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Abstract

Multiple sclerosis (MS), that is the most common 
non-traumatic cause of disability among young 
adults, is a chronic, progressive, inflammatory and 
neurodegenerative disease of the central nervous 
system. Despite recent remarkable advances in 
treatment, there is no cure for MS. Many unmet 

needs of persons with MS encourages them to use 
complementary and alternative medicines, especially 
herbal medicines, as a promising therapeutic option. 
Here, potential benefits and mechanisms of action 
of some herbal medicines preferred by Turkish MS 
patients are reviewed. 

Keywords: Herbal therapy, medicinal plants, multiple 
sclerosis

Introduction

Multiple sclerosis (MS) is a chronic, progressive, 
inflammatory and neurodegenerative disease of 
the brain and spinal cord characterized by myelin 
destruction and axonal loss. MS has a complex 
immunopathogenesis. It is presumed that, in MS, 
breakdown of peripheral tolerance mechanisms 
- through the defective/decreased T-regulatory 
(Treg) and B-regulatory lymphocytes, and less anti-
inflammatory myeloid cells - changes the immune 
milieu towards a pro-inflammatory one which causes 
activation of previously dormant naive T cells, 
myeloid cells and B-cells via molecular mimicry, novel 
autoantigen presentation, CNS-sequestered antigens 
that leak to deep cervical lymph nodes or bystander 
activation (1,2). Naive T-cells differentiate into either 
pro-inflammatory effector T cell subsets including T 
helper (Th) 1 and Th 17 or   anti-inflammatory Th 2 

phenotype; depending on the cytokine environment 
which is modified by local antigen presenting cells and 
other immune cells.3,4 Th1 and Th17 are key players 
in MS immunopathogenesis. Th1 cells (driven by 
interferon-γ (IFNγ), interleukin (IL) 12, IL18) secretes 
IL2, tumor necrosis factor- α (TNFα) and IFNγ, and 
activates macrophages, natural killer cells, B cells 
and cytotoxic CD8+ Tcells. Th17 cells, differentiation 
induced by tissue growth factor-β (TGFβ), IL1, and 
IL6; secretes IL17 A-F, IL21, and IL22 and promotes 
the recruitment of other immune cells in inflammatory 
region (3,4). Activated T cells and inflammatory 
myeloid cells pass the blood-brain barrier (BBB), and 
infiltrates brain and spinal cord. Once in central nervous 
system, infiltrating myeloid cells release various pro-
inflammatory cytokines, TNFα, IL1, IL6, and IL8, 
macrophage inflammatory protein 2, CXC-chemokines, 
which amplifies Th17 responses cause activation of 
resident microglia, effector T cell subsets’ reactivation 
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by myelin antigen, clonal expansion of T-effector cells 
and release of more inflammatory mediators which 
ultimately initiates an inflammatory cascade ending 
up with myelin, axon and oligodendrocyte destruction 
(1-4). The underlying chronic inflammation affects 
neurons and axons through a series of events such 
as oxidative stress, mitochondrial energy failure, 
ionic dyshomeostasis, and compromised protective 
and regenerative mechanisms eventually leading 
to neurodegeneration (1,2). This ongoing chronic 
inflammation and neurodegeneration increases the 
burden of disease over time and expose patients to 
a variety of neurological symptoms that are reflected 
in many aspects of their lives as increased disability. 
Relentless progressive course of the disease urge 
sufferers to use many complementary and alternative 
methods to relieve or control the symptoms due to MS.  

Complementary and alternative medicine (CAM) use 
has gaining an increasing interest all over the world 
with a prevalence ranging from 9.8% to 76% (5). 
Studies have shown that individuals’ preference for 
using CAM is affected by different factors. The most 
common causes are benefit expectation, dissatisfaction 
with conventional therapies, safety of CAM, easy 
access, affordability, internal health locus of control, 
and tradition (5). The methods and approaches the 
CAM umbrella covers are variable, including herbal 
therapy among many. Herbal therapy includes a 
range of pharmacologically active compounds and 
is employed for the treatment of a various diseases 
including MS. Research shows that more than one 
third of MS patients use at least one CAM at least 
once to improve the health and manage symptoms of 
MS; being more prevalent among women, those who 
have higher education and report worse health status 
(6,7). Homeopathy and diets are reported as the most 
common, and a perceived benefit reported by more 
than half (7). Though herbal therapy is practiced 
traditionally in Türkiye, its specific use by MS patients 
are reported in a few studies. In those, the ratio of 
herbal medicine use was between 10-49 %, and 
patients’ knowledge about CAM was scarce in some 
(8,13). No relation has been reported between CAM 
use and socio-demographic features such as age, 
gender, education level, and disease related features 
such as disease duration, disability level and quality of 
life measures (8-10). Most commonly reported agents 
were capers, ginger, garlic, cumin seeds, primrose, 
flaxseed, St. John’s wort, ginseng and turmeric (10-
13).  

