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Abstract

Background: As diabetes continues to be a global epidemic, the prevalence of retinopathy, a frequent microvascular complica-
tion, is anticipated to increase significantly. Effective management of blood glucose, blood pressure, and lipid levels may reduce 
the risk of diabetic retinopathy (DR); however, maintaining optimal control remains challenging in clinical practice. In advanced 
stages, therapeutic interventions such as anti-vascular endothelial growth factor (VEGF) medication, laser photocoagulation, and 
vitrectomy are necessary to preserve vision; however, they render side effects, and vision recovery is not 100%.
Objectives: We aimed to investigate the efficacy of bioactive alkaloid noscapine to mitigate DR.
Materials and Methods: Hyperglycemia was triggered in male Wistar rats with streptozotocin (STZ) and treated with 
noscapine. The impact of noscapine on regulating STZ-induced hyperglycemia was analyzed by quantifying the glycated 
hemoglobin and blood glucose levels. The body weight, feed intake, and cholesterol levels of the experimental animals were 
monitored to assess the lipid-lowering efficacy of noscapine. To assess the inhibitory potency of noscapine against hypergly-
cemia-triggered oxidative stress, the malondialdehyde (MDA) levels and the antioxidant levels were quantified. Inflammatory 
proteins were measured to evaluate the efficacy of noscapine in hyperglycemic rats. VEGF, MCF-1, and matrix metallopepti-
dase 9 (MMP-9) protein levels were quantified in the experimental rats to analyze the mitigating potency of noscapine against 
hyperglycemia-triggered DR. The retinal histopathological analysis and apoptotic protein levels in the experimental animals 
were performed to confirm the ameliorative efficacy of noscapine against hyperglycemia-induced retinopathy.
Results: Results from various analyses proved noscapine treatment effectively attenuated hyperglycemia and hypercholes-
terolemia in the STZ-administered rats. It also scavenged free radicals, enhanced antioxidant status, and thereby inhibited 
ROS-induced inflammation and apoptosis in hyperglycemia-triggered rats. The levels of VEGF, MCF-1, and MMP-9 were 
significantly decreased with noscapine treatment, which signifies its anti-angiogenic effect in treating DR, and it is further 
confirmed with our retinal histopathological analysis.
Conclusion: Overall, our study demonstrates that noscapine is a potent anti-hyperglycemic and antioxidant agent, showing 
significant ameliorative effects against retinopathy in a diabetic rat model.
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Introduction

The global diabetes epidemic is rapidly escalating, with 529 
million individuals affected in 2021, translating to a preva-
lence rate of 6.1% (GBD 2021 Diabetes Collaborators, 2023). 
Recent estimates from the International Diabetes Federation 
(IDF) indicate that approximately 10.5% of the adult popula-
tion, or over half a billion people, currently live with diabetes 
(Sun et al., 2022). Projections suggest that this number could 
rise to nearly 800 million by 2045 (Unnikrishnan et al., 2017). 
The prevalence of diabetes among adults was 8.5% in 2014, 
and it has been steadily increasing over the past 30 years, 

especially in low and middle-income countries (Chisha et al., 
2017). Type 2 diabetes is particularly concerning among 
youth, as it tends to manifest more aggressively and is associ-
ated with early onset of complications such as hypertension, 
nephropathy, polycystic ovary syndrome, and dyslipidemia 
(Dabelea et al., 2017; Ke et al., 2022).

1Department of Ophthalmology, Xi’an Fifth Hospital, Xi’an, Shaanxi, China
2Department of Refractive, Xi’an Aier Eye Hospital, Xi’an, Shaanxi, China

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/) which permits non-Commercial use, reproduction and 

distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://
us.sagepub.com/en-us/nam/open-access-at-sage). 

Pharmacognosy Magazine
22(2) 802–812, 2026

© The Author(s) 2025
Article reuse guidelines:

in.sagepub.com/journals-permissions-india
DOI: 10.1177/09731296251374434

journals.sagepub.com/home/phm

Received 06 February 2025; revised 20 May 2025; accepted 11 August 2025

http://crossmark.crossref.org/dialog/?doi=10.1177%2F09731296251374434&domain=pdf&date_stamp=2025-09-16


Wei and Zheng	 803

Diabetic retinopathy (DR) is the most prevalent microvas-
cular complication of diabetes mellitus and represents a major 
cause of vision impairment and blindness globally (Stitt et al., 
2016). The rising incidence of type 2 diabetes has signifi-
cantly contributed to the increasing burden of DR, establish-
ing it as a leading cause of preventable blindness (Gupta & 
Chhikara, 2018). Currently, DR affects an estimated 30%–
40% of individuals with diabetes, with a global prevalence of 
approximately 103 million cases, a figure projected to rise to 
161 million by 2045 (Teo et al., 2021). Although the overall 
prevalence of visual impairment has declined, the number of 
individuals experiencing blindness due to DR has doubled, 
increasing from 0.2 million to 0.4 million. Notably, approxi-
mately 80% of individuals with type 2 diabetes are expected 
to develop some degree of retinopathy (Abdulhussein & 
Abdul Hussein, 2023; Zegeye et al., 2023).

DR is primarily caused by hyperglycemia, which triggers 
a range of metabolic pathways leading to retinal microvascu-
lar damage (Morya et al., 2024). Key mechanisms include the 
polyol pathway, advanced glycation end products (AGEs) 
accumulation, activation of the protein kinase C (PKC) path-
way, and the hexosamine pathway (Haydinger et al., 2023). 
Hyperglycemia initially causes retinal blood vessel dilation 
and altered blood flow; a response aimed at enhancing retinal 
metabolism (Bek, 2017). Additionally, diabetes leads to 
increased mitochondrial superoxide production in vascular 
endothelial cells, resulting in oxidative stress and enhanced 
flux through various damaging pathways (Wang & Lo, 2018). 
This situation promotes inflammation, elevated levels of 
reactive oxygen species (ROS), and harmful epigenetic modi-
fications (Reddy et al., 2015). Furthermore, growth factors 
like VEGF and insulin-like growth factor-1 (IGF-1), changes 
in hemodynamics, activation of the renin–angiotensin–aldo-
sterone system (RAAS), and leukostasis intertwine with these 
pathways, contributing to the disease’s development and pro-
gression (Tarr et al., 2013).

