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Diabetic retinopathy is a common complication of 
diabetes that affects the eyes, leading to vision impairment 
or even blindness if left untreated. Diabetic retinopathy 
develops due to prolonged exposure to high blood glucose 
levels, causing damage to the blood vessels supplying the 
retina [1,2]. This damage triggers a cascade of events leading 
to oxidative stress, inflammation, and apoptosis in retinal 
cells. These processes contribute to the progression of 
diabetic retinopathy [2]. Transient receptor potential melas-
tatin 2 (TRPM2) and transient receptor potential vanilloid 
1 (TRPV1) are two ion channels that have been implicated 
in the pathogenesis of diabetic retinopathy [3,4]. TRPM2 is 
a calcium-permeable ion channel that plays a role in oxida-
tive stress–induced cell death [4]. In diabetic retinopathy, 
increased oxidative stress is observed due to high glucose 
levels and impaired antioxidant defense mechanisms. Studies 
have shown that TRPM2 expression and activity are upregu-
lated in the retina of diabetic animals and patients [5,6]. 
Overactivation of TRPM2 contributes to retinal cell death 
and inflammation through calcium influx and activation of 

downstream signaling pathways [2,6]. TRPV1 is a nonselec-
tive cation channel primarily known for its role in pain sensa-
tion. However, recent studies have suggested its involvement 
in diabetic retinopathy as well [7,8]. Activation of TRPV1 
has been shown to promote inflammation, oxidative stress, 
and vascular dysfunction, all of which are key features of 
diabetic retinopathy [8,9]. In animal models of diabetes, 
increased TRPV1 expression and activity have been observed 
in the retina, leading to neurovascular damage [10]. Overall, 
TRPM2 and TRPV1 overactivation due to diabetes contrib-
utes to oxidative stress, inflammation, and cell death in the 
retina [11]. Targeting these ion channels may hold therapeutic 
potential for managing this sight-threatening complication of 
diabetes. However, further research is needed to fully under-
stand their precise roles and develop effective treatments 
targeting these channels.

Recent studies suggest that herbal and nutrient supple-
mentations, such as ginger and selenium supplementation, 
may hold potential in mitigating these detrimental effects 
by targeting specific molecular pathways [12,13]. Ginger 
(Zingiber officinale) has been widely recognized for its 
anti-inflammatory, antioxidant, and antiapoptotic properties 
[13,14]. Its active components, such as gingerols and shogaols, 
have demonstrated protective effects against various diseases 
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[15]. Recent studies have shown that ginger reduced inflam-
mation markers and inhibited oxidative stress by scavenging 
free radicals [16-18]. Selenium is an essential trace element 
known for its antioxidant properties. Some studies suggest 
that selenium supplementation may have a protective effect 
against diabetic retinopathy by inhibiting oxidative stress and 
inflammation [18-20]. Oxidative stress is known to contribute 
to the development and progression of diabetic retinopathy. 
Selenium acts as a cofactor for some antioxidant enzymes, 
such as glutathione peroxidase, which helps neutralize 
harmful free radicals [9,20]. By enhancing the antioxidant 
defense system, selenium may potentially inhibit the oxida-
tive stress associated with diabetic retinopathy. Additionally, 
selenium has been shown to have anti-inflammatory proper-
ties. Chronic inflammation plays a crucial role in the patho-
genesis of diabetic retinopathy [21]. By modulating inflam-
matory mediators, selenium potentially inhibits inflammation 
in the retina and the progression of diabetic retinopathy. 
However, it is important to note that more research is needed 
to establish a definitive relationship between selenium and 
diabetic retinopathy [22]. The optimal dose of selenium 
supplementation for the prevention or management of diabetic 
retinopathy is unclear. It is always recommended to consult 
with a health care professional before starting any supple-
mentation regimen. Recent research suggests that combining 
ginger with some trace elements, such as zinc and selenium, 
enhances their individual therapeutic effects on diabetic 
retinopathy. These supplementations may target TRPM2 and 
TRPV1 ion channels, which play crucial roles in oxidative 
stress, autophagy, and apoptosis in retinal cells in patients 
with diabetes. Therefore, the aim of this study was to investi-
gate the anti-inflammatory, antioxidative, and antiapoptotic 
effects of different doses of selenium in combination with 
ginger extract in the eye tissue of diabetic rats.

