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Abstract
BACKGROUND: One of the main causes of blindness for diabetic patients is cataract. The molecular mechanisms 
that may be involved in diabetic cataract include polyol pathway flux, increased formation of advanced glycation end 
products, osmotic stress, and elevated oxidative stress.

AIM: The aim of the study was to explore the anticataract activity of the ethanol extract from pericarp of Garcinia 
mangostana Linn (GML) in Goat eye lens.

METHODS: Goat eye lenses separated to five groups were incubated in M199 medium, added by penicillin of 
100 U/ml and streptomycin of 0.1 mg/ml in a 37°C incubator with 95% O2 and 5% CO2 for 120 h. Group I served as 
the normal control. Group II (toxic control) the lenses were added by 30 mM glucose. The lenses in Groups III, IV, 
and V nurtured in M199 medium with 30 mM of glucose added by 100, 500, and 1000 µg/ml of GML pericarp extract. 
Carboxymethyllysine (CML), GRP78, DDIT3, active caspase 3, and MDA levels were measured by enzyme-linked 
immunosorbent assay assays. Comparisons of biochemical parameters were conducted using one-way ANOVA with 
post hoc Tukey test.

RESULTS: The administration of glucose 30 mM increased MDA, CML, DDIT3, and GRP78, and active caspase 3 
levels in Group II. Groups III, IV, and V which treated with GML pericarp extract decreased MDA, CML, GRP78, and 
DDIT3, and active caspase 3 levels inside the lens. On lens capsule, the CML and GRP78 levels increased.

CONCLUSION: Ethanol extract of GML pericarp potentially showed antioxidant, anti-glycation, DDIT3 inhibitor, and 
anti-apoptotic activity in Goat cultured lenses.
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Introduction

The occurrence of diabetes mellitus (DM) 
is growing day-to-day, with the estimated number of 
patients reached 578 million at the year of 2030 as 
predicted by the International Diabetes Federation [1]. 
Aged people and extended patient lifespan probability 
correspondingly causes the pervasiveness of DM 
which will surpass 33% not later than 2050 [2]. Since 
diabetic sufferers possess a higher possibility of having 
cataract, especially become vulnerable to get cortical 
and posterior subcapsular opacities, they offer for 
operation at an immediate age [3]. Hyperglycemia 
is the introducing grounds of the tissue impairment 
happening in diabetes, either by way of recurrent severe 
vicissitudes in cellular glucose metabolism, or by way 
of the continuing increase of glycated biomolecules 
and advanced glycation end products (AGEs) [4]. The 
development of cataractogenesis in people with diabetic 
is faster when contrasted with senile subjects with no 
less than 20 years ahead onset [5]. Diabetic sufferers 

have 2–5 times higher probability to develop cataract 
and bigger tendency to gain it at a younger age  [6]. 
Operation of cataract is a usual and secures way, 
nonetheless can be related with eyesight-endangering 
complications for the people with diabetic, such as 
diabetic retinopathy progression, diabetic macular 
edema, post-operative macular edema, and posterior 
capsular opacification [7].

Numerous dissimilar pathogenetic methods 
which might trigger growth of diabetic cataracts have 
been offered: Augmented oxidative stress, non-
enzymatic glycation of lens proteins, and augmented 
osmotic stress produced by activation of the polyol 
pathway [6].

Protein glycation is started by reaction 
between a free amino group and the sugar carbonyl 
group to develop a reversible Schiff base (in a period 
of hours). The later can reposition to be a stable 
ketoamine or amadori product (over a period of days). 
Protein glycation is an impulsive reaction reliant 
in vivo on the level and length of hyperglycemia. The 
amadori product is able to be changed (in a period 
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of weeks) into reactive dicarbonyl products such as 
glucosones to produce AGEs, such as glucosepane. 
The Amadori product can also be fragmented by 
oxidation (glycoxidation) to form AGEs such as 
carboxymethyllysine (CML) or pentosidine. AGEs 
pile up mostly in proteins with long half-life, such as 
extracellular matrix collagens [8]. AGEs have a critical 
role in loss of lens transparency [5].

