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Caesalpinia ferrea MARrT. (Leguminosae) called as Juca is one of the medicinal plants in Brazil used for dia-
betes. From the fruits of this plant, ellagic acid (EA) and 2-(2,3,6-trihydroxy-4-carboxyphenyl)ellagic acid (TEA)
have been recently isolated as aldose reductase (AR) inhibitors. In this study, we examined to prove the inhibitory
activity against AR of EA and TEA in vitro, and EA in vivo by measurement of the accumulation of sorbitol,
which is the product of glucose reduction catalyzed by AR. TEA was not examined in vivo because of its shortage
of yield from the fruits. EA and TEA significantly and dose-dependently inhibited sorbitol accumulation in ery-
throcytes, lens and sciatic nerve under incubating with glucose in vitro. EA at a dose of 75 mg/kg/d showed the
most potent inhibition of sorbitol accumulation in erythrocytes, lens and sciatic nerve at 50, 75 and 100 mg/kg/d
in vivo. These results suggest that the inhibitory activity of EA against AR causes to inhibit sorbitol accumulation
by in vitro and in vivo experiments. EA is distributed in fruits and vegetables, so that taking them might be able
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to relieve diabetic complications.
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Aldose reductase (AR) is an enzyme to catalyze the reduc-
tion of glucose to sorbitol in the polyol pathway. AR is more
active in diabetes than in normal condition. And then the
polyol pathway in diabetes accelerates the formation of sor-
bitol in insulin-insensitive tissues such as nerve, lens, retina
and kidney, so that diabetic complications, such as neuropa-
thy, cataract, retinopathy and nephropathy are induced."” In
fact, sorbitol accumulation is observed in the crystalline lens
of experimental diabetic rats, resulting in induction of os-
motic stress followed by tissue damage.” A number of AR
inhibitors have been developed to treat for these complica-
tions, however, none of them has achieved worldwide use be-
cause of limited efficacy or undesirable side effects.”

Ellagic acid (EA, Fig. 1) has been found as an AR in-
hibitor from whole plants of Phyllanthus niuri L. (Euphor-
biaceae),” leaves of Potentilla candicans FiscH. ex LEHM.
(Rosaceae),” roots of Chrysanthemum morifolium HEeMmSL.
(Compositae), flowers of Ipomoea batatas Porer (Con-
volvulaceae),” fruits of Caesalpinia ferrea Marrt. (Legumi-
nosae),” and leaves of Myrciaria dubia H. B. & K. (Myrt-
aceae).? The inhibitory activity of EA against AR was ten
times higher than that of quercetin.” It is known that deriva-
tives of EA such as 3,3’ ,4-tri-O-methylellagic acid 4'-sulfate
potassium salt, 2-(2,3,6-trihydroxy-4-carboxyphenyl)ellagic
acid (TEA, Fig. 1) and 4-(a-rhamnopyranosyl)ellagic acid
showed about three times higher activities than EA.>"% Al-
though EA and its derivatives have been reported to be AR
inhibitors, their effects on sorbitol accumulation in vitro and
in vivo have not been previously reported.
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Fig. 1. Structures of Ellagic Acid (EA) and 2-(2,3,6-Trihydroxy-4-car-
boxyphenyl)ellagic Acid (TEA)
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In this report, the effects of EA and TEA on sorbitol accu-
mulation in erythrocytes, lens and sciatic nerve incubated
with glucose in vitro, and the effect of EA on sorbitol accu-
mulation in erythrocytes, lens and sciatic nerve of diabetic
rats in vivo are discussed.

MATERIALS AND METHODS

Materials Ellagic acid (EA), sorbitol and sorbitol dehy-
drogenase (SDH) were purchased from Sigma Chemical Co.
(St. Louis, MO, U.S.A.). B-Nicotineamide adenine dinu-
cleotide (NAD) and streptozotocin (STZ) were obtained from
Wako Chemical Co. (Osaka, Japan). Epalrestat was kindly
supplied by Ono Pharmaceutical Co. (Osaka, Japan). 2-
(2,3,6-Trihydroxy-4-carboxyphenyl)ellagic acid (TEA) was
obtained from Caesalpinia ferrea Mart.”

Animals Male Wistar rats were purchased from Japan
SLC Inc. (Hamamatsu, Japan).

