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Abstract

The methanol extracts of 25 leguminous seeds in vitro were evalualed for inhibitory activities against lens aldose
reductase of Sprague Dawley male rats. The responses varjed with both leguminous seed and concentration used.
At the concentration of (.1 mg/mL, the methanol extracts from Amphicarpaea edgeweorthii, Canavalic lineata, Glycine
max var. solitae, Glycine max var. yaghong, Glycine max var. hooktae, Glycine max var. bangkeng, Glycine max var.
geumdu, Glycine max var. chungtae, Glycine max var. mefukong, Glycine soja, Phaseolus radiatus var. geodu, Vicig
tetrasperma, Vigna angulasis, and Vigna sinensis inhibited enzyme activity by greater than 60%. In following study,
at the concentration of 0.01 mg/mL, the extracts of C. Iineata and V. terrasperma had relatively sirong inhibitory
activity against aldose reductase. Because of their potent inhibitory activities, the activity of each solvent fraction
from C. Hneata and V. tetrasperina was determined, and the potent activity was showed from chloroform and hexane
fractions, respectively. 1Cs values of C. lineata and V. feirasperma were 0,004 and 0.006 mg/mL, respectively. As
a naturally occurring therapeutic agent, leguminous seeds described could be useful for developing new agents

of antidiabetic complications.
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INTRODUCTION

Aldose reductagse (EC 1. I. 1. 21) catalyzes the reduction
of glucose Lo the corresponding sugar alcohol, sorbitol. Sor-
bitol is subsequently metabolized to fructose by sorbitol de-
hydrogenase. The conversion of gluicose to fructose by this
means conslitutes the polyol pathway of ghucose metabolism.
Under normal physiclogical conditions, this pathway plays a
minor role in glucose metabolism in most tissue. In hyper-
glycemia associated with diabetes, however, cells undergoing
insulin-independent uptake of glucose produce significant quan-
tities of sorbitol. These cells accumulate sorbitol because of
its poor penctration through cellular membranes and its slow
metabolism by sorbitol dehydrogenase. The resulting hyper-
osmeotic stress to cells is postulated to be the primary cause
for the development of such diabetic complications as retino-
pathy, cararacts, neuropathy and nephropathy (1). These obser-
vations suggest that the inhibition of aldose reduciase would
represent a novel, potentially direct pharmacological approach
toward the treatment of certain diabetic complications (2}.

Planis constitute a rich source of bioactive chemicals (3,4).
Many plants and crude drugs have recently been tested for their
effects on aldose reductase (3-9). Since many of hem are large-
ly free from adverse effecis and have excellent pharmaco-
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logical actions, they could lead to the development of new
classes of possibly safer antidiabetic agents. Additionally, some
flavonoids and {lavonone glucosides as well as sugar related
companents are found to be effective on the inhibitory activ-
ities of aldose reductase (10-12). Therefore, much effort has
been focused on the plants for potentially useful products as
comniercial antidiabetic agents or as lead compounds. How-
ever, relatively little work has been done on the aldose reduc-
tase inhibitory actvities of leguminous seed extracts compared
to food (13,14 and plant origins {15,16) in spile of their excel-
lent nutritional, pharmacological and industrial significances
(17-20).

To find naturally occurring subsiances which could pre-
vent and treat diabetic complications, the extracts prepared
from 25 leguminous seeds were examined for their inhibitory
effects on lens aldose reductase activity.

MATERIALS AND METHODS

Chemicals

Bovine serum albumin, DL-glvceraldehyde, imidazole, lith-
i sulfate, NADPH, and phenylmethylsolfonyl fluoride were
purchased from Sigma \“hemical (St. Louis, MO, USA). Spra-
gue Dawley male rals were purchased {rom Dae Han Labo-
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ratory Animal Research Center Co. (Umsung, Cungbuk, Korea),
and all other chemicals were of reagent grade.

Plant materials and sample preparation

The leguminous seeds were randomly and anecdotally col-
lected (Table 1). They were dried in an oven at 60°C for 3
days and finely powdered using a blender. Each sample (30 g)
was extracted two times with 500 mL methanol at room tem-
perature and filtered (Toyo filter paper No. 2, Toyo Roshi,
Japan). The combined filtrate was concentrated in vacito at
35°C using a rotary vacuum evaporator (Model: N-3NW, EY-
ELA, Japan). The yields of the seed extractions are shown in
Table 1.