Latest proof implies that AGEs hold a tendency 
to produce reactive oxygen species (ROS). Glucose 
and other aldehydes, free or protein-bound, can 
experience auto-oxidation reactions and form radicals 
and other reactive intermediates (e.g., H2O2 and other 
peroxides) that participate in AGE formation. The 
activity is frequently called glycoxidation [9]. α-crystallin 
glycation might trigger protein unfolding, whereas 
in hyperglycemic situation the identical process has 
shown to be intensified many folds [10].

The molecular mechanisms which could be 
comprised in diabetic cataract include polyol pathway 
flux, osmotic stress, elevated oxidative stress, 
and increased formation of AGEs [11]. Potential 
therapeutics to reduce dicarbonyls and AGE formation 
have to be improved at scavenging dicarbonyls, 
alternative pathways for the diminution of AGE 
formation, for example, transition metal chelation to 
decrease the autoxidative fragmentation of glucose 
may be pursued [12].

Garcinia mangostana Linn (GML) (mangosteen, 
Clusiaceae) has an extensive record of use as a 
medical plant, mainly in Southeast Asia. Mangosteen 
has excessive quantities of xanthones, a class of 
poly phenolic compounds which were shown to have 
significant biological activities in in vitro systems  [13]. 
Water extracts of mangosteen possesses as the 
scavenging activity of the free-radical DPPH and neuro 
protective activity by inhibiting oxidative stress in vitro 
and inhibition of pentosidine formation in vivo [14].

Material and Methods

Ethical issue

The committee of ethics of Medical Faculty 
of Lambung Mangkurat University has approved this 
research according to the decree of SK NO: 93/KEPK-FK 
UNLAM/EC/III/2019 on the principle of 3 R (reduction, 
replacement, refinement).

Plant sample

Fresh GML fruits from Central Kalimantan 
forest were purchased from local market in Kuala 
Kapuas, Indonesia, in March 2018, and have 
been identified and extracted at Chemical Analysis 

Laboratory, Faculty of Agriculture, Lambung Mangkurat 
University, Banjarbaru, South Kalimantan.

Extraction of GML pericarp

Reflux method and ethanol solvent purple color 
GML fruit is washed and then peeled. GML pericarp is 
cut and reduced in size until the diameter reaches an 
average of 2 cm. Pieces of mangosteen pericarp were 
dried in the room so as not to be exposed to direct 
sunlight. A total of 250 g of the dried sample was put 
into an extraction flask to be extracted with ethanol 
(96%) as much as 2000 ml. The extraction process 
was carried out at 75°C for 5 h on a heating mantle 
through the reflux process. The extraction process was 
repeated 3 times to really get the maximum extract. The 
extract solution is filtered using filter paper, and then 
evaporated using a rotary vacuum evaporator to obtain 
dry ethanol extract. The dried extract obtained was 
19.27 g or with a yield of 7.71%.

Collection of eye balls

The goat eye balls used in this study were 
taken from 7 to 12 months old and healthy female goats 
(Capra aegagrus hircus) from the slaughter house, 
RPH Kambing Kota Malang, straightaway after the 
butchery. The eye balls, at the temperature of 0–4°C, 
were directly transported to the laboratory of Biomedic 
of Brawijaya University. The sklera was sliced from the 
behind of the eye to get access to the lens.

Whole lens culture

The goat eye lenses were separated into 
five groups. The lenses in the first group (Group I) 
were incubated in M199 medium (Gibco, Rockville, 
MD) supplemented with 100 U/ml penicillin and 
0.1 mg/ml streptomycin in a 37°C incubator with 95% O2 
and 5% CO2 for 120 h. This group served as the normal 
control. The lenses in the second group were incubated 
in medium of M199 added by concentration of glucose 
of 30 mM. This group served as toxic control. Groups 
III, IV, and V lenses incubated in M199 medium with 
the concentration of glucose of 30 mM were incubated 
along with GML pericarp extract 100, 500, and 1000 
µg/ml at room temperature for 120 h and subjected to 
morphological and biochemical evaluation. Biochemical 
parameters such as MDA, AGE-CML, GRP78, DDIT3/
CHOP, and active caspase 3 levels of lens homogenate 
were estimated.

