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ABSTRACT. A method for the isolation of an intact, non-covalent complex formed by the interaction of
aldose reductase, NADP(H) nucleotide, and inhibitor has been developed to aid in the discovery and
development of novel aldose reductase inhibitors. In the complexes isolated, both the carboxylic acid-containing
inhibitor tolrestat and the spirohydantoin-containing inhibitor AL1576 (2,7-difluorospirofluorene-9,59-imida-
zolidine-29,49-dione) tightly bound in a 1:1 ratio to aldose reductase complexed with either NADPH or NADP1.
Inhibitor binding to either the enzyme–NADP1 or enzyme–NADPH complex appeared to be equal and
pH-dependent, with maximum binding observed at a pH range of 7 to 8.5 where the inhibitors are ionized. These
results indicated that the charge state of the cofactor (NADPH vs NADP1) is not critical for inhibitor binding
to aldose reductase. Molecular modeling studies suggested that His110 plays a crucial role in directing charged
inhibitors containing either a carboxylate or an ionizable hydantoin group to the active site of aldose reductase
by providing charge interaction. BIOCHEM PHARMACOL 59;4:329–336, 2000. © 2000 Elsevier Science Inc.
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Excess sorbitol accumulation catalyzed by aldose reductase
(EC 1.1.1.21) has been linked to a number of ocular
diabetic complications including keratopathy, cataract, and
retinopathy [1, 2]. Administration of aldose reductase
inhibitors at the onset of diabetes or galactosemia has been
shown to prevent corneal epithelial and endothelial
changes, osmotic cataract formation, and the selective
destruction of retinal capillary pericytes and subsequent
formation of microaneurysms and acellular vessels associ-
ated with diabetic retinopathy [2, 3]. While a number of
structurally diverse compounds inhibit aldose reductase
significantly, many of these compounds possess poor phar-
macokinetic properties or side-effects not associated with
the specific inhibition of aldose reductase [4]. These side-
effects range from hydantoin-related skin rash to induction
of liver transaminases [5]. These problems reflect a need for
the development of new, more potent inhibitors devoid of
side-effects.

The design of more potent and specific aldose reductase
inhibitors requires an understanding of the interaction
between aldose reductase bound to its nucleotide cofactor
and its inhibitors and their mechanism of action. Insight

into this has come from analyses of a series of crystallized
human and porcine aldose reductase–NADP1–inhibitor
complexes and molecular modeling studies [6–14]. In ad-
dition, specific non-covalent interactions between porcine
aldose reductase complexed with NADP1 and inhibitors
have been investigated by electrospray mass spectroscopy
[15–17]. Here, we report a method for the in vitro isolation
of a non-covalent complex formed in solution by the
interaction of human muscle or rat lens aldose reductase
with either NADP1 or NADPH and the aldose reductase
inhibitors tolrestat, AL1576, or ponalrestat.

MATERIALS AND METHODS

Unless otherwise stated, all chemicals were of reagent
grade, and HPLC solvents were of HPLC grade. NADP(H)
was obtained from the Sigma Chemical Co. MicroconTM

10 filter units were obtained from Amicon, Inc. HMAR†
was purchased from Wako BioProducts. RLAR expressed in
Escherichia coli was purified as previously described [18]. The
aldose reductase inhibitors AL1576 (2,7-difluorospiroflu-
orene-9,59-imidazolidine-29,49-dione), sorbinil (S-6-fluoro-
spirochroman-4,59-imidazolidine-29,49-dione), tolrestat {N-
[(5-trifluoromethyl-6-methoxy-1-naphthalenyl)thioxom-
ethyl]-N-methylglycine}, and ponalrestat {3-([4-bromo-2-
fluorobenzyl]-4-oxo-3H-phthalazin-1-yl)acetic acid} were
gifts from Alcon Laboratories, Pfizer Central Research,
Wyeth-Ayerst Research, and ICI Americas, respectively.
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Determination of Reductase Activity

Aldose reductase activity was determined spectrophoto-
metrically using a Shimadzu spectrophotometer by follow-
ing the decrease in absorption of NADPH at 340 nm at 25°
with dl-glyceraldehyde as substrate [19]. Each 1-mL reac-
tion mixture contained 3 mM NADPH, 1 mM dl-glyceral-
dehyde, and 0.1 M phosphate buffer at pH 6.2. Reactions
were initiated by the addition of enzyme.

