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Green tea catechins inhibit microglial activation which 
prevents the development of neurological disorders

Introduction
One of the common beverages with numerous health ef-
fects is green tea which mainly used in Asia, North Africa, 
Europe, and the United States. Green tea has antioxidant, 
anti-inflammatory anticarcinogenic, and antimicrobial prop-
erties (Chatterjee et al., 2012; Crew et al., 2015; Reygaert, 
2018). This plant has several pharmacological properties 
against neurodegenerative diseases, cardiovascular diseases, 
obesity, and diabetes (Bhardwaj and Khanna, 2013; Huang 
et al., 2014; Fu et al., 2017; Mancini et al., 2017). Green tea 
contains several polyphenols including flavonoids. The most 
common polyphenols of green tea are the flavonoids, and 
the most significant portion (80–90%) of flavonoids is cate-
chins. The four main catechins in green tea include (–)-epi-
gallocatechin-3-gallate (EGCG), (–)-epigallocatechin (EGC), 
(–)-epicatechin-3-gallate (ECG), (–)-epicatechin (EC), with 
an abundance of 60%, 20%, 14%, and 6%, respectively (Rey-
gaert, 2018). Catechins exert antioxidant activity by scaveng-
ing free radicals, inducing endogenous antioxidant enzymes 
activation as well as binding to divalent metals (Higdon and 
Frei, 2003; Mandel et al., 2005). 

Numerous evidence has indicated that catechins have 
protective effects against neuroinflammation. Catechins can 
influence the protein kinase B (Akt), mitogen-activated pro-
tein kinase (MAPK), AMP-activated protein kinase (AMPK), 
canonical Wnt pathway (WNT/β-catenin), nuclear factor 
kappa-light-chain-enhancer of activated B cells (NF-κB), 
phosphatidylinositol 3 kinase (PI3K)/Akt, signal transducer 
and activator of transcription 3 (STAT3), and active protein 
1 signaling (Leong et al., 2009; Liu et al., 2012; Oh et al., 
2014; Syed Hussein et al., 2015). 

Microglia cells in the central nervous system (CNS) play a 
main role in the immune system and modulating homeosta-
sis of neurons (Galloway et al., 2019). An activated form of 
microglia protects the CNS from neuronal damage through 
induction inflammation. Microglia cells induce neuroinflam-
matory cascades by releasing reactive oxygen species (ROS), 
reactive nitrogen species (RNS), cytokines (Harry and Kraft, 
2008; Sochocka et al., 2017). It has been shown that the 
over-production of inflammatory cytokines leads to apop-
totic damage. Several findings have indicated an association 
between microglial cells and several neurological disorders 
including Alzheimer’s disease (AD) and Parkinson’s disease 
(PD) (Samarghandian et al., 2016b; Bachiller et al., 2018). 

Several clinical trial studies have been designed to evaluate 
drugs against neuroinflammation (Cummings et al., 2019; 
Dong et al., 2019; Kim et al., 2019). In recent years, strong 
evidence has shown that catechins are potential therapeutic 
agents for several diseases such as cardiovascular disease, 
cancer, infectious diseases, arthritis, atherosclerosis, isch-
emic stroke (Miura et al., 2001; Suzuki et al., 2004; Babu and 
Liu, 2008; Yang and Wang, 2016; Reygaert, 2018), and neu-
rological disorders induced by microglia. Catechins across 
the blood-brain barrier and suppresses microglia activation 
by decreasing the expression of inducible nitric oxide syn-
thase (iNOS). The inhibition effects of catechins on NO gen-
eration and the related molecular signaling pathways as well 
as its effects in decreasing oxidative stress cause an anti-neu-
roinflammatory impact on microglia (Sochocka et al., 2017; 
Bachiller et al., 2018). Additionally, catechins have a neuro-
protective impact on neuronal and microglial cells through 
suppressing the PI3k/Ak, iNOS, cyclooxygenase-2 (COX-
2), and heat shock protein 60/heat shock factor-1 expression 
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and stimulating the nuclear factor erythroid 2-related factor 
2 (Nrf-2) activation and the antioxidant response element 
(ARE) (Harry and Kraft, 2008; Sochocka et al., 2017; Ba-
chiller et al., 2018). 

