Biochemical Pharmacology, Vol. 52, pp. 735-742, 1996.
Copyright © 1996 Elsevier Science Inc.

ELSEVIER

Inductive Effect of Telazol® on
Hepatic Expression of Cytochrome P450 2B in Rats
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ABSTRACT. Telazol®, a 1:1 combination of tiletamine HCI and zolazepam HCI, is an anesthetic and immo-
bilizing agent that has been in use in veterinary medicine and animal field studies for more than a decade. No
information is available, however, regarding the effects of Telazol®, or its constituents, on hepatic cytochromes
P450. The purpose of the present study was to assess the effect of Telazol® on the rat hepatic cytochrome P450
system. Adult male rats were given a single intraperitoneal injection of Telazol® at a dose of 20, 40, 80, or 120
mg/kg body weight (six rats/dose), while control rats received the vehicle only. Animals were killed 24 hr later,
and hepatic microsomes were prepared. Treatment with Telazol® resulted in dose-dependent increases in ben-
zyloxyresorufin O-dealkylase and testosterone 168-hydroxylase activities. Ethoxyresorufin O-deethylase, p-
nitrophenol hydroxylase, and testosterone 6B3- and 7a-hydroxylase activities were essentially unaltered at all
doses of the drug. Densitometric quantitation of immunoblots probed with polyclonal antibody against cyto-
chrome P450 2B1 indicated a 17-fold increase in the hepatic level of cytochrome P450 2B1 for rats treated with
the highest dose of Telazol®. In contrast, the level of cytochrome P450 2B2 was increased slightly but not
significantly. In the presence of 0.5 mg of anti-cytochrome P450 2B1 IgG/nmol P450, benzyloxyresorufin
O-dealkylase activity was inhibited by 92% in hepatic microsomes prepared from a rat treated with Telazol® at
a dose of 120 mg/kg compared with only 25% inhibition in hepatic microsomes from a control rat. In summary,
the results demonstrate that Telazol® specifically induced expression of the cytochrome P450 2B isozymes in rats.
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Telazol® is an injectable anesthetic agent currently ap-
proved for use in the United States as an anesthetic and
immobilizing agent in cats and dogs. It is a 1:1 (w/w) com-
bination of tiletamine hydrochloride (2-[ethylamino]-2-[2-
thienyl]-cyclohexanone hydrochloride) and zolazepam
hydrochloride (4-[o-fluorophenyl]-6,8-dihydro-1,3,8-tri-
methylpyrazolo[3,4-¢][1,4]diazepin-7(1H)-one-hydrochlor-
ide). Tiletamine is a dissociative anesthetic structurally
similar to ketamine. When used alone, it produces profound
analgesia, normal pharyngeal-laryngeal reflexes, and cata-
leptoid anesthesia [1]. Zolazepam, on the other hand, is a
benzodiazepine derivative with pharmacological properties
similar to those of chlordiazepoxide and diazepam [1].
When the two ingredients are combined in a 1:1 ratio, the
resulting drug (Telazol®) has a wide margin of safety and
other pharmacological advantages, including rapid induc-
tion, excellent muscle relaxation, and smooth recovery,
that are ideal for use in veterinary diagnostic examinations
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[2}, as well as various dental and minor surgical procedures.
It has proven to be an excellent drug for field studies in-
volving immobilization of wild animals such as black bears
{3], lions [4], jaguars [5], and polar bears [6]. The drug is
absorbed rapidly, produces an effective level of anesthesia,
is relatively safe for the handlers, and has a wide tolerance
range for the animals [3]. The main disadvantages of Tela-
zol® are a lengthy recovery period and absence of revers-
ibility due to lack of an effective antidote. Despite the fact
that it has been used in veterinary medicine and field stud-
ies for over a decade, there are no reports in the literature
of the effects of Telazol®, or its constituents, on hepatic
cytochromes P450.

