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 Abstract   
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This comprehensive review explores the intricate landscape of multiple sclerosis 
(MS), a complex autoimmune disease affecting millions worldwide. Beginning with an 
analysis of its etiology, including genetic predisposition, environmental factors, and 
immune dysregulation, the article delves into the pathophysiological mechanisms 
underlying MS, highlighting inflammation, neurodegeneration, and gliosis as central 
features. Clinical presentations and diagnostic considerations are discussed, emphasizing 
the diverse neurological symptoms and objective findings encountered in MS patients. 
The review further examines current management strategies, focusing on disease
modifying drugs and emerging therapies such as botanical extracts, probiotics, and novel 
immunomodulatory agents. Insights from preclinical studies investigating the therapeutic 
potential of natural compounds like Hypericum perforatum, Panax ginseng, Nigella 
sativa, and ginger are presented alongside discussions on bee venom and blueberries as 
potential adjunctive treatments. Finally, the article explores ongoing clinical trials 
evaluating innovative therapeutic approaches targeting immune dysregulation in MS. 
Through a multidimensional lens, this review offers valuable insights into the 
complexities of MS pathogenesis and the evolving landscape of therapeutic interventions.
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INTRODUCTION 
 

Multiple sclerosis (MS) is a chronic, demyelinating, and inflammatory autoimmune disease of the central 
nervous system (CNS). Approximately 2.5 million individuals worldwide suffer from MS[1]. The etiology of MS 
is still unknown, but the causative factors may be related to genetics or the environment. Patients with MS are 
categorized into four various clinical presentations; the relapsing-remitting MS (RRMS), primary-progressive MS 
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(PPMS), secondary-progressive MS (SPMS), and progressive-relapsing MS (PRMS)[2,3] Inflammation, 
neurodegeneration, and gliosis are hallmarks of MS. Perivascular lymphocytic infiltrate and macrophages destroy 
the myelin sheaths that pathologically wrap neurons[4,5]. The most common features of MS are motor, sensory, 
and cognitive deficits[6]. Although the exact pathogenesis of cognitive impairment in MS is not fully understood, 
advanced MRI techniques attributed it to several elements, including white matter lesions, grey matter atrophy, 
and altered connectivity of grey matter structures such as the hippocampus and cerebral cortex[7]. MS affects 
different regions of the brain, such as the hippocampus, corpus callosum (CC), cortex, white and gray matters, 
and striatum. Immune response in CNS is compartmentalized into three parts microglia cells, astrocytes, and 
immune-independent processes that drive axonal dysfunction. The pathological process of MS involves multifocal 
inflammation, reactive gliosis, oligodendrocytes depletion, demyelination, and degeneration of axon[8]. MS 
subtype can further be categorized based on ‘activity’ and ‘progression’, with ‘activity’ defined as ongoing 
inflammation (e.g., new relapses, new gadolinium-enhancing [GdE] lesions and/or new/enlarging T2 lesions) and 
‘progression’ determined via disability accumulation[9]. This is important because inflammatory activity and 
disability accumulation can occur in both relapsing and progressive MS and recognizing this balance can help 
guide treatment initiation and sequencing[10]. 
 
ETIOLOGY 

MS development is influenced by various risk factors, including age, sex, race, genetics, geographical 
location, and certain infections like herpes simplex, chlamydia, and rabies[11,12]. The development of MS likely 
arises from a complex interaction involving genetics, diet, and environmental factors[13]. The main cause of MS 
is an autoimmune assault on the central nervous system (CNS) triggered by hyperactive immunity. While various 
pathways have been suggested, one prominent theory, known as the "outside-in" mechanism, implicates CD4+ 
proinflammatory T cells[14]. Scientists speculate that an unidentified antigen triggers the activation of both Th1 
and Th17 T-helper cells, initiating adhesion to the CNS endothelium, breaching the blood-brain barrier (BBB), 
and subsequently provoking an immune response through cross-reactivity. Conversely, the "inside-out" theory 
suggests that inherent dysfunction within the CNS leads to inflammation-mediated tissue damage. The influence 
of environmental factors, such as latitudinal variations across different countries, has been extensively 
investigated[15]. Vitamin D deficiency has been suggested as a potential reason for the increased susceptibility 
observed in populations residing at higher latitudes[16]. There is a notable likelihood of individuals developing the 
disease if they have relatives with MS, with the estimated heritability ranging between 35% and 75%[17,18]. 
 