Isolation of aldose reductase from Sprague Dawley

rat lenses

Crude aldose reductase was prepared from rat lenses. Lens-
es were removed from the eyes of 8-weel-old Sprague-Dawley
male rats (Dae Han Laboratory Animal Research Center Co.,
Umsung, Chungbuk, Korea) weighing 100 -- 150 g and homog-
enized in 12 volurmes of a 135 mM Na, K-phosphate buffer
(pH7.0) coniaining (.5 mM phenylmethylsolfonyl fluoride
and 10 mM 2-merceptoethanol, The homogenate was centri-
fuged at 100,000 % g for 30 min, and the resnlting supernatant
was retained as an enzyme preparation. All procedures were
carried out at 4°C, The protein content of the enzyme prep-
aration was determined by Biuret method {21), using bovine
serunl albumin as a standard. The activity of this preparation
was determined by measuring the amount of NADP converted
from NADPH per unit time at 37°C and pH 7.0. One unit

Table 1. List of leguminous planis tested

(U) of activity is defined as the amount of the enzyme cata-
lyzing the oxidation of | ymol of NADPH per minute under
the above experimental conditions.

Enzyme inhibitory assay

Aldose reductase activity was assayed according to the
method described by Dufrane et al. (22) with slight modi-
Fications. The incubation mixlure contained a 135 mM Na,
K-phosphate buffer (pH 7.0), 100 mM lithium sulfate, 0.03
mM NADPH, 0.04 mM DL-glyceraldehyde and 50 pL of
an enzyme preparation, with or without a planl exiract, in
a tolal volume of 1.0 ml.. Bach plant extract was dissolved
in dimethyl sulfoxide, which was found to have no effect
on the enzyme activity at less than a [% concentration.
Appropriate blanks contained all of the above-mentioned
compounds, except DL-glyceraldehyde. The reaction was
initiated by adding NADPH at 37°C and stopped by adding
0.3 mL of 0.5 N hydrochloric acid. Then, [ mL of 6 N NaOH
containing 10 mM imidazole was added, and the mixture
incubated at 60°C for 10 min ta convert NADP to a fluo-
rescent product. The fluorescence was measured at Toom
temperature with a spectrofluorophotometer (Aminca Bow-
man series 2, Spectronic Insiruments, Rochester, NY, USA)
with an excitation wavelengih of 360 nm and an emission
wavelength of 460 nm. Siandards of NADP (0.1~ 35 M) were
treated in the same manner. All determinations were per-
formed in triplicate. The concentration of each test sample
giving 50% inhibition of the enzyme activity (ICs0) was
estimated from the least-squares regression line of the logar-

Seientific 1 Characteristics

clentific hame Seed colour Flower colour Size (co) Shape Yield" (%)
Amphicarpaea edgeworthil Purple Light-putple 0.5 Ellipse 107
Arachis Inpogaea Dark-brown Yellow 1.3 Ellipse 5.3
Canavelia lineata Brown Purple 0.9 Rod 12.0
Cassia abtusifolia Dark-brown Yellow (.4 Rod 13.3
Dunbaria villosa Light-brown Yellow 09 Ellipse 5.6
Gilveme max var. solitae Black White 1.1 Ellipse 10.0
Glverne max var. yagkong Black White .5 Spherical 35
Glycine max var. hookiae Black Purple 0.8 Spherical 6.6
Glvcine max var, bangkong Dark-brown Purple 1.1 Ellipsa 54
Glvcine max var. geumdu Dark-purple Purple 0.6 Spherical 4.8
Glycine max var. chungtae Light-green White 0.8 Spherical L1
Glycine max var. wooltaltkong Purple Purple 1.1 Ellipse 1.5
Glycine max var, mejukong Yellow White .8 Spherical 7.1
Ghveine soja Brown Light-purple 20 Rod 10.7
Lathyrus japonica Black Red 15 Ellipse 12.0
Phaseolus multiflorus Dark-purple Red 12 Rod 5.3
Phaseolus nipponensis Dark-grecn Yellow 2.1 Ellipse 37
Phaseolus radictus var. geodu Black White 0.5 Spherical 7.8
Phaseolus radiatus var. aurea Green Yellow 0.3 Rod 3.2
Pisum sativiem Light-green White-blue 0.7 Spherical 3.6
Riynchosia volubilis Brown Yellow 1.1 Ellipse 53
Vicia hirsuta Black Liglt-purple 1.2 Ellipse 118
Vicia tetrasperme Light-purple Light-purple 1.1 Ellipse 12.3
Vigna angulasis Red Yellow 0.6 Spherical 4.5
Vigna sipensis Light-yellow Yellow 0.7 Ellipse 6.2

UiDried weight of methanol extract/ dried weight of sample) » 100.
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ithmic concentration plotted against the remaining activity.
The protein content of the enzyme preparation was 0.023 g/L,
and the aldose reduclase activity in the preparation was 7.41
U/L or 373.4 Ujg of protein at 37°C.

