
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=icey20

Current Eye Research

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/icey20

Protective Effects of Different Doses of
Ginsenoside-Rb1 Experimental Cataract Model
That in Chick Embryos

Yunus Emre Kundakci, Abdulkadir Bilir, Emre Atay, Ayhan Vurmaz, Fatma
Firat & Evrim Suna Arikan

To cite this article: Yunus Emre Kundakci, Abdulkadir Bilir, Emre Atay, Ayhan Vurmaz, Fatma
Firat & Evrim Suna Arikan (2023) Protective Effects of Different Doses of Ginsenoside-Rb1
Experimental Cataract Model That in Chick Embryos, Current Eye Research, 48:9, 817-825, DOI:
10.1080/02713683.2023.2221415

To link to this article:  https://doi.org/10.1080/02713683.2023.2221415

View supplementary material 

Published online: 14 Jun 2023.

Submit your article to this journal 

Article views: 171

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=icey20
https://www.tandfonline.com/loi/icey20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/02713683.2023.2221415
https://doi.org/10.1080/02713683.2023.2221415
https://www.tandfonline.com/doi/suppl/10.1080/02713683.2023.2221415
https://www.tandfonline.com/doi/suppl/10.1080/02713683.2023.2221415
https://www.tandfonline.com/action/authorSubmission?journalCode=icey20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=icey20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/02713683.2023.2221415
https://www.tandfonline.com/doi/mlt/10.1080/02713683.2023.2221415
http://crossmark.crossref.org/dialog/?doi=10.1080/02713683.2023.2221415&domain=pdf&date_stamp=14 Jun 2023
http://crossmark.crossref.org/dialog/?doi=10.1080/02713683.2023.2221415&domain=pdf&date_stamp=14 Jun 2023


Protective Effects of Different Doses of Ginsenoside-Rb1 Experimental Cataract
Model That in Chick Embryos

Yunus Emre Kundakcia , Abdulkadir Bilirb , Emre Atayb , Ayhan Vurmazc , Fatma Firatd , and
Evrim Suna Arikane

aDepartment of Physiotherapy and Rehabilitation, Faculty of Health Sciences, Afyonkarahisar Health Sciences University, Afyonkarahisar,
Turkey; bDepartment of Anatomy, Faculty of Medicine, Afyonkarahisar Health Sciences University, Afyonkarahisar, Turkey; cDepartment of
Biochemistry, Faculty of Medicine, Afyonkarahisar Health Sciences University, Afyonkarahisar, Turkey; dDepartment of Histology and
Embryology, Medicine Faculty, Afyonkarahisar Health Sciences University, Afyonkarahisar, Turkey; eDepartment of Medical Biology, Faculty of
Medicine, Afyonkarahisar Health Sciences University, Afyonkarahisar, Turkey

ABSTRACT
Purpose: There has been increased interest in phytochemical antioxidants to prevent protein
damage and aggregate formation in cataract treatment. In this study, the protective effect of dif-
ferent doses of Rb1 (GRb1), one of the ginsenosides of Panax Ginseng, in the experimental cata-
ract model formed in chick embryos was investigated.
Methods: Five different experimental groups were formed with 100 SPF fertilized eggs: Control
(0.9% NaCl to physiological saline), hydrocortisone hemisuccinate sodium (HC), low dose (HCþ L-
GRb1 (1mg/kg)), medium dose (HCþ). M-GRb1 (2.5mg/kg)), and high dose (HCþH-GRb1
(5mg/kg)). All solutions were given to air sack at 15days of incubation. On the 17th day, the bulb-
ous oculi of the chick embryos were dissected. Cataract formations of the lenses, glutathione
(GSH), malondialdehyde (MDA), total antioxidant (TAS), total oxidant (TOS) levels, Caspase-3H-
score, and TUNEL index were determined. In addition, crystalline alpha A (CRYAA) gene expression
was evaluated.
Results: Cataracts were observed in the control, HC, HCþ L-GRb1, HCþM-GRb1, and HCþH-
GRb1 groups with a frequency of 0%, 100%, 75%, 56.25%, and 100%, respectively. There were
statistically significant differences between the control and HC groups in terms of TAS, TOS, MDA,
GSH, Caspase-3H-score, and TUNEL index (p< .05). When the therapeutic effect of the GRb1
groups was evaluated, the HC group showed significant differences with the HCþ L-GRb1 and
HCþM-GRb1 groups in almost all parameters (p< .05), while there was no statistical difference
with the HCþH-GRb1 group (p> .05). In addition, gene expression levels differed between the
groups, although not statistically significant (p> .05).
Conclusion: 1mg/kg and 2.5mg/kg GRb1 applications show therapeutic properties on the HC-
induced cataract model. This effect is more pronounced at 2.5mg/kg.
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Introduction

The lens is responsible for refracting the light coming into
the eye and focusing it on the retina. The loss of transpar-
ency of the lens with age results in cataracts characterized
by opacity and blurred vision. The prevalence of cataract
increases after middle-aged adults and is considered one of
the most common causes of vision loss worldwide, especially
in low-income countries.1–3 Of the 1 billion preventable vis-
ual impairments worldwide, 65.2 million are caused by
cataracts.4

