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ABSTRACT

The optimal composition of eluant for triflucroacetic acid (TFAA} analysis by ion-exchange chro-
matography was determined and a preliminary study to detect TFAA, a metabolite of isoflu-
rane, in bile of rabbits during and after inhalation of isoflurane was made. The optimal
composition of eluant for TFAA analysis by ion-exchange chromatography was determined to
be a solution of 2mM Na,CO; and 4mM NaHCO,, Rabbits were divided into 4 groups; A group:
1 hr inhalation of 2% isoflurane, B group: 2 hr inhalation of 2% isofturane, C group: 2 hr inha-
lation of 3% isoflurane, and D group: 2 hr inhalation of 4% isoflurane. The maximum hiliary
TFAA concentration in groups A, B, C and D averaged 17.5 + 1.4 uM (mean = S.D.) at 105
min, 37.1 £ 11.5 pM at 815 min, 54.56 + 9.4 uM at 585 min and 34.4 + 12.1 xM at 555 min
after termination of inhalation. Cumulative excreted amounts of biliary TFAA for 20 hours were
746 nmols in A group (8 hours), 3,421 nmwols in B group, 6,582 nmols in C group and 3,267
nmols in D group. Half-lives of biliary excreted TFAA were 63 min, 325 min, 478 min and 546
min, respectively. These results showed that ion-exchange chromatography is more convenient
for detecting TFAA as a metabolite of isoflurane than isotachophoresis, gas chromatography,

paper chromatography and thin layer chromatography and that TFAA was determined as a biliary

metabolite of isoflurane in the rabbit.
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trifluoroacetic acid.

Isoflurane (1-chloro-2,2 2-trifluoroethyl diflu-
oromethyl ether) is an isomer of enflurane. The
blood/gas distribution coefficient of isoflurane is as
low as 1.4 and it is regarded to be a promising in-
halation anesthetic with rapid induction and
recovery®'™®, Isoflurane is considered to be stable
both chemically and hiologically'®. Of the inhaled
isoflurane, 95% is excreted unchanged in the ex-
pired gas, and urinary excreted fluoride as metabo-
lite is less than 0.2% of the total hody infake of
isoflurane during the three days of the
experiment”. Its structural formula implies its bio-
degradation into trifluoroacetic acid (TFAAY. Hitt
et al had shown that a metabolite in the urine of
isoflurane inhaled rats and man was TFAA by thin-
layer chromatography®.

Another fluorinated anesthetics, halothane” and
fluoxene, also undergo dehalogenation and produce
TFAA in the body. It is important to analyze
TFAA for studies on metabolism of these
anesthetics.

Paper chromatography'®, thin-layer chromato-

graphy and gas chromatography® have been
applied in the analysis of TFAA. However,
these methods for assay of TFAA require compli-
cated sample preparation, well trained technicians
and much time for analysis. TFAA in the urine or
hile of halothane anesthetized patients and rabbits
was analyzed by isotachophoresis with a simple
technique®®', but this method is not sensitive
enough to analyze TFAA as a metabolite of
isoflurane,

The present study determined the optimal eondi-
tion for TFAA analysis by ion-exchange chromatog-
raphy and the quantitative biliary excretion of
TFAA in rabbits during and after isoflurane inha-
lation.

MATERIALS AND METHODS
1. Reagents: TFAA, sodium carbonate (Na,CO,)
and sodium bicarbonate (NaHCO,) were obtained
from Katayama Chemicals and dodecyl benzen sul-

and Culture of Japan,
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fonie acid from Kao Soap Chemicals. Other rea-
gents were commercial products of the analytical
grade,

2. Equipment and operating conditions: An ion-
exchange chromatography (Yokogawa Electric
1C-100) equipped with an electric conductivity de-
tector was used in this study, Anion exchange re-
sin packed in 250 mm x 4 mm stainless column
{Yokogawa Electric SAX-1) was used for the im-
mobile phase. Column temperature was 40°C. A
mixture of Na,CO; and NaHCO, was used as elu-
ant at a flow rate of 2 ml/min for analysis.

