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Trifluoroacetic Acid and Some Possible Intermediate
Metabolites of Halothane as Haptens

P. H. Rosenberg, M.D.,* and T. WahlIstrom, M.D.f

To investigate whether metabolites of halo-
thane could act as haptens and thus account for
part of the hepatic damage sometimes seen after
repeated halothane anesthesias, known and sug-
gested bolites of haloth were led to
hicl serum Rabbits were subse-
quently immunized with these complexes, and the
production of antibodies was tested by immuno-
diffusion in agar gel. In all cases similar pre-
cipitin lines were formed against the complexes
used for immunization in each rabbit, as well as
against the trifluoro- compound coupled to the
rabbits’ own serum proteins, bovine serum albu-
min, or poly-Llysine. This indicates that the tri-
fluoro- compounds studied form partly identical
antigenic determinants and can act as haptens.
{Key words: Halott . H: Bi £
tion; Fluoride.)

THE caust of the hepatic necrosis sometimes
seen after halothane anesthesia has recently
been attributed to a possible hapten function
of the metabolites of halothane.’-*> Trifluoro-
acetic acid, the main metabolite in urine,® *
and possible intermediate metabolites, trifluoro-
ethanel and trifluoroacetaldehyde,® cause fatty
changes in mouse liver.? Clinical evidence,1%-12
together with the demonstration of halothane-
induced lymphocyte stimulation* and the oc-
currence of antimitochondrial antibodies 13 in
patients jaundiced after exposure to halothane,
suggests, however, that hypersensitivity rather
than direct hepatotoxicity is the cause of the
hepatic damage. Therefore, we studied tri-
fluoroacetic acid and possible intermediate me-
tabolites of halothane to find out whether they
can act as haptens.
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Methods

Complexes of chicken serum globulin amz’,
trifluoroethanol (Fluka AG, Buchs SG), trir
fluoroacetaldehyde hydrate (Pierce Chem. Co.; g
Rockford, Hlinois), triflucroacetic acid (FluME
AG, Buchs SG), and trifluoroacetic anhydride g
(Fluka AG, Buchs SG) were prepared by mixz
ing an aqueous solution of the protein (10-1
mg/ml) and the trifluoro- compound (1.2 M)}
in a ratio of 1 to 1.5 at 4 C for 15 minutes
This was followed by dialysis against distilled
water overnight, to remove the excess of thd
trifluoro- compound, and lyophilization. Threg
mg of each complex dissolved in 0.5 ml o
distilled water were injected, together with anz:
equal volume of Freund’s complete ad]uv:mﬁ
(Difco Laboratories, Detroit, Michigan), sub'c
cutaneously into rabbits once a week for terng
months. Two rabbits were used for each ok
the complexes with trifluoroethanol, trifluoroy
acetaldehyde hydrate, and trifluoroacetic and
hydride, and three rabbits were used for theo
complex with triflucroacetic acid. Serum s:xm-D
ples were taken from all rabbits prior to theo
immunization and after three, six, and tenO
months by bleeding of the ear veins. -h

The immunologic properties of the serumA
samples were investigated by the mlcrmm—\l
munodiffusion method, described by Linder, “o
in 1 per cent agar gel in phospbate-buﬂ'eredo
saline solution, against similarly prepared com--
plexes of the rabbits” own serum proteins, bo-g
vine serum albumin, and poly-L-lysine (molR
wt 3-5 X 105).
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Results

All immune sera reacted against all of the!
different antigens independently of the anti-
genic complex used when immunization wass
continued for ten months (fig. 1a, fig. 2). NoZ
immunologic precipitation could be demon—%

o
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} Trifluoroacetic anhydride is not a suggcsted§
intermediate metabolite of halothane, but was in-
cluded in the study because of its reactivity.
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Fic. 1. g, agar plate, showing
the immune serum from a
rabbit immunized for ten months
wilh tr{ﬂ'uo{oncebc amd—chxcken

dxﬂ'usmn agzunst: clncft'en serum
globulin (2); trifluoroacetic acid—
chicken serum globulin (3); tri-
fluoroacetic acid-poly-L.-] lysme {4);
trifluoroacetic acid-rabbit serum
protein (5); rabbit serum protein

(6); po]yx.]ysme (7). The pre-
cipitin lma in the  agar gel also
e figure,

in
xnaxcate anhgen-anbbody reac-
tions. The e precipitation
around trifluoroacetic acid-poly-1.-
Iysine (4) is not an immunologic
reaction.

