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ABSTRACT

Blood and urinary inorganic fluoride ion concentration was determined in six healthy
volunteers after inhalation of 2% sevoflurane for one hour.

The serum inorganic fluoride ion concentration increased 30 min after discontinua-
tion of inhalation to 14.8 = 3.0 umol/liter, which was about 10 times higher than the
level before inhalation. The serum elimination constant of inorganic fluoride was cal-
culated to be 0.000467 and the half-life was 1,487 min.

The urinary excretion rate of inorganic fluoride ion was the highest (452 nmol/min)
after 12-24 hr. The urinary excretion rate constant of inorganic fluoride was calculat-
ed to be 0.000268 and the half-life was 2,583 min.

The distribution volume of inorganic fluoride excreted in the urine was calculated
to be 127 liters. This value showed that fluoride ion produced in the cell cannot readi-
ly pass through the cell membrane due to its polarity, resulting in a delay of the max-
imum excretion rate of inorganic fluoride until the first or second day after inhalation
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of the anesthetic.

Sevoflurane (fluoromethyl 2,2,2-trifluoro-1-
(trifluoromethyl)ethyl ether, a newly developed
inhalation anesthetic, is an ether containing
seven fluorine atoms®® and 1is stable
chemically®*®. Fluorine is released when a
fluoride-containing anesthetic is metabolized in
the body, and may cause renal damage if its se-
rum concentration exceeds 50 pmol”.

The maximum serum concentration and uri-
nary excretion rate of fluoride after inhalation
of a fluoride-containing anesthetic is obtained be-
tween one and two days after the inhalation®
when the blood anesthetic concentration is ex-
tremely low. This delay in fluoride excretion has
been considered to be either sustained
metabolism of the anesthetic incorporated in adi-

pose tissues or to accumulation of fluorine in the
tissues and its slow excretion. By the former
reason, we cannot explain why blood fluoride
concentration is higher after inhalation than dur-
ing inhalation. We have some idea of the pos-
sibil mechanism for the latter reason. Since
fluorine is produced in the cell, it must cross the
cell membrane to be excreted in the urine.
Tonized fluorine, however, may not readily pass
through the cell membrane, resulting in the de-
lay in excretion, if there is no active transport
system for fluoride ion.

We examined this hypothesis by evaluating the
serial changes in serum concentration and uri-
nary excretion of fluorine after sevoflurane in-
halation.
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METHOD

This study was a part of Phase I study of
sevoflurane which has been done in Department
of Anesthesiology, Hamamatsu Medical College.

Sevoflurane was provided by Maruishi Phar-
maceutical Co (Osaka, Japan). The other rea-
gents were commercial products of special
grade.

Six male volunteers who inhaled 2% sevoflu-
rane for one hour were studied. Urine was col-
lected before inhalation and at 12 hr-intervals
after inhalation for seven days. Blood was col-
lected before inhalation, every 15 min during in-
halation and 15, 30, 45, 60, 360, 1,440, and
2,880 min after inhalation.

The blood concentration of sevoflurane was
measured by head-space gas method. Head-space
gas was analyzed by gas-chromatography
(Shimadzu GC4A PTF) equipped with a flame
ionization detector. 20% Dioctylphtalate packed
in 4 mm X 3 m stainless steel column was used
as liquid-phase and kept at 100°C.

Fluoride ion was measured by ionchromato-
graph (Yokogawa IC-100) equipped with a sup-
pressor and electroconductivity detector. An
anion exchange resin (SAX-1) was used as a
separator, packed in 25 cm X 4.6 mm stainless
steel column. As an eluent solution and
scavenger, 5 mM of sodium tetraborate and 50
mM of dodecylbenzensulfonic acid were, respec-
tively, used at a flow rate of 2 ml/min.

Prior to ionchromatography, the urine and se-
rum were diluted 10 times with deionized water
and treated with the cation exchange resin
‘column and the serum was deproteinized by
ultrafiltration using Amicon® CF25.

From the data of excreted amount of inorgan-
ic fluoride in the urine (urine volume X concen-
tration of inorganic fluoride) was calculated the
urinary excretion rate. The excretion half-life
(T1/2) and excretion rate constant (ke) were cal-
culated from excretion rate-time data. The se-
rum elimination half-life and elimination rate
constant were calculated in the same way from
concentration-time data. The distribution volume
of inorganic fluoride was calculated from the to-
tal excreted inorganic fluoride in urine (excre-
tion rate at time zero / rate constant) and serum
inorganic fluoride concentration at time zero.

