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ABSTRACT

Spinal muscular atrophy (SMA), a progressive neuromuscular disorder characterized by degeneration of lower
motor neurons as a result of SMN1 gene deletion and inadequate SMN protein production. Neuroinflammation,
oxidative stress, and mitochondrial dysfunction further expedite muscle atrophy and motor decline. Diclofenac
sodium is a widely used NSAID, exhibits anti-inflammatory and neuroprotective activity; however, its oral
administration is limited due to gastrointestinal toxicity and poor CNS penetration. Luteolin is a naturally occurring
flavonoid with strong antioxidant and neuroprotective properties, looks promising in modulating inflammatory
pathways, improving mitochondrial function, and supporting neuronal regeneration. Nanogel-based drug delivery
offers enhanced stability, controlled release, improved tissue penetration, and reduced systemic toxicity for CNS-
targeted therapy. This review explores the mechanistic benefits of diclofenac sodium and luteolin in SMA
pathology and highlights the potential synergistic role of their co-delivery via nanogel technology. Such a
combined nanogel formulation may provide targeted neuroprotection, reduced inflammation, and improved patient
compliance, representing a promising future therapeutic strategy for SMA management.

KEYWORDS: Spinal muscular atrophy (SMA), Diclofenac sodium, Luteolin, Neuroinflammation,
Neuroprotection, SMN1 gene deletion.

1. INTRODUCTION bioavailability, and quick metabolism hinder its practical
Spinal muscular atrophy (SMA) is a neurological illness translation. To improve its stability and therapeutic
characterized by a gradual loss of motor neurons, muscle efficiency, substantial research has been conducted into
atrophy, and physical impairment. Typical therapy improved delivery technologies, such as hydrogels and
techniques include symptom management, inflammation nano-scale carriers. Advancements in drug delivery
control, and neuroprotection. NSAIDs such as diclofenac technologies, such as nanogels, have led to increased

sodium have considerable anti-inflammatory and interest in combining medications with neuroprotective
analgesic  properties, but severe gastrointestinal flavonoids like luteolin to enhance benefits and
responses complicate oral administration. Luteolin, outcomes.

which is  structurally identified as 3'4'5,7-

tetrahydroxyflavone, is a naturally occurring flavonoid 1.1 Diclofenac Sodium: Function and Constraints
that is abundant in many food plants and traditional A common non-steroidal anti-inflammatory medicine
medicinal herbs. Its numerous pharmacological actions, (NSAID) for pain and inflammation is diclofenac sodium
including antioxidant, anti-inflammatory, anticancer, and (DS). Limited CNS penetration and gastrointestinal side
neuroprotective effects, are mediated through the effects are linked to standard oral Diclofenac Sodium.

regulation of key signalling pathways such as NF-«kB, Nanogel formulations reduce systemic adverse effects by
MAPKSs, and STAT3, and have attracted significant increasing stability, extending release, and enabling
interest. However, poor water solubility, limited oral transdermal or localized distribution. In numerous
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investigations, diclofenac sodium-loaded nanogels have
demonstrated encouraging outcomes for enhanced tissue
targeting and a sustained analgesic impact. These
findings may be applied to the treatment of
neuroinflammatory and neuromuscular disorders.

1.2. Diclofenac  Sodium: Anti-Inflammatory and
Neuroprotective Effects
Diclofenac sodium has shown neuroprotective properties
relevant to neurodegenerative illnesses, perhaps lowering
neuronal inflammation and enhancing motor function, in
addition to its well-established effectiveness for pain and
inflammation. Research shows that long-term use of
diclofenac reduces cognitive deterioration in some
groups. Diclofenac delivered using nanogel preserves
good therapeutic efficacy, prevents stomach injury, and
regulates plasma drug levels.

2. MECHANISM OF ACTION OF DICLOFENAC
SODIUM IN SMA

Diclofenac's primary mechanism of action is the
inhibition of cyclooxygenase enzymes, particularly
COX-2, which lowers prostaglandin synthesis and,
consequently, inflammation and pain signals that are
essential to the pathophysiology of SMA and other
neurodegenerative diseases.

Suppression of Microglia Activation: Recent studies
demonstrate that diclofenac sodium at the spinal cord
level reduces the activation of microglia (the CNS
immune cells), hence lowering neuroinflammation and
nerve-derived pain mechanisms, which are extremely
significant in SMA.

PPAR-y Activation: Diclofenac has synergistic effects by
activating peroxisome proliferator-activated receptor-y
(PPAR-y), further adding to the inhibition of
neuroinflammatory cascades.

Stabilization of Neuronal Membranes: Diclofenac can
open KCNQ- and BK-potassium channels, leading to
neuronal hyperpolarization, which lowers neuronal
hyperexcitability found in chronic neuropathic pain.

Decrease in Protein Misfolding and Aggregation:
Diclofenac has demonstrated the capacity to prevent the
aggregation of neurotoxic amyloid proteins, which could
be advantageous in SMA and other disorders involving
the loss of neurons and protein misfolding.