Groups design

•	 Group I: Glucose of 5.5 mM (negative control)
•	 Group II: Glucose of 30 mM (positive control/

induced)
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•	 Group III: Glucose of 30 mM+GML pericarp 
ethanol extract (100µg/ml)

•	 Group IV: Glucose of 30 mM+GML pericarp 
ethanol extract (500µg/ml)

•	 Group V: Glucose of 30 mM+GML pericarp 
ethanol extract (1000µg/ml).

Photographic evaluation

Lenses were placed in a clear culture glass with 
the posterior surface touching the glass, the crossed 
striped pattern paper placed under the glass. The 
pattern of crossed striped number of squares clearly 
visible through the lens was observed to measure lens 
opacity. The degree of opacity was graded as follows:
•	 Grade 0: Absence of opacity
•	 Grade 1: Slight degree of opacity
•	 Grade 2: Presence of diffuse opacity
•	 Grade 3: Presence of extensive thick opacity.

MDA assay using NWLSS™

The tissues were minced into little slices and 
homogenized in a specific extent of PBS (usually 10 mg 
tissue to 100 µl PBS.). Afterward, the homogenates were 
centrifuged homogenates for about 15 min at 1500× g 
(or 5000 rpm). Later, the supernatants were cautiously 
gathered, directly assayed, or stored the samples at the 
temperature of −20°C or −80°C. Repetitions of cycles of 
freeze/thaw were avoided. Each of the lens samples was 
analyzed by MDA using NWLSS™ Malondialdehyde 
Assay, per the manufacturer’s protocol.

AGE-CML, GRP78/BiP, DDIT3/CHOP, and 
active caspase 3 assay using enzyme-linked 
immunosorbent assay (ELISA)

The tissues were minced to little cuts pieces 
and homogenized in a specific quantity of PBS (usually 
10 mg tissue to 100 µl PBS.). Next, the homogenates 
were centrifuged homogenates for roughly 15 min at 
1500× g (or 5000 rpm). Afterward, the supernatants 
were gathered with care, instantly assayed or stored 
the samples at the temperature of −20°C or −80°C. 
Repeated freeze/thaw cycles were avoided. Lens 
AGE-CML levels were measured using a commercially 
available ELISA Kit (Goat carboxymethyl lysine-AGE 
ELISA Kit, MyBioSource.com, Cat No. MBS264584), 
per the manufacturer’s protocol. Lens GRP78 levels 
were measured using a commercially available ELISA 
Kit (Goat Glucose Regulated Protein 78 (GRP78) ELISA 
Kit, MyBioSource.com, Catalog Number: MBS021399), 
per the manufacturer’s protocol. Lens DDIT3 levels were 
measured using a commercially available ELISA Kit (Goat 
DNA Damage Inducible Transcript 3 ELISA Kit (DDIT3), 
MyBioSource.com, Catalog Number: MBS749160), 
per the manufacturer’s protocol. Lens active caspase 

3 levels were measured using a commercially 
available ELISA Kit (Goat Active caspase-3 ELISA Kit, 
MyBioSource.com, Catalog Number: MBS7216576), 
per the manufacturer’s protocol.

Statistical analysis

The data of MDA were analyzed using ANOVA 
followed by Tukey HSD (α = 0.05). The data of AGE-
CML, GRP78, DDIT3, and active caspase 3 were 
analyzed using Kruskal–Wallis, followed by Mann–
Whitney (α = 0.05).