Glial cells are mostly found in the CNS. Microglial cells, 
one type of glial cells, are 10–15% of the total cells in the 
CNS and distributed in all regions of the adult brain and 
spinal cord (Dong et al., 2019). Several phenotypes of 
microglia have been recognized including “classic activa-
tion (M1), alternative activation (M2a), alternative type 
II activation (M2b), and acquired deactivation (M2c)” 
(Akhmetzyanova et al., 2019). Activated macrophage was 
classified according to the mannose receptor expression. 
Enzyme arginase 1, Ym1, a heparin-binding lectin, FIZZ1, 
CD206, a mannose receptor were recognized as a specific 
marker for the M2 phenotype (Akhmetzyanova et al., 2019). 
M1 microglia generates ROS, mediators such as tumor ne-
crosis factor-α (TNF-α), interleukin 1 beta (IL-1β), IL-6, and 
IL-12, leading to inflammatory damage (Akhmetzyanova 
et al., 2019). M1 microglia also act as the neurotoxic factor 
by producing proinflammatory cytokines and inducing the 
formation of a glial scar (Akhmetzyanova et al., 2019). This 
phenotype can modulate synaptic pruning for phagocytosis 
(Akhmetzyanova et al., 2019). The alternative activated form 
consists of M2a and M2b subgroups. M2a respond to IL-4 
and IL-13 leading to an elevation in phagocytic activity, and 
release of insulin-like growth factor-1, trophic polyamines, 
and anti-inflammatory cytokines (Akhmetzyanova et al., 
2019). M2a can remove cellular debris and induce tissue 
regeneration. M2b type is stimulated by ligation of immu-
noglobulin Fc-gamma-receptors leading to an increase in 
the expression of IL-12, IL-10, and HLA-DR. The formation 
of deactivation microglia (M2c) is stimulated by the IL-10 
or glucocorticoids resulted in an increased expression of 
transforming growth factor, sphingosine kinase, and CD163, 
a membrane-bound receptor for haptoglobin/hemoglobin 
complexes (Akhmetzyanova et al., 2019). 

The number of activated microglial cells is low in the nor-
mal condition in the CNS. However, these cells rapidly ac-
tivated in response to a variety of stress signaling molecules 
(Gerlach et al., 1994; Cummings et al., 2019). Their response 
covers changes from the integrity of brain structure to mod-
ifications in their microenvironment. Microglial cells have 
receptors for CNS signaling molecules including adenosine 
triphosphate (Fahn and Cohen, 1992), calcitonin gene-relat-
ed peptide (Cheng et al., 2015), acetylcholine and noradren-
aline (DeMaagd and Philip, 2015). Microglial cells as an 
innate immunity cell destroy and clear foreign materials via 
phagocytic and cytotoxic mechanisms. These cells are also 
antigen-presenting cells and participate in the inflammatory 
mechanism by releasing mediators and other signaling fac-
tors (Riederer et al., 1989). 

The majority of secreted molecules by activated microglia 
have inflammatory activities leading to neurotoxic damage. 
The most released molecules from microglia are pro-in-
flammatory mediators including TNF-α, IL-1β as well as 
free radicals such as superoxide, NO, and fatty acid metab-

olites (Lee et al., 2000; Sutherland et al., 2005; Kuriyama et 
al., 2006; Samarghandian et al., 2015). Activated microglia 
are responsible for harmful events such as neuronal dam-
age and cell death via producing toxic molecules including 
inflammatory cytokines (Aktas et al., 2004), complement 
components (Sutherland et al., 2005), chemokines (Koh et 
al., 2006), and reactive oxygen species (Levites et al., 2001). 
IL-1, IL-6, TNF-α are mostly released by activated microglia 
(Haque et al., 2006). Pro-inflammatory cytokines released by 
activated microglial have the main role in neurological dis-
eases. Neuroinflammation is a complex process can be both 
harmful and beneficial. Microglial cells may begin neuroin-
flammation in the brain. Neuroinflammation is amplified by 
microglia activation due to a prolonged neuroinflammatory 
response and its destructive effects in CNS. 

