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WILSON, R. P, 1. S. ZAGON, D. R. LARACH AND C. M. LANG. Cardiovascular and respiratory effects of tilet-
amine-zolazepam. PHARMACOL BIOCHEM BEHAV 44(1) 1-8, 1993. ~The combination of tiletamine and zolazepam
is an important dissociative anesthetic-tranquilizer. However, little is known about the effects of this combination on the heart
and respiration in rats. Adult, male rats anesthetized with tiletamine-zolazepam alone or tiletamine-zolazepam combined with
xylazine or butorphanol were evaluated for changes in heart rate, mean arterial blood pressure, arterial blood pH, and blood
gases during a 75-min period of anesthesia. Rats anesthetized with tiletamine-zolazepam had increased mean arterial blood
pressure and less respiratory depression than did rats anesthetized with sodium pentobarbital. Tiletamine-zolazepam com-
bined with xylazine at either dose produced bradycardia and a marked hypotension that persisted throughout the 75-min
period. This combination produced respiratory depression comparable to tiletamine-zolazepam alone. The addition of butor-
phanol to tiletamine-zolazepam caused a transient hypotension and bradycardia. Tiletamine-zolazepam plus butorphanol
produced a mild to severe respiratory depression that was dose and time dependent. These results demonstrate that: a)
Tiletamine-zolazepam is cardiostimulatory, a property consistent with the known cardiovascular effects of other dissociative
anesthetics; b) xylazine plus tiletamine-zolazepam is a potent cardiovascular depressant combination; and c) tiletamine-
zolazepam plus butorphanol at specific doses is an anesthetic-analgesic combination with minimal effects on cardiovascular
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and respiratory function.
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TILETAMINE HCl is an arylcyclohexylamine structurally re-
lated to phencyclidine and ketamine (27). The arylcyclohexa-
mines produce dissociative anesthesia primarily by a “func-
tional disorganization” of the thalamoneocortical projection
system (8,23). A combination of tiletamine HCI and zola-
zepam HCI (Telazol®) is marketed currently as a dissociative
anesthetic for use in cats and dogs. This combination is used
alone or with other drugs as an anesthetic in a variety of
laboratory (2,3,14,20,22) and wild animal species (16,17). Ti-
letamine alone produces a spectrum of CNS effects ranging
from excitement and ataxia at low doses to catalepsy and
finally anesthesia at higher doses in mice and rats (6). Zola-
zepam is a diazepine minor tranquilizer used only in combina-
tion with tiletamine and is thought to reduce the muscle hyper-
tonicity and seizures associated with tiletamine (2,3,22).
Previous reports (26,30) indicated the usefulness of tileta-
mine-zolazepam as an anesthetic in rodents based upon a lack
of response to surgical manipulations. However, these studies
did not examine cardiovascular and respiratory effects, or rig-
orously evaluate nociception, in rodents anesthetized with this
drug combination. Prior evaluation of tiletamine-zolazepam
in our laboratory (32) suggested that it may not provide ade-
quate antinociception for certain surgical procedures in rats
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but that antinociception is improved by the addition of xylaz-
ine, an a,-adrenoreceptor agonist, or butorphanol, an opioid
agonist/antagonist. There are limited reports that have inves-
tigated combinations of xylazine and tiletamine-zolazepam in
rabbits (22), horses (15), and swine (29) and a species variabil-
ity in the hemodynamic response to these agents was indi-
cated. Tiletamine-zolazepam combined with butorphanol has
only been studied in sheep (13), in which it produced analgesia
with minimal effect on the cardiovascular system.

The purpose of the present work was to examine the effects
of tiletamine-zolazepam on cardiovascular and respiratory
physiology in adult, male rats by measuring mean arterial
blood pressure, heart rate, and arterial blood pH and blood
gases. A second goal of our investigation was to compare
these effects with those produced by tiletamine-zolazepam
combined with either xylazine or butorphanol.

METHOD

Animals

Eighty adult, male Sprague-Dawley rats (Crl:SD, Charles
River Laboratories, Inc., Wilmington, MA) weighing 308-429
g were used in this study. Rats were housed five to six per



cage in temperature- (21 + 0.5°C) and light- (12 L:12 D
cycle) regulated cubicles. Food (Rodent Laboratory Chow
5001, Purina Mills, Inc., Richmond, IN) and water were pro-
vided ad lib throughout the study. Rats were fasted 4-6 h
before drug administration.