METHODS

Ginger extract preparation and its high-performance liquid 
chromatography analysis: Ginger, or the rhizome of Z. offi-
cinale Roscoe, was purchased fresh from an herbal store. 
After washing and cutting into small pieces, it was dried 
in a laboratory environment, and 500 g of its powder was 
used to prepare the extract. Preparation of ginger (Z. offici-
nale Roscoe) extraction was done according to the method 
described by Akbari et al. [17]. The prepared extract was 
stored in the refrigerator (4 °C) for a maximum of 2 days. 
High-performance liquid chromatography (HPLC) analysis 
was performed to determine the levels of ginger bioactive 
compounds [6], -gingerol [8], -gingerol, and [10] -gingerol and 

[6] -shogaol. The analysis protocol was based on the study by 
Ma and Li [15]. HPLC was performed by a device equipped 
with a UV detector (2500 KNAUER, Wissenschaftliche 
Geräte GmbH, Berlin, Germany) set at 245 nm and consisted 
of a Smartline pump.

Animals and study plan: Seventy-two adult male Wistar 
rats (10-12 weeks, 230-260 g) were divided into nine groups 
as follows: control (C), diabetes (D), diabetes-selenium 
(50, 100, and 150 µg/kg; DSE50, DSE100, and DSE150), 
diabetes-ginger extract (100 mg/kg; DG100), and diabetes-
ginger extract (100 mg/kg)–selenium (50, 75, and 100 µg/
kg; DGSE50, DGSE100, and DGSE150). Rats were kept in 
a controlled laboratory environment and had free access to 
chow and water. Diabetes type 2 was induced by feeding a 
high-fat diet (HFD, 48% fat, 25% protein, 27% carbohydrate) 
for 3 weeks and injecting a single dose of streptozocin (STZ, 
50 mg/kg) solution intraperitoneally [23,24]. One week after 
STZ injection, fasting blood glucose was measured using a 
glucometer to confirm diabetes. Blood glucose above 200 mg/
dl was considered diabetic. After that, the grouping was fixed 
and treatment was provided by ginger extract and selenium 
supplementation. Ginger extract and selenium supplementa-
tion were dissolved in normal saline and then administered by 
gavage for 28 days. In the DGSE50, 100, and 150 groups, the 
ginger (100 mg/kg) was first dissolved in saline (1 ml), and 
then doses of 50 mg/kg, 100 mg/kg, and 150 mg/kg selenium 
were added to it. The changes in body weight and food intake 
were also measured weekly. This research was approved by 
the animal ethical committee of Jiangxi Medical College, 
Shangrao, China (Approval No. 203142.14).

Sampling preparation: After the last treatment session, 
animals were anesthetized by injecting the ketamine (65 mg/
kg) and xylazine (5 mg/kg) combination. The eye tissue was 
removed after collecting a blood sample from the heart. The 
left eye was used for histopathological evaluation, and the 
right eye was used for biochemical and molecular evaluation. 
Sera were prepared by centrifuging for 15 min at 360 ×g.

Biochemical measurement: Glucose and insulin levels as 
metabolic parameters in serum, as well as tumor necrosis 
factor-α (TNF-α) and interleukin (IL) 1β in eye tissue, 
were measured by enzyme-linked immunosorbent assay 
kits (Shanghai Crystal Day Biotech Co., Shanghai, China) 
according to the manufacturer’s instructions. The levels of 
oxidative biomarkers, including malondialdehyde (MDA), 
superoxide dismutase (SOD), glutathione peroxidase (GPx), 
and catalase (CAT), were measured by the methods as previ-
ously described in eye tissue [2].
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Molecular measurement:

Real-time PCR—The expression of Bax, Bcl2, TRPV1, 
TRPM2, and caspase 3 genes as target genes was measured 
in eye tissue. The sequence of primers (Table 1) for target and 
control genes was extracted from previous studies [25-27]. 
TRIzol LS Reagent (ThermoFisher Scientific, Waltham, MA) 
was used to extract RNA from eye tissue. Complementary 
DNA synthesis was performed with a Prime ScriptTM-RT 
reagent kit (Takara Bio Inc., Shiga, Japan). Real-time PCR 
reaction was run by a SYBR Green/qPCR Master Mix 
(Fermentas, ThemoFisher Scientific) on a Rotor Gene 6000 
(Qiagen, Netherlands). The expression of target genes was 
also calculated using the 2–ΔΔCt method [28].

