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A Simplified Gas Chromatographbic Method for
Quantifying the Sevoflurane Metabolite

Hexafluoroisopropanol

Scott E. Morgan, B.S.,” Edward J. Frink, M.D.,t A. Jay Gandolfi, Ph.D.t

Background: The results of sevoflurane biotransformation
(fluoromethyl-1,1,1,3,3,3,-hexafluoro-2-propyl ether) to in-
organic fluoride have been examined. However, these inves-
tigations have lacked a simplified assay for determining the
primary organic metabolite, hexafluoroisopropanol. Previous
attempts have involved extensive extraction steps, compli-
cated derivatization techniques, or sophisticated detectors.

Methods: After enzymatic hydrolysis of conjugates, hexa-
fluoroisopropanol is detected readily using a head space gas
chromatographic analysis with a flame ionization detector.

Results: The gas chromatographic technique was linear from
10 to 800 um with a correlation coefficient of 0.999. The de-
tection limit was 10 uMm in urine and 25 um in blood.

Conclusions: This simplified approach does not require the
extraction, derivatization, or mass spectrometric detectors of
previous methods. As sevoflurane utilization and research in-
creases, this assay should allow for a variety of laboratory
and clinical disposition studies to be performed. (Key words:
Anesthestic gases: sevoflurane. Biotransformation: metabo-
lite. Hexafluoroisopropanol. Instrumentation: gas chroma-
tography.)

SEVOFLURANE (fluoromethyl-1,1,1,3,3,3,-hexafluoro-
2-propyl ether), a halogenated inhalational anesthetic
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currently undergoing clinical evaluation, undergoes
oxidative defluorination (fig. 1) to produce the organic
metabolite hexafluoroisopropanol (HFIP).! HFIP can
be toxic but only at very high concentrations.** HFIP
primarily is excreted in the urine as a glucuronide con-
jugate, but its level of conjugation has not been ex-
amined in various patient groups, particularly those
who may be deficient in conjugation enzymes.® Al-
though there are a few sevoflurane disposition studies
in which HFIP was detected,'~’ additional studies have
been hampered because of the difficulty in detecting
HFIP. In fact, the prevailing method for the quantifi-
cation of HFIP in the pharmaceutical industry has been
limited to a gas chromatography-mass spectrometry
technique.§'|| The routine access and economics of
maintaining gas chromatography-mass spectrometry has
made such analysis prohibitive for most anesthesia re-
search laboratories.

Assay techniques involving gas chromatography
have been accomplished, but these require extensive
extraction steps using organic solvents that result in
much longer analysis times or require complicated de-
rivatization techniques. We have developed a simplified
procedure using a gas chromatography head space
technique with flame-ionization detection.

1.4

Methods and Materials

Sevoflurane was supplied by Maruishi Pharmaceutical
Company (Osaka, Japan). HFIP (99%) was obtained
from PCR (Gainesville, FL). Citric acid, sodium citrate,
B-glucuronidase (Type H-1 from Helix pomatia), and
dextrose were obtained from Sigma Chemical Company
(St. Louis, MO). One-milliliter microreaction vials, Tef-
lon-coated septum, and gas-tight syringes were pur-
chased from Supelco (Bellefonte, PA). Glass screw-top
test tubes capped with Teflon-lined caps were acquired
from Baxter Scientific Products (Tempe, AZ). Micro-
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Fig. 1. Proposed biotransformation of sevoflurane. UDPGA =
uridine diphosphate glucuronic acid.

centrifuge tubes (1 ml) were purchased from Tekmar
Company (Cincinnati, OH).