The hepatic cytochrome P450 system consists of a group
of enzymes that catalyze the biotransformation of a wide
variety of lipophilic xenobiotic and endogenous compounds
in the body. Specific cytochrome P450 isozymes are subject
to induction by numerous foreign compounds including
various drugs and environmental pollutants such as poly-
chlorinated biphenyls, chlorinated dibenzo-p-dioxins, and
pesticides. Consequently, induction of cytochromes P450
has been proposed as a biomarker of exposure to environ-
mental contaminants in the food chain [7, 8].
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In a recent study [9], hepatic cytochromes P450 in the
polar bear were characterized with respect to both mono-
oxygenase activities and immunochemical relatedness to
rat cytochromes P450. In that study, free-ranging polar
bears were immobilized with Telazol® prior to their capture.
The bears were killed 0.5 to 11 days later, and enzyme
activities of hepatic microsomes prepared from individual
bears were measured. Elevated levels of cytochrome P450
1A and cytochrome P450 2B were found in polar bear
hepatic microsomes, which suggested prior exposure of the
animals to polychlorinated biphenyls and other haloge-
nated environmental contaminants in the arctic food chain
[9, 10]. However, it was not known if administration of
Telazol® was responsible, in part, for induction of any of the
cytochrome P450 isozymes. The purpose of the present
study was to determine whether treatment with Telazol®
was capable of altering hepatic expression of cytochromes
P450 using the rat as the experimental model. Cytochrome
P450-mediated monooxygenase activities and hepatic lev-
els of individual isozymes were measured in rats treated with
increasing doses of Telazol®, and an effort was made to
correlate the effect of Telazol® in rats with the relatively
high levels of cytochrome P450 1A and 2B observed pre-

viously in polar bears.

MATERIALS AND METHODS
Chemicals

Telazol® (A. H. Robins, Richmond, VA) was provided by
Fort Dodge Laboratories, Inc. (Fort Dodge, 1A). Resorufin
was purchased from the Aldrich Chemical Co. Inc. (Mil-
waukee, W1). Ethoxyresorufin and benzyloxyresorufin were
bought from Molecular Probes, Inc. (Eugene, OR). Acryl-
amide 99.9%, N,N'-methylene-bis-acrylamide (BIS), SDS,
2-mercaptoethanol and N,N,N’,N’-tetramethylethylene-
diamine {TEMED) were obtained from Bio-Rad Laborato-
ries (Mississauga, Ontario). NADPH was purchased from
Boehringer Mannheim Canada Ltd. (Laval, Quebec). Skim
milk powder was obtained from Carnation, Inc. (Toronto,
Ontario). HPLC-grade dichloromethane, HPLC-grade
methanol, bromphenol blue, ascorbic acid, glycine, per-
chloric acid, sodium chloride, sodium phosphate, and tris-
{(hydroxymethyl)aminoethane (Tris base) were purchased
from Fisher Scientific (Vancouver, British Columbia). Bo-
vine serum albumin (globulin and fatty acid free, fraction
V) was bought from ICN Biochemicals Canada Ltd. (St-
Laurent, Quebec). Carbon monoxide gas (99.5% purity)
was obtained from Medigas Pacific (Vancouver, British Co-
lumbia). p-Nitro-blue tetrazolium chloride (NBT) and 5-
bromo-4-chloro-3-indolyl phosphate (BCIP), disodium salt,
were purchased from Pierce (Rockford, IL) and Xymotech
Biosystems (Mt. Royal, Quebec), respectively. Tween 20,
4-nitrophenol, and 1,2-dihydroxy-4-nitrobenzene were
bought from the Sigma Chemical Co. (St. Louis, MO).
Sodium dithionite was bought from ]. T. Baker Inc. (Phil-
lipsburg, NJ). Nitrocellulose membrane (Schleicher &
Schuell) was obtained from the Mandel Scientific Co. Ltd.
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(Edmonton, Alberta). Testosterone, androstenedione and
2a-, 6B-, Ta-, 11B-, 16a-, and 16B-hydroxytestoster-
one were bought from Steraloids Inc. (Wilton, NH). Af-
finity-isolated, alkaline-phosphatase conjugated, goat
F(ab’), anti-rabbit 1gG* (gamma and light chain specific,
human IgG adsorbed) was purchased from TAGO Immu-

nologicals Inc. {Immunocorp, Montreal, Quebec).