Benefits of Nanogel Delivery: When compared to oral
administration, nanogel formulations improve
medication penetration to neural tissues, offer sustained
drug release, sustain a longer therapeutic effect, and
lower systemic toxicity.

Mechanism of Action of Diclofenac Sodium in Spinal Muscular Atrophy (SMA)
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Note:
Diclofenac provides symptomatic and anti-inflammatory benefits.
No direct evidence of SMN protein restoration.
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Abbreviation

PPARy - peroxisome proliferator-activated receptor,
KCNQ - potassium voltage-gated channel subfamily Q,
BK channel - Big Potassium channel, SMN - survival
motor neuron, SMA - Spinal muscular atrophy, COX-1 -
Cyclooxygenase-1, COX-2 - Cyclooxygenase-2

3. LUTEOLIN

Luteolin is a naturally occurring flavonoid that is
extensively present in fruits, vegetables, and medicinal
herbs, and it has been studied for its diverse
pharmacological properties, including anti-inflammatory;,
antioxidant, and neuroprotective effects. Its eventuality
for use in neurological diseases, including spinal
muscular atrophy (SMA), is attracting additional
exploration interest due to these properties.

Luteolin, also known as 3'4',5,7-tetrahydroxyflavone, is
a yellow crystalline chemical that can be found in a
variety of plants, including artichokes, celery, broccoli,
parsley, and herbs. Its structure, which enables it to
interact with and control signaling pathways linked to
oxidative stress and inflammation, is the source of its
biological activity. First discovered in 1829, luteolin has
a strong antioxidant potential and inhibits oxidative
damage and inflammatory mediators at the cellular level.

4. LUTEOLIN USES
ATROPHY

Spinal muscular  atrophy is an inherited
neurodegenerative complaint  characterized by
progressive muscle wasting and weakness. Research has
explored luteolin’s neuroprotective implicit; however,
substantially preclinical as a remedial intervention in
neuromuscular conditions.

IN SPINAL MUSCULAR

Luteolin demonstrates neuroprotective and anti-
inflammatory properties, which are applicable to SMA,
where motor neuron survival and protection against
neuroinflammation are crucial therapeutic targets.

Recent studies have indicated that co-administration of
luteolin with other neuroprotective agents promotes
neuronal rejuvenescence and mitigates inflammation in
models of spinal cord injury, which shares mechanistic
imbrication ~ with  SMA,  especially  regarding
neuroinflammation and muscle atrophy.

Luteolin ameliorates muscle atrophy in preclinical
models by perfecting mitochondrial quality control,
reducing oxidative stress, and enhancing energy
metabolism, mechanisms potentially salutary for SMA
cases who suffer muscle atrophy secondary to
motoneuron degeneration.

Experimental patents suggest that luteolin or luteolin-
grounded compositions may support neuromuscular
function and could be considered as an adjunct in the
treatment of neuromuscular movement diseases such as

SMA, but robust clinical trial substantiation is still
lacking.

5. MECHANISM OF ACTION OF LUTEOLIN IN
SMA

According to research, luteolin functions through several
mechanisms related to SMA, including: Reducing
neuroinflammation, a major aspect of SMA disease, by
downregulating inflammatory signalling cascades and
blocking the release of pro-inflammatory cytokines.

Encouraging the development of neurotrophic factors
and neuronal regeneration, such as elevated brain-
derived neurotrophic factor (BDNF), glial cell-derived
neurotrophic  factor, nerve growth factor, and
neurotrophin-3, all of which enhance the survival and
regeneration of neurons following spinal cord injury.
This has been demonstrated especially when luteolin and
palmitoyl ethanol amide are combined (in co-ultra
micronized form); nonetheless, luteolin is partially
responsible for the neuroprotective impact.

Improving  mitochondrial ~ function and lowering
oxidative stress in brain and muscle tissues to alleviate
mitochondrial dysfunction and muscle atrophy, all of
which are strongly associated with the development of
SMA.

Modifying signalling networks related to energy
metabolism and cell survival, particularly the
AMPK/SIRT1/PGC-1a pathway, which protects skeletal
muscle and maybe brain tissues by lowering oxidative
stress and enhancing mitochondrial quality control.
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Mechanism of Action of Luteolin in Spinal Muscular Atrophy (SMA)
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Note:
Luteolin shows strong anti-inflammatory and neuroprotective activity.
Evidence supports symptomatic and supportive effects in SMA models,
not direct SMN restoration.

