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Streptozotocin-induced Diabetic
Retinopathy in Rats
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Abstract

Background: Diabetic retinopathy (DR) is a major cause of visual problems and ultimately results in vision loss. Nearly 25%
of diabetic patients have suffered from DR.

Objectives: The present research has been designed to assess the salutary properties of monotropein against streptozoto-
cin (STZ)-induced DR in rats.

Materials and Methods: The experimental rats were challenged with STZ, and after the initiation of diabetes, the animals
were treated with monotropein for 60 days. An investigation was conducted to assess the glucose, food intake, and body
weight levels of the experimental rats. The antioxidants, angiogenic protein levels, and inflammatory cytokines were assessed
using assay kits. The apoptotic protein levels and lipid profiles were examined by kits. A morphometric analysis was per-
formed on the retinal tissues.

Results: The treatment of monotropein successfully reduced the glucose level, food consumption, and glycosylated hemo-
globin (HbA, ) while increasing the body weight of DR rats. The monotropein also enhanced antioxidant levels and signifi-
cantly decreased inflammatory cytokines and angiogenic protein levels in the DR rats. The lipid profiles and proapoptotic
protein levels were also decreased by the monotropein.

Conclusion: The present research shows that monotropein successfully reduced dyslipidemia, inflammatory responses, and
oxidative stress in DR rats. These data demonstrate that monotropein has the potential to mitigate STZ-induced DR in rats.
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Introduction

Diabetes mellitus refers to a collection of metabolic compli-
cations that typically include aberrant regulation of glucose
levels in the body, resulting from either impaired insulin
production, decreased insulin action, or both (Cole & Florez,
2020). Patients with diabetes often experience a range of
problems as the condition progresses, including diabetic reti-
nopathy (DR). DR is a condition affecting the small blood
vessels in the retina, which can ultimately result in blindness
(Wang & Lo, 2018). DR is the prevailing microvascular
problem and prevalent ocular condition in the majority of
individuals with diabetes and affects over 60% of patients
with diabetes. Researchers have identified various causes of
DR, including chronic diabetes, sustained high blood sugar
levels, hypertension, and dyslipidemia (Altman & Schmidt,

2018). At the clinical level, DR contributes significantly to
visual problems and vision loss in diabetes patients.
Hyperglycemia primarily affects the retina, a highly
metabolically active tissue in the body. Chronically elevated
blood sugar levels cause changes to small blood vessels,
blood flow, and nerve function, ultimately leading to DR. The
causes of DR are complex and involve various factors, such
as oxidative stress, inflammation, angiogenesis, ischemia,
and neuronal apoptosis (Al-Kharashi, 2018).
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Although there have been tremendous improvements in
controlling blood sugar levels through diet and medication,
effectively dealing with the consequences of diabetes, such as
vision problems, continues to be a major concern in medical
practice. Due to the limitations of conventional drug treat-
ments for diabetic problems, there is an increasing interest in
alternative and complementary therapies (Xu et al., 2018). DR
is a disease that causes vascular oxidative stress and inflam-
mation. In this condition, reactive oxygen species (ROS) and
inflammatory markers are generated locally and play a key
role in its progression as well as other harmful effects
(Mendonca et al., 2020). Both hyperglycemia and inflamma-
tion play important roles in this mechanism, but their impact
varies depending on the disease’s severity. Both hyperglyce-
mia and inflammation have significant roles in triggering DR
in patients with diabetes (Tomi¢ et al., 2020). From this per-
spective, an elevated influx of systemic inflammatory cyto-
kines can damage the diabetic retina. This damage occurs
through various mechanisms, including the impairment of the
blood-retinal barrier (BRB), higher vascular permeability, the
amplification of ROS production, the activation of microglial
cells and infiltration of macrophages, and the promotion of
pericyte and neural cell apoptosis (Ucgun et al., 2020).

From a clinical perspective, DR is categorized into two
stages: Proliferative and nonproliferative DR. In nonprolifera-
tive types, there are intraretinal microvascular aberrations. These
abnormalities include high permeability of retinal blood vessels,
swelling of the central part of the retina (macular edema), thick-
ening of the membrane surrounding the small blood vessels, and
capillary occlusion (Romero-Aroca et al., 2016). The detection
of irregular angiogenic mechanisms in the retina and the devel-
opment of retinal fibrosis can indicate the proliferative stage.
The modifications resulted in significant visual impairments
when the newly formed anomalous blood vessels infiltrated the
vitreous cavity, resulting in vitreous hemorrhage. Early interven-
tion can help prevent visual deficits in the initial stages of the
disease, but managing them becomes increasingly challenging
as the disease progresses (Vujosevic et al., 2020).

Inhibiting the advancement of DR typically involves strict
regulation of glucose levels. Oral hypoglycemic medications
and insulin continue to be the primary pharmaceuticals used
in diabetes treatment. Conversely, a number of natural reme-
dies have shown encouraging outcomes in managing diabetes
while causing few negative effects (Tahrani et al., 2010).
Monotropein, a natural bioactive compound, is an iridoid gly-
coside found extensively in the Morinda officinalis plant.
Several previous studies have highlighted that monotropein
has renoprotective (Zhang et al., 2020), hepatoprotective
(Chen et al., 2020), anti-inflammatory and antioxidant (Jiang
et al., 2020), antinociceptive (Choi et al., 2005), antiarthritic
(Wang et al., 2014), and alleviating muscle atrophy (Wang et
al., 2022) properties. However, no scientific study has yet
explored its beneficial effects on DR. Therefore, the current
study aims to investigate the therapeutic effects of monotro-
pein on streptozotocin (STZ)-induced DR in rats.