Animal Treatment and Preparation of Microsomes

Adult (250-300 g) male Long Evans rats (Charles River
Laboratories, Montreal, Quebec) were housed in polycar-
bonate cages on corncob bedding and maintained on 12-hr
light and 12-hr dark cycles. The rats were allowed free
access to food (PMI Chow, Richmond, VA) and water.
After one week of acclimatization, rats received a single i.p.
injection of Telazol® in distilled water at a dose of 20, 40,
80, or 120 mg/kg, while control rats received the vehicle at
a dose of 1 mL/kg. Rats were decapitated 24 hr after treat-
ment, and hepatic microsomes were prepared from indi-
vidual animals as described by Thomas et al. [11].

Determination of Cytochrome
P450 Content and Protein Concentration

Total cytochrome P450 content was determined from the
carbon monoxide reduced difference spectrum using the
method of Omura and Sato [12]. Protein concentration was
determined by the method of Lowry et al. [13].

Engyme Assays

Hepatic microsomal p-nitrophenol hydroxylase activity was
measured as described by Koop [14] and Reinke and Moyer
[15]. Absorbance was measured at 543 nm using a Shimadzu
UV-160 spectrophotometer, and the amount of p-
nitrocatechol formed was determined from a calibration
curve. EROD and BROD activities were measured accord-
ing to the fluorimetric method of Burke et al. [16]. All
measurements were made using a Shimadzu RF-540 spec-
trofluorophotometer interfaced with a Shimadzu DR-3 data
recorder. The excitation and emission wavelengths were set
at 530 and 580 nm, respectively, with a slit width of 2 nm.
The amount of resorufin formed was determined from a
standard curve of fluorescence intensity versus resorufin
concentration. Microsomal testosterone hydroxylase activi-
ties were determined by the method of Sonderfan et al. [17]
with slight modifications as reported previously [9].

Purification of Cytochrome P450 2B1

Cytochrome P450 2B1 was purified to electrophoretic ho-
mogeneity from pooled livers of phenobarbital-treated,

* Abbreviations: 1gG, immunoglobulin G; EROD, ethoxyresorufin O-
deethylase; and BROD, benzyloxyresorufin O-dealkylase.
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adult female Long Evans rats by a modification of the
method of Guengerich et al. [18] as reported previously [19].

Preparation of Antibodies

Polyclonal antibodies against rat cytochrome P450 2B1 was
raised in female New Zealand rabbits immunized with pu-
rified rat cytochrome P450 2B1. IgG was purified from a
pool of heat-inactivated high-titer antisera derived from
multiple bleedings from several rabbits using a combination
of caprylic acid precipitation followed by ammonium sulfate
precipitation and final cleanup on a DEAE-Sephacel col-
umn. IgG concentration was determined spectrophoto-
metrically at 280 nm; E; ., = 13 for a 1% solution in
phosphate-buffered saline, pH 7.4. The specificity of the
antibody was assessed using Ouchterlony double-diffusion
analysis, noncompetitive enzyme-linked immunosorbent
assay, and immunoblots with purified rat cytochrome P450
isozymes and with different rat liver microsomal prepara-
tions. Anti-cytochrome P450 2B1 IgG reacted with cyto-
chrome P450 2B1, P450 2B2, and a third, noninducible
member of the cytochrome P450 2B subfamily, but not with
other cytochrome P450 isozymes.

Gel Electrophoresis

SDS-PAGE was performed according to the method of
Laemmli [20] using a Hoefer SE 600 vertical slab gel unit.
The discontinuous SDS—polyacrylamide gel consisted of a
3.0% acrylamide stacking gel (0.75 mm thick, 1 cm long)
and a 7.5% acrylamide separating gel (0.75 mm thick, 12.5
cm long). Microsomes diluted to 0.5 mg/mL in sample di-
lution buffer containing 0.062 M Tris—-HCI (pH 6.8), 1%
(w/v) SDS, 10% glycerol, 0.001% (w/v) bromophenol blue,
and 5% (v/v) mercaptoethanol were boiled for 2 min. The
denatured microsomal proteins (20 pL/well) were subjected
to electrophoresis at a constant current of 0.12 mA/gel
through the stacking gel and 0.24 mA/gel through the sepa-
rating gel.