Lens transparency is vital to visual acuity. Therefore,
many patients need cataract treatment. Surgical methods are
widely used to prevent cataracts. Thus, patients can gain a
significant portion of their visual impairment.5 As in many
diseases, alternatives to surgical methods are being

investigated in the treatment of cataracts. In recent years,
with the understanding of the protective roles of antioxidant
enzymes against oxidative stress-related cell damage, interest
in phytochemical agents has increased in the fight against
cataracts after oxidative damage.6,7 Current evidence on the
efficacy of herbal compounds containing powerful antioxi-
dants has highlighted that consumption of these herbs can
reduce the effects of cataracts.8,9

The biotransformation of ginsenosides in the roots or
extracts of Panax Ginseng, which has a high consumption
market, has been of interest in recent years due to its high
pharmacological activity and pharmacokinetics. Recent
research is based on the fact that the active ingredients
responsible for ginseng’s wide spectrum of pharmacological
activities are provided by ginsenosides (saponins).10,11
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Ginsenosides also increase antioxidant enzyme activity.12,13

Therefore, extensive clinical practice-based evidence in the
scientific literature worldwide has demonstrated its broad
therapeutic and pharmacological effects in different diseases.
It also has therapeutic properties in various eye diseases
such as macular degeneration and glaucoma.14 On the other
hand, studies on the efficacy of ginseng in cataract treatment
are limited. Although previous studies contain available evi-
dence that ginseng has a protective role in cataracts, they
have reported conflicting findings due to Ginseng’s struc-
tural properties.15,16 It is unclear whether or which of the
saponin and non-saponin compounds of ginseng have thera-
peutic properties. At this point, the literature on the phyto-
chemical properties of ginseng states that determining the
properties of a single ginseng compound with cataract-pre-
venting activity may contribute to the development of thera-
peutic agents in the future.17,18

Ginsenoside Rb1 (panax ginseng saponin) is a protopa-
naxadiol.19 This ginsenoside and its metabolites have a var-
iety of in vitro and in vivo effects, including neuroprotective,
anti-arthritic, antioxidant, anti-inflammatory, and anti-obes-
ity effects.19–22 No detailed studies have been conducted to
evaluate the protective effects and underlying mechanisms of
how GRb1 combats cataracts and their complications. The
glucocorticoid-induced chick embryo cataract model is an
easy, feasible, and ideal experimental model to screen for
parameters associated with the antioxidant activity of some
phytochemical agents.9,23,24 This cataract model is often
associated with posterior subcapsular cataract (PSC). Since
oxidative stress is a significant risk factor in the early stages
of developing PSC opacities, it is possible to reduce the inci-
dence of PSC by various means, including antioxidants.25 In
this study, the protective and therapeutic effects of GRb1
were investigated in the chick embryo cataract model
induced by hydrocortisone hemisuccinate sodium (HC).

Materials and methods

Animals

In this experiment, 100 SPF (Specific Pathogen-Free) eggs
(each fertile 60 ± 5 g, 0-day-old fertile White Leghorn) taken
by Turkey’s Ministery of Agriculture and Farming, Bornova
Veterinary Control and Research Institute Administration,
have been used. All animal procedures were approved by
the Local Ethics Committee of Afyon Kocatepe University
Animal Experiments (Number: 49533702/95, Date:
08/07/2021).

Experimental design

This experimental study was carried out in accordance with
the rules specified in the experimental animals ethical com-
mittee guidelines. Experimental methods recommended in
reference studies were used for the formation of steroid-
induced cataract models in chick embryos.8,9,23,24,26 The
eggs were placed in the incubator with the pointed ends
down, by adjusting the incubator at 37 �C and 70% relative

humidity. The day the SPF eggs were incubated was consid-
ered day 0. Study groups were formed on the 15th day of
incubation. 100 SPF eggs were randomly assigned to five
groups (n¼ 20). SPF eggs were cleaned with 70% ethanol on
day 15. Pre-prepared HC (Sigma-Aldrich, St. Louis, MO,
USA) (0.50 millimoles in 100mL) and physiological saline
(0.9% NaCl) were applied to the air sack with an insulin
injector (26 gauge) through the hole made from the blunt
end of the egg. GRb1 dissolved in physiological saline as in
the reference study.27 The dosage of GRb1 was chosen based
on previous studies and preliminary experiments.28,29 GRb1
treatment started in 3 h after HC application. 1, 2, and
5mg/kg doses of GRb1 solutions were injected through pre-
viously drilled holes. After the injection, the holes opened in
the eggs were closed with a sterile drape and placed back in
the incubator. Experimental groups were designed as
follows:

1. Chick embryo group (Control) exposed to serum physi-
ology (100 microL)

2. Chick embryo group exposed to HC (0.50 millimoles in
100 microL)

3. Chick embryo group (HCþ L-GRb1) exposed to HC
(0.50 millimoles in 100 microL) and low dose GRb1
(1mg/kg)

4. Chick Embryo group (HCþM-GRb1) exposed to HC
(0.50 millimoles in 100 microL) and medium dose
GRb1 (2.5mg/kg)

5. Chick Embryo group (HCþH-GRb1) exposed to HC
(0.50 millimoles in 100 microL) and high dose GRb1
(5mg/kg)

On the 17th day of the study (48 h after the injection), all
the eggs were taken from the incubator separately according
to the experimental groups and the embryos were hatched.
Under the dissection microscope (Carl Zeiss, Stemi 2000-C),
the bulbous oculi of the embryos were removed and the
lenses of each embryo were examined under a light micro-
scope (Olympus, CX21) for morphological analysis. The
bulbous oculi of 13 embryos from each group were dissected
and their lenses were removed. The lenses of 5 of these 13
embryos were stored in Eppendorf at �80� for genetic ana-
lysis. The lenses of the remaining eight embryos were photo-
graphed first. It was then stored in Eppendorf at �80� for
biochemical analysis. The integrity of the bulbous oculi of
the remaining seven embryos was preserved and included in
the fixative prepared beforehand for histological tissue fol-
low-up.

