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ABSTRACT

Background: Diabetic retinopathy (DR) is a common problem in the diabetic patients due to the high
blood glucose level. DR affects more number of diabetic patients worldwide with irreversible vision loss.
Objective: The current investigation was focused to reveal the therapeutic actions of nimbolide against
the streptozotocin (STZ)-provoked DR in rats through inhibition of TLR4/NF-kB pathway.
Methodology: DR was provoked to the rats through administering a single dose of STZ (60 mg/kg)
intraperitoneally. The DR rats were then supplemented with the 50 mg/kg of nimbolide for 60 days.
The bodyweight and blood glucose level was measured using standard methods. The lipid profiles (c-
holesterol, TG, LDL, and HDL), inflammatory markers, and antioxidants level was detected using respec-
tive kits. The level of MCP-1, VEGF, and MMP-9 was quantified using kits. The morphometric analysis of
retinal tissues were done. The mRNA expressions of target genes were studied using RT-PCR assay.
Results: Nimbolide treatment effective decreased the food intake and blood glucose, and improved the
bodyweight of STZ-provoked animals. The levels of pro-inflammatory mediators, cholesterol, TG, LDL,
and HDL, MCP-1, VEGF, and MMP-9 was remarkably suppressed by the nimbolide treatment.
Nimbolide also improved the antioxidants, retinal thickness and cell numbers. The TLR4/NF-kB pathway
was appreciably inhibited by the nimbolide.
Conclusion: Overall, our findings demonstrated that the nimbolide attenuated the STZ-provoked DR in
rats through inhibiting the TLR4/NF-kB pathway.
© 2021 Published by Elsevier B.V. on behalf of King Saud University. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

modification macro and micro-vascular functions (Harding et al.,
2019). Diabetic retinopathy (DR) is a persistent problem affecting

Diabetes mellitus (DM) is a common metabolic disorder catego-
rized by hyperglycemic condition. The occurrence of DM rapidly
increased around the world and affecting more children and teen-
agers in developed and developing countries, standing as an imper-
ative health challenge to world population with several other
complications (Park and Roh, 2016). Additionally, the prolonged
impediment of DM results in hastened secondary difficulties like
diabetic nephropathy, myopathy, and retinopathy through the

* Corresponding author.
E-mail address: 18678770656@sina.cn (N. Wei).
Peer review under responsibility of King Saud University.

ELSEVIER Production and hosting by Elsevier

https://doi.org/10.1016/j.sjbs.2021.06.039
1319-562X/© 2021 Published by Elsevier B.V. on behalf of King Saud University.

the diabetic patients because of the unrestrained elevation in the
blood glucose level (Klein, 2007). Numerous mechanisms are par-
ticipated in the development of DR like pro-inflammatory media-
tors, microvascular injury, and oxidative stress (Guzman et al.,
2016).

DR is regarded as a severe problem and latent risk factor in the
reduction of the patients life quality. The pathology of DR is takes
place in response to the continues injury of retina and changes in
the functions of blood-retinal barrier. The initial signs of DR are
the appearance of dark strings/spots float in vision; unstable and
unclear vision, vision color impairments, empty/dark regions in
vision, vision loss in later stages (Cheloni et al., 2019). All these
ocular symptoms were occur because of the augmentation in the
blood glucose and triglycerides, hypertension, and urinary proteins
that results in the progression of hemorrhage and retinal tract
detachments, and formation of pre-retinal fibrous tissues
(Kusuhara et al., 2018). Moreover, DR also elevates the possibilities
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of retinal blood vessel injuries further directs to causes the leak-
age/bleeding of fluids (Wang and Lo, 2018).

Ocular inflammation was categorized as one of the imperative
player of numerous ocular ailments like uveitis, glaucoma, and DR
(Perez and Caspi, 2015). Proinflammatory regulators like interleukin
(IL)-1B, IL-6, and TNF-o was reported to crosstalk with the insulin
signaling and participated in the insulin resistance (Zhu et al.,
2015). Hence, the targeting these inflammatory mediators could
benefit in the DM associated complication including DR. The NF-
KB is a crucial inflammatory transcription factor and its stimulation
triggers the excessive accumulation of pro-inflammatory regulators
like TNF-a, IL-B and IL-6 (Guillonneau et al., 2017).

