 (3-4) in group H,, respec-
tively. In group H; 5 animals recorded
excellent muscle relaxation (score 4) and
in 1 animal good muscle relaxation (score
3) was recorded. In group H, 4 animals
recorded excellent muscle relaxation
(score 4) and 2 animals recorded good
muscular relaxation (score 3). Signs of
early muscle relaxation were observed
after 8-10 min of premedication and
remained so throughout the observation
period. Comparison between groups
did not reveal significant differences in
muscle relaxation scores.

Palpebral reflex

In group H, the palpebral reflex was
moderately depressed up to 15 min after
premedication and remained absent
during the rest of the observation period,
whereas in group H, the palpebral reflex
was good to moderately depressed after
midazolam and butorphanol administra-
tion, but was later completely depressed
and remained absent during the rest of
the observation period. Comparison
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between the 2 groups did not show signif-
icant differences in the depression of the
palpebral reflex.

Corneal reflex

In both groups the corneal reflex showed
good response to moderate depression
after premedication. However, it disap-
peared after administration of thiopental
sodium in both groups and remained ab-
sent up to the end of anaesthesia.

Pedal reflex

After premedication, a good response
to moderate depression of pedal reflex
was recorded and it remained so up to
15 min of anaesthesia in both groups.
After induction of anaesthesia, the pedal
reflex disappeared completely and this
persisted until the end of maintenance
anaesthesia in animals of group H,. How-
ever, in group H, the pedal reflex was lost
after induction and remained so, but
2 animals in this group showed a mild
response up to the end of the observation
period. Comparison between groups re-
vealed that the degree of depression of
the pedal reflex was higher in group H;
than in group Ho..

Position of eyeball

The eyeball remained central in position
during the sedation period in group H,,
whereas in group H; the eyeball rotated
downward 5 min after premedication.
During the maintenance period it rotated
downward in most of the animals of both
groups.

Salivation

Mild to moderate salivation was ob-
served after 5-10 min of premedication in
both groups. However, in group H; the
extent of salivation was moderate but
group H, animals produced only mild
salivation during the sedation period.
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Moderate to profuse salivation was noticed
throughout the observation period in
both groups. When the concentration of
halothane was increased to maintain the
desired depth of anaesthesia, the extent of
salivation increased immediately. An
increase in halothane concentration also
increased lacrimation.

Doses of drugs

Thiopental sodium

Mean doses of thiopental sodium for
induction of anaesthesia in groups H; and
H, were 3.85 + 0.63 mg/kg and 6.96 + 0.45
mg/kg, respectively. Group H; required
significantly (P < 0.05) lower doses than
group H..

Halothane

Halothane concentration for mainte-
nance of anaesthesia in group H, ranged
from 2.5 to 3.5 %, whereas in group H,
it ranged from 2.75 to 4.0 %. Comparison
between the groups revealed no signifi-
cant (P > 0.05) differences in the halo-
thane concentration used for mainte-
nance.

Weak time

The median * SD of weak times re-
corded in groups H; and H, were 3.00 +
1.60 min and 4 *= 1.89 min, respectively,
which did not differ significantly be-
tween groups (Fig. 1). However, in group
H, sedation developed smoothly and the
onset of limb incoordination was gradual
but the animals took less time to show
ptosis of the head. In contrast, in group H,
the onset of limb incoordination was
rapid but the animals took longer to show
ptosis of the head.

Recovery time
The median = SD of recovery time re-
corded in groups H; and H, were 5 +

L sl

WT

RT

SRT ST

| M H1 H2 |

Fig. 1: Weak time (WT), recovery time (RT), sternal recumbency time (SRT) and standing
time (ST) after halothane anaesthesia in water buffaloes (n = 6) induced with thiopental
sodium (5 % to effecti.v.) and premedicated with medetomidine (2.5 pg/kgi.v.) + butorphanol
(0.05 mg/kg i.v.) in group Hi and midazolam (0.25 mg/kg i.v. + butorphanol (0.05 mg/kg i.v.) in

group Ha.
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Fig. 2: Mean = SE values of heart rates (beats/min) at different time intervals during halothane anaesthesia in water buffaloes (n=6) induced
with thiopental (5 % to effect i.v.) and premedicated with medetomidine (2.5 pg/kg i.v.) + butorphanol (0.05 mg/kg i.v.) in group H1 and
midazolam (0.25 mg/kg i.v.) + butorphanol (0.05 mg/kg i.v.) in group Hz, P = time of premedication; | = time of induction; M = time of start of

maintenance.
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Fig. 3:Mean = SE values of respiratory rates (breaths/min) at different time intervals during halothane anaesthesia in water buffaloes (n=6)
induced with thiopental (5 % to effecti.v.) and premedicated with medetomidine (2.5 pg/kgi.v.) + butorphanol (0.05 mg/kgi.v.) in group H1 and
midazolam (0.25 mg/kg i.v.) + butorphanol (0.05 mg/kg i.v.) in group Hz. P = time of premedication; | = time of induction; M = time of start of

maintenance.