Immunoblots

Proteins resolved by SDS-PAGE were transferred electro-
phoretically to nitrocellulose membranes according to the
method of Towbin et al. [21], using a Hoefer Transphor
Apparatus (model TE 52) at a setting of 0.4 A for 2 hr at
4°. The membranes were incubated with anti-rat cyto-
chrome P450 2B1 IgG at a concentration of 2.5 pg IgG/mL
at 37° for 2 hr with shaking. After washing with wash
buffer, the membranes were incubated with alkaline phos-
phatase-conjugated goat anti-rabbit secondary antibody (1:
3000 dilution) at 37° for 2 hr with shaking. Then the
nitrocellulose membranes were washed. Substrate solution
(0.01% NBT, 0.005% BCIP, in 0.1 M Tris—-HCI, 0.5 mM
MgCl,, pH 9.5) was added to the membranes under sub-
dued light. The reaction was stopped by immersing the
membranes in distilled water. Assay conditions were opti-
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mized to ensure that colour development did not proceed
beyond the linear response range of the phosphatase reac-
tion.

Immunoquantitation

Staining intensities of the bands on nitrocellulose mem-
branes were measured by computer image analysis with a
VISAGE 110 Bio Image Analyzer (Bio Image, Ann Arbor,
MI) consisting of a high resolution camera and a Sun Mi-
crosystems Workstation. The amount of immunoreactive
protein was determined from the integral of the optical
density of the stained band using the Whole Band Analysis
software option. Values of integrated intensity were con-
verted into picomole quantities using calibration curves
generated by loading various concentrations of purified cy-
tochrome P450 2Bl on gels followed by immunoblotting
and densitometric analysis as described above. In addition,
a single concentration of purified cytochrome P450 2B1
was included on each blot as an internal standard.

Antibody Inhibition Studies

BROD assay was performed as described above except that
hepatic microsomes were incubated with increasing con-
centrations of rabbit anti-rat cytochrome P450 ZB1 poly-
clonal IgG or control rabbit IgG for 5 min prior to initia-
tion of the reaction by addition of NADPH.

Statistical Analysis

Results were analyzed by a single factor analysis of variance,
and the differences between pairs of means were tested by
the Student-Newman—Keuls test. Differences with a P
value of <0.05 were considered to be statistically signifi-
cant.

RESULTS
Cytochrome P450 Content
and Monooxygenase Activities

The total cytochrome P450 content of hepatic microsomes
prepared from control (vehicle-treated) and Telazol®-
treated rats is presented in Table 1. No significant differ-
ence was found between the groups, indicating that treat-
ment with Telazol® at various doses had no effect on total
microsomal cytochrome P450 content. Moreover, there was
no spectrally detectable peak at 420 nm in microsomes from
rats treated with Telazol® at any of the doses tested.
BROD, EROD and p-nitrophenol hydroxylase activities
were measured in hepatic microsomes prepared from indi-
vidual control and Telazol®-treated rats, and mean values
for each treatment group are reported in Table 1. The mean
BROD activity of hepatic microsomes prepared from rats
treated with the lowest dose of Telazol® was approximately
3-fold greater than that of the control group. BROD activ-
ity increased with increasing dose of Telazol® up to 80
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TABLE 1. Effect of treatment with Telazol® on total microsomal cytochrome P450 con-
tent, and BROD, EROD, and p-nitrophenol hydroxylase activities*

p-Nitrophenol
Dose of hydroxylase
Telazol® Total cytochrome BROD activity EROD activity activity
(mg/kg P450 content (pmol/min/mg (pmol/min/mg (nmol/min/mg
body wt) (nmol/mg protein) protein) protein) protein)
Control 1.7+0.1 539 + 45 740 + 27 1.1+£0.1
20 1.4+ 0.1 1473 + 180 729 + 101 1.2+0.1
40 1.6 £0.1 2243 + 362% 1015 = 47% 1.2£0.1
80 1.6 £0.1 3831 + 383% 887 £ 26 1.2+0.1
120 1.5+£0.0 3876 + 540% 1142 + 487 14+0.1

* Each value is the mean + SEM for six rats per treatment group. EROD activity was recorded after a 5-min incubation, and

BROD activity was recorded after a 2-min incubation.

t Mean value of the treatment group was significantly different (P < 0.05) from that of the control group.

mg/kg after which there was no further increase in activity.
In contrast, only a minor increase in EROD activity was
observed in hepatic microsomes prepared from rats treated
with the highest dose of Telazol®. No significant difference
was found in p-nitrophenol hydroxylase activity between
control and treated groups at all doses of Telazol® tested.