Materials and Methods

Experimental Rats

The present work was conducted on male Wistar rats weigh-
ing approximately 230 + 10 g. The rats were housed in a con-
trolled laboratory environment, and careful attention was
paid to their well-being. The circumstances were maintained
at 22-26°C temperature, air moisture levels between 40 and
70%, and a 12-h dark-light sequence. During the trial, ani-
mals were given purified water and regular rat food. Before
commencing the studies, a one-week acclimation time was
provided for all rats to adapt to the laboratory environment.

Treatment Methods

The experimental rats were divided into four groups, with six
animals in each. Group I is a control group and was not sub-
jected to any treatments. The control rats were administered a
0.1 M saline concentration without STZ or monotropein. Group
II rats were given STZ (60 mg/kg) to induce DR. After adminis-
tering STZ for 48 h, the blood glucose of the rats was analyzed.
Rats with 250 mg/dL or higher glucose levels were classified as
diabetic. Group III consisted of diabetic animals that were
treated with 30 mg/kg of monotropein orally for 9 weeks. Group
IV consisted of diabetic animals treated with metformin
(350 mg/kg), serving as the standard treatment for 60 days.

Analysis of Body Weight, Glycosylated Hemoglobin
(HbA, ), Blood Glucose, and Food Consumption Levels

The average food consumption of the rats was meticulously
assessed and recorded. The rats’ body weight was measured
using an electronic balance, and the recorded results were scru-
tinized. The level of blood was assessed using a glucometer. The
level of HbA |, was analyzed using a kit following the instruc-
tions provided by the manufacturer (Abcam, USA).

Quantification of Lipid Profiles

The high-density lipoprotein (HDL), low-density lipoprotein
(LDL), triglycerides, total cholesterol, and atherogenic index
were examined in the rats using kits. The specifications pro-
vided by the manufacturer (Elabscience, USA) were followed
during the assays. Every assay was done three times, and the
outcomes are presented in mg/dL.

Analysis of Antioxidant Levels

The catalase (CAT) and superoxide dismutase (SOD) activi-
ties in the retinal tissues were examined with the help of kits
following the directions provided by the manufacturer
(Elabscience, USA). The concentrations of glutathione (GSH)
and the ratio of GSSG/GSH in the retina of experimental rats
were examined using kits, following the directions provided
by the manufacturer (Abcam, USA).
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Analysis of Proinflammatory Cytokines

The levels of nuclear factor (NF)-xB, tumor necrosis factor
(TNF)-a, interleukin (IL)-6, and IL-1 in the serum were mea-
sured using specialized kits provided by the manufacturer
(Elabscience, USA), following the recommended protocols. Each
assay was done in triplicate, and the findings are given in pg/mL.

Analysis of MMP-9, MCP-1, and VEGF Levels

The MMP-9, MCP-1, and VEGF were examined in experi-
mental rats using the specific kits. The instructions provided
by the manufacturer (Abcam, USA) were followed during the
analyses. The tests were done in triplicate, and the findings
are given in ng/L.

Morphometrical Analysis

The retinas obtained from the rats were evaluated morpho-
metrically using a computer-based image analysis method.
Using the morphometric analysis feature of ImageJ software,
the thickness of the retina and the total cell numbers inside
the ganglion cell layer (GCL) were investigated.

Assessment of Apoptotic Protein Levels

The Bcl-2, Bax, and the Bax/Bcl-2 ratio in the retina of the
rats were analyzed using commercially available assay Kkits.
The analysis was conducted following the manufacturer’s
protocols (Elabscience, USA).

Statistical Analysis

The values are studied using SPSS software. The results are
given as the mean + standard deviation (SD) of three repeated
measurements and analyzed using one-way analysis of vari-
ance (ANOVA) and Duncan’s post hoc method. The signifi-
cance was fixed based on a “p” value of less than 0.05.

Results

Effect of Monotropein on the Diabetes-induced
Changes in Experimental Rats

Figure 1 illustrates the regulatory effects of monotropein
on diabetes-induced physiological abnormalities, includ-
ing food intake, body weight, glucose, and HbA levels in
diabetic rats. Food consumption, glucose, and HbA _ levels
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Figure |. Effect of Monotropein on the Diabetes-induced Changes in the Experimental Rats.

Note: Values expressed in each bar indicate the mean * standard deviation (SD) of three repeated experiments and were statistically assessed by

one-way analysis of variance (ANOVA) and Duncan’s post hoc assay. “##” represents that values significantly differ at p < 0.0l from control rats;

Cosgesker

represents that values significantly differ at p < 0.05 from streptozotocin (STZ)-induced diabetic retinopathy (DR) rats.
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were found to be increased in the DR rats. Rats with DR
also exhibited a decrease in body weight compared to the
control. Captivatingly, the 30 mg/kg of monotropein sig-
nificantly reduced the food uptake, glucose, and HbA,,
levels. The monotropein treatment resulted in an improve-
ment in the body weight of the rats with DR. These find-
ings are consistent with the outcomes of the metformin
treatment.