1.86 min and 9.5 * 7.00 min, respectively.
Group H; recovered earlier than group
H,, The recovery times did, however, not
differ significantly (P > 0.05) (Fig.1) .

Sternal recumbency time

The median = SD of sternal recum-
bency time recorded in groups H; and H,
were 16 + 6.83 min and 46.5 + 23.86 min,
respectively. Group H, took significantly
(P <0.05)longer to resume sternal recum-
bency than group H; (Fig.1).

Standing time

The median + SD of standing time re-
corded in groups H; and H, were 18.50 +
9.43 min and 70 * 39.82 min, respectively.
Standing time in group H, was signifi-
cantly (P < 0.05) longer than in group H,
(Fig. 1).

Heart rate (HR)

Medetomidine and butorphanol combi-
nation produced significant (P < 0.01)
bradycardia immediately after premedi-
cation in group Hj, which persisted up to
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40 min. After 50 min HR improved
slightly but remained significantly (P <
0.05) decreased until the end of the obser-
vation period. In group H, HR increased
after midazolam and butorphanol admin-
istration and remained significantly
(P < 0.05) increased from 10-40 min and
returned to the base value at 120 min. HR
remained significantly (P < 0.05) higher
in group H, than in group H; (Fig. 2).

Respiratory rate (RR)

In group H; a non-significant (P > 0.05)
decrease in RR was recorded up to 15 min
of premedication but an increasing trend
in RR was recorded after halothane
administration, which was significant
(P < 0.01) throughout the maintenance
period. In group H, RR decreased
nonsignificantly (P > 0.05) after premedi-
cation and remained so up to the post-
induction period (20 min). It increased
after the administration of halothane
and remained significantly (P < 0.01)
increased throughout the maintenance
period (Fig. 3).

Rectal temperature (RT)

In groups H; and H, a significant (P <
0.01) decrease in RT was recorded at 20
min which persisted up to the end of the
observation period. Significantly higher
RT values were recorded in group H; up
to 15 min, but no significant differences
between the groups was recorded in RT
after induction until the end of anaes-
thesia (Fig. 4).

Mean arterial pressure (MAP)

In group H; a significant (P < 0.05) drop
in MAP was recorded after 15 min of
premedication and the decrease contin-
ued for the entire observation period.
However, from 30 to 50 min a highly
significant (P < 0.01) decrease in MAP
was recorded. In group H, a nonsigni-
ficant (P < 0.05) increase in MAP was re-
corded after 5 min of premedication, but
after induction a significant (P < 0.05)
decrease in MAP was recorded, which
persisted for the entire observation
period (Fig. 5).
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Fig. 4: Mean + SE values of rectal temperature (°C) at different time intervals during halothane anaesthesia in water buffaloes (n = 6)
induced with thiopental (5 % to effect i.v.) and premedicated with medetomidine (2.5 pg/kgi.v.) + butorphanol (0.05 mg/kgi.v.) in group H1 and
midazolam (0.25 mg/kg i.v.) + butorphanol (0.05 mg/kg i.v.) in group Hz. P = time of premedication; | = time of induction; M = time of start of

maintenance.
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Fig. 5: Mean + SE values of mean arterial pressure (mm Hg) at different time intervals during halothane anaesthesia in water buffaloes (n=6)
induced with thiopental (5 % to effecti.v.) and premedicated with medetomidine (2.5 pg/kgi.v.) + butorphanol (0.05 mg/kgi.v.) in group Hi and
midazolam (0.25 mg/kg i.v.) + butorphanol (0.05 mg/kg i.v.) in group Hz. P = time of premedication; | = time of induction; M = time of start of

maintenance.

Central venous pressure (CVP)

In group H; CVP increased significantly
(P < 0.01) 5 min after premedication and
this persisted up to 120 min. However, a
maximum increase in CVP was recorded
at 10 min. CVP increased significantly
(P < 0.01) after 5 min of premedication in
group H,, which decreased but remained
nonsignificantly (P > 0.05) higher
throughout the observation period. CVP
remained significantly (P < 0.05) higher
in group H;, thab in group H, throughout
the observation period (Fig. 6).

