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Abstract

Stroke is a condition that occurs when blood vessels ifria become obstructed or rupture, cutting off
blood flow to the brain and causing brain cells ta &teoke is divided into two types based on the cause:
ischemic stroke and hemorrhagic stroke. Ischemic stroke is1t#st common kind of stroke, which accounts
for approximately 8% of all strokes The high prevalence of ischemic stroke hagdaching consequences
for society Because ischemic stroke is still common and treatmenbraptare limited, a therapeutic
breakthrough that can help reduce stroke mortality and murbhirticularly ischemic stroke, is required.
One of the advancements that can be made is the comnsaropgreen tea (Camellia sinensis), which has
neurogenetic and neuroprotective benefits. This litezatias compiled through online searches engines using
Pubmed, Sciencedirect, NIH NCBI, and Google Scholar instriaménthis way, green tea with the active
ingredient Epigallocatechin-3-gallate (EGCG) has the patletatinduce neurogenesis in ischemic conditions
by causing microglia to polarize to M2 and can inhibit prftammatory mediators by inhibiting NOD-like
Receptor Protein-3 (NLRP3), thereby inhibiting the pyroptpsisess. As a result, EGCG has the potential to
become a neuroprotective ingredient. These two magmrepses will aid in the recovery of ischemic stroke
patients.

Keywords: EGCG, Green Tea, Camellia sinensis, M2 dgjta, NLRP3, Ischemic Stroke, Neurogenesis, NerLotgetive

1. Introduction

Stroke is a disease of the blood vessels in the biaécjfieally the condition of blood vessel blockage
or rupture, which cuts off blood flow to the brain and causell death in some areas of the brain [1].
Because cell death in the brain results in the lossufatogical function, stroke is one of the leading causes
of death and disability worldwide. It is worth noting that lsér@s the world's second leading cause of death
and third leading cause of disability [2]. Stroke is clasgifnto two types based on its etiology: ischemic
stroke and hemorrhagic stroke. Ischemic stroke got thadink as the most common type of stroke (87%)
[3] caused by cerebral artery occlusion [1].

The high prevalence of ischemic stroke has an impachencommunity, one of which is a high
economic burden, both in terms of treatment and due tpdtient's disability. Until now, the Food and
Drug Administration has approved only the rtPA (Alteplada¥s of thrombolytic therapy for use in stroke
patients, but the safety and efficacy of this therapystltdimited [4]. Because of the high prevalence and
limited treatment options, it is critical to develogh@&rapeutic innovation that will improve the well-being
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of stroke mortality and morbidity, particularly ischensitoke. The purpose of this literature review is to
determine the potential of EGCG in green tea as an adjtivargpy candidate and to play a role in the
prevention of ischemic stroke by inducing M2 microglia andbiihg NLRP3.

2. Methods

This review method evolved from several related liteastudies and is supported by discussion analysis.
The literature search was conducted using an online seaetihod that included the instruments using
Pubmed, Sciencedirect, NIH NCBI, and Google Scholar. Meanwkelavords such as EGCG, Green Tea,
Camellia sinensis, M2 Microglia, NLRP3, Ischemic StraKeurogenesis, and Neuroprotective have been
used. Limitations of English and Indonesian publicationthé last ten years revealed 49 types of literature
from scan results, including systematic reviews, metdyais, randomized controlled trials, case-control
studies, and literature in other forms such as diskersat

3. Results and Discussion

3.1 The Roleof M2Microgliain Neurogenesis

The ischemic stroke will initiate several processes will result in tissue damage [5]. Peripheral
microglia and macrophages will rapidly arrive at the sif tissue damage in the brain, releasing
effector molecules and recruiting other immune cells [6F Tirin glial components of the central
nervous system (CNS) are known as microglia. Microgiiection as tissue-dwelling macrophages tha
are very sedentary without significant changes fromidatthe CNS, but they are very dynamic locally
[7]. Within a few hours after ischemia, microglia will pesd to environmental changes by changing
their morphology and increasing their contact with nesif8h Microglia undergo rapid morphological
transformations from a resting to an active statethed release a variety of cytokines that aid in cell
damage or repair. Through different signaling pathwag&jmg microglia can be classically polarized
into an M1 phenotype (involved in tissue injury) or an Mizmotype (involved in neurogenesis and
functional recovery) [6,9].