Western blot—Western blot analysis was performed 
based on the standard method in eye tissue. The samples were 
homogenized in RIPA buffer, and the total protein concentra-
tion was measured by the Bradford method. Primary antibody 
(TRPM2: NB110-81601SS; TRPV1: NB100-1617) exposure 
was performed at 4 °C for 1 night. The secondary antibody 
(rabbit IgG) was also used. Quantification was done using the 
relative immunoreactivity levels of the target proteins against 
β-actin using the Box Gel Imagination System (Syngene, 
UK).

Histological examination: The left eye was fixed in a 10% 
formalin solution after being removed from the skull for 3 
days. Eyes were then embedded in paraffin. Sections with a 
thickness of 5 µm were prepared from paraffin blocks and 
stained with hematoxylin and eosin. Tissue sections were 
examined by a histologist using a light microscope (×40) 
without knowledge of their details. Histological examination 
was performed according to a previous study [29].

Statistical analysis: Statistical analysis was performed by 
one-way analysis of variance followed by a post hoc Tukey 
test with SPSS 16.0 (SPSS, Inc., Chicago, IL, USA). The least 
significant p level was <0.05. The results were reported as 
mean ± standard deviation (SD).

RESULTS

HPLC results: HPLC analysis of ginger extract showed that it 
contains high amounts of 6-gingerol, 8-gingerol, 10-gingerol, 
and 6-shogaol. The levels of 6-gingerol and 6-shogaol were 
the highest in ginger powder, followed by 8-gingerol and 
10-gingerol (Table 2 and Figure 1).

Body weight and metabolic parameter results: Induction of 
diabetes by feeding HFD and injecting STZ increased body 
weight and fasting blood glucose, as well as decreased insulin 
in the D group compared to the C group (p < 0.05, Figures 2 
and Figure 3). Treating with ginger (100 mg/kg) and selenium 
(50, 100, and 150 µg/kg) daily significantly attenuated the 
HFD-STZ-induced harm on body weight, insulin, and fasting 
glucose compared to the untreated diabetic (D) group (p < 
0.05, Figure 2). Moreover, there was no significant difference 
between the DG100 group and DSE50, DSE100, and DSE150 
groups with regard to these parameters (p > 0.05, Figure 2 
and Figure 3). Additionally, the combination of ginger (100 
mg/kg) with different doses of selenium (50, 100, and 150 µg/
kg) significantly improved body weight, insulin levels, and 
glucose levels in the DGSE50, DGSE100, and DGSE150 
groups compared to the D, DG100, DSE50, DSE100, and 
DSE150 groups (p < 0.05, Figure 2 and Figure 3). Although 
we looked for a dose-dependent response, a comparison of 
the glucose and insulin results in the DGSE50, DGSE100, and 
DGSE150 groups or DSE50, DSE100, and DSE150 groups 
showed that increasing the dose of selenium did not cause a 
significant change (p > 0.05, Figure 3).

Oxidative biomarker results: Diabetes increased the MDA 
level and decreased GPx, CAT, and SOD levels in eye tissue 

Table 1. Sequences of primers used to quantify mRNA of target genes.

Gene Forward Reverse
TRPV1 CAAGGCACTTGCTCCATTTG TCTGTGGCCCAATTTCGA
TRPM2 GACAGCAACCACTCCCACTT CTCCAACACCACGCAGACA
Bcl2 GCTACGAGTGGGATACTGGAGATGA ACAGCGGGCGTTCGGTTG
Bax AGGGTGGCTGGGAAGGC TGAGCGAGGCGGTGAGG
Caspase-3 GCAGCAGCCTCAAATTGTTGAC TGCTCCGGCTCAAACCATC
GAPDH ATGACTCTACCCACGGCAAG TACTCAGCACCAGCATCACC

Table 2. HPLC analysis results of ginger extract.

Retent ion t ime 
(min)

Compound Concentration (µg/
ml)