RESULTS AND DISCUSSION

The methanol extracts of 25 leguminous seeds and polent
aldose reductase inhibitors for the comparison, quercitrin and
tolrestat, were determined for the inhibitory activity against
lens aldose reductase isolated from Sprague Dawley male rais
{Table 2). The inhibition at a final concentration of 0.100
mg/ul. was determined for each of the exiracts preparad, This
concentration for most of the plant exiracis was the highest
used in the assay mixture for two reasons: one was the linited

Table 2. Aldose reductase inhibitary activities of methanol extracts
of leguminous seeds

Sample tested Final conc. Inhibition
(mg/mL) (%)
A edgeworthii 0.1 74
0.05 61
A. hypogaea 0.1 32
C. lineata 0.1 98
0.05 94
C. obtusifolia .1 44
D. villosa 0.1 13
G. max var. solitae 0.1 62
0.03 4
G. max var, yagkong 0.1 86
0.03 63
G. max var. hookige 0.1 74
005 a0
G. max var. bangkong 0.1 60
.05 23
G. max var. geumdy 0.1 85
0.05 72
G. max var. chungtae 0.1 65
0.05 37
G. max var. wooltalikong 0.1 54
G. max var. mejukong 0.1 62
0.05 21
G. soja 0.1 61
005 20
L. japonica 0.1 34
P. multiflorus 01 21
FP. mpponensis 0.1 38
F. radiatus var. geodu 0.1 84
0.05 72
P. radwatus var. aurea 0.1 23
P. sativum 0.1 49
R. volubilis 0.1 16
V. hirsuta 0.1 39
V. tetrasperma 0.1 97
0.05 94
V. angulasis 0.1 61
0.05 32
V. sinensis 0.1 90
0.05 74
Quercitrin 0.1 98
0.05 92
Tolrestat 0.1 97
0.05 a5

solubility of the extracts in dimethyl sulfoxide, and the other
was the limited amount of dimethyl sulfoxide that could be
added to the assay mixture without affecting the enzyme
activity. The responses varied with hoth leguminous seed and
concentration used. The inhibitory effect was determined as
the concentration of a plant extract was decreased step by
step: for those extracts whose inhibition was above 60% at
0.1 mg/mL, the inhibition was again measured at a concen-
tration of 0.05 mg/mL (Table 2); for those whose inhibition
was above 60% aL 0.05 mg/mL, the inhibition was measured
at 0.01 mg/mL (Fig. 1); finally, for those whose inhibition
was above B0% at 0.010 mg/mL, the iphibition was tested
at 0.005 and 0.001 mg/mL (Table 3). Only those samples
which exerted significant inhibition at 0.001 mg/ml. were
evaluated for their TCsy values,

The methanol extracts of leguminous seeds exhibited
inhibilory activity againsi aldose ranging from 13 to 98%
at a cenceniration of (.1 mg/ml.. Al a concentration of 0.05
mg/ml, the methanol extracts showed inhibitory activity
ranging from 20 to 94% (Table 2). For tests with a con-
cenfration of 0.1 mg/ml., the methanol extracts from Am-
phicarpaea edgeworthii, Canavalia lineata, Glycine max var.
solitae, Glvcine max var. yvagkong, Glycine max var, hooktae,

Table 3. Aldose reductase inhibitory activities of solvent fractions
of methanol extracis from C. lineata and V. tetrasperma

Legume Final conc.  Inhibition  1Cs,"
Fraction (mg/mL} (%) (mg/mL)
C. lireata 0.1 13
Hexane 0.1 98
Chloroform 0.05 94
.01 83
0.005 55
0.001 28 0.004
0.1 8
Ethyl acetate 0.1 G
Butancl 0.1 4]
Water
V. tetrasperma 0.1 a7
Hexanc 0.05 o4
0.01 83
0.005 45 0.006
Chloroform 0.1 0
Ethyl acetate 0.1 0
Butanol 0.1 0
Watcr 0.1 0
Quercitrin 0.1 98
0.05 92
0.01 90
0.003 83
0.0001 34 0.0004
Tolrestat 0.1 97
0.05 93
0.01 91
0.005 85
0.0001 80 0.00001

