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ABSTRACT

Background: Globally, Diabetic Retinopathy (DR) is a leading cause of vision loss. This disease,
which impacts the microvasculature of the retina, is brought on by the oxidative stress linked
to diabetes. Several studies have shown the anti-diabetic properties of the plant-derived
phytochemical "Berberine". However, there is a limited amount of research available on its
effects, specifically on Diabetic Retinopathy (DR). Objectives: The primary aim of the present
investigation is to assess the impact of berberine on DR in rats by examining its underlying
influence on oxidative stress, inflammation and programmed cell death. Materials and
Methods: The current study effectively established a rat model of diabetic retinopathy utilizing
Streptozotocin (STZ). The diabetic rats were treated for 12 weeks and evaluated for inflammatory
markers (TNF-a, VEGF), antioxidant markers (superoxide, dismutase, catalase and glutathione)
and apoptosis markers (Bcl-2, Bax, Cleaved-caspase-3). Results: The results demonstrated that
Berberine treatment had a significant hypoglycemic index when compared to the diabetic group.
Berberine therapy significantly reduced high levels of pro-inflammatory cytokines (TNF-a and
VEGF) in the diabetic retina. Berberine also was effective in modulating the antioxidant enzymes
and bringing their concentrations to acceptable levels. Berberine treatment also reduced the
apoptosis of diabetic mice retina by reducing the elevated ROS level caused by high glucose and
reduced the ratio of Bax/Bcl-2 and the expression of cleaved caspase-3. Conclusion: Based on
the findings, it is possible to infer that Berberine has potential as a pharmacological candidate for
the prevention of DR.
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Diabetic Retinopathy (DR) is a disorder resulting from elevated
blood glucose levels that impair the blood vessels in the retina,
the light-sensitive tissue located at the posterior of the eye. It is a
primary cause of blindness among working-age individuals and a
significant contributor to global visual impairment.

Numerous studies in both humans and rodents with diabetes
have shown that the disease specifically affects the neuronal and
vascular components of the retina."* In addition, a large body of
evidence suggests that neurons are injured soon after diabetes
is developed, which can lead to vascular injury and, ultimately,
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DR Tt is currently difficult to determine the precise
pathophysiological mechanism producing neurovascular injury
in the diabetic retina. The essential factor in starting the chain
reaction that results in retinal damage, according to several
research reports, is oxidative assault brought on by diabetes.>®
Diabetes is related to changed metabolites in the body, which
cause an increase in oxidative assault and damage to retinal
cells. Major contributors to these detrimental effects on retinal
cells include induction of cell death, activation of inflammatory
responses and reduction of neurotrophic support. All these
factors eventually lead to diabetes-induced retinal lesions.”

Reactive Oxygen Species (ROS) are unstable oxygen molecules
that react with cell molecules. ROS can injure cells if their
levels exceed the cell's antioxidant capability, yet they can also
signal and maintain homeostasis.® It has also been noted that
specific growth factors, transcription factors and cytokines are
produced in response to the excessive formation of ROS that is
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associated with diabetes. Thus, numerous studies point to the
importance of proinflammatory cytokines in the progression of
DR. The pathophysiology of DR is defined by certain cases in
which oxidative assault and inflammation interact to activate
cell
death and reduced axonal regeneration are associated with

mitochondrial-dependent apoptosis. Rapid neuronal
raised expression of apoptosis markers Bax and caspase-3 in
the early stages of diabetic retina. To combat DR, this research

suggests ways to lower inflammation and oxidative assault.>'

The past two decades have seen increasingly rapid advances in
the field of pharmacology using naturally occurring medicine.'>2
In this regard, there is growing experimental evidence that
demonstrates that natural products have the tendency to reduce
oxidative assault due to their antioxidant potential.’*** Therefore,
natural products may be beneficial in preventing the damage
caused to retinal tissues due to DR.'® Berberine is an isoquinoline
alkaloid derived from many medicinal plants including
Berberis lycium, Coptis chinensis and many others. This alkaloid
compound has already been reported to exhibit beneficial
effects against cardiovascular problems, cancers, diabetes and
diabetes-associated complications. There are numerous studies
that demonstrate the anti-diabetic effects of berberine, however,
studies reporting its effects on DR are very scarce.”” Therefore,
the main objective of the current study was to evaluate the effect
of berberine on DR in rats by studying its underlying effects on
oxidative assault, inflammation and apoptosis.

MATERIALS AND METHODS
Chemicals
Sigma (USA) provided berberine, reduced Glutathione

(GSH), Streptozotocin (STZ), Thiobarbituric Acid (TBA),
5,5’-Dithiobis-(2-Nitrobenzoic;  acid) (DTNB), 1,1,3,3;
tetramethox propane, Sodium Dodecyl Sulphate (SDS) and
2,2-Azino-Bis-3-ethylbenzothiazoline-6-Sulfonic; acid (ABTS).
All other compounds were analytical grade.

