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SUMMARY

A simple procedure for the quantitative analysis of triflucroacetic acid (TFA) in urine
snd serum from patients narcotized with haiothane is described. This invalves addition of
sadium Bydraxide ta the body fluid, evaporation of the aqueaus phase and esterification of
TF4 iz concentrated sulphuric acid with 2,2,2-trichloroethanol. The gasecus phases above
the resction mixture were then analfyzed by gas chromatography with a nickel-63 electron-
capture detectcr. The detection firit was I g of TFA per mililitre of body fluid (200 ug of
bhody fluid sre snalysed} and the relstive stardard deviation was £6%. Patients treated with
ethrtne another commercist anzesthetic, did not.praoduce any detectable TFA. :t:

INTRODUCTION

The - namhc halothane (2—&mmo-2—c§zioro—1 I ,I-trifluoroethane) is partly
metabolized in msan to trifluoroacetic acid (TFA} {1, 2}. As TFA could be re-
‘spansihie for the observed toxicity of halothane 3], it is desirable to develop
t!xoés' for the quant:tative ana{ym of this highly. water—soluble metabolite.
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Eqrher attempts to detect TFA in urine involved formation of the methyl
ester, extraction with diethyl ether and final gas chromatographic (GC) {4] or -

infrared - [5] analysis or paper chromatography and colorimetric analysis of
fluorine in the combusted sheets [6]. We report here a simple and more sen-

sitive procedure in which the 2,2 2-trichloroethyl ester of TFA is quantified by
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head-space analysis and by gas chromatography with electron-capture detec- -

tion. No extraction, separation, sample transfer or othet isolation procedures
are needed owing to the specifity of detection.

EXPERIMENTAL

Materials

Urine and serum were colliected from 35 individuals af various time intervals
after anaesthesis with halothane. Details of the medical treatments and results
will be reported elsewhere [7]. Halothane (Hoechst, Frankfurt/M, G.F.R.),
ethrane {Abbeot, S. Pasadena, Calif.,, U.S.A.) and TFA (Merck, Darmstadt,
G.F.R.) were used without further purification. 2,2, 2.Trichlorcethanol (zur
Synthese, Merck) and heptafluorcbutyric acid (HFB) (Pierce, Rockford, I,
U.S.A)) were distilled before use. Trifluorcacetyl-2,2,2-trichloroethyl ester was
prepared by adding TFA anhydride to 2,2,2-trichloroethanol. The product was
distilled three times.

Gas chromatogrephy

A Perkin-Elmer F 20 FE gas chromatograph eqmpped with a nickel-63 elec-
tron-capture detector (ECD) {10 mCi) was used throughout. The injection port .
temperature was 150°, the column temperature 80° and the detector tempera- .
ture 260°. The carrier gas nitrogen flow-rate was 20 ml/min, the purge gas flow- -

rate 40 ml/min, the puise interval 10 usec, the attenuation X 8 and the range 25.

The column employed in all studies was'a 2 m X 2 mm LD. glass column

packed with 4% OV-17 on Chromoscrb W HP, 100—129 mesh (Perkm-Elmer,
Norwa!k Conn., U.S.A)). :

Gas chmmtogmphy—mass spectrametry { GC——MS)

The GC separation conditions were identical with those descnbed above, but
helium was used as the carrier gas. The glass column was coupled by a 1/4.in.
Swagelok union drilled to 1/£ in. viz 2 membrane separator to an AEf MS 30
mass spectrometer [8}. This was coupled with a DS-50 computer system (AE)
to obtain mass spectra continucusly at intervals of 7 sec. The separator was

kept at 230° and the tempersture of the source was about 240°. The accelera- -

tmg voltage was 4 kV and t.he e’ectten energy 24 eV

Derivatization of urine anct serum sampfes

Samples of 200 p! of serum or urine. wete mzxed mth 100 ,ui cf E{FB _:
stzndard (100 mg in 100 mt of water} and 200 ul of 0.1'Nsodium hydromde: :

solution in 30-m! Minnert vials (Precision Sampling Corp., Baton: Rouge, L
U.S.A.). The samplés were frozen with' hquid: ‘nitrogen ami Iyoptuhzed
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vessel was weifed with six drops of concentrated sulphuric acid and qmckly
closed before the acid reached the bottom. The reaction mixture was equili-
brated at 50° for 15 min and 290 gl of the vapour phase were injected into the
port of the gas chromatograph.

Calibration

Various amounts of TFA and HFB standard were added to urine and serum
blanks fo yield TFA solutions with 13 concentrations in the range from 1 ug/
mt to 2 mg/ml. These samples were esterified with trichloroethanol in a pro-
cedure identical with that described above. The relative standard deviations
of the peak heights in various samples of identical TFA concenirations were
6%. Using the calibration graph, TFA concentrations in urine and serum
samples from narcotized patients were determined graphically from the ratio
of the heights of TFA and HFE peeks. Owing to the non-linear detector re-
sponse, a linear relstionship between peak height and sample size was not
obtained.

A graph of recovery for the esterification was also determined by com-
parison of urines with known TFA concentrations with samples of pure TFA
2,2,2-trichloroethyl ester in diethyl ether solution. It was found that the yields
were highly dependent on concentration (Fable I). Measurements should be
taken in the linear range from @ to 100 ggfml. In the higher concentration
range of trifluoroacetic acid (starting at ca. 150 pg/m!), apprecizble amounts
(up to 10%) of trifluoroacetic anhydride were formed during the derivatiza-
tion procedure. Al effects that had an influence on the yield of the trichloro-
ethyl ester and therefore also an quantification of trifluoroacetic acid were
eliminated by the calibration method described above.

