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The sulfated flavonoids in Polygonum hydropiper showed potent inhibiton against lens aldose
reductase. Among these flavonoids isorhamnetin 3,7-disulfate (5) was most potent. Kinetic
analysis showed that 5 exhibited noncompetitive inhibition against both dl-glyceraldehyde and
NADPH.

Aldose reductase (EC 1.1.1.21), a member of the
NADPH-dependent aldo-keto reductase family, is a key
enzyme in the polyol pathway.1 This enzyme catalyzes
the reduction of various aldehydes, and the reduction
of glucose to sorbitol provides a common link in the
onset of diabetic complications that result in tissue and
functional changes in the cornea, lens, retina, iris,
peripheral nerve, and kidney.2,3 The intracellular ac-
cumulation of sorbitol leads to locally hyperosmotic
conditions responsible for the loss of clarity in the lens.4
Therefore, the inhibition of aldose reductase may be
effective in preventing cataract formation in diabetes.
Flavonoids are commonly ingested from fruits and

vegetables in the diet.5 They have no nutritive value
but are capable of exerting various pharmacological
activities,6 including antioxidative,7-9 superoxide-scav-
enging,10,11 and aldose reductase inhibitory activity.12-14

However, one of the serious limitations to the use of
flavonoids for any therapeutic activity has been their
insolubility in water.15 In order to overcome this
solubility, some sulfated quercetin derivatives were
synthesized, and assays were carried out for aldose
reductase inhibition.15
In our earlier work, antioxidative and superoxide

anion-scavenging flavonoids were isolated from the
water-soluble fraction of Polygonum hydropiper L.
(Polygonaceae),16,17 a medicinal herb used as a spice in
Japanese cuisine.18 Lipid peroxidation is also one of the
causes of cataracts.19,20 This paper deals with the
inhibitory activities of sulfated flavonoids isolated from
this plant on lens aldose reductase and other related
enzymes. We also compare their activities with the
corresponding flavonoid aglycons and glycosides. The
structures of flavonoids in P. hydropiper discussed in
the present work are listed in Figure 1.
The degree of inhibition of porcine lens aldose reduc-

tase by sulfated, methylated, and glycosidal flavonoids
in P. hydropiper is presented in Table 1. The nonsul-
fated aglycon, quercetin (1), and its 3-glucoside isoquer-
citrin (8) inhibited lens aldose reductase, as reported
earlier.12,13 Among the flavonoids in P. hydropiper,
isorhamnetin 3,7-disulfate (5) (IC50 1.8 µM) showed
most potent inhibitory activity on lens aldose reductase.
The removal of 7-sulfate from 5, as in percicarin (4),
decreased aldose reductase inhibition (IC50 69.0 µM).

The removal of both the 7- and 3-sulfates from 5, as in
isorhamnetin (3), further decreased the activity (IC50
> 95.0 µM). On the other hand, the 3-sulfate of
quercetin (2) showed aldose reductase inhibition to an
extent similar to that of its aglycon (1). Methylation of
C-3′ (1 to 3) caused a decrease in the inhibitory activity
(IC50 50.1 and > 95.0 µM), respectively. Further, an
additional C-7 methylation of 3 resulted in a great loss
of activity; rhamnazin (6) showed almost no effect on
aldose reductase up to 91 µM. However, the addition
of a C-3 sulfate to 6, as in rhamnazin-3-sulfate (7),
resulted in an inhibitory activity of IC50 30.1 µM. As
reported in the literature,13 the monoglucosides are
stronger inhibitors than the corresponding aglycons onX Abstract published in Advance ACS Abstracts, March 15, 1996.

Figure 1. Flavonoids isolated from P. hydropiper.

Table 1. Effect of Flavonoids Isolated from P. hydropiper on
Lens Aldose Reductase, Kidney Aldehyde Reductase, and Liver
NADH Oxidase

IC50 (µM)a

compd aldose reductase aldehyde reductase NADH oxidase

1 50.1 >91.0 65.3
2 50.9 55.6 >71.0
3 >95.0 >95.0 88.6
4 69.0 >69.0 >69.0
5 1.8 49.5 >54.0
6 >91.0 >91.0 >91.0
7 30.1 43.5 >67.0
8 16.0 >64.0 >64.0
9 5.0 >50.0 >50.0
a Inhibitory activity was expressed as the mean of 50% inhibi-

tory concentration of triplicate determinations, obtained by inter-
polation of concentration-inhibition curves.
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aldose reductase: isoquercitrin (8) IC50 16.0 µM, quer-
cetin (1) IC50 50.1 µM. 7-Sulfation and 3′-methylation
of 8 forms tamarixetin 3-glucoside 7-sulfate (9) and
causes an increase in inhibitory activity against lens
aldose reductase.
Kinetic analysis for aldose reductase inhibition by a

potent inhibitor (5) using Lineweaver-Burk plots is
shown in Figure 2. When the concentration of the
substrate dl-glyceraldehyde was changed, the slopes
obtained from the uninhibited enzyme and two different
concentrations of 5 were in parallel. The reciprocal plot
curves of enzyme activities and concentration of co-
factor NADPH also showed noncompetitive inhibition.
These figures indicate that 5 inhibits lens aldose re-
ductase noncompetitively with respect to both dl-glyc-
eraldehyde and NADPH.
Many aldose reductase inhibitors also inhibit alde-

