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ABSTRACT

Multiple sclerosis (MS) is a disorder of central nervous system characterized by demyelination, inflammation, and
axonal injury. Regulatory T cells (Tregs) have been defined as CD4+ CD25+FoxP3+ T-cellsthat play a critical role
in maintaining self-tolerance and preventing autoimmune diseases. Dysfunction and decreased numbers of Tregs
may lead to MS. Web of Science and PubMed databases were searched using the Endnote software for the
publications about the role of Tregs in MS published from 2000 to February 2016. The medicinal plants and their
derivatives, including Hypericum perforatum, Astragalus membranaceus, Pterodon emarginatus Vogel, curcumin,
resveratrol, matrine, Bu Shen Yi Sui Capsule, and Hyungbangpaedok-san have been reported to regulate the
function of Tregs in MS. The medicinal plants and their derivatives reported in this study might be useful for up-
regulation of Tregs through suppressing the activation of autoreactive T cells and hence controlling MS. They
should be investigated in clinical trialsto help to prevent and treat MS,
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INTRODUCTION

Multiple sclerosis (MS), an inflammatory demyelingt disease of central nervous system (CNS), isacterized
by multifocal inflammation, demyelination, and nenal damage [1]A variety of drugs are used to modify the
conditions of MS including interferon beta (I natalizumab, glatiramer acetate, alemtuzumaigofimod,
teriflunomide, and dimethyl fumarate. However, tlse of MS drugs may cause certain side effectsrig term. In
addition, because these drugs are costly, MS pgatieay face economic problems [2, 3]. Adverse ¢&ffencluding
depression, cardiotoxicity, infection, nausea, amé¢mia, have been reported to be associated witty-térm
therapy.MS is caused by damage to myelin sheath at pladueso infiltration of autoimmune Th17 cells aadk

of regulatory T cells (Tregsi4, 5]. In this regard, some strategies such asitning Th17 cells activity and
stimulating the regulation of Tregs activity haweeh suggested to control and treat MS.

Tregs are negative immune regulatory cells thatialedmmune tolerance. The interactions between7Téuid
Tregs are regulated by the secretion of some aytsksuch as interleukin (IL)-17 and transformingwgh factorf
1, and specific transcription factors, includingrreic acid-related orphan receptor (ROR)and forkhead box P3
(FoxP3) [6-8]. Tregs have been defined as CD4+CB2%P3+ T-cells that play a crucial role in maintagself-
tolerance and preventing autoimmune diseases [P, Tt8gs may play a critical role in maintaining nmane
tolerance and controlling the destructive self-tiwacT cells found in MS [11, 12]. In addition tbe increased
number of autoimmune T-cells, the decreased numbeérdysfunction of Treg-cells contribute to thehpagenesis
of MS [13]. Given the role of Tregs in preventingdacontrolling MS as well as the side effects &f phesent drugs,

215
Scholar Research Library



Hojjat Rouhi-Boroujeni et al Der Pharmacia Lettre, 2016, 8 (3):215-220

researchers are investigating to find out morectffe drugs with less side effects to regulateabtivity of Tregs.

In this regards, medicinal plants are reliable sedor preparation of new drugs. They have beequistly used in
the traditional medicine by local people [14-19]dahave been investigated for prevention and treattnoé

hyperlipidemia [20], cardiovascular diseases [24], Ridney disorders [23-25], neurological disoi¢?6], and

even cancer [27]. So, they can be considered asfalisource for production of effective drugshe treatments of
various diseases [28-34].

Regarding the significance of inflammatory diseasspecially MS, and the necessity of preventing &eating
this disease, the aim of this review article ig¢port medicinal plants and their nature-basedvdtvies that are
effective on regulation of Tregs’ activity in MS tfEts. In this regards, Web of Science and Pubidbases
were searched for the publications about the rblEregs in MS published between 2000 and Febru@iyy2using
the EndNote software. The used search terms weltiplaisclerosis and medicinal plant or herb obda¢medicine
or natural compound or phytochemical or herbal drugnd regulatory T cell or Treg or Treg in
Title/Keywords/Abstract. Each database was seardmgependently. The articles retrieved from bottabases
were analyzed oncébstracts were reviewed based on predefined iramtuand exclusion criteria. When necessary,
full texts were retrieved to assess study eligipili he articles without English abstract and Englishilable full
texts were excluded. Only the articles directly redding the effect of the medicinal plants andrtderivatives
were selected and analyzed.

From the Web of Science, 27 articles were retrieamad from the PubMed, 19 articles retrieved. OVePal articles
were retrieved from both databases and 24 wereided in the final analysis. After reviewing the tahsts, we
excluded two articles from the analysis as theyrditimeet the inclusion criteria. Twenty two ae&linvestigated
the role of the medicinal plants and their derivediin regulating Tregs. These plants wdypericum perforatum,
Astragalus membranaceus, Pterodon emarginatus Vogel, the compounds curcumin, resveratrol, matrend the
drugs Bu Shen Yi Sui Capsule aHgtlungbangpaedok-san. Table 1 gives further details

Hypericum perforatum (HP) or St. John’s wort, from Hypericaceae family,used in traditional medicine for
treatment of mild to moderate depression. HP hss laéen used as an antioxidant, anti-inflammatodyvaound-
healing agent. The results indicated that HP ekteduced the incidence and severity of EAE, aramt that is
closely correlated with an inhibition of pathologiicharacteristics (leukocyte infiltration and destiyation) and
antigen-specific T-cell proliferation. These resitfidicate that HP extract can attenuate EAE autnine responses
by inhibiting immune cell infiltration and expandjireg cell, and therefore may be considered agenpal choice
of MS treatment [35].