PATHOPHYSIOLOGY 

Multiple sclerosis (MS) is a disorder of the central nervous system (CNS) characterized by lesions 
scattered throughout the CNS. These lesions primarily consist of areas of demyelination and inflammation, 
typically seen in white matter on magnetic resonance imaging (MRI). While grey matter and cortical lesions are 
also common in pathological tissue, they may not be easily detected with current imaging techniques[19]. Following 
the initial inflammatory phase, MS lesions can transition to a chronic state, which may involve processes such as 
remyelination, resolution of inflammation without repair, or a persistent state of inflammation and myelin 
degeneration[20]. Early research highlighted the involvement of T cells in the development of inflammation and 
demyelination in MS. More recent studies, along with the efficacy of B-cell–depleting treatments like 
ocrelizumab, also indicate a likely pathogenic role of B cells, potentially through their interaction with T cells. 
Inflammation and neurodegeneration are observed to varying extents in individuals with MS at the onset of the 
disease and can evolve within an individual over time[21]. 
 
RISK FACTORS 
Vitamin D Deficiency 

Vitamin D's role in stimulating lymphocytes and modulating growth and immune responses, it appears 
to significantly contribute to the development of MS[22]. Furthermore, there is an increase in the activity of both 
the innate immune system and adaptive immune responses. Vitamin D has been shown to decrease the production 
of proinflammatory cytokines mediated by Th1 cells. In numerous trials, the administration of vitamin D has 
significantly influenced the levels of interleukin-10 (IL-10) and interleukin-17 (IL-17)[23]. The incidence of MS is 
higher in populations residing further away from the equator. Near the equator, MS prevalence is nearly absent, 
but it increases to 50 cases per 1,000,000 individuals living at approximately 45 degrees north or south. The 
regional disparity in MS prevalence is likely influenced by insufficient levels of vitamin D among MS 
patients[24,25]. 
 
Genetics and Family History  

Evidence suggests that certain individuals inherit a susceptibility to MS. However, this genetic 
predisposition is not determined by a single MS-specific gene[26,27]. Genetic investigations have revealed an 
association among individuals who are first, second, and third-degree relatives[28]. 
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Injury  
Extensive research has explored severe injuries as potential triggers for MS by directly harming the brain 

or spinal cord. Traumatic events elevate the permeability of the blood-brain barrier (BBB), allowing Th1 cells to 
penetrate into the central nervous system (CNS). This serves as the initial trigger for the inflammatory cascade, 
culminating in the destruction of myelin and the development of MS lesions[29]. 
 
CLINICAL PRESENTATION 

Typical symptoms of MS encompass a range of clinical presentations. These include unilateral optic 
neuritis, marked by blurred vision and pain, partial myelitis resulting in impaired sensation, weakness, and/or 
ataxia in the limbs and torso, focal sensory disturbances like limb paresthesias or chest discomfort, and brainstem 
syndromes such as intranuclear ophthalmoplegia, vertigo, hearing loss, and facial sensory issues. Objective 
findings on neurological examinations may include an afferent pupillary defect, sensory deficits, motor weakness, 
ataxia, and gait disturbances, often accompanied by hyperreflexia. In MS, a clinical attack or relapse is 
characterized by symptoms and objective findings reflecting a focal or multifocal inflammatory demyelinating 
event in the CNS. These symptoms typically emerge abruptly or gradually, last for at least 24 hours, and may or 
may not fully resolve, occurring in the absence of fever or infection[30]. 
 
MANAGEMENT AND TREATMENT 

Present treatment approaches primarily target managing acute episodes, easing symptoms, and reducing 
disease activity. The mainstay of MS therapy involves the use of disease-modifying drugs such as dimethyl 
fumarate, interferon-beta, natalizumab, and fingolimod (Table 1). Prompt initiation of treatment is crucial upon 
MS diagnosis. Short-term aims include minimizing MRI lesion activity, while long-term objectives focus on 
preventing the progression to secondary progressive MS. Following medication commencement, ensuring patient 
adherence and monitoring for drug-related adverse effects are paramount considerations[31]. 