Cataract formation

A five-point scoring system was used; grade I: no lens opa-
city; grade II: pale white ring around the lens core; grade
III: clear white ring around the lens core; grade IV: the opa-
city of the lens core does not spread to the center of the
core; grade V: opacity of the lens core radiating to the cen-
ter of the core26 (Figure 1).
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Biochemical examination

Lens samples were carefully dissected from embryos. Lens
samples were added to 0.4ml distilled water followed by
1min ultrasonication at 20 000 rpm with a Hielscher
(Germany) sonicator. The lens homogenates were then cen-
trifuged at 10.000 g for 15min and the supernatant was
removed and stored at �20 �C. GSH and MDA levels from
lens samples were determined according to the manufac-
turer’s instructions and using the ELISA kit (BT LAB,
Shanghai/China). TAS was measured by colorimetric
method using a commercial kit (Mega Medicine/Gaziantep/
TURKEY) for TOS values. A microanalyzer was used for
absorbance experiments (ChemWell 2910). TOS, TAS, GSH,
MDA levels were expressed as mmol Trolox Equiv./Lens,
mmol H2O2 Equiv./Lens, mg/Lens, nmol/Lens, respectively.

Histochemistry examination

Caspase-3 immunohistochemistry: After histological tissue
processing of the lenses, paraffin blocks were formed and
5 l thick sections were taken. Sections were prepared for
IHC Staining. Endogenous peroxidase activity was sup-
pressed with 3% hydrogen peroxide after antigen retrieval
application. After protein block solution, incubated with
anti-Caspase 3 antibody (1/200, NB100-567608, Novusbio)
at þ4 �C for 1 night. After using the avidin with biotin
method, DAB was made visible with chromogen.
Photographs were taken with a light microscope (NIKON
Eclipse E600) using the Image Analysis Program (NIS ele-
ments, Japan). H-Score evaluation was performed after
immunohistochemical staining (Figure 2).

TUNEL method: In situ apoptosis detection kit (Abcam,
ab206386) was used. All analysis procedures were performed
according to the Manufacturer’s instructions. The number of
TUNEL positive cells was determined by counting 100 cells
in randomly selected areas from each sample (Figure 2).30

Genetic examination

Assembly of total RNA isolation from lenses with PureZOL
RNA isolation kit (Biorad, USA, Cat. No: 732-6890). The
temperature of isolated RNAs for analysis of crystalline
alpha A (CRYAA) gene mRNA expression elevation. Server
using cDNA synthesis kit (Biorad, USA, Cat. No: 1708841),

which contains cDNA for 1 mg total RNA tests as part of
real-time PCR. Monitoring the cDNA sample Intensify the
quantitative Real-Time PCR method in determining CRYAA
gene expression. The region of interest using primer pairs
with the CRYAA gene was maintained in the Real-Time
PCR instrument. The GAPDH mRNA level was taken as a
reference to normalize CRYAA genes.

Statistical analysis

Statistical analyses were performed with SPSS Version 25
(IBM Corporation, Armonk, NY) software. In comparisons
between groups, TAS, TOS, MDA, GSH levels and Caspase-
3H scores and TUNEL index were analyzed using the
Kruskal–Wallis test. Dunn’s Test was used for pairwise com-
parisons between each independent group. The differences
between categorical variables (cataract stages and groups)
were analyzed by the Chi-Square test and Fisher Exact ana-
lysis. p< .05 was accepted as the significant value.

Results

Within the scope of the study, a total of 100 SPF eggs were
used in five groups, 20 in each group.

Cataract formation

Statistically significant differences were found between the
groups in terms of the degree of cataract (p< .001). While
cataract was not observed in any lens in the control group,
cataract was observed in all of the HC and HCþH-GRb1
groups. In the HCþ L-GRb1 and HCþM-GRb1 groups,
there were cataracts at rates of 75% and 56.25%, respectively
(Table 1).

Biochemical analysis

When the TAS, TOS, MDA, and GSH levels of the lenses
were compared between the study groups, statistically signifi-
cant differences were found (p< .001). Supplementary Table
1 contains detailed p values between control and HC groups
and treatment groups. The highest and lowest mean values
for all parameters varied between the control and HC groups,
and there were statistically significant differences between the

Figure 1. Images of the cataract grades of the groups. a: Grade I, b: Grade II, c: Grade III, d: Grade IV, e: Grade V. The arrows show lens opacity. GRb1: Ginsenoside-
Rb1; HC: hydrocortisone hemisuccinate sodium.
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two groups (p< .001). The results of multiple comparisons of
the mean values of the treatment groups and the control and
HC groups varied. The mean and statistical differences
between the study groups are presented in Table 2.