Polarization of M1 will cause the release of pro-imitaatory cytokines, Nitric Oxide (NO),
Reactive Oxygen Intermediates (ROIs), and tissue damagéeQothter hand, the polarization of M2
will produce anti-inflammatory cytokines such as InterletO (IL-10), Transforming Growth Factor
Beta (TGFB), and Arginase-1 (Arg-1) to overcome inflammation, so that this ctiodi can provide an
environment that supports neurogenesis as compensatiaedoonal repair [10,11,12]. M2 has been
known to inhibit inflammation, promote tissue repair andaeéeling, and play a role in neurogenesis
and functional repair [9,10,12]. In an in vivo study publisime@016 Zhang et al. discovered that the
microglial response to the M2 phenotype was associatéu imcreased proliferation of Neural
Progenitor Cells (NPCs) in the subventricular zone and tmgraof subventricular neuroblasts.
Evidence suggests that microglia polarized to the M2 phenotg® counteract excessive
inflammatory activation and promote tissue repair fallmyvcerebral ischemia [12]. Microglia play a
role in the maturation of newly formed nerve cells ali. wes a result, the M2 phenotype has been
identified as a key promoter of post-stroke brain repaie. MI2 phenotype of microglia can influence
neurogenesis by secreting anti-inflammatory factweh as Insulin-like Growth Factor (IGF) and
Brain-Derived Neurotrophic Factor (BDNF) [13].

3.2 The Role of EGCG in Inducing Microglial M2 Elevation
Microglia that are initially at rest can be polarizetbipne of two phenotypes: M1 or M2 [9]. M1
produces pro-inflammatory cytokines as well as NO a@tsRwhich cause tissue damage. When anti-
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inflammatory cytokines such as IL-4, IL-13, and IL-10 dmnslated, M2 will polarize via alternative
pathways [10,11]. The administration of EGCG was abledease M2 polarization while inhibiting
M1 polarization. EGCG can prevent the formation of NOgompound that causes oxidative stress
[10,14]. Furthermore, EGCG has been shown to downregulate liheliNitric Oxide Synthase (iNOS)
and Cyclooxygenase-2 (COX-2) gene expression, preventingrtuction of pro-inflammatory
mediators such as NO and Prostaglandin E2 (PGE2), as WeG@6& can strongly inhibit leukocyte
elastase, which mediates the activation of inflammaitrmucers such as matrix metalloproteinase-
(MMP-2) and MMP-9. In other words, EGCG acts as an antirmflatory agent. As a result, EGCG
accelerates the shift from M1 to M2 [5,10,14]. Accordiog study published in 2016 by Zhang et al.
treatment of EGCG during stroke recovery is associatedehgtlated microglial responses in the form
of polarization of the M2 phenotype [12].

Activated M2 upregulates scavenger receptors such as tmeosgreceptor (CD206) on its cell
surface [10,11]. CD206 is regarded as a particularly reliableifdizator or marker because it is
frequently expressed during M2 activation but not in the Mdnptype [15,16]. CD206 can remove
inflammatory chemicals from the circulation, whichdsiin inflammation resolution [17]. CD206
expression as an M2 marker increases dramatically Wtieis activated by IL-4, I1L-13, and IL-10.
CD206 expression, on the other hand, decreases when M2 isedndog (IFNy) and
Lipopolysaccharide (LPS) [16,18]. EGCG can inhibit the inductiot-Nf and LPS regulation while
increasing IL-10 and IL-13. Finally, EGCG can aid in the ri$eC®206 expression in M2
[12,19,20,21].

3.3 The Role of NLRP3 in the Pyroptosis Process

NLRP3 is a key mediator of the innate immune response ngedasignals as well as a pro-
inflammatory factor [22]. When activated, NLRP3 causegtfiine domain of the NLR to bind to an
adaptor protein called Apoptosis-associated Spec-like pratntaining CARD (ASC). ASC will
trigger numerous NLRP3 monomers to bind to each othahgialigomerization process, resulting in
the formation of the NLRP3 inflammasome, whose prinmafe is to convert pro-caspasel to caspase-
1 [23]. Caspase-1 cleaves ptel and proHl.-18 into more mature forms (IL-1 and IL-18)s well as
gasdermin D (GSDMD) to gasdermin N, which causes pore opening ammtqsys to induce pore
opening along with pyroptosis [24]. Pyroptosis is essemtitilé development of ischemic stroke [25].