Toll-like receptor 4 (TLR4) is a member of the TLR family protein
and it is a prime player of pro-inflammatory reactions. The stimula-
tion of TLR4 signaling cascade directs towards the excessive gener-
ation of pro-inflammatory regulators via the triggering of
numerous transcription factors like NF-kB (O'Neill et al., 2013). It
was already highlighted that the elevated expression of TLR4 was
found in the DM patients (Xie et al., 2014). The stimulation of
TLR4/NF-kB signaling cascades could enhance the DM-activated
inflammatory reactions and contribute to the DR pathogenesis
(Luo et al., 2015). The existing therapeutic options to treat the DR
is less effective in preventing and attenuating the progression of
DR. The experts committee organized by the WHO suggested that
the conventional folklore and its derivative medicines should be
refreshed to prevent and treat the diabetic associated problems like
DR due to the less efficacy of synthetic drugs (Modak et al., 2007).

Nimbolide is a terpenoid compound that extensively occurs in
the neem plant (Azadirachta indica) parts. The more number of
studies already unveiled the anticancer potentials of nimbolide
against many cancers (Roy et al., 2007; Bodduluru et al., 2014;
Lin et al., 2017; Wang et al., 016). Nimbolide was extensively uti-
lized folklore medicinal plant to treat the diverse ailments
(Bodduluru et al., 2014). Many preceding investigations has high-
lighted that the nimbolide has excellent biological actions like
anti-inflammatory and antioxidant actions (Sophia et al., 2018;
Pooladanda et al., 2019). The therapeutic benefits of nimbolide
against the DR was not studied yet. Hence, the current investiga-
tion was focused to decode the therapeutic role of nimbolide
against the streptozotocin (STZ)-provoked DR in rats through the
inhibition of TLR4/NF-kB signaling cascade.

2. Materials and methods
2.1. Chemicals

Nimbolide, STZ, and other reagents were attained from the
Sigma-Aldrich, USA. All the respective assay Kkits for the biochemi-
cal examinations were acquired from the Thermo Fisher, MA, USA,
Cayman Chemicals, MI, USA, Abcam, Shanghai, China, and R&D Sys-
tems, MN, USA, respectively.

2.2. Experimental animals

The male Wistar rats, three months aged, and weighing above
220+ 50 g was chosen and then acquired from the institutional
animal facility. All animals were housed on the well set up labora-
tory conditions along with temperature 22-26 °C; moisture 40-
70%; light/dark series 12-h. Animals permitted to obtain the water
and diet freely throughout the investigations. The current experi-
ments were ethically approved by the institutional animal ethics
committee. All animals were adapted to laboratory situations for
a week before the commencement of examinations. This research
was approved by The Second People’s Hospital of Jinan animal eth-
ical committee, Approved No. 554699872S.
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2.3. Experimental design

All adapted animals were distributed into four groups as group I
to IV with six rats in each. Group I animals were control and
excluded from all treatments. Group II was DR provoked animals.
For this, animals were administered (i.p) with the single dose of
STZ (60 mg/kg), which is newly prepared in 0.1 M of citrate buffer.
Meantime, control animals received only 0.1 M citrate buffer. After
48 h of STZ challenge, the blood glucose was measured and the ani-
mals with above 200 mg/dl or more glucose level was regarded as
diabetic. Group IIl was diabetic animals supplemented with the
50 mg/kg of nimbolide orally for 60 days. Group IV was diabetic
animals administered with the standard drug metformin
(350 mg/kg) for 60 days. After the completion of study period,
the blood was gathered from the retro-orbital plexus for the bio-
chemical examinations. The retinal tissues were gathered from
the animals and homogenate was prepared using 50 mM of
triphosphate buffer (pH-7.4) and centrifuged at 6000 rpm for
10 min at 4 °C. the resultant homogenate was utilized for addi-
tional biochemical examinations.

2.4. Bodyweight, food intake, blood glucose and glycosylated
haemoglobin (HbA1c) measurement

The food consumption rate and body weight of the animals
were carefully checked during the experiments. The blood glucose
rate of the animals were detected using the glucometer (Roche,
USA). The status of HbA1c in the blood was detected with the aid
of commercial assay kit as per the guidelines of manufacturer
(Thermo Fisher, MA, USA).