In Vitro Experiments Under ether anesthesia, blood
was collected into a heparinized tube from the abdominal
aorta of the rats, and then lenses and sciatic nerve were
quickly removed. Erythrocytes were obtained by centrifuga-
tion at 1500Xg and washed with cold saline twice, the con-
tent of hemoglobin in erythrocytes was measured with a kit
(Hemoglobin B-test Wako; Wako Chemical Co.), 1 ml of ery-
throcytes was added into 3 ml of Krebs-Ringer bicarbonate
buffer containing 28 mm glucose, and each compound dis-
solved in 25 ul of dimethyl sulfoxide (DMSO) to prepare
from 0 to 1.0X107*M, and was incubated under the circum-
stances equilibrated with 95% air and 5% CO, at 37°C for
3h.

The removed lens and sciatic nerve were separately put
into 5ml of Krebs-Ringer bicarbonate buffer containing
50mMm glucose, and each compound dissolved in 25 ul of
DMSO to prepare from 0 to 4.0X10~* M, and were incubated
under the circumstances equilibrated with 95% air and 5%
CO, at 37 °C for 4 and 6 h, respectively.

The sorbitol contents were measured by the method of
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Terashima et al.,” and others,'% ' using a Hitachi F-2000
fluorescence spectrophotometer under the excitation and emis-
sion at 366 and 452 nm, respectively.

In Vivo Experiments The rats (6 weeks of age) were
housed in individual cages and had free access to food (nor-
mal rat chow) and water, and were maintained on 12h
dark/light cycle in a room with controlled temperature
(23£1 °C) and humidity (55£5%) for one week. After fasted
overnight, the diabetic rats were induced by a single intra-
venous injection of STZ (60 mg/kg). STZ solution was pre-
pared as follows, 24 mg of STZ was dissolved in 1 ml of
5 mw citrate buffer (pH 4.5) before the injection, and the vol-
ume of 2.5ml/kg was administrated into rat. Normal rats
were injected with the vehicle only. Six days after STZ injec-
tion, blood samples were collected from the tail vein, and the
induction of diabetes was confirmed by the measurement of
blood glucose using a kit (Glucose B-test Wako; Wako
Chemical Co.). In this manner the rats with plasma glucose
levels of greater than 300 mg/dl were regarded as diabetic
rats.

One week after STZ injection, EA (50, 75, 100 mg/kg) and
epalrestat (50 mg/kg)'® were orally administered once daily
for 2 weeks. These compounds were suspended in 0.5% car-
boxy methyl cellulose (CMC) solution, and the volume of
10 ml/kg was given into rat. Normal and untreated diabetic
rats were administered with 0.5% CMC solution alone. The
rats were then sacrificed by collecting blood from the abdom-
inal aorta under ether anesthesia. The collected blood was
immediately used for the measurement of glucose levels and
sorbitol accumulation in plasma and erythrocytes, respec-
tively. The lenses and sciatic nerve were removed quickly
and frozen at —80 °C until used. The measurement of sor-
bitol content was followed by in vitro experiments without
incubation.

Statistical Analysis The data were shown as the
mean=*standard error (S.E.). Significant difference was cal-
culated by Student’s t-test, p values of less than 0.05 were
considered significant. Linear regression was analyzed by the
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least-squares method.
RESULTS

Effects of EA and TEA on Sorbitol Accumulation in
Isolated Erythrocytes, Lens and Sciatic Nerve Incubated
with Glucose in Vitro Sorbitol was accumulated in ery-
throcytes, lens and sciatic nerve when they were separately
incubated in the medium containing glucose (Figs. 2—4).
EA and TEA inhibited sorbitol accumulation in each of
them. IC;, values of EA, TEA and epalrestat as a positive
control were calculated to be 2.4X107% 3.9%X107° and
4.2X107%m, respectively, when the accumulated sorbitol
concentration in erythrocytes incubated without inhibitor was
assumed to be 100% (Fig. 2). The inhibitory activities of sor-
bitol accumulations in lens and sciatic nerve by each com-
pound were shown in Figs. 3 and 4, respectively. TEA inhib-
ited the sorbitol accumulation in lens and sciatic nerve more
than EA. The more concentrations of EA and TEA in incu-
bated lens and sciatic nerve were, the more inhibitory activi-
ties of them on sorbitol accumulation were. At the concentra-
tion of 4.0X10 *mM, in lens, EA and TEA inhibited signifi-
cantly the sorbitol accumulation by 13.5 and 44.6%, respec-
tively (Fig. 3), and in sciatic nerve, EA and TEA inhibited
significantly the sorbitol accumulation by 31.6 and 39.7%,
respectively (Fig. 4), however, IC,, was not obtained because
of their poor solubility over 8.0X 10~ *m in the medium.