5.23475 6-gingerol 34.712
8.61324 8-gingerol 8.124
10.84594 10- gingerol 6.413
19.23647 6-shaogol 46.478
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in the D group compared to the C group (p < 0.05, Figure 4). 
In contrast, treating with ginger (100 mg/kg) and selenium 
(50, 100, and 150 µg/kg) daily significantly attenuated oxida-
tive stress by decreasing the MDA level and increasing SOD, 
GPx, and CAT levels in the DG100, DSE50, DSE100, and 
DSE150 groups compared to the D group (p < 0.05, Figure 4). 
SOD and CAT levels had a significant increase in the DG100 
group compared to the DSE50 and DSE100 groups. Addition-
ally, there were no significant changes in MDA level as a 
by-product of lipid peroxidation in the DG100 and DSE150 
groups, as well as the DG100 and DSE150 groups, regarding 
CAT and SOD levels. However, GPx activity increased in the 
DSE50, DSE100, and DSE150 groups in a dose-dependent 
manner, and there was no significant difference between the 
DG100 and DSE150 groups. Additionally, the combination 
of ginger (100 mg/kg) with different doses of selenium (50, 
100, and 150 µg/kg) significantly improved SOD, CAT, and 
GPx levels and attenuated the MDA level in eye tissue in the 
DGSE50, DGSE100, and DGSE150 groups compared to the 
D, DSE50, DSE100, and DSE150 groups (p < 0.05, Figure 

4). However, there was no significant difference among the 
DG100, DSE100, DSE150, and DGSE50 groups regarding 
SOD, CAT, GPx, and MDA values in eye tissue (p > 0.05).

Inflammatory marker results: HFD-STZ–induced diabetes 
increased significantly TNF-α and IL-1β levels in eye tissue 
in the D group compared to the C group (p < 0.05, Figure 5). 
In contrast, treating with ginger (100 mg/kg) and different 
doses of selenium (50, 100, and 150 µg/kg) daily attenuated 
significantly inflammation intensity by decreasing TNF-α 
and IL-1β values in the DG100, DSE50, DSE100, and DSE150 
groups compared to the D group (p < 0.05, Figure 5). IL-1β 
and TNF-α values had a significant decrease in the DG100 
group compared to the DSE50 and DSE100 groups but had 
no significant difference with the DSE150 group. IL-1β 
and TNF-α values attenuated in the DSE50, DSE100, and 
DSE150 groups in a dose-dependent manner, and the lowest 
values were observed in the DSE150 group, among others. 
However, there was no significant difference between the 
DG100 group and the DSE100 and DSE150 groups (p > 0.05, 
Figure 5). Additionally, the combination of ginger (100 mg/

Figure 1. HPLC analysis of ginger extract. Representative HPLC chromatogram shows the identification and quantification of major bioactive 
compounds in the ginger extract.
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kg) with different doses of selenium (50, 100, and 150 µg/kg) 
significantly attenuated IL-1β and TNF-α values in eye tissue 
in the DGSE50, DGSE100, and DGSE150 groups in a dose-
dependent manner compared to the D, DSE50, DSE100, and 
DSE150 groups (p < 0.05, Figure 5). However, there was no 
significant difference among the DG100, DSE100, DSE150, 
and DGSE50 groups regarding IL-1β and TNF-α values in 
eye tissue (p > 0.05, Figure 5).

Apoptosis results: HFD-STZ decreased Bcl2 expression 
gene and increased Bax and Cas-3 expression genes in eye 
tissue in the D group compared to the C group (p < 0.05, 
Figure 6). In contrast, treating with ginger (100 mg/kg) and 
selenium (50, 100, and 150 µg/kg) daily for 28 days signifi-
cantly increased Bcl2 expression gene and decreased Bax and 
Cas-3 expression genes in the DG100, DSE50, DSE100, and 
DSE150 groups compared to the D group (p < 0.05, Figure 
6). The expression of Bax and Cas-3 genes significantly 
decreased and the expression of the Bcl2 gene significantly 
increased in the DG100 group compared to the DSE50 and 
DSE100 groups. Additionally, Bcl2 expression in eye tissue 
had no significant difference in the DG100 group compared 
with the DSE150 group. In contrast, the expression of Bax 
and Cas-3 had a significant decrease in the DG100 group 
compared to the DSE150 group. The expression of Bax and 
Cas-3 decreased in the DSE50, DSE100, and DSE150 groups 
in a dose-dependent manner, and the lowest expression was 
observed in the DSE150 group, among others. However, 

the Bcl2 expression in eye tissue significantly increased in 
the DSE50, DSE100, and DSE150 groups, and the highest 
expression was observed in the DSE150 group, among others. 
Although there was a dose-dependent response to Bcl2, Bax, 
and Cas-3 expression in the DSE50, DSE100, and DSE150 
groups, the DSE100 and DSE150 groups had no significant 
difference together. Additionally, treating with the combina-
tion of ginger (100 mg/kg) with different doses of selenium 
(50, 100, and 150 µg/kg) daily for 28 days significantly 
attenuated HFD-STZ–induced apoptosis in eye tissue in 
the DGSE50, DGSE100, and DGSE150 groups compared to 
the D, DSE50, DSE100, and DSE150 (p < 0.05, Figure 6). 
The expression of Bcl2 had a significant increase and the 
expression of Bax and Cas-3 had a significant decrease in the 
DGSE50, DGSE100, and DGSE150 groups compared to the 
D, DG100, DSE50, DSE100, and DSE150 groups. However, 
the expression of these genes in eye tissue had no significant 
changes in the DG100 and DSE150 groups compared to the 
DGSE50 group (p > 0.05, Figure 6).

