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ABSTRACT 
The formation of trifluoroacetic acid (TF AA) from halothane under aerobic conditions and that 

of chlorotrifluoroethane (CTE) and chlorodifluoroethylene (CDE) from halothane under anaero­
bic conditions were studied using guinea pig liver microsomes. The formation of TF AA was in­
hibited by specific inhibitors of cytochrome P450 (P450), such as carbon monoxide and metyrapone 
and was dependent upon P450 contents. The maximum activity of the TF AA formation was 
obtained at pH 6.0. On the other hand, the maximum activity to form CTE and CDE was ob­
tained at pH 7.4. The formation of TF AA reached a plateau at a halothane concentration above 
0.17 mM, but the rate of formation of CDE and CTE was dependent upon a halothane concen­
tration up to 1.5 mM. The values of apparent Michaelis-Menten constant (Km) and maximum 
velocity (Vmax) for TFAA formation were 0.067 mM and 0.349 nmol/nmol P450/min respective­
ly, those for CDE formation were 0.983 mM and 0.326 nmol/nmol P450/min respectively, and 
those for CTE formation were 1.71 mM and 0.752 nmol/nmol P450/min respectively. These results 
showed clearly that the formation of TF AA, CDE and CTE was catalyzed by the P450 system 
in guinea pig liver microsomes. Under optimal conditions, saturation was observed in the for­
mation of TF AA from halothane at a halothane concentration above 0.17 mM but the formation 
of CDE and CTE was not saturated at this concentration, and the value of apparent Km for 
TF AA formation was lower than those for CDE and CTE formation. 
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Halothane (2-bromo-2-chloro-1,1,1-trifluoroethane) 
is a potent volatile anesthetic widely used in clini­
cal practice. Halothane anesthesia is occasionally 
followed by liver disorder (halothane hepatitis)15>· 

While the mechanism still remains uncertain, many 
reports have recently been published that halothane 
metabolites are related to halothane hepatitis 7

•
13

). 

It is therefore important to clarify the metabolic 
pathway of halothane. 

Halothane undergoes aerobic dehalogenation to 
trifluoroacetic acid (TF AA)4

> and anaerobic dehalo­
genation to chlorotrifluoroethane (CTE) and chlo­
rodifluoroethylene (CDE) by the microsomal 
cytochrome P450 (P 450) system 1>. Sawyer first 
reported that the metabolic rate of halothane in the 
liver was not dose dependent on alveolar halothane 
concentration 14>. Indeed, Okida reported that 
biliary TF AA concentration was ·highest at a 
subanesthetic concentration of halothane in rabbit 
in vivo and there was no notable increase at higher 
concentrations 11>. However, the excreted anaero­
bic metabolites of halothane in expired gas, such 

as CTE and CDE, increased in a concentration­
dependent manner over anesthetic halothane con­
centration range. Therefore it is necessary to de­
termine whether the TF AA excretion system or the 
TF AA formation system limits the total amount of 
biliary TF AA at a subanesthetic halothane concen­
tration. In order to elucidate the possible mechan­
isms of biliary TF AA regulation at a subanesthetic 
concentration of halothane, in vitro study was con­
ducted using guinea pig liver microsomes. 

MATERIALS AND METHODS 
1) Materials 
TF AA was obtained from Katayama Chemical 

(Japan). Halothane was purchased from Hoechist 
(Japan) and NADPH from Oriental Yeast Co. 
(Japan). All the other reagents were of the highest 
grade commercially available. 

2) Animals 
Adult male guinea pigs, weighing about 250 g 

each, were used. After 24-hour fasting, the guinea 
pigs were sacrificed by decapitation and the liver 
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was immediately excised. After irrigation with 4 ° C 
physiologic saline through the portal vein to wash 
out the blood, the liver was homogenized in 0.1 M 
potassium phosphate buffer solution at pH 7.4. The 
subcellular fraction was performed according to the 
modified Hogeboom' s method 2

). 

3) Assay of P450 
The quantity of P450 was measured by spec­

trophotometer (Shimazu UV 300, JAPAN) follow­
ing the procedure of Omura and Sato 11>. 

4) Incubation systems 
Under aerobic conditions, the incubation system 

consisted of microsomal suspension (total volume of 
1 ml, 5 nmol/ml P450 and pH 6.0, 0.1 M potassi­
um phosphate buffer), NADPH (10 µmol) and 
halothane (10 µmol). Under anaerobic conditions the 
incubation system consisted of microsomal suspen­
sion (total volume of 1 ml, 1 nmol/ml P450, 0.1 M 
potassium phosphate buffer at pH 7.4), NADPH (10 
µmol) and halothane (10 µmol). In some experiments 
oxygen was replaced with carbon monoxide (CO) or 
metyrapone was added, both of which are specific 
inhibitors of P 450 in the incubation system. The op­
timal condition for TF AA, CDE and CTE measure­
ment was sought by varying the individual 
parameters of the incubation system, such as pH, 
concentration of P 450 and duration of halothane ex­
posure. 