b, agar plate, showing the serum
collected prior to the immuniza-
tion of a rabbit tested against some
of the antigenic complexes. The
nonimmune serum is in the mid-
dle and the antigenic complexes
are located as in a. Only non-
i iffuse precipitation in the
vicinity of trifluoroacetic acid—
poly-L-lysine (4) can be seen.

strated when the antigenic complexes were
tested against the nonimmune sera collected
prior to immunization (fig. 1b). After three
months of immunization no specific reaction
against the trifluoro- compound complexes was
seen with any one of the sera. In six months
the sera from the animals injected with the
trifluoroacetic anhydride complex gave strong,
distinet precipitin lines in the agar gel, but
trifluoroacetic acid-complex antisera and tri-
fluoroacetaldehyde hydrate-complex antisera
reacted also, weakly, against the antigens, and
the precipitin lines were clearly distinguish-
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o
able from those produced against the carrier®
protein alone. Not until immunization harE_
been continued for ten months were therea-
weak precipitin lines when the antigens weres
tested against the trifluoroethanol-complex anti-g
sera. In that time the potencies of the anu-o
sera from the rabbits immunized with the tri2
fluoroacetic acid complex and trifluoroacetalde2
hyde hydrate complex had increased, nmE
seemed to be of the same order as that of they
trifluoroacetic anhydride-complex antisera. NoR
attempt was made to quantitate the reactions
exactly.



The immune sera also reacted with com-
plexes of the trifluoro- compounds and rabbit
serum proteins, bovine serum albumin, and
poly-L-lysine. Thus, great specificity for the
trifluoro- component was revealed, as the anti-
sera reacted with protein complexes phylo-
genetically completely different from those
used for immunization.

Discussion

Molecules the size of halothane are gener-
ally not known to act as haptens in the sense
that specific antibody formation would be
stimulated by them alone.’* Unidentified com-
plexes of trifluoro- groups and macromolecules,
however, have been recognized autoradio-
graphically and radiochromatographically in
laboratory animals after halothane anesthe-
sias,% 2% and trifluoroacetylethanolamine has
been detected in the urine of one patient.®

Since halothane is mainly metabolized in
the liver, it is possible that the metabolites
form complexes with liver-specific proteins,
resembling those used in the present animal
study, and thus, immunologic sensitization
against such complexes would be elicited.

That the different sera cross-reacted simi-
larly with the various antigens provides evi-
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Fic. 2. Agar plate, showing thed
immune serum (1) from a rabbxg.
immunized for ten months withd
trifluoroacetaldehyde hydrate—
chicken serum globulin tested byd
immunodiffusion_against: trifluoroS.
acctaldehyde hydrate—poly-L-] lysmg
(2), goly-n—lysme (3); luoro

ehyde hydrate-bovine serum
nlbumm (4); trifluoroacetaldehyde
hydrate—chicken serum glo ulirg
(3); chicken serum glo ulm {6)
bovine serum albumin 2
most im; tedport:mt precxpxtm Imes ar
depicted in the schematic figure.
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dence for the concept that in the preparationg
of the antigenic complexes the trifluoro- gmupsu
remained unaffected and, therefore, probablyw
served as part of the antigenic determinant.3
Because the antisera also reacted with eachg
trifluoro- compound-poly-L-lysine, it is pos-O
sible that another part of the antigenic deter-g
minant consists of one molecule or a sequenceB
of molecules of L-lysine.

The bond between the C-1 carbon of the®
trifluoro- compounds and poly-L-lysine or the™
proteins was not analyzed, but the xdenhﬁm-
tion of trifluoroacetylethanolamine by Cohen,? o
together with our own experience in toxu:o-
logic studies of metabolites of tnﬂuomhydrmg
carbons,’* indicates binding to —NH, and3
—SH groups. °

The metabolic pathway from halothane to'°
trifluoroacetic acid is unsettled. In spite ofg
extensive studies, no organic metabolite other@
than trifluoroacetic acid has been identified. + §
15,19 \Vere it not for intracellularly formed S
trifluoroacetate,® 20 the reactive trifluoroace- 3
taldehyde 3:17 would be able to form com-3Z
plexes with proteins in vivo after halothane =
anesthesia; however, the relationship of the Q
present data to clinical conditions remains to
be demonstrated.
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