Molecular results of TRPM2 and TRPV1: HFD-STZ admin-
istration increased the protein and gene expression of TRPV1 
and TRPM2 in eye tissue in the D group compared to the C 
group (p < 0.05, Figure 7 and Figure 8). However, treatment 
of diabetic rats with ginger (100 mg/kg), selenium (50, 100, 
and 150 µg/kg), and their combinations daily for 28 days 
significantly decreased their gene and protein expression in 
eye tissue in the DG100, DSE50, DSE100, and DSE150 groups 

Figure 2. Body weight changes were monitored throughout the study period in all experimental groups. Data are presented as mean ± SD 
(n = 6). Week zero represents the baseline measurement prior to the induction of diabetes. Statistical significance is denoted as follows: 
∗∗p < 0.01 indicates a comparison with the control (C) group; #p <  0.05 and +p < 0.05 indicate a comparison with the diabetic (D) group; 
++p < 0.01 and ^^p < 0.01 indicate a comparison with the diabetic (D) group; ^p < 0.05 indicates a comparison with the diabetic (D) group.
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compared to the D group (p < 0.05, Figure 3 and Figure 4). 
The expression of TRPV1 and TRPM2 genes and proteins 
significantly decreased in the DG100 group compared to the 
DSE50 and DSE100 groups and had no significant difference 
with the DSE150 group. Although there was a dose-dependent 
decrease in protein and gene TRPV1 and TRPM2 expression 
in the DSE50, DSE100, and DSE150 groups, the DSE100 
and DSE150 groups had no significant difference together. 
Additionally, treatment of diabetic rats with the combination 
of ginger (100 mg/kg) with different doses of selenium (50, 
100, and 150 µg/kg) daily for 28 days significantly attenuated 
protein and gene TRPV1 and TRPM2 expression in eye tissue 
in the DGSE50, DGSE100, and DGSE150 groups compared 
to the D, DG100, DSE50, DSE100, and DSE150 (p < 0.05, 

Figure 7 and Figure 8). However, protein and gene TRPV1 
and TRPM2 expression in eye tissue had no significant 
changes in the DG100 and DSE150 groups compared to the 
DGSE50 group (p > 0.05, Figure 7 and Figure 8).

Histological evaluations: Histological evaluation of retinal 
tissue in diabetic rats was done by an optical microscope 
at ×40. Diabetic retinopathy symptoms, including edema 
(yellow line), detachment of the retinal layers (black line 
and green arrow), and inflammatory cell infiltration (blue 
arrow), can be seen in the prepared tissue sections (Figure 
9, the diabetic group). The use of ginger extract (100 mg/
kg), selenium (50, 100, and 150 µg/kg), and their combination 
greatly reduced the severity of these injuries and symptoms 
(Figure 9, the treated diabetic group).

Figure 3. Serum levels of insulin and glucose were measured in all experimental groups at the conclusion of the study. Values are presented 
as mean ± SD (n = 6 per group). **Statistical analyses were performed using one-way ANOVA followed by Tukey's post hoc test. Significant 
differences among multiple groups are indicated by different lowercase letters (p < 0.05). Additionally, asterisks denote comparisons with 
the control (C) group: ∗∗p < 0.01 and *p < 0.001. Symbols indicate comparisons with the diabetic (D) group: #p < 0.05, +p < 0.05, ^^p < 
0.01, and ^p < 0.05.
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DISCUSSION

HFD-STZ–induced diabetes increased protein and gene 
expression of TRPM2 and TRPV1, and it induced inflam-
mation and oxidative damage by increasing the amount 
of TNF-α, IL-1β, and MDA and decreasing the amount of 
SOD, GPx, and CAT enzymes. It also induced apoptosis by 
increasing the expression of BAX and caspase 3 genes and 
decreasing Bcl2 in eye tissue. However, treatment with ginger 
extract, different doses of selenium, and their combinations 
improved these situations.