The mechanisms of action of herbal therapy mainly 
depends on the bioactivities of the secondary 
metabolites. These often interact with major targets 

in cells, including enzymes, receptors, ion channels 
and pumps, or cytoskeletal elements (mostly tubulin 
or microtubules) and modulate these targets via 
alkaloids, phenolic compounds (e.g. flavonoids), 
terpenoids (e.g. saponins), polysaccharides or other 
secondary metabolites (14). Quite a lot of these 
plant-derived metabolites, either in original forms 
or synthetic derivatives, are used in medicine with 
established practices (14). Regarding MS, clinical 
and experimental studies have documented the 
beneficial effects of some herbal regimens on BBB 
permeability, inflammatory cell infiltration of the CNS, 
and T-cell polarization involved in MS pathogenesis; 
and some have been shown to have antiinflammatory 
and neuroprotective effects. Besides, many is used 
to relieve MS related symptoms such as fatigue, 
depression, cognitive impairment, spasticity, 
neuropathic pain, and urinary tract complications.  In 
this review, different herbal medicines preferred by 
Turkish MS patients are reviewed in terms of their 
possible positive pharmacological effects. 

Capers:  Caper, a perennial shrub from the family of 
Capparaceae L, is typical of the Mediterranean flora 
known for its edible, brine flower buds and fruits and 
also for its therapeutic properties in various human 
ailments. The preferences for use in folk medicine are 
listed as antibacterial, antifungal, hepatoprotective, 
anthelmintic, antidiabetic, anti-inflammatory, anti-
oxidant, anti-cancer, and antihyperlipidemic effects 
which have been ascribed to the phenolic acids, 
phytosterols, flavonoids, alkaloids, natural sugars, 
vitamins, and organic acids in content (15,16). 
The most widely studied Capparis species for their 
therapeutic and nutritional properties are Capparis 
ovata, Capparis spinosa, and Capparis decidua. 
Among these, Capparis ovata is the one whose impact 
was specifically evaluated in the experimental allergic 
encephalomyelitis models of multiple sclerosis.  Caper 
is one of the most commonly used herb among MS 
patients. Though there is no human trial evaluating 
its efficacy on MS disease progress, in several 
experimental studies Capparis ovata has been found 
to inhibit and/or ameliorate experimental allergic 
encephalomyelitis (EAE) effectively in murine MS 
model and has been suggested as a new immune-
regulatory and anti-inflammatory agent (17,18). 
Different studies report the effectiveness of Capparis 
ovata to inhibit the expression of pro-inflammatory 
and inflammatory genes, which are essential key 
players in MS pathophysiology,  at a significant level 
including  TNFα, IL6, IL17, glial fibrillary acidic protein, 
NFκβ (nuclear factor kappa-light-chain-enhancer of 
activated B cells), CC-chemokine ligand 5, CXC-
chemokine 9,10, and tyrosine-protein phosphatase 
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nonreceptor type 11 and hypoxia-inducible factor-1 
and also to enhance the up-regulation of  the myelin 
basic protein and myelin-associated glycoprotein 
expression (16-19). 