Effects of EA on Body Weight and Plasma Glucose
Levels in Diabetic Rats in Vivo Three weeks after STZ in-
jection, the body weight of the diabetic rats was about 60%
less than the ones of the normal rats (Table 1). The plasma
glucose levels in the diabetic rats increased to 3 times more
than in the normal rats. The body weight and the plasma glu-
cose levels of the diabetic rats treated with EA or epalrestat
for 2 weeks were not significantly different from the un-
treated diabetic rats (Table 1).

Effects of EA on Sorbitol Accumulation in Erythro-
cytes, Lens and Sciatic Nerve of Diabetic Rats in Vivo
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Fig. 2.

Effects of EA, TEA and Epalrestat on Sorbitol Accumulation in Erythrocytes in Vitro

One milliliter of erythrocytes into 3 ml of Krebs-Ringer bicarbonate buffer containing 28 mm glucose, and each compound (0 to 1.0X10™*m) was incubated under the circum-
stances equilibrated with 95% air and 5% CO, at 37 °C for 3 h. Each column and bar represents mean=S.E. Statistical significance: # p<<0.001 vs. blank; ## p<<0.01, *##p<<0.001

vs. control.



1586

The sorbitol accumulation in erythrocytes, lens and sciatic
nerve were significantly increased in the diabetic rats com-
pared with the normal rats (Table 2). In erythrocytes, EA at
75 and 100 mg/kg/d significantly reduced the elevated sor-
bitol accumulation. And in lens and sciatic nerve, EA signifi-
cantly reduced the elevated sorbitol accumulation at a dose
of 50, 75 and 100 mg/kg/d (Table 2). A dose of 75 mg/kg/d
showed more potent inhibition of sorbitol accumulation in
erythrocytes, lens and sciatic nerve than a dose of
100 mg/kg/d. Inhibitory activity of EA at 75 mg/kg/d on sor-
bitol accumulation was the almost same as epalrestat as a
positive control at 50 mg/kg/d.

DISCUSSION

During the search of AR inhibitors from the Amazonian
plants, EA and its derivatives such as TEA, 4-O-methylel-
lagic acid and 4-(a-rhamnopyranosyl)ellagic acid have been
isolated as active compounds in fruits of Caesalpinia ferrea”
and leaves of Myrciaria dubia.® EA has been reported to be
an AR inhibitor from other plants.*—® EA is widely distrib-
uted in many plants including fruits and vegetables.'*—)
Therefore, if EA inhibits sorbitol accumulation in vitro and
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Fig. 3. Effects of EA, TEA and Epalrestat on Sorbitol Accumulation in

Lens in Vitro

The removed lens into 5ml of Krebs-Ringer bicarbonate buffer containing 50 mm
glucose, and each compound (0 to 4.0X 10™*Mm) was incubated under the circumstances
equilibrated with 95% air and 5% CO, at 37 °C for 4 h. Each column and bar represents
mean*S.E. Statistical significance: #p<<0.001 vs. blank; s p<<0.01, ***p<<0.001 vs.
control.
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in vivo, the fruits and vegetables which contain EA will be
able to be useful for treatment of diabetic complications.

In vitro assay was performed to see the effects of EA and
TEA on sorbitol accumulation in isolated erythrocytes, lens
and sciatic nerve incubated in the medium containing glu-
cose (Figs. 2—4). Sorbitol was accumulated in isolated ery-
throcytes, lens and sciatic nerve incubated in the medium
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Fig. 4. Effects of EA, TEA and Epalrestat on Sorbitol Accumulation in
Sciatic Nerve in Vitro

The removed sciatic nerve into 5ml of Krebs-Ringer bicarbonate buffer containing
50 mm glucose, and each compound (0 to 4.0X 10™*m) was incubated under the circum-
stances equilibrated with 95% air and 5% CO, at 37 °C for 6 h. Each column and bar
represents mean=*S.E. Statistical significance: #p<0.001 vs. blank; *p<0.05,
w0k p<(.001 vs. control.