P. emarginatus is a medicinal plant which is used in Braziliaaditional medicine as a folk therapy because of its
immunosuppressive, anti-inflammatory, healing, rietimatic, tonic and depurative features. The ¢isseil of P.
emarginatus (100 mg/kg) significantly attenuated neurologisigins and EAE development. In addition, it inhiBite
Thl cell-mediated immune response and upregulated Tesponse in vitro. Moreover, the essentialobiP.
emarginatus inhibited both microglial activation and expressiof iINOS, associated with inhibition of axonal
demyelization and neuronal death throughout theadis development [36].

Curcumin (diferuloylmethane) is a naturally occogriyellow pigment obtained from the rhizomes of fiant
Curcuma longa (turmeric) commonly found in south Asia [37, 38]is used as a coloring and flavoring spice in
foods. Curcumin has traditionally been used tottiggammatory disorders and to heal wounds. Thioaitant,
antitumor and anti-inflammatory properties of curnén are well recognized as it is under preclinigglls for the
treatment of cancer and inflammation [39, 40]. Trit@bition of EAE by curcumin is related to an wupgulation of
CD4+CD25+-Foxp3+ Tregs in the lymphoid organs amSCThese findings confirm that curcumin differafiyi
regulates CD4+ T helper cell responses in EAE [41].

Matrine (MAT), a quinolizidine alkaloid derived fro the herbRadix Sophorae Flave, has been used to treat
hepatitis B in clinical trials, with excellent s&fd42, 43]. The use of natural products for the ttremt of MS may
be more effective as they have fewer side effe@isental herbal medicines have been reported torawe
neurological signs, clinical symptoms, and immumection and reduce the frequency of recurrence $hpdtients
[44]. The results showed that administration of MAT digantly increased serum Tregs and expressioroapB, a
Treg transcription factor, in the spinal cord. Mwrer, treatment with MAT significantly upregulate@iNS
expression of Nrf2 and HO-1, which contribute intpatly to inhibiting oxidative stress and CNS imflanation.
Together, the findings represent MAT as an immuppsessive and potent immunomodulatory natural prothr
the treatment of EAE which could be a novel theutipeoption for MS [43].
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Bu Shen Yi Sui Capsule (BSYSC, originally named Uiy Capsule) is a phlegm-resolving, yin-nouristamgl
blood-activating formula used in traditional Chiaemedicine. The clinical studies showed that BSY&@ the
ability to markedly reduce and eliminate the symmpgosuch as limbs weakness and paresthesia, retace t
frequency and intensity of relapses and the dogheoinedication required, to improve the qualitylifd in MS
patients [45, 46]. Results showed that BSYSC impdoweurological function and reduced inflammatoeyl c
infiltration and damage to the axons and myelinhi@ spinal cord and brain. BSYSC down-regulatedréti® of
CD4 + IL-7+/CD4 + CD25 +FoxP3+ T cells in the splegreatly, and reduced the ratio of IL-17A and F&xP
MRNA and protein in the brain or spinal cord afetiént stages. BSYSC had a strong neuroprotecffeeteon
EAE mice. The protective mechanisms of BSYSC mighaissociated with mediating the regulation of Thiggs

[1].

Hyungbangpaedok-san (HBPDS) is extensively usetraditional medicine, which is composed of 10 herbs
Ostericum koreanum, Bupleurum falcatum, Aralia continentalis, Schizonepeta tenuifolia, Angelica decurs iva,
Saposhikovia divaricata, Poria cocos, Rehmannia glutinosa, Lycium barbarum, andPlantago asiatica. HBPDS has
traditionally been used for patients with fever ahdls that are not sweating, generalized bodyaand pain, pain
and stiffness of the head and neck, and rednesswalling of the eyes [47]. HBPDS decreases tunemrasis
factoro (TNF-0) and signal transducer and activator of transorp# expression and increases proliferation of
CD4+ T cells, which are associated with the immuaduatatory effects and anti-inflammatory activityaken
together, HBPDS could alleviate the developmengprssion of EAE by regulating the recruitment/inéition and
activation of microglia and peripheral immune céfisacrophages, Thl, Th17, and Tregs) in the spima. These
findings could help to develop protective stratediy means of HBPDS for the treatment of autoimndiserders
including MS [48].

Table 1: The effects of medicinal plants and phytochemicalson regulatory T cellsin multiple sclerosis

Medicinal plants/

phytochemicals Study Dosage Main results Ref.