Effect of Monotropein on the Lipoprotein Levels in
Experimental Rats

Figure 2 displays the lipoproteins, including triglycerides,
LDL, HDL, cholesterol, and atherogenic index levels, in the
DR rats. The serum of the STZ-induced rats exhibited reduced
levels of HDL, whereas it increased LDL, triglycerides, choles-
terol, and atherogenic index compared to the control.
Remarkably, the monotropein treatment considerably enhanced

the level of HDL. The 30 mg/kg of monotropein-treated rats
also exhibited reduced levels of cholesterol, LDL, triglycer-
ides, and atherogenic index in their serum. Metformin treat-
ment also regulated these lipoprotein levels.

Effect of Monotropein on the Antioxidant Levels in
Experimental Rats

Figure 3 illustrates the monotropein treatment’s effect on the
antioxidants in the DR rats. The STZ-induced DR rats exhib-
ited decreased SOD and GSH levels, as well as reduced rela-
tive ratios of SOD/CAT and GSH/GSSG, compared to the
control. Fascinatingly, the 30 mg/kg of monotropein success-
fully elevated the SOD and GSH levels, as well as the relative
ratios of SOD/CAT and GSSG/GSH in their retina. This pro-
vides evidence for the antioxidant effects of monotropein.
The antioxidant effects of monotropein were comparable to
the metformin treatment.

400 400 -
5 = i
=)
Y #i < | e
£ 300+ = 3300
= 1S
g g
< 200 < 200-
5
5 =
= 100+ E" 100 -
E = 15+
0 0 %
< ##
O © R T
G G g
&
Y
e
5
60— 80— £
## <
3 ok i 60"
40 * % =
< o
= =
g £
=3 ## ]
% 20 9
0 !lFI!
SRR
N R ) ]
© O & &
e & & &

Figure 2. Effect of Monotropein on the Lipoprotein Levels in the Experimental Rats.

Note: Values expressed in each bar indicate the mean * standard deviation (SD) of three repeated experiments and were statistically assessed by
one-way analysis of variance (ANOVA) and Duncan’s post hoc assay. “##” represents that values significantly differ at p < 0.0l from control rats; “**”
represents that values significantly differ at p < 0.05 from streptozotocin (STZ)-induced diabetic retinopathy (DR) rats.
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Figure 3. Effect of Monotropein on the Antioxidant Levels in the Experimental Rats.

Note: Values expressed in each bar indicate the mean # standard deviation (SD) of three repeated experiments and were statistically assessed by
one-way analysis of variance (ANOVA) and Duncan’s post hoc assay. “##” represents that values significantly differ at p < 0.01 from control rats; “**”
represents that values significantly differ at p < 0.05 from streptozotocin (STZ)-induced diabetic retinopathy (DR) rats.

Effect of Monotropein on the Inflammatory
Markers in Experimental Rats

The NF-«xB, IL-6, IL-1B, and TNF-a levels in the serum of
experimental rats are presented in Figure 4. Elevated
inflammatory cytokine levels were noted in the serum of
DR rats when compared to control. Contrastingly, treat-
ment with 30 mg/kg of monotropein significantly decreased
these cytokine levels in the serum of DR rats (Figure 4).
Treatment of DR rats with metformin also resulted in a
substantial reduction in the inflammatory cytokine levels
in their serum.

Effect of Monotropein on the Angiogenic Proteins
in Experimental Rats

The levels of angiogenic markers, including MCP-1, MMP-
9, and VEGF, in the experimental rats are given in Figure 5.
The present results demonstrate that MCP-1, VEGEF, and
MMP-9 levels were elevated in the serum of DR rats.
Nevertheless, the treatment with monotropein revealed a
drastic reduction in the VEGF, MCP1, and MMP-9 levels,
as depicted in Figure 5. The treatment with metformin also
significantly reduced these angiogenic marker levels in the
DR rats.
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Figure 4. Effect of Monotropein on the Inflammatory Cytokine Levels in the Experimental Rats.

Note: Values expressed in each bar indicate the mean * standard deviation (SD) of three repeated experiments and were statistically assessed by
one-way analysis of variance (ANOVA) and Duncan’s post hoc assay. “##” represents that values significantly differ at p < 0.01 from control rats;
‘" represents that values significantly differ at p < 0.05 from streptozotocin (STZ)-induced diabetic retinopathy (DR) rats.
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Figure 5. Effect of Monotropein on the Inflammatory Cytokine Levels in the Experimental Rats.

Note: Values expressed in each bar indicate the mean * standard deviation (SD) of three repeated experiments and were statistically assessed by
one-way analysis of variance (ANOVA) and Duncan’s post hoc assay. “##” represents that values significantly differ at p < 0.0l from control rats;
‘¥ represents that values significantly differ at p < 0.05 from streptozotocin (STZ)-induced diabetic retinopathy (DR) rats.
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Effect of Monotropein on the Thickness of Retina
and Number of Cells in Ciliary Ganglion Layer
(CGL) of Experimental Rats

Figure 6 exhibits the results of a morphometric examination
performed on the retina of the experimental rats. The results
revealed that the thickness of the retina and the cell counts in
the CGL were reduced in the DR rats. Remarkably, the treat-
ment with monotropein successfully regulated these changes
in the DR rats. The thickness of the retina of monotropein-
treated rats showed a considerable increase in both cell counts
and thickness in the CGL. Metformin treatment also miti-
gated these changes in the DR rats.

