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Oral intake of α‑glucosyl‑hesperidin ameliorates
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Abstract. Hesperetin is a natural flavonoid with robust antioxidant properties. Our previous study reported that hesperetin
can prevent cataract formation. However, an important
consideration regarding hesperetin consumption is the limited
bioavailability due to its poor solubility. The present study
investigated the anti‑cataract effects of α‑glucosyl hesperidin
in vivo and in vitro using a selenite‑induced cataract model.
SD rats (age, 13 days) were orally administered PBS (0.2 ml)
or α‑glucosyl hesperidin (200 mg/kg) on days 0, 1 and 2.
Sodium selenite was subcutaneously administered to the rats
4 h after the first oral administration on day 0. Antioxidant
levels in the lens and blood were measured on day 6. In vitro,
human lens epithelial cells were treated with sodium selenite
(10 µM) and/or hesperetin (50 or 100 mM) for 24 h and
analyzed for apoptosis markers using sub‑G1 population and
Annexin V‑FITC/propidium iodide staining and DNA ladder
formation. α‑glucosyl hesperidin treatment significantly
reduced the severity of selenite‑induced cataract. The level of
antioxidants was significantly reduced in the selenite‑treated
rats compared with in the controls; however, they were normalized with α‑glucosyl hesperidin treatment. In vitro, hesperetin
could significantly reduce the number of cells undergoing
apoptosis induced by sodium selenite in human lens epithelial
cell lines. Overall, oral consumption of α‑glucosyl hesperidin
could delay the onset of selenite‑induced cataract, at least in
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part by modulating the selenite‑induced cell death in lens
epithelial cells.
Introduction
The lens of the eye contains high concentrations of antioxidant
compounds, such as reduced glutathione (GSH) and ascorbic
acid (AsA), which prevent oxidative stress caused by ultraviolet
light or reactive oxygen species (ROS) (1). In addition to GSH
and AsA, catalase (CAT) is well known to protect the lens
from damage induced by hydrogen peroxide, by decomposing
it to water and oxygen (2). Approximately 80% of the information we get daily is through the eye, and the lens is necessary
to maintain transparency. Opacification of the lens causes lack
of vision, which is called cataract. Given that lens opacity is a
direct result of oxidative stress, GSH and AsA levels and CAT
activities are frequently used as markers of cataract formation
for both human and in animal models (3,4).
It has been reported that the levels of oxidative stress
markers in the blood are increased in patients with cataract (5). Oxidative stress in the blood causes cataract and other
life‑style related diseases due to an imbalance in the ratio of
ROS and antioxidants (6). Superoxide dismutase (SOD) is a
reaction enzyme that catalyzes the dismutation of superoxide
into oxygen and hydrogen peroxide and maintains the body
redox state in coordination with CAT (7). In the current study,
we measured the plasma SOD and CAT activities to assess
the redox state of the body and lens by antioxidant compound
consumption.
We previously reported that a subcutaneous injection of
hesperetin (Hst; Fig. 1A) can prevent or delay the onset of
cataracts, as assessed using selenite‑induced animal cataract
models (8,9). Hst, which is an abundant and inexpensive plant
flavanone largely derived from citrus species, has a flavanone
backbone structure and strong antioxidant activity. It is the
aglycone of hesperidin (Hsd; Fig. 1B). Hst and Hsd are called
bioflavonoids and were previously called Vitamin P because of
their various biological activities, including anti‑inflammatory,
anti‑oxidative, anti‑diabetic, anti‑hypertensive, improvement of
very low‑density lipoprotein (VLDL) metabolic abnormality,
and their ability to decrease the capillary permeability (10‑12).
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However, the bioavailability of Hst and Hsd after oral consumption is reported to be slow and irregular because of their poor
solubility. To address these weaknesses, Hijiya and Miyake (13)
created α‑glucosyl Hsd (G‑Hsd; Fig. 1C); the water solubility of
G‑Hsd was about 10,000 times higher than that of Hsd. High
water solubility is a good advantage for creation of oral drugs
and/or healthy food product. Thus, for the in vivo experiment
in this paper, we used orally administered G‑Hsd to assess the
anti‑cataract activity of Hst.
Lens epithelial cells form a monolayer at the anterior
surface, and the fiber cells are differentiated from the epithelial
cells at the equatorial surface, are elongated, and compose the
bulk of the lens. During their differentiation to become mature
fiber cells, all cytoplasmic organelles, such as nucleus and
mitochondria, are degraded (14). For these reasons, ROS are
easier to generate in lens epithelial cells; the generated ROS
are diffused within the fiber cells, inducing protein aggregation and causing cataract. Therefore, investigate the molecular
mechanisms using lens epithelial cell lines is a useful tool for
finding an anti‑cataract drug; however, there are no reports