Blood anticoagulated with heparin and urine sam-
ples were collected from patients anesthetized with
sevoflurane. The protocol was approved by the In-
stitutional Review Board Human Subjects Committee
of the University of Arizona, and written informed
consent was obtained from all patients. Two-milliliter
venous blood samples were collected by way of a
heparin lock catheter in the forearm and placed in
5-ml glass screw-top test tubes capped with Teflon-
lined caps. One-milliliter human urine samples were
collected via a Foley catheter and placed in 1-ml
microcentrifuge tubes. Samples were frozen (—20°
C) for 3-6 months, until analyzed. Initial samples
were analyzed 6 months later to verify freezing had
no affect on the concentration of HFIP.
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Standards

A stock solution containing known amounts of HFIP
was prepared in deionized water. Standards (10-800
um) were prepared by adding aliquots (0.25 ml) of
serial dilutions in microreaction vials containing 0.5
ml citric acid-dextrose solution. The citric acid-dex-
trose solution was comprised of 25 mwu citric acid, 46
mM sodium citrate, and 82 mm dextrose. The concen-
tration versus detector response was plotted to estab-
lish a standard curve. Sample concentrations were de-
termined by linear regression.

Blank blood and urine samples were spiked with 100
um of HFIP to ensure equivalent concentrations of HFIP
were partitioned into the head space of the microreac-
tion vial. This resulted in peak areas of 15,723 * 429
(average + SD, n = 10). These peak areas correlate to
the 100 um standard.

When samples exceeded calibration curve limits, a
diluted duplicate sample was analyzed, and the result-
ing concentration was multiplied by the dilution factor.

Procedure

A 0.25-ml aliquot of standards or samples (blood or
urine) were added to 1-ml reaction vials containing 8
0.5 ml of citric acid dextrose solution. The microreac- 8
tion vials were capped with Teflon silicone septums
and vortexed for 30 s. Because HFIP forms a glucuro-
nide conjugate,’ all samples and standards were treated g
with 1,000 U of 8-glucuronidase (EC number 3.2.1.31) g
and placed in a 37° C water bath for 12 h. This amount3
of B-glucuronidase and length of incubation were found$
to be optimal for cleavage of the conjugate. A higher%
concentration of S-glucuronidase (10,000 U) requiredg
a shorter incubation period (8 h) with comparable re-g
sults to the lesser concentration. However, the time‘g
saved during incubation is lost by the cost of 8-gluc-g
uronidase.

The vials were placed in a block heater (Thermolyne2
Dri-bath, Dubuque, 1A) at 60° C for 15 min. Just beforc%
analysis, the vial was removed from the heating block
and vortexed for 10 s. A 0.5-ml aliquot of the head
space vapor was slowly (15-20 s) drawn into a heated
(60° C) gas-tight syringe. Care was taken to ensure no
liquid was withdrawn. The vapor phase was com-
pressed to 0.3 ml in the syringe before injection.

The sample was injected into a Hewlett Packard (Palo
Alto, CA) 5890 series II gas chromatograph equipped
with a flame ionization detector and a Hewlett Packard
3396 series I integrator. A 3 m X 2 mm-ID glass col-
umn packed with 10% Carbowax 20 M on 100/120
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mesh Chromosorb (Supelco) was used for the separa-  ard 5970 mass spectrophotometer detector and Hewlete
N

tion. The injector, detector, and column temperatures
were maintained at 150°, 190°, and 125° C, respec-
tively. The helium carrier gas had a flow rate of 25 ml/
min. The column head pressure was 28-30 psi. A tem-
perature gradient was not required because all analytes
eluted within 5 min. Because trace amounts of fluo-
rocarbons are known to penetrate Teflon components
of gas-tight syringes, the syringes were disassembled
between experiments and placed in a lyophilizer to
remove any contaminants.

Gas chromatography-mass spectrometry was used to
confirm the detection of HFIP. Gas chromatography-
mass spectrometry analysis was performed on a Hewlett
Packard 5890 gas chromatograph with a Hewlett Pack-

Table 1. Hexafluoroisopropanol Calibration Curve for Gas
Chromatographic Analysis: Peak Area

Concentration (um)

10 20 50 100 200 500 800

Average 1,369 2,505 7,078 15,848 30,914 67,615 105,205
SD 169 345 838 1,339 3,277 6915 2,338
%CV 123 138 11.9 84 106 10.2 2.2