Experimental animals

Typical cage conditions were maintained, including a 12-hr
light/dark cycle, for adult male Wistar rats weighing 100 to 150
g. The temperature was kept at room temperature (25°C). All
rats had unrestricted access to water and their feed consisted of
a conventional pellet diet with the following ingredients: 21%
crude protein, 38.1% non-fiber carbohydrate, 9.0% moisture,
5.0% crude fat, 6.0% crude ash, 3.2% crude fiber and vitamins

and minerals to fulfill their nutritional requirements.

All animals were observed prior to the start of the experiment
to rule out any concurrent infection. The Institutional Ethics
Committee at Jinan Central Hospital.
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Establishment of experimental diabetes using
Streptozotocin (STZ) and animal grouping

An artificial diabetic environment was created by injecting
intraperitoneally 50 mg/kg of body weight of a freshly made STZ
solution in 0.1 M citrate buffer with a pH of 5. This was done
to simulate the clinical conditions of diabetes. We investigated
the effects of STZ treatment on hyperglycemia that was caused
by diabetes over a period of one week. To carrying out the
experiment, rats were selected because their blood glucose levels
were either equal to or higher than 180 mg/dL. A total of 24 rats
were randomly randomized to four groups, with six rats assigned
to each group (N=6), as will be seen below:

Group-1: Rats that do not exhibit any abnormalities (control
group).

Group-2: Normal rats administered with 50 mg/kg/day dose of
berberine dissolved in water for 16 weeks.

Group-3: Diabetic control rats.

Group-4: Diabetic rats administered with 50 mg/kg/day of
berberine dissolved in distilled water for 16 weeks.

Collection of samples

At the end of the experiment, rats who had fasted overnight were
euthanized by decapitation while being gently sedated with ether.
Serum was extracted from blood samples, which were then kept
at minus 20°C until analysis. Rapid removal of the eye globes
was followed by dissection and ice-cold saline rinsing of the
retinas. To measure lipid peroxidation and antioxidant defenses,
retinal samples were homogenized in 0.2 M potassium phosphate
buffer. For a Western blotting examination, some materials
were frozen at 80°C. To measure the amounts of sorbitol and
fructose, additional retinal samples were homogenized in 6%
(wt/vol) ice-cold perchloric acid and neutralized with potassium
carbonate.

Biochemical analysis
Oral Glucose Tolerance Test (OGTT)

Blood samples were collected from the lateral tail veins of control
and diabetic rats that had been fasted the night before killing.
Then, 40, 80, 120 and 160 min after administering the 2 g;/kg
body weight glucose solution, sequential blood samples were
obtained. After allowing blood samples to coagulate, serum was
separated with a centrifuge. Using a reagent kit, serum glucose
concentration was determined using Trinder's method."

Estimation of fructosamine, insulin and glycosylated
Hemoglobin (HBA,)

Serum insulin levels were tested using specialist ELISA Kits
acquired from R&D Systems (USA) and according to the
manufacturer's recommendations. Serum fructosamine levels
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were determined using the Baker et al.’® technique and a reagent
kit (Spinreact, Spain).

Using reagent kits obtained from (Stanbio Company, Texas,
USA), blood samples from each rat were collected on
ethylenediaminetetraacetic acid solutions and used to determine
HBA, % in accordance with Abraham et al.*°

Determination of oxidative assault and antioxidant
status

Oxidative assault was assessed by detecting lipid peroxidation in
retinal homogenates and calculating Malondialdehyde (MDA)
using a previously described method.? GSH content, antioxidant
enzyme Catalase (CAT) activity, Superoxide: Dismutase (SOD)
activity and glutathione peroxidase activity were determined
using the Beutler et al. technique,” Cohen et al. method,”
Marklund and Marklund method,** and Matkovics methods.”

Estimation of cytokines like IL-1f3, PKCf3 and TNF-a

ELISA kits were used to measure levels of IL-1, PKC( and TNF-a
in retinal homogenates, following manufacturer instructions. The
concentrations of various cytokine tests were determined using
a spectrophotometer set to 450 nm. Standard curves were built
using standard IL-13, PKC( and TNF-a and the amounts of the
unknown samples were determined from the plots.

Western blot assay

The frozen retinas were homogenized using an ice-cold
lysis buffer. To remove insoluble particles, the samples were
centrifuged at 10,000 g for 10 min. The Bradford method
was used to calculate protein concentrations. Using 10% SDS
polyacrylamide gel electrophoresis,
proteins were electrophoresed and transferred to nitrocellulose
membranes. Over an hour at room temperature, the membranes

identical amounts of

were blocked with PBST, a solution of 5% skim milk powder in
PBS with 0.01% Tween 20. The membranes were next inoculated
with diluted antibodies against VEFG, Bax, Bcl2, active caspase-3
and -actin (Santa Cruz Biotechnology, USA), which were mixed
1:1000 in blocking buffer. The membranes were rinsed and then
treated with secondary antibodies that matched their primary
colour for an additional hour at room temperature. Following
this, they were washed one more and finally developed.

Statistical analysis

All statistical comparisons were made using: the one-way
ANOVA test, followed by Tukey's test post hoc analysis with the
data analysis software GraphPad Prism 5. A p value of 0.05 was
considered significant and the findings were reported as mean,
SD, or SEM.