DR treatments encompass various modalities aimed at pre-
venting vision loss and managing disease progression. Laser 
therapy, anti-VEGF injections, and corticosteroid injections 
reduce the risk of severe vision loss but may lead to transient 
visual disturbances, elevated intraocular pressure, and pain 
(Gonzalez et al., 2016; Wang & Lo, 2018; Wroblewski et al., 
2016). Phytochemicals such as alkaloids, polyphenols, terpe-
noids, and flavonoids exert various pharmacological effects by 
targeting multiple metabolic pathways simultaneously. 
Additionally, these bioactive compounds enhance intercellular 
drug delivery, a crucial factor in achieving optimal therapeutic 
outcomes (Dal & Sigrist, 2016; Efferth & Koch, 2011; Parveen 
et al., 2018). Noscapine is an isoquinoline alkaloid compound 
extracted from opium sourced from the Papaver somniferum 
plant. Noscapine already showed various biological activities, 
including anti-tumor (Chougule et al., 2011), neuroprotective 
(Jayaraj et al., 2021), and anti-fibrotic (Kach et al., 2014) prop-
erties. In this study, we analyzed noscapine’s mitigating effi-
cacy against DR in rats.

Materials and Methods

Experimental protocols performed on the rats were presented 
to the ethical committee and were approved. Adult Wistar rats 
of the male species weighing about 230 ± 10 g were utilized 
for the study. The animals were acclimatized for a week in an 
ambient environment with a temperature of about 23°C ± 
2°C, 55% ± 5% relative humidity, and 12 h/12 h artificial 
circadian lighting was provided. The rats were provided 24 h 
of free access to food and water.

DR Induction and Grouping

DR was induced in the animals via intravenous injection of 
streptozotocin (STZ) (60 mg/kg bwt). Blood glucose levels 
were quantified 48 h after the STZ induction. Animals 
exhibiting glucose levels of 250 mg/dL or higher were cat-
egorized as diabetic. Acclimatized animals were allocated 
into four clusters, each containing six animals. Group I 
served as the control group was given a 0.1 M saline solu-
tion without STZ or noscapine. In Group II, rats were 
administered STZ at a dosage of 60 mg/kg to induce diabe-
tes-related retinopathy (DR). Group III included diabetic 
rats that received an oral treatment of 50 mg/kg noscapine 
for 9 weeks. In Group IV, diabetic rats were treated with 
metformin at a dosage of 350 mg/kg, which served as the 
standard treatment for a duration of 60 days. The body 
weight of the experimental animals was monitored regu-
larly, and the weights were recorded. The food intake of 
the animals was measured and recorded daily. At the end of 
the treatment period, the animals were anesthetized, and the 
blood sample and eyeballs were collected.

Diabetic Profile Analysis

Diabetic induction in experimental animals was quantified 
with blood glucose and glycated hemoglobin (HbA1c) levels. 
Blood glucose levels were quantified with the blood samples 
collected from the tail vein of the experimental animals. The 
glucose diagnostic kit AccuCheck was used to quantify the 
glucose levels in the blood samples of experimental animals. 
HbA1c was measured using the HbA1c assay kit procured 
from Crystal Chem. The assay was performed as per the man-
ufacturer’s protocol.

Lipid Profile Analysis

Total cholesterol, high-density lipoprotein (HDL)-cholesterol, 
and triglycerides were measured enzymatically in the serum 
samples using the respective diagnostic kits procured from 
Randox test kits. Low-density lipoprotein (LDL)-cholesterol 
was estimated using the method outlined by Friedewald et al. 
(1972), and the atherogenic index was calculated by the 
Muruganandan et al. (2005) method.
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Oxidative Stress Analysis

Malondialdehyde (MDA) concentration as an indicator of 
lipid peroxidation was quantified through its reaction with 
thiobarbituric acid (TBA) in a spectrophotometric assay using 
the protocol of Ohkawa et al. (1979). The final absorbance 
of the reaction mixture was recorded at 535 nm. Reduced glu-
tathione (GSH) and oxidized glutathione (GSSG) were mea-
sured using the protocol described by Linillos-Pradillo et al. 
(2023). The fluorescence emitted by the sample upon final 
reaction was measured at an excitation wavelength of 350 nm 
and an emission wavelength of 420 nm.

The activities of glutathione peroxidase (GPx), glutathi-
one reductase (GR), catalase (CAT), and superoxide dis-
mutase (SOD) were evaluated in the experimental animals 
using the respective diagnostic kits. The enzymatic activities 
were analyzed spectrophotometrically following the proto-
cols provided by the manufacturer (Cayman Chemical, Ann 
Arbor, MI, USA).

GPx activity was evaluated by coupling it with the oxida-
tion of nicotinamide adenine dinucleotide phosphate 
(NADPH) via GR. The reduction of organic hydroperoxides 
by GPx produces GSSG, which is subsequently recycled to 
GSH by GR in the presence of NADPH. This process results 
in a decrease in absorbance at 340 nm, which corresponds to 
NADPH oxidation and is directly proportional to GPx activ-
ity. GR activity was determined using an assay that measures 
the rate of NADPH oxidation. The reduction of NADPH to 
NADP⁺ was monitored by the corresponding decline in absor-
bance at 340 nm, which reflects GR activity. CAT activity 
was measured based on its reaction with methanol in the pres-
ence of an optimal concentration of hydrogen peroxide 
(H2O2). The resulting formaldehyde was quantified spectro-
photometrically using 4-amino-3-hydrazino-5-mercapto-1,2,4- 
triazole as a chromogenic reagent, with absorbance recorded 
at 540 nm. SOD activity was determined by assessing the dis-
mutation of superoxide radicals generated by the xanthine 
oxidase and hypoxanthine reaction system.

Inflammatory Signaling Analysis

Enzyme-linked immunosorbent assay (ELISA) kits were 
used to quantify the inflammatory-stimulating proteins 
nuclear factor kappa B (NF-κB), tumor necrosis factor-alpha 
(TNF-α), interleukin (IL)-6, and IL-1β in the experimental 
animals. ELISA kits were procured from Thermo Fisher 
Scientific, USA. The assay was performed as per the protocol 
prescribed by the manufacturer. A standard curve plot was 
drawn with OD of known concentration to quantify the levels 
of inflammatory proteins.

Assessment of DR Induction

The induction of DR in the experimental animals was assessed 
by quantifying the proteins vascular endothelial growth factor 
(VEGF), matrix metallopeptidase 9 (MMP-9), and monocyte 

chemoattractant protein-1 (MCP-1). Abcam (USA) ELISA 
kits were utilized for the quantification of the proteins, and 
the assay was performed following the instructions of the 
manufacturer. Upon termination of the reaction with the stop 
solution, the final absorbance of the samples and standard 
was quantified at 450 nm.

Examination of Retinal Histology

Eyeballs extracted were subjected to paraformaldehyde fixa-
tion for 48 h at 4°C, followed by embedding in paraffin. 
Paraffin sections were deparaffinized and rehydrated through 
graded alcohols. The sections, cut to a thickness of 5 μm, 
were stained using hematoxylin and eosin (H&E). Digital 
images of the retina were captured at 400× magnification 
using a light microscope. For each eye, four sections were 
analyzed, and the results were averaged. Total retinal thick-
ness was assessed at 400× magnification by taking two mea-
surements per section at reference points located 1 mm away 
from the optic nerve on both the superior and inferior sides. 
The number of retinal ganglion cells (RGCs) was also deter-
mined at 400× magnification, following the method described 
by Zhang et al. (2018).