Haemoglobin oxygen saturation
(SPO2)

In group H; SpO, decreased signifi-
cantly (P < 0.01) at 5 min, and this per-
sisted for 120 min. However, the lowest
SpO, value was observed after induction
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of anaesthesia. Group H, exhibited a sig-
nificant (P < 0.01) decrease in SpO, at 10
min, which remained decreased up to the
end of the observation period. No signifi-
cant differences in SpO, between groups
were recorded throughout the observa-
tion period (Fig. 7).

Electrocardiography
Electrocardiographic parameters re-
corded in both groups are presented in
Table 1. A normal sinus rhythm was re-
corded before premedication in all the
animals of both groups. However, sinus
bradycardia after premedication was a
consistent finding in group H;. On
the other hand sinus tachycardia was
consistently observed after premedi-
cation in group H,. After induction of
anaesthesia, however, sinus bradycardia

disappeared in group H; and did not re-
appear during the rest of the observation
period. In group H; the QRS amplitude
recorded a highly significant (P < 0.01)
decrease after premedication which re-
mained decreased up to 90 min, whereas
in group H, the QRS amplitude showed
a significant (P < 0.01) increase from 15
min until the end of the observation
period.

A significant (P < 0.05) increase in PR
interval was recorded at 15 min in group
H.. A further highly significant (P < 0.01)
increase was recorded from 45 min to 120
min. By contrast, in group H, a signifi-
cant (P < 0.05) decrease in PR interval
was recorded at 30 min, which persisted
until the end of the observation period.
In group H; the T wave amplitude de-
creased significantly (P < 0.05) at 30 min
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Fig. 6: Mean = SE values of central venous pressure (cm H20) at different time intervals during halothane anaesthesia in water buffaloes
(n=6) induced with thiopental (5 % to effect) and premedicated with medetomidine (2.5 pg/kgi.v.) + butorphanol (0.05 mg/kg i.v.) in group Hy
and midazolam (0.25 mg/kgi.v.) + butorphanol (0.05 mg/kgi.v.) in group Hz. P = time of premedication; | = time of induction; M = time of start of

maintenance.
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Fig. 7:Mean = SE values of heart rates (beats/min) at different time intervals during halothane anaesthesia in water buffaloes (n=6) induced
with thiopental (5 % to effect i.v.) and premedicated with medetomidine (2.5 pg/kg i.v.) + butorphanol (0.05 mg/kg i.v.) in group H1 and
midazolam (0.25 mg/kg i.v.) + butorphanol (0.05 mg/kg i.v.) in group Hz, P = time of premedication; | = time of induction; M = time of start of

maintenance.

from the baseline and remained de-
creased until the end of the observation
period except at 1 or 2 intervals. In both
groups the duration of T wave exhibited a
highly significant (P < 0.01) increase at 15
min and 30 min and thereafter up to 120
min.

DISCUSSION

The doses of medetomidine (2.5 g/kg)
and butorphanol (0.05 mg/kg) were
selected on the basis of pilot trials con-
ducted before the start of the experiment.
It was found that smaller doses of mede-
tomidine (2.5 g/kg) and butorphanol
(0.05 mg/kg) enhanced the sedation
and analgesia and reduced the adverse
effects. Similarly, decreased doses of
medetomidine ranging from 2 to 10 g/kg
with butorphanol have been reported to
enhance sedation and analgesia, while
potentially reducing the duration of the
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adverse cardiovascular effects associated
with its use®. Synergistic sedative and
analgesic activity between alpha-2
agonists and opioid agonist-antagonists
has been reported in horses and rumi-
nants'””. Midazolam and butorphanol
produced moderate sedation and adequate
analgesia but induced varying degrees of
excitement in all the animals. Although
midazolam does not have any analgesic
effect, addition of butorphanol might
have resulted in an adequate level of
analgesia. Thiopental and halothane
have no or minimal intrinsic analgesic
effect’. Excellent analgesia throughout
the observation period in both groups
mightbe due to the long-lasting analgesic
effect of medetomidine and butorphanol
and CNS depressant effects of thiopental
and halothane. Alpha-2 agonists have
been reported to produce profound
muscle relaxation alone and in combina-

tion with opioid agonist-antagonists™.
Midazolam possesses muscle-relaxant
properties typical of benzodiazepines.
The muscle relaxation and motor inco-
ordination induced by midazolam have
been reported in different species™.
Moderate depression of all the reflexes
was recorded in both groups. Moderate to
complete abolition of palpebral and cor-
nealreflexes after medetomidine (10 g/kg)
and pentazocine (3mg/kg) in goats, mild
to moderate palpebral reflex and full cor-
neal reflex after midazolam administra-
tion (0.2 mg/kg, i.v.) in bovine and
complete abolition of palpebral and cor-
neal reflexes and ventro-medial rotation
of eyeball after thiopental administration
and during maintenance with halothane
in bovine have been reported***"*.
Increased salivation during the mainte-
nance period could be due to the effect
of alpha-2 agonists on salivary glands,
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P wave amplitude (mV)
P wave duration (s)
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T wave amplitude (mV)
T wave duration (s)

PR interval (s)

QT interval (s)

—
~

decreased swallowing reflex or partially
opened jaws for placement of the endo-
tracheal tube ***. Regurgitation, a frequent
complication during general anaesthe-
sia in ruminants, could be effectively
prevented in the present study by keep-
ing the animals off feed prior to the start
of the experiment and by placing the cau-
dal cervical and anterior thoracic region
higher than the rest of the body*.