Abbreviation Insufficient SMN protein for essential cellular functions
NF-kB - Nuclear Factor kappa-light-chain-enhancer of
activated B cells, MAPK - Mitogen-activated protein Step 4: Selective Neuronal Dysfunction
kinase, BDNF - Brain-Derived Neurotrophic Factor, Motor neurons, particularly lower motor neurons in the
GDNF - Glial cell line-derived neurotrophic factor, NGF anterior horn of the spinal cord, are highly vulnerable
- Nerve Growth Factor, NT-3 - Neurotrophin-3, AMPK - (SMN protein is critical for motor neuron development,
AMP-activated protein kinase, SIRT1 - sirtuin 1 (Silent survival, and axonal function)
information  regulator 1), PGC-1a -Peroxisome l
Proliferator-Activated Receptor Gamma Coactivator 1- Step 5: MOTOR NEURON DEGENERATION
alpha. Progressive degeneration and death of lower motor
neurons (anterior horn cells)
6. FLOW CHART: PATHOPHYSIOLOGY OF l
SPINAL MUSCULAR ATROPHY Step 6: loss of innervation
Step 1: Genetic cause Motor neurons fail to transmit nerve signals to skeletal
Homozygous deletion or mutation in the SMN1 gene muscles
Step 2: Reduced functional protein production Step 7: Muscular Symptoms
Significantly reduced production of full-length, Denervation leads to muscle weakness, atrophy
functional survival motor neuron (SMN) protein (The (wasting), and hypotonia (low muscle tone)
number of SMIN2 copies influences severity by
producing a small amount of functional SMN) Step 8: clinical manifestations
Progressive paralysis, difficulty with movement, feeding
Step 3: Impaired cellular function /swallowing difficulties, and respiratory failure
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7. NANOGEL
DISORDERS
Nanogel drug delivery systems offer advanced options
for CNS-targeted therapy due to their ability to cross the
blood-brain and blood-spinal cord barriers, achieve
controlled release, and protect labile compounds. In
various preclinical studies, nanogels loaded with anti-
inflammatory  agents reduced neuroinflammation,
promoted neuronal repair, and improved outcomes in
models of spinal cord and neurodegenerative diseases.
The biocompatibility and customizable surface properties
of nanogels further enable combination therapy, such as
co-delivery of diclofenac sodium and luteolin.

TECHNOLOGY IN CNS

8.  BENEFITS
NANOGEL
Diclofenac sodium nanogels are formulated using
biocompatible polymers (Eudragit S-100, Carbopol 940)
and stabilizers, such as glycerine, through modified
emulsification-diffusion  processes.  Usually, these
nanogels show:

The 20-200 nm particle size range is perfect for avoiding
quick Kidney clearance and preserving an extended
plasma half-life.

Prolonged drug release profiles (up to 8 hours, with
nearly full release in optimal formulations) and high
entrapment efficiency (>74%).

Because of their stability and skin compatibility (pH 7—
7.3), they can be applied transdermally with little chance
of causing systemic toxicity or skin irritation.

Diclofenac sodium is delivered by a transdermal nanogel
method that has improved bioavailability, avoids first-
pass metabolism, and regulates release kinetics by matrix
polymer concentration.

AND FORMULATION OF

9. COMBINATION TREATMENT: LUTEOLIN
NANOGEL AND DICLOFENAC SODIUM

9.1. Synergistic Effect: Diclofenac sodium and luteolin
combined in a nanogel technology provide a dual-action
immune protective and anti-inflammatory treatment that
may be useful for SMA. While luteolin promotes
neuronal function and lowers neuroinflammation,
diclofenac lessens pain and inflammation.

9.2. Controlled Release and Safety: Nanogels prevent
side effect-causing plasma peaks, control medication
release rates, and maintain long-term effectiveness. In
preclinical models, skin tolerance tests of optimized
nanogels (such as those containing glycerine and the
right amount of polymer) have shown no signs of
toxicity or irritation.

9.3. Stability and Patient Compliance: This approach

reduces the need for frequent dosing, guarantees
consistent medication administration, and improves
patient compliance—all of which are especially

beneficial for long-term conditions like SMA.

10. APPLICATION PROSPECTS FOR SMA
Diclofenac sodium may be able to address the
neuroinflammatory aspects of SMA pathology, despite
the fact that there is currently little study on the direct
combination of Diclofenac Sodium and luteolin in a
nanogel for SMA.

Luteolin may have antioxidant and neuroprotective
properties.

Targeted CNS delivery made possible by nanogel
delivery may be important for both adult and pediatric
SMA patients, improving safety and effectiveness.

11. CONCLUSION

Diclofenac sodium and luteolin each possess distinct yet
complementary pharmacological actions that address key
mechanisms underlying SMA pathology, including
neuroinflammation, oxidative stress, and neuronal
degeneration. Limitations related to poor bioavailability,
systemic toxicity, and inadequate CNS targeting can be
significantly minimized through nanogel-based delivery
systems. A combined nanogel formulation offers
controlled drug release, enhanced tissue penetration,
reduced adverse effects, and improved therapeutic
efficiency. Although direct evidence in SMA is still
limited, existing preclinical findings strongly support the
potential of diclofenac—luteolin nanogels as an
innovative and effective therapeutic approach. Further
experimental and clinical investigations are essential to
validate this promising strategy for SMA management.
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