about the effect of Hst on the lens epithelial cells. In the current
study, we investigated the anti‑cataract activity of G‑Hsd oral
consumption using both in vivo and in vitro experiments.
Materials and methods
Materials. G‑Hsd (including >80% α‑glucosyl Hsd) was
provided by Hayashibara Co. Sprague‑Dawley (SD) rats were
obtained from Japan SLC Inc., and balanced chow for rats
(CE‑2) was obtained from Clea Japan Inc. Isoflurane, sodium
selenite, GSH, AsA, and metaphosphoric acid were purchased
from Wako Pure Chemical industries, Ltd. Dithionitrobenzene
(DTNB), trichloroacetic acid Penicillin‑Streptomycin antibiotics mixture, and Annexin V‑FITC apoptosis detection kit
were purchased from Nakalai Tesque Inc. CAT assay kit was
obtained from Cayman Chemical Inc. SOD assay kit‑WST
was purchased from Dojindo molecular Technologies, Inc.
GlutaMAX and Dulbecco's modified Eagle's medium/Nutrient
Mixture F‑12 (DMEM/F‑12) were obtained from Gibco;
Thermo Fisher Scientific Inc.
Animals. SD rats had unlimited access to balanced chow CE‑2
and drinking water and were housed in a temperature‑controlled
(23̊C±5˚C) environment with a 12‑h regular light/dark cycle.
Rats were sacrificed with isoflurane (5% inhalation). The Keio
University Animal Research Committee approved all animal
procedures performed in this study [12048‑(4)]. All animals in
this work were treated according to the National Institutes of
Health guide for the care and use of laboratory animals.
Selenite‑induced cataract and G‑Hsd treatment. Rats were
randomized into 4 groups (Table I). Group 1: PBS treatment
group (control group: G1). Group 2: G‑Hsd treatment group
(G2). Group 3: Sodium selenite treatment group (G3). Group 4:
Sodium selenite and G‑Hsd treatment group (G4).
Rats in each group received 0.2 ml phosphate‑buffered
saline (PBS: 130 mM NaCl, 3 mM KCl, 10 mM Na 2HPO4,
2 mM KH 2PO 4; pH 7.4) or an equal volume of 200 mg/kg
G‑Hsd dissolved in PBS via a feeding tube 4 h before the
sodium selenite injection, then once a day for two days (total of
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3 days). G‑Hsd (>80%) was administered in the rats in groups
G2 and G4. After G‑Hsd oral administration, G‑Hsd is hydrolysed by α‑glucosidase in the intestine from G‑Hsd to Hsd. In
the blood, all Hsd‑related compounds are Hsd or its aglycone,
Hst Sodium selenite in a dose of 20 µmol/kg body weight was
administered to the rats in groups G3 and G4, while rats in
groups G1 and G2 received PBS as control. After euthanization on day 6 (19‑days old), enucleated eyes were analyzed for
GSH and AsA levels and lens CAT activities.
Cataract classification. Rats eyes were photographed on
day 6 and the opacity area was measured using ImageJ software. Cataract classification was performed as previously
described (15).
Measurement of GSH, AsA and catalase activities in the lens.
Levels of lens GSH and AsA were determined according to
a previously described method (16,17). For the measurement
of lens GSH, lenses were homogenized in 0.1 M sodium
phosphate buffer (pH 8.0) and centrifuged. The supernatant
fraction was deproteinized with trichloroacetic acid and
centrifuged. The supernatant sample was mixed with DTNB
and incubated at room temperature in dark. Absorbance at
412 nm was measured using infinite M200 microplate reader
after 30 min of incubation, (Tecan Ltd.).
For AsA measurement, lenses were homogenized in 0.1 M
phosphate buffered saline (PBS: pH 7.4) and mixed with
metaphosphoric acid to deproteinize. After centrifugation, the
supernatant sample was titrated with DCPIP. Absorbance at
540 nm was measured in a microplate reader infinite M1000
(Tecan Ltd.).
CAT activity was measured using the catalase assay kit
(Cayman Chemical) following the manufacturer's protocol.
Briefly, the lenses were homogenized in ice‑cold 50 mM
potassium phosphate buffer (pH 7.0) containing 1 mM EDTA
and were centrifuged. The supernatant was mixed with H2O2,
potassium hydroxide, and the catalase purpald. After 10‑min
incubation at room temperature, absorbance at 540 nm was
measured using the infinite M1000 (Tecan Ltd.). The standard
curve of catalase was determined using a preparation with
formaldehyde.
Measurement of plasma SOD and CAT activities. Under
5% isoflurane inhalation, blood samples were immediately
collected from the vena cava. Plasma samples and erythrocytes were separated by centrifugation of the whole blood with
heparin. For SOD measurement, erythrocyte fractions were
re‑suspended in Millipore purification water to cause hemolysis and then an ethanol/chloroform mixture was added. After
shaking, samples were centrifuged and the water/ethanol fraction was collected to measure the erythrocyte SOD activity.
The SOD activity of erythrocytes and plasma were measured
using the SOD assay kit‑WST (Dojindo) with commercial
methods. CAT activity in the plasma was measured following
the manufacturer's protocol. Briefly, the plasma was mixed
with H 2O2, potassium hydroxide, and the catalase purpald.
After 10‑minute incubation at room temperature, absorbance
at 540 nm was measured using the infinite M1000. The standard curve of catalase was determined using a preparation
with formaldehyde.
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Table I. Experimental groups.
		
