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Cataract is the decrease in the transparency of the lens 
of the eye, its clouding and, as a result, the decrease in visual 
acuity [1]. Cataract is one of the visual defects that still 
continues all over the world despite the developing scientific 
and technological treatment methods [2]. Studies show that 
36 million people in the world suffer from blindness and 
approximately 12 million of these cases are caused by cata-
racts [3,4]. Although the etiology of cataract is not known 
exactly, aging is thought to be the most important factor. 
Exposure to ultraviolet rays, smoking, oxidative stress, and 
insufficient vitamin E and C intake are other risk factors for 
cataract formation [5–9].

At the same time, the complication of corticosteroid 
therapy has an important place in cataract formation [10]. 
Corticosteroids are effective anti-inflammatory drugs used 
in a variety of clinical conditions, including autoimmune, 
neurological, rheumatological, dermatological and nephro-
logical disorders [11]. Despite the therapeutic clinical effects 
of corticosteroids, especially long-term and high-dose use 
may cause serious complications [12].

Different experimental animal models such as mouse, 
rat, rabbit and dog have been used in the literature to examine 
the etiopathogenesis of cataract [13–15]. The chick embryo 
cataract model is one of the most frequently used experi-
mental method in recent years to investigate cataract forma-
tion and the anti-cataract mechanisms of antioxidants [16–19].

Flavonoids are polyphenols with antioxidant properties 
that are beneficial to human health due to their biological 
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Purpose: Cataract, which occurs as a result of lens opacification, is one of the most common causes of vision loss. In 
the literature, deterioration of the antioxidant system due to the increase in reactive oxygen species and oxidant levels is 
shown among the causes of cataract formation. The aim of this study was to investigate the antioxidant effect of chrysin 
on steroid-induced cataract development in an experimental chick embryo model using morphological, histological and 
biochemical parameters.
Methods: Within the scope of the study, 150 specific pathogen free (SPF) fertilized eggs were used. Eggs were divided 
into 6 groups as control (group 1), corn oil (group 2), hydrocortisone hemisuccinate sodium (HC) (group 3), low dose 
chrysin (group 4), medium dose chrysin (group 5) and high dose chrysin (group 6). On the 15th day of incubation, 
Chrysin and HC were applicated to the air sac of the eggs with Hamilton and/or insulin injector. On day 17, the chick 
embryos were removed from the eggs and the bulbus oculi of the embryos were dissected. Lenses of 9 embryos were 
used for morpholigical cataract grading in each group, lens of 8 embryos for biochemical analysis and intact eyes of 7 
embryos for histological evaluation (TUNEL method).
Results: No opacity was observed in any of the lenses in Group 1 and 2. Cataract was observed in all lenses in Group 
3. The mean opacity grades in group 3 were statistically significantly higher when compared to group 1 and 2 (p<0.05). 
The difference between group 6 and group 3 was statistically significant (p<0.05). GSH and TAS levels in the lenses were 
statistically significantly decreased compared to the control group due to HC application (p<0.05). It was determined that 
the decreased GSH and TAS levels in the lenses increased in relation to the Chrysin application doses. The increased 
levels of MDA, TOS, caspase 3 and caspase 9 in the HC group decreased significantly depending to the chrysin doses 
(p<0.05). In addition, while the rate of apoptotic cells determined by the TUNEL method was statistically significantly 
higher in the HC administered group than in the control group (p<0.05), it was statistically significantly decreased in 
the chrysin-administered groups, in relation to the dose of chrysin (p<0.05).
Conclusions: We think that anti-cataract effect of crhysin may be due to the antioxidant and antiapoptotic properties of 
chrysin. However, more research is needed to clarify the anti-cataract effects of chrysin.
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properties. In the literature, the antioxidant effect of various 
flavonoids related to prevention and treatment of cataract 
development has been investigated [7,17,20]. Chrysin 
(5,7-dihydroxyflavone) is one of the flavonoids with antioxi-
dant properties. It is obtained from passion flowers Passiflora 
Caerulea, Passiflora Incarnata and Oroxylum Indicum. It is 
also found in propolis and honey. Chrysin has many biolog-
ical activities, including anti-inflammatory, anticarcinogenic, 
antioxidant [21].

