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Abstract: Background. Chaperone activity of a-crystallin
in the lens works to prevent protein aggregation and is
important to maintain the lens transparency. This study
evaluated the effect of hesperetin on lens chaperone acti-
vity in selenite-induced cataracts. Methodology. Thirteen-
day-old rats were divided into four groups. Animals were
given hesperetin (groups G2 and G4) or vehicle (G1 and G3)
on Days 0, 1, and 2. Rats in G3 and G4 were administe-
red selenite subcutaneously 4 hours after the first hespe-
retin injection. On Days 2, 4, and 6, cataract grades were
evaluated using slit-lamp biomicroscopy. The amount of
a-crystallin and chaperone activity in water-soluble frac-
tion were measured after animals sacrificed. Results. G3
on day 4 had developed significant cataract, as an average
cataract grading of 4.6 + 0.2. In contrast, G4 had less
severe central opacities and lower stage cataracts than G3,
as an average cataract grading of 2.4 + 0.4. The a-crystallin
levels in G3 lenses were lower than in G1, but the same
as G4. Additionally, chaperone activity was weaker in G3
lenses than G1, but the same as in G4. Conclusions. Our
results suggest that hesperetin can prevent the decreasing
lens chaperone activity and a-crystallin water solubility
by administered of selenite.
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1 Introduction

The lens contains a high concentration of crystallin, which
can be separated into three distinct families (a-, -, and
y-crystallin). a-crystallin consists of two 20 kDa subunits,
aA- and aB-crystallin, and exists in the lens as a poly-
disperse multimeric protein with an average molecular
mass of 700 kDa [1, 2]. a-crystallin belongs to a small heat
shock protein family and acts as a molecular chaperone
[3]. This chaperone activity is critical in vivo to the normal
function of the lens because lens proteins are long-lived
and have negligible turnover. The chaperone activity of
a-crystallin in the lens prevents the formation of protein
aggregates, lens opacification, and cataract formation [3,
4]. Numerous studies have shown that a-crystallin cha-
perone activity protects against protein aggregation that
occurs during various stress conditions [5-7].

Subcutaneous injection of sodium selenite (NaZSeOS)
into suckling rats (10-18 days old) rapidly induces bilate-
ral nuclear cataracts and this animal model has been used
to evaluate anti-cataract agents [8]. Sodium selenite-indu-
ced cataracts have characteristics similar to those seen cli-
nically, including reduced lens chaperone activity [9, 10].
In selenite-induced cataracts, the reduction in lens chape-
rone activity can be reversed with antioxidant flavonoids,
including curcumin, lutein, and zeaxanthin [9, 11, 12].

Hesperetin, which is a natural flavonoid that is isola-
ted from orange rinds, has a flavone backbone structure
and is known to have strong antioxidant activity [13]. We
had been previously reported that hespertin prevent cata-
ract formation assessed by observing the cataract lens and
measuring the concentration of lens anti-oxidants such as
glutathione (GSH) and ascorbate (AsA) [14]. However, the
effect of hesperetin on lens chaperone activity in lenses
with cataracts remains unknown. Here, we evaluate the
effect of hesperetin on lens chaperone activity in rats with
selenite-induced cataracts.
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2 Methods

2.1 Animals

Sprague-Dawley (SD) rats were obtained from the Sankyo
Labo Service Corporation (Tokyo, Japan) and housed in
temperature-controlled cages (25 + 5°C) with a 12-hour
light/dark cycle. Rats were fed balanced commercial rat
chow (CE-2, Clea Japan, Tokyo, Japan) and allowed water
ad libitum. Rats were sacrificed using an overdose of iso-
flurane (Wako Pure Chemical Industries, Osaka, Japan).
The Keio University Animal Research Committee appro-
ved all animal procedures performed in this study, and
all animals were treated according to the Association for
Research in Vision and Ophthalmology (ARVO) Statement
for the Use of Animals in Ophthalmic and Vision Research.