RESULTS AND DISCUSSION

We chose the ECD for quantitative analysis of TF A in the GC peaks because of
its high sensitivity and selectivity for the detection of halogenated carbon com-
pounds. However, the electron affinity of the trifivoromethyl group was not
sufficient for the determination of TFA in serum and urine without elaborate
work-up procedures. Therefore, we prepared esters of TFA with the following

TABLE I

RECQVERY OF THE 2,2,2-TRICHLOROETHYL ESTER AT VARIOUS CONCENTRA-
TIONS OF TRIFLUQROQACETIC ACID IN THE SAMPLES

TFAinurine Yield TFAinurine Yield

Getml) (B Gefml) (%)
s iz s 30
g6 - . -12 186 . .88
Cqe 12 1150 - 48
18 200 . .° 439
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ﬁed alcohals: 2,2,2-tnchloroethanol 1,1,1,3,3,3-hexafluoroisopropa-
m}l 1,1,2, -tetrahydroperfitorahexanol and I,L-dihydrope:ﬁuoroheptano};. Es-
- tenﬁcaﬁmn with 2,2 2-trichloroethanol vielded the best results and we used
thet derivatization method throughout the study. 2,2,2-Trichlorcethanol has
also been used by other workers fe& the determination of aromatic and ah-
phatic acids other than TFA [9,10].

_With the detector used, 1 pg/ml of TFA in urine could still be detected in 2
sample volume of 200 gl; larger samples yte!ded higher sonsitivity. The only
limiting factors were the large detector noise level produced in the detector,
its non-linear response and the presence of negafive peaks. Preliminary mea-
surement with a later gas chromatograph (Perkin-Elmer F22) equipped with 2
frequency-modulated ECD- yielded higher sensitivity and better reproducibili-
ty. Feor our purposes, however, the accuracy obtained was sufficient to allow
the use of the less sensitive detector which we had available at that time.
Messurements with the GC—MS—ccmp&ter system led to approximately the
same results. :

The c-ondlmons used in the esterification procedure proved to be critical. Af-
ter salt formstion with TFA and evaporation of water, the esterification with
2,2 2-trichloroethanol takes place in concentrated sulphurie acid. This acid
should come into contact with the TFA—trichioroethanol mixture only after
the reaction vessel has been closed. The reaction mixture has to be equili-
brated at 50° for at least 15 min; longer reaction times (up to a few hours)
did not change the results, hut lower temperatures led to a decrease in repro-
ducibility. We found it-unnecessary. fo separate the residual trichloroethanol
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Fig. 1. {a) Gas chmmatogram o£ 00 gi of the a&a:is;mee of 29& ui of Eyophihzed unne fxc:n
a hatothane-treated patient; reacted with 200 xl'of 2 .2 2-trichloroethanol and spproximately
70 il of concentrated silphuric acid. Peaks: A =TF4& anhgﬁnde*& =CH@,;C= “unknown; .
.- D = CO CHO; B.=:2 2.2-&:4:&!czoetbyt ‘trifluorcecstate: B A4 E-meﬁlamzhgi hep.a- ;
;Eluombutyraie (mtemz_xt sﬁn&sni), G &“g-ﬁteblbéoei&ancf {s; Blank ¥
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and other compounds from the other constituents. We rather used the total'
mixture and found the following compaonents {in order of their elution times):
triflucroacetic anhydride, chloroform, chloral (or its hydrate}, a product from
2,2 2-trichlorcethanot that could not be identified, 2,2,2-trichloroethyl tri-
fluoroacetate, 2,2,2-trichloroethyl heptaflucrobutyrate and 2,2,2-trichloro-
ethano! (Fig. 1).
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Fig. 2. Mass spectrum of 2,2,2-trichleroethyl trifluaroacetate.
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The mass spec‘;mm of the 2,2,2-tnchloroethyl ester of TFA is shown in Fig.

2. The spectrum does not contain a molar peak (M"; m/e 244), but & peak at
m/e 209 that corresponds to a loss of one chiorine atom. More important
peaks are observed for the CFigroup (m/e 69) and for fragments that are
formed by loss of CCl; (m/e 127 base peak) and CCl,—CiH,0 (m/e 7).
The m/e 99 peak (C; H; F3 O} corresponds to a loss of CCl; and of C=O by ske-
letal rearrangement [4] . This fragmentation pattermm isin accordance with those
of other highly halogenated carbon compounds [11}. All but one GC peak
have been identified by mass spectronietry and by comparison with pure com-
pounds, and originate from solvolytic and oxidation reactions of TFA and
trichloroethanol in warm sulphuric zeid. Quantitaztive analysis of the TFA
trichloroethylester was not hampered by any of the other components. The
total mixture can be analyzed and pure GC fractions resulted for the TFA
and HFB derivatives owing to the specificity of the ECD. An even more specific
method was MS single-ion recording at m/e 69, which detected only TFA and
HFB derivatives.

Typical experimental resulis are dzsplayed in Fig. 3, and agree with earlier
paper chromatographic results [6]. Patients were narcotized with halothane
and both urine and serum showed a considerable rise in TFA concentration for
a period of abouf 8 h. After 2 days 2 maximum of ca. 130—300 pg/ml of
TFA in urine had been reached. In the body fluids of patients treated with
ethrane under otherwise identical condifions, no TFA or other acids [12]
were found, down to the detection limit of about 1 pgfml.
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