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Abstract-The metabolism of sorbinil (( +)6-fluoro-Spiro (chroman-4,4’-imidazolidine)-2’,5’ dione), an 
aldose reductase inhibitor associated with immunological adverse reactions, was studied in uiuo and in 
vitro with particular reference to the formation of protein conjugates of 2-hydroxysorbinil and their 
further metabolism. [8-3H]Sorbinil was rapidly and extensively metabolized in the rat. 2-Hydroxysorbinil 
(2HSB) and a phenolic primary alcohol (2,4-imidazolidinedione 5(2-hydroxyethyl)-5-(Wluoro-2- 
hydroxyphenyl); IHFH) were its principal urinary metabolites; over O-24 hr, they represented 
17.0 * 0.7% (mean ? SD, N = 4) and 7.1 ? 0.7% of the dose, respectively. [‘H]2HSB isolated from 
urine and re-administered was converted to IHFH. Chronic dosing with sorbinil(150 mg/kg x 5) induced 
2-hydroxylation of the drug, the O-24 hr urinary excretion of 2HSB increasing from 17.0 +- 0.7% to 
24.7 -1- 3.4% of the dose (P < 0.05 by Students’ paired I-test). The biotransformation of 2HSB to IHFH 
was rationalized in terms of an open-chain aldehyde intermediate. Since aldehydes form both stable 
and unstable protein adducts, 2HSB was potentially a pro-reactive metabolite and initiator of the 
hypersensitivity reaction associated with sorbinil. However, [3H]2HSB was neither metabolized by 
human liver microsomes nor underwent irreversible binding to the microsomal protein. Nevertheless, 
the mild reductant sodium cyanoborohydride, although without effect on microsomal binding of 
[3H]2HSB, enhanced binding to human serum albumin. Formation of unstable Schiff base adducts was 
indicated. 

The formation of protein conjugates by chemically 
reactive compounds [l, 21 and the reactive metab- 
olites of stable compounds [3,4] is an established 
fate of many xenobiotics in uiuo and in vitro [S, 61. 
Although generally a minor process, the covalent 
modification of critical cellular proteins is thought to 
initiate the tissue damage associated with several 
drugs and other chemicals [7-91. In other instances, 
when the proteins that undergo modification are 
presumably not essential for the maintenance of cell 
viability, covalent binding has no apparent toxi- 
cological consequences [ 10, 111. Certain adverse 
drug effects, involving hypersensitivity reactions, 
have been attributed to the production of immuno- 
genic drug-protein conjugates [12]. If the drug 
moiety is antigenic, the conjugate may combine with 
the anti-drug antibody to form tissue-damaging 
immune complexes. The conjugates are usually 
regarded as chemically stable entities, and the clear- 
ance of covalently bound moieties such as 2,4- 
dinitrophenyl [13, 141 and 2-propenalyl [15] results 
from degradation of the protein. However, recent 
studies have demonstrated that acetaldehyde [16] 
and 16cE-hydroxysterone [17] form unstable as well 
as stable protein adducts in oitro. Reversible con- 
jugation occurs via Schiff base intermediates formed 
by reaction between the carbonyl compound and the 

* For Part XV in this series, see Coleman et al., Biochem. 
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C-6 amino groups of lysine residues [E-18]. Schiff 
bases readily dissociate but are stabilized by 
reduction [16-191. Hence, in the absence of a reduc- 
tant, the production of such adducts in vitro is likely 
to be at least underestimated if not undetectable; 
in uivo the intermediates may be stabilized by an 
endogenous reductant such as ascorbic acid [19]. 
Consequently a metabolic process which has toxi- 
cological implications might, in the case of com- 
pounds yielding carbonyl metabolites, escape 
detection in a standard extraction assay of irre- 
versible protein binding in vitro. 

The present studies of the metabolism of sorbinil 
(( +)6 - fluorospiro(chroman - 4,4’ - imidazolidine) - 
2’,5’-dione), an aldose reductase inhibitor [20], were 
designed to investigate potential metabolic and 
chemical bases of the dominant adverse reaction 
associated with the drug, which has been tentatively 
ascribed to the formation of immune complexes [21]. 
This reaction takes the form of an erythematous rash 
with or without an accompanying fever. More serious 
toxic epidermal necrolysis and Stevens-Johnson Syn- 
drome have occurred in isolated cases. %-Hydroxy- 
sorbinil (2HSB) and a phenolic primary alcohol 
(IHFH) were found to be the principal urinary 
metabolites of sorbinil. It was suggested (R. Ronfeld, 
personal communication) that the latter was derived 
from 2HSB via an aldehyde intermediate (Fig. 3). 
Since aldehydes readily combine with proteins 
[15,16], 2HSB was identified as a potential pro- 
reactive metabolite. In this paper the formation, 
further metabolism and protein conjugation of 2HSB 
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are described. Some of the data have been presented 
in abstract form [22]. 