TRPM2 and TRPV1 channels are upregulated in diabetic 
retinopathy and contribute to the progression of retinopathy 
by inducing oxidative damage, apoptosis, and inflammation 

in retinal cells [30-32]. It has been reported that TRPV1, 
TRPV4, and TRPM2 channels are activated by oxidative 
stress [33,34]. DNA damage caused by free radicals and 
PARP-1 activation also causes the activation of the TRPM2 
channel [35]. Our results in the diabetic group showed that 
protein and gene expression of TRPM2 and TRPV1 are 
parallel with changes in factors involved in causing oxidative 
damage, inflammation, and apoptosis. Previous studies have 
shown that TRP channels are sensitive to reduced intracel-
lular thiol levels and can be inhibited by antioxidant treat-
ment. Increasing intracellular thiol enhances cell survival 
by improving mitochondrial function and reducing related 
apoptotic cascades. In fact, these findings clearly indicate 
that improving the function of TRPM2 and TRPV1 channels 

Figure 4. The activities of antioxidant enzymes (SOD, CAT, GPx) and the level of lipid peroxidation (MDA) were measured in the ocular 
tissue of control and treated groups. All data are expressed as the mean ± SD (n = 6).**Asterisks denote statistically significant differences 
compared to the control (C) group: ∗∗p < 0.01 and *p < 0.001.Symbols indicate statistically significant differences compared to the untreated 
diabetic (D) group: #p < 0.05, ##p < 0.01, +p < 0.05, ++p < 0.01, ^p < 0.05, ^^p < 0.01, and ^^^p < 0.001.
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Figure 5. The concentrations of the pro-inflammatory cytokines IL-1β and TNF-α were quantified in the ocular tissue of all experimental 
groups. Data are presented as the  mean ± SD (n = 6). Statistical significance is indicated as follows: double asterisks (p < 0.01) and triple 
asterisks (*p < 0.001) denote a significant difference compared to the control (C) group; the symbols #, +, and ^ denote significant differences 
compared to the untreated diabetic (D) group at #p < 0.05, ##p < 0.01, +p < 0.05, ++p < 0.01, ^p < 0.05, ^^p  < 0.01, and ^^^p < 0.001.

Figure 6. The effects of ginger extract, selenium, and their combinations on the ocular mRNA expression of apoptosis-related genes (Bcl2, 
Bax, and Caspase-3) were evaluated in diabetic rats.Gene expression levels were measured by quantitative real-time PCR, and data are 
presented as the mean ± SD (n=6).**Asterisks indicate statistically significant differences compared to the control (C) group: **p < 0.01 and 
*p < 0.001.Symbols denote statistically significant differences compared to the untreated diabetic (D) group: ##p < 0.01, +p < 0.05, ++p < 
0.01, ^^p < 0.01, ^^^p < 0.001, and ^^^^p < 0.0001.
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Figure 7. Treatments with ginger extract, selenium, and their combinations modulated the ocular mRNA expression of TRPV1 (A) and 
TRPM2 (B) in diabetic rats.Gene expression was analyzed by quantitative real-time PCR, and results are shown as the mean ± SD (n=8).
Triple asterisks (*p < 0.001) indicate a statistically significant difference compared to the control (C) group.**The symbols #, +, and ^ denote 
significant differences compared to the untreated diabetic (D) group at #p < 0.05, +p < 0.05, ^p < 0.05, and ^^^p < 0.001.

Figure 8. Western blot analysis demonstrates the effects of ginger extract, selenium, and their combinations on the protein levels of TRPV1 
(A) and TRPM2 (B) in the ocular tissue of diabetic rats. Data from densitometric analysis are presented as the mean ± SD (n=3 independent 
experiments).**Statistical significance for comparisons with the untreated diabetic (D) group is indicated by asterisks and symbols: *p < 
0.05, **p < 0.01, *p < 0.001, ###p < 0.001, ####p < 0.0001, +++p < 0.001, and ++++p < 0.0001.
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and maintaining the appropriate concentrations of antioxidant 
precursors, such as thiol, can prevent the occurrence of events 
after their dysfunction (i.e., oxidative damage, inflammation, 
and apoptosis). In support of this evidence, the results of 
western blot analysis showed that the activity of TRPM2 and 