Results

The effect of the ethanol extract of GML 
pericarp against glucose induced cataract

The administration of high glucose 
concentration (30 mM) to the Group II (positive control) 
caused an increase of MDA, AGE-CML, DDIT3/CHOP, 
and active caspase 3 level, except GRP78 on the lens 
capsule. GRP78/BiP level in negative control (Group I) 
was measured higher in the lens capsule compared to 
the lens cortex and nucleus. These data indicate that 
unfolded protein occurs mostly on lens capsules.
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DDIT 3/CHOP (ng/ml)

active caspase 3 (ng/ml)

Group V (GML extract 1000μg/ml) Group IV (GML extract 500μg/ml)

Group III (GML extract 100μg/ml) Group II (positive control)

Group I (negative control)

Figure  1: MDA, AGE-CML, GRP78/Bip, DDIT3/CHOP, and active 
caspase 3 level in lens capsule

As shown in Figure  1 and Table 1, the 
administration of GML pericarp extract to the Groups III, 
IV, and V has decreased the MDA, DDIT3/CHOP, and 
active caspase 3 levels. The GRP78 and AGE-CML 
level did not decreased by the administration of GML 

Table 1: MDA, AGE-CML, GRP78/Bip, DDIT3/CHOP, and active 
caspase 3 level in lens capsule
Groups MDA AGE-

CML
GRP78/
BiP

DDIT3/
CHOP

Active 
Caspase 3

I 2.226 ± 
0.283

9.481 ± 
0.062

233.858 ± 
2.573

8.600 ± 
0.000

1.094 ± 
0.068

II 2.751 ± 
0.278

9.660 ± 
1.015

218.123 ± 
12.443

25.122 
± 6.463

1.279 ± 
0.049

III 2.531 ± 
0.341

15.210 ± 
0.000

232.685 ± 
5.629

5.234 ± 
0.890

0.826 ± 
0.022

IV 2.347 ± 
0.467

25.900 ± 
0.000

223.585 ± 
7.610

2.498 ± 
0.330

0.892 ± 
0.022

V 2.389 ± 
0.394

36.099 ± 
0.152

301.351 ± 
36.576

0.720 ± 
0.066

0.801 ± 
0.065

Value represents as mean ± standard deviation; Group I: Glucose 5.5 mM (control); Group II: Glucose 
30 mM (induced); Group III: Glucose 30 mM+GML extract (100 µg/ml); Group IV: Glucose 30 mM+GML 
extract (500 µg/ml); Group V: Glucose 30mM+GML extract (1000µg/ml).
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pericarp extract and was still high. In this study, the 
administration of GML extracts reduced the oxidative 
stress as shown by MDA reduction, reduced the DDIT3/
CHOP level and reduced the apoptosis as shown by 
active caspase 3 reduction.
Table 2: MDA, AGE-CML, GRP78/Bip, DDIT3/CHOP, and active 
caspase 3 level in lens cortex and nucleus
Groups MDA AGE-CML GRP78/BiP DDIT3/

CHOP
Active 
caspase 3

I 3.340 ± 
0.364

1.854 ± 
0.316

138.667 ± 
0.847

10.535 ± 
1.676

1.857 ± 
0.002

II 4.709 ± 
0.475

3.417 ± 
0.170

228.336 ± 
13.161

16.096 ± 
5.51

1.710 ± 
0.319

III 3.687 ± 
0.378

2.011 ± 
0.628

201.177 ± 
19.231

1.713 ± 
1.179

1.324 ± 
0.090

IV 3.155 ± 
0.545

2.301 ± 
0.133

210,280 ± 
0.989

6.531 ± 
3.130

1.082 ± 
0.025

V 2.865 ± 
0.426

2.628 ± 
0.043

169.481 ± 
11.020

4.789 ± 
0.212

1.393 ± 
0.052

Value represents as mean ± standard deviation; Group I: Glucose 5.5 mM (control); Group II: Glucose 
30 mM (induced); Group III: Glucose 30 mM+GML extract (100 µg/ml); Group IV: Glucose 30 mM+GML 
extract (500 µg/ml); Group V: Glucose 30 mM+GML extract (1000 µg/ml).

In the lens cortex and nucleus, the administration 
of high glucose concentration increased MDA, AGE-
CML, GRP78, DDIT3/CHOP, and active caspase 3 
levels. Induction with high glucose concentrations 
increased oxidative stress, non-enzymatic glycation, 
unfolded protein response (UPR), and apoptosis can 
be seen in Figure 2 and Table 2.
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Group III (GML extract 100μg/ml) Group II (positive control)

Group I (negative control)

Figure  2: MDA, AGE-CML, GRP78/Bip, DDIT3/CHOP, and active 
caspase 3 level in lens cortex and nucleus

The administration of GML pericarp extract 
in Groups III, IV, and V decreased the MDA, GRP78, 
AGE-CML, DDIT3/CHOP, and active caspase 3 levels 
in the lens cortex and nucleus. GML extracts reduced 
the oxidative stress, non-enzymatic glycation, UPR, 
and apoptosis.