MATERIALS AND METHODS 

Materials. [8-3H]Sorbinil (10 Ci/mmol) was pro- 
vided by Pfizer Central Research (Groton, CT). It 
was re-purified for in vivo studies by extraction into 
diethyl ether (AristarTM, peroxide-free; BDH, 
Poole, Dorset, U.K.) from 10 mM potassium phos- 
phate buffer, pH6.0. This material was radio- 
chemically homogeneous (R, 22 min) when analysed 
on a 5 pm Cs column (25 cm x 0.46 cm i.d.; Spher- 
isorb, HPLC Technology Ltd., Macclesfield, 
Cheshire, U.K.) using a non-linear gradient of ace- 
tonitrile (10% to 15% over 15 min, 15% to 55% over 
10 min) in the above buffer; the flow rate was 1 ml/ 
min. [8-3H]Sorbinil was further purified for in vitro 
experiments by HPLC. Aliquots of an ethanol solu- 
tion of the drug (45 pCi/mmol) were chroma- 
tographed on the Cs column using a linear gradient of 
acetonitrile (10% to 50% over 20 min) in phosphate 
buffer. Eluate corresponding to sorbinil (R, 14 min) 
was collected, combined, concentrated under a 
stream of N2 and extracted three times with two 
volumes of ether. Combined extracts were evap- 
orated to dryness and reconstituted in ethanol for 
storage. Unlabelled sorbinil, 2-hydroxysorbinil 
(2HSB) and 2,4-imidazolidinedione 5-(2-hydroxy- 
ethyl)-5-(5-fluoro-2-hydroxyphenyl) (IHFH) were 
also from Pfizer Central Research. Sodium cyano- 
borohydride was from Sigma Chemical Co. (Poole, 
Dorset, U.K.). NADPH (tetrasodium salt) was 
obtained from Boehringer Mannheim GmbH, Bio- 
chemica (Mannheim, F.R.G.). NCS solubilizer was 
a product of Amersham Corp. (Arlington Heights, 
IL). Scintillation fluid (Aqua Luma PlusTM) was from 
Lumac/3M B.V. (Schaesberg, Netherlands). Human 
and bovine serum albumin (Fraction V) were from 
Sigma. 

Animal studies. The metabolism of [8-3H]sorbinil 
and its auto-induction were studied in male Wistar 
rats (200g body wt.). [8-3H]Sorbinil (150mg/kg 
body wt; 12 &i) in 0.5 ml polyethylene glycol 200 
(PEG) was administered i.p. to two groups of four 
rats. The animals were housed in individual metab- 
olism cages. Food and water were available ad 
libitum. Urine was collected every 24 hr for 72 hr. 
From 48 hr inclusive, one group received unlabelled 
sorbinil (150 mg/kg in PEG) i.p. every 24 hr for five 
days whilst the other received vehicle. A second dose 
of [8-3H]sorbinil (150 mg/kg; 12 PCi; i.p.) was given 
seven days after the first. Urine was collected for 
48 hr. The rats were killed by cervical dislocation, 
and their major organs removed, frozen in liquid N2 
and stored at -70” until analysed. 

Duplicate aliquots of urine (50-100~1) were 
assayed for radioactivity by liquid scintillation count- 
ing in 4 ml of scintillant. Total tissue radioactivity 
was determined according to Kitteringham et al. [13] 
following solubilization of portions of homogenized 
organs in NCS. Portions of liver (cu. 5 g) were used 
for preparation of microsomes as described pre- 
viously [23]. Microsomes (8m protein) from each 
liver (yield, cu. 14 mg protein f g) were immediately 
solubilized in 3 ml 1 M NaOH and aliquots (700 ~1) 

of the solutions assayed for radioactivity. Additional 
microsomes (8 mg protein) were precipitated with 
acetone, exhaustively extracted and solubilized for 
determination of radioactivity as detailed below. 