Table 1: Current Pharmacological Treatments for Multiple Sclerosis 

Sl.No Drug 
Mechanism 

of Action 
Administration Side Effects 

Drug 
Interaction 

1 Ocrelizumab 
Anti-CD20 
mAb 

IV infusion 
every six months 

Infusion reactions, 
nasopharyngitis, headache, 
oral herpes, colitis, 
hypogammaglobulinemia, 
neutropenia, and increased 
cancer risk 

Smallpox 
vaccine. 
Typhoid 
vaccine. 
Influenza 
vaccine. 

2 Mitoxantrone 
DNA 
intercalator 

IV infusion 
every month or 
three months 

cardiomyopathy, 
hepatotoxicity, promyelocytic 
leukemia 

Valspodar. 
Typhoid 
vaccine. 
Influenza 
vaccine. 

3 Fingolimod 
Sphingosine- 
1 phosphate 
inhibitor 

Oral, once daily 

Bradycardia, atrioventricular 
conduction block, macular 
edema, elevated liver enzyme 
levels, and mild hypertension 

Aripiprazole. 
Esmolol. 
Sulpiride. 

 
4 

Dimethyl 
fumarate 

Nuclear factor 
(erythroid 
derived 2)- 
like two 
pathway 
inhibitor 

Oral, twice daily 

Flushing, diarrhea, nausea, 
upper abdominal pain, 
decreased lymphocyte counts, 
and elevated liver 
aminotransferase. 

Diroximel 
fumarate. 

 
Plant Products used in treatment of MS 
Hypericum perforatum 

St. John's Wort, scientifically known as Hypericum perforatum L., belongs to the Hypericaceae family 
and is recognized as a flowering plant. While native to Europe and Asia, it has now become widespread across 
the globe[32]. Additionally, there are accounts of the therapeutic benefits of this plant and its derivative, hyperforin, 
in addressing psychiatric and neurological conditions like Alzheimer's and Parkinson's disease[33]. 
 
Research Findings in Animal Models and Human Trials: It was documented that administering the 
hydroalcoholic extract of H. perforatum or hyperforin orally to EAE mice reduced EAE-induced behavioral 
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impairments, potentially by influencing immune system activity. Similarly, oral intake of MS14, an herbal-marine 
medication comprising 90% Penaeus latisculatus (king prawn), 5% Apium graveolens (Umbelliferae), and 5% H. 
perforatum, was found to alleviate motor disability and mitigate CNS inflammation in rats with EAE. While 
numerous clinical trials have explored the therapeutic potential of H. perforatum, most have focused on depression 
and anxiety treatment. However, we found no relevant studies concerning MS patients. There is one clinical trial 
that evaluated the impact of MS14 on MS patients, suggesting potential improvement in lower limb mobility 
without significant adverse effects on vital signs or various biochemical and physiological parameters[34]. 
 
Panax Ginseng and Ginsan 

Ginsan, an acidic polysaccharide, is derived from the roots of Panax ginseng, a medicinal herb belonging 
to the Araliaceae family. With a history spanning over 2000 years in oriental medicine, P. ginseng has been 
traditionally employed for treating various degenerative conditions. It is renowned for enhancing physical vitality, 
stamina, and combating aging effects[35]. 
 
Research Findings in Animal Models and Human Trials: Hwang et al. investigated the impact of administering 
ginsan at a dose of 200mg/day before symptoms onset in mice with EAE. They observed that ginsan 
administration reduced the behavioral symptoms of EAE and suppressed the proliferation of self-reactive T cells 
as well as the production of inflammatory cytokines. Similarly, Bowie et al. found that treating mice with an 
aqueous ginseng extract (150mg/kg) during the acute phase of EAE led to a reduction in the severity of behavioral 
and pathological symptoms. Recently, it was shown that oral administration of Korean red ginseng extract (at 
doses of 20 and 100mg/kg) mitigated behavioral symptoms, weight loss, spinal demyelination, and glial activation 
in EAE-afflicted rats[36]. Clinical trials exploring the therapeutic potential of ginseng or ginsan in MS treatment 
are limited but mainly focus on managing fatigue associated with MS. These trials suggest that ginseng might 
alleviate fatigue and have a notable positive impact on the quality of life for MS patients[37]. 
 