Table 1. Effects of EA and Epalrestat on Body Weight and Plasma Glu-
cose Levels in Streptozotocin (STZ)-Induced Diabetic Rats in Vivo

Group Dose Body weight Plasma glucose
(mg/kg/d) (& (mg/dl)
Normal (n=5) 247.6%5.5 187.3+2.9
Untreated diabetic
(n=06) 154.3+7.0 548.7+16.9"
EA-treated (n=6) 50 153.7+6.9 565.7+24.7
75 160.0*5.6 552.6%23.6
100 149.0£2.3 579.2+14.7
Epalrestat-treated
(n=06) 50 150.8%3.6 535.6+£24.4

The treatment was started 1 week after STZ injection, and EA and epalrestat were
orally administered once daily for 2 weeks. Each value represents mean=*S.E. Statisti-
cal significance: #p<0.001 vs. normal group.

Table 2. Effects of EA and Epalrestat on Sorbitol Accumulation in Erythrocytes, Lens and Sciatic Nerve of STZ-Induced Diabetic Rats in Vivo

Group Dose Erythrocytes Lens Sciatic nerve
(mg/kg/d) (nmol/g hemoglobin) (nmol/mg wet weight) (nmol/mg wet weight)
Normal (n=5) 14.4%0.3 0.2+0.0 0.09%0.00
Untreated diabetic (n=6) 101.5+3.8* 27.4+0.9" 2.31+0.07"
EA-treated (n=6) 50 89.6£5.4 21.2£0.8%** 1.90%0.09**
75 70.64.3%%* 16.720.5%%* 1.620.08%**
100 87.7£4.3* 19.1£0.8%** 1.80%0.10**
Epalrestat-treated (n=6) 50 61.84.0%** 15.720.7%** 1.3920.10%%*

The treatment was started 1 week after STZ injection, and EA and epalrestat were orally administered once daily for 2 weeks. Each value represents mean=S.E. Statistical sig-
nificance: #p<<0.001 vs. normal group; * p<<0.05, s p<<0.01, *** p<<0.001 vs. untreated diabetic group.
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with glucose, although sorbitol was almost not found in them
incubated in the medium without it. Both EA and TEA inhib-
ited sorbitol accumulation in isolated erythrocytes, lens and
sciatic nerve incubated in the medium containing glucose.
These results suggest that the inhibitory activities of EA and
TEA against AR cause to inhibit sorbitol accumulation in
erythrocytes, lens and sciatic nerve in vitro. EA was more ac-
tive than TEA in erythrocytes, but TEA was more active than
EA in lens and sciatic nerve.

In vivo assay, EA at 50, 75 and 100 mg/kg/d, and epalrestat
at 50 mg/kg/d as a positive control were administered into the
STZ-induced diabetic rats for 2 weeks.”” The body weight
and plasma glucose levels of the untreated diabetic rats were
reduced and elevated, respectively, comparing with normal
rats (Table 1). The body weight and plasma glucose levels of
the diabetic rats treated with EA and epalrestat were not re-
covered to those of the normal rats (Table 1). The sorbitol
was accumulated in erythrocytes, lens and sciatic nerve of
the untreated diabetic rats (Table 2). The sorbitol accumula-
tions in erythrocytes, lens and sciatic nerve of the diabetic
rats treated with EA were less than those of the untreated dia-
betic rats (Table 2). These observations demonstrate that EA
inhibits sorbitol accumulation in erythrocytes, lens and sci-
atic nerve of the diabetic rats by its inhibitory activity against
AR. EA at a dose of 75 mg/kg/d showed the most potent inhi-
bition of sorbitol accumulation in three dosages. Inhibitory
effects of EA at 100 mg/kg/d were not more than ones of
75 mg/kg/d. That is because it could be a limiting absorbance
in digestive tube at 100 mg/kg/d.

The inhibitory activities of EA and TEA against AR were
proved in vitro, as well as the one of EA in vivo. EA is dis-
tributed in many plants including medicinal plants,*® fruits
and vegetables.!* ¥ The patients with diabetic complica-
tions might make sorbitol accumulation decreased by taking
fruits and vegetables containing EA. The fruits and vegeta-
bles containing EA might be able to relieve diabetic compli-
cations.
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