2.2 Selenite-induced cataract and hespere-
tin treatment

Rats were randomized into the following four groups:
control group (normal lens without cataract, no hespe-
retin; G1), hesperetin-treated group (no cataract, hespe-
retin treated; G2), selenite cataract group (Se-cataract,
no hesperetin; G3), and selenite-cataract with hesperetin
treatment group (Se-cataract, hesperetin treatment; G4).
Hesperetin (Wako Pure Chemical Industries) and sodium
selenite (Wako Pure Chemical Industries) were administe-
red to rats according to the methods described by Naka-
zawa et al. [14], with minor modifications. Briefly, hespe-
retin was dissolved in the vehicle, which was a 7% ethanol
and 93% olive oil solution. Hesperetin was administered
to G2 and G4 (0.4 pg/kg body weight) and vehicle (olive
oil-ethanol mixture) was administered to G1 and G3 when
rats were 13 days old (Day 0). Hesperetin or vehicle was
also administered on Days 1 and 2 (post-natal days 14 and
15). Four hours after the first hesperetin administration on
Day 0, sodium selenite (Wako Pure Chemical Industries)
was administered subcutaneously at a dose of 20 mmol/
kg body weight to G2 and G4. A similar volume of phos-
phate buffered saline (PBS; 130 mM NaCl, 3 mM KCl, 10
mM Na,HPO,, 2 mM KH,PO,) was administered to G1 and
G3. On Day 2, 4, or 6 (post-natal Day 15, 17, or 19), lenses
were observed by slit-lamp biomicroscopy, and measured
amount of a-crystallin and chaperone activity in the lens.

DE GRUYTER

2.3 Slit-lamp observation and cataract
classification

Lenses were evaluated using slit-lamp biomicroscopy
(TOPCON corp., Tokyo, Japan) after mydriasis by adminis-
tration of tropicamide eye drops (Midorin P, Santen Phar-
maceutical Company, Osaka, Japan). Cataracts were clas-
sified on a scale of stage 1-6 using the Hiraoka system [15]
with minor modifications, as stage 1 indicates a normal
transparent lens and stage 6 represents a nuclear mature
cataract.

Following slit-lamp examination, rats were sacrificed
and lenses were removed for further analyses. The amount
of a-crystallin in the water-soluble fraction was used for
Western blot and chaperone activity.

2.4 Western blot analysis

Each rat lens was homogenized in 0.1 M Tris buffer (pH 8.0)
and centrifuged at 20,000 g for 20 minutes at 4°C. Super-
natant protein concentrations were measured using the
Bradford Protein Assay Kit (Bio-Rad, Hercules, CA). Bovine
serum albumin (BSA) was used as the standard. One mg
protein in supernatant was loaded on a 12.5% polyacryl-
amide gel. After electrophoresis, the gel was transferred
to a nitrocellulose membrane (Bio-Rad) for Western blot
analysis using an anti-oA-crystallin antibody (ab5595;
abcam, Cambridge, UK) or an anti-p-actin antibody (C-11
Santa Cruz, Santa Cruz, CA). Proteins were visualized with
the horseradish peroxidase/3,3’-diaminobenzidine (DAB)
system using DAB tablets (Wako Pure Chemical Indust-
ries) [16]. Obtained band intensities were quantified using
the National Institutes of Health (Bethesda, MD) image ]
software.

2.5 Chaperone activity measurement

The chaperone activity of lens water-soluble fractions was
measured the light scattering of alcohol dehydrogenase
(ALDH) substrate as AA, /180 min (Wako Pure Chemical
Industries). One mg/ml ALDH in 50 mM sodium phosphate
buffer containing 100 mM NaCl (pH = 7.0) was induced to
increase the light scattering by adding 100 pM 1,10-phen-
anthroline (Wako Pure Chemical Industries) at 42°C.
Lenses were homogenized in four volume of PBS and

centrifuged at 20.000 g for 20 minutes at 4°C. The super-
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natant proteins were collected as water-soluble proteins.
Lens water-soluble protein (8 mg/ml) was added in a 1:1
(vol:vol) to ALDH solution. The extent of aggregation was
estimated by measuring light scattering at 360 nm using
the microplate reader (Infinite M200: TECAN LTD, Ménne-
dorf, Switzerland). Each experiment was independently
performed three times.