Effect of Monotropein on the Apoptotic Protein
Levels in the Experimental Rats

Figure 7 illustrates the apoptotic protein levels, including
Bcl-2, Bax, and Bcl-2/Bax ratio, in the retina of experimental
rats. The retina of DR rats showed elevated Bax protein and
the Bcl-2/Bax ratio, whereas the Bcl-2 levels decreased in
their retina. Surprisingly, the monotropein treatment signifi-
cantly reduced these protein levels. The monotropein treat-
ment at 30 mg/kg concentration in the DR rats resulted in a
significant decrease in the Bax and Bcl-2/Bax levels and
increased the Bcl-2 protein levels in their retina.

Discussion

DR is a major cause of visual impairment and vision loss, and
the number of incidents is rapidly increasing worldwide.
Nearly 25% of diabetic patients have been affected by DR. A
previous study reported that the world prevalence of DR is
nearly 22% (Saeedi et al., 2019). Clinically, DR is character-
ized by changes in the pathophysiology of the retinal small
blood vessels, resulting in significant visual impairment and
permanent blindness. The modifications mentioned encom-
pass capillary blockage, hemorrhages, microaneurysms, and
neovascularization (Duh et al., 2017). Currently, the specific
pathophysiological mechanisms that cause DR are still not
well understood. Inflammation and oxidative stress play a
significant role in DR progression. Research has shown that
prolonged increases in blood glucose levels stimulate ROS
accumulation and proinflammatory mediators in the retina
(Dubey et al., 2023). DR is worsened by the presence of mac-
ular edema, retinal detachment, and neovascular glaucoma,
leading to significant visual problems (Yao et al., 2018).
STZ is the predominant drug used to generate diabetes in
rodents. STZ selectively targets the pancreatic cells responsible
for insulin secretion, leading to a decline in the number of func-
tioning pancreatic cells and the development of diabetes (Zhu,
2022). It is known to cause identical clinical symptoms as
those observed in diabetic patients. STZ induces oxidative
damage to the pancreas, resulting in hyperinsulinemia and

persistent hyperglycemia. In addition, the administration of
STZ is linked to adverse effects on the liver and kidneys.
Furthermore, STZ is linked to characteristic manifestations of
diabetes, such as a reduction in body weight, excessive hunger,
increased urine production, and excessive thirst. The presence
of hypoinsulinemia and hyperleptinemia primarily causes the
rise in food consumption in individuals with diabetes.
Nevertheless, the primary cause of weight loss in diabetes
patients is the heightened depletion of fat reserves and the
dependence on fatty acids as a source of energy (Nergaard
et al., 2020). This study shows that STZ causes diabetes by
elevating blood glucose levels. Elevated HbA,, levels in dia-
betic rats result from persistent hyperglycemia, leading to
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Figure 6. Effect of Monotropein on the Retinal Thickness and
Cell Number in Ciliary Ganglion Layer (CGL) of the Experimental
Rats.

Note: Values expressed in each bar indicate the mean + standard
deviation (SD) of three repeated experiments and were statistically
assessed by one-way analysis of variance (ANOVA) and Duncan’s post

hoc assay. “##” represents that values significantly differ at p < 0.0l from
control rats; “**” represents that values significantly differ at p < 0.05 from
streptozotocin (STZ)-induced diabetic retinopathy (DR) rats.
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Figure 7. Effect of Monotropein on the Apoptotic Protein Levels in the Experimental Rats.

Note: Values expressed in each bar indicate the mean * standard deviation (SD) of three repeated experiments and were statistically assessed by one-
way analysis of variance (ANOVA) and Duncan’s post hoc assay. “##” represents that values significantly differ at p < 0.01 from control rats;

e

hemoglobin glycation. The concentration of HbA,_ is posi-
tively correlated with DR. It is considered a valuable diagnos-
tic and predictive tool for assessing diabetes-related
complications (Wium-Andersen et al., 2021). Our study
showed that the treatment with monotropein significantly
reduced food consumption, HbA,,, and glucose levels in DR
rats. The monotropein treatment also elevated the body weight
of the STZ-induced rats. These findings highlight its potential
for mitigating diabetes-related complications.

Oxidative stress refers to a disproportion between antioxi-
dant mechanisms and ROS accumulation. It is widely recog-
nized as the primary mechanism responsible for the harmful
effects and diseases associated with DR (Alfonso-Muiioz
et al.,, 2021). Oxidative stress in the retina leads to an

represents that values significantly differ at p < 0.05 from streptozotocin (STZ)-induced diabetic retinopathy (DR) rats.

elevation in the thickness of the basement membrane and trig-
gers damage to the BRB, hypoxia, inflammation, apoptosis,
angiogenesis, and neovascularization. Nevertheless, the use
of antioxidant therapy effectively prevents retinal damage by
reducing the intensity of these mechanisms (Cecilia et al.,
2019). The antioxidant system in most cells consists of non-
enzymatic components, such as GSH, as well as antioxidant
enzymes, including SOD, CAT, GPx, GRx, and others
(Hennig et al., 2018). Hyperglycemia is commonly recog-
nized to cause changes in multiple metabolic systems that
produce ROS. DR is extensively known as one of the most
common consequences of diabetes. Retinal cells are suscep-
tible to oxidative assault due to various polyunsaturated fatty
acids. Elevated levels of glucose oxidation in the retina also
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play a significant role in DR development (Darenskaya et al.,
2021). In this work, the results exhibited a drastic reduction in
the SOD, GSH, CAT/SOD proportion, and GSH/GSSG ratios
in the retina of the DR rats. Captivatingly, the treatment with
monotropein remarkably boosted the antioxidants in the DR
rats. These outcomes highlight the antioxidant potential of
monotropein.