Matrine Invivo | low dose (150 mg/kg) high dose (250 mg/k )Increased prodgctlon of regulatory T cell (Treg) as [43]
well as expression of Foxp3

Hypericum perforatum In vivo ﬁlgﬁ daons(i:sio mg/kg (low, intermediate a"dlncreased Tregs levels in the spleen [35]

Resveratrol Invivo | 20 mg/kg ;:;?Vtirt())lllmg Th17 activity through increased Tregs [49]

Pterodon emarginatus Vogel Invivo | 50 and 100 mg/kg Upregulation of T reg cells and inhibition f [36]

Th17 and Th1 cells polarization

Down-regulated markedly the ratio of CD4 + IL-

Bu Shen Yi Sui Capsule (BSYSC) Invivo | 3.02 glkg 17+/CD4 + CD25 +FoxP3+ T cells in the spleen

[50]

Up-regulation of activated receptoy and
Curcumin Invivo | 100ug curcumin in 25 dimethyl sulfoxide CD4+CD25+Foxp3+Tregs in the CNS and [41]
lymphoid organs

Significant enhance of T-bet and Foxp3 mRNA

Astragalus membranaceus Invivo | 20 mg/kg levels

[51]

Increased the elevated population  pf

Hyungbangpaedok-san Invivo | 20g each/200g in total CDA4+/CD25+/Foxp3+

[48]

DISCUSSION

There is no available cure for MS. However, crtalrerapies may be used to treat the disease syrapitadty,
including IFNB-1a, IFNB-1b, glatiramer acetate, natalizumab, fingolimod dimmethyl fumarate. In addition, anti-
inflammatory Tregs have been found to be impor@b# cells for controlling the development of autoiome
diseases [49]. In this regard, seeking memv drugs that specifically targétegsis important for the development of
more effective MS treatments [50]. Therefore, ndvielogical mechanisms and pharmacological targegsstill
being identified through analysis of the biocherhi@aracteristics natural/herbal compounds and theiivatives.
Natural compounds continue to be a treasure fordrengs development for the future [52-57]. Actuathedicinal
plants are important sources used to find new camg® with immunomodulatory and anti-inflammatorytertial
[58-62]. Howevey one important limitation in using nature-based\@gives to treat diseases is limited knowledge
about their mechanisms of action, which adds to roiggivings about clinical usélherefore, the present study
reviewed the medicinal plants and their derivatitiest play a role in stimulating Tregs to deteatitheffect
mechanisms better. The findings of this study iat#id that the plants and compounds such as mattypericum
perforatum, Resveratrol,Pterodon emarginatus Vogel, the essential oil, Bu Shen Yi Sui Capsul#ircumin,
Astragalus membranaceus, and Hyungbangpaedok-san cause increase in thieaemwhTregs in the MS patients and
therefore help to prevent and treat this disease.

It has been shown that, in the active period oéake, the number of CD4+CD25+Foxp3+ Tregs in thgplperal
blood of MS patients decreased compared with thetive period [51]. Moreover, in the early stageE#E, the
number of CD4+CD25+Foxp3Fregs in target organs and peripheral lymphoid msgaf mice was significantly
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lower than the recovery phase, representing thad+CID25+Foxp3+ Tregs correlate partially with MS ]63
Furthermoreseveral studies have shown that decreased numdeegs$ in patients with MS led to an expansion of
autoreactive T-cells [64]. Therefore, an up-redafatof Foxp3+ Tregs might help to suppress thevatitin of
autoreactive Tcells, because Tregs are involvethén pathogenesis of autoimmune diseases [B5hddition,
immune dysfunction is related to down-regulationtbé Tregs and the upregulation of Thl7 cells [66].
Therefore, the aim of novel drug targets for treatment of MS is the regulation of immunity balametween
Th1l7 and Tregs.

The results of this review article indicate thae tbnset of treatment with medicinal plants increasiee
recruitment/migration of thymus-derived Tregs, protiibn of Tregs, expression of Foxp3, and inhilpitaf Th17
and Thl cells polarization through increased Tragsvity, significantly enhances T-bet mMRNA levelsp-
regulation of activated receptgrand CD4+CD25+Foxp3+ Tregs in the CNS and lymplaiglns, and down-
regulates the ratio of CD4 + IL-17+/CD4 + CD25 +P@&x T cells markedly in the spleen in EAE/M&edicinal
plants have antoxidant and immunomodulatory prageiin vivo and in vitro and, most interestingliiey have
good bioavailability and can be given orally, whictay reduce the costs of therapy and painful actnation of
drug and contribute to adherence to the treatmgpglients [67-72].

Finally, this review article provides great implicas for ethnomedicine and clinical research, afl as strongly
supports the applicability of the medicinal plaatsl their constituents to develop an effectivetineat, alone or in
combination with existing therapies, for MS. Thisyrbe an explanation of the use of this planteattperipheral
and central autoimmunity disorders in folk medicimhis study provides a basis for further researclhhe efficacy
of medicinal plantand their active ingredients in the treatment &. Mowever, the formula ahedicinal plantss
complicated and the compounds exert multipurpofeetst therefore, other mechanisms by whnddicinal plants
influence MS in EAE require further investigation.
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