2.6 Statistical analysis

All data are reported as mean =+ S.E. Statistical analysis of
the data was performed using one-way ANOVA followed
by Dunnett’s multiple comparison. Student’s t-test was
used for comparison between two groups. Differences
were considered significant at p < 0.05.

3 Results

3.1 Characteristics of selenite-induced
cataract rat lens

Lenses were observed with slit-lamp biomicroscope on
days 2, 4, and 6 and classified into six grades (grade 1 to 6;
as grade 1 indicates a transparent lens and stage 6 repre-
sents a nuclear mature cataract). After two days following
the selenite injection (Day 2), all rats had transparent
lenses (grade 1: 100%). On Day 4, all G1 and G2 rats still
had transparent lenses, but G3 rats showed significant
cataracts (grade 6: 10%, grade 5: 40%, and grade 4: 50%)
and the average cataract grade was of 4.6 + 0.2 (n = 40
lenses). The lenses of G4 rats were less severe cataracts
than those of G3 rats (grade 4: 20%, grade 3: 20%, grade
2: 40%, and grade 1: 40%) and had an average cataract
grading of 2.4 + 0.4 (n = 40 lenses). On Day 6, G1rats (Figure
1A) and G2 rats (Figure 1B) still showed transparent lenses
(grade 1: 100%, G1 n = 30 lenses, G2 n = 30 lenses) and
all G3 rats (Figure 1C) showed mature nuclear cataracts,
characteristic of selenite administration (grade 6: 100%,
n = 40 lenses). The lenses of G4 rats (Figure 1D) were also
in mature cataracts, but they were significantly less severe
than those in G3 rats (grade 6: 20%, grade 5: 30%, grade 4:
20%, grade 2: 10%, and grade 1: 20%; average grade = 3.9
+ 0.6, 40 lenses; Table 1). Figure 1 shows slit-lamp photo-
graphs of each group on Day 6.
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3.2 Western blot analyses of a-crystallin

The amount of a-crystallin in the water-soluble fraction
was measured using image of a western blot analysis on
days 2, 4, and 6. On Day 2, amount of aA-crystallin was
not significantly different between groups (Figure 2A).
On Days 4 and 6, water-soluble aA-crystallin levels were
significantly lower in G3 (Se-cataract) lenses than in G1
(control) lenses (Figure 2B, lane G3; Figure 2C, lane G3).
On Day 6, the intensity of the aA-crystallin in G4 (Se-
cataract, hesperetin-treated) lenses was not different from
G1 or G2 lenses, but was significantly higher than that in
G3 (Se-cataract) lenses (Figure 2C, lane G4). aA-crystallin
levels were normalized by B-actin levels, as measured
with densitometry (Figure 2D). On Day 6, aA-crystallin
levels were significantly lower in G3 lenses than in G1 and
G2 lenses. To the contrast, hesperetin treatment preven-
ted water-solubility decreasing of this protein in lens with
selenite-induced cataracts (G4).

3.3 Chaperone activity of lens protein

Lens chaperone activity was evaluated by measuring the
time course of the light scattering of ALDH at 360 nm
(Figure 3). The light scattering of ALDH was elevated in
the absence of lens proteins (Figure 3, curve 1). This eleva-
tion of light scattering was suppressed by immixing lens
water-soluble protein from G1 (Figure 3, curve 5) and G2
(Figure 3, curve 4). Light scattering was not suppressed in
the presence of G3 water-soluble proteins (Figure 3, curve
2), but elevation of light scatting was inhibited in the pre-
sence of G4 water-soluble proteins (Figure 3, curve 3).

Table 1: Effect of hesperetin to cataract stage in lens of selenite-
induced cataract rats.

G1=no selenite and no hesperetin treatment; G2 = no selenite and
hesperetin treatment; G3 = selenite treatment and no hesperetin
treatment; G4 = selenite and hesperetin treatment. Means were
calculated using data from 30 — 40 lenses.