Group
Challenge
1
2
3
4

PBS
PBS
Sodium selenite
Sodium selenite

Test
compound

Administration
route

Vehicle
G‑Hsd
Vehicle
G‑Hsd

P.O
P.O
P.O
P.O

SD rats (age, 13 days) were divided into four groups randomly. PBS
was injected in Groups 1 and 2, and sodium selenite was injected in
Groups 3 and 4 on day 0. On days 0 (4 h after PBS or Se injection),
1 and 2, G‑Hsd or vehicle was injected in each group subcutaneously (n=8 per each group). Se, sodium selenite; G‑Hsd, α‑glucosyl
hesperidin; P.O, per os.

PBS, and stained with Annexin V‑FITC and PI according to
the manufacturer's instructions. The resulting fluorescence
was detected by BD FACS LSR II (BD Biosciences).

Figure 1. Structural formulas of hesperetin, hesperidin, and α‑glucosyl
hesperidin. Structural formulas of (A) hesperetin, (B) hesperidin and
(C) α‑glucosyl hesperidin.

Cell culture. Induced human lens epithelial cells (ihLECs)
were established from human lens epithelial cells transfected with SV40 large T antigen, using the immortalized
cell preparation method developed by Yamamoto et al (18).
ihLECs were grown in DMEM/F‑12 with 10% fetal bovine
serum (FBS; Biosera), 4 mM glutamine (GlutaMAX: Gibco),
and penicillin‑streptomycin antibiotic mixture (100 U/ml and
100 mg/ml, respectively), under standard culture conditions of
5% CO2 at 37˚C. Cells were plated in a DMEM/F‑12 medium
24 h before the experiment. Four hours before the sodium
selenite or PBS treatment (10 µM), Hst dissolved in DMSO
or vehicle was added to the ihLECs at the concentrations of
50 or 100 mM, respectively. Twenty‑four hours after the Hst
treatment, cells were harvested and used for the following
experiments.
Cell viability and cytotoxicity assay. Cell viability and cytotoxicity was measured by water‑soluble tetrazolium (WST)
dye. Briefly, cells were cultured in a 96‑well plate treated with
Hst and/or sodium selenite, and 24 h after Hst or PBS treatment, Cell Count Reagent SF (Nacalai Tesque) was added to
each well and cells were incubated in normal culture conditions for 1 h. After incubation, absorbances at 450/490 nm
were measured using the microplate reader, Infinite 200 Pro.
Annexin V‑FITC apoptosis detection. Apoptotic cells were
also analyzed utilizing an Annexin V‑FITC apoptosis detection kit (Nakalai Tesque). Briefly, cells incubated with Hst
and/or sodium selenite were harvested, washed with ice‑cold