The antioxidant effect of chrysin on cataract has not yet 
been clarified, and as far as we have researched, there are 
limited studies in the literature. The aim of this study was 
to evaluate the protective effect (antioxidant) of chrysin on 
the steroid-induced experimental cataract model in chick 
embryos by morphological, biochemical and histopatho-
logical methods.

METHODS

This study was carried out in Afyonkarahisar Health Sciences 
University, Faculty of Medicine, Department of Anatomy. 
Specific Pathogen Free (SPF) eggs were obtained from İzmir/
Bornova Veterinary Control Institute. All experiments were 
performed in accordance with the animal research protocol 
of the local Ethics Committee. Permission for the study was 
obtained from Afyon Kocatepe University Animal Experi-
ments Local Ethics Committee (Number: 49533702/104; date: 
24.08.2021).

In our study, a standardized automatic incubator was 
used. Standardization in the incubator was determined as a 
constant ambient temperature of 37.5±0.5 °C and a relative 
humidity of 70±5%. 150 fertilized SPF White Leg Horn eggs 

with an average weight of 65±5 g were used in the study. The 
day the eggs were laid in the incubator was considered as day 
0. Eggs were randomly divided into six groups and applica-
tions were made as shown in Table 1. Considering the doses 
in which chrysin was effective, the chrysin doses applied in 
our study were determined as 25, 50 and 100 mg/kg, in line 
with the literature [22].

On the 15th day of incubation, the eggs were removed 
from the incubator, the eggshell was sterilized using 70% 
ethanol. Hydrocortisone succinate sodium HC (100 µl in 0.50 
µmol HC)/phosphate buffer saline (PBS)/chrysin and corn 
oil were injected into the air sac (AS) with Hamilton and/or 
insulin injector. Chrysin solution was applied to groups 4, 5 
and 6, three hours after HC injection. The punctures that used 
for injection were sealed with sterile cellophane tape and the 
eggs were further incubated for 48 h in the same incubator.

On the 17th day of incubation, all the eggs were removed 
from the device in groups, their shells were broken, and the 
embryos were removed from the eggs. Lenses of 9 embryos 
in each group were separated for cataract grading, and lenses 
of 8 embryos were separated for biochemical analysis. The 
bulbus oculi of the remaining 7 embryos were placed in 
the fixative that we prepared before for histological tissue 
follow-up. One embryo in each group was excluded because 
it showed developmental delay or had damaged lenses during 
dissection.

Cataract formation in the lenses were determined under 
the stereo microscope (Zeiss, Stemi 2000-C, Germany) and 
lenses were photographed. Glutathione (GSH), malondial-
dehyde (MDA), total antioxidant status (TAS), total oxidant 
status (TOS), caspase 3 and caspase 9 levels in all lens tissues 

Table 1. Experimental procedure in groups.

Group Dose
Form of 
administra-
tion

Volume Frequency of 
administration Day

Group 1 
(n=25) 100 µl PBS (pH:7.4) AS 0.1 ml 1 time 15 day

Group 2 
(n=25) 100 µl corn oil AS 0.1 ml 1 time 15 day

Group 3 
(n=25) (100 µl in 0.50 µmol HC) AS 0.1 ml 1 time 15 day

Group 4 
(n=25)

(100 µl in 0.50 µmol HC) + Chrysin (100 µl in 25 
mg/kg) AS 0.2 ml 1 time 15 day

Group 5 
(n=25)

(100 µl in 0.50 µmol HC) + Chrysin (100 µl in 50 
mg/kg) AS 0.2 ml 1 time 15 day

Group 6 
(n=25)

(100 µl in 0.50 µmol HC) + Chrysin (100 µl in 
100 mg/kg) AS 0.2 ml 1 time 15 day

HC: Hydrocortisone Succinate Sodium, AS: Air Sac, PBS: Phosphate Buffer Saline
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were measured by biochemical methods. Apoptotic rate in 
lenses was determined using TUNEL staining method.

Evaluation of lens opacity: The lenses of 9 embryos in 
each group were investigated for cataract grading under a 
stereo microscope. A 5-point scoring system was used: 1: 
no lens opacity; 2: faint white ring in the periphery of the 
lens nucleus; 3: clear white ring in the periphery of the lens 
nucleus; 4: opacity of the lens nucleus not spreading to the 
center of the nucleus; and 5: opacity of the lens nucleus 
spreading to the center of the nucleus [16,23].