5) Assay of dehalogenation of halothane. 
Under aerobic conditions, oxygen was sealed in 

a 60 ml silicon-capped flask containing the 
microsomal suspension. Under anaerobic conditions, 
deoxygenated nitrogen was sealed in a 13.5 ml 
silicon-capped test tube. After preincubation in a 
water bath at 37°C for 10 min, halothane was ad­
ded and then the reaction was initiated by adding 
NADPH. This mixture was incubated for 60 min 
under aerobic condition and for 10 min under 
anaerobic condition. The aerobic reaction was ter­
minated by a deproteinization process, i.e. protein 
was removed from the mixture by ultrafiltration at 
4 ° C for 30 min. Aerobic metabolite, TF AA, was 
analyzed with ion exchange chromatography 
(Yokogawa Electric Co. Model IC-100, JAPAN), 
which was equipped with an electric conductivity 
detector. The analytical condition of ion exchange 
chromatography for TF AA was determined by 
Kawaguchi's method 5

)_ Under anaerobic condi­
tions, a part of the mixture's gas phase was sub­
jected to flame ionization gas chromatography 
(Shimadzu Co. GC-4A, JAPAN) for analysis of CDE 
and CTE. The operating condition for gas chro­
matography was determined following the method 
of Mukai 7

)_ 

RESULTS 
1) Effect of CO and metyrapone on the aerobic 

dehalogenation of halothane to TF AA (Table 1-a) 
and on the anaerobic dehalogenation of halothane 
to CDE and CTE (Table 1-b ). 

Table 1-a, 1-b. Effect of carbon monoxide (CO) and 
metyrapone on aerobic dehalogenation of halothane to 
TF AA and on anaerobic dehalogenation of halothane to 
CDE and CTE. 
Under aerobic conditions, oxygen was replaced with CO, 
or metyrapone was added to the incubation system. The 
C0/02(v/v) ratio in the flask was between 1: 1 and 6:1. 
The incubation system consisted of microsomal suspen­
sion (total volume of 1 ml, 5 nmol/ml P450 and pH 6.0, 
0.1 M potassium phosphate buffer), NADPH (10 µmol) 
and halothane (10 µmol). 
Under anaerobic conditions, CO or metyrapone was ad­
ded to the incubation system, which consisted of 
microsomal suspension (total volume of 1 ml, 1 nmol/ml 
P450 and pH 7.4, 0.1 M potassium phosphate buffer), 
NADPH (10 µmol) and halothane (10 µmol). 

C0/02 (%) Inhibition of TFAA formation (%) 

0 0 
50 47 
66.7 61 
85.7 68 

metyrapone (mM) 

0 0 
10 42 
75 83 

100 88 

CO/N2 (%) Inhibition of CDE CTE (%) 

0 0 0 
0.15 68.9 70.2 
0.3 77.5 77.6 
0.6 86.7 91.6 
1.0 100 97.9 

metyrapone (mM) 

3.25 91.1 100 

Replacement of CO (50-86%) in the incubation 
system under aerobic conditions inhibited the for­
mation of TF AA from halothane in the liver micro­
somes. The degree of inhibition was almost 
proportional to the C0/02 ratio. Addition of 
metyrapone to the aerobic incubation system in­
hibited the rate of TF AA formation from halothane 
in a similar manner. Addition of CO (0.15-1.0%) to 
the incubation system under anaerobic conditions 
inhibited the formation of CDE and CTE from 
halothane. Addition of metyrapone to the anaero­
bic incubation system also inhibited the rate of 
CDE and CTE formation from halothane. 

2) Time course of the formation of TF AA, CDE 
and CTE from halothane in liver microsomes (Figs. 
1 and 2). 