Nigella sativa 

Black cumin, scientifically known as Nigella sativa and belonging to the botanical family 
Ranunculaceae, has a historical presence in Middle Eastern folk medicine, where its seeds have been utilized as a 
remedy for a range of ailments. Recent research has highlighted the neuroprotective, antioxidant, and anti-
inflammatory properties associated with black cumin. Thymoquinone, identified as the principal bioactive 
compound in these seeds, plays a significant role in these observed effects[39]. 
 
Research Findings in Animal Models and Human Trials: Administering N. sativa seeds orally, either two 
weeks before inducing EAE or after the initial onset of EAE symptoms, resulted in reduced behavioral 
impairments, suppressed inflammation, and improved remyelination. However, there have been no clinical trials 
conducted on patients with MS to date[40,41]. 
 
Sesame oil 

Sesame seed, belonging to the Sesamum indicum species within the Pedaliaceae family, holds a 
longstanding reputation as a staple food in various Asian nations, prized for its nutritional benefits and culinary 
versatility. Sesame oil, extracted from these seeds, has garnered attention for its potential health-promoting 
properties. Notably, sesame oil exhibits a remarkable ability to inhibit lipid peroxidation, a process linked to 
oxidative stress and cellular damage. Moreover, research suggests that sesame oil serves as a potent inhibitor of 
proinflammatory mediators, which play a central role in the development and progression of various chronic 
diseases. These findings underscore the therapeutic potential of sesame oil as a natural remedy for combating 
oxidative stress and inflammation, contributing to its widespread use in traditional medicine and culinary practices 
across diverse cultures[42]. 
 
Research Findings in Animal Models and Human Trials: A research group conducted two separate studies 
investigating the effects of sesame oil administration on mice with EAE, a model for multiple sclerosis[43,44]. One 
study explored the impact of oral administration, while the other examined the effects of intraperitoneal 
administration. Results from both studies demonstrated promising outcomes, showing a decrease in behavioral 
deficits and an improvement in immune system function following sesame oil treatment. Despite these 
encouraging findings, clinical trials evaluating the therapeutic potential of sesame oil in various health conditions, 
such as hypertension, diabetes mellitus, allergy, and inflammation, have been conducted. However, it's noteworthy 
that no clinical trial has yet been conducted specifically on patients with multiple sclerosis. This underscores the 
need for further research to explore the potential benefits of sesame oil in managing MS and its associated 
symptoms. 
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Probiotics 
For centuries, probiotics, defined as live microorganisms with beneficial effects on health, have been an 

integral part of human consumption. Extensive research has consistently highlighted the myriad benefits 
associated with probiotic bacteria. In contemporary times, there has been a notable surge in the use of probiotic 
preparations, driven by their widespread recognition in both preventive and therapeutic approaches to health. 
Specifically, probiotics are increasingly being employed in the management of gastrointestinal ailments, such as 
irritable bowel syndrome and inflammatory bowel disease, as well as in the treatment of autoimmune disorders, 
where their potential to modulate immune responses holds promise. This growing utilization underscores the 
evolving understanding of the intricate interplay between gut microbiota and human health, propelling probiotics 
into the forefront of modern healthcare practices[45]. 

In a noteworthy study, Kobayashi et al. conducted research revealing the potential of oral administration 
of two widely recognized probiotics, namely Lactobacillus casei and Bifidobacterium breve, in ameliorating 
neurological symptoms associated with experimental autoimmune encephalomyelitis (EAE). Their findings 
suggested a promising avenue for utilizing probiotics as a therapeutic intervention for neurological conditions[46]. 
Building upon this foundation, subsequent investigations further elucidated the therapeutic potential of probiotics 
in EAE. One such study demonstrated that administering a mixture of three lactobacilli strains not only halted the 
progression but also reversed the behavioral and histological deficits observed in mice afflicted with EAE. This 
multifaceted approach highlighted the nuanced effects of probiotics in modulating the immune response and 
neuroinflammation characteristic of EAE. Moreover, emerging evidence underscored the importance of strain-
specific differences in influencing the efficacy of probiotics in EAE. This nuanced understanding offers valuable 
insights into optimizing probiotic-based interventions for neuroinflammatory disorders[47]. Despite the promising 
preclinical findings, the translation of probiotic therapy into clinical practice for multiple sclerosis (MS) remains 
largely unexplored. To date, no clinical trials have been reported investigating the efficacy of probiotics in MS 
patients. However, the accumulating evidence from preclinical studies underscores the potential for further 
exploration of probiotic interventions as a novel therapeutic approach for MS and other autoimmune disorders. 
Such endeavors hold promise for advancing our understanding of the intricate interplay between gut microbiota 
and neurological health, paving the way for innovative strategies in MS management[48]. 
 