Biochemical analysis: Eight embryos from each group were 
used and two lenses of one embryo were considered as a 
single sample. By adding 0.1 M pH: 7.4 phosphate buffer to 
the samples, they were homogenized with Ultra Turrax (IKA 
Works, Wilmington, NC) brand homogenizer in ice at 10,000 
×g for 1 min. Then, the homogenates were sonicated with a 
sonicator (Dr. Hielscher-Germany) for 1 min at 20,000 cycles/
sec. Then, homogenates were centrifuged at 10,000 ×g for 15 
min and stored at -20 degrees until they were studied.

GSH levels in homogenates were measured using the 
BT-Lab brand (BT-Lab, Zhejiang, China) Chicken Gluta-
thione Elisa Kit (Catalog no: E0120Ch, Bioassay Technology, 
Shanghai, China). Results are given in nmol/lens. MDA 
(Catalog no: EK700097, AFG Bioscience®, Northbrook, 
IL), TAS (Catalog no: EK710683, AFG Bioscience®), 
TOS (Catalog no: EK710417, AFG Bioscience®), caspase 
3 (Catalog no: EK710396, AFG Bioscience®) and caspase 
9 (Catalog no: EK710400, AFG Bioscience®) levels were 
studied using AFG Bioscience brand Elisa kits. Research 
Elisa kits were used for biochemical analyzes. Measurements 
were made in accordance with the kit procedures. For all 
biochemical kits, Inter CV assays are less than 10% and Intra 
assay CVs are less than 8%. Results are given as µmol/Lens 
for MDA, µmol/lens for TAS, pg/lens for TOS, ng/lens for 
caspase-3 and caspase-9. Absorbance reading was performed 
on ChemWell 2910 elisa reader device (Awareness Tech-
nology, Inc. Martin Hwy. Palm City, FL). All measurements 
were made according to the manufacturer's instructions.

Histological analysis: Intact eyes of 7 embryos from each 
group were fixed in 10% neutral formalin. The fixed tissues 
were taken for routine histological tissue follow-up in an 
automatic tissue tracking device (Leica Biosystems TP1020, 
Germany) and paraffin blocks were obtained by sagittal 
embedding in paraffin. Sections of 4-5 µm thickness from 
these blocks were taken on positively charged slides and 
subjected to TUNEL (Millipore brand ApopTag® Plus 
Peroxidase In Situ Apoptosis Kit) staining to observe apop-
totic cells.

In sections obtained from eye tissues taken from each 
embryo, the area where the lens is located was evaluated 
under a light microscope (Nikon Eclipse E600W, Japan) 
with camera (Nikon Digital Sight D5-Fi2, Japan). Nikon NIS 
Elements 4.2 Image Analysis program was used for the evalu-
ations and dark brown stained cells were considered positive. 
Apoptotic rate (TUNEL positive cell count/Total cell) was 
obtained by counting at least 300 cells in the lenses of each 
embryo. In the experiment, one embryo from each group was 
excluded from the study because it showed developmental 
delay or its lenses were damaged during dissection.

Statistical analysis: All findings were analyzed using the 
Statistical Package for the Social Sciences (SPSS) 25.0 
program. Cataract levels, protein contents (TAS, TOS, 
MDA, GSH), and apoptosis scores were analyzed using non-
parametric Kruskal–Walli’s test. The Dunn test was used as a 
post hoc test. Values with p<0.05 were considered statistically 
significant. The data are presented as the mean ± standard 
deviation (M ± SD).

RESULTS

Cataract grading results: The degrees of opacification in 
all embryo lenses in Groups 1 and 2 were compatible with 
stage 1 (Figure 1A). The mean cataract value in the HC group 
(Group 3) embryos was 3.5, and the results were statistically 
significantly higher than in Groups 1 and 2. In groups 4, 5 
and 6, the mean degree of cataract decreased in related to the 
chrysin dose, and a statistically significant difference was 
determined only between group 6 and group 3 (p<0.05; Table 
2).