The mechanism of pyroptosis in microglia by NLRP3 during iséhatnoke is induced by several
pathways, including HMGB1, loss of ion homeostasis, aridainondrial damage.

e HMGB1
During ischemia conditions, High Mobility Group Box Pratel (HMGB1), a Damage-
Associated Molecular Pattern Molecule (DAMP), is releasenh fithe damaged neurovascular unit
and dies along with other DAMPs during ischemia. HMGBid& to Toll-like Receptor 2 (TLR2),
TLR4, and Receptor for Advanced Glycation End-ProductsdB) on microglia cells, activating
the transcription factor Nuclear Factor-kB (NBj). The NF-kB and Adenosine Triphosphate
(ATP) are required for NLRP3 activation [26].
e |onic Dishomeostasis
During the acute phase of a stroke, blood flow will decreeaesing the amount of ATP to
decrease and lactic acidosis. Brain tissue is oxygen ddpl€his will result in a loss of K+ and
Ca2+ ion balance in microglia cells. The homeostasih&fe ions affects mitochondrial damage.
Mitochondria are the primary modulators of the NLR fgnoif NLRP3 inflammasome activation
[27]. The influx of Ca2+ indirectly contributes to NLRP3 mation. Meanwhile, intracellular K+
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levels that are lower than the threshold will also at&§\NLRP3 [28].

e Mitochondrial Damage

Mitochondria are the primary modulators of NLRP3 inflaasimme activation in the NLR family
[27]. The outer mitochondrial membrane serves as a plaffarimflammasome assembly, activation
of innate immune responses, and pyroptosis processesnaly pro-inflammatory cytokines and
caspase-1 [29].

Mitochondrial function damage causes excessive productioearftie Oxygen Species (ROS).
This ROS generation was identified as the first to triggeRP3 activation [30]. Evidence supports
a correlation between ROS overproduction and neuronal deathdriety of neurological disorders,
including amyotrophic lateral sclerosis, epilepsy, alzhesriisease, parkinson's disease, ischemic
stroke, and traumatic brain injury. Excessive ROS lesa@lse functional and structural changes in
brain tissue and play an important role in the pathogerdsiserebral ischemia. As a result,
mitochondrial dysfunction and high oxidative stress agmificant contributors to the ongoing
ischemia process.

3.4 The Potential of EGCG in Pyroptosis I nhibition

Bitu et al. (2015) discovered that green tea extractscaedhins (EGCG) had a neuroprotective
effect in a mouse striatal PD 6-OHDA model (the neurotéxitydroxydopamine, which is commonly
used to create Parkinson's disease models) [31]. Meanwhia study conducted by Machin (2020),
green tea with the active ingredient EGCG was shownhibit neuronal cell death via the pyroptosis
process in the Rattus norvegicus Middle Cerebral Artery Gody®CAQO) model [32]. This study
also discovered that the active ingredient EGCG, asasdlreen tea extract, have an anti-necroptosis
effect due to their high antioxidant content [33]. Green tetagtmthe antioxidant EGCG as an active
component. EGCG promotes HMGB1 degradation by conjugating itgitbytoplasm to create the
EGCG-HMGB1 complex. Because of its large size, this cermpannot physically pass through the
ubiquitin-proteasome groove's narrow proteasome pordt Sarts the autophagic procg34].

EGCG can also restore Ca2+ homeostasis through dowrtfegudéthe protein kinase RNA-like
endoplasmic reticulum kinase-activating transcriptiontoia®d (PERK-ATF4) signaling pathway,
Inositol-requiring enzyme-la (IREla), and activating transoripfactor 6 (ATF6) [35]. In some
studies, it is also known that EGCG can inhibit ROS produd¢86,37]. Some of these ROS inhibition
mechanisms will then inhibit NLRP3 until the processatided in the preceding paragraph occurs.

Furthermore, EGCG is a mitochondrion-targeting medicinal dhaj tontrols mitochondrial
metabolism, including mitochondrial biogenesis, biogatics, and mitochondrial-mediated cell cycle
and apoptosis. Mitochondrial biogenesis occurs as a fsEGCG-induced activation of Peroxisome
proliferator-activated receptor gamma coactivator half*GC-1a) [38].
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Fig. 1. Mechanism of NLRP3 Inhibition in Multiple ®avays by EGCG in Microglia Cells

3.5 Neurogenesis and Neur oprotective Effects of EGCG in The Green Tea (Camellia sinensis) as

I schemic Stroke Prevention and Adjuvant Therapy

Green tea is a well-known beverage around the worldl,cansuming green tea is thought to have
health benefits [39]. Moreover, green tea has gained popudastyo its polyphenol content, which can
act as antioxidants, free radical scavengers, and pragmihst neurodegeneration, inflammatory
disorders, and cancer. here are several methods for pngddifierent types of tea, such as black tea
(completely oxidized), green tea (not oxidized), and ooloadpartially oxidized) [40]. Both black and
green tea are high in antioxidants, which may help reduagsthef stroke and have a preventive effect,
but green tea is more widely consumed [41].