Ginger 

Ginger, derived from the rhizome of the Zingiber officinale plant, holds a dual role as both a widely used 
spice and a commonly consumed dietary supplement. Its roots in Iranian traditional medicine extend to its 
utilization in the treatment of conditions ranging from memory deficits to various digestive disorders. In recent 
years, scientific investigations have shed light on the remarkable anti-inflammatory effects associated with ginger 
and its derivatives. These findings not only corroborate its longstanding traditional use but also open new avenues 
for exploring ginger as a potential therapeutic agent for addressing a broader spectrum of health issues beyond its 
traditional applications[49]. 
 
Research Findings in Animal Models and Human Trials: The therapeutic potential of ginger was explored 
through the administration of a hydroalcoholic extract, revealing promising results in mitigating behavioral 
deficits and modulating immune functions in mice with EAE. This study sheds light on ginger's ability to 
potentially alleviate symptoms and modulate immune responses associated with neuroinflammatory conditions 
such as EAE[50]. However, it's important to note the current gap in clinical research, as no studies have yet 
translated these preclinical findings into clinical trials involving patients with MS. Despite the lack of clinical 
evidence, the preclinical data underscores the need for further exploration of ginger's therapeutic properties in 
human subjects with MS, offering hope for the development of novel interventions to improve patient outcomes. 
Such investigations could pave the way for the integration of ginger-based therapies into mainstream treatments 
for MS, enhancing our arsenal of therapeutic options for this complex neurological disorder. 
 
Bee venom 

The venom secreted by the honey bee, scientifically known as Apis mellifera, boasts a complex 
composition characterized by a variety of peptides, including both light and heavy chain peptides. Furthermore, 
it contains a diverse assortment of proteins, among which apamin, melittin, adolpin, and phospholipase A2 stand 
out prominently. These components collectively contribute to the multifaceted pharmacological profile of bee 
venom. Of particular interest are its noted anti-inflammatory and antinociceptive effects, which have been 
extensively studied and documented. These properties endow bee venom with the ability to mitigate inflammatory 
reactions, offering potential therapeutic benefits in conditions characterized by inflammation and pain. While the 
precise mechanisms underlying these effects are still being elucidated, the multifunctional nature of bee venom 
constituents suggests a complex interplay with various biological pathways involved in inflammation and pain 
perception. Further research into the molecular mechanisms and clinical applications of bee venom could unveil 
novel therapeutic strategies for managing inflammatory disorders and pain-related conditions[51]. 
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Research Findings in Animal Models and Human Trials: In experiments conducted on rats afflicted with EAE, 
the injection of bee venom yielded promising results. It demonstrated efficacy in ameliorating pathological 
alterations, balancing glutamate levels, and enhancing the presence of γ-aminobutyric acid in the brain. However, 
notably absent from these findings was an assessment of the impact of bee venom on the behavioral deficits 
typically observed in EAE[52]. Recent investigations have delved deeper into the mechanisms underlying bee 
venom's effects. Specifically, exposure of isolated myelin to phospholipase A2, a component found in bee venom 
and other venoms, revealed detrimental consequences for this crucial neurological structure. This highlights the 
intricate relationship between bee venom components and their potential influence on myelin integrity, which is 
central to the pathology of MS and EAE[53]. Turning to clinical research, two notable clinical trials evaluated the 
therapeutic potential of bee venom in patients with MS. Despite initial optimism, the results from these trials 
failed to demonstrate significant improvements in disease severity, disability, fatigue, or overall quality of life 
among MS patients following bee venom treatment. This underscores the complexities inherent in translating 
promising preclinical findings into effective clinical interventions, emphasizing the need for further investigation 
and refinement in the use of bee venom as a potential therapy for MS[54,55]. 
 