The effect of the ethanol extract of GML 
pericarp on the clarity of the lenses after 120 h 
incubation

In Figure  3, it appears that all of the lenses 
in the negative control (3.A) at a Grade 1 cataract. 
Giving high concentrations of glucose (30 mM) to the 
positive control group (3.B) causes opacity Grade 
3 to goat lenses. No opacity found (Grade 0) in the 
lenses of the treated group with 30 mM of glucose 
and GML pericarp ethanol extract 100 µg/ml (3.C) 
and 500 µg/ml (3.D).The lenses treated with 30 mM of 
glucose and 1000 µg/ml GML pericarp ethanol extract 
(3.E) had Grade 1 cataract.

Figure  3: (a) Group I: The lenses in the negative control, 
(b)  Group  II:  The lenses in the positive control, (c) Group III: The 
lenses with 100 µg/ml GML pericarp extract (d) Group IV: The lenses 
with 500 µg/ml GML pericarp extract (e) Group V: The lenses with 
1000 µg/ml GML pericarp extract

d

cba

e

Discussion

This study aimed to prove whether the 
extract of GML pericarp was able to prevent oxidative 
stress, the formation of AGE, prevents UPR, and 
prevents apoptosis in high-glucose induced lens 
cataractogenesis.

The results of GML pericarp extraction using 
the reflux method using ethanol 95% produced 
phytochemical content in the form of flavonoids, 
namely, 34.11 ± 0.070 mgEQ/gram, alkaloids 1.476 ± 
0.236%, steroids 1.322 ± 0.016 mg/mL, saponins 
1.154 ± 0.075%, and tannins 0.854 ± 0.022 µM. 
Flavonoids and tannins are part of a group of phenolic 
compounds while saponins are part of a group of 
terpenoid compounds. The antioxidant activity of 
GML pericarp extract is probably a part of the phenolic 
element. Many phenolic compounds exhibit biological 
activities including antioxidant activity. Epicatechin 
and tannin exhibit antioxidant activity, free-radical 
scavenging, and protection of the skin [15].

In this study, the measurement of parameters 
of MDA, AGE-CML, GRP78/Bip, CHOP/DDIT3, and 
caspase 3 active between the lens capsule section 
and other parts of the eye lens (cortex and nucleus) 
was measured separately. The aim was to assess 
the changes that occur in the lens capsule and in the 
cortex-nucleus of the eye lens. The lens capsule, when 
released with the cortex-nucleus, will also carry a layer 
of lens epithelial cells (LECs) which are firmly attached 
under the capsule. These LECs are highly metabolized 
cells and their cleavage is very active. The cortex-
nucleus is composed of lens cell fibers that originate 
from differentiated LECs.

The human lens capsule is a basement 
membrane secreted by the LECs underneath and 
consists of a network interaction of laminin and 
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type  IV collagen, in addition to some heparin sulfate 
proteoglycans. Proteins in the basement membrane 
and lens capsule are types of long-lived proteins; these 
proteins will accumulate post-synthetic modifications 
of enzymatic cross-linking of amino acids, lipid 
peroxidation, and glycation. Glycation is the reaction 
of carbonyl compounds, including glucose, ascorbate 
oxidation products, and methylglyoxal, which form 
various additional structures that are stable in protein. 
This additional structure is collectively known as the 
glycation end product or AGE [16].