Isolation of the Enzyme–Nucleotide–Inhibitor Complex

RLAR and HMAR were purified as previously described,
and the nucleotide cofactor was removed by chromatofo-
cusing using a Mono P anion exchange column [18]. The
purified enzyme (10 mL of RLAR: 78 pmol; 7 mL of HMAR:
126 pmol) was added to 200 mL of 6.3 mM K/Na phosphate
buffer, pH 7.5, containing 6.3% glycerol, 0.63 mM dithio-
threitol, and either NADPH or NADP1 (0.03 mM),
followed by 5 mL of aldose reductase inhibitors (250 pmol)
dissolved in water. The mixture was transferred to the
sample reservoir of the MicroconTM 10 filter unit and
centrifuged at 16,000 g for 15 min to remove excess
nucleotide and aldose reductase inhibitor. Each complex
was further washed three times with 200 mL of the above
phosphate buffer, and the aldose reductase–NADP(H)–
inhibitor complex was recovered by placing a sample
reservoir upside down in a new vial, adding 40 mL of the
same phosphate buffer without cofactor, and centrifuging
the sample for 5 min at 16,000 g. Binding, indicated by
inhibition of reductase activity, was determined by com-
paring the relative reductase activity in the inhibitor-
treated samples with reductase activities in similarly treated
control enzyme samples incubated without inhibitor.

Stoichiometric Comparison of Enzyme Activity Loss
Versus Amounts of Inhibitor Bound to the Aldose
Reductase–Nucleotide–Aldose Reductase Inhibitor
Complex

Purified RLAR (78 pmol) was mixed with 250 pmol of
either AL1576 or tolrestat; purified HMAR (183 pmol) was
mixed with 300 pmol of either AL1576 or tolrestat as
described above. Following determination of the remaining
reductase activity in aliquots of the purified aldose reduc-
tase–nucleotide–inhibitor complexes, the complex was de-
natured by the addition of methanol to the reservoir of the
MicroconTM 10 filter units. The bound aldose reductase
inhibitors released from the denatured aldose reductase–
nucleotide–inhibitor complexes were collected by centrif-
ugation. The methanol filtrates were dried, dissolved in 100
mL of H2O, and applied to Sep-Pak C18 columns (Millipore
Corp.). Following washing of the columns with 3 mL of
H2O to remove K/Na2 phosphate, glycerol, dithiothreitol,
and NADP(H), the retained aldose reductase inhibitors
were eluted from the Sep-Pak C18 columns with methanol.

The methanolic extracts containing aldose reductase

inhibitors were dried, and the residue was analyzed by
HPLC using the Pharmacia Smart System (Pharmacia
Biotech) equipped with a mRPC C2/C18 PC SC 2.1/10
column operating at room temperature at a flow rate of 0.2
mL/min. The column was equilibrated with H2O contain-
ing 0.05% TFA. After 3 min of equilibration, a linear
solvent gradient of 0–60% CH3CN containing 0.05% TFA
was introduced over 10 min followed by a gradient of
60–100% CH3CN containing 0.05% TFA over the next 3
min. Then the column was re-equilibrated with H2O
containing 0.05% TFA. The eluent was monitored at 254
nm. The amounts of tolrestat and AL1576 bound to RLAR
were determined by comparing integrated areas to a corre-
sponding calibration curve. The amounts of tolrestat and
AL1576 bound to HMAR were determined using 100 pmol
of either inhibitor as an internal standard.

Pseudo-equilibrium and Binding Constants

Using the above binding assay, the pseudo-equilibrium
constants of tolrestat and AL1576 (0–400 pmol) with
RLAR (78 pmol) and HMAR (123 pmol) were determined
using the Briggs–Halden steady-state equation as follows
[20]:
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The binding equation was modified by substituting [EIb] or
[I]b for v and n[E]t for Vmax where [I]b 5 [EIb] 5 the
concentration of bound inhibitor } % of aldose reductase
inhibition, [E]t 5 the total enzyme concentration, n 5 the
number of identical and independent inhibitor binding
sites per molecule of enzyme, and n[E]t 5 the total
concentration of inhibitor binding sites. The calculated Km

represents the pseudo-equilibrium or dynamic constant.
The reciprocal form of the equation becomes:
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Assuming that one molecule of inhibitor is sufficient to
inactivate one molecule of enzyme, then [I]b 5 [E]t 3 (% of
inhibition of enzyme) and the equation becomes:
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By graphing the double-reciprocal plot of 100/% of inhibi-
tion of enzyme versus 1/[I], Km values were obtained from
the intercepts of the 100/% inhibition of enzyme and 1/[I]
at 1/n and 21/Km, respectively.
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pH-Dependence of Enzyme-Nucleotide–Inhibitor
Complex Formation