Reduction in the induction dose of
thiopental was recorded in both groups
as the usual dose of thiopental in large
ruminants is around 8-10 mg/kg. Syner-
gism between medetomidine and butor-
phanol and thiopental might have played
an important role in reducing the induc-
tion dose of thiopental in the present
study. Synergistic interaction between
midazolam and thiopental has also been
reported where preanaesthetic medica-
tion with midazolam reduced the dose
of thiopental by about 25 % and 50 % in
cattle and 40 % in buffaloes””*". The con-
centration of halothane required for main-
tenance in group H; was slightly lower
than in group H, which suggested a
greater halothane sparing effect of mede-
tomidine in comparison to midazolam.
Similarly, medetomidine (30 g/kg) has
been reported to cause a 47.2 % decrease
in MAC of isoflurane compared to a 23 %
reduction in MAC of isoflurane after
midazolam administration in dogs™*.

The animals of group H, required signif-
icantly longer time to stand than those of
group Hi. It might be due to the greater
induction doses used in group H,. Con-
sciousness has been reported to return
within 15-20 min after discontinuation of
halothane in diazepam and chloral
hydrate induced calves, which were able
to stand within 90 min®. However, it has
been reported that buffaloes took 190
minutes to stand after thiopental-
induced halothane anaesthesia®. In
another study, return of consciousness,
within 15-20 min following halothane
anaesthesia, irrespective of induction
agents used, has also been reported in
different animals"*".

Significant bradycardia has been re-
corded in medetomidine and butorphanol
premedicated buffaloes. Inhibition of
sympathetic tone from the CNS, vagal
activity in response to medetomidine
induced vasoconstriction and direct
increase in the release of acetylcholine
from sympathetic nerves in the heart
have been reported as the possible mech-
anisms by which medetomidine induced
bradycardia®. Similar effects have been
reported in earlier studies after mede-
tomidine administration in different
species™”. Midazolam has been reported
to cause transient hypotension in humans

**Significantly different from the base value (P < 0.01).
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and, as the baroreflex is preserved, the
increase in HR may be a reflex response to
decreased blood pressure in humans®. A
similar finding has been recorded in the
present study, where midazolam caused
tachycardia. An appreciable tachycardia
with no change in MAP but decreased
CVPin calves sedated with diazepam has
also been reported”. Mild increase in HR
after thiopentone administration in both
groups in the present study supported
the findings in buffaloes adminis-
tered thiopentone sodium and glyceryl
guiacolate'. It has been observed that
during halothane anaesthesia tachycar-
dia was a consistent finding and during
controlled ventilation HR increased ap-
proximately 50 % over resting values®.
Similar findings of tachycardia have also
been reported in cattle anaesthetised with
halothane®. By contrast, bradycardia has
been shown to develop after halothane
anaesthesia in cattle calves and no change
in HR was reported when it was used at
clinical doses in these animals®™*.
Respiratory depression was a consistent
finding in both groups. Respiratory depres-
sion associated with alpha-2 adrenergic
agonists might be secondary to the CNS
depression produced by alpha-2 adreno-
ceptor stimulation or due to direct de-
pression of the respiratory centres by
preanaesthetics”™. A similar decrease in
RR has also been reported after medeto-
midine administration in sheep®™”. In
contrast, only a small effect on RR has
been reported after intravenous medeto-
midine administration in goats”. In both
groups, shallow and rapid respiration
wasrecorded throughout the observation
period. Shallow and rapid respiration has
been reported to be a characteristic fea-
ture of halothane anaesthesia®. Similar
observations have been recorded in
camels during halothane anaesthesia®.
Significant hypothermia was recorded
in both groups throughout the observa-
tion period. Alpha-2 agonists have been
reported to induce prolonged depression
of thermoregulation* and similar findings
have also been reported after medetomi-
dine administration in goats”. These
agents have also been found to depress
hypothalamic noradrenergic alpha-2
adrenergic receptors to cause hypother-
mia*. Reduced basal metabolic rate and
muscle activity on one hand and depres-
sion of thermoregulation on the other
might have resulted in hypothermia®.
Hypotension was a consistent finding
in both groups. A biphasic response, i.e.
transient initial hypertension followed by
prolonged hypotension, has been consid-
ered a classic response after intravenous
administration of alpha-2 adrenergic
agonists®. However, an initial hyperten-
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sive response was not recorded in the
present study and instead only a hypo-
tensive phase was recorded. It has been
reported that preservation of haemo-
dynamic functions occurred with mida-
zolam, which involves an intact sym-
patheticreflex as demonstrated by release
of endogenous catecholamine™, and this
might be the reason for increase in MAP
after midazolam and butorphanol admin-
istration. However, in contrast with the
findings of the present study, intrave-
nous administration of midazolam and
butorphanol has been reported to induce
significant decrease in MAP in isoflurane
anaesthetised cats'. In both groups the
MAP remained lower than the baseline
during the maintenance period. How-
ever, the depression was significant only
in group H;. The hypotensive effect of
halothane has been shown in cattle,
horses, sheep, buffalo and camels™***,
Halothane, when used in clinical doses,
produced a decrease in arterial blood
pressure, which resulted from the depres-
sion of myocardial contractility and car-
diac output®.