Oxidative stress

In the administration of high concentrations 
of glucose, the lens capsules have shown an 
increase of oxidative stress with the increased MDA 
levels in Group II lenses; although not statistically 
significant (p = 0.48). In the cortex and lens nucleus, 
oxidative stress improvement was statistically 
significant (p = 0.01). Administration of mangosteen 
pericarp ethanol extract at 500 μg/ml and 1000 μg/
ml has been shown to significantly reduce oxidative 
stress in the cortex and lens nucleus. In the lens 
capsules, the oxidative stress reduction was not 
statistically significant. This data are in accordance 
with Tjahjani’s et al. (2014) study that in vitro the 
dose of GML pericarp extract of 500 µg/ml from 
all fractions had high DPPH trapping activity 
on DPPH scavenging testing compared with α 
mangosteen [17], [18].

The cells of the entire existing aerobic 
organisms generate the mass of chemical energy by 
consuming oxygen in their mitochondria. Mitochondria 
are the main source of ROS formation. Non mitochondrial 
causes of ROS comprise radiation, pollutants in food, 
environmental pollutants, or they are the byproducts of 
other metabolic processes in organisms. The majority 
of free radicals are generated inside the cell rather than 
coming from the environment [19].

Lens protein oxidation encourages the 
formation of covalent crosslinking and accumulation of 
mixed disulfide species [20]. Highly oxidized proteins 
are usually a large part of the protein fraction that 
is insoluble and soluble in cataract lens urea [21]. 
Oxidation of methionine residues shows that up to 
50% occurs in cataract lenses and even non-cataracts 
can have oxidized methionine up to 37%. Oxidation of 
cysteine residues is very usual and is a change that 
is first seen in the initial phases of cataract formation 
and increases when cataracts develop to >90% 
residue in advanced cases. Tryptophan residues 
also showed significant oxidation in cataract affected 
lenses compared with healthy lenses. Certain sides 
of oxidation of tryptophan such as βB1-crystallin 
Trp192 were identified and were highly correlated with 
cataracts [22].

The lens is equipped with a physiological 
defense system to reduce ROS and maintain it at low 
levels. The defense system is in the form of enzymatic 
antioxidants, namely, glutathione peroxidase, 
superoxide dismutase, catalase, and chemical 
antioxidants, for instance, GSH, ascorbate, alpha-
tocopherol, and beta-carotene. Structural antioxidants, 
namely, membrane proteins, cholesterol, and transition 
metal transition proteins including ceruloplasmin in the 
plasma and aqueous humor [23].

Glycation

AGEs are non-enzymatic protein and amino 
acid adducts which from dicarbonyls and glucose. AGE 
formation is higher in diabetes and is related to the 
growth of diabetic complications [12]. The accumulation 
of AGEs within the cataractous lens and increasing lens 
opacity has been documented in human lenses  [7]. It 
is reported that level of CEL, Pentosidine, CML, and 
imidazole was found to be greater in diabetic lens 
samples than in non-diabetic samples [5].

Lens crystallins consist of α and β-crystallins 
found in lens cortex and both crystallins being abundant 
in lysine are more possible to experience the process of 
glycation. γ-crystallins is another exceptionally susceptible 
object for glycation and localized in nucleus  [5]. In this 
study, non-enzymatic glycation increased significantly (p 
= 0.039) in the administration of glucose concentration 
of 30 mM in the aye lens cortex and nucleus. The lens 
capsules showed an increase of non-enzymatic glycation 
but was not statistically significant (p = 0.50).

The administration of GML pericarp ethanol 
extract was proven to reduce non-enzymatic glycation 
in the cortex and nucleus of the eye lens (p = 0.046). 
In the lens capsule, there was no decrease in non-
enzymatic glycation, but instead a significant increase 
of non-enzymatic glycation (p = 0.03). This data show 
that protein glycation is more common in the lens 
capsule. The inhibiting activity of AGE-CML formation 
from mangosteen pericarp ethanol extract was only 
proven in the cortex and nucleus of the eye lens, not in 
the lens capsule.

The results of research on this lens capsule 
are not in accordance with Ohno’s et al. study (2015) 
which proved the mangosteen pericarp water extract 
contained strong compounds that could suppress the 
in vitro formation of pentosidine [14], [24]. It is possible 
that GML does not influence the formation of CML-type 
AGE, may be it does affect the other types of AGE such 
as pentosidine and imidazole.