Determination of GSH, MDA, TAS, and TOS levels in lenses: 
GSH levels in the groups were shown in Figure 2. As a result 
of the biochemical analyzes, the mean GSH level was deter-
mined as 7.57 nmol/lens in group 1, while it was determined 
as 7.24 nmol/lens in group 2. In Group 3, GSH level decreased 
due to HC application and the mean GSH value was calculated 
as 5.93 nmol/lens. The difference between group 1 and group 
3 was determined to be statistically significant (p<0.05). GSH 
levels were determined to be significantly higher in groups 5 
(6.91 nmol/lens) and 6 (7.22 nmol/lens) compared to group 3 
due to Chrysin administration (p<0.05; Figure 2).

The mean MDA level was calculated as 4.07 µmol/lens 
in group 1 and 4.32 µmol/lens in group 2. The mean MDA 
levels in the groups were significantly higher in group 3 (9.47 
µmol/lens) compared to group 1 (p<0.05). Compared to group 
3, MDA levels were statistically significantly lower in groups 
5 (5.67 µmol/lens) and 6 (4.52 µmol/lens) (p<0.05; Figure 2).
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While the mean TAS value was 13.13 µmol/lens in group 
1, it was found as 12.52 µmol/lens in group 2. Mean TAS 
levels were significantly lower in group 3 (9.62 µmol/lens) 
compared to group 1 and group 2 (p<0.05). When compared 
to group 3, TAS levels in groups 4 (11.50 µmol/lens), 5 (11.57 
µmol/lens) and 6 (12.39 µmol/lens) increased due to Chrysin 
application and this increase was statistically significant 
(p<0.05; Figure 2).

TOS levels were shown in Figure 2. The mean TOS level 
in Group 1 was determined as 170.89 pg/lens. Compared to 

group 1, TOS levels in the lenses were significantly higher in 
group 3 (252.34 pg/lens). TOS levels of the lenses in group 6 
(200.03 pg/lens) were statistically significantly lower when 
compared to group 3 (p<0.05; Figure 2).

Caspase 3 and Caspase 9 levels in lenses: The mean caspase 3 
levels in the lenses were shown in Figure 2. The mean caspase 
3 level in group 1 was determined as 9.01 ng/lens. Caspase 3 
levels were statistically significantly higher in group 3 (13.81 
ng/lens) compared to group 1 due to HC administration 
(p<0.05). Caspase 3 levels were statistically lower in groups 

Figure 1. Microscopic postmortem in vitro imaging of cataract grades of the groups A: Grade 1 clear lens (Group 1) B: Grade 2 cataract 
(Group 6) C: Grade 3 cataract (Group 5) D: Grade 4 cataract (Group 4) E: Grade 5 cataract (Group 3) F: Grade 1 cataract (Group 6).

Table 2. Cataract grades of lenses in all groups.

Groups N
Cataract grades

1 2 3 4 5 Mean Min. Max.
Group 1 9 9 0 0 0 0 1 1 1
Group 2 9 9 0 0 0 0 1 1 1
Group 3 9 0 1 4 2 2 3.5 2 5
Group 4 9 0 1 6 2 0 3.1 2 4
Group 5 9 1 4 4 0 0 2.3 1 3
Group 6 9 4 5 0 0 0 1.5 1 2
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5 (10.67 ng/lens) and 6 (9.69 ng/lens) compared to group 3 
(p<0.05).

It was determined that the mean caspase 9 level increased 
due to HC administration and it was statistically significantly 
higher in group 3 compared to group 1 (p<0.05). While the 
mean caspase 9 level was determined as 29.33 ng/lens in 
group 1, this value was calculated as 39.71 ng/lens in group 
3. However, caspase 9 levels in groups 5 (31 ng/lens) and 6 
(29.72 ng/lens) decreased significantly with Chrysin admin-
istration compared to group 3 (p<0.05; Figure 2).