Microsomul studies. Washed microsomes 
(105,000 g pellets) were prepared from the. his- 
tologically normal livers of renal transplant donors 
[24]. Ethical approval for the study was granted by 
the Mersey Regional Ethical Committee and consent 
to removal of the livers obtained from the donors’ 
relatives. Microsomal protein was assayed by the 
method of Lowry et al. [25] using bovine serum 
albumin as standard. Cytochrome P-450 content was 
determined according to Omura and Sato [26]. 

[8-3H]Sorbinil (10pM or lOOpM, cu. 2&i) was 
incubated with microsomes (8 mg protein) and 
NADPH (1 mM, omitted from controls) in 4 ml 
0.1 M sodium phosphate, pH 7.4. Incubations were 
performed in 25 ml flasks shaken in a water bath at 
37” for 30 min. They were stopped by cooling on ice 
and extracted with ethyl acetate (5 ml X 3). Com- 
bined organic extracts were evaporated to dryness 
under N2 at cu. 40” and reconstituted in methanol 
(400 ~1) for HPLC analysis. 

[3H]2HSB and [3H]IHFH (2.2pM, 0.2&i), iso- 
lated from the urine of rats given [8-3H]sorbinil and 
purified to radio-chromatographic homogeneity, 
were incubated with human liver microsomes (4 ml, 
8 mg protein) and NADPH (1 mM) for 30 min. 
Radiolabelled material extracted into ethyl acetate 
was analysed by HPLC. 

High-performance liquid chromutogru hy. 
s 

The 
urinary metabolites of [8-3H]sorbinil and [ H]2HSB, 
and material extracted from in vitro incubations, 
were chromatographed on the Cs column (non-linear 
gradient) as described above. An LKB 2150 HPLC 
pump and 2152 HPLC controller (LKB, Bromma, 
Sweden) were used. Urine (50-70~1; lO- 
90 x lo3 dpm) was filtered (Minisart 0.2 pm, ,Sar- 
torious GmbH, Gottingen, F.R.G.) before analysis. 
Eluate was monitored at 284 nm with an LC3 absorb- 
ance detector (Pye Unicam Ltd., Cambridge, U.K.), 
collected in 0.5 ml fractions and dissolved in scin- 
tillant (4 ml) for measurement of radioactivity. 
Radiolabelled components were chromatograph- 
ically identified by co-elution with authentic 
unlabelled compounds. The urinary metabolites and 
unchanged sorbinil were assayed radiometrically. 
Recoveries of chromatographed radioactivity (O- 
24 hr collections) were 99 rt 4% (mean -C SD, N = 
16). The assay precision (coefficient of variation for 
six analyses of one O-24 hr collection) was 0.9% and 
2.4% for [8-3H]sorbinil and [3H]2HSB, respectively. 

Isolation, identification and re-administration of 
metubolites. Sorbinil, 2HSB and IHFH were isolated 
from O-24 hr urine by HPLC. Urine (1 ml, containing 
cu. 7.5 pm01 equivalents) from a rat given cu. 
130 pmol [8-3H]sorbinil was mixed with 0.1 M 
sodium phosphate buffer, pH 7.4, (1 ml) and 
extracted with ethyl acetate (5 ml X 3). Pooled 
extracts were evaporated to dryness under Nz and 
reconstituted in 400 ,nl potassium phosphate (10 mM, 
pH 6.0)-methanol (9: 1, v/v). Aliquots (40-80 ~1) 
were chromatographed on the Cs column. Eluate 
corresponding to the absorbance peaks (284 nm) of 
the three compounds was collected, concentrated in 
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vucuo to remove acetonitrile, adjusted to pH7.4 
with phosphate buffer and extracted with ethyl acet- 
ate (5 ml x 3). The unchanged sorbinil (45Opg), 
2HSB (300 lug) and IHFH (100 pug) were purified to 
chromatographic (i.e. single component absorbing 
at 284 nm) and radio-chromatographic homogeneity 
by re-chromatographing them as before. Their iden- 
tities were confirmed by direct-insertion electron 
impact mass spectrometry under standard conditions 
]27]. 

Larger amounts (ea. 2 mg) of [3H]2HSB were iso- 
lated from the O-24 hr urine of rats given [8- 
3H]sorbinii (150 mg/kg). Urine (3 ml x 4) was mixed 
with 0.1 M sodium phosphate buffer (6: 1, v/v) and 
each aliquot extracted with ethyl acetate (5 ml x 3). 
The metabolite was purified by the above procedure. 
t3H]2HSB (1.6 mg, 0.6 &i) dissolved in 0.5 ml PEG 
was administered i.p. to a male Wistar rat (200g 
body wt). Urine was collected at 8 hr and 24 hr. 
Urinary metabolites were analysed, isolated and 
identified as before. 