Cell cycle parameter analysis. Cell cycles were analyzed
using propidium iodide (PI). Briefly, the cells treated with Hst
and/or sodium selenite were harvested using rubber‑police
man and fixed using pre‑cold 70% (v/v) ethanol at ‑20˚C.
After an overnight incubation, cells were centrifuged and
treated with PBS containing 10 µg/ml RNAase A (Nakalai
Tesque). Subsequently, 100 µg/ml PI were added and the
cell cycle parameter was measured using FASC Caliber
(BD Bioscience).
DNA fragmentation assay. DNA fragmentation assay was
performed using DNA electrophoresis. Genomic DNA was
prepared for electrophoresis on 1% (w/v) agarose gel and
was visualized by staining with ethidium bromide after the
electrophoresis.
Statistical analysis. All data are reported as the mean ± standard error. Statistical analysis was performed using one‑way
analysis of variance (ANOVA) with a post‑hoc Tukey's
multiple comparison test with SPSS software, version 24
(IBM corporation). P‑values less than 0.05 indicated statistical
significance.
Results
Effect of G‑Hsd on selenite‑induced cataract formation in
rats. First, we assessed the effect of G‑Hsd on selenite‑induced
cataract formation in rats. Thirteen‑day‑old SD rats were
randomly divided into two groups and injected with either
PBS (control group) or sodium selenite (cataract group). Each
group was further divided into two subgroups and received
either PBS or G‑Hsd (200 mg/kg body weight) once a day for
three days. In the control group, there were no rats that had
cataract regardless of the G‑Hsd treatment (Fig. 2A and B).
Among the selenite treatment group, rats that were given PBS
developed mature or premature nuclear cataracts; the cataract
was classified as grade 6 in 44%, grade 5 in 50%, and grade 4
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Figure 2. Images of lenses from selenite‑induced cataract and cataract grade classification. Lenses from (A) PBS treatment group (G1), (B) G‑Hsd treatment
group (G2), (C) sodium selenite treatment group (G3) and (D) sodium selenite and G‑Hsd treatment group (G4). (E) Cataract grade was classified in each group
of rats (n=6 in groups G1 and G2, and n=8 in groups G3 and G4). Hst, hesperetin; Hsd, hesperidin; G‑Hsd, α‑glucosyl hesperidin.

in 6% of the rats. Fig. 2C presents a grade 6 mature cataract in
the selenite cataract group (G3). In contrast, rats treated with
G‑Hsd had delayed cataract development (cataract grade 3
in this group: Fig. 2D). The rats treated with selenite and
G‑Hsd did not have central opacity. Their cataract grades were
as follows: Grade 5 in 7%, grade 4 in 14%, grade 3 in 29%,
grade 2 in 36%, and grade 1 in 14% of the rats (Fig. 2E). These
results indicated that G‑Hsd had an anti‑cataract effect in the
selenite‑induced cataract experimental model.
G‑Hsd ameliorates the reduction of GSH, AsA, and CAT
activity induced by sodium selenite. Thereafter, we measured
the lens antioxidant compound levels (GSH and AsA) because
ROS is thought to be a major cause of selenite‑induced
cataract. There were no changes in the lens GSH concentrations between the control group and the G‑Hsd treated group
(G1 vs. G2). The GSH concentrations in the rat lenses treated
with sodium selenite were significantly decreased (G3);
however, this reduction was reversed in the sodium selenite
with G‑Hsd treated group (G4) (Fig. 3A). Similarly, the lens
AsA concentrations were not changed with or without G‑Hsd
treatment. These concentrations were significantly reduced in
the rat lenses treated with sodium selenite. The G‑Hsd treatment ameliorated the Se‑induced AsA reduction (Fig. 3B).
These results indicated that G‑Hsd consumption inhibits the
decrease in GSH and AsA concentrations in selenite‑induced
cataract. We also measured the CAT activity in the lenses of
rats administered G‑Hsd and/or sodium selenite. In the control
groups (G1 and G2), CAT activities were not changed regardless
of the G‑Hsd treatment. In the groups of sodium selenite treatment, the CAT activity was significantly decreased compared
with that in the controls; however, it was reversed with the
G‑Hsd co‑treatment (Fig. 3C). These results suggested that
G‑Hsd consumption could prevent the onset of cataract due to
maintaining a reduced state in the lens.
G‑Hsd treatment reverses the reduction of antioxidant enzyme
activities in blood. We measured the total‑SOD activity (Cu/Mn
SOD) in erythrocytes and plasma using the SOD assay kit‑WST