TRPV1 channels improved in a dose-dependent manner by 
treating with different doses of selenium. However, treatment 
with selenium in doses of 50 and 100 µg/kg did not have 
much effect on the expression of the genes of these channels, 
and the 150-µg/kg dose was able to significantly change their 

Figure 9. Representative photomicrographs of retinal tissue sections illustrate the histopathological changes across the experimental groups. 
Induction of diabetes with HFD-STZ caused significant damage to the retinal structure and induced retinopathy. Treatment with ginger 
extract, various doses of selenium, and their combinations ameliorated these diabetes-induced pathological changes. Images are representa-
tive of findings from 5 rats per group. Scale bar is provided.
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expression. It seems that this effect is due to indirect gene 
changes resulting from selenium consumption. Probably, 
in this case, selenium changed the expression of TRPM2 
and TRPV1 genes through its intracellular effects. Sele-
nium inhibits activation of TRP channels and intracellular 
calcium signaling. In addition, the reduction of intracellular 
calcium decreases mitochondrial depolarization and prevents 
excessive production of free radicals. Supplementation with 
selenium, in line with our results, prevents apoptotic cell 
death by reducing caspase 3 and 9 activities. Selenium is 
also a cofactor for the antioxidant GPx in reducing excessive 
reactive oxygen species production in cytosolic compart-
ments. Therefore, the treatments with selenium at different 
doses improved diabetic retinopathy by inhibiting oxidative 
damage, inflammation, and apoptosis via the downregulation 
of TRPM2 and TRPV1 activity.

Under these conditions, ginger appears to have inhibited 
the protein and gene expression of TRPM2 and TRPV1 chan-
nels, as well as factors contributing to oxidative damage and 
inflammation [14,17,36]. Ginger’s bioactive compounds, such 
as gingerols and shaogols, are directly and indirectly respon-
sible for inhibiting inflammation and oxidative damage 
[12,15]. These compounds also exert genomic and nonge-
nomic control over the activity of enzymes involved in sugar 
and lipid metabolism, insulin action, and the modulation of 
pathways like the pentose phosphate pathway [12,15,37]. 
Reducing glucose levels and improving serum insulin levels 
are likely key factors in mitigating diabetes-related complica-
tions, particularly retinopathy. Consistent with its effects on 
glucose metabolism and insulin function, ginger’s free radical 
scavenging ability likely contributed to reduced reactive 
oxygen species levels. This, in turn, appears to have further 
inhibited inflammation and oxidative damage, in addition to 
reducing TRPM2 and TRPV1 protein and gene expression.

Oxidative stress, apoptosis, and inf lammation are 
believed to play a significant role in the progression of 
diabetic retinopathy [12,38-40]. Oxidative stress is a major 
contributor to retinal cell damage in diabetic retinopathy 
[38]. Our results showed that treatment with selenium at 
different doses inhibited MDA levels and improved SOD, 
CAT, and GPx levels in eye tissue in diabetic rats. Selenium 
acts as a cofactor in the thiol structure as a main precursor of 
various antioxidants such as GSH (glutathione) and Se-GPx 
(selenium-dependent glutathione peroxidase). A decrease in 
thiol level causes a disturbance in the activity of glutathione 
peroxidase and is one of the reasons for the disturbance in 
the antioxidant defense mechanisms. The findings of the 
diabetic groups treated with ginger extract, different doses 
of selenium, and their combination showed that ginger with 

selenium works synergistically to scavenge free radicals, 
reduce lipid peroxidation, and restore antioxidant enzyme 
activity. By inhibiting oxidative damage, these supplements 
may help preserve retinal cell function. Our results, in line 
with previous studies [14,36,41-43], showed that 100 mg/kg 
of ginger extract indicates a potential antioxidative activity in 
diabetic animal models and patients with diabetes. Moreover, 
ginger extract exhibited anti-inflammatory and antiapoptotic 
activities, as previously reported, due to the presence of bioac-
tive compounds such as gingerols and shaogls [14,15,36].