2.5. Measurement of lipid profile and atherogenic index (Al)

The status of lipids like cholesterol (Ch), triglyceride (TG), high-
density lipoprotein (HDL), and low-density lipoprotein (LDL) in the
blood samples of control and treated animals were examined using
respective assay kits as per the protocols given by manufacturer
(Cayman Chemicals, MI, USA). The Al was determined as per the
equation given below: (Ch — HDL-cholesterol)/HDL-cholesterol.

2.6. Measurement of antioxidants level

The status of superoxide dismutase (SOD), glutathione (GSH),
SOD/catalase (CAT), and GSH/oxidised glutathione (GSSG) ratio in
the retinal tissues of control and treated animals were studied with
the help of commercial assay kits as per the suggestions of manu-
facturer (Abcam, Shanghai, China).

2.7. Detection of pro-inflammatory markers

The status of IL-1B, IL-6, and TNF-a in the retinal tissues of con-
trol and treated animals were quantified with the aid of respective
assay kits as the suggestion of manufacturer (R&D Systems, MN,
USA).

2.8. Quantification of MCP-1, VEGF, and MMP-9 levels

The levels of MCP-1, VEGF, and MMP-9 in the serum tissues of
control and treated animals were quantified with the help of com-
mercial assay kits according to the manufacturer’s suggestions
(Mybiosource, USA).
2.9. Morphometric study

The morphometric study of retinal tissues of control and treated
animals were performed using computer-aided image analysis
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approach to detect the retinal thickness and number of cells in the
ganglion cell layer (GCL). For this, the Image ] software was utilized
as described earlier by Jiang et al. (2010).

2.10. RT-PCR analysis

For PCR study, the total RNA was separated from the retinal tis-
sues of both control and treated rats using TRIzol kit as mentioned
in the protocols of manufacturer (Thermofisher, USA). Later, the
separated RNA was utilized to build the cDNA by reverse-
transcription using respective kit by manufacturer’s suggestions
(Takara, China). The utilized primers for the target genes were
listed hereunder: Bax: 5'-AAGAAGCTGAGCGAGTGTCT-3’
(upstream) and 5-CAAAGATGGTCACTGTCTGC-3’ (downstream);
Bcl2: 5-GTATGATAACCGGGAGATCG-3' (upstream) and 5’AGCCA
GGAGAAATCAAACAG-3' (downstream); TLR4 5-TTGAAGACAAGG
CATGGCATGC-3' (upstream) and 5-TCTCCCAAGATCAACCGATG-3’
(downstream); NF-xB 5'-CCTAGCTTTCTCTGAACTGCAAA-3’
(upstream) and 5'-GGGTCAGAGGCCAATAGAGA-3' (downstream).
GAPDH was utilized as an control and the relative expressions of
target genes were resolved using 2 — AACq method.

2.11. Statistical analysis

GraphPad Prism version 7.0 was utilized for the statistical
examinations. Data were portrayed as mean = SD of triplicates.
Data were assayed using one-way ANOVA sequentially Tukey’s
multiple comparisons test. P value<0.05 was regarded as
significant.

3. Results

3.1. Effect of nimbolide on the food intake, bodyweight, blood glucose,
and HbA1c levels in the STZ-provoked DR animals

As illustrated in the Fig. 1, the average food consumption, blood
glucose, and HbA1lc status was found augmented in the
STZ-challenged DR animals when compared with control.
The STZ-challenge also reduced the bodyweight of the animals.
The treatment with 50mg/kg of nimbolide substantially
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suppressed the food consumption, blood glucose, and HbA1c status
in the STZ-provoked animals. Nimbolide also elevated the average
bodyweight of the STZ-challenged animals (Fig. 1). The metformin
administration also improved the bodyweight and diminished the
food consumption, blood glucose, and HbAlc status of STZ-
challenged DR animals, which is more similar to the nimbolide
treatment.