Group Cataract stage
Day 2 Day 4 Day 6
G1 1.0 1.0 1.0
G2 1.0 1.0 1.0
G3 1.0 4.6+0.2 6.0
G4 1.0 24+0.4 3.9+0.6
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Figure 1:. Effect of hespertin for cataractgenesis induced selenite administration. Groups G1 and G2 were injected with vehicle (control) and
groups G3 and G4 were injected with sodium selenite subcutaneously into 13-day-old rats (Day 0). Hesperetein was administered to groups
G2 and G4 subcutaneously in 13-, 14-, and 15-day-old rats (Day 0, 1, and 2, respectively). All lenses are taken 6 days after selenite or vehicle
administration. (A) G1: no selenite and no hesperetin treatment. (B) G2: no selenite and hesperetin treatment. (C) G3: selenite treatment and
no hesperetin treatment. (D) G4: selenite and hesperetin treatment. Rats in groups G1 and G2 had transparent lenses. Rats in the G3 group
had a mature nuclear cataract, while those in group G4 had milder forms of nuclear cataracts.

The elevation of light scattering was not occurred in lens
water-soluble proteins without ALDH (Figure 3, curve 6).
The depression activity of light scatting in lens water-
soluble protein was measured on days 2, 4, and 6. Data
were represented relative AA,, /180 minutes values to light
scattering of ALDH without lens protein that was defined
as 100% and indicated the bar graph in Figure 4. On Day 2
(white bar), samples from G3 and G4 rats with preclinical
cataracts showed similar light scatting as samples from
G1 and G2 rats without cataracts (no Se-cataract control
groups). On Day 4 (gray bar), the light scattering of ALDH
in the presence of G3 was increased compared with in the
presence of G1 and G2, but water-soluble proteins from G4
lenses retained protection against light scatting increa-
sing. On Day 6 (black bar), G3 lenses had mature nuclear
cataracts and completely lacked the inhibition of light

scattering decreasing, but G4 lenses (hesperetin treated
group) had less severe cataracts and retained protection
against light scatting increasing (Figure 4). Increasing of
light scatting indicated ALDH aggregation, and inhibi-
tion of protein aggregation was considered to depend on
chaperone activity. These data suggested that hesperetin
treatment prevent protein aggregation by maintaining the
chaperone activity in lens water-soluble proteins.

4 Discussion

Alpha-crystallin acts as a molecular chaperone to prevent
protein aggregation and cataract formation. In this study,
we hypothesized that chaperone activity might be reduced
in the presence of a selenite-induced cataract because the
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Figure 2: Western blot analyses to determine aA-crystallin levels.
aA-crystallin levels were analyzed 2 days (A), 4 days (B), and 6 days
(C) following selenite or placebo administration. b-actin was used
as an internal control. Lane G1 was loaded water-soluble fraction

of G1 lens (no selenite and no hesperetin treatment). Lane G2 was
loaded water-soluble fraction of G2 lens (no selenite and hesperetin
treatment). Lane G3 was loaded water-soluble fraction of G3 lens
(selenite treatment and no hesperetin treatment). Lane G4 was
loaded water-soluble fraction of G4 lens (selenite and hesperetin
treatment). Lane M shows molecular weight markers. (D) Bar dia-
graph of aA-crystallin levels, as determined with densitometry-mea-
sured band intensity, at each time point examined. All values are
relative to that measured in group G1. Data represent mean values
and error bars represent one S.E. * indicates P < 0.05 for significant
differences.

water solubility of a-crystallin decreases in selenite-indu-
ced cataracts. To test this idea, we assessed lens chape-
rone activity using heat-aggregated ALDH measured the
light scatting of ALDH (AA,,, / 180 minutes).