RESULTS

Berberine improves hyperglycaemic effect in
diabetic rats

When compared to control rats, STZ-induced diabetic rats
had significantly higher blood glucose levels at fasting and
40, 80, 120 and 160 min after oral glucose loading (Figure 1a).
Berberine therapy effectively reduced blood glucose levels in
STZ-induced diabetic mice across all OGTT time points. STZ
diabetic rats demonstrated significantly larger OGTT Areas
Under the Curve (AUCs) than the control group (p<0.01).
Berberine therapy may reduce OGTT AUC in diabetic rats
compared to control rats (Figure 1b, p<0.01).

Berberine reduces protein glycation and improves
insulin release

Table 1 summarizes berberine's effects on blood insulin,
fructosamine and Hb A1c% levels. In STZ-induced diabetic rats,
blood insulin levels were significantly lower (p<0.001) than in
control rats. Berberine was administered orally to STZ-induced
diabetic mice and serum insulin levels were dramatically
improved afterward. Diabetic rats had significantly higher levels
of serum fructosamine and blood HbA;1¢% (p<0.001) compared
to control or berberine-treated groups. Berberine treatment
significantly reduced serum fructosamine and blood HbA, % in
diabetic rats (p<0.001) but had no detectable influence in normal
rats.

Berberine reduced the oxidative assault brought on
by hyperglycaemia in the retina of diabetic rats

Figure 2a shows that STZ-induced diabetic rats had significantly
(p<0.001) greater MDA levels in their retinas compared to normal
controls, indicating lipid peroxidation. Berberine significantly
(P<0.001) reduced retinal MDA levels in STZ-induced diabetic
mice. STZ injection significantly reduced GSH concentration in

Table 1: Impact of berberine on serum insulin, fructosamine and blood glycated hemoglobin levels.

Insulin (ulU/mL)

Control 26.7+2.4
Control +Berberine 26.82+2.4
Diabetic 7.43+0.51%*
Diabetic + Berberine 15.22+2.4 #
F-prob. p<0.001

Fructosamine (i mol/L) HbA, (%)
181.33+15.22 6.34+0.76
193.21+12.5 5.85+0.65
493.33+42.2*%* 18.77+1.52**
139.74+13.44 ## 11.32+0.66 ##
p<0.001 p<0.001

Note: Data expressed in M+ SD (N=6); ** p<0.001 versus control and # p<0.05 and ## p<0.001 versus diabetic group.
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diabetic rats' retinas (p<0.01) compared to the healthy control
group. The oral administration of berberine to diabetic rats
significantly enhanced retinal GSH content, as seen in Figure 2b.
Figure 3a shows that GPx activity reduced significantly (p<0.01)
in the retina of STZ-induced diabetic rats compared to the control
group. Similarly, STZ-induced diabetic rats showed considerably
lower retinal SOD and CAT activity (Figure 3b). Berberine
therapy significantly increased the activity of GPx (p<0.001),
SOD (p<0.05) and CAT (p<0.05) in diabetic rats' retinas. Normal
rats treated with berberine showed no significant changes in
retinal lipid peroxidation or antioxidant defenses.

DISCUSSION

DR is a significant public health issue, as it is the leading cause
of blindness in industrialized nations. DR is a complication of
diabetes mellitus that affects both the neuronal and vascular
components of the retina.*® Studies in diabetic humans and

rodent models have established that the onset of diabetes can
cause early neuronal damage, which subsequently leads to
vascular impairment and the development of DR.** A critical
factor implicated in retinal damage in diabetes is oxidative assault.
Diabetes alters body metabolites, leading to increased oxidative
assault, which damages retinal cells.”

This oxidative assault induces cell death, activates inflammatory
responses and reduces neurotrophic support, culminating in
diabetes-induced retinal lesions.*® Additionally, the excessive
formation of ROS in diabetes triggers the production of
specific growth factors, transcription factors and cytokines,
which play crucial roles in the progression of DR. Particularly,

proinflammatory cytokines are pivotal in DR progression.***

An increase of mitochondrial-dependent apoptosis, which is
characterized by higher expression of apoptosis markers Bax
and caspase-3, is a result of the interaction between oxidative
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Figure 1: (a) Effect of Berberine administration on glucose tolerance in control and diabetic rats. (b) Comparison of diabetic rats with Control, OGTT oral
glucose tolerance test, Area Under Curve {AUC} (**p<0.01).
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Figure 2: (a) Effect of Berberine on MDA in control and diabetic rats. (b) Effect of Berberine on GSH in control and diabetic rats.
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Figure 3: (a) Effect of Berberine on GPx in control and diabetic rats. (b) Effect of Berberine on SOD in control and diabetic rats.

assault and inflammation in Diabetic Retinopathy (DR).***
This interaction contributes to the rapid death of neuronal cells
and a reduction in axonal regeneration during diabetic retinal
development.*” The purpose of this experiment was to investigate
the potential mechanisms for lowering DR as well as the impact
that berberine has on the amounts of glucose contained in the
blood. After receiving berberine treatment at each time point
in the OGTT, diabetic rats that had been induced with STZ
had significantly reduced blood glucose levels, according to the
findings of our scientific research.