Blueberries 

Blueberries, renowned for their rich content of flavonoids, have garnered attention for their potential in 
counteracting neurodegenerative diseases. Emerging research suggests that the consumption of blueberries may 
offer protective effects against the progressive deterioration of neural tissues associated with such conditions. 
Moreover, these flavonoid-packed fruits have been implicated in the preservation of cognitive function, 
particularly in the context of age-related cognitive decline and neural damage. Thus, incorporating blueberries 
into one's diet may serve as a proactive measure to support brain health and combat the onset and progression of 
neurodegenerative diseases[56]. 
 
Research Findings in Animal Models and Human Trials: In an intriguing study conducted by Xin et al., mice 
with EAE were provided with a diet containing 1% whole, freeze-dried Tifblue blueberries (Vaccinium ashei). 
The results of this study unveiled compelling findings: EAE mice fed with blueberries exhibited noteworthy 
improvements, including lower motor disability scores and enhanced preservation of myelin in the lumbar spinal 
cord. These findings not only underscore the potential therapeutic benefits of blueberries in the context of 
neuroinflammatory conditions like EAE but also hint at their capacity to mitigate neurodegenerative processes[57]. 
While clinical trials investigating the effects of blueberries on various health conditions, including memory 
enhancement, antioxidant properties, and anti-inflammatory effects, have been conducted, none have specifically 
focused on patients with MS. This highlights a significant gap in our understanding of the potential benefits of 
blueberries in managing the complexities of MS. Further exploration through targeted clinical trials is warranted 
to elucidate the specific impact of blueberries on MS pathology and symptomatology, potentially opening new 
avenues for holistic management strategies in MS care. 
 
Exploring Novel Therapies: Clinical Trials Investigating Drugs for Multiple Sclerosis 
Inhibit T-cell receptor/peptide/MHC-II interaction 

The copolymer, currently undergoing Phase I/II clinical trials, has received approval for the treatment of 
relapsing forms of MS in both the United States and Europe. Its mechanism of action involves blocking or 
competing with the binding of encephalitogenic peptides to the MHC-II molecule. This innovative therapeutic 
approach holds promise in modulating the immune response implicated in MS progression, offering potential 
benefits for patients managing this complex neurological condition. 
 
Induction of T-cell anergy 

In preclinical testing, researchers are investigating antibodies directed against B7 molecules. This 
experimental approach aims to induce a state of T cell anergy, wherein T cells fail to mount an immune response 
when encountering antigens presented by antigen-presenting cells in the absence of co-signaling. Specifically, 
when the T cell receptor (TCR) engages with its cognate peptide presented by major histocompatibility complex 
class II (MHC-II) molecules but fails to receive co-stimulatory signals through interactions with B7 molecules, T 
cell activation is suppressed. This strategy holds potential for modulating immune responses in conditions such 
as multiple sclerosis, where aberrant T cell activation contributes to disease pathology. Further research is 
necessary to assess the efficacy and safety of this approach in clinical settings. 
 
Reduce T-cell trafficking across blood-brain-barrier (BBB) 

In Phase I/II clinical trials, researchers are evaluating the potential of TGF-b as a therapeutic agent. This 
compound is being studied for its capacity to decrease the expression of adhesion molecules not only on T cells 
but also on vascular endothelial cells. By targeting these molecules, TGF-b may play a crucial role in modulating 
immune responses and dampening the inflammatory processes implicated in various diseases, including 
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autoimmune disorders like multiple sclerosis. This investigational approach holds promise for developing novel 
treatments aimed at attenuating immune-mediated tissue damage and improving patient outcomes. Further 
research is needed to fully elucidate the therapeutic potential and safety profile of TGF-b in clinical settings[58].  
 
CONCLUSION 

In conclusion, multiple sclerosis (MS) remains a multifaceted autoimmune disease of the central nervous 
system, affecting millions worldwide. Genetic predisposition, environmental factors, and immune dysregulation 
contribute to its pathogenesis, characterized by inflammation, neurodegeneration, and gliosis. The diverse clinical 
presentation necessitates comprehensive diagnostics, while current treatments primarily focus on disease-
modifying drugs. Emerging research explores botanical extracts like Hypericum perforatum, Panax ginseng, and 
Nigella sativa, offering neuroprotective and anti-inflammatory potential. Innovative therapies targeting immune 
modulation, such as copolymers and antibodies, show promise in clinical trials. Collaborative efforts are crucial 
for advancing understanding, developing therapies, and improving patient care, aiming to enhance the quality of 
life for those with MS. 
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