Treatment with the combination of ginger (100 mg/
kg) and different doses of selenium (50, 100, 150 µg/kg) 
downregulated protein and gene expression of TRPM2 and 
TRPV1, as well as inhibited oxidative damage, inflamma-
tion, and apoptosis in eye tissue of diabetic rats. There is 
limited research specifically investigating the synergistic 
effects of ginger and selenium on inhibiting apoptosis, 
oxidative damage, and inflammation or even TRPM2 and 
TRPV1 activity. However, both ginger and selenium have 
been individually studied for their potential antiapoptotic and 
inflammatory properties and inhibition of oxidative damage 
[30,32,37]. As discussed, ginger and selenium have both been 
studied for their potential anti-inflammatory and antioxidant 
effects [15,17,36,44]. When used together, they may exhibit 
synergistic effects in inhibiting inflammation and oxidative 
damage. Ginger contains various bioactive compounds such 
as gingerols, shogaols, and paradols, which have been shown 
to possess anti-inflammatory properties by inhibiting the 
production of proinflammatory molecules such as cytokines 
and prostaglandins [14,37]. These compounds have been 
shown to inhibit apoptosis by modulating various signaling 
pathways involved in cell death regulation [12,15,37]. For 
example, ginger extract has been found to suppress apop-
tosis by reducing the expression of proapoptotic proteins (e.g., 
Bax) and increasing the expression of antiapoptotic proteins 
(e.g., Bcl-2) [12]. Ginger extract can also improve the levels 
of some trace elements and total homocysteine, as well as 
prevent oxidative damage induced by ethanol in rat eye and 
testes [17,36]. Ginger also exerts its antiapoptotic effects 
by reducing oxidative stress and inflammation, which are 
known triggers for apoptosis [45]. Moreover, ginger contains 
compounds called piperine [37,44], which may enhance the 
absorption and bioavailability of certain nutrients, including 
selenium. By consuming ginger along with selenium-rich 
foods or supplements, the body can better absorb and utilize 
selenium for its anti-inflammatory and antioxidant effects 
[46]. Additionally, individual responses for ginger may vary 
based on factors such as dosage, form of supplementation 
(e.g., fresh ginger, ginger extract, selenium supplements), and 
overall health status [47].
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While there is no specific research on the combined 
effects of ginger and selenium on inhibiting apoptosis, there-
fore, it is plausible that their individual antiapoptotic proper-
ties may synergistically contribute to enhanced protection 
against cell death. However, further studies are needed to 
explore this potential synergy and elucidate the underlying 
mechanisms involved. Overall, the combination of ginger 
and selenium works synergistically to inhibit inflammation 
by reducing proinflammatory molecules, enhancing antioxi-
dant activity, modulating immune responses, and improving 
nutrient absorption. This combination may provide greater 
protection against inflammatory conditions and oxidative 
damage compared to using ginger or selenium alone [36]. 
Selenium has been shown to inhibit apoptosis by regu-
lating multiple signaling pathways involved in cell death 
regulation [9,30]. For instance, selenium supplementation 
has been found to increase the expression of antiapoptotic 
proteins (e.g., Bcl-2) and decrease the expression of pro-
apoptotic proteins (e.g., Bax) [9,30]. Additionally, selenium 
can enhance the activity of antioxidant enzymes, thereby 
reducing oxidative stress–induced apoptosis. However, it is 
important to note that more research is needed to establish 
a clear relationship between selenium supplementation and 
its effects on diabetic retinopathy in humans. Additionally, 
individual responses to selenium supplementation may vary, 
and it should be used under medical supervision [48]. Overall, 
there is some evidence suggesting the potential benefits of 
selenium for individuals with diabetic retinopathy. Therefore, 
the combination of ginger together with selenium in different 
doses has the potential to inhibit oxidative damage, inflam-
mation, and apoptosis, thereby downregulating TRPM2 and 
TRPV1 channels. An important point regarding high doses of 
selenium is the toxic effects. Although we conducted a dose-
response study to determine the healing effects of selenium, 
we did not observe toxic effects in high doses of selenium 
(100 and 150 µg/kg) in this study. There were also no signifi-
cant differences between them in some parameters. This lack 
of significant difference in doses of 100 and 150 µg/kg may 
indicate the occurrence of cell tolerance or the preparation of 
cell defense mechanisms to initiate damaging events. In other 
words, taking these doses for more than the duration of this 
study or a higher dose may be toxic.

Conclusion: It can be concluded that diabetes due to 
HFD-STZ plays a significant role in developing retinopathy. 
However, treatment with ginger, selenium, and the combina-
tion of ginger with different doses of selenium could improve 
diabetic retinopathy by downregulating TRPM2 and TRPV1 
expression and inhibiting oxidative damage, inflammation, 
and apoptosis. These data clearly demonstrate that the use 
of herbal and nutritional supplements, including essential 

elements such as a ginger-selenium combination, plays a very 
important role in inhibiting the progression and delaying the 
onset of diabetic retinopathy.
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