Drugs

The drugs and doses examined were: tiletamine-zolazepam
(Telazol, A. H. Robins Co., Richmond, VA) at 20, 40, and 60
mg/kg (doses of tiletamine-zolazepam reported in this article
refer to the sum of the tiletamine and zolazepam doses, e.g.,
40 mg/kg = 20 mg/kg tiletamine + 20 mg/kg zolazepam);
tiletamine-zolazepam plus xylazine HCl (Rompun®, Haver-
Lockhart, Shawnee, KS) at either 20 + 5 or 40 + 5 mg/kg;
and tiletamine-zolazepam plus butorphanol tartrate (Tor-
bugesic®, Aveco, Fort Dodge, 1A) at 20 + 1.25, 40 + 2.5,
and 40 + 5 mg/kg. Sodium pentobarbital (Pentobarbital So-
dium Solution, Fort Dodge Laboratories, Fort Dodge, 1A) at
a dose of 50 mg/kg was included in this study as a standard
anesthetic for comparison.

All drugs were diluted with sterile water to the appropriate
concentration so that similar volumes were administered.
Drug dilutions were calculated so that a volume of 0.5 ml/300
g body weight was administered. Rats in the control group
received equivalent volumes of sterile water. All drugs were
administered by IP injection into the left caudal abdominal
quadrant.

Evaluation of Cardiovascular and Respiratory Function

Heart rate, mean arterial blood pressure, blood pH,
PaCo,, Pa0,, and base excess were measured before and at
15, 45, and 75 min after drug administration.

A left common carotid artery catheter was used for arterial
blood samples and blood pressure recordings. These catheters
were fabricated from 26-ga Teflon tubing and surgically in-
serted 24 h before testing using halothane-O, anesthesia. Rats
were moved into the laboratory 2 h prior to testing to accli-
mate them to the room environment. All rats at the predrug
time period and control rats at all time periods were restrained
in an open 30 X 20 x 12.5-cm polypropylene container for
blood collection and biood pressure recording. After induc-
tion of anesthesia, rats were maintained in sternal recumbancy
on a 37°C circulating-water heating pad.

Arterial blood samples were collected from the carotid
catheter in 135-ul capillary tubes containing sodium heparin,
which were then sealed and placed on ice until analysis. The
average time between collection and analysis was 10-15 min.

Following blood collection, the catheter was flushed with
saline and connected to a pressure transducer. A disposable
catheter adapter (Perifix Epidural Catheter Connector, Bur-
ron Medical, Inc., Bethlehem, PA) was used to attach the
catheter to a three-way stopcock that in turn was connected
to a 15-cm length pressure tubing leading to the pressure trans-
ducer. Arterial blood pressure was recorded on a Hewlett-
Packard 7758B System (Hewlett-Packard Medical Products,
Andover, MA). For each time period, a 30-s mean arterial
pressure tracing and a 30-s pulse pressure tracing were re-
corded for each rat. The mean arterial pressure for each rat
was calculated by averaging three mean arterial pressures at
10-s intervals. The heart rate for each rat was calculated from
a 10-s segment of the pulse pressure recording.

Arterial blood pH, PaCO,, Pa0O,, and base excess were
measured with a pH/blood gas analyzer (Instrumentation
Laboratories Blood-Gas Analyzer, Boston, MA). All mea-
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surements were adjusted for body temperature at the time of
blood sampling. Samples collected before drug administration
and from control rats were adjusted for a resting body temper-
ature of 37.8°C. Body temperatures were recorded in anesthe-
tized rats by a rectal temperature probe (Laboratory Ther-
mometer, Model BAT-4, Bailey Instruments, Inc., Saddle
Brook, NJ).

The time points for measurement of mean arterial pressure,
heart rate, blood pH, PaCO,, PaO,, and base excess were
predrug administration (0 time), 15, 45, and 75 min postdrug
administration. Body temperatures were only recorded from
anesthetized rats at the 15-, 45-, and 75-min periods. After
the 75-min recordings and blood samplings, rats were euthan-
ized with an overdose of sodium pentobarbital.