As shown in Fig. 1, the rate of TF AA formation 
from halothane increased linearly up to 2 hours. 
Fig. 2 shows the rate of CDE and CTE formation 
from halothane in liver microsomes. The rate in­
creased linearly up to 30 min. 
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Fig. 1. Time course of the formation of TF AA from 
halothane in liver microsomes. The incubation system 
consisted of microsomal suspension (total volume of 
1 ml, 5 nmol/ml P450 and pH 6.0, 0.1 M potassium 
phosphate buffer), NADPH (10 µmol) and halothane 
(10 µmol). Reaction time was up to 2 hours. A posi­
tive correlation between time and formation of TF AA 
was observed. (p < 0.001) 
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Fig. 2. Time course of the formation of CDE and 
CTE from halothane in liver microsomes. The incu­
bation system consisted of microsomal suspension (to­
tal volume of 1 ml, 1 nmol/ml P450 and pH 7.4, .0.1 
M potassium phosphate buffer), NADPH (10 µmol) and 
halothane (10 µmol). Reaction time was up to 30 min. 
Positive correlation between time and formation of 
CDE and CTE was observed. (CDE: p<0.001; CTE: 
p<0.001) 

3) The relationship between P450 concentration 
in liver microsomes and the rate of TF AA, CDE 
and CTE formation from halothane (Figs. 3 and 4). 

As shown in Figs. 3 and 4, the rate of TF AA, 
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Fig. 3. Relationship between the rate of TFAA for­
mation from halothane and P450 concentration in liver 
microsomes. Aerobic reactions were made by the in­
cubation system containing 1.5 to 7.5 nmol P450. 
NADPH (10 µmol I 5 nmol P450) and halothane (10 
µmol) were added to the microsomal suspension (pH 
6.0, 0.1 M potassium phosphate buffer). Positive corre­
lation between P450 concentration and the rate of 
TFAA formation was observed. (p<0.001) 
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Fig. 4. Relationships between P450 concentration in 
liver microsomes and the rate of CDE and CTE for­
mation from halothane. Anaerobic reaction was made 
by the incubation system containing 0.5-4 nmol P450. 
NADPH (10 µmol/nmol P450) and halothane (10 µmol) 
were added to the microsomal suspension (pH 7.4, 0.1 
M potassium phosphate buffer). Positive Gorrelation be­
tween P450 concentration and the rate of CDE and 
CTE formation was observed. (CDE: p<0.001; CTE: 
p<0.001) 

CDE and CTE formation from halothane increased 
proportionally to the P 450 concentration in liver 
microsomes. 
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Fig. 5. Optimal pH value of aerobic dehalogenation 
of halothane. pH of 0.1 M potassium phosphate buffer 
was varied from 5.5 to 7.4. The incubation system con­
sisted of microsomal suspension (total volume of 1 ml, 
5 nmol/ml P450 and 0.1 M potassium phosphate 
buffer), NADPH (10 µmol) and halothane (10 µmol). 
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Fig. 6. Optimal pH value of anaerobic dehalogenation 
of halothane. The pH of 0.1 M potassium phosphate 
buffer was varied from 5.5 to 7.4. The incubation sys­
tem consisted of microsomal suspension (total volume 
of 1 ml, 1 nmol/ml P450 and 0.1 M potassium phos­
phate buffer), NADPH (10 µmol) and halothane (10 
µmol). 

4) Optimal pH value (Figs. 5 and 6). 
As shown in Figs. 5 and 6, the optimal pH value 

was 6.0 for the aerobic dehalogenation of halothane 
to TF AA and 7.4 for the anaerobic dehalogenation 
of halothane. Thus, 0.1 M potassium phosphate 
buffer at pH 6.0 was used in the aerobic experi­
ments, and O.lM potassium phosphate buffer at pH 
7.4 was used in the anaerobic reaction. 

5) The relationship between halothane concentra-
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2 

Fig. 7. Relationship between halothane concentration 
and the rate of TF AA formation from halothane. Un­
der aerobic conditions, halothane concentration was 
varied from 0.017 to 1.67 mM. The incubation system 
consisted of microsomal suspension (total volume of 
1 ml, 5 nmol/ml P450 and pH 6.0, 0.1 M potassium 
phosphate buffer), NADPH (10 µmol) and halothane. 
The values of apparent Km and Vmax for TF AA for­
mation were 0.067 mM and 0.349 nmol/nmol 
P450/min. 
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Fig. 8. Relationship between halothane concentration 
and the rate of CDE formation from halothane un­
der anaerobic conditions. Instead of oxygen, deox­
ygenated nitrogen was sealed in the silicon-capped test 
tube. Under anaerobic conditions, halothane concen­
tration was varied from 0.037 to 1.778 rnM. The in­
cubation system consisted of microsomal suspension 
(total volume of 1 ml, 1 nmol/ml P450, and pH 7.4, 
0.1 M potassium phosphate buffer), NADPH (10 µmol) 
and halothane. The values of apparent Km and Vmax 
for CDE formation were 0.983 mM and 0.326 
nmol/nmol P 450/min. 

tion and the rate of TF AA, CDE and CTE forma­
tion from halothane (Figs. 7, 8 and 9). 