The significant and prolonged increase
in CVP as recorded in the present study
was probably a reflection of medeto-
midine-induced bradycardia and possi-
bly vasoconstriction resulting in the
pooling of blood in the venous circula
tion”. Significant increase in CVP has
been demonstrated after medetomidine
and butorphanol administration in
goats'. A slight decrease in CVP was re-
corded immediately after thiopentone
administration in the present study. Simi-
lar findings have been reported after
thiopentone administration in buffaloes
and crossbred calves®™. In group H,, how-
ever, the CVP showed a decline after the
start of the maintenance period but it re-
mained significantly higher than the base
value. Continued maintenance of CVP at
higher levels in both groups might possi-
bly have been due to the depressive
influence of medetomidine and butor-
phanol on the heart that gradually sub-
sided with the elimination of the drugs™*.
Compensatory mechanisms might have
been affected in the present study, as the
CVP did not return completely to the
baseline at the end of the observation. In
group H,, the CVP increased significantly
after premedication but the increase was
less significant than in group H; and this
trend was recorded for the entire observa-
tion period. A lesser rise in CVP in group
H, might be attributed to increased HR
and decreased systemic vascular resis-
tance.

Decrease in SpO, was possibly due to a
certain degree of respiratory depression

in both groups. Low SpO, values with
medetomidine and ketamine anaesthesia
have been reported in rabbits'>*. Slightly
higher values of SpO, recorded during
the maintenance period in the present
study might be due to the administration
of 100 % oxygen with halothane.

In the present study, no abnormality in
the ECG except for slight variations in the
amplitude of P wave, T wave and QRS
complex was recorded under halothane
anaesthesia in buffaloes as has also been
reported in other studies’. Similar find-
ings have also been reported after mede-
tomidine administration in goats®".
Ventricular premature depolarisation has
been reported in dogs and cats under
halothane anaesthesia'®. The elevation of
ST segment, T wave changes, wandering
pacemakers and ectopic pacing in sheep
during thiopentone and halothane anaes-
thesia have been reported”. None of the
above abnormalities except for some T
wave changes like notched or biphasic T
waves were observed in the present study
during halothane anaesthesia. Similar
findings have been reported under
thiopentone and halothane anaesthesia
in calves™.

It is concluded that both anaesthetic
drug combinations can be used safely in
buffaloes for surgery of 2-hour duration
However, medetomidine (2.5 g/kg) and
butorphanol (0.05 mg/kg) provide better
sedation, analgesia and muscle relaxation
with transient but slightly more cardiac
depression than midazolam (0.25 mg/kg)
and butorphanol (0.05 mg/kg) when used
as preanaesthetics to thiopental and
halothane anaesthesia in buffaloes.
Medetomidine and butorphanol combi-
nation provides more dose sparing effect
on anaesthetics used for induction and
maintenance with shorter recovery times
than that of the midazolam-butorphanol
combination.