On top of that, it made diabetic animals' AUC for OGTT
smaller than that of control rats. The reduction in DR that
berberine produces may be due to several different processes.
The anti-inflammatory and oxidative assault-reducing effects
of berberine are important in DR. Because of this decrease, it is
more probable that blood glucose levels and retinal health are
both improved. Berberin reduces cell death and inflammation in
the retina by blocking the NF-«B signaling cascade, which in turn
stops DR from happening.*

As part of its neuroprotective actions in DR, berberine protects
retinal ganglion cells by activating GABA-alpha receptors.
Aside from that, berberine slows down DR progression and
new blood vessel formation by blocking insulin-induced retinal
endotheliocyte activation. Additionally, it reduces cell mortality
and promotes survival via improving autophagy and the AMPK/
mTOR signaling cascade in retinal Miiller cells, which contributes
to its therapeutic effects. These results are in line with earlier
studies that showed berberine has anti-diabetic benefits.””*

Berberine improves insulin sensitivity, boosts insulin
production and reduces glucose absorption in the stomach,
all of which contribute to a reduction in blood glucose levels
after consumption. According to the findings of the study, the
administration of berberine led to significant reductions in both

serum fructosamine and blood HbA _levels, which indicates that
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effective glycemic management was brought about. The way that
berberine acts to relieve DR is consistent with what we know
about how it works so far. Berberine stimulates the production
of insulin by pancreatic beta cells, which results in an increase
in the amount of insulin present in the blood. Insulin sensitivity
can be raised by increasing the binding of insulin to its receptors,
which results in improved glucose uptake into cells and lower
blood glucose levels. This is accomplished by enhancing insulin's
ability to attach to its receptors. Through its ability to prevent
gluconeogenesis, which is the process of producing glucose
from precursors that are not carbohydrates, berberine makes
an additional contribution to lowering blood glucose levels,”
a Berberine is responsible for activating the AMPK pathway,
which is one of the most important pathways for managing
the metabolism of glucose and lipids.*® At the same time that
AMPK activation increases insulin sensitivity, it also increases
gluconeogenesis.*

Oxidative stress occurs when the synthesis of Reactive Oxygen
Species (ROS) and Reactive Nitrogen Species (RNS) exceeds the
body's ability to remove them. Antioxidants are substances that
neutralize or eliminate free radicals, thereby protecting the body
from oxidative stress.*

The antioxidant characteristics of berberine also aid in lowering
the oxidative stress that comes with diabetes. It is possible that
improved glycemic management and increased insulin sensitivity
might result from this decrease in oxidative assault.**** Previous
research in both animals and humans has shown that berberine
greatly enhances glycemic control.**¢ Treatment with berberine
for three months decreased HbA _levels from 9.5%+0.5% to
7.5%+0.4% (p<0.01) in individuals with type 2 diabetes mellitus,
which is similar to the effect of metformin. In the case of poorly
controlled diabetes, another study found that HbA, decreased
from 8.1%+0.2% to 7.3%+0.3% (p<0.001). Blood glucose levels,
both fasting and postprandial, were also markedly reduced
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by berberine. Reducing DR requires these enhancements to
glycemic control. The formation and progression of DR
are primarily influenced by elevated blood glucose levels.
This condition causes damage to the retina through various
mechanisms, including inflammation, oxidative assault and the
generation of VEGE. The lowering of blood glucose levels by
berberine affects these processes. By improving insulin sensitivity
and increasing glucose transport, it reduces blood sugar levels
independently of insulin. This two-pronged approach lowers
the risk of DR by promoting better glycemic management. The
results provide credence to berberine's status as a potential
treatment tool for diabetes management and the prevention of
diabetic retinopathy and other related problems.

In this work, we looked at DR in rats that had been induced
with STZ by measuring the levels of MDA, GSH and antioxidant
enzyme activities in the retina. Oxidative assault leads to increased
lipid peroxidation, which is indicated by elevated MDA levels.*”

The MAPK pathway, specifically the JNK and p38 MAPK
pathways, come into play when this oxidative assault activates
several downstream cascades. Inflammatory cytokines,
adhesion molecules and VEFG are produced because of these
activations, which in turn cause damage to the retina and
the advancement of DR. GSH levels indicate compromised
antioxidant defenses, leading to an antioxidant deficit. Damage
to this homeostasis triggers the Nrf2 pathway, which controls
the production of antioxidant enzymes. Nevertheless, impaired
Nrf2 activation can worsen oxidative damage in the retina due
to hyperglycemia-induced oxidative assault in diabetes. The
lessened activity of antioxidant defense systems is shown by
GPx, SOD and CAT. This shortcoming triggers redox-sensitive
transcription factors such as NF-kB and AP-1, which in turn
elevate inflammation, malfunction in the retinal blood vessels

and neuronal death 5!