Apoptotic Protein Quantification

Proapoptotic proteins BCL-2 associated X protein (Bax) and 
B-cell lymphoma 2 (Bcl2) were quantified in the experimen-
tal animals to measure the retinal cell apoptosis induced by 
diabetic conditions. Thermo Fisher Scientific (USA) ELISA 
kits were utilized to quantify the levels of apoptotic proteins. 
To assess the severity of apoptosis Bax/Bcl2 ratio was calcu-
lated with the obtained level of Bax and Bcl2 proteins in the 
experimental animals.

Statistics

Data obtained from at least three independent experiments 
were analyzed using Statistical Package for the Social 
Sciences (SPSS) software (version 16.0). Results were pre-
sented as the mean ± standard deviation. Comparisons among 
multiple groups were performed using one-way analysis of 
variance (ANOVA) followed by Tukey’s post hoc test. A p 
value of <.05 was considered statistically significant.

Results

Noscapine Prevented Polyphagia in DR-triggered 
Rats

Diabetic-triggered untreated rats’ feed intake was signifi-
cantly increased to 46 ± 0.08 g/day, whereas the control rats’ 
feed intake was exhibited to be 25 ± 0.06 g/day. Treatment 
with noscapine in diabetic-triggered rats reduced polyphagia, 
and the feed intake was reduced to 34 ± 0.05 g/day. Metformin 



Wei and Zheng	 805

treatment also reduced the feed intake to 28 ± 0.05 g/day in 
diabetic-triggered rats (Figure 1B). The body weight was 
reduced with diabetic induction to 157 ± 0.9 g compared to 
control rats, which exhibited a body weight of 235.24 ± 12 g 
whereas treatment with noscapine and metformin increased 
the body weight to 171 ± 1.2 g and 183 ± 1.9 g, respectively 
(Figure 1A).

Noscapine Attenuated Hyperglycemia in  
DR-triggered Rats

Figure 1B depicts the effect of noscapine against hyperglyce-
mia in diabetic-triggered rats. Increased HbA1c and blood glu-
cose levels were increased to 14.9 ± 0.0004 mM/L and 320 ± 
0.4 mg/dL in the diabetic-triggered untreated rats, whereas it 
exhibited to be 4.9 ± 0.0003 mM/L and 110 ± 0.2 mg/dL, 
respectively, in control animals. Furthermore, our results 
showed a significant reduction in the levels of HbA1c and 
blood glucose following treatment with noscapine and met-
formin. HbA1c was decreased to 9.8 ± 0.0007 mM/L and 5.4 ± 
0.0002 mM/L with noscapine and metformin treatment. The 
blood glucose also decreased to 240 ± 0.4 and 185 ± 0.4 mg/
dL with noscapine and metformin treatment.

Noscapine Inhibited Hypercholesterolemia in  
DR-triggered Rats

Figure 2 illustrates the impact of noscapine against STZ treat-
ment-triggered hypercholesterolemia in experimental ani-
mals. STZ treatment increased the levels of total cholesterol 
and the triglycerides in the untreated diabetic-triggered and 
noscapine-treated rats compared to the control rats. Treatment 
with both noscapine and metformin decreased the levels of 
total cholesterol and triglycerides. The LDL cholesterol lev-
els also increased with STZ treatment in experimental ani-
mals. Noscapine treatment decreased the LDL cholesterol 
and increased the HDL cholesterol levels in the STZ-treated 
rats. Control rats exhibited an atherogenic index of 4.7 ± 
0.0003, whereas it increased to 10.2 ± 0.0003. The noscapine-
treated rats showed a decreased atherogenic index of 7.3 ± 
0.0005 and 5.2 ± 0.003 with metformin treatment.

Noscapine Scavenged Free Radicals in  
DR-triggered Rats

STZ administration in the experimental animals increased the 
free radicals and inhibited the antioxidant defense system. 
MDA levels and GSSG levels significantly increased with the 

Figure 1. Noscapine Prevented Polyphagia and Hyperglycemia in Diabetic Retinopathy (DR)-triggered Rats.

Notes: (A) Body weight, (B) feed intake, (c) glycated hemoglobin, (d) blood glucose levels of the control, streptozotocin (STZ) alone administered, 
STZ+noscapine treated, and STZ+metformin treated rats. Data obtained from at least three independent experiments. One-way analysis of variance 
(ANOVA) followed by Tukey’s post hoc test was performed. A p value of <.05 was considered statistically significant.
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STZ treatment, whereas treatment with noscapine reduced 
the glutathione oxidation and lipid peroxidation in the STZ-
treated rats. Noscapine-treated rats exhibited enhanced anti-
oxidant status compared to the untreated diabetic-triggered 
rats. Reduction of glutathione and GSH/GSSG levels was 
significantly enhanced with noscapine and metformin treat-
ment. It also increased the enzymes GPx and GR levels in the 
diabetic-triggered rats. The enzymatic antioxidants SOD and 
CAT levels were also considerably enhanced with noscapine 
and metformin treatment (Figure 3).

Noscapine Prevented the Inflammatory Signals in 
DR-triggered Rats

The impact of noscapine against STZ-triggered inflammatory 
proteins was quantified, and the levels were illustrated in 
Figure 4. STZ administration enhanced the production of inflam-
matory protein NF-κB and TNF-α, which was attenuated with 
noscapine and metformin treatment. Compared to NF-κB, TNF-
α, the levels of IL were significantly elevated with STZ adminis-
tration. Treatment with noscapine inhibited the synthesis of both 
IL-1β and IL-6 in STZ-administered rats (Figure 4).

Noscapine Treatment Inhibited DR Induction in 
STZ-treated Rats

STZ administration in the experimental animals elevated the 
levels of VEGF, MCF-1, and MMP-9 to 151 ± 0.003, 11.6 ± 
0.0007, and 78 ± 0.0002 ng/mL, whereas the control rats 
exhibited 52 ± 0.002 ng/mL of VEGF, 4.7 ± 0.0003 ng/mL of 

MCF-1, and 30 ± 0.0002 ng/mL of MMP-9. VEGF, MCF-1, 
and MMP-9 levels were decreased to 126 ± 0.05, 7.7 ± 
0.0004, and 57 ± 0.003 ng/mL, respectively, with noscapine 
treatment. Metformin-treated rats exhibited 78 ± 0.04 ng/mL 
of VEGF, 5.2 ± 0.0002 ng/mL of MCF-1, and 36 ± 0.0003 ng/
mL of MMP-9 in diabetic-triggered rats (Figure 5).