Ginger: Ginger (Zingiber officinale  Roscoe) is a 
perennial herbaceous plant from the Zingiberaceae 
family, cultivated in sub-tropical regions and often 
ingested as a spice or dietary supplement and in 
folk medicine (20-22). It contains more than 400 
different compounds and rich from terpenes, phenolic 
compounds, polysaccharides, lipids, organic acids, 
and raw fibers (20-22). Ginger is often considered 
a panacea due to its numerous effects including 
anti-pyretic, anti-inflammatory, antihyperglycaemic, 
antiapoptotic, anti-tumour, antioxidant, anti-diabetic, 
anti-clotting and analgesic properties. Health benefits 
are ascribed to its active phytoconstituents such as 
gingerols, shogaols, zingerone, paradols beside other 
phenolic compounds and flavonoids. In particular, 
gingerol has been reported to have anti-oxidative, anti-
inflammatory, immune-modulatory and neuroprotective 
effects (20-22). The anti-inflammatory effect of ginger, 
either in the form of pure active ingredient or as an 
extract, has been studied in experimental MS models 
and have been found to effectively ameliorate the 
clinical and pathological disease severity (23,24). It has 
been shown to exhibit its effects chiefly via Th1, Th17, 
and B cell response down-regulation, chemokines and 
chemokine receptors expression down-regulation, 
and Treg response up-regulation (22-24). Besides, it 
modulates Th2-, Th9-, Th22 cell-related responses 
along with modulation of the pro-inflammatory and 
anti-inflammatory cytokines production, toll like 
receptor-related signaling and adhesion molecules 
expression (22,25). The immunomodulatory properties 
along with anti-oxidative features poses the ginger to 
be considered to have a therapeutic potential for the 
management of MS.

Garlic: Garlic (Allium sativum  L) belongs to the lily 
family, and is recognized for anti-microbial, anti-
neoplastic, anti-diabetes, anti-atherosclerosis, hepa-
toprotective and anti-inflammatory effects which are 
attributed to its organosulfur compounds. Among these 
are ‘allicin, alliin, diallyl sulfide, diallyl di- and trisulfide, 
E/Z-ajoene, and S-allyl-cysteine (SAC)’ (26). SAC has 
been shown to ameliorate clinical signs and severity 
of the EAE along with attenuation of inflammatory 
cell infiltration, axonal demyelination, and axonal loss 
in lumbar spinal cord (27). The anti-inflammatory 
effects of garlic is suggested to occur by reduced 
activation of microglia and astrocytes, decreased 
expression of IL1β, NFκB, Toll-like receptor-4, nuclear 
factor erythroid 2-related factor 2 (Nrf2) and heme 

oxygenase 1 in microglial cells and increased number 
of Treg cells (28,29). In addition, it has also been 
found to be a potent reactive-oxygen scavenger with 
its enhancing and regulatory effects on the antioxidant 
enzymes (28). 

Black Cumin: Nigella sativa Linn is an annual 
indigenous herbaceous plant from the Ranunculaceae 
family and known as black seed or black cumin 
(30). Seed and oil of N. sativa have a long history of 
folkloric usage and regarded as a valuable traditional 
remedy to treat all ailments except to prevent from 
death (31).  Black cumin seeds are rich from various 
chemical components including fixed and essential 
oil, alkaloids, carvacrol, proteins, saponin, terpenoids, 
quinones (such as thymoquinone, nigellone, and 
thymohydroquinone), minerals and vitamins (30). 
Beneficial effects attributed to N. sativa are mainly 
due to quinone ingredients of which thymoquinone is 
the major and most abundant bioactive component 
(31,32). Among many, some of the reported biological 
properties of N. sativa are antimicrobial, antioxidant, 
anti-inflammatory, anticancer, antidiabetic, cardio-
protective and neuroprotective properties (31,32).  In 
experimental studies N. sativa oil and extracts has 
been postulated to modulate cellular and humoral 
immune responses (32). The mechanisms underlying 
the immunomodulatory effects of thymoquinone results 
from its inhibitory effect on NFκβ, mitogen-activated 
protein kinase (MAPK) and janus kinase (JAK)/signal 
transduction and activator of transcription (STAT) 
signaling pathways (33).  By this way, thymoquinone 
inhibits NFκβ-mediated neuroinflammation and 
production of inflammatory mediators (NO, PGE2, 
TNF-a, and IL1b) (33-35). It also attenuates 
neuroinflammation by decreasing a set of cytokines 
including IL1, IL6, IL12, monocyte chemoattractant 
protein 1 and 5, granulocyte colony-stimulating factor, 
and CXCL10/IFN-γ’ induced protein 10 in microglia 
cells in rats (36). In EAE, protective treatment with 
N. sativa has been shown to reduce days of relapses 
significantly, ameliorate the clinical manifestations and 
decrease the severity of the disease (37-39). 