3.2. Effect of nimbolide on the lipid profiles and Al of STZ-provoked DR
animals

The STZ-challenged DR animals displayed the drastic elevation
of Ch, LDL, TG, and Al status in the serum of animals when com-
pared with control. The HDL status was found decreased in the
STZ animals (Fig. 2). However, the same was effectively modulated
by the nimbolide treatment. The administration of 50 mg/kg of
nimbolide to the STZ-provoked DR animals displayed the apprecia-
ble reduction in the Ch, LDL, TG, and Al status and also improved
the HDL level in the serum of STZ-provoked animals. The met-
formin treatment also modulated the changes lipid profiles and
the outcomes of nimbolide and metformin was found similar with
each other (Fig. 2).

3.3. Effect of nimbolide on the antioxidants level in the STZ-provoked
DR animals

Fig. 3 demonstrated that the status of antioxidants like SOD,
GST, SOD/CAT ratio, and GSH/GSSG ratio was drastically dimin-
ished in the retinal tissues of STZ-provoked DR animals when
compared with control. Substantially, the 50 mg/kg of nimbolide
supplementation appreciably improved the SOD, GST, SOD/CAT
ratio, and GSH/GSSG ratio in the retinal tissues of STZ-challenged
animals (Fig. 3). The treatment with the metformin also improved
these antioxidants status in the STZ-provoked DR animals.

3.4. Effect of nimbolide on the pro-inflammatory markers in the
STZ-provoked DR animals

The status of IL-1B, IL-6, and TNF-ao in the retinal tissues of
control and treated animals were presented in the Fig. 4. The
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Fig. 1. Effect of nimbolide on the food intake, bodyweight, blood glucose, and HbA1c levels in the STZ-provoked DR animals Results were represented as mean + SD of
triplicates. Data were inspected by one-way ANOVA consecutively Tukey’s post hoc test. Note: *’ p < 0.05 compared with control ‘#' p < 0.01 compared with DR-provoked
animals. Group I: control animals, Group II: DR provoked animals by administering STZ (60 mg/kg). Group III: DR animals supplemented with the 50 mg/kg of nimbolide.

Group IV: DR animals administered with the standard drug metformin (350 mg/kg).
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Fig. 2. Effect of nimbolide on the lipid profiles and Al of STZ-provoked DR animals Results were represented as mean + SD of triplicates. Data were inspected by one-way
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provoked animals by administering STZ (60 mg/kg). Group III: DR animals supplemented with the 50 mg/kg of nimbolide. Group IV: DR animals administered with the

standard drug metformin (350 mg/kg).
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Fig. 3. Effect of nimbolide on the antioxidants level in the STZ-provoked DR animals Results were represented as mean * SD of triplicates. Data were inspected by one-way
ANOVA consecutively Tukey’s post hoc test. Note: “*’ p < 0.05 compared with control ‘#’ p < 0.01 compared with DR-provoked animals. Group I: control animals, Group II: DR
provoked animals by administering STZ (60 mg/kg). Group III: DR animals supplemented with the 50 mg/kg of nimbolide. Group IV: DR animals administered with the

standard drug metformin (350 mg/kg).

STZ-provoked DR animals demonstrated the severe elevation in the
status of IL-1B, IL-6, and TNF-a in the retinal tissues when matched
with control. Though, the supplementation of 50 mg/kg of nim-
bolide to the STZ-provoked animals displayed the substantial
reduction in the IL-1B, IL-6, and TNF-a status (Fig. 4). The met-
formin treatment also diminished these markers status in the reti-
nal tissues of STZ-provoked DR animals.
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3.5. Effect of nimbolide on the MCP-1, VEGF, and MMP-9 levels in the
STZ-provoked DR animals

The MCP-1, VEGF, and MMP-9 levels in the control treated ani-
mals were displayed in the Fig. 5. The status of MCP-1, VEGF, and
MMP-9 was severely elevated in the STZ-provoked DR animals
when compared with control. Interestingly, the supplementation
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Fig. 4. Effect of nimbolide on the pro-inflammatory markers in the STZ-provoked DR animals Results were represented as mean + SD of triplicates. Data were inspected by
one-way ANOVA consecutively Tukey’s post hoc test. Note: “*’ p < 0.05 compared with control ‘#’ p <0.01 compared with DR-provoked animals. Group I: control animals,
Group II: DR provoked animals by administering STZ (60 mg/kg). Group III: DR animals supplemented with the 50 mg/kg of nimbolide. Group IV: DR animals administered

with the standard drug metformin (350 mg/kg).

of the 50 mg/kg of nimbolide was appreciably suppressed these
markers level in the STZ-provoked DR animals (Fig. 5). The stan-
dard drug metformin treatment also suppressed the MCP-1, VEGF,
and MMP-9 levels in the DR animals, which is similar to the nim-
bolide treatment.