Inflammation has a critical role in DR development. The
inflammatory cytokines, including IL-1f and TNF-o, and
inflammatory transcription factors, including NF-kB, have
been observed to be increased in the retinal tissues of diabetic
patients (Gasparini & Feldmann, 2012; Singh & Rai, 2019).
NF-«kB, a heterodimer consisting of a p65 subunit, regulates
the transcription of various genes that have a role in immunity
and inflammation. Inhibiting NF-kB activation decreases the
expression of inflammatory markers, including IL-6. Elevated
levels of IL-6 are linked to the disruption of the BRB and
alterations in retinal blood vessels in a hyperglycemic condi-
tion (Robinson et al., 2020). IL-1B, a very influential inflam-
matory cytokine in DR, stimulates the production of
chemokines and the recruitment of macrophages, therefore
promoting the degeneration observed in DR. TNF-a is crucial
in both the initial and final phases of BRB deterioration in DR
because it promotes cell death through mitophagy (Liu et al.,
2021). DR patients have elevated inflammatory cytokine lev-
els in their ocular fluids compared to diabetic patients without
DR. Furthermore, there is a direct link between the escalation
of inflammatory markers and the advancement of DR
(Semeraro et al., 2015). The present findings showed that
STZ-induced rats revealed drastic elevations in their serum of
the IL-6, NF-kB, IL-1p, and TNF-a levels. Fascinatingly, the
treatment of monotropein successfully reduced these cyto-
kines in the STZ-induced rats, which highlights its anti-
inflammatory properties.

In progressive DR, the mechanisms of inflammation and
angiogenesis are closely linked. In physiological conditions,
the process of angiogenesis maintains normal parameters.
However, in pathological conditions like DR, the expression
of angiogenic markers like VEGF increases (Saleh et al.,
2019). Elevated inflammatory cytokine levels stimulate the
generation of VEGF, and subsequently, VEGF triggers the
production of inflammatory cytokines. VEGF is widely
acknowledged as the primary marker for angiogenesis in DR,
and its expression escalates as the disease progresses in sever-
ity. VEGF regulates proangiogenic factors that disrupt the
BRB through several methods, resulting in heightened vascu-
lar permeability and retinal edema (Rossino et al., 2020).
Given the importance of VEGF and inflammation in the
development of DR, there is a focus on using drugs that have
anti-VEGF and anti-inflammatory actions to alleviate prob-
lems in diabetic patients (Zhao & Singh, 2018). The current
medical treatment for DR involves the use of monoclonal
antibodies to inhibit VEGF binding to its receptors, thereby
reducing VEGF signaling. The efficiency of anti-VEGF med-
ication in delaying the progression of DR has been

demonstrated (Bonnin et al., 2019). In this study, the results
exhibited that STZ-induced rats demonstrated increased
VEGEF levels. However, the monotropein treatment consider-
ably decreased the VEGF levels in the STZ-induced rats.

Research has indicated that MMP-9 is also significantly
involved in neovascularization. Furthermore, MCP-1 is cru-
cial in advancing many diabetes-related problems (Forsyth et
al., 1999; Robison et al., 1997). MCP-1, belonging to the
family of inflammatory chemokines, primarily functions
through paracrine and autocrine mechanisms. MCP-1 has the
ability to stimulate the movement and penetration of inflam-
matory cells. It also plays a pivotal role in phagocytic cell
activation and inflammation (Wakabayashi et al., 2011).
Research has proved that the MCP-1 expression is elevated in
the retinal tissues of DR patients. Furthermore, the TNF-a
expressions are directly associated with MCP-1 activation
(Dong et al., 2012). The present study also highlighted that
the monotropein treatment successfully reduced the MMP-9
and MCP-1 levels in the DR rats. These findings prove that
monotropein effectively mitigated the angiogenic processes
in the DR rats.

Cell apoptosis, which can result in organ damage, can be
triggered by oxidative stress and inflammatory cytokines.
The caspase family of enzymes is well-recognized as the pri-
mary initiator of cell death (Mcllwain et al., 2015). Cell apop-
tosis often encompasses both extrinsic and intrinsic
mechanisms of cell death. The inflammatory cytokine TNF-a
activates death receptors, triggering extrinsic and intrinsic
cell death pathways (Elmore, 2007). In contrast, intracellular
signaling can trigger the cell apoptosis pathway by increasing
p53/Bax expression, decreasing Bel-2 expression, and acti-
vating Bax. This ultimately results in mitochondrial injury
and cytochrome-C release (Khalfaoui et al., 2010). The pres-
ent work, which found increased Bax and Bcl-2/Bax
ratios and diminished Bcl-2 protein levels in the retina of
the DR rats, proves the occurrence of apoptotic incidences.
Fascinatingly, the monotropein treatment successfully
reduced the Bax and Bcl-2/Bax ratios as well as elevated the
Bcl-2 protein levels in the retina of the DR rats. These find-
ings highlighted that the monotropein treatment has antiapop-
totic effects on the retina of DR rats.