Immunohistochemical staining (TUNEL): The findings of the 
TUNEL (TUNEL positive cell count/Total cell) method in 
all groups were shown in Figure 3. The apoptotic rate was 
determined as 25.57 in groups 1 and 33.14 in group 2. No 
statistically significant difference was observed between 
these two groups (p>0.05). As a result of histopathological 
evaluations; It was determined that the rate of TUNEL posi-
tive cells increased in Group 3 (46,71) due to HC application, 
and this increase was statistically significant when compared 
to Groups 1 and 2 (p<0.05). It was determined that the rate of 

Figure 2. Levels of GSH, MDA, TAS, TOS, caspase 3, and caspase 9 in the chick embryo lenses of all groups on day 17. There is a statisti-
cally significant difference when compared with A) Group 1, B) Group 2, C) Group 3, D) Group 4, E) Group 5, and F) Group 6 (p<0.05).
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TUNEL positive cells in groups 4 (44,71), 5 (36,86) and 6 (34) 
decreased compared to group 3 due to Chrysin application at 
different doses, and the difference between groups 3 and 6 
was statistically significant (p<0.05). Microscopic images of 
the findings obtained in the TUNEL staining method were 
shown in Figure 4.

DISCUSSION

Cataract is one of the leading causes of blindness worldwide. 
The only treatment for cataract is surgical removal of the 
opaque lens and replacement with a clear lens. In order to 
delay or prevent cataract formation, it is important to know 
the cataract development mechanism and to find cataract 
preventive therapeutics [8]. The increase in reactive oxygen 
species (ROS) production and the decrease in endogenous 
antioxidant levels are thought to cause cataract formation 
[24,25]. Oxidative stress is one of the most important factors 
in cataract formation. The body has an antioxidant system 
consisting of enzymatic and non-enzymatic antioxidants to 
normalize the elevated free radical and ROS levels. Lens 
opacity develops when oxidative stress levels exceed the 
lens' natural antioxidant potential. Also, the level of GSH in 

the lens decreases. This increases the formation of opacity 
[16]. It has been reported that ROS is an effective factor in 
the development of cataracts in various experimental animal 
models and tissue culture studies [19,22–24].

The chick embryo cataract model is one of the frequently 
used methods to examine the etiopathogenesis of cataract 
and to investigate the mechanisms preventing cataract [16]. 
In this model, it was reported that different doses of HC that 
applied at various embryonic stages of chick induced cata-
ract formation in the embryo lenses [16,17,23,26,27]. In this 
study, a steroid-induced cataract model was created. Injection 
of the planned dose of HC was done on day 15 of embryo 
development. Cataract grading in lenses was performed on 
the 17th day, 48 h after HC application. Consistent with the 
literature, the dose of HC was determined as 0.50 µmol, and 
as a result of our study, cataract formation was induced in all 
chick embryos of group 3 with HC application and the mean 
cataract degree was determined as 3.5 [16,26].

In the literature, anti-cataractogenic effects of various 
antioxidants such as piperine, astaxanthin, betaine and 
vitamin e have been investigated against HC-induced cataract 
in chick embryos [16–19]. Chrysin, a flavonoid belonging to 

Figure 3. TUNEL results of all groups (number of TUNEL-positive cells/total cells). There is a statistically significant difference when 
compared with A) Group 1, B) Group 2, C) Group 3, D) Group 4, E) Group 5, and F) Group 6 (p<0.05).
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the flavone subgroup, has antioxidant properties as well as 
many beneficial physiological effects [21].

Several recent studies have shown that chrysin has 
multiple biological activities with anti-inflammatory, anti-
cancer and antioxidation effects [28–30]. In the literature, 
therapeutic effects of chrysin on patients with age-related 

macular degeneration and other diseases that develop 
choroidal neovascularization have been reported. In a study 
using in vitro and in vivo retinal neovascularization models, 
chrysin showed therapeutic effect by reducing the induc-
tion of HIF-la, VEGF, VEGFR2, Ang-1, Ang-2 and Tie-2 
proteins and inhibiting the formation of acellular capillaries. 
These results indicate that chrysin may encumber retinal 