Immunohistochemical analysis

When the TUNEL indexes and Caspase-3H scores in the
lenses of each embryo were compared between the groups, a

Figure 2. The detection of TUNEL and Caspase-3. In the micrografts in the left column, arrows show cells with dark nuclei staining Caspase-3 positive, while in the
micrografts in the right column, the arrows indicate cell nuclei stained positive in TUNEL (original magnification, �20). a and b: control; c and d: HC; e and f:
HCþ L-GRb1; g and h: HCþM-GRb1; i and j: HCþH-GRb1 groups; GRb1: Ginsenoside-Rb1; HC: hydrocortisone hemisuccinate sodium.
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statistically significant difference was found (p< .001).
Supplementary Table 1 contains detailed p values between
control and HC groups and treatment groups. TUNEL index
and Caspase-3H score were highest in the HC group and
lowest in the control group (p< .001). Multiple comparison
analyses of the mean of the study groups are shown in
Table 2.

Genetic analysis

CRYAA gene expression level in embryo lenses of the HC
group was downregulated (0.86-fold) compared to the con-
trol group. CRYAA gene expression was upregulated in the
embryo lenses of the 1mg/kg and 2.5mg/kgGRb1 groups
compared to the control group (1.23-fold and 1.69-fold,

respectively). CRYAA gene expression was downregulated in
the 5mg/kg GRb1 group embryo lenses compared to the
control group (0.49-fold) (p> .05) (Figure 3).

Discussion

Reactive oxygen species derived from oxidative stress appear
to be an important factor in cataract formation by causing
tissue damage.31 With aging, because crystalline proteins are
damaged by oxidative stress, insoluble protein aggregates
lead to opacity of the lens and deterioration of vision. This
causes a decrease in color and shape sensitivity and blurred
vision, as the lens cannot focus on near or far objects and is
damaged.2,3,14,32 Glucocorticoid-induced chick embryo cata-
ract models are a valuable model for the study of anti-

Table 1. Distribution of cataract degrees of lenses between groups.

Groups

Cataract grades, n (%)

Total pI II III IV V

Control 16 (100) – – – – 16 <.001a

HC – 1 (6.25) 5 (31.25) 7 (43.75) 3 (18.75) 16
HCþH-GRb1 – 3 (18.75) 5 (31.25) 6 (37.5) 2 (12.5) 16
HCþM-GRb1 7 (43.75) 5 (31.25) 3 (18.75) 1 (6.25) – 16
HCþ L-GRb1 4 (25) 3 (18.75) 9 (56.25) – – 16
Total 27 (33.75) 12 (15) 22 (27.5) 14 (17.5) 5 (6.25) 80

GRb1: Ginsenoside-Rb1; HC: hydrocortisone hemisuccinate sodium.
aFisher’s Exact Test was used.

Table 2. Comparison of oxidant and antioxidant levels of lenses between groups.

Parameters and groups N
Control

Mean ± SD
HC

Mean ± SD
HCþH-GRb1
Mean ± SD

HCþM-GRb1
Mean ± SD

HCþ L-GRb1
Mean ± SD p Value

TAS (U/lens) 8 5.03 ± 1.09b,c,e 2.28 ± 0.71a,d 2.37 ± 0.95a,d 4.09 ± 1.52b,e 3.38 ± 0.96a <.001
TOS (pg/lens) 8 8.09 ± 1.23b,c,e 17.47 ± 6.63a,c,d 12.84 ± 4.34a 10.10 ± 1.28b 10.83 ± 2.46a,b <.001
GSH (nmol/lens) 8 609.48 ± 68.38b,c 430.34 ± 46.73a,c,d 450.84 ± 40.23a,c,d 542.76 ± 60.54b,e 526.01 ± 66.85b,e <.001
MDA (lmo/lens) 8 2.11 ± 0.92b,c 3.19 ± 0.21a,c,d 2.89 ± 0.22a,d 2.37 ± 0.44b,e 2.39 ± 0.50b <.001
TUNEL (index) 7 0.05 ± 0.02b,c,e 0.57 ± 0.05a,c,d 0.48 ± 0.05a,c,d 0.35 ± 0.02b,e 0.34 ± 0.05a,b,e <.001
CASPASE 3 (H score) 7 189.00 ± 4.00b,c,d 345.00 ± 20.55a,c,d 287.00 ± 19.07a,d 234.14 ± 7.71a,b 233.43 ± 14.89b,e <.001

Notes: Results of Kruskal–Wallis test and the post hoc Dunn’s multiple comparisons test. GRb1: Ginsenoside-Rb1; HC: hydrocortisone hemisuccinate sodium; SD:
Standard deviation. Explanation of symbols: aStatistically significant difference compared with the control group, bStatistically significant difference compared
with the HC group, cStatistically significant difference compared with the HCþ L-GRb1, dStatistically significant difference compared to the HCþM-GRb1,
eStatistically significant difference compared to the HCþH-GRb1.