High specific activity [3H]2HS13 and 13H]IHFH 
(25 ~Ci/~mol) for in vitro studies were isolated to 
radio-chromatographic homogeneity from 6 ml of 
O-18 hr urine. [8-3H]Sorbinil (0.96 mg, 100 PCi) in 
0.54 ml PEG was given i.p. to a male rat. The above 
HPLC method yielded 35 pg [ 3H]2HSB and 32 fig 
[3H]IHFH (equivalent to cu. 70% recoveries from 
urine). 

sedative ~~u~iliza~io~ of [3H]~~S~-~~o~e~~ 
adducts. Stabilization of [3H]2HSB-protein iinkages 
by reduction was attempted with sodium cyano- 
borohydride, a mild reductant specific for Schiff 
bases [18,28]. [3H]2HSB (4.5 PM, 0.4 @i) and the 
borohydride (500pM) were incubated with either 
human liver microsomes or HSA (2 mg protein) in 
2ml 0.1 M sodium phosphate, pH7.4. Reactions 
were conducted in capped test tubes at 37” for 18 hr 
and then extracted with ethyl acetate (5 ml X 3). The 
radiolabelled material in the extracts was analysed 
by HPLC. 

Measurement of irreversibly bound radio~abel~ed 
ma~eriul. Radiolabelled material irreversibly bound 
to mi~rosomal protein and HSA was determined 
by exhaustive extraction. After extraction with ethyl 
acetate, incubations were mixed with acetone (0.9: 
1.0, v/v) and left at 5” for ca. 15 hr. Microsomal 
pellets were extracted by vigorous vortex mixing with 
acetone (5 ml x 2), methanol (5 ml x 2), methanol- 
water (7 : 3, v/v; 5 ml), cold 0.1 M sodium phosphate 
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Fig. 1. High-performance liquid chromatogram of the uri- 
nary metabohtes of [8-3HJsorbinil in the rat. [8~3H]sorbinil 
(150 mg/kg) was administered i.p. and urine collected for 
24 hr. Urine was analysed on a 5-pm Cs column eluted with 

a gradient of acetonitrile in phosphate buffer. 

buffer (pH 7.4; 5 ml) and acetone-water (7:3, v/v. 
5 ml x 2). HSA precipitates were extracted with 
acetone (5 ml X 3) and methanol (5 ml x 3). Super- 
natants were assayed for radioactivity to ensure com- 
plete removal of the reversibly bound radiolabelled 
material. The microsomal and HSA pellets were 
dissolved in 2 ml 1 M NaOH at 60” over l-2 hr. 
The solutions were sampled for determination of 
radioactivity (500 ~1 aliquots) and protein (25-100 1.11 
aliquots) f25]. 

RESULTS 

MetaboZism of f8-3H]sorbinil and [3H]2Z3SB in vivo 

Following the i.p. administration of 150 mg/kg [8- 
3H]sorbinil to rats, 63.9 -+ 1.2% (mean Z!Z SD, N = 
4), 7.0 + 0.6% and 2.4 + 0.4% of the radioactive 
dose was excreted in urine during the subsequent 
three days (total, 73.3 +- 0.8%). Unchanged drug, 
2HSB and IHFH, identified preli~na~ly by co- 
chromatography with standards, were the principal 
radiolabelled urinary components (Fig. 1). These 
identifications were confirmed by mass spectrometry: 
molecular ions were present at m/z 236 (relative 
intensity (RI) 39%), m/z 252 (RI 30%) and m/z 254 
(RI 14%), respectively. The fragment ions were 
identical to those obtained with the standards and 
were mostly ascribable to fragmentation of the 
hydantoin ring [29,30]. The rats eliminated 20.8- 
23.3%, 16.4-17.8% and 6.3-7.9% of the dose as 
sorbinil, 2HSB and IHFH, respectively, in O-24 hr 
urine (Table 1). 