Figure 4. TUNEL staining of the lenses in all groups. Arrows indicate apoptosis-positive cells stained in the lenses. A, B, C; Group 1, D, 
E, F; Group 2, G, H, I) Group 3, J, K, L; Group 4, M, N, O; Group 5, P, R, S; Group 6 (X4, X10, X20 enlargement ratios, respectively).
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neovascularization with vascular permeability and blood-
retinal barrier breakdown detected in diabetic retina [31,32]. 
However, there are limited studies investigating the effect of 
Chrysin on cataract development. Sundararajan et al. incu-
bated rat lenses with selenite and chrysin+selenite in vitro. 
In their study, the effect of a single dose of chrysin (200 μM 
chrysin) against the cataract formation induced by selenite 
applied at different time intervals was evaluated. In our study, 
an in ovo cataract model was created with HC application in 
chick embryos while they were still in the incubation period, 
and the therapeutic effect of chrysin (25, 50 and 100 mg/kg) 
at different doses was investigated. The two studies differ 
from each other in that the experimental methods used are in 
vitro and in ovo, and inducing cataract formation by different 
agents. In addition, while Sundararajan et al. evaluated 
the effect of a single dose of chrysin at the morphological, 
biochemical and molecular level in their study, we evaluated 
the therapeutic effect of chrysin morphologically, biochemi-
cally and histologically in our study [30].

In the experimental groups treated with Chrysin and 
HC, the cataract grades decreased in related to the amount 
of dose administered, and the mean cataract grades were 
calculated as 3.1, 2.3 and 1.5, respectively, from low dose 
to high dose. Our results were similar to the findings of the 
study conducted by Sundararajan et al in terms of reducing 
the grades of steroid-induced (HC) cataracts with Chrysin 
treatment [30].

GSH is a low molecular weight antioxidant synthesized 
in cells [33]. While TAS determines the overall antioxida-
tive state, TOS is used to determine the oxidation state [34]. 
MDA, on the other hand, is defined as a measure of oxidative 
stress, which is produced at a high rate during lipid peroxi-
dation [35]. All these parameters are important in terms of 
examining the balance between antioxidant-oxidant in lenses. 
Studies have reported decreased GSH and increased MDA 
levels in rat lenses in which cataract formation was induced 
[30,36,37]. In our study, an increase in TOS and MDA levels, 
and a decrease in GSH and TAS levels, especially in group 
3, occurred as a result of HC application. These findings are 
similar to the results of other studies in the literature using 
HC to induce cataract formation [18,38]. In the groups treated 
with Chrysin; It was determined that decreased GSH and TAS 
levels increased with HC application, while increased MDA 
and TOS levels decreased and these changes were statisti-
cally significant. These data vary depending on the dose of 
Chrysin. Our biochemical results shows that HC application 
increases oxidative stress and triggers cataract formation by 
disrupting the antioxidant-oxidant balance in chick embryo 

lenses, while Chrysin application suppresses lens opacity by 
exhibiting antioxidant effect.

Factors such as overexposure to UVB rays and increase 
in oxidative stress cause damage to lens epithelial cells. It is 
predicted that this damage to lens epithelial cells occurs due to 
apoptosis [39,40]. Studies in biochemistry and genetics have 
revealed that caspases play an important role in the initiation 
and maintenance of the apoptotic process [41]. In experi-
mental studies in which cataract formation was induced, it 
was reported that caspase 3 and caspase 9 levels in lenses 
increased after inducing agent application [30,42–46]. In a 
study examining the protective effect of parthenolide against 
apoptosis caused by oxidative stress in human lens epithelial 
(HLE) cells; H2O2 (cataract-inducing agent) was applied to 
HLE cells and increased caspase 3 and caspase 9 activities 
were detected in the cells, and it was reported that parthe-
nolide inhibited the activation of caspase 3 and caspase 9 in 
HLE cells treated with Parthenolide [42]. In another study, 
Andersson et al. reported that in human lens epithelial cells 
incubated with staurosporine, caspase 3 activity increased 
in relation to staurosporine (cataract-inducing agent) concen-
tration [43]. In a study examining the relationship between 
cataract formation and exposure to UVB rays, HLE cells 
were exposed to UVB rays at different intensities and dura-
tions. It has been reported that caspase 3 levels in HLE cells 
increase 2-5 times in related to proportion to the exposure 
time to UVB irradiation [8]. In an in vitro study in which 
Wistar rat lenses were incubated with selenite and/or chrysin; 
It has been reported that caspase 3 and 9 levels, which play a 
role in apoptosis, are statistically significantly higher in the 
only selenite treated group (cataract group; %98.7 and %85.5) 
compared to the control group (%71.8 and %66.1). However, 
it was reported that these values decreased significantly and 
approached the control group in the treatment groups in which 
chrysin and selenite were administered simultaneously [30]. 
In the studies that mentioned above, a positive correlation was 
reported between the applied cataract-inducing agent and the 
increase in caspase levels, which is an indicator of apoptosis. 
All these findings show that the change in caspase levels in 
lens epithelial cells and the resulting apoptosis are effective 
in the mechanism of cataract formation. Similar to the studies 
in the literature, caspase 3 and caspase 9 values increased in 
lenses after HC application (cataract-inducing agent) in this 
study. It was determined that caspase 3 and caspase 9 values 
decreased in related to proportion to the chrysin dose in the 
HC+chrysin treated groups, approaching the control group. 
These findings suggest that HC application causes apoptosis 
by activating caspase pathways in lens epithelial cells, and 
chrysin, which we apply as a therapeutic antioxidant, has an 
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antiapoptotic effect by inhibiting caspase 3 and caspase 9 
related pathways.