Statistical Analysis

Statistical analyses were computed with a statistical soft-
ware package (BMDP Statistical Software, Inc., Los Angeles,
CA). Multiple-range tests were calculated manually.

Predrug values were analyzed by one-way analysis of vari-
ance (ANOVA) for mean arterial blood pressure, heart rate,
arterial blood pH, arterial blood PaCO,, and arterial blood
Pa0O, with groups as the independent variable. Group X time
interactions for each of the above variables were determined
by ANOVA with repeated measures, with groups as the inde-
pendent variable and the respective variable value at 15, 45,
or 75 min as repeated measures.

Further comparisons between groups, matched for time,
were computed using the Newman-Keuls multiple-comparison
test for each variable. Statistical significance was accepted for
p < 0.05.

RESULTS

There was no significant difference among all 10 groups
for mean arterial blood pressure, F(9, 70) = 0.93, p = 0.51,
or heart rate, F(9, 70) = 1.74, p = 0.10, before drug admin-
istration. The mean arterial blood pressure and heart rate for
all animals were 126 + 1 mm Hg and 453 * 6 bpm, respec-
tively.

There was a significant drug effect on mean arterial blood
pressure, F(9, 69) = 30.63, and heart rate, F(9, 69) = 16.33,
and significant drug-time interaction on mean arterial blood
pressure, F(2, 18) = 11.27, and heart rate, F(2, 18) = 9.42.

Injection of sodium pentobarbital significantly decreased
both heart rate and mean arterial blood pressure compared to
control rats (Fig. 1). In contrast, administration of tiletamine-
zolazepam had little effect on heart rate but elevated mean
arterial blood pressure, the onset and duration of the hyper-
tension depending upon the dose of tiletamine-zolazepam
(Fig. 1). Rats anesthetized with combinations of tiletamine-
zolazepam and xylazine had significant hypotension and
bradycardia at 15, 45, and 75 min compared to control ani-
mals (Fig. 2). The degree of hypotension was comparable to
that measured in sodium pentobarbital-anesthetized rats;
however, the heart rate was 10-20% slower in rats anesthe-
tized with tiletamine-zolazepam plus xylazine. The effects on
mean arterial blood pressure and heart rate in rats anesthe-
tized with tiletamine-zolazepam plus butorphanol were depen-
dent upon the dose administered (Fig. 2). Tiletamine-zola-
zepam plus butorphanol at a dose of 20 + 1.25 mg/kg did
not lower blood pressure and increased heart rate significantly
greater than the control group at 45 and 75 min. Tiletamine-
zolazepam plus butorphanol at both 40 + 2.5 and 40 + §
mg/kg did significantly lower mean arterial blood pressure



TILETAMINE-ZOLAZEPAM PHYSIOLOGICAL EFFECTS

160
150
140 -

120 -

90 -
80 -
70 -
60 L | L

MEAN ARTERIAL PRESSURE (mm Hg)

130 + &

_L\If
110 |-
100 F * I

S

CONTROL

PB 50 mg/kg

500
475
450
425
400
375
350 -
325 -

BEATS PER MINUTE

275 -

®
|

1 J O TZ20 mg/kg
A TZ 40 mg/kg
O

TZ 60 mg/kg

1 J

250 | | L

0 15 30 45
MINUTES

60 75

FIG. 1. Time course of effects on mean arterial blood pressure and heart rate after anesthesia
with tiletamine-zolazepam (TZ) compared to control and pentobarbital (PB)-anesthetized rats.
Each data point represents the mean + SEM (n = 7-8 rats per group). *Significant difference

from control rats, p < 0.05.

and heart rate compared to control, but both heart rate and
blood pressure returned to near control values at 45 min for
the 40 + 2.5-mg/kg dose and 75 min for the 40 + 5-mg/kg
dose.