Our findings demonstrated that berberine boosted GPx, SOD
and CAT activity in diabetic rat retinas while decreasing retinal
MDA levels and increasing GSH content. Based on these
findings, berberine might shield diabetic rats' retinas against
oxidative assault and lipid peroxidation. The preventive effects
of berberine are most likely due to its antioxidant capabilities.
Reducing MDA levels, berberine may scavenge free radicals and
lessen the generation of lipid peroxides. Berberine may also boost
the activity of antioxidant enzymes including GPx, SOD and
CAT, which play a crucial role in preserving the retina's oxidative
balance and neutralizing free radicals. Based on these findings,
berberine may have arole in reducing diabetic retinopathy-related
retinal damage caused by oxidative assault.

Diabetes and its consequences continue to be a serious global
public health concern. Animal models play an important
role in advancing our understanding of DR pathophysiology,
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development and etiology. No model has been developed to
simulate the progression of DR in humans, from early cellular
and vascular abnormalities to proliferative stage and retinal
detachment due to persistent hyperglycemia. Because of their
small size and tendency to acquire retinopathies quickly, rats
have been often employed in DR studies. However, most diabetic
rodent models only showed early DR symptoms, limiting their
use in mechanistic research and drugs screening. After diabetic
induction, several higher-order animals developed sophisticated
retinopathies such neovascularization, but they could not mimic
human DR. Future progress of DR animal models is essential
since DR is a complicated disease with vascular and neurologic
components that are affected by both heredity and environmental
factors. While there is no one animal model that encompasses the
complete DR pathophysiology, we see opportunity in expanding
our understanding of genetic models and developing new
high-order animal models. To this aim, ocular medicines for DR
treatments have a promising future.

CONCLUSION

In developed countries, DR is the main cause of blindness,
making it a major concern in public health. Retinal vascular
impairment results from early neuronal injury, which impacts
both the neuronal and vascular components of the retina. Retinal
lesions caused by cell death, inflammation and diminished
neurotrophic support are all consequences of oxidative stress,
a key component of diabetic macular degeneration. Several
growth factors, transcription factors and cytokines are activated
by diabetes-related elevated ROS generation, which in turn
accelerates DR progression. Axonal regeneration is impaired
and neuronal cell death is quickened by oxidative stress and
proinflammatory cytokines. By lowering blood glucose levels
and enhancing retinal function, berberine shows potential in
reducing DR through its anti-inflammatory and antioxidant
actions. Berberine prevents cell death and inflammation by
inhibiting the NF-«xB signaling cascade and it protects retinal
ganglion cells by activating GABA-alpha receptors. Additionally,
it improves cell viability by inhibiting insulin-induced activation
of retinal endotheliocytes and by increasing autophagy and the
AMPK/mTOR pathway. Clinical trials have shown that berberine
can enhance glycemic control by lowering blood glucose, serum
fructosamine and HbA1clevels. Berberine is a great candidate for
the treatment of diabetic retinopathy and its consequences since
it increases insulin sensitivity, decreases oxidative assault and
blocks gluconeogenesis.
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ABBREVIATIONS

DR: Diabetic Retinopathy; TNF-a: Tumor Necrosis Factor-
a; VEGF: Vascular endothelial growth factor; ROS: Reactive
oxygen species; Bax: Bcl-2-associated X protein; Bcl-2: B-cell
lymphoma protein-2; GSH: Glutathione; STZ: Streptozotocin;
TBA:  Thiobarbituric  acid; DTNB:  5,5'-Dithiobis-
(2-nitrobenzoic; acid); SDS: Sodium dodecyl sulphate; ABTS:
2,2-Azino-bis-3-ethylbenzothiazoline-6-sulfonic; acid; OGTT:
Oral glucose tolerance test; HBA1c: Glycated haemoglobin; SOD:
Superoxide: dismutase; CAT: Catalase; MDA: Malondialdehyde;
ELISA: Enzyme Linked Immunosorbent Assay; IL-1f:
Interleukin-1{; PKCp: Protein kinase Cp; GABA: y-Aminobutyric
acid; AMPK: 5’-adenosine monophosphate-activated protein

kinase.
SUMMARY
Diabetic Retinopathy (DR) causes most eyesight loss

worldwide. Diabetes-related oxidative stress causes this retinal

microvasculature  disorder.  Plant-derived  phytochemical
"Berberine” has anti-diabetic characteristics, according to
several research. Few studies have examined its effects on
diabetic retinopathy. This study examines how Berberine
affects oxidative stress, inflammation and programmed cell
death in rats to determine its effect on DR. Diabetes rats were
treated for 12 weeks and assessed for inflammatory indicators
(TNF-a, VEGF), antioxidant markers (superoxide, dismutase,
catalase, glutathione) and apoptotic markers (B:cl-2, Bax,
Cleaved-caspase-3). Compared to the diabetic group, Berberine
therapy exhibited a significant hypoglycemic index. Treatment
with berberine dramatically lowered TNF-a and VEGF levels in
the diabetic retina. Berberine modulated antioxidant enzymes
and raised their levels. Berberine also reduced diabetic mice
retinal apoptosis by lowering high glucose-induced ROS, Bax/
Bcl-2 ratio and cleaved caspase-3 expression. Based on the

findings, Berberine may prevent DR pharmacologically.