The apoptosis process has a complex mechanism, and 
depending on this process, many metabolic, physiological 
and biochemical changes take place in the cells. The cells 
begin to shrink and condense, the cytoskeleton disintegrates 
and the nuclear membrane partially melts. Nuclear DNA is 
fragmented. Buds called apoptotic bodies are formed, which 
engulf the cell contents and break off from apoptotic cells 
in the form of membrane-enclosed vesicles [47]. One of the 
histological methods used in the literature to examine these 
changes that occur during apoptosis is the TUNEL staining 
method. This method is used to test endonuclease cleavage 
products by enzymatically labeling DNA strand breaks [48]. 
As applied in our study, there are studies in the literature in 
which apoptosis inducing cataract formation was histologi-
cally determined by TUNEL test [44,49].

In studies that examining the development of cataract 
due to H2O2, UVB rays, galactose and selenite application 
in rat lens organ culture [50] and rat lens epithelial cells 
[44,49,51]; It was determined that the rate of TUNEL positive 
cells was increased in the groups that only inducing agent 
was applied, and it was reported that apoptosis could be 
triggered by oxidative stress and also induced lens epithelial 
cell apoptosis could be an initiating mechanism in cataract 
formation. Similar to the studies in the literature, in our study, 
it was determined that cataract formation was observed in HC 
applied groups and the rate of TUNEL positive cells increased 
statistically significantly compared to the control group as a 
result of HC application (Figure 3). According to the results of 
histopathological evaluation, in our study; While the rate of 
TUNEL positive cells was determined as 25.57 in the control 
group, the rate was calculated as 46.71 in the HC group only. 
In HC+chrysin groups, a decrease in TUNEL positive cell 
rate occurred in related to proportion to the dose of chrysin 
administered, and the rate of TUNEL positive cells from low 
dose to high dose was determined as 44.71, 36.86 and 34, 
respectively. As far as we have researched, there are limited 
studies in the literature evaluating the anti-cataract effects 
of chrysin [22,30]. In only one of these studies, the effects 
of chrysin on apoptosis during cataract development were 
evaluated through the expression levels of apoptotic cascade 
proteins. As a result of the study; It has been reported that 
chrysin inhibits caspase-related apoptosis by reducing or 
blocking the apoptotic cascade activation [30].

In some experimental studies on cataract induction 
and treatment; the techniques used for the determination of 
apoptosis had the disadvantages that they were not completely 
specific for apoptosis and could be confused with the 

presence of necrotic cells. However, in this study, the apop-
tosis process was determined by two methods, biochemically 
and histologically. First, caspase 3 and caspase 9 levels were 
examined using biochemical kits to detect apoptosis, while 
TUNEL Positive cell ratio was calculated using TUNEL 
staining method, which is the histopathological parameter. 
Biochemical and histological evaluation results were compat-
ible with each other in terms of cataract induction and preven-
tion in the experimental groups.

Conclusion: In summary, our findings showed that cataract 
formation was induced in chick embryo lenses by HC appli-
cation. Potential underlying cataract formation mechanisms 
may be associated with the disruption of the antioxidant–
oxidant balance caused by HC application in the lenses, as 
well as HC’s capacity to increase apoptosis in lens epithelial 
cells. A significant decrease in cataract grades was observed 
in the chrysin-treated groups. We posit that this effect may 
be due to the antioxidant and antiapoptotic properties of 
chrysin. However, further research is needed to clarify the 
anti-cataract effects of chrysin.
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