Table 1. Auto-induction of sorbinil2bydroxylation in the rat 

Rats 
Total 

radioactivity 

Urinary excretion (O-24) 

Sorbinil ZHSB IHFH 

Before sorbinil 63.9 4: 1.2 22.1 -t 1.1 17.0 + 0.7 7.1 r 0.7 
After sorbinil 69.8 +: 7.1 18.2 * 2.2** 24.7 -c 3.~4~ 7.3 t 0.9 
Before PEG 67.2 rt 3.7 24.5 ? 3.8 15.0 z? 1.0 12.0 ” 1.5 
After PEG 69.9 2 3.2 23.1 * 3.5 16.3 * 2.0 12.5 f 0.8 

Data are mean % rl: SD of dose (N = 4). ‘P < 0.05, **P < 0.01, by Student’s paired l-test. 
PEG, polyethylene gIycol200. [8-3H]SorbiniI and unlabelled drug were administered i.p. to 
male Wistar rats in 150 mg/kg doses: 5 daily doses for induction. Sorbinil and metabohtes 
were assayed by radiometric HPLC. 
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Fig. 2. High-performance iiquid chromatogram of the uri- 
nary metaboiites of [3H]2HSB in the rat. i3H]2HSB 
(8.0 mg/kg) was administered i.p. and urine collected for 

8 hr. 

Chronic dosing with unlabelled drug (150 mg per 
day x 5) significantly increased (P < 0.05) the O- 
24 hr urinary excretion of 2HSB and decreased that 
of sorbinil without affecting the total excretion of 
radiolabelled material (Table 1). Vehicle alone was 
without effect. 

[3H]2HSB administered to a rat was metabolized 
to IHFH. During @8 hr and 8-24 hr after dosing, 
61.0% and 11.7% of the administered radioactivity, 
respectively, was eliminated in urine. When the O- 
8 hr urine was analysed by HPLC, unchanged 2HSB 
(R, 17.5 min, 45% eluate radioactivity) and IHFH 
(R, 15.0 min, 41% eluate radioactivity) were ident- 
ified by co-chromatography with standards (Fig. 2). 
The identifications were substantiated by mass 
spectrometric analysis of the metabolites following 
isolation by HPLC: 2HSB yielded a spectrum with 
ions at m/z 252 (M+., RI 27%), 234 ([M-H,O]+.), 
208, 192, 180, 164, 153 and 137 (base peak); IHFH 
yielded ions at m/z 254 (M’., RI 24%), 236 ([M- 
H@]+-), 209,193,180,164,149 and 138 (base peak). 
An additional metabolite of 2HSB (R, 6 min, 14% 
eluate radioactivity) was not identified but co-chro- 
matographed with one (B) of two unidentified polar 
metabolites of sorbinil (A and B; Fig. 1). 

Forty-eight hours after administration of [8- 
3H]sorbinil, the lungs, heart, kidneys, spleen and 
brain each contained less than 0.1% of the dose 
whilst the liver contained 0.19-0.37% (mean 0.26%, 
N = 8). None of the hepatic radiolabelled material 
was irreversibly bound to the microsomal fraction: 
only very low levels of radioactivity (cu. 40-100 dpm/ 
2mg) were detected before and after exhaustive 
extraction of the protein. 

In vitro studies 

Neither [8-3H]sorbinil nor its two metabolites 
([3H]2HSB and [3H]IHFH) underwent detectable 
metabolism by human liver microsomes; the cyto- 
chrome P-450 contents of which (0.24-0.82 nmol/mg 
protein, N = 4) were within or, in the case of the 
highest content, above reported ranges 131,321. 
Unchanged radiolabelled compounds, identified by 
co-chromatography, were alone recovered from 
incubations containing NADPH. In addition, only 
background levels of radioactivity were associated 

Table 2. Formation of stable protein adducts of t3H]2HSB 
by reduction in vitro 

Irreversibly bound [ ‘H]2HSB 
% Incubated 

Incubation DMP/mg protein radioactivity 

Control 240 r 22 0.11 rt 0.01 
Cyanoborohydride 978 +- 45 0.44 t 0.02 

Data are means 2 SD (N = 3). [3H]2HSB was incubated 
with HSA in the presence of sodium cyanoborohydride at 
37” for 18 hr; reducing agent was omitted from control 
incubations. 

with extracted microsomes incubated with the 
compounds. 

Stabilization of [3H]2HSB-protein adducts by chemi- 
cal reduction 

Small amounts of C3HJ2HSB were irreversibly 
bound to HSA after an 18hr co-incubation with 
sodium cyanoborohydride (Table 2). Enhancement 
of binding was not observed when the reductant 
(final concentration 40 PM) was added following an 
18-hr incubation of [3H]2HSB (4.5pM) with HSA 
(1 mg/ml) (unpublished data). The cyanoborohy- 
dride did not produce any measurable irreversible 
binding of [3H]2HSB to human liver microsomes. 
Small amounts of [3H]IHFH (equivalent to 4% of 
incubated radioactivity), identified by co-chroma- 
tography, were recovered from incubations con- 
taming [ 3H]2HSB, HSA and cyanoborohydride. 
Only f3H]2HSB was extracted from control 
incubations. 