The rates of formation of various oxidative metabolites of
testosterone have been used routinely as catalytic markers
for several cytochrome P450 isozymes. The effect of treat-
ment with Telazol® on hepatic microsomal testosterone
hydroxylase activities is shown in Table 2. A significant
and dose-dependent increase in testosterone 16[B-
hydroxylase activity was noted for hepatic microsomes pre-
pared from rats treated with Telazol® as compared with the
control group. Treatment with Telazol® at a dose of 120
mg/kg resulted in a mean testosterone 16B-hydroxylase ac-
tivity that was almost 6-fold greater than that of the control
group. In contrast, there was no significant difference in
mean testosterone 6B- or 7a-hydroxylase activities and in
the rate of androstenedione formation between hepatic mi-
crosomes from control and Telazol®-treated rats. However,
a significant and dose-dependent reduction in testosterone
2a-hydroxylase activity was observed. Similarly, testoster-
one 16a-hydroxylase activity was decreased significantly at
doses of Telazol® of 80 mg/kg and greater.

Immunoquantitation

To determine if Telazol® was exerting an effect at the level
of protein expression, cytochrome P450 2B levels in rats

treated with various doses of Telazol® were examined by
immunoblot analysis. Figure 1 shows an immunoblot of
hepatic microsomes probed with polyclonal antibody to cy-
tochrome P450 2B1. Two prominent immunostained pro-
tein bands corresponding to cytochromes P450 2B2 (upper
band) and P450 2B1 (lower band) were apparent in the
lanes containing microsomes from Telazol®-treated rats. A
weakly stained third band corresponding to a related pro-
tein, possibly cytochrome P450 2B3, was also detected in all
of the microsomal samples. The most obvious effect of
treatment with Telazol® was a marked increase in the stain-
ing intensity of the immunoreactive band corresponding to
cytochrome P450 2B1. This result was confirmed by den-
sitometric quantitation of cytochromes P450 2B1 and P450
2B2. As shown in Table 3, there was a dose-dependent
increase in microsomal cytochrome P450 2B1 content after
treatment with Telazol®. A 17-fold increase in cytochrome
P450 2Bl content was found in hepatic microsomes pre-
pared from rats treated with the highest dose of Telazol®. A
modest increase in the level of cytochrome P450 2B2 was
also seen, but the increase was not statistically significant.

Antibody Inhibition Studies

The role of cytochromes P450 2B1 and P450 2B2 in O-
dealkylation of benzyloxyresorufin was studied using poly-
clonal antibody to cytochrome P450 2B1, and the results

are shown in Fig. 2. In the presence of 0.5 mg of anti-
cytochrome P450 2B1 IgG/nmol cytochrome P450, BROD

TABLE 2. Effect of treatment with Telazol® on hepatic microsomal testosterone hydroxylase activities*

Dose of Telazol®

Testosterone metabolites
(pmol metabolite formed/min/mg protein)

(mg/kg body wt) 2a 6B 16a 16B Androstenedione
Control 3752 + 165 2174 + 185 228+ 13 3465 + 177 68 + 6 909 + 43

20 2899 + 377+ 2219 + 315 242 £ 77 2890 x 381 158 + 14 862 + 87

40 2902 + 1667F 2634 + 167 312 £33 2942 + 138 222 + 30F 1002 + 133

80 2133 + 1781 2290 + 228 301 £ 19 2373 + 1617 342 + 36F 845 + 55

120 2043 + 17171 2488 + 219 287+ 121 2355 + 2417 388 + 63T 893 + 61

* Each value is the mean + SEM for six rats per treatment group.

t Mean value of the treatment group was significantly different (P < 0.05) from that of the control group.
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FIG. 1. Immunoblot of liver microsomes from vehicle-treated and Telazol®-treated rats. The blot was probed with polyclonal
anti-cytochrome P450 2B1 IgG at a concentration of 2.5 pg IgG/mL as described in Materials and Methods. Microsomal
samples were applied to the gel at a final concentration of 10 pg microsomal protein/lane. Lanes 1-14 contain microsomes from
individual rats treated with Telazol® at the doses indicated in parentheses, and lanes 15-18 contain microsomes from indi-

vidual vehicle-treated rats.