Figure 3. Logarithmic display of CRYAA gene mRNA fold changes in embryo lenses treated with HC and different doses of GRb1. The GAPDH gene was used for
normalization. GRb1: Ginsenoside-Rb1; HC: hydrocortisone hemisuccinate sodium.
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cataract agents due to their ease of administration and high
incidence of reproducibility.26 In the current study, the pro-
tective effects of GRb1 at three different doses were investi-
gated in the cataract model formed in HC-induced chick
embryo lenses. TAS and GSH levels were the lowest in the
HC group, while TOS, MDA levels, TUNEL index, and
Caspase-3H-score were at the highest levels. Contrary to
this situation, TAS and GSH levels were at the highest levels
in the control group, while TOS, MDA, TUNEL index, and
Caspase-3H-score were at the lowest levels. There were stat-
istically significant differences between the control group
and the HC group in all of these parameters evaluated in
terms of oxidant and antioxidant levels. Therefore, it is
thought that changes due to oxidative stress are observed in
HC group lenses. The increase in the MDA level, which is
used as a biomarker for oxidative stress in the lenses of
HC-induced embryos, supports this idea. In addition, when
considered together with the findings on cataract grades, it
provides evidence that the oxidative stress-induced cataract
model can be realized experimentally, as specified in refer-
ence studies.8,9,23

Findings from the HCþM-Rb1 and HCþ L-Rb1 groups
provided new preclinical evidence against GRb1 cataracts
and their complications, and it was determined that 1 and
2.5mg/kg GRb1 application doses had protective effects on
cataracts. Although therapeutic changes were obtained in
terms of GSH and MDA levels in both of these groups,
quantitatively closer values were obtained in the HCþM-
Rb1 group to the control group. These results indicate that
2.5mg/kg GRb1 administration may be more effective in the
treatment of cataracts. In parallel with the existing biochem-
ical analyses, TUNEL index and Caspase-3H-scores of the
lenses belonging to the HCþM-Rb1 and HCþ L-Rb1
groups were statistically significantly lower than the lenses
of the HC group in IHC analyses. These findings support
our previous comments. On the other hand, in all parame-
ters examined, the therapeutic effects of the HCþH-Rb1
group were very weak compared to the other two doses and
were similar to the HC group.

In the current study, the doses of 1mg/kg and 2.5mg/kg
selected in the HCþM-Rb1 and HCþ L-Rb1 groups are
thought to exert an effort to treat the cataract in the HC
group. At this point, immunohistochemical and biochemical
parameters also support this assumption. In addition, we
think that the 5mg/kg dose applied in the HCþH-Rb1
group has a toxic effect on the lenses. However, we empha-
size that it would be more accurate to consider our findings
together with the results of previous studies on GRb1 in the
literature, instead of making definite inferences about the
toxic effect. GRb1 may inhibit apoptosis, while its metabo-
lites may support this response.20,33 In addition, the apop-
totic effect may vary depending on the dose. It is stated that
the antiapoptotic effects of GRb1 on apoptosis are mediated
by the inhibition of mitogen-activated protein kinases and
caspase activation.34 In our study, the toxic effect at high
doses may have developed due to the fact that metabolites
in excess in the environment facilitated apoptosis. Our find-
ings were in line with previous experimental studies in

which similar conditions were established. A previous
in vitro study examined the effects of GRbl on cell viability
in relation to the mitochondrial activity of chondrocytes
treated with H2O2. In this study, after administration of 50,
100, and 400 lM GRb1 together with 500lM H2O2, higher
cell viability was obtained in the 100 lM GRb1 group, which
was determined only as a medium dose, compared to the
H2O2 group.35

In a previous study, Sun-ginseng extract was investigated
in a rat model of selenite-induced cataracts and it was stated
that the saponin fraction of ginseng did not have a protect-
ive effect on cataracts.15 On the other hand, in a similar
experimental model, it was stated that the application of
Ginseng extract increased the activity of antioxidant
enzymes in the lens and this may be indirectly related to the
effect of preventing cataracts.36 In another study, it was
stated that GRg1 prevented lens opacity caused by H2O2. It
was emphasized that after GRg1 treatment, water-soluble
protein content, SOD level, total GSH and reduced GSH
increased while MDA and oxidized GSH levels decreased.16

Our study provides new evidence for research in the litera-
ture regarding which or which of the Ginseng saponin and
nonsaponin compounds are effective in the treatment of cat-
aracts. The results of our study also suggest that GRb1 may
have a protective capacity against cataracts caused by oxida-
tive stress. In addition, in our study, it was shown that
GRb1 may be effective in the treatment of cataracts, similar
to GRg1, by emphasizing the therapeutic role of ginseno-
sides through their antioxidant effect. In previous studies, it
was emphasized that GRb1 has antioxidant activity37 and
may alleviate diabetic retinopathy by regulating antioxidant
function in rat retinas.38

Crystalline genes are important in that they encode the
main soluble proteins of the lens, and especially CRYAA
gene plays an important role in the development of the
lens.39,40 Mutations in the CRYAA protein structure can
cause congenital or age-related cataracts.41–43 Our findings
appear to affect the transcription and expression of these
genes, as suggested in previous studies where CRYAA is
down-regulated in lenses with age-related nuclear cata-
racts.44,45 In the presented study, there was a negligible
decrease in CRYAA gene expression with HC exposure.
Although this decrease in gene expression seems compatible
with the literature, it needs to be interpreted with caution as
it is not based on statistically significant findings. The asso-
ciation between deficiencies in the CRYAA gene and
increased lens opacity was associated with nuclear cataract
type, one of the age-related cataract types, and was based on
studies on mouse and human lenses.44–46 Whereas, our
study was an experimental design involving chick embryo
lenses, which is usually associated with PSC. The mechanism
of age-related cataract formation may differ in morpho-
logical subtypes. It is possible that CRYAA gene deficiencies
are more involved in nuclear cataract than in PSC. The level
of CRYAA gene expression in chickens is lower than in
other animals.47 Finally, many different variants and mecha-
nisms other than CRYAA contribute to congenital or age-
related cataracts.48 All of these may explain our findings in
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our current study involving minor changes in the CRYAA
gene due to lens opacity.