Hexafluoroisopropanol calibration curves (n = 12) in citric acid dextrose solution.
r = 0.999; slope = 163; y-intercept = 1,442, Integrator attenuation was 0, peak
width 0.04 min, and chart speed 1 cm/min.
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Packard RTE-6 data system. The above gas chromﬂtogg
raphy conditions were duplicated for the mass specy
trophotometer detector. Mass spectrophotometer cong
ditions were electron impact ionization, at 70 eV, witl§
an ion source temperature of 200° C. The mass spectr®
resulted in a parent molecular ion of 99 m/z with io@
fragments of 79 (48%), 51 (42%), 69 (35%), and 12F
(35%) m/z. These are the expected parent ion ;mdz
fragment ions for HFIP found in the National Burea
of Standards Wiley database (fig. 2). :

Results

7 01 uojsanb Aq jpd

Typical calibration curves of HFIP, in buffer (tabl&
1), show a lincar relationship between the ﬂame-iong
ization detector response to the concentration of HFIP
(10~800 um). The correlation coefficients routinely
were greater than 0.999. Because the standard curve
peak areas were not found to vary from day to day (table
1), internal standards were deemed unnecessary.

A typical chromatogram (fig. 3) of the head space
injection technique from a urine sample collected 12
h after sevoflurane anesthesia illustrates the complete
separation and bascline resolution of HFIP. A typical
chromatogram of human venous blood collected at 4
h after anesthesia (fig. 4), contains greater noise and
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Fig. 3. Chromatogram from a human urine sample obtained
12 h after sevoflurane anesthesia. The patient was exposed to
1.69 MAC h sevoflurane anesthesia. Hexafluoroisopropanol
(HFIP) represents 2,160 um. Integrator attenuation was zero,
peak width 0.04 min, and chart speed 1 cm/min.

more peaks when compared to the chromatograms ob-
tained from urine. The higher background present in
the analysis of blood samples decreases the detection
limit of HFIP in the blood. The detection limits were
10 uM for urine and 25 um for blood.
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The gas chromatography head space technique can

easily detect HFIP appearing in urine after sevoflurane
anesthesia. Figure 5 shows results obtained from a pa-

tient who was exposed to sevoflurane for 1.12 MAC h.
Pecak HFIP production, 2,160 uM, occurred 4 h after
anesthesia.

HFIP
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Fig. 4. Chromatogram from a human venous blood sample
obtained 4 h after sevoflurane anesthesia. Patient was exposed
to 1.69 MAC h sevoflurane anesthesia. Hexafluoroisopropanol
(HFIP) represents 39 uM. Integrator attenuation was zero, peak
width 0.04 min, and chart speed 1 cm/min.
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Fig. 5. Appearance of total hexafluoroisopropanol (HFIP) in
urine of a patient receiving 1.12 MAC h sevoflurane anesthesia.
Peak HFIP production, 2,160 gMm, occurred 4 h after anesthesia.
Values are an average of three determinations.

Discussion

The plasma and urine samples obtained from patients
receiving sevoflurane anesthesia were analyzed for
HFIP. Our results correlated with existing values using
different instruments for detection. '3

The current technique was the result of prolonged
efforts to develop a simplified analytical technique for
HFIP. Numerous column packings (SE-30, Porapak Q,
Supelco, diisodecyl phthalate on chromosorb P), de-
rivatization and/or extraction techniques (acid hydro-
lysis, ethyl acetate, n-heptane, ether) and other detec-
tors (clectron capture, thermal conductivity) were
evaluated. However, two problems haunted these other
techniques. Either the separation was nonexistent (or
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fragmented) or there was no linear relationship be-
tween detector response and HFIP concentration. The
head space approach previously used to detect the pri-
mary metabolite of halothane, trifluoroacetic acid,
proved to be the solution.® The major difficulty entailed
in this method is that collection of the head space vapor
into the gas-tight syringe requires a systematic routine
to censure reproducible and accurate gas chromatog-
raphy results (table 1). However, the lack of a solvent
peak allows for as many as ten analyses per hour.

The detection limits of the present procedure are not
as sensitive as mass spectrometers, but the accessibility,
sase of use, and lower costs make this technique more
attractive.

As sevofluranc utilization and research increases, this
assay should allow for a varicty of laboratory and clin-
ical disposition studies to be performed.
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