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ABSTRACT

The contents of cytochrome P-450 (P-450) and cytochrome bs, and the activity of NADPH-
cytochrome c reductase and the reductive metabolites of halothane, 2-chloro-1, 1-difluoroethylene
(CDE) and 2-chloro-1, 1, 1-trifluoroethane (CTE) were measured in microsomes from the liver,
kidney and lung of phenobarbital (PB) pretreated and untreated Japanese white strain rabbits.

Microsomal P-450 levels in the liver, kidney (renal cortex) and lung of the rabbits were 1.91
+ 0.35, 0.19 = 0.04 and 0.42 = 0.11 nmol/mg protein (mean = SD), respectively. In vivo
phenobarbital pretreatment (PB-pretreatment) increased the content of P-450 to 2.95 = 0.40
nmol/mg protein (154%) in the liver and to 0.40 = 0.11 nmol/mg protein (211%) in the kidney,
but had little effect in the lung.

The activity of CDE formation was 0.72 £+ 0.10, 0.08 + 0.04 and 0.03 £ 0.01 nmol/mg pro-
tein/min in the liver, kidney and lung, respectively. PB-pretreatment enhanced the activity of
CDE formation to 1.69 = 0.49 nmol/mg protein (221%) in the liver, and to 0.29 + 0.16 nmol/mg
protein/min (363%) in the kidney, but showed little enhancement in the lung. The activity of
CTE formation was 1.30 = 0.19, 0.12 £ 0.04 and 0.09 = 0.02 nmol/mg protein/min, in the
liver, kidney and lung, respectively. PB-pretreatment enhanced the activity of CTE formation
to 1.80 + 0.44 nmol/mg protein/min (138%) in the liver, but caused only slight enhancement
in the kidney and lung. PB-pretreatment markedly enhanced the activity of CDE formation in
the kidney.

The authors conclude that cytotoxicity by reductive dehalogenation of halothane is possible
not only in the liver but also in the kidney with PB-pretreatment.
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Halothane is among the commoest of the inhala-
tional anesthetics. It had been previously thought
that this drug was stable in vivo. However, Van
Dyke et al®® found that C** halothane was metabo-
lized in the mouse. The biotransformation of
halothane is classified into oxidative and reductive
metabolisms. Trifluoroacetic acid is excreted in the
urine®® as an oxidative metabolite. CDE and CTE
are excreted in expiratory gas'"® as reductive
metabolites. A radical intermediate produced in
reductive halothane metabolism has been reported
to cause hepatotoxicity®*®. Likewise, it has been
reported that inorganic fluoride (F7) from
methoxyflurane causes nephrotoxicity?. It is well
known that F- is formed during reductive
halothane metabolism™*”. However, halothane in-
duced nephrotoxicity has not yet been reported.

The reductive dehalogenation of halothane occurs
in the presence of P-450® and is facilitated by in
vivo PB-pretreatment and under hypoxic
conditions'®.

Studies on the biotransformation of anesthetics
have mainly dealt with the liver. The metabolism

of halothane in other organs has been reported by
Blitt et al?. They observed the reductive biotrans-
formation of halothane in microsomal preparations
from kidney and lung. Their study, however, did
not examine PB-pretreatment despite the fact that
P-450 in rabbit kidney is enhanced by PB-
pretreatment!'®'®,

The present study, therefore, attempted to inves-
tigate the reductive dehalogenation of halothane in
microsomes of the liver, kidney and lung in PB-
pretreated rabbits. We examined the microsomal
P-450 enzyme systems, P-450, cytochrome by (b;),
NADPH-cytochrome ¢ reductase (fp,), and in vitro
formation of reductive metabolites (CDE, CTE) of
halothane.