Lens epithelial cells and lens fiber cells are very sensitive
to changes in oxidative stress.25 CRYAA gene contributes to
the clarity and refractive properties of the lens, can prevent
protein damage and protect against oxidative stress.40,49,50 A
previous study emphasized ginsenosides can reduce catarac-
togenesis by inhibiting H2O2-induced expression of apop-
tosis-related genes in lens epithelial cells.51 Specifically,
GRb1 was shown to protect retinal ganglion cells against
apoptosis induced by H2O2-induced oxidative stress.21 The
quantitative effects of increasing CRYAA expression in the
current study groups seem to indicate that GRb1 also plays
a role in the treatment mechanism by which it reduces oxi-
dative stress and apoptosis. Our study shows that the contri-
bution of CRYAA alone is not sufficient on this therapeutic
effect of GRb1. The antioxidant properties of GRb1 are asso-
ciated with several different mechanisms. Recent evidence
has reported the main protective properties of GRb1 and
other major ginsenosides against oxidative stress damage are
through the activation of the Nuclear Factor Erythroid 2-
Related Factor 2 (Nrf2).38,52 It was stated that the increase
in gene expression induced by Nrf2 partially plays a role in
the anti-oxidative properties of GRb1 treatment associated
with increase in GSH level and decrease in MDA level.38

Similarly, studies on potential therapeutic mechanisms of
GRb1 suggested that Keap1/Nrf2 activation ameliorates vari-
ous diseases by showing inhibitory effects on oxidative
stress.38,53–55 It has also been reported that GRb1 protects
DNA from damage caused by these acids by directly scav-
enging hydroxyl radical and hypochlorous acid.56 In our
study, we think that GRb1 plays a therapeutic role by reduc-
ing oxidative damage in lenses with cataracts in a similar
way. Although various transcriptional links have been
reported between Nrf2 and CRYAB, the links between
CRYAA and Nrf2 are not yet clear.57 Considering the results
of this previous study and the current study, future studies
may explore the mechanistic relationship between lens tis-
sue-specific regulation of CRYAA for the protective effect of
GRb1 and oxidative stress from Nrf2 depletion.

This study is the first to show that GRb1, the main active
ingredient of ginseng, may be an anti-cataract agent with
antiapoptotic and antioxidant properties in a dose-depend-
ent manner. As the growing interest in ginseng continues,
so will the evidence from animal experiments or previous
clinical studies of GRb1 for ocular diseases. Our findings
can provide a theoretical basis for new research in drug dis-
covery for further pharmacological studies and clinical treat-
ments. As with many studies, it has some limitations. The
study did not show a significant dose-response relationship
between GRb1 and CRYAA expression. This may be related
to the selected doses. In addition, the results of CRYAA
gene expression and therapeutic mechanisms in lens opacifi-
cation were not significant. These limitations preclude draw-
ing firm conclusions about the meaning of CRYAA results.
In addition, the current findings may relate to PSC, possibly
as an effect of experimental design. Therefore, it may not be

reproducible in all experimental cataract models, and there-
fore different results specific to cataract types may occur.

Conclusion and recommendations

In this study, 1mg/kg and 2.5mg/kg GRb1 had therapeutic
effects on HC-induced cataracts. Especially in 2.5mg/kg
GRb1 treatment, results were quantitatively closer to the
control group parameters. The application of 5mg/kg GRb1
did not cause a therapeutic effect on cataracts, possibly by
reducing cell viability.
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Lacosamide treatment on neural tube development: chick
embryo experimental model. Med Sci Discov. 2022;9(8):475–480.
doi:10.36472/msd.v9i8.793.

31. Truscott RJ. Age-related nuclear cataract-oxidation is the key.
Exp Eye Res. 2005 May;80(5):709–725. doi:10.1016/j.exer.2004.12.
007.

32. Zigler JS, Datiles MB. Pathogenesis of Cataracts. In Tasman W,
Jaeger E (Ed). Duane’s Clinical Ophthalmology (Vol 1, pp. 1–13.
Ch. 72B), 2010.

33. Helms S. Cancer prevention and therapeutics: panax ginseng.
Altern Med Rev. 2004;9(3):259–274.

34. Lee D, Lee DS, Jung K, Hwang GS, Lee HL, Yamabe N, Lee HJ,
Eom DW, Kim KH, Kang KS. Protective effect of ginsenoside
Rb1 against tacrolimus-induced apoptosis in renal proximal
tubular LLC-PK1 cells. J Ginseng Res. 2018;42(1):75–80. doi:10.
1016/j.jgr.2016.12.013.