3. Determination of the opfimal composition of
eluant for TFAA: Twelve different composition ra-
tios of Na,C0O, and NaHCO, tested were as fol-
lows 2mM Na,CO, only, 3mM Na,CO; only, 4mM
Na,CO, only, 5mM Na,CO; only, 2mM Na,CO; and
2mM NaHCO,, 3mM Na,CO, and 3mM NaHCO,,
4mM Na,CO; and 4mM NaHCO, tmM Na,CO,
and 5mM NaHCO,;, 2mM Na,CO; and 4mM
NaHCO,, 3mM Na,CO; and 6mM NaHCOQ,, 4mM
Na,C0y and 8mM NaHCGO,, and 5mM Na,CO, and
10mM NaHCO,. Using these eluants, the elution
time of TFAA and another ions (fluoride ion, chlo-
ride jon, nitrite ion, phosphate ion, bromide ion, ni-
trate ion and sulfate ion in the mixture solution)
were measured. This mixture consisted of 5 ppm
of sodium fluoride, 10 ppm of sodium chloride, 15
ppm of sodium nitrate, 30 ppm of sodium
hiphosphate, 10 ppm of sodium bromide, 30 ppm
of sodium nitrite and 40 ppm of sodium sulfate was
used for testing separation of ions. The optimal
composition for separation of TFAA from other an-
ions was determined.

4. Analysis of TFAA as a metabolite of isoflu-
rane: Male rabbits weighing 2-2.5 kg were given
intramuscular injections of 20 mg/kg pentobarbital.
Under regional anesthesia with 1% mepivacaine,
tracheostomy was performed. Following intramus-
caular injection of 10 mg/kg pgaliamine, a Harvard
respiration pump (Model 607) was connected to the
animals and they were ventilated at a rate of 50
times/min and at a tidal volume of 5 ml/kg, using
a non-rebreathing system. The femoral artery and
vein were cannulated and arterial pressure was
monitored. To maintain constant blood pressure,
lactated Ringer’s solution was continuously ad-
ministered at 20—25 mlthr via the femoral vein.
During the experiment, pentobarbital and gallamine
were intravenously administered as necessary. Fol-
lowing abdominal incision and ligation of the bile
cyst, an external biliary drain was made by cannu-
lation of the commen bile duct,

Body temperature was maintained at 87°C with
a heating pad (Gorman Rupp Model K-1C-3). Isoflu-
rane concentration in the inspired gas and arterial
blood was checked by gas-chromatography (Shimad-
zu GO4A) during and after administration of isoflu-
rane. The bile was collected from external hiliary
drain every 30 min and was analyzed by ion-

exchange chromatography.

Rabbits were divided into 4 groups: A group, 1
hr inhalafion of 2% isoflurane (n=3); B group, 2
hr inhalation of 2% isoflurane (n=3); C group, 2
hr inhalation of 3% isoflurane (n=3); and D group,
2 hr inhalation of 4% isoflurane (n=3). To meas-
ure the concentration of biliary 'TFAA, the bile was
diluted 10-fold with deionized water and 100
microliters, of the sample was injected into the ion-
chromatographic analyzer through a cation ex-
change filter.

5. Quantitative analysis of TFAA: The concentra-
tion of TFAA in this study was calibrated by us-
ing conductivity of authentic TFAA in 10-fold
diluted hile.

RESULTS

1. Analytical condition of ion-exchange chro-
matography for THFAA analysis;

a) Determination of optimal composition of elu-
ant: Fig. 1 shows that the elution times of TFAA
ion (CF,COO0™), nitrate ion (NO,7) and sulfate ion
(SO,7) were close. When Na,C0O, and NaHCO,
concentrations were reduced, the peaks of the
respective lons were gradually separated. However,
this required much time and the height of the peaks
decreased. Of the 12 different compositions of elu-
ants, 2mM Na,CO, and 4mM NaHCO, 2mM
Na,COy and 2mM NaHCO, or 83mM Na,CO, only
were relatively satisfactory for separation and econ-
omy of time. Among these three eluantis, the com-
position of ZmM Na,CO; and 4mM NaHCO,
showed the shortest elution time of TFAA and bet-
ter separation of TFAA from SO, . Therefore,
the eluant of 2mM NayCO; and 4mM NaHCO, (pH
9.83) was selected in the following experiments as
optimal composition.

b} Analytical sensitivity of TFAA in bile: Fig. 2
shows calibration equation made by conductivity at
various concentrations of authentic TFAA in 10-fold
diluted with deionized water. The minimum analyt-
ical concentration of TFAA in the bhile hy this
method was 0.6 uM. Using the equation, concen-
tration of TFAA in the bile was caleulated.