Conclusion

In summary, the present research shows that monotropein
successfully reduced dyslipidemia, inflammatory response,
and oxidative stress in rats with DR. The treatment of mono-
tropein significantly regulated the levels of angiogenic mark-
ers, reduced the inflammatory regulators, and increased the
antioxidants in rats with DR. These data demonstrate that
monotropein has the potential to mitigate DR induced by STZ
in rats. Further investigations within this context could
enhance our understanding of the underlying mechanisms
responsible for the salutary properties of monotropein in
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combating DR. This, in turn, may facilitate the development
of new therapy options in the future.

Abbreviations

BRB: Blood-retinal barrier; DR: Diabetic retinopathy; HbA,:
Glycosylated hemoglobin; HDL: High-density lipoprotein; LDL:
Low-density lipoprotein; ROS: Reactive oxygen species; STZ:
Streptozotocin.

Acknowledgments

This work was supported by the Department of Ophthalmology,
Hangzhou Huaxia Eye Hospital, Hangzhou 310030, China.

Declaration of Conflicting Interests

The author declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Ethical Approval and Informed Consent

This work was approved by the institutional ethical committee
Hangzhou Huaxia Eye Hospital, Hangzhou 310030, China (Ethical
number: 2023/53).

Funding

The authors received no financial support for the research,
authorship, and/or publication of this article.

ORCID iD

Yuxi Jia (2} https://orcid.org/0009-0007-3249-9394

References

Alfonso-Mufioz, E. A., de las Matas, B. S. R., Mataix Boronat, J.,
Molina Martin, J. C., & Desco, C. (2021). Role of oral antioxidant
supplementation in the current management of diabetic retinopa-
thy. International Journal of Molecular Sciences, 22(8), 4020.

Al-Kharashi, A. S. (2018). Role of oxidative stress, inflammation,
hypoxia and angiogenesis in the development of diabetic reti-
nopathy. Saudi Journal of Ophthalmology, 32(4), 318-323.
https://doi.org/10.1016/j.sjopt.2018.05.002

Altmann, C., & Schmidt, M. H. H. (2018). The role of microglia in
diabetic retinopathy: Inflammation, microvasculature defects
and neurodegeneration. International Journal of Molecular
Sciences, 19(1), 110. https://doi.org/10.3390/ijms19010110

Bonnin, S., Dupas, B., Lavia, C., Erginay, A., Dhundass, M., Couturier,
A., Gaudric, A., & Tadayoni, R. (2019, March). Anti-vascular
endothelial growth factor therapy can improve diabetic retinopa-
thy score without change in retinal perfusion. Retina, 39(3), 426—
434. https://doi.org/10.1097/IAE.0000000000002422

Cecilia, O. M., José Alberto, C. G., José, N. P., Ernesto German, C.
M., Ana Karen, L. C., Luis Miguel, R. P., Ricardo Raul, R. R.,
& Adolfo Daniel, R. C. (2019, August 14). Oxidative stress as
the main target in diabetic retinopathy pathophysiology. Journal
of Diabetes  Research, 2019, 8562408. https://doi.
org/10.1155/2019/8562408

Chen, Y., Lu, Y., Pei, C., Liang, J., Ding, P., Chen, S., & Hou, S. Z.
(2020). Monotropein alleviates secondary liver injury in chronic

colitis by regulating TLR4/NF-kappaB signaling and NLRP3
inflammasome. European Journal of Pharmacology, 883,
173358. https://doi.org/10.1016/j.ejphar.2020.173358

Choi, J., Lee, K. T., Choi, M. Y., Nam, J. H., Jung, H. J., Park, S. K.,
& Park, H. J. (2005). Antinociceptive anti-inflammatory effect
of monotropein isolated from the root of Morinda officinalis.
Biological and Pharmaceutical Bulletin, 28(10), 1915-1918.
https://doi.org/10.1248/bpb.28.1915

Cole, J. B., & Florez, J. C. (2020). Genetics of diabetes mellitus and
diabetes complications. Nature Reviews Nephrology, 16(7),
377-390. https://doi.org/10.1038/s41581-020-0278-5

Darenskaya, M. A., Kolesnikova, L. 1., & Kolesnikov, S. I. (2021).
Oxidative stress: Pathogenetic role in diabetes mellitus and its
complications and therapeutic approaches to correction. Bulletin
of Experimental Biology and Medicine, 171(2), 179-189.
https://doi.org/10.1007/s10517-021-05191-7

Dong, N., Li, X., Xiao, L., Yu, W., Wang, B., & Chu, L. (2012).
Upregulation of retinal neuronal MCP-1 in the rodent model of
diabetic retinopathy and its function in vitro. [nvestigative
Ophthalmology and Visual Science, 53(12), 7567-7575. https://
doi.org/10.1167/iovs.12-9446

Dubey, S. K., Rai, S. N., Singh, V. K., Bajpeyee, A. K., & Singh, M.
P. (2023, April 14). Evaluation of Pleurotus mushroom effects
on histopathological changes in organs of diabetic rats. Disease
Markers, 2023,1520132. https://doi.org/10.1155/2023/1520132

Duh, E. J., Sun, J. K., & Stitt, A. W. (2017). Diabetic retinopathy:
Current understanding, mechanisms, and treatment strategies.
JCI  Insight, 2(14), ¢93751. https://doi.org/10.1172/jci.
insight.93751