Indian Journal of Pharmaceutical Education and Research, Vol 59, Issue 2, Apr-Jun, 2025

REFERENCES

1. Moran EP, Wang Z, Chen J, Sapieha P, Smith LE, Ma JX. Neurovascular cross talk in
DR: pathophysiological roles and therapeutic implications. Am J Physiol Heart Circ
Physiol. 2016;311:738-49.

2. Ola MS, Nawaz MI, Khan HA, Alhomida AS. Neurodegeneration and neuroprotection
in DR. Int J Mol Sci. 2013;14(2):2559-72. doi: 10.3390/ijms 14022559, PMID 23358247.

3. Kern TS. Interrelationships between the retinal neuroglia and vasculature in
diabetes. Diabetes Metab J. 2014;38(3):163-70. doi: 10.4093/dm;j.2014.38.3.163,
PMID 25003068.

4. Barber AJ, Lieth E, Khin SA, Antonetti DA, Buchanan AG, Gardner TW. Neural apoptosis
in the retina during experimental and human diabetes. Early onset and effect of
insulin. J Clin Investig. 1998;102(4):783-91. doi: 10.1172/JCI2425, PMID 9710447.

5. Feng Y, Wang Y, Stock O, Pfister F, Tanimoto N, Seeliger MW, et al. Vasoregression
linked to neuronal damage in the rat with defect of polycystin-2. PLOS One.
2009;4(10):e7328. doi: 10.1371/journal.pone.0007328, PMID 19806208.

6. Kowluru RA, Chan PS. Oxidative assault and DR. Exp Diabetes Res. 2007; 2007:43603.
doi: 10.1155/2007/43603, PMID 17641741.

7. Ola MS, Alhomida AS. Neurodegeneration in diabetic retina and its potential drug
targets. Curr Neuropharmacol. 2014;12(4):380-6. doi: 10.2174/1570159X126661406
19205024, PMID 25342945.

8. Sehajpal S, Prasad DN, Singh RK. Prodrugs of non-steroidal anti-inflammatory drugs
(NSAIDs): A long march towards synthesis of safer NSAIDs. Mini Rev Med Chem.
2018;18(14):1199-219. doi: 10.2174/1389557518666180330112416, PMID 29600762.

9. Morgan MJ, Liu ZG. Crosstalk of reactive oxygen species and NF-kappaB signaling.
Cell Res. 2011;21(1):103-15. doi: 10.1038/cr.2010.178, PMID 21187859.

10. Pal PB, Sinha K, Sil PC. Mangiferin attenuates diabetic nephropathy by inhibiting
oxidative assault mediated signaling cascade, TNFa related and mitochondrial
dependent apoptotic pathways in streptozotocin-induced diabetic rats. PLOS One.
2014;9(9):2107220. doi: 10.1371/journal.pone.0107220, PMID 25233093.

11. Kumar B, Gupta SK, Srinivasan BP, Nag TC, Srivastava S, Saxena R, et al. Hesperetin
rescues retinal oxidative assault, neuroinflammation and apoptosis in diabetic rats.
Microvasc Res. 2013;87:65-74. doi: 10.1016/j.mvr.2013.01.002, PMID 23376836.

12. Li D, Yang F, Cheng H, Liu C, Sun M, Wu K, et al. Protective effects of total flavonoids
from Flos puerariae on retinal neuronal damage in diabetic mice. Mol Vis.
2013;19:1999-2010. PMID 24146535.

13. Sharma S, Kumar S, Singh RK. A recent advance on phytochemicals, nutraceutical
and pharmacological activities of buckwheat. Comb Chem High Throughput
Screen. 2024;27(18):2654-66. doi: 10.2174/0113862073265824231004115334, PMID
37818573.

14. Rani M, Sharma AK, Chouhan RS, Sur S, Mansuri R, Singh RK. Natural flavonoid
pectolinarin computationally targeted as a promising drug candidate against
SARS-CoV-2. Curr Res Struct Biol. 2024;7:100120. doi: 10.1016/j.crstbi.2023.100120,
PMID 38205118.

15. Mehta S, Sharma AK, Singh RK. Ethnobotany, pharmacological activities and
bioavailability studies on “king of bitters” (Kalmegh): a review (2010-2020). Comb
Chem High Throughput Screen. 2022;25(5):788-807. doi: 10.2174/13862073246662
10310140611, PMID 33745423.

16. Yin J, Xing H, Ye J. Efficacy of berberine in patients with type 2 diabetes mellitus.
Metabolism. 2008;57(5):712-7. doi: 10.1016/j.metabol.2008.01.013, PMID 18442638.

17. Zhong Y, Jin J, Liu P, Song Y, Zhang H, Sheng L, et al. Berberine attenuates
hyperglycemia by inhibiting the hepatic glucagon pathway in diabetic mice. Oxid
Med Cell Longev. 2020; 2020:6210526. doi: 10.1155/2020/6210526, PMID 31976031.

18. Trinder P. Determination of glucose in blood using glucose oxidase with an
alternative oxygen acceptor. Ann Clin Biochem. 1969;6(1):24-7. doi: 10.1177/00045
6326900600108.