Noscapine Mitigated Retinopathy in  
Diabetic-triggered Rats

Figure 6 depicts the impact of noscapine against STZ-triggered 
retinopathy in experimental rats. The retinal thickness was sig-
nificantly reduced to 310 ± 1.7 µm in the diabetic triggered, 
whereas the thickness of the control rat’s retina was 595 ± 2.5 
µm. Noscapine and metformin treatment attenuated STZ-
induced retinopathy, and the retinal thickness was exhibited to be 
395 ± 2.4 and 480 ± 3.1 µm, respectively. The ganglion cell 
count was severely decreased in the STZ-administered untreated 
rats (2.7 ± 0.0006 GCL/100 µm) compared to the control rats 
(6.9 ± 0.0004 GCL/100 µm). 4.9 ± 0.0004 GCL/100 µm and 5.7 
± 0.0006 GCL/100 µm were counted in the STZ-administered 
rats treated with noscapine and metformin, respectively.

Noscapine Treatment Attenuated Apoptosis in 
DR-triggered Rats

The levels of pro-apoptotic protein Bax and anti-apoptotic 
protein Bcl2 were quantified in experimental animals, and the 
levels are illustrated in Figure 7. The levels of pro-apoptotic 
protein Bax and Bax/Bcl2 ratio were significantly enhanced 
to 27 ± 0.0005 protein and 28 ± 0.0007 pg/mg protein, 

Figure 2. Noscapine Inhibited Hypercholesterolemia in Diabetic retinopathy (DR)-triggered Rats.

Notes: (A) Total cholesterol, (B) triglycerides, (C) low-density lipoprotein (LDL) cholesterol, (D) high-density lipoprotein (HDL) cholesterol, and (E) 
atherogenic index of the control, streptozotocin (STZ) alone administered, STZ+noscapine treated, and STZ+metformin treated rats. Data obtained 
from at least three independent experiments. One-way analysis of variance (ANOVA) followed by Tukey’s post hoc test was performed. A p value of <.05 
was considered statistically significant.
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experimental rats. The apoptotic inhibitor protein Bcl2 levels 
were increased to 14 ± 0.0004 and 18 ± 0.0003 pg/mg protein 
with noscapine and metformin treatment, respectively, 
whereas untreated STZ-administered rats exhibited 
12 ± 0.0007 pg/mg protein. Control rats exhibited 13 ± 
0.0002 pg/mg protein of Bax, 26 ± 0.0004 pg/mg protein of 
BCl2, and 17 ± 0.0003 pg/mg protein of Bax/Bcl2.

Discussion

Noscapine is a benzylisoquinoline alkaloid naturally present 
in plants belonging to the Papaveraceae, Ranunculaceae, and 
Berberidaceae families (Karlsson et al., 1990; Rida et al., 
2015). Despite being derived from alkaloid-rich sources like 
papaverine, noscapine exhibits minimal to no effects on the 
central nervous system and does not induce respiratory 
depression, euphoria, or addiction (Chen et al., 2015; 
Martindale, 1977). Traditionally used as a cough suppressant 
(Kumar et al, 2022; Segal et al., 1957), recent research has 
highlighted its potential as an anti-cancer agent due to its abil-
ity to inhibit tumor growth (Tomar et al., 2017). Noscapine 

respectively, with STZ administration, whereas treatment 
with metformin and noscapine decreased the Bax levels to 18 
± 0.0003 and 15 ± 0.0002 pg/mg protein, respectively, in the 

Figure 4. Noscapine Prevented Inflammatory Signals in Diabetic 
Retinopathy (DR)-triggered Rats.

Notes: Inflammatory proteins, nuclear factor kappa B (NF-κB), tumor 
necrosis factor alpha (TNF-α), interleukin 6 (IL-6), interleukin 1 beta 
(IL-1β) levels of the control, streptozotocin (STZ) alone administered, 
STZ+noscapine treated, and STZ+metformin treated rats. Data obtained 
from at least three independent experiments. One-way analysis of variance 
(ANOVA) followed by Tukey’s post hoc test was performed. A p value of 
<.05 was considered statistically significant.

Figure 3. Noscapine Scavenged Free Radicals in Diabetic Retinopathy (DR)-triggered Rats.

Notes: (A) Malondialdehyde (MDA), (B) reduced glutathione, (C) oxidized glutathione, (D) reduced glutathione (GSH)/oxidized glutathione (GSSG), (E) 
glutathione peroxidase, (F) glutathione reductase, (G) superoxide dismutase (SOD), and (H) catalase (CAT) levels of the control, streptozotocin (STZ) 
alone administered, STZ+noscapine treated, and STZ+metformin treated rats. Data obtained from at least three independent experiments. One-way 
analysis of variance (ANOVA) followed by Tukey’s post hoc test was performed. A p value of <.05 was considered statistically significant.
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has been shown to induce apoptosis and exert anti-tumor 
effects in both murine and human solid tumors (Altinoz et al., 
2019; Zhou et al., 2002). Additionally, it has demonstrated 
neuroprotective properties, effectively reducing cerebral 
injury in neonatal rats subjected to hypoxic-ischemic condi-
tions (Altinoz et al., 2022). Clinical findings also suggest that 
oral administration of noscapine significantly decreases mor-
tality in ischemic stroke patients when administered within 
12 h of symptom onset (Mahmoudian et al., 2003). Since 
noscapine possesses varied pharmacological properties and 
exerts nil or minimal toxicity, we investigated its efficacy 
against hyperglycemia-induced retinopathy.

Elevated glucose levels enhance glycolytic activity, result-
ing in increased production of pyruvate, nicotinamide ade-
nine dinucleotide (NADH), and flavin adenine dinucleotide 
(FADH2), which contribute to oxidative stress in retinal neu-
rons (Metea & Newman, 2006). These neurons exhibit 
heightened vulnerability due to their metabolic demands for 
glucose and oxygen, coupled with weak antioxidant defenses 
and limited regenerative capacity (Ola et al., 2012). Insulin 
resistance and hyperlipidemia further compromise cellular 
organelles, such as mitochondria and lysosomes, leading to 
the release of excessive ROS and pro-inflammatory enzymes 
(Ahmed et al., 2021; Stinson et al., 2024). This cascade results 

Figure 6. Noscapine Mitigated Retinopathy in Diabetic-triggered Rats.

Notes: (A) Retinal thickness, (B) ganglion cell count of the control, streptozotocin (STZ) alone administered, STZ+noscapine treated, and 
STZ+metformin treated rats. Data obtained from at least three independent experiments. One-way analysis of variance (ANOVA) followed by Tukey’s 
post hoc test was performed. A p value of <.05 was considered statistically significant.