REFERENCES

1. Agrawal K B P Prashad B, Sobti V K 1983
Clinical observations during anaesthesia
after administration of glyceryl guaicolate
with and without chloral hydrate/thiopental
sodium in buffalo calves. Indian Journal of
Veterinary Surgery 4: 64-69

2. Aithal H B Amarpal, Tyagi S I, Singh G R,
Mogha I V 1998 Sedative, analgesic and
cardiorespiratory effects of diazepam-med-
etomidine anaesthesia in atropinized dogs.
Indian Journal of Animal Sciences 68: 1012-1014

3. Amarpal, Aithal H B, Pratap K, Singh G R
1998 Neuroleptanalgesia with medetomi-
dine and pentazocine in goats. Indian Veteri-
nary Journal 75: 150-154

4. Amarpal, Aithal H I Pratap K, Singh G R
1998 Neuroleptanalgesia with medetomi-
dine and pentazocine in goats. Indian Veteri-
nary Journal 75: 150154

5. Bisnoi P 2001 Studies on midazolam and its
combination with chloral hydrate and

15



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

16

thiopentone sodium anaesthesia in calves.
PhD thesis, Punjab Agriculture University,
Ludhiana, India

Bose A S, Kohli R N 1983 Studies on
halothane anaesthesia in buffaloes with
special reference to thoracic surgery. Indian
Journal of Veterinary Surgery 4: 50-57
Cheema ] S 2002 Studies on midazolam-
thiopentone anaesthesia in bovine dia-
phragmatic herniorrhaphy. MVSc thesis,
Punjab Agriculture University, Ludhiana,
India

Chitale D, Pratap K, Amarpal, Gupta O B
Aithal HP Singh G R 1998 Observations on
some clinical aspects of alpha-2 agonists
with diazepam as preanaesthetic to keta-
mine anaesthesia in goats. Indian Veterinary
Journal 76: 112-114

Ewing KK, Mohamed H O, Scarlett]J M 1993
Reduction of isoflurane anaesthetic
requirement by medetomidine and its
restoration by atipamezole in dogs. Ameri-
can Journal of Veterinary Research 54: 294-299
Faulkner D B, Eurell T, Tranquilli W J, OhlM
W, Zinn G 1992 Performance and health of
weaning bulls after butorphanol-xylazine
administration at castration. Journal of
Animal Sciences 70: 2970-2974

Fisher E W, Jennings S 1958 The use of fluo-
thane in horses and cattle. Veterinary Record
70: 567-573

Gahlawat ] S, Singh A B, Peshin P K, Singh ]
1986 Evaluation of halothane anaesthesia
with and without thiopental sodium induc-
tion in spontaneously ventilating buffalo
calves. Archiv fiir Experimentelle Veterinir-
medizin 40: 861-869

Gates] B, Botta ] A, Teer P A 1971 Blood and
pH determination in cattle anaesthetized
with halothane. Journal of the American Veter-
inary Medical Association 158: 1678-1682
Glisson S N, Belusco R J Kubak M A, Heiber
M F 1982 Midazolam on stimulatory re-
sponse to hypotension- pre-induction and
during anaesthesia (Abstract). Anaesthesiol-
ogy 59: 328

Grint N J, Murison P ] 2008 A comparison of
ketamine-midazolam and ketamine-
medetomidine combinations for induction
of anaesthesia in rabbits. Veterinary Anaes-
thesia and Analgesia 35: 113-121

Gross M E, Smith ] A, Tranquilli W J 1993
Cardiorespiratory effects of combined
midazolam and butorphanol in isoflurane
anaesthetized cats. Veterinary Surgery 22:
159-162

Hall K D, Norris F H 1958 Respiratory and
cardiovascular effects of fluothane in dogs.
Anaesthesiology 19: 339-352

Hubbell ] A E, Muir W W, Bednarski R M,
Bednarski L S 1984 Change in inhalation
anaesthetic agents for management of
ventricular premature depolarizations in
anaesthetized cats and dogs. Journal of the
American Veterinary Medical Association 185:
643-646

Hugar B, Gupta O B, Singh G R 1998 A note
on the effects of medetomidine with and
without ketamine in goats. Indian Veterinary
Medical Journal 139-140

Kallio A, Saraste M, Scheinin M 1990 Acute
hemodynamic effects of medetomidine
and clonidine in healthy volunteers: on non-
invasive electrocardiographic study. Journal
of Cardiovascular Pharmacology 16: 28-33
Kaur A, Singh S S 2004 Clinical effects of
midazolam-ketamine and midazolam
thiopentone anaesthesia in bovines. Indian
Journal of Veterinary Surgery 25: 80-82

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Kinjavdekar b, Pawde A M, Amarpal, Gupta
O B Aithal H B Pratap K 2005 Medeto-
midine and ketamine anaesthesia in buffalo
calves. Buffalo Journal 19: 349-356

Klein L, Sherman ] 1977 Effects of pre-
anaesthetic medication, anaesthesia, and
the position of recumbency on central ve-
nous pressure in horses. Journal of the Ameri-
can Veterinary Medical Association 170:
216-219