3.6. Effect of nimbolide on the morphometric analysis of retina in the
STZ-provoked DR animals

The outcomes of morphometric analysis of retinal tissues were
depicted in the Fig. 6. It revealed that the retinal thickness and the
total cell numbers in the GCL was found decreased when compared
with control. Conversely, the 50 mg/kg of nimbolide supplementa-

Serum levels of MCP-1 (ng/l)

GroupI Group II Group III Group IV

= 200q
=
£
; 150
=
-
S 100
3
2 50
g
5
w o_

tion to the STZ-challenged animals exhibited the remarkable
improvement in the thickness and the total cells in the GCL, which
is in contrast to the STZ alone treatment (Fig. 6). Similarly, the met-
formin treatment also improved the thickness and the total cells in
the GCL, which is similar to nimbolide.

3.7. Effect of nimbolide on the Bax and Bcl-2 expression in the STZ-
provoked DR animals

Fig. 7 demonstrating the mRNA expressions of Bax, Bcl-2, and
Bax/Bcl-2 in the retinal tissues of control and treated animals.
The mRNA expressions Bax and Bax/Bcl-2 was found up-
regulated, whereas the Bcl-2 expression was suppressed in the
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Fig. 5. Effect of nimbolide on the MCP-1, VEGF, and MMP-9 levels in the STZ-provoked DR animals Results were represented as mean + SD of triplicates. Data were inspected
by one-way ANOVA consecutively Tukey’s post hoc test. Note: “*’ p < 0.05 compared with control ‘#’ p < 0.01 compared with DR-provoked animals. Group I: control animals,
Group II: DR provoked animals by administering STZ (60 mg/kg). Group III: DR animals supplemented with the 50 mg/kg of nimbolide. Group IV: DR animals administered

with the standard drug metformin (350 mg/kg).
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Fig. 6. Effect of nimbolide on the morphometric analysis of retina in the STZ-provoked DR animals Results were represented as mean + SD of triplicates. Data were inspected
by one-way ANOVA consecutively Tukey's post hoc test. Note: **’ p < 0.05 compared with control ‘#’ p < 0.01 compared with DR-provoked animals. Group I: control animals,
Group II: DR provoked animals by administering STZ (60 mg/kg). Group III: DR animals supplemented with the 50 mg/kg of nimbolide. Group IV: DR animals administered

with the standard drug metformin (350 mg/kg).

STZ-provoked DR animals when compared with control. Interest-
ingly, the supplementation of the 50 mg/kg of nimbolide exhibited
the remarkable suppression in the Bax and Bax/Bcl-2 expressions
and improved the Bcl-2 expression in the retinal tissues of STZ-
provoked DR animals (Fig. 7). The metformin treatment also appre-
ciably modulated the expressions of Bax, Bcl-2, and Bax/Bcl-2 ratio
in the retinal tissues of DR animals.

3.8. Effect of nimbolide on the TLR4/NF-kB pathway in the STZ-
provoked DR animals

The mRNA expression of TLR4 and NF-kB in the control treated
animals depicted in the Fig. 8. The STZ-challenged DR animals
demonstrated the up-regulated expressions of TLR4 and NF-kB in
the retinal tissues when matched with control. however, the treat-
ment with the 50 mg/kg of nimbolide exhibited the appreciable
reduction in the mRNA expression of TLR4 and NF-xB in the retinal
tissues of STZ-provoked DR animals (Fig. 8). The metformin treat-
ment also remarkably suppressed the TLR4 and NF-kB expressions,
which is similar to the nimbolide treatment.

to control

Relative mRNA expression

GroupI Group II Group III Group IV

s

=3

e 6

=

g

=)