There were no significant differences among groups before
drug administration for arterial blood pH, F(9, 69) = 1.29,
p = 0.26. The overall mean arterial blood pH for all rats
prior to drug administration was 7.46 + 0. Likewise, there
was no significant difference among groups before drug ad-
ministration for Pa0,, F(9, 69) = 1.76, p = 0.09. The over-
all mean PaQ, for all rats prior to drug administration was
104 + 1 mm Hg. There was a marginal difference among
groups before drug administration for PaCO,, F(9, 69) =
2.03, p = 0.05. However, no significant differences were
found when groups were compared by the Newman-Kuels
multiple-comparisons test. The overall PaCO, for all rats
prior to drug administration was 38.2 + 0.4 mm Hg.

All drugs significantly decreased arterial blood pH and
PaO, and elevated PaCO, compared to control values at all
time periods (Figs. 3 and 4). There was a significant drug-
time interaction on arterial blood pH, F(2, 18) = 11.20,
PaCO,, F(2, 18) = 2.55, and Pa0,, F(2, 18) = 1.86.

The highest dose of tiletamine-zolazepam plus butorpha-
nol (40 + 5 mg/kg) differed significantly from all other drugs
at 15, 45, and 75 min with respect to blood pH, PaCO,, and
Pa0, (Fig. 4). PaCO, values for anesthetized rats in this group
were elevated approximately 60% above control values at all
three postdrug periods. Three of eight rats (38%) in this group
had PaCO, values greater than 60 mm Hg at 15 and 45 min
postdrug administration. No other drug elevated PaCO, to
this magnitude in any individual animal.

Changes in arterial blood gases and pH in tiletamine-zola-
zepam-anesthetized rats were comparable to rats anesthetized
with sodium pentobarbital (Fig. 3). Rats anesthetized with
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FIG. 2. Time course of effects on mean arterial blood pressure and heart rate after anesthesia with
tiletamine-zolazepam combined with either xylazine (TZX) or butorphanol (TZB). Each data point
represents the mean + SEM (n = 8 rats per group). *Significant difference from control rats, p <

0.05.

either dose of tiletamine-zolazepam plus xylazine or with 20
+ 1.25 and 40 + 2.5 mg/kg of tiletamine-zolazepam plus
butorphanol had greater changes in arterial blood pH and
blood gases initially but recovered to levels comparable to
pentobarbital-anesthetized rats (Fig. 4).

Base excess was measured for all groups except the 40-mg/
kg tiletamine-zolazepam group. Predrug values ranged from
—1.2 to 6.9. Base excess after drug administration ranged
from —3.8 to 7.6. No individual value was < — 5.0, which
was established in this protocol as a possible indicator of a
metabolic component to any acidosis detected.

DISCUSSION

Drugs used for anesthesia must be carefully evaluated for
their analgesic properties and effects on basic physiology in
each species for which they will be used. This report is the

first to examine objectively the cardiovascular and respiratory
effects of tiletamine-zolazepam anesthesia in rats. Rats anes-
thetized with tiletamine-zolazepam exhibit a time- and dose-
dependent hypertension consistent with the known cardiostim-
ulatory effects of dissociative anesthetics (31,34) and its
effects in other species (11,12,18). Results of the present study
also demonstrate that although the addition of analgesic drugs
to anesthetics may improve analgesia the analgesic drug may
markedly alter the physiological effects of the anesthetic.

The marked, persistent hypotension and bradycardia ob-
served in rats anesthetized with tiletamine-zolazepam plus xy-
lazine is consonant with this combination’s cardiovascular ef-
fects in other species (22) and with the cardiovascular effects
of xylazine combined with a related dissociative anesthetic,
ketamine (19,22,24,33). The decreases in blood pressure and
heart rate observed in these studies have been attributed to
xylazine, which by itself produces an initial hypertension fol-
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lowed by a prolonged hypotension and bradycardia in most
species (1,9). Our results, in agreement with previous findings
(5,22,24,33), demonstrate that although the addition of xylaz-
ine to dissociative anesthetics improves analgesia xylazine has
dramatic effects on the cardiovascular system that can reverse
the cardiostimulatory properties of the dissociative anesthe-
tics. It should be noted, however, that tiletamine-zolazepam
plus xylazine had transient and minimal effects on hemody-
namic variables in horses (15) and swine (29), suggesting possi-
ble species differences in response to this combination.