The pH-dependence of the formation of the enzyme–
nucleotide–inhibitor complex was investigated using a
buffer composed of 2-(N-morpholino)ethane-sulfonic acid
(0.05 M), Tris (0.1 M), and acetic acid (0.05 M) in which
the pH was adjusted at increments of 0.5 between pH 5.5
and 10.0 by the addition of either 0.1 M HCl or 0.1 M
NaOH. RLAR (84 pmol) formed complexes with NADP1

and either AL1576 or tolrestat (250 pmol). The complexes
were isolated using the MicroconTM 10 filter units as
described above, and the reductase activity remaining in
the complexes was determined spectrophotometrically at
pH 6.2, the pH optimum for aldose reductase.

CHARMM Energy Minimization of the
Enzyme–NADP1–Inhibitor Complex

The coordinates of human aldose reductase complexed with
NADP(H) and crystal water (lads) [6] were obtained from
the Brookhaven Protein Data Bank. Hydrogens were added
to the amino acid residues of human aldose reductase using
the HBUILD routine of CHARMM [21]. With the excep-
tion of His110, all His residues were treated as neutral, with
hydrogen assigned to the Nd1 of neutral histidine. His110
was treated as positively charged, based on the crystallo-
graphic evidence that the carboxylate of zopolrestat is
salt-linked to the Ne2 hydrogen of His110 [8, 9]. All Asp
and Glu residues were assumed to be negatively charged,
whereas Arg and Lys were positively charged. AL1576 and
tolrestat were docked manually into the active site of aldose
reductase complexed with NADP1 so that the ionized
group could form hydrogen bonding interactions with
Tyr48 and His110. The fluorene ring of AL1576 was
stacked against Trp20; the aromatic portion of tolrestat was
positioned between Leu300 and Phe122 as reported in the
crystal structure [10]. Charge assignment on NADP1,
AL1576, and tolrestat, as well as the hydration of the
complex of aldose reductase–NADP1–aldose reductase in-
hibitor and the subsequent energy minimization of the
hydrated complex by CHARMM using an all-atom param-
eter set [22] were carried out on a cluster of HP-735
workstations according to the procedures published else-
where [13].

RESULTS

Purified RLAR or HMAR, separated from its nucleotide
cofactor by chromatofocusing on a Mono P anion exchange
column, was dissolved in phosphate buffer, pH 7.5, con-
taining 6.3% glycerol and 0.63 mM dithiothreitol with
either NADPH or NADP1. Addition of the carboxylic
acid-containing aldose reductase inhibitors tolrestat or
ponalrestat or the hydantoin-containing inhibitor AL1576
dissolved in dilute base resulted in the formation of a
non-covalent enzyme–nucleotide–inhibitor complex that

could be isolated with MicroconTM 10 filter units. After
repeated washings with buffer to remove excess inhibitor,
the extent of inhibitor binding was determined by compar-
ing the extent of reductase activity remaining in the
complexes formed in the presence of inhibitor and nucle-
otide with that of similar enzyme samples complexed only
with nucleotide. As illustrated in Fig. 1, no difference in
complex formation was observed when either NADPH or
NADP1 was used as a cofactor with tolrestat, ponalrestat,
or AL1576. No enzyme–NADP(H)–inhibitor complex was
isolated with the hydantoin aldose reductase inhibitor
sorbinil. Since sorbinil has an IC50 in the micromolar range,
this suggests that an inhibitor complex can be isolated only
from inhibitors possessing IC50 values , 10-7 M. No
inhibitor–enzyme complex could be isolated in the absence
of NADP(H) cofactor.

The aldose reductase inhibitors tolrestat and AL1576
bound to the enzyme–NADP(H) complex were recovered
by denaturation of the complex with methanol and subse-
quently quantitated by reverse phase HPLC. Based on the
initial amounts of enzyme present, a direct correlation
between the loss of enzymatic activity and inhibitor bind-
ing was observed (Table 1). This binding appeared to be in
a 1:1 ratio.