DISCUSSION 

2HSB, here shown to be the major urinary metab- 
elite of sorbinil in rats, was further metabolized to 
IHFH, the major metabolite in man (R. Ronfeld, 
personal communication). The auto-induction of sor- 
binil2-hydroxylation conforms with the observation 
that the drug (150 mg/kg) is a weak inducer of p- 
chloroanisole demethylation in the rat (R. Ronfeld, 
personal communication). 2HSB also yielded small 
amounts of IHFH in vitro when incubated with a 
mild reducing agent. These reactions can be ration- 
alized in terms of 2HSB existing in an open-chain 
aldehyde form as well as the benzopyran form (Fig. 
3). The aldehyde would be expected to undergo 
enzymic reduction to IHFH in uivo: the aldehyde 
and carbonyl reductases of human liver, of which 
alcohol dehydrogenase appears to be the major 
enzyme, reduce a broad range of xenobiotic carbonyl 
compounds [33]. Similar enzymes have been found 
in animals [34]. The formation of considerable 
amounts of IHFH is notable in view of the finding 
that sorbinil inhibits NADPH-dependent aldehyde 
reductase uncompetitively at low concentrations and 
non-competitively at high concentrations j3.51. Gen- 
eration of even small amounts of IHFH by sodium 
cyanoborohydride in vitro was unexpected because 
this reagent is reported to reduce Schiff bases, but 
not aldehydes, at neutral pH [18,28]. However, the 
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Fig. 3. Proposed metabolic and chemical scheme for the formation and staMiiation of 2HSR-protdn 
conjugates. 

reaction may be attributable to the protracted incu- 
bation time. 

The enhancement of irreversible binding of 
[3H]2HSB to HSA by sodium cyanoborahydride 
indicated that the linkage was a Schiff base stabilized 
by reduction. A study of reductive methyl&ion of 
proteins using this reagent [la] showed it to be highty 
specific: only the C-4 amino groups of lysyl residues 

and the C-1 amino terminus were modified by for- 
maldehyde 4 Reductive alkylation of lysyl residues by 
aromatic aldehydes has also been demonstrated [36j. 
The lack af binding of 2HSB to microsomes might 
have been due to an absence of sufficiently reactive 
residues; in contrast, albumins have several reactive 
lpine moieties [19]. The reversible protein adducts 
formed by acet&dehyde 116,191 and I&-hydroxy 
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estrone [17,37] in vitro are conjugated by Schiff 
bases. In the case of acetaldehyde the stable adducts 
remain to be identified but are reported to involve 
lysyl residues [16]. Glucocorticoids such as cortisol 
and prednisolone also form stable adducts but their 
incorporation is not enhanced by cyanoborohydride 
[17] because their Schiff bases are not reduced [37]. 
Carbonyl compounds containing additional keto or 
hydroxyl groups, e.g. 16-hydroxyestrone and 
cortisol, may yield stable protein conjugates via 
rearrangements of Schiff bases [37]. 

Low levels of covalent modification of proteins, 
such as those seen with 2HSB under reducing con- 
ditions, may still have functional and immunological 
consequences. Thus the extent of enzyme inhibition 
by acetaldehyde depends upon the catalytic role of 
the modified lysyl residues rather than the degree of 
modification [16]. Chronic alcohol abuse in man is 
associated with increased titres of antibodies against 
acetaldehyde-protein adducts thought to arise from 
microsomal oxidation of ethanol [38]. The mild 
reducing action of sodium cyanoborohydride 
resembles that of the endogenous reductant ascorbic 
acid, which also reduces protein-linked Schiff bases 
in vitro but non-selectively [19]. 

In summary, we have shown that the major route 
of sorbinil’s metabolism in viuo yields a metabolite, 
2HSB, which forms reductively stabilized protein 
adducts in vitro. Whilst endogenous reductants might 
stabilize 2HSB-protein adducts, and hence generate 
potentially immunogenic conjugates, the absence of 
irreversibly bound hepatic residues 48 hr after 
administration of [8-3H]sorbinil indicates that pro- 
tein conjugation is normally a negligible route of 
sorbinil’s metabolism in vivo. Consequently, a role 
for protein conjugation in the pathogenesis of the 
immunological adverse reactions of sorbinil remains 
to be established. 
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