Figure 5. Noscapine Treatment Inhibited Diabetic Retinopathy (DR) Induction in Streptozotocin (STZ)-treated Rats.

Notes: (A) Vascular endothelial growth factor (VEGF), (B) monocyte chemoattractant protein-1 (MCP-1), (C) matrix metallopeptidase 9 (MMP-9) 
levels of the control, STZ alone administered, STZ+noscapine treated, and STZ+metformin treated rats. Data obtained from at least three independent 
experiments. One-way analysis of variance (ANOVA) followed by Tukey’s post hoc test was performed. A p value of <.05 was considered statistically 
significant.
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in neurovascular dysfunction, inflammation, and neuronal 
degeneration in the retinal cells (Tecce et al., 2024). To assess 
the mitigating potency of noscapine against DR, we created a 
rat model with STZ administration. STZ administration had 
successfully induced hyperglycemia and hypercholesterol-
emia in experimental animals. Noscapine treatment eventu-
ally prevented the induction of STZ-induced hyperglycemia 
and hypercholesterolemia, thereby attenuating free radical 
generation in the retinal cells. Hyperglycemia-induced oxida-
tive stress plays a crucial role in enhancing lipid peroxidation 
in DR (Robles-Rivera et al., 2020). Furthermore, lipid peroxi-
dation is positively correlated with both the severity and 
duration of diabetes (Gupta & Chari, 2005). Noscapine treat-
ment enhanced the antioxidant system, which eventually pro-
tected the cells from hyperglycemia-induced lipid 
peroxidation in the hyperglycemia-triggered rats.

Chronic hyperglycemia induces oxidative stress, activates 
various signaling pathways, and promotes epigenetic modifi-
cations, leading to inflammation in DR. Elevated levels of 
pro-inflammatory cytokines, including TNF-α, IL-1β, IL-6, 
and MCP-1, have been detected in the vitreous, serum, and 
retinal tissues of DR patients (Rubsam et al., 2018). TNF-α, a 
key mediator of inflammatory responses, is associated with 
increased disease susceptibility due to genetic polymorphisms 

(Demircan et al., 2006). Additionally, IL-1β and its down-
stream effector, caspase 1, are upregulated in diabetic retinas, 
while IL-6 levels correlate with DR progression (Eguchi & 
Nagai, 2017; Kowluru & Odenbach, 2004; Vincent & Mohr, 
2007). TNF-α contributes to retinal vascular permeability; 
however, pharmacological interventions, such as PKCζ inhibi-
tion and TNF-α blockade with Etanercept, effectively prevent 
blood-retinal barrier disruption and mitigate inflammation in 
experimental models of diabetes (Aveleira et al., 2010; Joussen 
et al., 2002). In our analysis, noscapine treatment in hypergly-
cemia-triggered rats effectively attenuated the levels of TNF-
α, IL-1β, and IL-6 and thereby prevented the rats from 
diabetic-induced retinal damage.

NF-κB activation is a key pro-inflammatory and proapop-
totic signaling pathway that mediates hyperglycemia-induced 
inflammation and cellular apoptosis (Moscat & Diaz-Meco, 
2009; Oeckinghaus et al., 2011). As a redox-sensitive nuclear 
transcription factor, NF-κB critically regulates inflammatory 
responses while also repressing antioxidant enzymes 
(Nakajima & Kitamura, 2013). It has been shown that NF-κB 
triggers proapoptotic processes in retinal pericytes under high 
glucose conditions (Romeo et al., 2002). Moreover, NF-κB 
can activate MMP-9, which eventually damages the mito-
chondrial gap junction protein, enhancing pore permeability 

Figure 7. Noscapine Treatment Attenuated Apoptosis in Diabetic Retinopathy (DR)-triggered Rats.

Notes: (A) Apoptotic inducer protein Bax, (B) apoptotic inhibitor protein Bcl2, (C) Bax/Bcl2 ratio of the control, streptozotocin (STZ) alone 
administered, STZ+noscapine treated, and STZ+metformin treated rats. Data obtained from at least three independent experiments. One-way analysis of 
variance (ANOVA) followed by Tukey’s post hoc test was performed. A p value of <.05 was considered statistically significant.
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and facilitating the leakage of cytochrome c into the cytosol 
(Chen et al., 2019; Kowluru & Mishra, 2015). STZ adminis-
tration in the experimental rats activated NF-κB and triggered 
apoptotic signaling, whereas treatment with noscapine atten-
uated NF-κB and pro-apoptotic protein Bax thereby prevent-
ing retinal cells from hyperglycemia-induced cellular death. 
Noscapine treatment also inhibited MCP-1 and MMP-9 pro-
teins and mitigated hyperglycemia in rats from blood–retinal–
brain breakdown and vascular cell degeneration.

Clinical trials have established the effectiveness of intra-
vitreal anti-VEGF agents in managing DR. While evidence 
supports the use of repeated intravitreal anti-VEGF injections 
to control the progression of proliferative DR, the associated 
follow-up requirements and costs remain considerable (Bahr 
et al., 2023). Additionally, systemic administration of anti-
VEGF drugs in cancer therapy has been linked to an increased 
risk of hypertension (An et al., 2010), thromboembolic events 
(Scappaticci et al., 2007), myocardial ischemia (Ranpura 
et al., 2010), and impaired wound healing (Scappaticci et al., 
2005). Noscapine, the bioactive compound, may be a potent 
alternative for currently available anti-VEGF drugs in treat-
ing DR. Noscapine treatment had effectively inhibited the 
VEGF synthesis, thereby preventing retinal cell degeneration 
in hyperglycemic-triggered rats. The ameliorative effect of 
noscapine was confirmed with our retinal histopathological 
analysis, which exhibited increased retinal thickness and 
RGC count.

Conclusion

This study demonstrates noscapine’s therapeutic potential in 
DR. In a STZ-induced diabetic rat model, noscapine effec-
tively reduces hyperglycemia and hypercholesterolemia 
while enhancing antioxidant defenses and minimizing oxida-
tive stress. It also suppresses inflammation by lowering 
VEGF, MCP-1, and MMP-9 levels. Histopathological analy-
sis confirms its protective role against retinal damage. These 
findings suggest that noscapine could be a promising treat-
ment for DR, complementing existing therapies. Further 
research is needed to explore its clinical applications and 
underlying mechanisms.