Evening primrose: Evening primrose (Oenothera 
biennis L) is a wild medicinal plant from the 
Onagraceae family. Oenothera biennis L is the most 
commonly and best-studied species in the Oenothera 
L family which originated from Central America and 
now naturalized worldwide (40-41). Evening primrose 
have been preferred for treating a wide variety of 
ailments including premenstrual syndrome, asthma, 
eczema, inflammation, arthritis, metabolic disorders, 
headaches and eruptions of the skin (42). Evening 
primrose oil, extracted from its seeds, is rich from 
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omega-6 essential fatty acids (FA); 70-74% of its 
components are linoleic acid and about 8-10% 
γ-linolenic acid along with other fatty acids (palmitic, 
oleic, & stearic acids) and campesterol and β-sitosterol 
steroids (41). Linoleic acid and γ-linolenic acid are 
precursors of anti-inflammatory eicosanoids, major 
components of myelin and the neuronal cell membrane 
and contributes to the fluidity and flexibility of cell 
membranes.  Evening primrose oil supplementation 
increases the plasma levels of γ-linolenic acid and 
its metabolite dihomo-γ-linolenic acid which lead to 
production of   anti-inflammatory eicosanoids (41,43). 
Besides, 15-hydroxyeicosatrienoic acid, metabolized 
from dihomo-γ-linolenic acid inhibits the conversion 
of arachidonic acid to leukotriene A4, hence prevents 
the pro-inflammatory action of leukotrienes (41,43). 
Moreover, γ-linolenic acid has been reported to 
suppress inflammation mediators such as IL1, IL6, 
TNFα by inhibiting NFκβ activation (44).

In hemp seed oil/evening primrose oil treated C57BL/6 
mice with EAE, Rezapour-Firouzi et al have shown 
a significant increase in the expression of IL10 and 
mTOR complex 2 (RICTOR) genes along with a 
remarkably reduced cell infiltration and promoted 
remyelination (45). Moreover, evening primrose/hemp 
seed oil administration prevented the development of 
EAE and the attenuated the severity of the disease 
in EAE induced models (45). Evening primrose/hemp 
seed oil treatment significantly inhibited the expression 
of the regulatory-associated protein of mammalian 
target of rapamycin (RAPTOR), interferon-gamma, 
IL17, signal transducer and activator of transcription 
factors (STAT3) genes and promoted the expression 
of regulatory-associated companion of mammalian 
target of rapamycin (RICTOR), forkhead box P3 
(FoxP3) and IL10 genes (46). 

In a clinical study on 100 relapsing-remitting MS 
patients, the effects of evening primrose/hemp seed 
oil and olive oil were evaluated. At the end of the study, 
patients on the evening primrose/hemp seed oil group 
has been reported to show significantly better disability 
scores and reduced relapse rate compared to olive 
oil group (47). In another study on 52 MS patients, 
evening primrose oil consumption for 3 months along 
with their immunomodulator drugs for their disease 
provided better outcomes involving cognitive function, 
pain, fatigue, and overall life satisfaction compared to 
placebo (48). 

Flaxseed:  Flaxseed, Linum usitatissimum, whose 
Latin name means very useful, is one of the oldest crops 
grown widely all over the world (49). It has been reported 
to have potential health imparting benefits at reducing 

the risk of some disease including cardiovascular 
diseases, cancer, arthritis, menopausal symptoms 
and osteoporosis with its antitumoral, antioxidant, 
and anti-inflammatory effects (49-51). Flaxseed is 
the richest plant source of polyunsaturated fatty 
acids (PUFA); linoleic acid (omega-6) and α-linolenic 
acid (omega-3,) with a ratio of approximately 0.3:1, 
which are dietary essential fatty acids that cannot 
be synthesized by humans (49,52). It also contains 
monounsaturated FAs and at a much lesser amount 
saturated FAs. Omega-3 PUFAs (docosahexaenoic 
acid, eicosapentaenoic acid and alpha-linolenic acid) 
exhibits anti-inflammatory properties. Besides, it is 
also a good reservoir of lignans, phytoestrogens, 
phenolic compounds, dietary and protein fiber, 
minerals, and vitamins  (A, C, and E) (49). Flaxseed 
shows direct antiatherogenic, anti-inflammatory and 
immunomodulatory effects through leukocyte adhesion 
inhibition, the proinflammatory eicosanoids production 
decrease, and cellular migration and proliferation 
inhibition with abundant omega-3 it contains (53). 
Although results of two recent meta-analysis are 
controversial, flaxseed supplementation has been 
reported to modulate the levels of some circulating 
inflammatory biomarkers including C-reactive protein, 
IL6, TNFα, NFκβ, macrophage marker mac-3, vascular 
cell adhesion protein 1, E-selectin, and intercellular 
adhesion molecule 1(53-55). 