(Dojindo). SOD activity in the erythrocytes was not changed in
the control and G‑Hsd treatment groups rats; however, it was
significantly decreased in the rats treated with sodium selenite,
but this reduction could be reversed by the co‑treatment with
G‑Hsd and sodium selenite (Fig. 4A). Similarly, the SOD activity
in the plasma was not different between the control group rats
(G1) and G‑Hsd treatment group rats (G2), and it was reduced
in the sodium selenite group rats (G3); however, the SOD
activity was recovered by the G‑Hsd treatment in the sodium
selenite cataract rats (G4) (Fig. 4B). Thereafter, we measured the
plasma CAT activity in each group. CAT activity in plasma was
significantly decreased in the rats treated with sodium selenite
(G3); however, this phenotype was canceled with the G‑Hsd
oral consumption (Fig. 4C). These results suggested that G‑Hsd
administration could reverse the reduction of SOD and CAT
activities in the blood.
Hst cancels the cell death induced by sodium selenite. From
the above data, it is suggested that the anti‑cataract activity of
G‑Hsd could be induced by the inhibition of lens epithelial cell
damage. Therefore, we tested whether Hst, since cells do not
have α‑glucosidase and Hst is an active ingredient of G‑Hsd,
could prevent the cell death from sodium selenite using the
ihLEC line. First, we checked the cell toxicity of sodium
selenite in ihLECs using WST‑1 dye assay. The cell proliferation was significantly decreased in the cells that were exposed
to 10 µM of sodium selenite, which was used for further
current study (Fig. 5A). We also tested the cell toxicity of Hst
in ihLECs ranging from 25 to 400 mM (Fig. 5B). Thereafter,
we tested the cell proliferation ability for ihLEC co‑treatment
with Hst and sodium selenite. After 24 h Hst treatment,
cells were collected and measured for cell toxicity. The cell
proliferation ability was significantly decreased in the ihLECs
treated with sodium selenite, but it could be reversed in the
cells treated with Hst (Fig. 5C). These results suggested that
Hst could ameliorate cell death of ihLECs induced by sodium
selenite in a dose‑dependent manner. From these data, we have
decided to use 10 µM sodium selenite and 50 or 100 mM Hst
for further studies.
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Figure 3. Effect on selenite‑induced cataract lenses with oral administration of G‑Hsd. (A) GSH levels in lenses of selenite‑induced cataracts with or without
G‑Hsd treatment. (B) AsA levels in lenses of selenite‑induced cataracts with or without G‑Hsd treatment. (C) CAT activities in the lenses of selenite‑induced
cataracts with or without G‑Hsd treatment. All results are presented as the mean ± SEM (n=6 in groups G1 and G2, and n=8 in groups G3 and G4). *P<0.05,
as indicated. GSH, reduced glutathione; AsA, ascorbic acid; CAT, catalase; G‑Hsd, α‑glucosyl hesperidin.