FIG. 1. Comparison of the effect of NADPH (M) or NADP1

(f) on the formation of the enzyme–nucleotide–inhibitor com-
plex in rat lens aldose reductase (A) and human muscle aldose
reductase (B) with the aldose reductase inhibitors AL1576,
sorbinil, tolrestat, and ponalrestat. The enzyme complex was
recovered from MicroconTM 10 filter units after treatment with
inhibitors, and the extent of complex formation with inhibitor
was expressed as the percent activity remaining, which was
determined spectrophotometrically as described in Materials and
Methods. N 5 2. AR 5 aldose reductase.
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Various amounts of tolrestat and AL1576 also were
mixed with fixed amounts of RLAR and HMAR complexed
with NADP1. By measuring the reductase activity remain-
ing in the isolated complex and then graphing the data as
a double-reciprocal plot of 100/% of inhibition of enzyme
versus 1/[I], values for the molar binding ratio (n) and the
pseudo-equilibrium constant (Km) were obtained from the
intercepts of 100/% of inhibition of enzyme and 1/[I],
respectively (Fig. 2). The n and apparent Km (nM) values
for tolrestat with RLAR were 1.45 6 0.15 and 85.5 6 11.2,
respectively, and with HMAR they were 1.42 6 0.16 and
259.2 6 32.8, respectively. For AL1576, the n and apparent
Km (nM) values with RLAR were 1.00 6 0.05 and 28.4 6
1.5, and with HMAR they were 0.99 6 0.06 and 68.0 6
9.5.

Whereas the 1:1 molar ratio of AL1576 was in good
agreement with the results obtained by denaturing the
isolated enzyme–NADP(H)–inhibitor complex determined
by HPLC, the kinetically obtained molar binding ratio for
tolrestat was considerably higher, i.e. 1.4. Tolrestat in
solution is present as Z- and E-conformers in approximately
a 3:1 ratio, and aldose reductase stereoselectively binds only
to the Z- and not the E-conformer of tolrestat as illustrated
in Fig. 3. The kinetically determined binding ratio of
tolrestat reflects the stereoselective binding of the Z-
conformer.

As illustrated in Fig. 4, binding of tolrestat and AL1576
to aldose reductase in the isolated non-covalent complex
was pH-dependent. The hydantoin AL1576 bound to
aldose reductase between pH 7 and 8.5; the carboxylic acid

TABLE 1. Correlation between observed loss of aldose reductase (AR) activity and the amounts of aldose reductase inhibitor
(ARI) bound to the AR-NADP(H)-ARI complex as determined by HPLC

Inhibitor % Activity loss
Inhibitor recovered

from complex (pmol)
Ratio

[inhibitor]/[enzyme]

RLAR (78 pmol)
AL 1576 77.4 6 0.6 (60.2 6 0.5)* 64.4 6 7.5 1.05 6 0.14
Tolrestat 94.5 6 1.8 (73.5 6 1.4) 62.7 6 2.9 0.85 6 0.05
HMAR (183 pmol)
AL 1576 78.6 6 2.0 (143.9 6 2.0) 155.3 6 3.7 1.08 6 0.20
Tolrestat 56.8 6 1.8 (103.9 6 1.8) 109.8 6 2.7 1.06 6 0.02

Values are means 6 SD (N 5 3).
* Values in parentheses represent pmol enzyme.

FIG. 2. Double-reciprocal plots for binding of aldose reductase
inhibitors AL1576 (F) and tolrestat (E) to aldose reductase
complexed with NADP1. Panels A and B represent rat lens
aldose reductase and human muscle aldose reductase, respec-
tively.

FIG. 3. HPLC elution patterns obtained by C18 chromatography
of tolrestat, illustrating that only the Z-conformer binds with
aldose reductase. The elution pattern in A illustrates the
presence of both Z- and E-conformers in the solution of tolrestat
used to bind the enzyme–nucleotide complex. The elution
pattern in B was obtained by denaturation of the isolated aldose
reductase–NADPH–tolrestat complex. See Materials and Meth-
ods for details.
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tolrestat bound to aldose reductase over a broader pH range
of 5.5 to 9.