METHODS
1) Animals and the preparation of microsomes
Japanese white strain rabbits (weighing 2.5-3kg,
age 12 to 15 weeks old) were used. Five animals
without PB-pretreatment were classified as the con-
trol group, and five other animals with PB-
pretreatment were classified as the PB group.
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Table 1. Effect of PB-pretreatment on the content of P-450, bs and fp, in the liver, kidney and lung microsomes

P'450 b5 fp2 b5/P"450
Liver C 191 =+ 0.35] 1.12 = 0.16 204 = 38 0.59
PB 2,95 £ 0.40- ** 1.34 £ 041 199 = 20 0.45
Kidney C 0.19 = 0.04] 0.19 £ 0.061 29 = 4 1.00
PB 0.40 = 0.11- ** 0.30 = 0.06”* 35 = 7 0.75
Lung C 0.42 = 0.11 0.11 + 0.03 1837 £ 9 0.26
PB 0.41 = 0.08 0.10 = 0.02 119 + 20 0.24
All values except ratios are mean * SD.
C = control group (n=5), PB = phenobarbital group (n=5)
P-450 = Cytochrome P-450 (nmol/mg protein), b; = Cytochrome b, (nmol/mg protein)
fp, = NADPH-cytochrome ¢ reductase (nmol/mg protein/min)
Ratios were calculated from mean values of P-450 and b;.
**p<0.01 versus control value. *p<0.05 versus control value.
Table 2. Effect of PB-pretreatment on the CDE and CTE formation by
microsomal fractions from liver, kidney and lung
CDE CTE CDE/CTE
Liver C 0.72 % 0.10] 1.30 = 0.19] 0.55
PB 1.59 £ 0.49- ** 1.80 + 0.44-'* 0.88
Kidney C 0.08 =+ 0.04:1 0.12 £ 0.04 0.67
PB 0.29 + 0.16- ** 0.14 = 0.07 2.07
Lung C 0.03 + 0.01 0.09 = 0.02 0.33
PB 0.03 £ 0.01 0.09 = 0.03 0.33

All values except ratios are mean = SD.

C = control group (n=5), PB = phenobarbital group (n=5)

CDE = 2-chloro-1, 1-difluoroethylene (nmol/mg protein/min), CTE =

2-chloro-1, 1, 1,-trifluoroethane (nmol/mg protein/min)

Ratios were calculated from mean values of CDE and CTE.
**p<0.01 versus control value. *p<0.05 versus control value.

Animals in PB group were used for experiments
after an intramuscular injection of 60mg/kg of PB
for four consecutive days followed by a 24-hour
fast. For the control group, a physiological saline
solution was administered instead of PB. Animals
were sacrificed by injecting air into the auricular
vein in a cold room. The liver, kidney and lung
were immediately removed and perfused with an
ice-cold isotonic sucrose solution. The renal cortex
and medulla of the kidney were macroscopically
separated.

The renal cortex was regarded as the kidney in
this experiment because the P-450 content of the
medulla was 0.02 = 0.01 nmol/mg protein, far less
than that of the renal cortex (0.19 = 0.04 nmol/mg
protein).

The microsomal fractions were prepared by a
standard method® and stored at -70°C before
assay.

2) Assays for enzymes and the activity of reduc-
tive dehalogenation of halothane

The content of microsomal P-450 in the liver and
kidney, and b, in the liver, kidney and lung were
measured by Sato and Omura’s method?.
Microsomal P-450 of the lung was estimated using
a dithionate difference spectrum'®. The activity of
fp, was determined by Masters’ method?.

The activity of CDE and CTE formation was

measured as follows. Deoxygenated nitrogen was
sealed in a 15 ml test tube with a silicon cap con-
taining 1 ml microsomal suspension in a Tris-HCI
solution (10 mM, pH 7.4). Each microsomal suspen-
sion was adjusted to a protein concentration of ap-
proximately 10mg protein/ml. Protein concentration
was measured by Lowry’s method'®. The mixture
was preincubated for 10 min at 37°C, and NADPH
(bmM) was added. The reaction was initiated by the
administration of halothane (9.4 umol). After a 10
min incubation at 37°C, 0.5 ml of the gaseous mix-
ture was injected into a gas chromatograph column
for CDE and CTE analysis.

The results were analyzed by Student’s unpaired
t-test and were considered significant at a level of
p<0.05. Data are shown as mean = SD.

RESULTS
1) The effect of PB-pretreatment on the content of
P-450, b; and fp, in the liver, kidney and lung
microsomes is shown in Table 1.