Figure 4. Effect on selenite‑induced cataract rats of oral administration of G‑Hsd. SOD activities in (A) erythrocytes and (B) blood plasma of rats administered
with sodium selenite and/or G‑Hsd. (C) CAT activities in blood plasma of rats treated with sodium selenite and/or G‑Hsd. All results are presented as the
mean ± SEM (n=6 in groups G1 and G2, and n=8 in groups G3 and G4). *P<0.05, as indicated. SOD, superoxide dismutase; G‑Hsd, α‑glucosyl hesperidin;
CAT, catalase.
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Figure 5. Cell toxicity of sodium selenite and Hst for lens epithelial cells. Cell toxicity of (A) sodium selenite and (B) Hst for ihLEC using WST‑1 dye assay.
(C) Effect of ihLEC cell proliferation ability following administration of sodium selenite and Hst. All results are presented as the mean ± SEM (n=10 in groups
G1 and G2, and n=12 in groups G3 and G4). *P<0.05, as indicated. Hst, hesperetin; ihLECs, induced human lens epithelial cells; Se, sodium selenite.

Hst cancels the cell death induced by sodium selenite. To
identify the effect of Hst on cell death in ihLECs, cells were
treated with Annexin V and PI to measure the percentage
of apoptotic cells using flow cytometry. The cells treated
with PBS or Hst alone did not show apoptosis (Fig. 6A
and B), and the number of apoptotic cells increased with
exposure to sodium selenite (Fig. 6C); however, these were
rescued by co‑treatment with sodium selenite and Hst
(Fig. 6D). The percentages of apoptotic cells are listed in
Table II. Thereafter, to clarify the role of sodium selenite
in ihLEC cell death, we measured the percentage of cells
in the sub‑G1 phase treated with sodium selenite and/or
Hst using PI staining. This was found to be significantly
increased after the sodium selenite treatment without Hst;
however, Hst treatment inhibited the sub‑G1 population in
a dose‑dependent manner (Fig. 6E). Next, we performed a
genomic DNA fragmentation assay, which identified DNA
fragmentation in the sodium selenite treatment cells, but
it was weakened with Hst treatment in a dose‑dependent
manner (Fig. 6F). These results suggested that sodium
selenite could induce cell death in lens epithelial cells, but
Hst treatment could neutralize this action.
Discussion
The aim of the current study was to evaluate the preventive
effect of G‑Hsd on cataract formation on selenite‑induced
cataract in vivo and in vitro, which is a classical and
widely accepted method because of its effectiveness, the

reproducibility of cataract formation, and its similarity to
human senile cataract characteristics (8,9). Using this animal
model, we previously reported that Hst could prevent or
delay the onset of cataract by a subcutaneous injection. To
the best of our knowledge, this study was the first report
that orally administered G‑Hsd could prevent the cataract
formation. We detected 1.33±0.23 nmol/g Hst in the eye
after 1,000 mg/kg G‑Hsd for 5 days administration orally.
Hst and Hsd were reported to modulate expressions of apoptosis regulatory proteins such as Bax, Bcl‑XL, and cleaved
caspase‑3 (19,20). These data suggested that orally administered G‑Hsd had direct effect for anti‑cataract to modulate
apoptosis regulatory proteins expression in lens and indirect
effect for anti‑cataract to maintain the body redox state in
blood. It has been reported that Hsd could permeate across
the blood‑brain barrier (BBB) (21,22). We hypothesised that
Hst and/or Hsd could reach the lens through the vitreous body
via the blood‑retinal‑barrier (BRB) or aqueous humor via the
blood‑aqueous‑barrier (BAB) because the characteristics
of BRB and BHB are almost the same as those of the BBB.
Further studies are needed to investigate the route of the Hst
from the blood to the lens.
It is vital to study the long‑term safety of pharmacological
therapies for cataract patients because drug therapeutics for
these patients should be applied for a long period of time to
get the effect of delay or prevent the development of cataract effectively. Furthermore, it would provide significant
health and economic benefits to identify and devel effective
anti‑cataract agents in the human diet that can be consumed
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Figure 6. Apoptosis analysis for the lens epithelial cells. Annexin V‑FITC analysis for apoptosis of ihLECs treated with (A) PBS, (B) Hst, (C) sodium selenite
and (D) co‑treatment of sodium selenite and Hst. (E) Percentage of sub‑G1 population for ihLECs with sodium selenite and Hst co‑treatment. (F) DNA ladder
formation in ihLECs treated with sodium selenite and/or Hst. All results are presented as the mean ± SEM (n=3). *P<0.05, as indicated. PI, propidium iodide;
Hst, hesperetin; ihLECs, induced human lens epithelial cells; Se, sodium selenite.