Abbreviations

AGEs: Advanced glycation end products; ANOVA: Analysis of 
variance; Bax: BCL2 associated X protein; Bcl2: B-cell lymphoma 
2; CAT: Catalase; DR: Diabetic retinopathy; ELISA: Enzyme-
linked immunosorbent assay; FADH2: Flavin adenine dinucleotide; 
GBD: Global Burden of Disease; GCL: Ganglion cell layer; GPx: 
Glutathione peroxidase; GR: Glutathione reductase; GSH: Reduced 
glutathione; GSSG: Oxidized glutathione; HDL: High-density lipo-
protein; H&E: Hematoxylin and eosin; H2O2: Hydrogen peroxide; 
IDF: International Diabetes Federation; IGF-1: Insulin-like growth 
factor-1; IL-1β: Interleukin-1 beta; IL-6: Interleukin-6; LDL: Low-
density lipoprotein; MCP-1: Monocyte chemoattractant protein-1; 
MDA: Malondialdehyde; MMP-9: Matrix metallopeptidase 9; 

NADH: Nicotinamide adenine dinucleotide; NADPH: Nicotinamide 
adenine dinucleotide phosphate; NF-κB: Nuclear factor kappa B; 
PKC: Protein kinase C; RAAS: Renin–angiotensin–aldosterone sys-
tem; RGCs: Retinal ganglion cells; ROS: Reactive oxygen species; 
SOD: Superoxide dismutase; SPSS: Statistical Package for the 
Social Sciences; STZ: Streptozotocin; TBA: Thiobarbituric acid; 
TNF-α: Tumor necrosis factor-alpha; VEGF: Vascular endothelial 
growth factor.

Declaration of Conflicting Interests

The authors 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 
Xi’an Aier Eye Hospital, Xi’an, Shaanxi 710000, China.

Funding

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

ORCID iD 

Dan Zheng  https://orcid.org/0009-0005-8183-6276

References

Abdulhussein, D., & Abdul Hussein, M. (2023). WHO Vision 2020: 
Have we done it? Ophthalmic Epidemiol, 30(4), 331–339.

Ahmed, B., Sultana, R., & Greene, M. W. (2021). Adipose tissue and 
insulin resistance in obese. Biomedicine & Pharmacotherapy, 
137, 111315.

Altinoz, M. A., Guloksuz, S., & Ozpinar, A. (2022). Immunomodifying 
and neuroprotective effects of noscapine: Implications for multi-
ple sclerosis, neurodegenerative, and psychiatric disorders. 
Chemico-Biological Interactions, 25(352), 109794.

Altinoz, M. A., Topcu, G., Hacimuftuoglu, A., Ozpinar, A., Ozpinar, 
A., Hacker, E., & Elmaci, İ. (2019). Noscapine, a non-addictive 
opioid and microtubule-inhibitor in potential treatment of glio-
blastoma. Neurochemical Research, 44(8), 1796–1806.

An, M. M., Zou, Z., Shen, H., Liu, P., Chen, M. L., Cao, Y. B., & 
Jiang, Y. Y. (2010). Incidence and risk of significantly raised 
blood pressure in cancer patients treated with bevacizumab: An 
updated meta-analysis. European Journal of Clinical Pharmacology, 
66(8), 813–821.

Aveleira, C. A., Lin, C. M., Abcouwer, S. F., Ambrósio, A. F., & 
Antonetti, D. A. (2010). TNF-α signals through PKCζ/NF-κB to 
alter the tight junction complex and increase retinal endothelial 
cell permeability. Diabetes, 59(11), 2872–2882.

Bahr, T. A., & Bakri, S. J. (2023). Update on the management of 
diabetic retinopathy: Anti-VEGF agents for the prevention of 
complications and progression of nonproliferative and prolifer-
ative retinopathy. Life, 13(5), 1098.

Bek, T. (2017). Diameter changes of retinal vessels in diabetic reti-
nopathy. Current Diabetes Reports, 17, 82.

Chen, K., Qiu, P., Yuan, Y., Zheng, L., He, J., Wang, C., Guo, Q., 
Kenny, J., Liu, Q., Zhao, J., & Chen, J. (2019). Pseurotin A 
inhibits osteoclastogenesis and prevents ovariectomy-induced 



Wei and Zheng	 811

bone loss by suppressing reactive oxygen species. Theranostics, 
9(6), 1634–1650.

Chen, X., Dang, T. T., & Facchini, P. J. (2015). Noscapine comes of 
age. Phytochemistry, 111, 7–13.

Chisha, Y., Terefe, W., Assefa, H., & Lakew, S. (2017). Prevalence 
and factors associated with diabetic retinopathy among diabetic 
patients at Arbaminch General Hospital, Ethiopia: Cross-
sectional study. PLoS One, 12(3), e0171987.

Chougule, M. B., Patel, A. R., Jackson, T., & Singh, M. (2011). 
Antitumor activity of noscapine in combination with doxorubi-
cin in triple negative breast cancer. PLoS One, 6(3), e17733.

Dabelea, D., Stafford, J. M., Mayer-Davis, E. J., Dolan, L., 
Imperatore, G., Linder, B., Lawrence, J. M., Marcovina, S., 
Mottl, A. K., Black, M. H., Pihoker, C., Saydah, S., Hamman, 
R. F., & SEARCH for Diabetes in Youth Research Group. (2017). 
Association of type 1 diabetes vs. type 2 diabetes diagnosed dur-
ing childhood and adolescence with complications during teen-
age years and young adulthood. JAMA, 317(8), 825–835.

Dal, S., & Sigrist, S. (2016). The protective effect of antioxidants 
consumption on diabetes and vascular complications. Diseases, 
4(3), 24.

Demircan, N., Safran, B. G., Soylu, M., Ozcan, A. A., & Sizmaz, S. 
(2006). Determination of vitreous interleukin-1 (IL-1) and 
tumour necrosis factor (TNF) levels in proliferative diabetic 
retinopathy. Eye, 20(12), 1366–1369.

Efferth, T., & Koch, E. (2011). Complex interactions between phyto-
chemicals: The multi-target therapeutic concept of phytother-
apy. Current Drug Targets, 12(1), 122–132.

Eguchi, K., & Nagai, R. (2017). Islet inflammation in type 2 diabetes 
and physiology. Journal of Clinical Investigation, 127(1), 
14–23.

Friedewald, W. T., Levy, R. I., & Fredrickson, D. S. (1972). 
Estimation of the concentration of low-density lipoprotein cho-
lesterol in plasma, without use of the preparative ultracentri-
fuge. Clinical Chemistry, 18(6), 499–502.

GBD 2021 Diabetes Collaborators. (2023). Global, regional, and 
national burden of diabetes from 1990 to 2021, with projections 
of prevalence to 2050: A systematic analysis for the Global 
Burden of Disease Study 2021. Lancet, 402(10397), 203–234.

Gonzalez, V. H., Campbell, J., Holekamp, N. M., Kiss, S., 
Loewenstein, A., Augustin, A. J., Ma, J., Ho, A. C., Patel, V., 
Whitcup, S. M., & Dugel, P. U. (2016). Early and long-term 
responses to anti-vascular endothelial growth factor therapy in 
diabetic macular edema: Analysis of Protocol I data. American 
Journal of Ophthalmology, 172, 72–79.