Data from a large international MS cohort suggest a 
significant association for omega 3 supplementation 
with flaxseed, showing reduced relapse rate and 
reduced likelihood of worsening relapse rate (56). 
However, a recent Cochrane analysis, evaluating the 
efficacy of PUFAs and monounsaturated fatty acids, 
states the uncertainty of evidence in terms of disability 
worsening, relapse rate, or overall health status in 
persons with MS (57). 

St. John’s wort: St. John's wort (Hypericum 
perforatum  L.) is a perennial herb from the family 
Hypericaceae (58). Traditionally, it has been used 
orally and topically for the treatment of several human 
ailments, including burns, wounds, hemorroids, 
diarrhea, and ulcers and depression (58).  St. John's 
wort contains naphthodianthrones (hypericin, pseu-
dohypericin, protohypericin, protopseudohyperi-
cin, and cyclopseudohypericin), flavonoids (rutin, 
hyperoside, quercetin, quercitrin and luteolin), 
acylphloroglucinols (hyperforin and adhyperforin), 
proanthocyanidins, procyanidines, several amino 
acids, and tannins (59). St. John's wort preparations 
are widely investigated for their antidepressant activity 
but also for their antioxidant, anxiolytic, anticancer, 
and anti-inflammatory activities (58,59). Hyperforin 
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is the major lipophilic constituent responsible for the 
anti-depressant and anti-inflammatory activities of H. 
perforatum (58,59).  

In EAE models St. John’s wort extract and hyperforin 
has been shown to reduce the incidence and severity 
of the disease, through decreasing the inflammatory 

cell infiltration (60,61).  Furthermore, it inhibits Th1 and 
Th17 cells differentiation and promotes Th2 and Treg 
cell differentiation through regulation of their transcription 
factors Foxp3, T-bet, ROR-γt and GATA3 (60).

Ginseng: Ginseng, called the king of all herbs, is a 
deciduous perennial plant from the Panax genus and 
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Table 1 Summary of he effects of herbal medicines used in multiple sclerosis and EAE models

Plant Compound Study group Effect Reference

Caper

Capparis ovata 

Capparis 
spinosa

β-sitosterol
 EAE

Human PBMC 

↓ TNFα, IL-6, NF-κB, CCL5, CXCL9, CXCL10,  HIF1A 
gene expression   

↓ IL-17 & ↑  IL-4 gene expression

17-19

16

Ginger Zingiber 
officinale  Gingerol EAE

↓ Clinical disease score, ↓ inflammatory cell infiltration in 
CNS
↓ Th1, Th17 &  B cell-related response 
↑Treg cell response, TGF-β expression
↓ IL-17, IL-27, IL-33 TNF-α, CCL20, CCL22, CCR6, CCR4 
expression

20-25

Garlic  Allium 
sativum L S-allyl-cysteine EAE

↓ Clinical disease score, ↓ inflammatory cell infiltration in 
CNS ↓ IL1β, NFκB, TLR-4, Nrf2 & heme oxygenase 1 in 
microglial cells
↑ Treg cell frequency

27 -29

Black 
Cumin Nigella sativa Thymoquinone EAE

↓ Clinical disease score, ↓ inflammatory cell infiltration in 
CNS
↓ Reactive astrocytes number,  ↑ remyelination
↓ NF-κB, MAPK, JAK/STAT signaling pathway
↓NO, PGE2, TNFα, IL1, IL6, IL12

32-39

Evening 
primrose

 Oenothera 
biennis L

Linoleic acid, 
γ-linolenic acid 

EAE

Human 

↑ IL10, RICTOR, FoxP3 gene expression
↓ IL1, IL6, IL17,TNFα IF-γ, NFκβ,  RAPTOR, STAT3 
expression
↓ Cell infiltration, ↑ remyelination

↓ Relapse rate, disability 
Better quality of life

44-46

47, 48

Flaxseed Linum 
usitatissimum

Linoleic acid, 
α-linolenic acid

Acute 
inflammation

Human

↓ NFκβ, reactive oxygen species
↓ cRP, IL6, VCAM-1, no effect on TNFα, E-selectin, ICAM-
1
↓ hs-CRP & TNFα; no effect on IL6 & cRP