35. Na JY, Kim S, Song K, Lim KH, Shin GW, Kim JH, Kim B,
Kwon YB, Kwon J. Anti-apoptotic activity of ginsenoside Rb1 in
hydrogen peroxide-treated chondrocytes: stabilization of mito-
chondria and the inhibition of caspase-3. J Ginseng Res. 2012;
36(3):242–247. doi:10.5142/jgr.2012.36.3.242.

36. Jung M. Inhibitory effect of sun ginseng extract on cataractogen-
esis in rat [dissertation], 2009.

37. Saw CL, Yang AY, Cheng DC, Boyanapalli SS, Su ZY, Khor TO,
Gao S, Wang J, Jiang ZH, Kong AN. Pharmacodynamics of gin-
senosides: antioxidant activities, activation of Nrf2, and potential
synergistic effects of combinations. Chem Res Toxicol. 2012;
25(8):1574–1580. doi:10.1021/tx2005025.

38. Dong C, Liu P, Wang H, Dong M, Li G, Li Y. Ginsenoside Rb1
attenuates diabetic retinopathy in streptozotocin-induced diabetic
rats1. Acta Cir Bras. 2019;34(2):e201900201. doi:10.1590/s0102-
8650201900201.

39. Song Z, Si N, Xiao W. A novel mutation in the CRYAA gene
associated with congenital cataract and microphthalmia in a
Chinese family. BMC Med Genet. 2018;19(1):190. doi:10.1186/
s12881-018-0695-5.

40. Chepelinsky AB, Piatigorsky J, Pisano MM, Dubin RA, Wistow
G, Limjoco TI, Klement JF, Jaworski CJ. Lens protein gene
expression: alpha-crystallins and MIP. Lens Eye Toxic Res. 1991;
8(2-3):319–344.

41. Andley UP. Effects of alpha-crystallin on lens cell function and
cataract pathology. Curr Mol Med. 2009;9(7):887–892. doi:10.
2174/156652409789105598.

42. Shiels A, Bennett TM, Hejtmancik JF. Cat-map: putting cataract
on the map. Mol Vis. 2010;16:2007–2015.

824 Y. E. KUNDAKCI ET AL.

https://doi.org/10.1159/000316481
https://doi.org/10.1080/15569527.2019.1570521
https://doi.org/10.1080/10520295.2020.1818284
https://doi.org/10.1016/j.brainres.2006.05.106
https://doi.org/10.1016/j.brainres.2006.05.106
https://doi.org/10.3109/13880209.2013.775660
https://doi.org/10.1186/1475-2891-11-47
https://doi.org/10.1016/s0300-483x(01)00585-6
https://doi.org/10.1155/2013/549174
https://doi.org/10.3341/jkos.2010.51.5.733
https://doi.org/10.1080/02713683.2020.1869266
https://doi.org/10.1016/j.jgr.2018.11.006
https://doi.org/10.1016/j.jgr.2018.11.006
https://doi.org/10.1016/j.jep.2017.04.012
https://doi.org/10.1111/j.1745-7254.2008.00868.x
https://doi.org/10.1111/j.1745-7254.2008.00868.x
https://doi.org/10.1155/2013/454389
https://doi.org/10.1371/journal.pone.0079399
https://doi.org/10.1155/2014/748964
https://doi.org/10.9734/JPRI/2018/39888
https://doi.org/10.3109/02713683.2014.935445
https://doi.org/10.1080/09553002.2020.1812759
https://doi.org/10.1080/09553002.2020.1812759
https://doi.org/10.1089/jop.1995.11.533
https://doi.org/10.1016/j.ijbiomac.2020.07.060
https://doi.org/10.1016/j.ijbiomac.2020.07.060
https://doi.org/10.1055/s-2000-11122
https://doi.org/10.3892/etm.2019.7404
https://doi.org/10.36472/msd.v9i8.793
https://doi.org/10.1016/j.exer.2004.12.007
https://doi.org/10.1016/j.exer.2004.12.007
https://doi.org/10.1016/j.jgr.2016.12.013
https://doi.org/10.1016/j.jgr.2016.12.013
https://doi.org/10.5142/jgr.2012.36.3.242
https://doi.org/10.1021/tx2005025
https://doi.org/10.1590/s0102-8650201900201
https://doi.org/10.1590/s0102-8650201900201
https://doi.org/10.1186/s12881-018-0695-5
https://doi.org/10.1186/s12881-018-0695-5
https://doi.org/10.2174/156652409789105598
https://doi.org/10.2174/156652409789105598


43. Bhagyalaxmi SG, Padma T, Reddy GB, Reddy KR. Association of
G>A transition in exon-1 of alpha crystallin gene in age-related
cataracts. Oman J Ophthalmol. 2010;3(1):7–12. doi:10.4103/0974-
620X.60014.

44. Zhou P, Luo Y, Liu X, Fan L, Lu Y. Down-regulation and CpG
island hypermethylation of CRYAA in age-related nuclear cata-
ract. FASEB J. 2012;26(12):4897–4902. doi:10.1096/fj.12-213702.

45. Liao J, Su X, Chen P, Wang X, Xu L, Li X, Thean L, Tan C, Tan
AG, Tay WT, et al. Meta-analysis of genome-wide association
studies in multiethnic Asians identifies two loci for age-related
nuclear cataract. Hum Mol Genet. 2014;23(22):6119–6128. doi:
10.1093/hmg/ddu315.