Green tea has been shown to increase antioxidantityactiv well as total polyphenols when
consumed at a rate of two to three cups per day for a lepgtigd [32,33]. Several other studies have
found that drinking up to three cups of green tea per day dacedhe incidence of overall stroke and
ischemic stroke by 13% and 24%, respectively [42]. Green d¢esains four major polyphenols
(commonly known as catechins). EGCG, epicatechin galla@GJE epigallocatechin (EG), and
epicatechin (EC) [33,43]. Green tea is high in EGCG polyphendis,brewed teacups containing-60
65 percent EGCG from 24820 mg catechins and 280 mg caffeine [44,45]. Green tea's EGCG has
pigued the interest of researchers due to its abilitydescthe blood-brain barrier and reach the brain
parenchyma [46,47].

Green tea contains EGCG, which is thought to have genio and neuroprotective effects on tissues
through a variety of mechanisms. For example, giving EGCGisgues experiencing ischemia-
reperfusion causes a decrease in the expansion of isct8hanfl can prevent cerebral ischemic injury
as well as improve changes in morphogenesis in thia pt7,48]. This is supported by the mechanism
of inhibiting NO formation as a compound that causes oxidatiess [10,14], downregulating inducible
INOS and COX-2 gene expression, and strongly inhibiting leytkoelastase, which mediates the
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activation of MMP-2 and MMP-9 [5,10,14], which inhibit expressithat induces IFN and LPS
regulation and increases IL-10 and IL13 [12,19,20,49]. From som¢hede mechanisms, the
administration of EGCG can prevent the production of pflesimmatory mediators. In other words,
EGCG has anti-inflammatory properties. Under these dondjtEGCG has the ability to promote M2
polarization while inhibiting M1 polarization in brain tissueurthermore, M2 will release anti-
inflammatory cytokines to combat the existing inflantiorg allowing compensatory neural repair in the
form of a neurogenesis process to occur [12]. This is sugpbytevidence from a study conducted by
Zhang et al. (2016), which discovered that administering EGCG durioke srecovery significantly
improves functional recovery by increasing NPC proliiera in the subventricular zone and
subventricular neuroblast migration, which could be assutiaith microglial responses in the form of
M2 phenotype polarization [12].

Aside from its effect on neurogenesis, EGCG has beenrsbhowuppress neuronal cell death via
pyroptosis in the Rattus norvegicus MCAO model [31]. EGCGimdnce HMGB1 breakdown, restore
Ca2+ homeostasis, and act as a mitochondrion-targetingpdéutiadrug Furthermore, EGCG has been
shown to reduce ROS production [37,47]. All of these presesgll have an effect on NLRP3
inhibition, causing the pyroptosis process to be inhibitededls Based on the numerous mechanisms
provided by EGCG, it may be a solution for use as adjuvanaply in patients with ischemic stroke.
Additionally, Wang et al. fouridg 2017 support the ability of EGCG in stroke treatment optibns
their research [50], they stated that administration@ECE significantly enhanced treatment outputs of
patients in the delayed ondettreatment time strata, as made evident by improved\N#tienal
Institutes of Health Stroke Scale (NIHSS) scores. Irr tiesiearch in the form of a Randomized Double-
Blind and Placebo-Controlled Trial showed that the rédncn plasma levels of both MMP-2 and
MM P-9 was likely involved for the better treatment resuslteddenced by significant linear correlations
between both MMPs and NIHSS scores in all patients [B@F further supports the great benefits of
EGCG for stroke treatment in the future

4, Conclusion

Green tea (Camellia sinensis) contains EGCG, which isteffeas an adjuvant therapy for ischemic
stroke because it has a neurogenesis effect via itinflatnmatory properties, which may also increase M2
polarization and is neuroprotective via the mechanismhibiting the pyroptosis process. In the early stages
of recovery, the two main processes will help ischesticke patients. Additional experimental and clinical
trials will be required in the future to obtain more giere scientific evidece
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