£

2

£ 4

-]
=

I3

9 o

2 = 2

=

Bl

-~}

4

$

z 0-

=

&~

Group I Group II Group III Group IV

4. Discussion

DR is a common difficulty in DM with multifaceted pathology
and affects nearly 80% of diabetic victims around the world
(Barsegian et al., 2017). Chronic hyperglycemia triggers the alter-
native cascades for over glucose metabolism that participates in
the pathological progression of DR (Brownlee, 2005). DR is charac-
terized as one of the microvasculature difficulty in DM that dis-
plays sight intimidating effects to the eyes (Beli et al., 2018). It is
mostly recognized that DR is the prime most cause of DM-
related ocular injury or loss among aged and young populations
worldwide (Wong et al., 2016). The microvascular damages in
the retina like blood barrier collapse, capillary dropout, and
microaneurysms was said to be the imperative characteristics of
DR (Chawla et al., 2016).

The inflammatory mediators are the vital players of progression
of both early and late stages of DR. The activated NF-kB was often
participated in the enhancement of proinflammatory regulators
like TNF-a, IL-6, and IL-1 that eventually speed up the DR progres-
sion (Yang et al.,, 2006). Additionally, it was also highlighted that
the elevated oxidative stress stimulates the NF-kB cascade. The
over accumulation of TNF-o0 and IL-6 in the vitreous fluid of the
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Fig. 7. Effect of nimbolide on the Bax and Bcl-2 expression in the STZ-provoked DR animals Results were represented as mean + SD of triplicates. Data were inspected by one-
way ANOVA consecutively Tukey’s post hoc test. Note: “*’ p < 0.05 compared with control ‘#’ p < 0.01 compared with DR-provoked animals. Group I: control animals, Group II:
DR provoked animals by administering STZ (60 mg/kg). Group III: DR animals supplemented with the 50 mg/kg of nimbolide. Group IV: DR animals administered with the

standard drug metformin (350 mg/kg).
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Fig. 8. Effect of nimbolide on the TLR4/NF-kB pathway in the STZ-provoked DR animals Results were represented as mean + SD of triplicates. Data were inspected by one-way
ANOVA consecutively Tukey’s post hoc test. Note: “*’ p < 0.05 compared with control ‘#' p < 0.01 compared with DR-provoked animals. Group I: control animals, Group II: DR
provoked animals by administering STZ (60 mg/kg). Group IIl: DR animals supplemented with the 50 mg/kg of nimbolide. Group IV: DR animals administered with the

standard drug metformin (350 mg/kg).

DR patients were already reported (Sato et al., 2009). TNF-a is a
renowned inflammatory regulator that actively participates in
the aggravation of inflammatory reactions (Gao et al,, 2007). It
was suggested that the TNF-oo upregulation could activate the
leukocytes adhesion to retina and collapsing of retina-blood barrier
(Huang et al., 2011). The elevated pro-inflammatory regulators was
said to be connected with the DM. Also these factors could cross-
talk with insulin resistance (Jager et al., 2007). Here, we identified
that the STZ-provoked DR animals demonstrated the severe eleva-
tion in IL-1B, IL-6, and TNF-a levels in the retinal tissues. Interest-
ingly, the nimbolide supplementation to the STZ-provoked animals
substantially suppressed the IL-1, IL-6, and TNF-a status.

VEGF plays a crucial function in the DR instigation and it is
reported the VEGF in the development of early stage DR (Treins
et al,, 2001). Chronic hyperglycemia directs to tissue hypoxia lead-
ing to up-regulation of VEGF. It elevates the permeability and dila-
tion of blood vessels that participating in the progression of DR
(Kota et al., 2012). It was already reported that the intra-ocular
administration of VEGF in non-diabetic animal models produced
severe aberrations in the retina that resembling DR, which recom-
mends the role of VEGF in the DR development (Bressler et al.,
2020). Oxidative stress triggers the inflammatory regulators that
eventually participates in the retinal cell injury and successively
DR progression. Additionally, oxidative stress can also modify the
various growth factor expressions like VEGF and stimulate the
other metabolic cascades implicated in the DR development (Son
et al,, 2013; Keshari et al., 2013). The anti-VEGF therapy is said
to be a possible therapeutic option for the DR (Titchenell and
Antonetti, 2013). In this exploration, we disclosed that the VEGF
level was severely elevated in the STZ-provoked DR animals, which
effectively reduced by the nimbolide treatment.