Table II. Percentage of apoptotic cells of induced human lens
epithelial cells.
Group
1
2
3
4

Apoptotic cells
8.03±1.33
3.00±2.48
49.03±1.46
7.17±2.46

Percentage of apoptotic cells of each group. The percentage was
calculated from flow cytometry with Annexin V‑FITC/propidium
iodide staining. Results are presented as the mean ± SD (n=4 per
group).

daily. Several researchers have used this model for finding
new compounds with anti‑cataract effect, such as garlic and
curcumin extracts (23,24). From our laboratory, we previously
reported that daily coffee consumption could prevent the onset
of selenite‑induced cataract formation (15,17).
Hst has several general health benefits, such as
anti‑inflammatory, anti‑hypertensive, and improvement
of very low‑density lipoprotein (VLDL) metabolic abnormality (10‑12). Many health supplements containing G‑Hsd
and its related compounds are sold in Japan under the system of
foods with functional claims. These supplements are claimed
as functional substances because of their role in maintaining
blood triglyceride levels, blood pressure, and peripheral blood
flow. In the USA and other countries, some supplements

contain Hsd for its anti‑inflammatory and anti‑hypersusceptibility properties. However, currently, no health supplement
claims to have an anti‑cataract effect. Further studies are
needed to understand the molecular mechanisms underlying
the anti‑cataract activity of G‑Hsd.
Beside the lens GSH and AsA levels, we measured the
SOD and CAT activities in plasma to indicate the redox state
of the body in this study. It is difficult to measure the lens
SOD activity because lens contains high concentrations of
GSH and AsA, which are high antioxidant activity, and these
compounds interfere with this assay system. In the current
study, we were unable to detect plasma GSH levels using
DTNB and AsA level using DCPIP because plasma GSH and
AsA levels were below the detection limit. However, GSH and
AsA in lens are came from blood through the vitreous body
via the BRB and aqueous humor via BAB. So, it is important
to evaluate plasma GSH and AsA levels to prevent cataractgenesis. Further studies are needed to detector or HPLC
system with greater sensitivity to measure the GSH and AsA
levels by G‑Hsd consumption.
Selenium is an essential micronutrient involved in several
important intracellular process, and low doses of selenite
treatment are inversely correlated with the risk of cancer that
acts as a pro‑oxidant to induce tumor cell apoptosis (25,26).
For some cancer cells, sodium selenite acts an antioxidant that
protect cells against oxidative damage (27,28), however, it is
also known to increase intracellular ROS levels. The environment of the lens epithelial cells is known to be in high redox
state to prevent oxidative damage. For lens cell, sodium selenite
may act as pro‑oxidant and induced cell death. Further studies
are needed to understand the function of sodium selenite in
the lens.
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In this current study, we measured and percentage of sub
G1 phase population and Annexin V/PI double staining using
flow cytometer. These methods are widely used for detection
of apoptotic cells. The flow cytometric analysis and DNA
ladder formation analysis also indicated that sodium selenite
exposure induced apoptosis in ihLEC cells, and the apoptosis
cells of ihLEC was significantly decreased by Hst treatment. It
has been reported that apoptosis in lens epithelial cells occurs
at an early stage and accelerates during the formation of
selenite‑induced cataract (29). Thus, to prevent the apoptosis
in lens epithelial cells is one of the best ways to delay the onset
of cataract. In the current study, we have found that Hst treatment could inhibit cell death in lens epithelial cells induced by
sodium selenite.
In this study, we used the selenite‑induced cataract model
that is widely used for screening assay for anti‑cataract agents.
We have clearly shown that G‑Hsd oral consumption can delay
the onset of selenite‑ induced cataract in vivo, due to reversal
of the selenite‑induced cell death. After human clinical trial
for humans, G‑Hsd will be the first supplements that claimed
for anti‑cataract supplement in the near future.
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