YCsp: 50% [nhibition
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Glycine max var. bangkong, Glycine max var. geumdu, Gly-
ctne max var. chungtae, Glycine max var. mejukong, Glycine
soja, Phaseolus radiatus var. geodu, Vicia tetrasperma, Vigna
angulasis, and Vigna sinensis revealed strong inhibitory acti-
vity over 60% inhibition, whereas moderate activity (30%
<inhibition<60%) was obtained in the extract of Glycine max
var. wooltalikong (Table 2). Among 23 samples the methanol
extracts of C. [ineata (98%), V. tetrasperma (97%), and V.
sinensis (90%) exhibited highly effective inhibition against
aldose reductase, For tests with a concentration of 0.05
mg/mL, over 60% inhibitory activity showed in the methanol
extracts of A. edgeworthii, C. lineata, (. max var. yagkong,
G. max var. geumdu, P. radiatus var, geodu, V. tetrasperma,
and V. sinensis. Because of their potent inhibitory activity
against aldose reductase, the activity of 7 extracts selected
from 23 leguminous seeds was evaluated at the concentration
of 0.01 mg/mL (Fig. 1). In this study, the extracts of C. line-
ata and V. tetrasperma exhibited effective inhibition (>80%
inhibition). However, ihe other leguminous seeds exhibited
weak or no inhibitory activity against aldose reductase (<50%
inhihition). In this study, it can be expected that there would
be differences in the secondary metabolites produced from
various leguminous seeds.

In a further study, the activity of each solvent fraction from
the extracis of C. lineata and V. tetrasperma was evaluated
(Table 3). The chloroform fraction from the extract of C. lineata
showed polent inhibitory activity, whereas the other fractions
exhibited little or no inhibitory activity against lens aldose
reductase. In the fractionation of the methanol extract from
V. tetrasperma, strong inhibitory activity was observed in the
hexane fraction, whereas inhibitory activity was not detected
in other fractions. ICsy values of C. lineata and V. terrasperma
are 0.004 and 0.006 mgfml., respectively (Table 3). On the
hasis of their potent inbibitory activity, 1Cso values of C. line-
ata and V. tetrasperma were compared to aldose reductase
inhibitors, quercitrin and tolrestat. In this study, even though
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Fig. 1. Aldose reductase inhibitory activities of methanol extracts
of leguminous seeds at a concentration of 0.01 mg/mL.

A, A. edgeworthii, B, C. lineata; C, G. max var. vagkong; I, G.
max var. geumdu; E, P. radiatus var. geodu; F, V. tetrasperma;
G, V. sinensis, H, Quercitrin

the 1Cso value of C. lineata and V. fetrasperma against lens
aldose reductase was approximately LO titmes lower than the
value of quercitrin, these crude extracts include not only
active substances but also non-active cormponenis. Therefore,
the inhibitory activity of two crude extracts against lens
aldose reductase could he improved by purification.

It has been well acknowledged that plant-derived extracts
and phytochemicals are potential alternatives to synthetic inhib-
itors against aldose reductase (6-10). Currently, the compounds
isolated from plants as aldose reductase inhibitors are clas-
sified in flavonoids and flavonoid-related compounds. These in-
clude 3,74 -irihydroxy-3,6-dimethoxyflavone isclated from
Acanthospersman australe (8), myticetin 3-O-(4" - acetyl)-fuco-
side from Anthocepharus chinensis {23), and astilbin, neoastilbin
{dihydroflavonol rhammosides) and quercitrin (quercitrin 3-
rhamnaside) from Engelhardtia chrysolepis (24). In this study,
although the active principles of C. lineara and V. tetrasperma
seeds as aldose reductase inhibitor remain unknown at present,
leguminous seed-derived isoflavones, glycopeptide, and aglu-
cones exhibit antitumorigenesis and pharmacological functions
(25,26), It might be expected that the active compenents of
these seeds would be flavonoids or flavonoid-related compounds,
suggesting an indication of at least one of their pharmacol-
ogical actions.

Aldose reductase inhibitors including quercitrin and tol-
restat are currently the most cormmonly used oral agents for
good penetration of sorbitol through cellular membranes and
fast metabolism of sorbitol by sorbitol dehydrogenase. And
they are considered more importantly as the therapeutic pro-
spect of patient treatment associated with diabetic compli-
cations as retinopathy, cataracts, neuropathy and nephrop-
athy (1). In conclusion, the strong inhibitory activity of le-
guminous seeds tested confinms their superiority and use-
fulness on antidiabetic agents, although in vive efficacy and
the clinical usefulness of them remain to be evaluated.
Additionally, the isolation and characterization of the compo-
nents against lens aldose reductase are in progress.
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