2. lIdentification and quantitative analysis of
isoflurane metabolites;

a) Identification of TFAA in hile: Fig, 3 shows
a chromatogram of 10 xM TFAA. The elution time
of TFAA was 7.5 min. Fig. 4 shows a chromato-
gram of bile obtained prior to isoflurane irhalation,
Fig. 5 shows a chromatogram of bile after inhala-
tion of isoflurane, and the elution time of the peak
wag 7.5 min. Fig. 6 shows a chromatogram of a
mixture of 10 M TFAA and bile after isoflurane
inhalation. The peak at the elution time of 7.5 min
was single and was not separated. Peak height elu-
ated at 7.5 min was nearly equal to the half-height
of the solution in Fig. 3 plus the half-height of the
bile in Fig. 5.

b) Biliary concentration of TFAA (Fig. 7): Time
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Fig. 1. Effect of composition rate on elution time; Us-
ing various composition ratios of Na,CO4 and NaHCO,
for eluant at a flow rate of 2 ml/min, efution time of
TFAA and anions were measured by ion-exchange chro-

matograph. Analytical temperature was 40°

C

a) The composition ratic of Na,CO, and NaHCO,; was
1:0. b) The composition ratio of NayGO; and NaHCO,
was 1:11. ¢) The composition ratio of Na,CO; and

NaHCO,; was 1:2.
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Fig. 2. Calibration equation made by conductivity at
various concentration of authentic TFAA in 10-fold

diluted bile with deionized water,
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Fig. 3. Ion-exchange chromatogram of IFAA. A 1004
of 10 pM TFAA in deionized water was injected to the
column of the ion-exchange chromatography. The eluant
used was a mixture of 2mM NayCOy and 4mM NaHCO,
at flow rate of 2 ml/min. Analytical temperature was
40°C, Elution time of TFFAA was 7.5 min. Other detail
was described in MATERIALS AND METHODS.
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Fig. 5. Typical ion-exchange chromatogram of bile of
rabbit after 2 hr inhalation of 3% isoflurane. A 100
¢l of 10-fold diluted bile with deionized water was in-
jected. Anion was eluated at elution time of 7.5 min.
under the condition of ion-exchange chromatography
as described in Fig. 3 legend.
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Fig. 4, Typical ion-exchange chromatogram of bile of
untreated rabbit. A 10041 of 10-fold diluted hile with
deionized water was injected. Analytical condition of
ion-exchange chromatography was described in Fig.
3 legend, No anion was observed at elution time of
7.5 min,
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Fig. 6. Chromatogram of authentic T'AA and bile of
rabbit after 2 hr inhalation of 3% isoflurane. A mixture
of b0 pl of 10 M TFAA (the same solution as in Fig,
3) and 50 ul of 10-fold diluted hile of rabhit after 2 hr
inhalation of 3% isoflurane (the same bile as in Fig, 5)
was applied under the condition of ion-exchange chro-
matography as described in Fig. 3 legend.
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Fig. 7. Biliary TFPAA concentration after inhalation of isoflurane. a) 1 hr inhalation: of 2% isoflurane (A
group) b) 2 hr inhalation of 2% isoflurane (B group) ¢) 2 hr inhalation of 3% isoflurane (C group) d) 2
hr inhalation of 4% isoflurane (D group). Shaded area(s) shows inhalation period of isoflurane.

0 was considered at the end of inhalation of isoflu-
rane, Billary TFAA concentration of A group was
maximal at 105 min. Thereafter, the concentration
decreased, and it became undetectable at 345 min.
The maximum biliary TFAA concentrations in B,
C and D groups were 37.1 = 11.5 uM at 315 min,
b4.b = 9.4 uM at 585 min and 34.4 + 12.1 xM
at 555 min, respectively, Thereafter, the concentra-
tion decreased.