19. Baker JR, Metcalf PA, Holdaway IM, Johnson RN. Serum fructosamine concentration
as measure of blood glucose control in type | (insulin dependent) diabetes mellitus.
Br Med J (Clin Res Ed). 1985;290(6465):352-5. doi: 10.1136/bm;j.290.6465.352, PMID
3917816.

20. Abraham EC, Huff TA, Cope ND, Wilson JB Jr, Bransome ED Jr, Huisman TH.
Determination of the glycosylated hemoglobins (HB Al) with a new microcolumn
procedure. Suitability of the technique for assessing the clinical management of
diabetes mellitus. Diabetes. 1978;27(9):931-7. doi: 10.2337/diab.27.9.931, PMID
689304.

21. Preuss HG, Jarrell ST, Scheckenbach R, Lieberman S, Anderson RA. Comparative
effects of chromium, vanadium and Gymnema sylvestre on sugar-induced blood
pressure elevations in SHR. J Am Coll Nutr. 1998;17(2):116-23. doi: 10.1080/073157
24.1998.10718736, PMID 9550454.

22. Beutler E, Duron O, Kelly BM. Improved method for the determination of blood
glutathione. J Lab Clin Med. 1963;61:882-8. PMID 13967893.

23. Cohen G, Dembiec D, Marcus J. Measurement of catalase activity in tissue extracts.
Anal Biochem. 1970;34:30-8. doi: 10.1016/0003-2697(70)90083-7, PMID 5440916.

24. Marklund S, Marklund G. Involvement of the superoxide anion radical in the
autoxidation of pyrogallol and a convenient assay for superoxide dismutase. Eur
J Biochem. 1974;47(3):469-74. doi: 10.1111/j.1432-1033.1974.tb03714.x, PMID
4215654.

653



Wang, et al.: Effects of Berberine on Diabetic Retinopathy in Rats

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

Matkovics B, Szabo L, Varga IS. Determination of enzyme activities in lipid
peroxidation and glutathione pathways (in Hungarian). Lab Diagn. 1998;15:248-9.

Kropp M, Golubnitschaja O, Mazurakova A, Koklesova L, Sargheini N, Vo TK, et
al. Diabetic retinopathy as the leading cause of blindness and early predictor of
cascading complications-risks and mitigation. EPMA J. 2023;14(1):21-42. doi: 10.1007
/$13167-023-00314-8, PMID 36866156.

O'Brien PD, Sakowski SA, Feldman EL. Mouse models of diabetic neuropathy. ILAR J.
2014;54(3):259-72. doi: 10.1093/ilar/ilt052, PMID 24615439.

Martin-Carro B, Donate-Correa J, Fernandez-Villabrille S, Martin-Virgala J, Panizo
S, Carrillo-Lépez N, et al. Experimental models to study diabetes mellitus and its
complications: limitations and new opportunities. Int J Mol Sci. 2023;24(12):10309.
doi: 10.3390/ijms241210309, PMID 37373455.

Haydinger CD, Oliver GF, Ashander LM, Smith JR. Oxidative stress and its regulation
in diabetic retinopathy. Antioxidants (Basel, Switzerland). 2023;12(8):1649. doi: 10.33
90/antiox12081649, PMID 37627644.

Kanwar M, Chan PS, Kern TS, Kowluru RA. Oxidative damage in the retinal
mitochondria of diabetic mice: possible protection by superoxide dismutase. Invest
Ophthalmol Vis Sci. 2007;48(8):3805-11. doi: 10.1167/iovs.06-1280, PMID 17652755.

Riibsam A, Parikh S, Fort PE. Role of inflammation in diabetic retinopathy. Int J Mol
Sci. 2018;19(4):942. doi: 10.3390/ijms19040942, PMID 29565290.

Cregan SP, Maclaurin JG, Craig CG, Robertson GS, Nicholson DW, Park DS, et al.
Bax-dependent caspase-3 activation is a key determinant in p53-induced apoptosis
in neurons. J Neurosci. 1999;19(18):7860-9. doi: 10.1523/JNEUROSCI.19-18-07860.19
99, PMID 10479688.

Kang Q, Yang C. Oxidative stress and diabetic retinopathy: molecular mechanisms,
pathogenetic role and therapeutic implications. Redox Biol. 2020;37:101799. doi: 10.
1016/j.redox.2020.101799 [ePub]. PMID 33248932, PMCID PMC7767789.

Wang C, Youle RJ. The role of mitochondria in apoptosis*. Annu Rev Genet.
2009;43:95-118. doi: 10.1146/annurev-genet-102108-134850, PMID 19659442,
Zhang Z, Huang Q, Zhao D, Lian F, Li X, Qi W. The impact of oxidative stress-induced
mitochondrial dysfunction on diabetic microvascular complications. Front
Endocrinol. 2023;14:1112363. doi: 10.3389/fendo.2023.1112363, PMID 36824356.
Xie W, SuF,Wang G, Peng Z, Xu'Y, Zhang Y, et al. Glucose-lowering effect of berberine
on type 2 diabetes: A systematic review and meta-analysis. Front Pharmacol.
2022;13:1015045. doi: 10.3389/fphar.2022.1015045, PMID 36467075.