↓ Relapse rate & disability
No evidence of certain effects on disability & relapse rate 

51
54
55

56
57

St. John’s 
wort

Hypericum 
perforatum L. Hyperforin EAE

↓ Clinical disease score, ↓ inflammatory cell infitration in 
CNS
↓ Th1 & Th17 cells differentiation
↑ Th2 and Treg cell differentiation

60,61

Ginseng
Panax 
ginseng C.A. 
Meyer

Ginsenosides

EAE

Human 

↓ BBB permeability 
↓ IL1, IL6, NFκβ;  ↑ IGF-1, TGFβ, and VEGF-1
↓ Th1 & Th17 cells;  ↑ Treg cells  

Effect on fatigue: controversial results

64-67

68,69

Turmeric Curcuma 
longa Curcumin

EAE

Human 

↓ Clinical severity of EAE
↓ Astrocytes proliferation, ↑ myelinogenesis, 
oligodendrocyte activity
↓ IL1, IL6, IL17,  IL21, IL23, NF-kB, TNF-α , IFN-γ, STAT3, 
RORγt 
↑ IL4, IL10, FOXP3 & TGF-β
↑ Treg cells
↑ FoxP3, TGF-β, IL-10 expression 

70-75

76-78
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belongs to the Araliaceae family (62,63). The plant is 
indigenous to the East Asia and consists of about 20 
species or variants among which ‘Panax ginseng C.A. 
Meyer (Asian or Korean ginseng), Panax quinquefolius 
L (American ginseng) and Panax notoginseng’ 
(Sanchi ginseng) are the most widely used ones as 
traditional remedy for thousands of years (62,63). 
The major bioactive compounds of the genus Panax 
are ginsenosides or ginseng saponins and gintonins 
(63). Ginsenosides have been reported to show their 
effect by interaction with membrane ion channels, cell 
membranes, and extra-/intracellular receptors, thus 
promoting alterations at the transcriptional level with 
resultant immune-regulatory, anti-oxidant, anti-cancer 
and anti-inflammatory, anti-nociceptive, anti-apoptotic 
and neuroprotective effects (62-64). Neuroprotective 
effects are proposed to be via cholinergic recovery, 
regulation of brain-derived neurotrophic factor, and 
activation of the Akt/mTOR signal pathway in addition 
to the main mechanisms described above (64).

In EAE models ginseng has been shown to ameliorate 
the clinical severity of disease through BBB 
permeability, negative regulation of pro-inflammatory 
cytokine expressions (TNFα, IL1β, and IL6), Th1 and 
Th17 cells suppression, Treg cells upregulation, the 
p38 MAPK/ NFκβ signaling pathway downregulation, 
and growth factors (IGF-1, TGFβ, and VEGF-1) 
expression enhancement (65,66). Besides, ginseng 
and its non-saponin fraction has also been reported 
to enhance   innate immunity and attenuate cytokine 
production via Toll-like receptor (TLR)4/myeloid 
differentiation primary response 88 (MyD88)/nuclear 
factor (NF)-κB signaling pathway inhibition.  All these 
studies suggest that P. ginseng and related materials 
(extract, fraction, components, etc.) might have a 
potential and be a good candidate for multi-targeted 
approaches in the treatment of MS (67). However, 
in two double-blind, placebo-controlled clinical trials 
comparing the effect of ginseng on fatigue in multiple 
sclerosis patients controversial results has been 
reported though both state its use as safe (68,69).  

Turmeric: Recognized as ‘spice of life’ or ‘golden spice’ 
turmeric (Curcuma longa Linn) contains curcumin 
as the main active component which can easily 
pass through all cell membranes and BBB due to its 
lipophilic properties (70). Curcumin has a plethora of 
broad therapeutic potential with anti-oxidant and anti-
inflammatory and neuroprotective properties and have 
been assessed in many neurodegenerative diseases 
(70,71). Curcumin’s anti-inflammatory activity is 
due to the modulation of inflammatory responses 
through down-regulation of cyclooxygenase-2 (COX-
2), lipoxygenase, and inducible nitric oxide synthase 