¢) The average amount of excreted bile measured
every 30 minutes was 4.2 £ 4,4 ml as shown in
Table 1.

d) Exeretion rate of biliary TFAA (Fig. 8): Total
amount of excreted TFAA/30 min was calculated
from TFAA concentration and excreted hile volume
measured every 30 min. The maximum biliary
TFAA excretion rates of A, B, C and D groups
were 110.83 = 28.8 nmol/30 min at 105 min, 152.7
+ 20.1 nmol/30 min at 215 min, 25568 = 194
nmol/30 min at 315 min and 120.6 = 15.2 nmol/30
min at 225 min, respectively. The values after 315
min were used for calculation of halflives except
for A group. Half-life of A proup was caleulated
using the value of the rate after 105 min, The half-
lives of A, B C and D groups were 63 min, 325
min, 478 min and b46 min, respectively.

g) Cumulative amounts of TFAA during the ex-
periment: Cumulative amounts of TFAA excreted
in the bile during this experiment of A, B, C and
D groups were 745.8 * 338.9 nmol, 3421.1 =%
294.1 nmol, 65681.9 =+ 362.1 nmol and 3267.1 =+
450,86 nmol, respectively. The cumulative amounts
of TFAA in bile of isoflurane anesthetized rabbits
depends on inhaled concentration of isoflurane ex-
cept D group.

DISCUSSION

1. Analytical condition of ion-exchange chro-
matography; At the optimal composition of eluant
of 2mM Nza,CO; and 4mM NaHCO;, the minimum
analytical concentration of TFAA in bile was 0.5
uM, This analytical sensitivity is higher than that
of isotachophoresis®., TFAA analysis by paper
chromatography, thinlayer chromatography and
gas chromatography have been employed, but these
technics require very complicated sample prepara-
tion. Moreover, their sensitivity except gas-
chromatography was lower than fon-exchange chro-
matography.

2. Identification and quantitative analysis of
isoflurane metabolities;

a) Detection of TFAA in the bile of isoflurane in-



Table 1. Amount of bile measured every 30 minutes after inhalation of isoflurane. These amounts were used to calculate the excretion rate of biliary TFAA.

time (min) | O | 30 | 60 ! 90 || 0 | 80 | 60 | 90 | 120 | 150 | 180 | 210 | 240 | 270 | 300 | 330 | 360 | 390 | 420 | 450
group 30 60 90 120 30 60 90 120 150 180 | 210 240 | 270 300 | 330 360 | 390 420 | 450 480
A 5.4 1 *4.7 5.1 54 5.2 6.5 6.8 6.6 6.0 5.6 4.4 5.7 4.8
group = SD ml) £ ox® o= + =+ * + + =+ * + =+ =+
(mean m 1.1 | 2.2 15 | 81 | 18 | 32 | 27 | 25 | 1.8 | 1.6 = 11 | 1.4 | 09
B *45 | *3.9 | *4.0 | *3.6 | 3.7 3.8 4.4 4.6 4.6 4.6 4.8 4.7 4.5 4.2 4.5 46 ¢ 4.4 4.2 3.9 3.8
group & + + + e + + + + + + % + + + = + + + +

(mean * SD ml) 15 | 06| 11|18 13|16 | 18|21 23|25 |20 20| 21| 21|18 16| 13 | 12

1.
c *45 | *4.2 | *43 | *44 || 5.0 | 48 | 48 | 50 | 54 53 . 54 53 | 53 | 51 | 52 | 5.0 | 47 | 46 | 45 | 45
group ES == - =+ + ES ES = + ES ES =+ == ES ES = = ES =+ E=

(mean = SD ml) 14 | 13 | 10 | 11| 14 | 13| 11| o7 10 | 07 06 | 07 10| 11 | 11|10 | 11| 1.0 | L0

0.7
*B.2 | *3.2 | *3.7 | *32| 3.1 | 41 | 44 | 43 42 | 42 | 40 | 39 | 3.7 | 37 | 36 | 35 | 35 | 35 | 86 | 36
+ + + e + £ + = | % = =+ = + + =+ + + + =+ +

1.0 1.4 0.6 | 04 0.3 0.7 | 0.7 | 06 | 0.6 0.6 0.6 0.6 0.4 0.5 0.5 0.5 0.3 0.5 0.6 0.5

D group
(mean = 8D ml)

time (min) || 480 510 | 540 | 570 | 600 | 630 | 660 | 690 | 720 | 750 | 780 | 810 | 840 | 870 | 900 | 930 ' 960 = 990 | 1020 | 1050

group : 910 | 540 | 570 | 600 | 630 | 660 | 690 | 720 | 750 | 780 | 810 | 840 | 870 | 900 | 930 | 960 | 990 | 1020 | 1050 | 1080

B 3.9 3.9 39 3.8 3.7 3.5 3.4 3.3 32 1 383 ¢ 31 3.1 3.1 3.0 3.0 2.9 2.7 2.7 26 23
group + + + n + + + + + + + & + + + + + + + +