KoJ CH, Bailey J E, Pablo L S, Heaton-Jones
T G 1996 Comparison of sedative and
cardiorespiratory effects of medetomidine
and medetomidine-butorphanol combina-
tion in dogs. American Journal of Veterinary
Research 57(4): 535-540

Kojima K, Nishimura R, Mutoh T, Hong SH,
Mochizuki M, Sasaki N 2002 Effects of
medetomidine-midazolam, acepromazine-
butorphanol, and midazolam-butorphanol
on induction dose of thiopental and propo-
fol and on cardiopulmonary changes in
dogs. American Journal of Veterinary Research
63: 1671-1679

Kokkonen UM, Eriksson L 1987 Cardiovas-
cular and allied actions of xylazine and at-
ropine in unanaesthetized goats. Journal of
Veterinary Pharmacology and Therapeutics 10:
11-16

Kumar A, Thurmon J C 1979 Cardio-
pulmonary, haematocytologic and bio-
chemical effects of xylazine in goats.
Laboratory Animal Science 29: 486-491
Kuusela E, Raekallio M, Anttila M, Falck I,
Molsa S, Vainio O 2000 Clinical effects of
medetomidine and its enantiomers in dogs.
Journal of Veterinary Pharmacology and Thera-
peutics 23: 15-20

Lebowitz B, Cote M, Daniels A 1982 Com-
parative cardiovascular effects of
midazolam in healthy patients. Anaesthesia
and Analgesia 61: 771-775

Lin H C, Purohit R C, Powe T A 1997
Anaesthesia in sheep with propofol or with
xylazine ketamine followed by halothane.
Veterinary Surgery 26: 247-252

Lumb W'V, Jones E W 1984 Veterinary anaes-
thesia (2nd edn). Lea and Febiger, Philadel-
phia

Luna S P L, Taylor P M, Dick C J 1993
Midazolam and ketamine induction before
halothane anaesthesia in ponies: cardio-
respiratory, endocrine and metabolic chan-
ges. Journal of Veterinary Anaesthesia 20: 49
MacDonald E, Virtanen R 1992 Review of
the pharmacology of medetomidine and
detomidine: two chemically alpha-2
adrenoceptor agonists used as veterinary
sedatives. In Short C E, Van Poznak A V
(eds) Animal pain, Churchill Livingstone,
New York: 181-191

MacDonald E, Scheinin H, Scheinin M 1988
Behavioural and neurochemical effects of
medetomidine, a novel veterinary sedative.
European Journal of Pharmacology 158: 119
127

Malik V, Singh B 2008 Effect of midazolam
supplementation on ketamine anaesthesia
in butorphanol-xylazine premedicated
horses. Indian Journal of Animal Sciences 78:
486488

Marshall B E, Wollman H 1980 General an-
aesthetics. In Gilman A G, Goodman L S,
Gilman A (Eds) Goodman and Gillman’s phar-
macological basis of therapeutics (6th edn).
Macmillan Publishing, New York: 276-299
Mirakhur K K, Khanna A K, Prasad B 1984
Diazepam as a sedative in calves. Agricul-
ture Practice 5: 29-32

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

51.

52.

53.

54.

55.

56.

Mohammad F K, Zangana I K, Abdul-Latif
A R 1993 Medetomidine sedation in sheep.
Journal of Veterinary Medicine Series A 40:
328-331

Muge D K, Chambers ] B Livingston A 1994
Analgesic effect of medetomidine in sheep.
Veterinary Record 135: 43-44

Orr HE, Roughan ]V, Flecknell P A 2005 As-
sessment of ketamine and medetomidine
anaesthesia in the domestic rabbits. Veteri-
nary Anaesthesia and Analgesia 32: 271-279
Pawde A M, Amarpal, Singh G R, Kumar N
1996 Clinicophysiological effects of
medetomidine in female goats. Small
Ruminant Research 20: 95-98

Peshin P K, Nigam ] M, Mirakhur K K 1985
Cardiovascular and respiratory changes in
sheep during thiopentone and halothane
anaesthesia. Indian Journal of Animal Sciences
55: 91-97

Ponder SW, Clarke W G 1980 Prolonged de-
pression of thermoregulation after xylazine
administration to cats. Journal of Veterinary
Pharmacology and Therapeutics 3: 203-207
Pratap K, Amarpal, Aithal H P Singh G R
1997 Clinical evaluation of different pre-
anaesthetics in goats: An experimental
study. Indian Veterinary Journal 74: 897-898
Pypendop B H, Verstegen ] P 1998 Haemo-
dynamic effects of medetomidine in the
dog: a dose titration study. Veterinary Sur-
gery 27: 612-622