The MMP-9 belongs to the proteinase family that could destroy
the most components of extracellular matrix and performs a criti-
cal functions in numerous normal and pathological events (Nagase
et al.,, 1999). Many preceding investigations has unveiled that the
MMP-9 actively participates in the commencement of DR
(Kowluru et al., 2012). It was already highlighted that the MMP-
9 activity was augmented in several phases of DR in human
(Kowluru et al., 2016). We also noted that the MMP-9 level was
drastically elevated in the STZ-provoked DR animals and the same
was appreciably reduced by the nimbolide treatment.

The retinal tissues often experiences the numerous metabolic
disorders and alterations seem in gene expressions. The diabetic
condition could lead to the retinal capillary cell necrosis and histo-
logical modifications. The activated NF-xB in the DR could aug-
ment the capillary cell apoptosis that was imperative histological
feature of DR (Antzelevitch, 2018; Jiang et al., 2017). NF-xB is
known as a vital player of inflammatory reactions and a suppressor
of antioxidants. It was said that the NF-kB recruits proapoptotic
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events because of high glucose mediated pressure in retina
(Romeo et al., 2002). We also noted that the status of SOD, GST,
SOD/CAT ratio was severely suppressed in the retinal tissues of
STZ-provoked DR animals. Interestingly, the nimbolide treatment
appreciably improved the antioxidants level in the retinal tissues
of STZ-challenged animals.

The Bax, a apoptosis-encouraging factor performs a crucial func-
tions in the retinal neuronal cell death via its apoptosis triggering
efficacy. The Bcl-2 elevates the cell survival via its capacity to block
the cell apoptosis. Meanwhile, Bax/Bcl-2 ratio is vital for the stim-
ulation of cell apoptosis, the raised Bax/Bcl-2 ratio is participated
in the retinal cell death (Sharpe et al., 2004). In this exploration,
we noted that the mRNA expressions Bax and Bax/Bcl-2 ratio was
up-regulated and the Bcl-2 expression was suppressed in the STZ-
provoked DR animals. Interestingly, the nimbolide treatment sub-
stantially diminished the Bax expression and improved the Bcl-2
expression in the retinal tissues of STZ-provoked DR animals.

The stimulation of inflammatory cascades in the retina was
explicated to participate to the pathogenesis of DR. TLR4/NF-kB
cascade was known to be stimulated during the expansion of DR
in STZ-challenged animals. (Wang et al., 2016a,b). Moreover, it
was well-known that the TLR4/NF-kB cascade could speed up the
DR progression (Wang et al., 2015). The inflammatory regulators
is triggered by the stimulation of TLR4/NF-kB cascade during the
systemic inflammatory conditions (Chu et al., 2014). It was high-
lighted that the suppression of inflammatory reactions via the hin-
dering of TLR4/NF-kB cascade could benefit for the treatment of DR
(Zhu et al., 2017). TLR4 was reported to have the vital molecular
actions in DR. The improved TLR4 expressions were often noted
in the DM (Feng et al., 2016). It was reported that the diabetic ani-
mals has unusual stimulation of NF-kB pathway that enhances the
accumulation of inflammatory mediators and further results in the
retinal neovascularization, hemorrhage, and speed up the DR
progression (Luo et al., 2015; Yin et al., 2017). Additionally, the
retinal degeneration in animals has highlighted to be related with
the stimulation of TLR4 (Huang et al., 2018). Prominently, the TLR4
cascade was explicated to be enhanced during the DR progression
in rats (Wang et al., 2019). Similarly, we also noted that the TLR4
and NF-xB expressions were up-regulated in the retinal tissues,
which is appreciably suppressed by the nimbolide treatment.

5. Conclusion

Our findings from this study disclosed that the nimbolide atten-
uated the STZ-provoked DR in rats through the reduction of inflam-
matory mediators, oxidative stress, improved antioxidants, and
inhibition of TLR4/NF-kB signaling cascade. These findings sup-
ported the recommendation that the nimbolide could be a hopeful
remedy to treat the DR. However, the additional investigations still
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needed in the future to make concrete evidence about the amelio-
rative effects of nimbolide against DR.
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