The hypotension and bradycardia due to anesthesia with a
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combination of butorphanol and tiletamine-zolazepam were
transient and the magnitude dose-dependent. The initial hypo-
tension and bradycardia detected in rats anesthetized with ti-
letamine-zolazepam plus butorphanol could be due to a tran-
sient effect of the butorphanol, as rats anesthetized with
tiletamine-zolazepam exhibited hypertension at the same time
points. Previous studies of the cardiovascular effects of butor-
phanol have reported no significant effects on hemodynamic
function in humans (10) to anywhere from minimal (21) to
marked cardiovascular depression (25) in dogs. Therefore, it
is possible that the degree of cardiovascular depression due to
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FIG. 3. Time course of effects on arterial blood pH, PaCO,, and PaO, after anesthe-
sia with tiletamine-zolazepam (TZ) compared to control and pentobarbital (PB)-
anesthetized rats. Each data point represents the mean + SEM (n = 7-8 rats per
groups). *Significant difference from control rats, p < 0.05.
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tiletamine-zolazepam combined with xylazine (TZX) or butorphanol (TZB). Each data point
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rats, p < 0.05.

the addition of butorphanol may depend upon the species
also. In the only other evaluation of the hemodynamic effects
of combining tiletamine-zolazepam and butorphanol, How-
ard et al. (13) reported an 18% average decrease in mean
arterial blood pressure from baseline levels in anesthetized
sheep. Our findings did show that, with time, the cardiac
depressant effects of the butorphanol are counteracted by the
cardiostimulatory actions of tiletamine-zolazepam in anesthe-
tized rats.

All drugs examined in this investigation produced acidosis
and hypercapnia and lowered PaQ,. Similar outcomes have

been reported previously for barbiturate and ketamine-tran-
quilizer anesthesia in rats (5,7,28,33). Some degree of acidosis,
hypercapnia, and hypoxemia is to be expected in anesthetized,
spontaneously breathing animals (4,27). In general, the respi-
ratory depression was no greater than that produced by so-
dium pentobarbital, with the exception of the highest dose of
tiletamine-zolazepam plus butorphanol.

The degree of respiratory depression caused by tiletamine-
zolazepam appears to depend upon the species anesthetized.
Tiletamine-zolazepam in dogs caused minimal depression of
respiration (12,30), while cats exhibited dose-dependent de-
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creases in respiratory rate, acidosis, hypercapnia, and hypo-
xemia (11). The addition of either xylazine or butorphanol to
tiletamine-zolazepam at most doses produced minimal
changes in arterial blood gases and pH from those seen with
tiletamine-zolazepam alone. The exception was the 40 + 5-
mg/kg dose of tiletamine-zolazepam plus butorphanol. This
dose and combination produced changes in PaCO,, PaO,, and
pH and significantly different from tiletamine-zolazepam, ti-
letamine-zolazepam plus xylazine, or sodium pentobarbital
at all postdrug time periods. A possible explanation for the
dramatic effect of the highest dose of tiletamine-zolazepam
plus butorphanol may be an additive or synergistic action of
the two drugs with respect to their individual respiratory de-
pressant effects.

The minimal change in respiratory function produced by
the addition of xylazine to tiletamine-zolazepam agrees with
the finding of minimal effect on arterial blood gases and pH
of xylazine alone in most species (1,9). This contrasts with
the moderate to marked hypoxia, hypercapnia, and acidosis

produced by ketamine-xylazine in rats (33) and rabbits
(19,24). Hubbell et al. (15) reported significant increases in
PaCO, and decreases in pH and PaO, in tiletamine-zolaze-
pam- and xylazine-anesthetized horses, leading the authors to
suggest that the respiratory depression was a combination of
the CNS sedative effects of xylazine plus a dose-dependent
respiratory depression associated with dissociative anesthetics.

In summary, the results of this investigation suggest that
the addition of analgesic drugs can markedly change the physi-
ological effects of an anesthetic. Further, analgesic drugs of
different classes combined with the same anesthetic may have
different effects on basic physiology. Finally, this study con-
firms the importance of evaluating both analgesic and physio-
logical effects of anesthetic-analgesic combinations.
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