Reid J, Nolan AM, Welch E 1993 Propofol as
aninduction agentin the goat: a pharmaco-
kinetic study. Journal of Veterinary Pharma-
cology and Therapeutics 16: 488-493
Riazuddin M, William B J, Ameerjan K 2004
Studies on halothane, isoflurane anaesthe-
sia in dorsal and lateral recumbency in cat-
tle. Indian Journal of Veterinary Surgery 25:
75-76

Ruffolo R R, Nichols A J, Stadel ] M 1993
Pharmacological and therapeutic applica-
tions of alpha-2 adrenoceptor subtypes.
Annual Review of Pharmacology and Toxicol-
ogy 32: 243-279

Rugh K S, Zinn G M, Paterson ] A, Thome
J G 1985 Inhalant anaesthetics in cattle. Lab-
oratory Animal Science 35: 178-181

. Ruskoaho H 1986 Subtypes and functions

of alpha adrenoceptors. Acta Veterinaria
Scandinavica 82: 17-28

Sakaguchi M, Nishimura R, Sasaki N,
Ishiguro T, Tamura H, Takeuchi A 1995
Chemical restraint by medetomidine
ketamine and its cardiopulmonary effects
in pigs. Journal of Veterinary Medicine A 42:
293-299

Short CE, Keats A S, Liotta D, Hall C W 1968
Anaesthesia for cardiac surgery in calves.
American Journal of Veterinary Research 29:
2287-2294

Siegel S, Castellan ] J 1988 Non-parameteric
statistics for behavioural sciences. Mc Graw
Hill, Singapore

Sinclair M D 2003 A review of the physio-
logical effects of alpha-2 agonists related to
the clinical use of medetomidine in small
animal practice. Canadian Veterinary Journal
44: 885-897

Singh H 1988 Studies on diazepam, chloral
hydrate and halothane anaesthesia in
relation to different surgical operations in
bovine. M.V.Sc. thesis, Punjab Agriculture
university, Ludhiana, India

Singh ], Mirakhur K K, Sobti V K, Kohli
R N 1980 Haemodynamics, blood gas and
metabolic alterations during thiopentone
anaesthesia in buffaloes. Zentralblatt fiir

0038-2809 Tydskr.S.Afr.vet.Ver. (2011) 82(1): 8-17



57.

58.

59.

Veterindrmedizin 27A: 730-739

Singh R, Peshin P K, Patil D B, Sharda R,
SinghJ, Singh A B Sharifi D 1994 Evaluation
of halothane as an anaesthetic in camels.
Journal of Veterinary Medicine Series A 41:
359-368

Singh S 2007 Evaluation of thiopental-
ketamine/propofol with premedicants i.e.
Atropine, diazepam/midazolam-butor-
phanol in canine orthopaedic patients.
MVSc thesis, Deemed University, L.V.R.L,
Izatnagar, (UP), India

Singh V, Amarpal, Kinjavdekar B Aithal HB
Pratap K 2005 Medetomidine with
ketamine and bupivacaine for epidural
analgesia in buffaloes. Veterinary Research
Communications 29: 1-18

60.

61.

62.

63.

64.

Snedecor G W, Cochran W G 1980 Statistical
methods (9th edn). Iowa State University,
Press, Ames

Steffey E B Howland D 1979 Halothane an-
aesthesia in calves. American Journal of Veter-
inary Research 40: 372-376

Steffey E P, Howland D 1978 Cardiovascu-
lar effect of halothane in horses. American
Journal of Veterinary Research 39: 611-615
Stegmann G F 1999 Observations on the use
of some cardiopulmonary effects of mida-
zolam, xylazine and midazolam-ketamine
combination in the goats. Journal of the South
African Veterinary Association 70: 122-126
Stegmann G E Bester L 2001 Some clinical
effects of midazolam premedication in
propofol-induced and isoflurane-main-

65.

66.

67.

68.

tained anaesthesia in dogs. Journal of the
South African Veterinary Association 72:
214-216

Stoelting P K 1991 Inhaled anaesthetics. In
Pharmacology and physiology in anaesthetic
practice (2nd edn). Lippincott, Philadelphia:
33-69

Tverskoy M, Fleyshman G, Bradley E L,
Kissin L 1988 Midazolam-thiopental anaes-
thetic interaction in patients. Anaesthesia
and Analgesia 67: 342-345

Vainio O 1991 Propofol infusion anaesthesia
in dogs premedicated with medetomidine.
Journal of Veterinary Anaesthesia 18: 35-37
White R J, Bark H, Bali S 1986 Halothane
anaesthesia in the dromedary camel. Veteri-
nary Record 119: 615-617




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AmazoneBT-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 250
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.09600
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 250
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00800
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00556
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [5952.756 8418.897]
>> setpagedevice