46. Graw J, L€oster J. Developmental genetics in ophthalmology.
Ophthalmic Genet. 2003;24(1):1–33. doi:10.1076/opge.24.1.1.
13888.

47. Bloemendal H, de Jong W, Jaenicke R, Lubsen NH, Slingsby C,
Tardieu A. Ageing and vision: structure, stability and function of
lens crystallins. Prog Biophys Mol Biol. 2004;86(3):407–485. doi:
10.1016/j.pbiomolbio.2003.11.012.

48. Yonova-Doing E, Zhao W, Igo RP, Wang C, Sundaresan P, Lee
KE, Jun GR, Alves AC, Chai X, Chan ASY, et al. Common var-
iants in SOX-2 and congenital cataract genes contribute to age-
related nuclear cataract. Commun Biol. 2020;3(1):755. doi:10.
1038/s42003-020-01421-2.

49. Christopher KL, Pedler MG, Shieh B, Ammar DA, Petrash JM,
Mueller NH. Alpha-crystallin-mediated protection of lens cells
against heat and oxidative stress-induced cell death. Biochim
Biophys Acta. 2014;1843(2):309–315. doi:10.1016/j.bbamcr.2013.
11.010.

50. Horwitz J. Alpha-crystallin. Exp Eye Res. 2003;76(2):145–153.
doi:10.1016/s0014-4835(02)00278-6.

51. Wang Z, Zhou S, Hu X, Chai J. Ginsenosides induce extensive
changes in gene expression and inhibit oxidative stress-induced
apoptosis in human lens epithelial cells. BMC Complement Med
Ther. 2020;20(1):44. doi:10.1186/s12906-020-2826-8.

52. Park C, Cha H-J, Song K-S, Kim H-S, Bang EJin, Lee H, Jin
C-Y, Kim G-Y, Choi YH. Nrf2-mediated activation of HO-1 is
required in the blocking effect of compound K, a ginseng sap-
onin metabolite, against oxidative stress damage in ARPE-19
human retinal pigment epithelial cells. J Ginseng Res. 2023;47(2):
311–318. doi:10.1016/j.jgr.2022.09.007.

53. Chen L, Geng N, Chen T, Xiao Q, Zhang H, Huo H, et al.
Ginsenoside Rb1 improves post-cardiac arrest myocardial stun-
ning and cerebral outcomes by regulating the Keap1/Nrf2 path-
way. Int J Mol Sci. 2023;24(5):5059. doi:10.3390/ijms24055059.

54. Yang JE, Jia N, Wang D, He Y, Dong L, Yang AG. Ginsenoside
Rb1 regulates neuronal injury and Keap1-Nrf2/ARE signaling
pathway in cerebral infarction rats. J Biol Regul Homeost
Agents. 2020;34(3):1091–1095. doi:10.23812/20-143-l-7.

55. Liu X-F, Hao J-L, Xie T, Malik TH, Lu C-B, Liu C, Shu C, Lu
C-W, Zhou D-D. Nrf2 as a target for prevention of age-related
and diabetic cataracts by against oxidative stress. Aging Cell.
2017;16(5):934–942. doi:10.1111/acel.12645.

56. Lu J-M, Weakley, S, Yang Z, Hu M, Yao Q, Chen C.
Ginsenoside Rb1 directly scavenges hydroxyl radical and hypo-
chlorous acid. Curr Pharm Des. 2012;18(38):6339–6347. doi:10.
2174/138161212803832254.

57. Park J, MacGavin S, Niederbrach L, Mchaourab HS. Interplay
between Nrf2 and aB-crystallin in the lens and heart of zebrafish
under proteostatic stress. bioRxiv 2023.04.04.535454. doi:10.1101/
2023.04.04.535454.

CURRENT EYE RESEARCH 825

https://doi.org/10.4103/0974-620X.60014
https://doi.org/10.4103/0974-620X.60014
https://doi.org/10.1096/fj.12-213702
https://doi.org/10.1093/hmg/ddu315
https://doi.org/10.1076/opge.24.1.1.13888
https://doi.org/10.1076/opge.24.1.1.13888
https://doi.org/10.1016/j.pbiomolbio.2003.11.012
https://doi.org/10.1038/s42003-020-01421-2
https://doi.org/10.1038/s42003-020-01421-2
https://doi.org/10.1016/j.bbamcr.2013.11.010
https://doi.org/10.1016/j.bbamcr.2013.11.010
https://doi.org/10.1016/s0014-4835(02)00278-6
https://doi.org/10.1186/s12906-020-2826-8
https://doi.org/10.1016/j.jgr.2022.09.007
https://doi.org/10.3390/ijms24055059
https://doi.org/10.23812/20-143-l-7
https://doi.org/10.1111/acel.12645
https://doi.org/10.2174/138161212803832254
https://doi.org/10.2174/138161212803832254
https://doi.org/10.1101/2023.04.04.535454
https://doi.org/10.1101/2023.04.04.535454

	Abstract
	Introduction
	Materials and methods
	Animals
	Experimental design
	Cataract formation
	Biochemical examination
	Histochemistry examination
	Genetic examination
	Statistical analysis

	Results
	Cataract formation
	Biochemical analysis
	Immunohistochemical analysis
	Genetic analysis

	Discussion
	Conclusion and recommendations
	Acknowledgments
	Disclosure statement
	Funding
	Orcid
	Data availability statement
	References