(iNOS)  activities, inhibition of  NFκβ pathway, 
inhibition of TNFα, IL1, IL2, IL6, IL8, and IL12, MCP, 
and migration inhibitory protein production; activation 
of adenosine monophosphate (AMP)-activated protein 
kinase/silent mating type information regulation 2 
homolog 1 (AMPK/SIRT1) axis,and down-regulation 
of the Janus kinase 2 /signal transducers and 
activators of transcription 3 (JAK2/STAT3) signaling 
pathway (70-73). Treatment with curcumin has 
been shown to reduce the clinical severity of EAE 
significantly and also ameliorate neuroinflammation 
by down-regulating Th17 production, inhibiting Th1 
differentiation and increasing Th2 polarization (70-76).  
Curcumin has been shown to reduce the inflammatory 
cells infiltration and demyelination (70-72,74). 
Besides, reduced astrocytes proliferation, improved 
myelogenesis due to enhanced repair mechanisms, 
and activity and differentiation of oligodendrocytes 
have also been reported with curcumin treatment 
(71,72). These ameliorative effects of curcumin is 
mainly via changed cytokines expression profile in 
favor of anti-inflammatory mediators. The decrease 
of the pro-inflammatory gene expression of NFκβ, 
IL1, IL17, IFNγ, TNFα, MCP-1 RAR-related orphan 
receptor gamma (RORγt), and STAT3, and a robust 
increase of the anti-inflammatory gene expression 
IL4, IL10, FoxP3 and TGFβ have been convincingly 
reported (70-72,75).  

In two placebocontrolled studies MS patients who 
were on interferonβ-1a treatment were supplemented 
with curcumin for 6 months. It has been shown that 
curcumin treatment resulted in significant decrease in 
the proportion of Th17 cells and expression level of 
RORγt and IL-17; and also an increased expression of 
FoxP3, TGF-β, and IL-10 as well as restoration of Treg 
cells frequency and function (76,77). In another study 
the effect of curcumin as an add-on therapy on new/
enlarging T2 lesions in relapsing remitting MS patients 
under treatment with subcutaneous interferon-β failed 
to reveal any beneficial effect in comparison to placebo 
group. However, the authors also note that the study 
drop-out rate was higher than expected and therefore 
no definite conclusion can be drown (78).  

In these clinical and in-vitro and in-vivo trials curcumin’s 
outstanding anti-inflammatory and neuroprotective 
effects has been shown convincingly and has been 
suggested as a promising   nutraceutical agent with 
a therapeutic potential in the management of MS, 
however in demand of more clinical trials (74). 

Aloysia citrodora (Lemon verbena), Andrographis 
paniculata (creat  or  green chiretta), Boswellia 
papyrifera (Sudanese frankincense), Camellia 
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sinensis (Green Tea), Ginkgo biloba, Ruta graveolens 
(common rue or herb-of-grace), and Vaccinium spp. 
(Cranberry) and Cannabis sativa are other herbal 
plants tried to relieve symptoms of MS (42). Among 
these, only extracts of Cannabis sativa L has been 
developed by the pharmaceutical industry and was 
approved as a legal therapeutic option in MS-related 
spasticity, neuropathic pain, and urinary symptoms in 
some countries. In numerous studies cannabinoids, 
bioactive constituent of cannabis-cannabidiol and 
tetrahydrocannabinol, have been shown to reduce 
cytokine production, induce apoptosis, inhibit cell 
proliferation and enhance T regulatory cell function 
(78-80). In a recent meta-analysis covering 3161 MS 
patients, results favored cannabinoid use for spasticity, 
pain and bladder dysfunction but with limited efficacy 
(81). In Türkiye cannabis use is illegal and under strict 
legal regulations.

Conclusion

In this article, the efficacy and mechanism of action of 
some herbal therapies, mainly preferred by Turkish MS 
patients are reviewed. A growing body of information 
has been gathered about the beneficial effects of 
herbal therapy to alleviate or suppress inflammation, 
oxidative stress and hence promote neuroprotection 
from some experimental and clinical studies. Also 
herbal therapy is reported to be natural, safe and 
reliable for the treatment of many medical conditions 
(42). However, the evidence is scarce to recommend 
their use, except a few (6). Given the complex nature of 
the disease and the polypharmacy the patients are on, 
concurrent use of herbs with MS drugs may be risky 
and may cause severe side effects. In conclusion, MS 
patients should be informed about herbal remedies 
and should be advised to be cautious. 
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