Gupta, A., & Chhikara, R. (2018). Diabetic retinopathy: Present and 
past. Procedia Computer Science, 132, 1432–1440.

Gupta, M. M., & Chari, S. (2005). Lipid peroxidation and antioxi-
dant status in patients with diabetic retinopathy. Indian Journal 
of Physiology and Pharmacology, 49(2), 187–192.

Haydinger, C. D., Oliver, G. F., Ashander, L. M., & Smith, J. R. 
(2023). Oxidative stress and its regulation in diabetic retinopa-
thy. Antioxidants, 12(8), 1649.

Jayaraj, R. L., Beiram, R., Azimullah, S., MF, N. M., Ojha, S. K., 
Adem, A., & Jalal, F. Y. (2021). Noscapine prevents rotenone-
induced neurotoxicity: Involvement of oxidative stress, neuroin-
flammation and autophagy pathways. Molecules, 26(15), 4627.

Joussen, A. M., Poulaki, V., Mitsiades, N., Kirchhof, B., Koizumi, K., 
Döhmen, S., Adamis, A. P., & Mitsiades, C. S. (2002). Nonsteroidal 

anti-inflammatory drugs prevent early diabetic retinopathy via 
TNF-α suppression. FASEB Journal, 16(3), 438–440.

Kach, J., Sandbo, N., La, J., Denner, D., Reed, E. B., Akimova, O., 
Koltsova, S., Orlov, S. N., & Dulin, N. O. (2014). Antifibrotic 
effects of noscapine through activation of prostaglandin E2 
receptors and protein kinase A. Journal of Biological Chemistry, 
289(11), 7505–7513.

Karlsson, M. O., Dahlström, B., Eckernäs, S. A., Johansson, M., & 
Alm, A. T. (1990). Pharmacokinetics of oral noscapine. 
European Journal of Clinical Pharmacology, 39(3), 275–279.

Ke, C., Narayan, K. M. V., Chan, J. C. N., Jha, P., & Shah, B. R. 
(2022). Pathophysiology, phenotypes and management of type 
2 diabetes mellitus in Indian and Chinese populations. Nature 
Reviews Endocrinology, 18(7), 413–432.

Kowluru, R. A., & Mishra, M. (2015). Oxidative stress, mitochondrial 
damage and diabetic retinopathy. Biochimica et Biophysica Acta 
(BBA)—Molecular Basis of Disease, 1852(11), 2474–2483.

Kowluru, R. A., & Odenbach, S. (2004). Role of interleukin-1β in 
the development of retinopathy in rats: Effect of antioxidants. 
Investigative Ophthalmology & Visual Science, 45(11), 
4161–4166.

Kumar, N., Awasthi, A., Kumari, A., Sood, D., Jain, P., Singh, T., 
Sharma, N., Grover, A., & Chandra, R. (2022). Antitussive noscap-
ine and antiviral drug conjugates as arsenal against COVID-19: 
A comprehensive chemoinformatics analysis. Journal of 
Biomolecular Structure and Dynamics, 40(1), 101–116.

Linillos-Pradillo, B., Rancan, L., Murias, J. G., Schlumpf, M., 
Lichtensteiger, W., Tresguerres, J. A. F., Vara, E., & Paredes, S. 
D. (2023). Oxidative stress increases in liver of lactating rats 
after BPF-low-dose exposure: Perinatal effects in the offspring. 
Scientific Reports, 13(1), 11229.

Mahmoudian, M., Mehrpour, M., Benaissa, F., & Siadatpour, Z. 
(2003). A preliminary report on the application of noscapine in 
the treatment of stroke. European Journal of Clinical 
Pharmacology, 59(8–9), 579–581.

Martindale, P. (1977). The extra pharmacopoeia. (Wade, ed., p. 
1250). Pharmaceutical Press.

Metea, M. R., & Newman, E. A. (2006). Glial cells dilate and con-
strict blood vessels: A mechanism of neurovascular coupling. 
Journal of Neuroscience, 26(11), 2862–2870.

Morya, A. K., Ramesh, P. V., Nishant, P., Kaur, K., Gurnani, B., 
Heda, A., & Salodia, S. (2024). Diabetic retinopathy: A review 
on its pathophysiology and novel treatment modalities. World 
Journal of Methodology, 14(4), 958–981.

Moscat, J., & Diaz-Meco, M. T. (2009). p62 at the crossroads of 
autophagy, apoptosis, and cancer. Cell, 137(6), 1001–1004.

Muruganandan, S., Srinivasan, K., Gupta, S., Gupta, P. K., & Lal, J. 
(2005). Effect of mangiferin on hyperglycemia and atherogenic-
ity in streptozotocin diabetic rats. Journal of Ethnopharmacology, 
97(3), 497–501.

Nakajima, S., & Kitamura, M. (2013). Bidirectional regulation of 
NF-κB by reactive oxygen species: A role of unfolded protein 
response. Free Radical Biology and Medicine, 65, 162–174.

Oeckinghaus, A., Hayden, M. S., & Ghosh, S. (2011). Crosstalk in 
NF-κB signaling pathways. Nature Immunology, 12(8), 
695–708.

Ohkawa, H., Ohishi, N., & Yagi, K. (1979). Assay for lipid perox-
ides in animal tissues by thiobarbituric acid reaction. Analytical 
Biochemistry, 95(2), 351–358.



812	 Pharmacognosy Magazine 22(2)

Ola, M. S., Nawaz, M. I., Siddiquei, M. M., Al-Amro, S., & Abu 
El-Asrar, A. M. (2012). Recent advances in understanding the 
biochemical and molecular mechanism of diabetic retinopathy. 
Journal of Diabetes and Its Complications, 26(1), 56–64.

Parveen, A., Jin, M., & Kim, S. Y. (2018). Bioactive phytochemicals 
that regulate the cellular processes involved in diabetic nephrop-
athy. Phytomedicine, 39, 146–159.

Ranpura, V., Hapani, S., Chuang, J., & Wu, S. (2010). Risk of car-
diac ischemia and arterial thromboembolic events with the 
angiogenesis inhibitor bevacizumab in cancer patients: A meta-
analysis of randomized controlled trials. Acta Oncologica, 
49(3), 287–297.

Reddy, M. A., Zhang, E., & Natarajan, R. (2015). Epigenetic mecha-
nisms in diabetic complications and metabolic memory. 
Diabetologia, 58(3), 443–455.

Rida, P. C., LiVecche, D., Ogden, A., Zhou, J., & Aneja, R. (2015). 
The noscapine chronicle: A pharmaco‐historic biography of the 
opiate alkaloid family and its clinical applications. Medicinal 
Research Reviews, 35(5), 1072–1096.