activities of hepatic microsomes from a control rat and a rat
treated with Telazol® at a dose of 120 mg/kg were inhibited
by approximately 25 and 92%, respectively, whereas in the
presence of 5 mg anti-cytochrome P450 2B1 IgG/nmol cy-
tochrome P450, BROD activities of hepatic microsomes
from the same control and treated rat were inhibited by
approximately 55 and greater than 95%, respectively. No
inhibition of BROD activity was observed in the presence
of control IgG.

DISCUSSION

Telazol® has been used widely as an anesthetic and immo-
bilizing agent in veterinary medicine for over a decade, but
little is known about the effect of this drug, or its constitu-
ents, on hepatic cytochromes P450. An earlier study re-
ported that treatment of rats with ketamine, a dissociative
anesthetic structurally related to tiletamine, produces an
inductive effect on cytochromes P450 that is similar to that
of phenobarbital [22]. Both treatments significantly en-
hance total cytochrome P450 content and benzphetamine
N-demethylase, benzo[a]pyrene hydroxylase, and cyto-

chrome ¢ reductase activities, but ketamine is much less
potent than phenobarbital [22]. No other studies regarding
the inductive effects of ketamine, or agents that are struc-
turally similar to tiletamine, were found in the literature. In
addition, there are no reports of the effects of zolazepam, a
benzodiazepine derivative, on hepatic cytochromes P450.
However, in studies involving treatment of rats and mice
with better known benzodiazepines including chlordiaz-
epoxide, diazepam, and oxazepam, induction of total cyto-
chrome P450 levels and cytochrome P450-mediated
monooxygenase activities such as aniline hydroxylase, ami-
nopyrene N-demethylase, and BROD has been observed
[23-25]. Thus, the present study was undertaken to exam-
ine the effect of treatment with increasing doses of Telazol®
on hepatic cytochromes P450 in rats.

Cytochrome P450-mediated enzyme activities and pro-
tein levels were measured in hepatic microsomes prepared
from rats killed 24 hr after receiving a single i.p. injection
of Telazol®. BROD activity, which is highly inducible by
treatment with phenobarbital and is catalyzed predomi-
nantly by cytochrome P450 2B1 and cytochrome P450 2B2
in the rat, was increased approximately 7-fold in hepatic

TABLE 3. Effect of Telazol® treatment on hepatic levels of cytochrome P450 2B1 and cyto-

chrome P450 2B2*

Dose of Cytochrome P450 Cytochrome P450 Cytochrome P450 Cytochrome P450
Telazol® 2B1 content 2B1 as percentage 2B2 content 2B2 as percentage
(mg/kg (pmol/mg of total cytochrome (pmol/mg of total cytochrome
body wt) protein) P450 protein) P450
Control 22+08 0.1+0.1 82+14 0.5+0.1

20 113 +25 0.9+0.2 108 + 2.1 0.8+0.1

40 20.7 £ 3.11 1.3 +0.2¢ 10.6 £ 0.8 0.7+0.1

80 22.2+3.01 1.4+ 0.2t 121+ 1.1 0.8+0.1

120 377+ 6.71 2.5+ 04t 179 +5.2 1.2+03

* Each value is the mean + SEM for six rats per treatment group. The cytochrome P450 isozyme contents for individual animals were
determined by densitometric quantitation of ac least three separate immunoblots.
+ Mean value of the treatment group was significantly different (P < 0.05) from that of the control group.
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FIG. 2. Effect of polyclonal anti-cytochrome P450 2B1 IgG on BROD activity in hepatic microsomes prepared from (A) an
individual vehicle-treated rat and (B) a rat treated with Telazol® at a dose of 120 mg/kg. The reactions were carried out in the
presence of various concentrations of control IgG and polyclonal anti-cytochrome P450 2B1 IgG as described in Materials and
Methods. Results are expressed as a percent of the activity obtained in the presence of 0 mg IgG. Absolute values of BROD
activity determined with hepatic microsomes from the vehicle-treated and Telazol®-treated rats were 484 and 4598 pmol
resorufin formed/min/mg, respectively, in the presence of 0 mg IgG; 553 and 4770 pmol resorufin formed/min/mg, respec-
tively, in the presence of 10 mg control IgG/nmol cytochrome P450; and 138 and 86 pmol resorufin formed/min/mg,
respectively, in the presence of 10 mg anti-cytochrome P450 2B1 IgG/nmol cytochrome P450.