Chaperone activity was drastically reduced in lenses
of selenite-induced cataracts, but hesperetin treatment
rescued this activity. Furthermore, decreasing water
solubility of a-crystallin by selenite administration was
associated with lens chaperone activity. Chaperone acti-
vity was known to modulate by antioxidants (e.g., curcu-
min and cumin) [17, 18]. In agreement, we found that the
antioxidant hesperetin also affects chaperone activity, as
assessed with heat-aggregated ALDH in this report. Cha-
perone activity was also evaluated using a-lactalbumin
aggregated by DTT and b-crystallin aggregated by heat.
a-lactalbumin and b-crystallin aggregation assays also
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Figure 3: Chaperone activity of lens protein. The chaperone activity
of water-soluble lens fractions was measured by a light scattering
of ALDH at 360 nm, following the rat lens (day 6) administration

of selenite or placebo. Curve 1 represents the light scattering of
ALDH in the absence of lens protein. Curve 2 represents the light
scattering of mixture of G3 lens protein (selenite treatment and no
hesperetin treatment) and ALDH. Curve 3 shows the light scattering
of mixture of G4 lens protein (selenite and hesperetin treatment)
and ALDH. Curve 4 shows the light scattering of mixture of G2 lens
protein (no selenite and hesperetin treatment) and ALDH. Curve

5 was shown the light scattering of mixture of G1 lens protein (no
selenite and no hesperetin treatment) and ALDH. Curve 6 was shown
the light scattering of lens protein without ALDH. Increasing of light
scatting indicates the ALDH aggregation, and inhibition of light
scattering depends on chaperone activity.
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Figure 4: Relative change of light scattering. The change of ALDH
scattering during 180 min after adding 1,10-phenanthroline at
42°C was calculated. The change of ALDH scattering in the sample
without lens water-soluble fraction indicates for as 100% in the bar
graph. The scatterings were measured on day 2 (white bar), day 4
(gray bar), and day 6 (black bar) following selenite or placebo admi-
nistration. Bar represent mean values (n = 9 lenses in each group)
and error bars represent S.E. * indicates P < 0.05 for significant
differences.
showed that lens chaperone activity reduced in proteins
from lenses with mature selenite-induced cataracts and
this activity rescued by hesperetin treatment (data not
shown). All results showed that lens chaperone activity is
correlated with lens transparency.

It has been reported that lens a-crystallin chaperone
activity is known to be altered by several posttranslational
modifications, including oxidation, racemization, deami-
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dation, glycation, phosphorylation, and kynureniration
[19-24]. In particular, o-crystallin in selenite-induced
cataracts lenses have been reported to be modified by
oxidative stress [11]. In the current study, amount of water
soluble a-crystallin apparently decreased in selenite-
induced cataract lens (G3, Figure 2). This result indicated
that water solubility of a-crystallin was reduced in lenses
of selenite-induced cataracts. These results suggest that
selenite administration induced oxidative modifications
of lens a-crystallin that make the reduction of lens a-crys-
tallin water-solubility in addition to reduced lens chape-
rone activity. This diminution of water soluble a-crystallin
that have chaperone activity ultimately resulted in cata-
ract formation.

Thelens contains high concentrations of antioxidants,
including GSH and AsA. Both of these compounds main-
tain a reductive state in the lens and protect lens against
photo-oxidative damage and cataract formation. The con-
centrations of GSH and AsA are frequently used as markers
of cataract formation in both humans and animal models
[25-27]. Hesperetin administration has been previously
shown to prevent selenite-induced cataract formation
[14]. This study provided the positive effects of hesperetin
on selenite-induced cataracts for GSH and AsA levels and
degradation of filensin, a lens-specific beaded filament,
in rat lenses. But hesperetin was not detected in the lens
within 4 hr after subcutaneous injection using HPLC (data
not shown). These results suggested that administration
of hesperetin maintained the lens in a reductive state indi-
rectly, inhibited oxidative a-crystallin modification, main-
tained chaperone activity, keeped the a-crystallin water
solubility, and preserved lens transparency. Hesperetin
is a cytoprotective agent against oxidative stress and an
effective medicine for cataract.

In summary, our findings demonstrated that hespe-
retin could delay the progression of lens opacification in
selenite-induced cataract rats by maintenance of chape-
rone activity in lens water-soluble proteins. Hesperetin
might be the drug lead compound to prevent the cataract
formation.
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