hyde reductase (EC 1.1.1.20).21-24 It has been proposed
that both aldose and aldehyde reductases may play a
role in the development of chronic diabetic pathologies.25
The sulfated flavonoids, which showed potent inhibition
on lens aldose reductase, also inhibited kidney aldehyde
reductase but to a lesser extent. The effects of fla-
vonoids isolated from P. hydropiper are shown in Table
1. Glycosidal conjugation may contribute to selectivity
but sulfation did not.
Aldose reductase is an NADPH-dependent oxidoreduc-

tase. The inhibition of NADH oxidase leads to the
interference of normal glucose metabolism.26 Some
flavonoids have been reported to inhibit NADH oxidase
in liver mitochondria.27-29 As shown in Table 1, isorham-
netin (3) also affected NADH oxidase. On the other
hand, all sulfated flavonoids (2,4,5,7,9) in P. hydropiper
showed no effect on NADH oxidase.
The sulfated flavonoids in P. hydropiper showed

potent inhibitory activity against lens aldose reductase,
but a clear selectivity between aldose reductase and
aldehyde reductase inhibition was not observed. As
previously reported,17 these compounds possessed po-
tent antioxidative and superoxide-scavenging activity.
Inasmuch as the young shoots of this plant are eaten
and its extract used as an additive of “miso” and vinegar
in Japan, present results on these water-soluble fla-
vonoids provide considerable interests in both food
science and preventive medicine. With a view to
preventing cataract formation, the effects of these
flavonoids on sorbitol accumulation in vivo are under
investigation.

Experimental Section

Chemicals. All flavonoids (1-9) examined in this
study were isolated from the leaves of P. hydropiper.16,17
â-Mercaptoethanol and dl-glyceraldehyde were pur-
chased from Sigma Chemical Co. (St. Louis, MO).
NADPH and NADH were obtained from Oriental Yeast
Co. (Tokyo, Japan).
Animal Tissues. Porcine eyeball and kidney and

bovine liver were obtained from Nippon Ham Co. Ltd.
(Osaka, Japan).
Preparation of Lens Aldose Reductase. Lenses

were removed from porcine eyes and homogenized in 3
vol of 135 mM phosphate buffer (pH 7.0) containing 10
mM â-mercaptoethanol.30 The homogenate was centri-
fuged at 10 000 × g for 15 min. The supernatant fluid
was saturated with 75% (NH4)2SO4. The precipitate
obtained by centrifugation was dissolved in the same
buffer and used as an enzyme preparation.31
Preparation of Kidney Aldehyde Reductase.

The porcine kidneys were dissected into cortical and
medullary regions, and the cortices were homogenized
in 3 vol of 20 mM phosphate buffer (pH 7.5) containing
0.25 M sucrose, 0.5 mM EDTA, and 1 mM â-mercapto-
ethanol. The homogenate was centrifuged at 15 000 ×
g for 20 min. The supernatant fluid was saturated with
60% (NH4)2SO4. The precipitate obtained by centrifu-
gation was dissolved in 10 mM Tris buffer (pH 7.4)
containing 0.5 mM EDTA and 1 mM â-mercaptoethanol
and was subjected to a Sephadex G-25 column equili-
brated with the same buffer. The enzyme eluate was
chromatographed on a DEAE-cellulose column equili-
brated with the same Tris buffer and developed with a
0-0.4 M linear gradient of NaCl. This partially purified
aldehyde reductase was free of aldose reductase.32
Preparation of Liver Mitochondria. The bovine

liver was homogenized in 10 vol of 0.25 M sucrose
containing 0.1 mM EDTA (pH 7.4). The homogenate
was centrifuged at 600 × g for 10 min. The supernatant
fluid was decanted and centrifuged at 15 000 × g for
10 min.33 The mitochondrial pellet was washed twice
with the same solution and finally suspended in 3 mM
Tris buffer (pH 7.4) containing 0.07 M sucrose, 0.21 M
mannitol, and 0.1 mM EDTA.
Assay of Reductase Activity. Aldose reductase and

aldehyde reductase were assayed spectrophotometri-
cally on a Shimadzu MPS-2000 spectrophotometer
equipped with a TCC temperature controller. The
reaction mixture in a total volume of 3 mL contained
50 mM Na-phosphate buffer (pH 6.2), 0.125 mM NAD-
PH, 400 mM Li2SO4, enzyme solution (equivalent to 4
mg protein), and 3 mM dl-glyceraldehyde as a sub-
strate.34 The reaction was initiated by the addition of
NADPH. The reaction-rate was determined by tracing
the decrease in the absorption of NADPH at 340 nm on
a Shimadzu Graphic Printer PR-3.
Assay of NADH Oxidase. Mitochondrial NADH

oxidase was assayed by measuring the decrease in
absorbancy at 340 nm.35 The reaction mixture in a total
volume of 3 mL consisted of 50 mM phosphate buffer
(pH 7.4), 0.1 mMNADH, and bovine liver mitochondrial
protein (equivalent to 3 mg).
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