microsomes from rats treated with Telazol® at doses of 80
mg/kg and greater, whereas EROD activity, which has been
used as an indicator for cytochrome P450 1Al, was in-
creased only slightly at the highest dose of Telazol®. The
increase in BROD activity was ascribed to induction of the
cytochrome P450 2B isozymes. The minor increase in
EROD activity could also have been a result of cytochrome
P450 2B induction as the majority of this activity has been
shown to be catalyzed by cytochromes P450 2B1 and P450
2C6 in rats treated with phenobarbital [26]. Microsomal
p-nitrophenol hydroxylase activity was not affected by
treatment with Telazol®, suggesting that the drug had no
effect on expression of cytochrome P450 2E1. In addition,
the rates of formation of testosterone metabolites by micro-
somes from rats treated with Telazol® reflected selective
induction of the cytochrome P450 2B isozymes. A dose-
related increase in the rate of formation of 16jB-
hydroxytestosterone, which is a selective probe for cyto-
chrome P450 2B1 activity, was evident in hepatic micro-
somes prepared from rats treated with Telazol®, while
testosterone 6PB- and 7a-hydroxylase activities were unal-
tered, indicating that the drug had no effect on expression
of cytochromes P450 3A and 2A1. The observed decrease
in testosterone Za- and 16a-hydroxylase activities was
likely a result of suppression of cytochrome P450 2Cl11
levels, which has been reported to occur in mature male rats

after pretreatment with various cytochrome P450 inducers
[17, 27]. Testosterone Za-hydroxylation is known to be
catalyzed solely by cytochrome P450 2C11 [17, 27), whereas
testosterone 16a-hydroxylation is mediated by cytochromes
P450 2C11, P450 2B1, and P450 2B2 [17, 27]. Similarly,
formation of androstenedione is catalyzed by cytochromes
P450 2B1, P450 2B2, and P450 2Cl11, and the rate of
androstenedione formation was unaltered after treatment
with Telazol®. Lack of induction of both testosterone 16a-
hydroxylase activity and androstenedione formation may be
attributed to decreased hepatic expression of cytochrome
P450 2C11 that offset the expected increases in both ac-
tivities by cytochrome P450 2B1.

Immunoblot analyses confirmed that cytochrome P450
2B1 was preferentially induced by Telazol® in a dose-
dependent manner. According to the immunoquantitation
data, there was a 17-fold increase in microsomal cyto-
chrome P450 2B1 content for rats treated with Telazol® at
a dose of 120 mg/kg. There also appeared to be a dose-
related increase in the level of cytochrome P450 2B2Z, but
the increase was not statistically significant. Studies have
shown that induction of cytochrome P450 2B1 is accom-
panied by increased expression of cytochrome P450 2B2
[28-30]. Certain inducers may alter the proportion of cy-
tochrome P450 2B1 to P450 2B2, but selective induction of

one of these isozymes without co-induction of the other
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form has not been reported [31]. The absence of a signifi-
cant increase in the hepatic level of cytochrome P450 2B2
in this study suggests that the dose of Telazol® or the du-
ration of treatment was not sufficient to induce this iso-
zyme.

Increases in hepatic levels of cytochrome P450 2B1 were
greater than the observed increases in BROD and testos-
terone 16B-hydroxylase activities at all doses of Telazol®
tested. Increases in protein levels are often different from
corresponding increases in catalytic activities [32, 33]. A
possible explanation for the discrepancy in the present
study is that cytochrome P450 2B1 may be involved in the
metabolism of either tiletamine or zolazepam and, conse-
quently, cytochrome P450 2B-mediated activities measured
with substrates such as benzyloxyresorufin and testosterone
did not reflect the full extent of induction. However, there
was no evidence of enzyme-metabolite complex formation,
nor was there evidence of increased levels of inactive cy-
tochrome P450 (i.e. P420) in microsomes prepared from
Telazol®-treated rats.