Figs. 7, 8 and 9 show the relationship between 
halothane concentration and the rate of TF AA, 
CDE and CTE formation from halothane, respec­
tively. The rate of TFAA formation reached a 
plateau when the halothane concentration was 
above 0.17 mM, but the rates of formation of CDE 
and CTE were dependent upon a halothane concen­
tration up to 1.5 mM. 

The values of apparent Km and V max for TF AA 
formation were 0.067 mM and 0.349 nmol/nmol 
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Fig. 9. Relationship between halothane concentration 
and the rate of CTE formation from halothane under 
anaerobic conditions. Experimental conditions were the 
same as in Fig. 8. The values of apparent Kµi and 
Vmax for CTE formation were 1.71 mM and 0.752 
nmol/nmol P450/min. 

P450/min, and those for CDE formation were 0.983 
mM and 0.326 nmol/nmol P450/min. The values of 
apparent Km and V max for CTE formation were 
1.71 mM and 0.752 nmol/nmol P450/min. These 
values were determined by the Lineweaver-Burk 
plot, respectively. 

DISCUSSION 
Halothane associated liver damage has been 

grouped into two distinct entities, the mild type and 
the severe type 10

). In the severe type of 
halothane hepatotoxicity, the hepatic reaction is 
usually delayed and the clinical course is often 
lethal. The rarity of the disease, its association with 
repeated administrations of halothane, and the 
difficulty in reproducing it in animals suggest an 
immune mediated mechanism 3

). Vergagni 7
) 

strongly indicated that halothane hepatitis was an 
immune mediated drug toxicity. This hepatitis was 
characterized by the presence of serum antibodies 
specific to liver microsomal proteins. These antibod­
ies were altered covalently by trifluoroacetyl halide, 
an oxidative intermediate metabolite from halothane 
to TF AA. TF AA, an aerobic metabolite of 
halothane, was excreted in urine for two weeks af­
ter halothane anesthesia, and the amount of excret­
ed TF AA was greater on the postoperative day 
rather than during halothane anesthesia 8

•
16

). This 
means that trifluoroacetyl halide is exposed to the 
immune system for a long time. 

The causes of this prolonged elimination of TF AA 
after halothane anesthesia are yet unknown. 
Kinoshita has reported that the enterohepatic cir­
culation of TFAA is one candidate 6

). Another 
cause may be the continued dehalogenation of 
halothane after halothane anesthesia. Okida et al 
simultaneously measured both the biliary excretion 
of TF AA and the pulmonary excretion of CDE and 
CTE during 5 hours of inhalation at various con­
centrations of halothane (0.02-1.5%) 5

) in vivo. 
They showed that the biliary TF AA level reached 

a plateau at 0.05% of halothane concentration 
which is less than 1/10 of the anesthetic halothane 
concentration, but no notable increase of the 
amount of TF AA in the bile was observed at higher 
halothane concentrations. This result suggests that 
a considerable amount of halothane is possibly 
metabolized to TF AA for a long period at such a 
trace concentration of halothane that halothane is 
redistributed into the blood from the fat tissue af­
ter halo thane anesthesia. However, they were not 
able to clarify the reasons why there were no 
changes in the total amount of biliary TF AA at 
higher halothane concentrations. In in vivo experi­
ments, a possibility exists that excretion of biliary 
TF AA is limited by the excretion system and that 
the biliary TF AA level cannot increase in concen­
tration dependent manner above the subanesthetic 
halothane concentration. 

Our study clearly showed that the aerobic and 
anaerobic dehalogenation of halothane were cata­
lyzed by the P 450 system of guinea pig liver micro­
somes (Table 1). Next the optimal conditions for in 
vitro aerobic and anaerobic dehalogenation of 
halothane were determined. Under optimal condi­
tions it was found that the rate of formation of 
TF AA was already saturated above the 
subanesthetic concentration of halothane, but the 
formation of CDE and CTE was not saturated at 
this concentration (Figs. 7, 8 and 9), and the value 
of apparent Km for TF AA formation was lower 
than those for CDE and CTE formation. It is there­
fore concluded that saturation of aerobic dehalogen­
ation of halothane was one of the reasons why 
there was no increase in the biliary TF AA level in 
concentration dependent manner above the 
sul5anesthetic halothane concentration. Continued 
TF AA formation from dissolved halothane in fat 
tissue after halothane anesthesia may be responsi­
ble for the prolonged elimination of TF AA into 
urine. 
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