(mean % SD m}) 14 | 13 | 11 | 1.1 | 08 | 07 ' 07 109 06 | 06 | 03 | 03|02 02|02 03|03 06| 06 | L1

43 | 42 | 42 | 42 | 42 | 42 1 42 41 | 40 | 4.0 | 3.8 | 38 | 87 | 34 | 34 | 35 | 35 | 35 | 34 | 33
+ o e =+ + = =+ = =+ = + + =+ + =+ + =+ = =+ +

0.8 | 0.8 0.8 0.9 1.0 1.9 0.8 0.7 0.7 1.0 0.9 0.9 0.8 0.6 0.8 0.7 | 0.8 | 08 0.8

C group
(mean = 8D ml)

SN |

£
35 | 83 | 31 ¢ 31 29 | 27 | 26 | 25 | 23 | 24 | 23 | 22 | 23 | 24 | 23 23 ! 24 , 23 | 2 21
+ ® + = + =5 o+ + + + + + =+ +x . = + o= =+ = =+

0.5 05 ;. 0.4 0.6 0.5 0.3 0.2 0.2 0.2 0.3 0.2 0.2 0.2 01§ 02 0.5 { 0.3 0.5 0.6 0.7

D group
{mean = SD ml)

(* mark shows inhalation period of isoflurane)

g8

e 19 pndemwsy Yy
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Fig. 8. Biliary TFAA excretion rate after inhalation of isoflurane. a) A group, b) B group, ¢) C group
and d) D group. Y axis is indicated total amount of TFAA/30 min calculated from biliavy TFAA concen-
tration and volume of bile measured every 30 minutes,

haled rabbits: We detected a substance in the bile
after inhalation of isoflurane which was not detect-
ed prior to inhalation by ion-exchange chromatog-
raphy using an eluant of optimal composition. The
elution time of this substance for ion-exchange chro-
matography was the same as that of authentie
TFAA (7.5 min), and the height of this substance
was increased when the inhalation time of isoflu-
rane was longer or when the inhaled concentration
was higher except D group. It is therefore consi-
dered that the substance detected in the hile after
isoflurane inhalation is TFAA, a metabolite of
isoflurane.

b) Pharmacekinetic study on metabolism of isoflu-
rane: The greater the MAC (minimum alveolar con-
centration) hrs in A group, B group and C group,
the greater was the rate of biliary excretion of
THAA. However, in D group, the excretion of
TFAA was not proportional to MAC hrs, Stevens
et al'® yeported that hepatic blood flow was
proportional to blood pressure. During this experi-
ment, systolic blood pressure was maintained at ap-
proximately 70—80 mmHg in A, B and C groups,

but in D group blood pressure dropped to 50—60
mmHg, We therefor conclude that the supply of
isoflurane and oxygen to the liver might be reduced
and the production of TFAA in the liver might he
decreased in I} group.

Halothane is also biotransformed to
TFAAMSIEISI - Jsing isotachophoretic analyzer,
Okida et al¥ measured hiliary excreted TFAA in
halothane anesthetized rabbits. They showed that
the concentration of TFAA in the bile was higher
at subanesthetic concentration of halothane than at
anesthetic concentration. Sada' also reported that
debromination of halothane at high concentration
of halothane inhaled was smaller than that at low
concentration of halothane. They suggested that
hepatic metabolism of halothane to TFAA is inhibit-
ed by the agent itself, and therefore the excretion
of TFAA in the bile is not proportional to MAC
hours. However, our data show that excretion rate
of TI'AA in bile of isoflurane anesthetized rabbits
depends on inhaled concentration of isoflurane ex-
cept D group. Therefore, iseflurane may be metaho-
lized to TIFAA without such substrate inhibition like



34 R. Kawaguchi et al

halothane.

The excretion rate of TFAA in hile when 2%
isoflurane (1.7 MAC) was inhaled for 2 hr was ap-
proximately 1/50 lower thar that when 1.5%
halothane (2.0 MAC) was inhaled for 2 hr at the
end of inhalation™. Our results suggest that de-
halogenation of isoflurane to TRAA was smaller
than halothane.

In this study we showed that ion-exchange chro-
matography ig convenient for measuring of small
amounts of TFAA as a metabolite of isoflurane,
and that dehalogenation of isoflurane to produce
TFAA is smaller than that of halothane,

(Received August 22, 1988)
(Accepted February 21, 1989)
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