Zhai J, Li Z, Zhang H, Ma L, Ma Z, Zhang Y, et al. Berberine protects against diabetic
retinopathy by inhibiting cell apoptosis via deactivation of the NF-kB signaling
pathway. Mol Med Rep. 2020;22(5):4227-35. doi: 10.3892/mmr.2020.11505, PMID
33000205.

Chang W, Chen L, Hatch GM. Berberine as a therapy for type 2 diabetes and its
complications: from mechanism of action to clinical studies. Biochem Cell Biol.
2015;93(5):479-86. doi: 10.1139/bcb-2014-0107, PMID 25607236.

Yin J, Gao Z, Liu D, Liu Z, Ye J. Berberine improves glucose metabolism through
induction of glycolysis. Am J Physiol Endocrinol Metab. 2008;294(1):E148-56. doi: 10.
1152/ajpendo.00211.2007, PMID 17971514,

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

Xu M, Xiao Y, Yin J, Hou W, Yu X, Shen L, et al. Berberine promotes glucose
consumption independently of AMP-activated protein kinase activation. PLOS One.
2014;9(7):e103702. doi: 10.1371/journal.pone.0103702, PMID 25072399.

Lee YS, Kim WS, Kim KH, Yoon MJ, Cho HJ, Shen Y, et al. Berberine, a natural plant
product, activates AMP-activated protein kinase with beneficial metabolic effects
in diabetic and insulin-resistant states. Diabetes. 2006;55(8):2256-64. doi: 10.2337/
db06-0006, PMID 16873688.

Unuofin JO, Lebelo SL. Antioxidant effects and mechanisms of medicinal plants and
their bioactive compounds for the prevention and treatment of type 2 diabetes: an
updated review. Oxid Med Cell Longev. 2020; 2020:1356893. doi: 10.1155/2020/135
6893, PMID 32148647.

Kumari A, Singh RK. Synthesis, Molecular Docking and ADME Prediction of
1H-indole/5- substituted indole Derivatives as Potential Antioxidant and anti-
inflammatory Agents. Med Chem. 2023;19(2):163-73. doi: 10.2174/1573406418666
220812152950, PMID 35959908 (Sharigah. United Arab Emirates).

Li Z, Geng YN, Jiang JD, Kong WJ. Antioxidant and anti-inflammatory activities of
berberine in the treatment of diabetes mellitus. Evid Based Complement Alternat
Med. 2014; 2014:289264. doi: 10.1155/2014/289264, PMID 24669227.

WuYS, LiZM, Chen YT, DaiSJ, Zhou XJ,Yang YX, et al. Berberine improves inflammatory
responses of diabetes mellitus in Zucker diabetic fatty rats and insulin-resistant
HepG2 cells through the PPM1B pathway. J Immunol Res. 2020; 2020:2141508. doi: 1
0.1155/2020/2141508, PMID 32908938.

Xu X, Yi H, Wu J, Kuang T, Zhang J, Li Q, et al. Therapeutic effect of berberine on
metabolic diseases: both pharmacological data and clinical evidence. Biomed
Pharmacother.  2021;133:110984. doi:  10.1016/j.biopha.2020.110984, PMID
33186794.

Shabalala SC, Johnson R, Basson AK, Ziqubu K, Hlengwa N, Mthembu SX, et al.
Detrimental effects of lipid peroxidation in type 2 diabetes: exploring the neutralizing
influence of antioxidants. Antioxidants (Basel). 2022;11(10):2071. doi: 10.3390/antiox
11102071, PMID 36290794, PMCID PMC9598619.

Ma Q. Role of nrf2 in oxidative stress and toxicity. Annu Rev Pharmacol Toxicol.
2013;53:401-26. doi: 10.1146/annurev-pharmtox-011112-140320, PMID 23294312,
PMCID PMC4680839.

Jomova K, Raptova R, Alomar SY, Alwasel SH, Nepovimova E, Kuca K, et al. Reactive
oxygen species, toxicity, oxidative stress and antioxidants: chronic diseases and
aging. Arch Toxicol. 2023;97(10):2499-574. doi: 10.1007/500204-023-03562-9 [ePub].
PMID 37597078, PMCID PMC10475008.

Birben E, Sahiner UM, Sackesen C, Erzurum S, Kalayci O. Oxidative stress and
antioxidant defense. World Allergy Organ J. 2012;5(1):9-19. doi: 10.1097/WOX.0b013
€3182439613 [ePub]. PMID 23268465, PMCID PMC3488923.

Kumari A, Singh RK. Synthesis, molecular Docking and biological evaluation of
N-substituted indole derivatives as potential anti-inflammatory and antioxidant
agents. Chem Biodivers. 2022;19(9):e202200290. doi: 10.1002/cbdv.202200290,
PMID 35818885.

Cite this article: Wang L, Fei W, Qin C, Zhang J. Investigating the Anti-Inflammatory, Antioxidant and Apoptotic Protein Inhibition Study of Berberine on
Diabetic Retinopathy in Rats. Indian J of Pharmaceutical Education and Research. 2025;59(2):647-54.

654

Indian Journal of Pharmaceutical Education and Research, Vol 59, Issue 2, Apr-Jun, 2025