All pharmacokinetic calculations were made by
means of the net concentration, i.e., the

measured level of fluoride substracted by back-
ground level from the control experiments.

Means and standard deviations of different
groups of data were calculated. Regression anal-
ysis was performed according to the least square
method. Student t-test was used to assess the
significant difference between the data. Differ-
ence with random probability of 5% or less was
considered significant.

RESULTS
1. Blood Sevoflurane Concentration (Table 1)

Table 1. Concentration of Blood Sevoflurane

Concentration of

time
min se_voflurane
umol/liter M £ SD
During Inhalation 0 0
15 359.8 = 107.2
30 341.2 = 95.3
45 330.3 = 87.9
60 314.7 = 85.9
after inhalation 5 90.5 £ 14.1
10 60.2 = 14.9
15 39.2 = 10.9
30 26.3 £ 4.3
45 183 = 34
60 145 £ 29

The sevoflurane concentration in the whole
blood reached a plateau (859.8 *= 107.2
pmol/liter) 15 min after the beginning of inha-
lation and remained at nearly a constant level
during inhalation. The concentration decreased
to 90.4 £ 14.1 umol/liter five min after discon-
tinuation of inhalation of sevoflurane. The elimi-
nation of half-life of serum sevoflurane was
calculated to be 22 min.

2. Serum Inorganic Fluoride Concentration (Ta-
ble 2)

The mean concentration (1.25 = 0.59
pmol/liter) before sevoflurane inhalation in-
creased to a maximum level of 14.8 + 3.0
pmol/liter, which was about 10 times higher than
the value before inhalation, at 30 min after in-
halation and it decreased thereafter.

The elimination half-life of inorganic fluoride
in serum was 1,487 min and the rate constant
was 0.000467. The concentration of inorganic
fluoride at time zero was calculated to be 11.7
umol/liter.

3. Urinary Excretion of Inorganic Fluoride (Ta-
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Table 2. Blood Concentration of Inorganic Fluoride

time Concentration
min  pmol/liter (m = SD)
before inhalation 1.25 = 3.6
during inhalation 15 40 = 19
30 6.9 * 2.0
45 9.2 =+ 3.3
60 10.6 + 3.1
after inhalation 15 125 =+ 35
30 148 + 3.0
45 13.1 = 34
60 189 =+ 2.7
360 102 =+ 4.5
1440 70 = 23
2880 44 *= 1.3

Table 3. Urin excretion rate of inorganic fluoride

time rate
min nmol/min
before inhalation 11.3 = 5.0
after inhalation 1080 452.1 = 157.56
1800 329.4 = 220.1
2520 232.6 = 108.3
3240 1379 + 107.9
3960 788 = 83.3
5400 84.2 = 37.8

ble 3)

Urinary excretion rate of inorganic fluoride
was 11.3 nmol/min before inhalation, increased
to 323 nmol/min 12 hr after inhalation of
sevoflurane, and reached a maximum rate of 452
nmol/min after 24 hr. The excretion half-life of
urinary inorganic fluoride and the rate constant
was 2,583 min and 0.000268, respectively. The
total amount of inorganic fluoride was calculat-
ed to be 1.49 mmol. The volume of distribution
was calculated to be 127 liters.

DISCUSSION

The concentration of sevoflurane in the blood
increased and decreased promptly by initiation
and termination of inhalation of sevoflurane,
respectively. The blood/gas partition coefficient
of sevoflurane (0.6)” is smaller than that of
other volatile anesthetics® and is close to that
of gas anesthetics, suggesting a rapid induction
of and recovery from anesthesia. The results of
our studies show one of the advantages of this
drug.

The serum fluoride concentration increased to
14.8 pmol/liter 80 min after discontinuation of

the inhalation, when blood sevoflurane concen-
tration was less than one-tenth that during in-
halation of sevoflurane. Therefore, degradation
of sevoflurane might be negligible in extent. The
serum elimination half-life of inorganic fluoride
was 2,100 min and agrees with another
report?®.

The urinary excretion half-life was longer than
that of serum. It suggests that inorganic fluo-
ride was eliminated not only in the urine but
also in the bile and/or digestive fluid.

The volume of distribution was calculated to
be 127 liters. This value indicates that fluoride
ion is stored in the intracellular fluid at a high
concentration. We consider that fluoride released
by biodegradation of sevoflurane in the endoplas-
mic reticulum cannot readily pass through the
cell membrane due to its polarity, resulting in
a delay after inhalation of the anesthetic.
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