Molecular modeling studies were conducted with tolres-
tat and AL1576 docked into the substrate binding site of
aldose reductase. These studies illustrated that both the
hydantoin group of AL1576 and the carboxylate group of
tolrestat can form a number of hydrogen bonds with Tyr48,
His110, and Trp111 (Figs. 5 and 6). In addition, the
2-fluorine atom of AL1576 and the fluorines on the CF3

group of tolrestat can hydrogen-bond with the main chain
NOH group of Leu300 and the hydroxyl group of Ser302,

respectively. These hydrogen bonding interactions are in
good agreement with those observed in the crystal structure
of porcine ALR2–NADP1–ARI complexes [10]. The ener-
gy-minimized structures also indicated that the side chains
of Trp20, Trp111, and Phe122 were positioned for van der
Waals and aromatic–aromatic interactions with AL1576
and tolrestat.

The distances between the cationic charge center of
aldose reductase and the anionic charge center of tolrestat
and AL1576 were calculated from the energy-minimized
structures (Table 2). The three hetero atoms of the hydan-
toin ring of AL1576 (Fig. 5) and the two carboxylate
oxygen atoms of tolrestat (Fig. 6) were chosen as the
anionic charge center; the Ne2 hydrogen of His110 and the
C4 hydrogen of the nicotinamide group of NADP1 were
assigned as the cationic charge center because of their
proximity to the anionic center.

DISCUSSION

AL1576, tolrestat, and ponalrestat are tight-binding aldose
reductase inhibitors with IC50 values in the 1028 M range
[18]. They only bind to aldose reductase when the enzyme
is complexed with its NADPH or NADP1 cofactor, indi-
cating that these aldose reductase inhibitors bind to the
enzyme in an ordered fashion [23]. The present study
indicates that these tight-binding inhibitors, when ionized,
form a non-covalent enzyme–nucleotide–inhibitor complex
that can be isolated using MicroconTM 10 filter units. Based
on our inability to isolate a non-covalent enzyme–nucle-
otide–inhibitor complex with sorbinil, this inhibitor, with

FIG. 4. Effect of pH on the formation of the non-covalent aldose
reductase–NADP1–aldose reductase inhibitor complex with the
inhibitors AL1576 (F) and tolrestat (E). The enzyme complex
was recovered from MicroconTM 10 filter units after treatment
with inhibitors, and the extent of complex formation with
inhibitor was expressed as the percent inhibition remaining, which
was determined spectrophotometrically as described in Materials
and Methods. Data are expressed as means 6 SD; N 5 3.

FIG. 5. CHARMM energy-minimized structure of the aldose reductase–NADP1–AL1576 complex. Dotted lines indicate the hydrogen
bonding interactions. Atoms represented by colors: white, carbon; green, hydrogen; dark green, fluorine; blue, nitrogen; and red,
oxygen.
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an IC50 of ca. 1027 M, does not appear to be tight-binding
[18].

pH studies confirmed that the charge complex formed by
interaction of the anionic groups of aldose reductase inhib-
itors and a cationic center within aldose reductase was
critical for the formation of the non-covalent enzyme–
NADP(H)–inhibitor complex. As illustrated in Fig. 4, as
the pH of the buffer increases from 5.5 to 7, the hydantoin
group of AL1576 presumably becomes more ionized so that
its charge interaction with the cationic center of the
enzyme increases. When the pH of the buffer is further
increased to 9, this charge interaction decreases due to a
loss of the cationic center of the enzyme. A similar
pH-dependent loss of a charge interaction at the higher pH
also was observed for tolrestat with human aldose reductase
(data not shown); however, significant binding of tolrestat

with rat lens aldose reductase was still observed under these
basic conditions. This may be due to differences in van der
Waals interactions and aromatic–aromatic interactions by
the aromatic residues at the active site of rat lens aldose
reductase compared with human muscle aldose reductase.
Contributions from van der Waals interactions and aro-
matic–aromatic interactions in the formation of the bind-
ing complex are evident for AL1576 from the plateaus
between pH 7 and 9 and for tolrestat from the plateaus
between pH 7 and 9.5. More pronounced pH-dependent
charge interactions with no plateau have been observed
with inhibitors such as mandelic acid and sorbinil that are
not tight-binding [24, 25].