Robles-Rivera, R. R., Castellanos-González, J. A., Olvera-Montaño, 
C., Flores-Martin, R. A., López-Contreras, A. K., Arevalo-
Simental, D. E., Cardona-Muñoz, E. G., Roman-Pintos, L. M., 
& Rodríguez-Carrizalez, A. D. (2020). Adjuvant therapies in 
diabetic retinopathy as an early approach to delay its progres-
sion: The importance of oxidative stress and inflammation. 
Oxidative Medicine and Cellular Longevity, 2020, 3096470.

Romeo, G., Liu, W. H., Asnaghi, V., Kern, T. S., & Lorenzi, M. 
(2002). Activation of nuclear factor-κB induced by diabetes and 
high glucose regulates a proapoptotic program in retinal peri-
cytes. Diabetes, 51(7), 2241–2248.

Rubsam, A., Parikh, S., & Fort, P. E. (2018). Role of inflammation in 
diabetic retinopathy. International Journal of Molecular 
Sciences, 19, E942.

Scappaticci, F. A., Fehrenbacher, L., Cartwright, T., Hainsworth, J. 
D., Heim, W., Berlin, J., Kabbinavar, F., Novotny, W., Sarkar, 
S., & Hurwitz, H. (2005). Surgical wound healing complica-
tions in metastatic colorectal cancer patients treated with beva-
cizumab. Journal of Surgical Oncology, 91(3), 173–180.

Scappaticci, F. A., Skillings, J. R., Holden, S. N., Gerber, H. P., 
Miller, K., Kabbinavar, F., Bergsland, E., Ngai, J., Holmgren, 
E., Wang, J., & Hurwitz, H. (2007). Arterial thromboembolic 
events in patients with metastatic carcinoma treated with che-
motherapy and bevacizumab. Journal of the National Cancer 
Institute, 99(16), 1232–1239.

Segal, M. S., Goldstein, M. M., & Attinger, E. O. (1957). The use of 
noscapine (narcotine) as an antitussive agent. Diseases of the 
Chest, 32(3), 305–309.

Stinson, S. E., Fernández de Retana Alzola, I., Brünner Hovendal, E. 
D., Lund, M. A. V., Fonvig, C. E., Holm, L. A., Jonsson, A. E., 
Frithioff-Bøjsøe, C., Christiansen, M., Pedersen, O., Ängquist, 
L., Sørensen, T. I. A., Holst, J. J., Hartmann, B., Holm, J. C., & 
Hansen, T. (2024). Altered glucagon and GLP-1 responses to 
oral glucose in children and adolescents with obesity and insu-
lin resistance. Journal of Clinical Endocrinology & Metabolism, 
109(6), 1590–1600.

Stitt, A. W., Curtis, T. M., Chen, M., Medina, R. J., McKay, G. J., 
Jenkins, A., Gardiner, T. A., Lyons, T. J., Hammes, H. P., Simó, 

R., & Lois, N. (2016). The progress in understanding and treat-
ment of diabetic retinopathy. Progress in Retinal and Eye 
Research, 51, 156–186.

Sun, H., Saeedi, P., Karuranga, S., Pinkepank, M., Ogurtsova, K., 
Duncan, B. B., Stein, C., Basit, A., Chan, J. C. N., Mbanya, J. 
C., Pavkov, M. E., Ramachandaran, A., Wild, S. H., James, S., 
Herman, W. H., Zhang, P., Bommer, C., Kuo, S., Boyko, E. J., 
& Magliano, D. J. (2022). IDF Diabetes Atlas: Global, regional 
and country-level diabetes prevalence estimates for 2021 and 
projections for 2045. Diabetes Research and Clinical Practice, 
183, 109119.

Tarr, J. M., Kaul, K., Chopra, M., Kohner, E. M., & Chibber, R. 
(2013). Pathophysiology of diabetic retinopathy. ISRN 
Ophthalmology, 2013, 343560.

Tecce, N., Cennamo, G., Rinaldi, M., Costagliola, C., & Colao, A. 
(2024). Exploring the impact of glycemic control on diabetic 
retinopathy: Emerging models and prognostic implications. 
Journal of Clinical Medicine, 13(3), 831.

Teo, Z. L., Tham, Y. C., Yu, M., Chee, M. L., Rim, T. H., Cheung, N., 
Bikbov, M. M., Wang, Y. X., Tang, Y., Lu, Y., Wong, I. Y., Ting, 
D. S. W., Tan, G. S. W., Jonas, J. B., Sabanayagam, C., Wong, T. 
Y., & Cheng, C. Y. (2021). Global prevalence of diabetic reti-
nopathy and projection of burden through 2045: Systematic 
review and meta-analysis. Ophthalmology, 128(11), 1580–1591.

Tomar, V., Kukreti, S., Prakash, S., Madan, J., & Chandra, R. (2017). 
Noscapine and its analogs as chemotherapeutic agent: Current 
updates. Current Topics in Medicinal Chemistry, 17(2), 
174–188.

Unnikrishnan, R., Pradeepa, R., Joshi, S. R., & Mohan, V. (2017). 
Type 2 diabetes: Demystifying the global epidemic. Diabetes, 
66(6), 1432–1442.

Vincent, J. A., & Mohr, S. (2007). Inhibition of caspase-1/
interleukin-1β signaling prevents degeneration of retinal cap-
illaries in diabetes and galactosemia. Diabetes, 56(1), 
224–230.

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

Wroblewski, J. J., & Hu, A. Y. (2016). Topical squalamine 0.2% and 
intravitreal ranibizumab 0.5 mg as combination therapy for 
macular edema due to branch and central retinal vein occlusion: 
An open-label, randomized study. Ophthalmic Surgery, Lasers 
and Imaging Retina, 47(10), 914–923.

Zegeye, A. F., Temachu, Y. Z., & Mekonnen, C. K. (2023). 
Prevalence and factors associated with diabetic retinopathy 
among type 2 diabetic patients at Northwest Amhara 
Comprehensive Specialized Hospitals, Northwest Ethiopia 
2021. BMC Ophthalmology, 23(1), 9.

Zhang, Q., Xiao, X., Zheng, J., Li, M., Yu, M., Ping, F., Wang, T., & 
Wang, X. (2018). Compound Danshen Dripping Pill inhibits 
retina cell apoptosis in diabetic rats. Frontiers in Physiology, 9, 
1501.

Zhou, J., Gupta, K., Yao, J., Ye, K., Panda, D., Giannakakou, P., & 
Joshi, H. C. (2002). Paclitaxel-resistant human ovarian cancer 
cells undergo c-Jun NH2-terminal kinase-mediated apoptosis in 
response to noscapine. Journal of Biological Chemistry, 
277(42), 39777–39785.