The content of P-450 in the liver in control group
was respectively more than 10.1 times and 4.5
times higher than that in the kidney and lung. PB-
pretreatment significantly increased the content of
P-450 in the liver (154%) and kidney (211%), but
had little effect in the lung. The content of bj in-
creased only in the kidney (158%) after PB-
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Fig. 1. The proposed pathway of the reductive dehalogenation of halothane

CTE is formed by one electron reduction and CDE is formed by two electron reduction. F~ is released

when CDE is formed.

pretreatment. PB-pretreatment had little influence
on the content of fp, in the liver, kidney and
lung.
2) The effect of PB-pretreatment on the CDE and
CTE formation by microsomal fractions from liver,
kidney and lung is shown in Table 2. '
The activity of CDE formation was enhanced by
PB-pretreatment in liver microsomes (221%) and
kidney microsomes (361%) but not in lung micro-
somes (100%). Regarding the activity of CTE for-
mation, this was enhanced significantly in liver
microsomes, slightly in kidney microsomes (117%)
and not enhanced in lung microsomes (100%).

DISCUSSION

Blitt et al® reported that extrahepatic biotrans-
formation may be an important factor in the dis-
position of wvolatile anesthetics showing that
microsomes from rabbit kidney and lung metabo-
lized halothane reductively.

Fiserova-Bergerova et al” showed that tissue
concentration of CDE and CTE in rat kidney af-
ter halothane inhalation was not increased by PB-
pretreatment. Their results suggested that P-450
may not be inducible for CDE and CTE formation
in rat kidney by PB-pretreatment. In our study, the
enhancement of CDE formation and the induction
of P-450 were observed in rabbit kidney after PB-
pretreatment. The discrepancy between their
results and our results may be attributable to spe-
cies differences. Indeed, it has been reported that
P-450 is inducible in rabbit kidney'*'® but not in-
ducible in rat kidney'” by PB-pretreatment.

We conclude that microsomes from the liver, kid-

ney and lung of rabbits, metabolize halothane
reductively and that PB-pretreatment enhances the
reductive metabolism of halothane in rabbit kidney.

Fujii'? reported that the concentration of CDE
in expired gas from rabbits after halothane anesthe-
sia increased markedly in vivo after PB-
pretreatment, while CTE increased only slightly.
Chikasue® reported that CTE formation showed a
greater increase in vitro with PB-pretreated rat
liver than CDE formation. It was explained that
the discrepancy was most likely due to the differ-
ence of species as well as to the difference between
in vivo and vitro methods. Our results in Table 2
show that CDE exhibited a greater increase than
CTE in rabbit kidney undergoing PB-pretreatment.
CTE is thought to be produced by one electron
reduction and CDE produced by two electron
reduction™'®, CDE formation depends on the con-
tent of by because the second electron is supplied
from b;. A reconstituted system without b,
demonstrated that CTE was the sole end
product”. In the present study, the ratio of
CDE/CTE was markedly high in kidney microsomes
with in vivo PB-pretreatment (Table 2). The con-
tent of by is enhanced in kidney microsomes. The
by/P-450 ratio, however, is decreased by PB-
pretreatment (Table 1). These data show that the
formation of CDE did not, at least, solely depend
on the content of b;.

Figure 1 displays the metabolic pathway of reduc-
tive dehalogenation of halothane, from the report
of Ahr et al”. It is well known that F~ as a
metabolite of inhalational anesthetics causes renal
injury? and that F- is released when CDE is
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formed™¥), Halothane has been believed not to
cause renal injury because the serum level of F-
concentration either during or after halothane
anesthesia is too low to cause renal injury*.
However, the enhancement of CDE formation in
rabbit kidney by PB-pretreatment may facilitate the
accumulation of F~ in the kidney, suggesting a
possible occurrence of renal injury during halothane
anesthesia.

To summarize, in rabbits, the liver was the main
organ responsible for the reductive dehalogenation
of halothane. However, the kidney and lung in rab-
bits also metabolized halothane reductively. The
reductive dehalogenation of halothane was en-
hanced in the kidney with in vivo PB-pretreatment.

Cytotoxicity due to the reductive dehalogenation
of halothane may be possible not only in the liver
but also in the kidney with PB-pretreatment.
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