UPR

UPR may play an important role in diabetic 
cataracts. The UPR may be activated by the 
accumulation of unfolded proteins in the endoplasmic 



 A - Basic Sciences� Pharmacology

576� https://www.id-press.eu/mjms/index

reticulum (ER) of lens fibers cells that are caused by 
sorbitol related stress, oxidative damage, or both [25].

In the negative control of Group (I), GRP78/
BiP was found at higher levels in the lens capsule 
compared to the cortex and nucleus of the eye lens, 
while DDIT3/CHOP was higher in the cortex and 
nucleus compared to the lens capsule. These data 
indicate that in physiological conditions, it is likely that 
more unfolded proteins in the ER of the LECs cause 
high GRP78/BiP protein expression in the lens capsule 
section. The results of our research on this goat lenses 
are not accordance with Torres-Berna (2014) study 
which found the absence of GRP78 and ATF6 in normal 
human lenses [25].

Induction of high concentrations of glucose 
caused a significant increase in GRP78/BiP and an 
increase in DDIT3/CHOP in the cortex and nucleus of 
the lens (p = 0.014). It may indicate that the UPR is 
activated as a result of ER stress within lens fiber cells 
under pathologic conditions. In the lens capsule, high 
concentration of glucose induction did not increase 
GRP78/BiP, but DDIT3/CHOP increased significantly 
(p = 0.08).

The administration of GML pericarp ethanol 
extract has been proven to reduce GRP78/BiP and 
DDIT3/CHOP in the cortex and nucleus of the eye lens. 
In the lens capsule, there was a significant decrease 
in DDIT3/CHOP (p = 0.04) without a decrease in 
GRP78/BiP. These data indicate that the administration 
of GML pericarp ethanol extract can reduce the UPR 
in the cortex and nucleus of the eye, although GRP78/
BiP in the lens capsule remained high but DDIT3/
CHOP decreased significantly. It is possible that the 
GML pericarp ethanol extract had another pathway in 
DDIT3/CHOP inhibition besides UPR pathway. The 
decrease in DDIT3/CHOP was significant with GML 
pericarp ethanol extract doses of 100 μg/ml, 500 μg/ml, 
and 1000 μg/ml. The decrease in active caspase 3 was 
significant with the administration GML pericarp ethanol 
extract doses of 100 μg/ml, 500 μg/ml, and 1000 μg/ml.

Apoptosis

The lens epithelium is considered to shield 
underlying fibers from injury and maintain the 
transparency of the lens. Damage to LECs is considered 
to be a key factor in diabetic cataractogenesis. Kim 
et al. discovered that the death of LECs caused by 
apoptosis and that the blockade of apoptosis reduced 
the formation of cataract [26].

Based on the active caspase 3 data in this 
research, it appears that in the negative control group 
apoptosis was more common in the cortex and nucleus 
of the eye lens than in the lens capsule. The apoptosis is 
more common in lens fiber cells. Induction with the high 
concentrations of glucose caused a significant increase 
(p = 0.011) of apoptosis of epithelial cells in the lens 

capsule. The administration of GML pericarp ethanol 
extract caused a significant decrease in apoptosis both 
in the lens capsule and in the cortex and nucleus of the 
eye lens. The data show the anti-apoptotic activity of 
the GML pericarp ethanol extract.

Wang et al. also found that apoptosis of LECs 
is a core link of diabetic cataract, high blood glucose 
can increase the apoptosis of LECs. The expression of 
p53 protein and Bcl-2/Bax pathway was implicated in 
the regulation of apoptosis process of LEC [27].

Conclusion

On the lens capsule, ethanol extract of GML 
pericarp potentially showed antioxidant, DDIT3/CHOP 
inhibitor, and anti-apoptotic activity. On the cortex and 
nucleus of the lens, ethanol extract of GML pericarp 
potentially showed antioxidant, antiglycation, DDIT3/
CHOP inhibitor, and anti-apoptotic activity in cultured 
lenses. More studies are required to investigate details 
of increase mechanism of AGE-CML and GRP78 on the 
lens capsule.
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