Antibody inhibition of microsomal BROD activity by
polyclonal anti-cytochrome P450 2B1 igG indicated that
BROD activity was catalyzed by cytochrome P450 2B1/2 in
hepatic microsomes from a Telazol®-treated rat, whereas no
more than 70% of the activity was contributed by these
isozymes in hepatic microsomes from a control rat. Our
immunoinhibition data are in close agreement with those
of a recent study that reported maximal inhibition of
BROD activity in microsomes from untreated rats to be
approximately 70% in the presence of high concentrations
of antibody to cytochrome P450 2Bl [26]. Hence, the re-
sults of the catalytic, immunoquantitation, and antibody
inhibition assays demonstrate that Telazol® selectively in-
duced expression of the cytochrome P450 2B isozymes in
rats and did not increase expression of cytochromes P450
1A, P450 2E1, or P450 3A.

Microsomal BROD and testosterone 16B-hydroxylase ac-
tivities and cytochrome P450 2Bl levels increased with
increasing dose with the greatest effect observed at a dose of
120 mg/kg. However, the doses at which induction oc-
curred were relatively high compared with those normally
used to produce anesthesia in rats. In previous studies, the
doses given to rats to achieve satisfactory anesthesia and
analgesia ranged from 20 to 40 mg/kg [34, 35]. The dose
requirement of Telazol® varies with factors such as species,
age, gender, and physiological status of the animal. In gen-
eral, larger species tend to require a lesser dose on a per
weight basis than do smaller species [36], because of their
slower metabolite rate. Satisfactory pharmacological effects
were produced, for instance, in lions at doses from 2.2 to 3
mg/kg intramuscularly [37] and in black leopards, from 5 to
6.25 mg/kg intramuscularly [38]. Similarly, optimal immo-
bilization of polar bears occurred at doses of 5-8 mgfkg [6,
39]. The pharmacological effect of Telazol® in rats can be
correlated with that in polar bears by comparing the onset
and duration of action of the drug. In rats, a dose of 40
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mg/kg produced a mean onset of anesthesia of 2.2 min with
an average duration of 47.7 min [34]. In polar bears, an
average dose of 5.1 mg/kg had a mean onset of immobili-
zation of 5 min with a duration of approximately 2 hr [6]. In
another study, an average dose of 7.9 mg/kg of Telazol® was
used and the time to full immobilization was 5.3 min with
a mean duration of 54.5 min [39]. Hence, it can be seen
that a dose that is pharmacologically equivalent to 120
mg/kg of Telazol® in rats would be too high for use in polar
bear and other species of a similar size. Note that a single
injection was selected for the present study to approximate
the protocol used routinely in the clinic and in the field,
which involves a single i.m. or i.v. injection rather than
repeated daily injections as in typical induction studies.

In previous studies [9, 10], induction of polar bear he-
patic cytochromes P450 had been proposed as an indicator
of exposure to environmental contamination in the arctic
ecosystem. Cytochrome P450 1A and 2B isozyme levels
were measutred in polar bear hepatic microsomes and cor-
related to monooxygenase activities and organochlorine
concentrations in liver [10]. Because the bears had been
immobilized with Telazol® prior to death, it had been sug-
gested that the drug may have had an inductive effect on
the expression of cytochromes P450. The dose of Telazol®
administered to the bears in those studies ranged from 5.1
to 14 mg/kg with a mean dose of 8.9 mgfkg. On the basis of
the results presented herein, a dose of 8.9 mg/kg is probably
too small for induction of cytochrome P450 2B1 to have
occurred. Hence, the induction of cytochromes P450 1A
and 2B found in polar bears was likely a result of exposure
to environmental contaminants in the arctic food chain,
rather than an effect produced by Telazol®. A second study
is currently underway to investigate the effects of tiletamine
and zolazepam on hepatic cytochromes P450 in rat.

This study was supported by a strategic group grant from the Natural
Sciences and Engineering Research Council of Canada (Grant
STRO149821).
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