Elmore, S. (2007). Apoptosis: A review of programmed cell death.
Toxicologic ~ Pathology,  35(4), 495-516.  https://doi.
org/10.1080/01926230701320337

Forsyth, P. A., Wong, H., Laing, T. D., Rewcastle, N. B., Morris, D.
G., Muzik, H., Leco, K. J., Johnston, R. N., Brasher, P. M.,
Sutherland, G., & Edwards, D. R. (1999, April). Gelatinase-A
(MMP-2), gelatinase-B (MMP-9) and membrane type matrix
metalloproteinase-1 (MT1-MMP) are involved in different
aspects of the pathophysiology of malignant gliomas. British
Journal of Cancer, 79(11-12), 1828-1835. https://doi.
org/10.1038/sj.bjc.6690291

Gasparini, C., & Feldmann, M. (2012). NF-kB as a target for modulat-
ing inflammatory responses. Current Pharmaceutical Design,
18(35), 5735-5745. https://doi.org/10.2174/138161212803530763

Hennig, P., Garstkiewicz, M., Grossi, S., Di Filippo, M., French, L.
E., & Beer, H. D. (2018). The crosstalk between Nrf2 and
inflammasomes. International Journal of Molecular Sciences,
19(2), 562. https://doi.org/10.3390/ijms 19020562

Jiang, F., Xu, X. R., Li, W. M., Xia, K., Wang, L. F., & Yang, X. C.
(2020). Monotropein alleviates H,O,-induced inflammation,
oxidative stress and apoptosis via NFkappaB/AP1 signaling.
Molecular Medicine Reports, 22(6), 4828-4836. https://doi.
org/10.3892/mmr.2020.11548

Khalfaoui, T., Basora, N., & Ouertani-Meddeb, A. (2010). Apoptotic
factors (Bcl-2 and Bax) and diabetic retinopathy in type 2 dia-
betes. Journal of Molecular Histology, 41(2-3), 143-152.
https://doi.org/10.1007/s10735-010-9271-9

Liu, Y, Li, L., Pan, N., Gu, J., Qiu, Z., Cao, G., Dou, Y., Dong, L.,
Shuai, J., & Sang, A. (2021, July 5). TNF-a released from reti-
nal Miiller cells aggravates retinal pigment epithelium cell
apoptosis by upregulating mitophagy during diabetic



180

Pharmacognosy Magazine 21(1)

Biochemical
561,

retinopathy.
Communications,
bbrc.2021.05.027

Mcllwain, D. R., Berger, T., & Mak, T. W. (2015). Caspase functions
in cell death and disease. Cold Spring Harbor Perspectives in
Biology, 7(4), a008656.

Mendonca, H. R., Carpi-Santos, R., da Costa Calaza, K., & Blanco
Martinez, A. M. (2020). Neuroinflammation and oxidative
stress act in concert to promote neurodegeneration in the dia-
betic retina and optic nerve: Galectin-3 participation. Neural
Regeneration  Research, 15(4), 625-635. https://doi.
org/10.4103/1673-5374.266910

Norgaard, S. A., Sendergaard, H., Serensen, D. B., Galsgaard, E. D.,
Hess, C., & Sand, F. W. (2020). Optimising streptozotocin dos-
ing to minimise renal toxicity and impairment of stomach emp-
tying in male 129/Sv mice. Laboratory Animals, 54(4),
341-352. https://doi.org/10.1177/0023677219872224

Robinson, R., Srinivasan, M., Shanmugam, A., Ward, A., Ganapathy,
V., Bloom, J., Sharma, A., & Sharma, S. (2020, July). Interleukin-6
trans-signaling inhibition prevents oxidative stress in a mouse
model of early diabetic retinopathy. Redox Biology, 34, 101574.
https://doi.org/10.1016/j.redox.2020.101574

Robison, Jr, W. G., Laver, N. M., Jacot, J. L., Chandler, M. L., York,
B. M., & Glover, J. P. (1997). Efficacy of treatment after mea-
surable diabetic-like retinopathy in galactose-fed rats.
Investigative Ophthalmology and Visual Science, 38(6),
1066-1073.

Romero-Aroca, P., Baget-Bernaldiz, M., Pareja-Rios, A., Lopez-
Galvez, M., Navarro-Gil, R., & Verges, R. (2016). Diabetic
macular edema pathophysiology: Vasogenic versus inflamma-
tory. Journal of Diabetes Research, 2016, 2156273. https://doi.
org/10.1155/2016/2156273

Rossino, M. G., Lulli, M., Amato, R., Cammalleri, M., Monte, M.
D., & Casini, G. (2020, June 11). Oxidative stress induces a
VEGF autocrine loop in the retina: Relevance for diabetic reti-
nopathy. Cells, 9(6), 1452. https://doi.org/10.3390/cells9061452

Saeedi, P., Petersohn, I., Salpea, P., Malanda, B., Karuranga, S.,
Unwin, N., Colagiuri, S., Guariguata, L., Motala, A. A.,
Ogurtsova, K., Shaw, J. E., Bright, D., Williams, R., & IDF
Diabetes Atlas Committee. (2019). Global and regional diabetes
prevalence estimates for 2019 and projections for 2030 and 2045:
Results from the International Diabetes Federation Diabetes
Atlas, 9th edition. Diabetes Research and Clinical Practice, 157,
107843. https://doi.org/10.1016/j.diabres.2019.107843