The source of the “cation sink” in the substrate binding
site of aldose reductase is controversial. From crystallo-
graphic and kinetic studies [24, 26], it has been concluded
that the primary source is NADP1 and that aldose reduc-
tase inhibitors bind preferentially with the enzyme–
NADP1 complex. However, with fluorometric methods it
has been reported that the aldose reductase inhibitor
sorbinil preferentially interacts with the enzyme–NADPH
complex, whereas zopolrestat binds equally well to aldose
reductase complexed with either NADPH or NADP1 [27].
The present results indicate that there is no difference in
inhibitor binding to form the non-covalent enzyme–inhibi-
tor complex with either NADPH or NADP1 for any
inhibitor examined (Fig. 1). This finding is in contrast to
the non-competitive behavior of aldose reductase inhibi-
tors, which suggests that inhibitors preferentially bind to

FIG. 6. CHARMM energy-minimized structure of the aldose reductase–NADP1–tolrestat complex. Dotted lines indicate the hydrogen
bonding interactions. Atoms represented by colors: white, carbon; green, hydrogen; dark green, fluorine; blue, nitrogen; red, oxygen;
and yellow, sulfur.

TABLE 2. Distance (Å) between the cationic charge center of
aldose reductase (AR) and the anionic charge center of ARIs

Cationic charge center of AR

Anionic charge center of inhibitor
AL1576 Tolrestat

C2AO N3 C4AO O1 O2

Nε2 hydrogen of His110 2.1 2.6 3.7 2.2 2.0
C4 hydrogen of a

nicotinamide amide group
of NADP1

3.7 4.9 3.5 4.0 3.3

C2AO, C4AO, and N3 are the 29 and 49 oxygen and 39 nitrogen of the hydantoin
group of Al1576 (Fig. 5), and O1 and O2 represent the oxygen atoms of the
carboxylate of tolrestat (Fig. 6).
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the enzyme–NADP1 complex. Since the catalytic mecha-
nism of aldose reductase is believed to be an Ordered Bi Bi
system, with the release of NADP1 rather than the reduc-
tion of substrate being the rate-determining step [23, 27],
competition between substrate and inhibitor at the active
site is masked in the overall rate of the reaction. As a
consequence, the inhibition at the active site upon the
release of product gives rise to non-competitive behavior of
aldose reductase inhibitors.

The present binding assay indicated that the charge state
of the cofactor (NADPH vs NADP1) was not critical for
inhibitor binding to aldose reductase. These observations
support the previous conclusion obtained through molecu-
lar modeling studies [13] that His110 plays a crucial role in
directing charged inhibitors containing either a carboxylate
or an ionizable hydantoin group to the active site of aldose
reductase by providing charge interaction. This conclusion
also is supported by the crystallographic finding that His110
of aldose reductase forms a salt-bridge to the carboxylate of
the zopolrestat complex [8, 9]. Although it is possible that
a water molecule hydrogen bonded to the Nd1 of His110
provides a proton, the exact mechanism of formation of
doubly protonated His110 is not known. As demonstrated
in the calculated distances between the anionic charge
center of tolrestat and AL1576 and the cationic charge
center on either the Ne2 hydrogen of His110 or the C4
hydrogen of the nicotinamide group of NADP1 (Table 2),
the distance between the anionic charge of the inhibitors
and the Ne2 hydrogen of His110 is 2.2 to 3.7 Å, compared
with 3.3 to 4.9 Å for the distance between the anionic
charge of the inhibitors and the C4 hydrogen of the
nicotinamide group of NADP1. In addition to a shorter
distance to the anionic charge center, the Ne2 hydrogen of
His110 is oriented to form hydrogen-bonding interactions
with the ionized portion of the inhibitors (Figs. 5 and 6).
Therefore, the charge interaction between the Ne2 hydro-
gen of His110 and the anionic charge of the inhibitors is
favored over the charge interaction with the C4 hydrogen
of the nicotinamide group of NADP1. This explains the
observed comparable binding affinity of tolrestat and
AL1576 with aldose reductase complexed with either
NADPH or NADP1.

Both AL1576 and Z-tolrestat bind to aldose reductase
complexed with NADP(H) in a 1:1 ratio to form a
non-covalent complex. Since only the Z-rotamer of tolres-
tat binds with the aldose reductase–nucleotide complex
[14] and the ratio of Z- and E-rotamers of tolrestat in
solution is 3 to 1 [28], kinetic studies incorrectly indicate
that 1.4 molecules of tolrestat are required to inhibit 1
molecule of aldose reductase.

The present binding method enables one to isolate the
non-covalent enzyme–NADP(H)–inhibitor complex formed
with potent, tight-binding aldose reductase inhibitors. This
method is particularly applicable for the isolation of potent
inhibitors obtained from combinatorial chemistry and bio-
logical samples. Therefore, this method may be useful for
the discovery and development of novel, therapeutic aldose

reductase inhibitors for the prevention of diabetic compli-
cations.
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