Saleh, 1., Maritska, Z., Parisa, N., & Hidayat, R. (2019). Inhibition
of receptor for advanced glycation end products as new promis-
ing strategy treatment in diabetic retinopathy. Open Access
Macedonian Journal of Medical Sciences, 7(23), 3921-3924.
https://doi.org/10.3889/0amjms.2019.759

Semeraro, F., Cancarini, A., dell’Omo, R., Rezzola, S., Romano, M.
R., & Costagliola, C. (2015). Diabetic retinopathy: Vascular and
inflammatory disease. Journal of Diabetes Research, 2015,
582060. https://doi.org/10.1155/2015/582060

Singh, P., & Rai, S. N. (2019). Factors affecting obesity and its treat-
ment. Obesity Medicine, 16, 100140. https://doi.org/10.1016/].
obmed.2019.100140

Tahrani, A. A., Piya, M. K., Kennedy, A., & Barnett, A. H. (2010).
Glycaemic control in type 2 diabetes: Targets and new thera-
pies. Pharmacology and Therapeutics, 125(2), 328-361. https://
doi.org/10.1016/j.pharmthera.2009.11.001

and  Biophysical — Research
143-150. https://doi.org/10.1016/].

Tomi¢, M., Vrabec, R., Vidas Pauk, S., Bulum, T., & Ljubi¢, S. (2020).
Systemic inflammation and dyslipidemia are associated with reti-
nopathy in type 2 but not in type 1 diabetes. Scandinavian Journal
of Clinical and Laboratory Investigation, 80(6), 484—490. https://
doi.org/10.1080/00365513.2020.1789921

Ucgun, N. L., Zeki-Fikret, C., & Yildirim, Z. (2020). Inflammation
and diabetic retinopathy. Molecular Vision, 26, 718-721.

Vujosevic, S., Aldington, S. J., Silva, P., Hernandez, C., Scanlon, P.,
Peto, T., & Simd, R. (2020). Screening for diabetic retinopathy:
New perspectives and challenges. The Lancet. Diabetes and
Endocrinology,  8(4), 337-347. https://doi.org/10.1016/
S2213-8587(19)30411-5

Wakabayashi, Y., Usui, Y., Okunuki, Y., Kezuka, T., Takeuchi, M.,
Iwasaki, T., Ohno, A., & Goto, H. (2011). Increases of vitreous
monocyte chemotactic protein 1 and interleukin 8 levels in
patients with concurrent hypertension and diabetic retinopa-
thy. Retina, 31(9), 1951-1957. https://doi.org/10.1097/
TAE.O0b013e31820d3cee

Wang, F., Wu, L., Li, L., & Chen, S. (2014). Monotropein exerts
protective effects against IL-1B-induced apoptosis and catabolic
responses on osteoarthritis chondrocytes. [International
Immunopharmacology, 23(2), 575-580. https://doi.
org/10.1016/j.intimp.2014.10.007

Wang, P., Kang, S. Y., Kim, S. J., Park, Y. K., & Jung, H. W. (2022,
April 29). Monotropein improves dexamethasone-induced mus-
cle atrophy via the AKT/mTOR/FOXO3a signaling pathways.
Nutrients, 14(9), 1859. https://doi.org/10.3390/nu14091859

Wang, W., & Lo, A. C. Y. (2018). Diabetic retinopathy:
Pathophysiology and treatments. International Journal of
Molecular Sciences, 19(6), 1816. https://doi.org/10.3390/
ijms19061816

Wium-Andersen, I. K., Hengeveld, E. M., Rungby, J., Jorgensen, M.
B., Osler, M., & Wium-Andersen, M. K. (2021). Hemoglobin
Alc-levels and subsequent risk of depression in individuals
with and without diabetes. Journal of Diabetes and Its
Complications, 35(8), 107946. https://doi.org/10.1016/].
jdiacomp.2021.107946

Xu, L., Li, Y., Dai, Y., & Peng, J. (2018). Natural products for the
treatment of type 2 diabetes mellitus: Pharmacology and mech-
anisms. Pharmacological Research, 130, 451-465. https://doi.
org/10.1016/j.phrs.2018.01.015

Yao, Y., Li, R., Du, J. H,, Li, X. N, Zhao, L., Long, L. H., Li, D. M.,
& Lu, S. M. (2018). Tumor necrosis factor-o. and diabetic reti-
nopathy: Review and meta-analysis. Clinica Chimica Acta;
International Journal of Clinical Chemistry, 485, 210-217.
https://doi.org/10.1016/j.cca.2018.06.028

Zhang, Y., Chen, Y., Li, B., Ding, P, Jin, D., Hou, S., Cai, X., &
Sheng, X. (2020). The effect of monotropein on alleviating cis-
platin-induced acute kidney injury by inhibiting oxidative dam-
age, inflammation and apoptosis. Biomedicine and
Pharmacotherapy, 129, 110408. https://doi.org/10.1016/].
biopha.2020.110408

Zhao, Y., & Singh, R. P. (2018). The role of anti-vascular endothelial
growth factor (anti-VEGF) in the management of proliferative
diabetic retinopathy. Drugs in Context, 7, 212532. https://doi.
org/10.7573/dic.212532

Zhu, B. T. (2022). Pathogenic mechanism of autoimmune diabetes
mellitus in humans: Potential role of streptozotocin-induced
selective autoimmunity against human islet B-cells. Cells, 11(3),
492. https://doi.org/10.3390/cells 11030492