The activated microglia produce inflammatory mediators 
and acts as phagocytosis in the acute neuroinflammation 
condition. Acute neuroinflammation response carries ben-
eficial effects such as reparative function such as engulfing 
dead cells and debris from the injury. Chronic neuroinflam-
mation is a self-sustaining process after the initial injury 
characterized by a cycle of maintained microglia activation 
and persistent release of inflammatory mediators (Rezai-Za-
deh et al., 2005; Samarghandian et al., 2016a). Chronic neu-
roinflammation often has harmful and damaging effects in 
nervous tissues as well as the protective role  (Levites et al., 
2002; Rezai-Zadeh et al., 2005). There is numerous evidence 
for the role of microglia-induced chronic inflammation 
in the pathogenesis of CNS diseases by producing several 
neurotoxic molecules (Choi et al., 2001; Levites et al., 2003; 
Mandel et al., 2003; Singh et al., 2010; Johnson and Johnson, 
2015; Unno et al., 2017; Staurengo-Ferrari et al., 2019). The 
present study was designed to review studies on the anti-in-
flammatory and inhibitory effects of catechins on microglia 
cells for the treatment of neurodegenerative diseases. Addi-
tionally, the underlying mechanisms of catechins on microg-
lia activation were reviewed.

Search Strategy and Selection Criteria
All available articles about Green tea catechins, microgli-
al activation and neurological disorders were obtained by 
searching main databases such as Google Scholar, Web of 
Science, Scopus, MEDLINE and PubMed. The studies were 
selected by using the following search terms: (epi-gallocate-
chin-3-gallate OR epigallocatechin OR epicatechin-3-gallate 
OR epicatechin) AND (microglia) AND (neurological disor-
ders). Available English articles were selected for performing 
this study.

Green Tea Catechins and Neurological 
Diseases
Neurodegeneration is a key characteristic of neurological 
diseases such as AD, PD, and amyotrophic lateral sclerosis. 
It has been shown that several molecular signaling pathways 
are responsible for inducing neurodegenerative diseases. 
Neurodegeneration is characterized by destructing the func-
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tion of proteins, the ubiquitin-proteasome system, antioxi-
dants system (Riederer et al., 1989; Fahn and Cohen, 1992; 
Gerlach et al., 1994; Berg et al., 2001). In AD patients most 
common finding is amyloid or “senile” plaques which com-
prised of extracellular accumulation of insoluble amyloid-β 
(Aβ) peptide and intracellular neurofibrillary tangles (Cheng 
et al., 2015). In PD patients, the characteristic pathology is 
the loss of substantia nigra (SN) dopaminergic neurons and 
depigmentation of the SN in midbrain. The histopathological 
evaluations indicate PD patients have alpha-synuclein, neu-
rofilaments, and ubiquitinated proteins in SN (DeMaagd and 
Philip, 2015). Numerous evidence has indicated that green 
tea may be effective against neurological disorders such as 
AD and PD, which leads to a decrease in the prevalence of 
cognitive function (Kuriyama et al., 2006). A report of the 
United States indicated that consuming 2 cups/day or more 
of tea has been accompanied by a decrease in the risk of PD. 

Among the green tea catechins, the effect of EGCG on 
neurological disorders has been mostly studied. In this con-
text, it has been found that EGCG ameliorated age-related 
cognitive function and improved cerebral ischemia/reper-
fusion (Lee et al., 2000; Sutherland et al., 2005). It has been 
also reported that EGCG attenuated neuroinflammation and 
neuronal damage in experimental autoimmune encephalo-
myelitis (Aktas et al., 2004). EGCG ameliorated death signals 
in the G93A-mutated mice model of amyotrophic lateral 
sclerosis (Koh et al., 2006). Additionally, it has been found 
that the administration of green tea extract and EGCG have 
protective effects in dopaminergic neurons loss in mice 
(Levites et al., 2001); cognition function in rats (Haque et 
al., 2006); and also reduced amyloidosis in the cerebellum of 
transgenic mice model of AD (Rezai-Zadeh et al., 2005). The 
neuroprotective effects of EGCG have been also indicated 
by in vitro studies. In this context, the preventive effect of 
EGCG against neuronal cell death induced by the neurotox-
ins 6-hydroxydopamine and 1-methyl-4-phenylpyridinium 
in human neuroblastoma SH-SY5Y cells have been reported 
(Levites et al., 2002). Additionally, it was found that EGCG 
protected primary hippocampal neurons (Choi et al., 2001) 
and rat PC12 cells (Levites et al., 2003; Mandel et al., 2003) 
against Aβ-induced toxicity. 

Molecular targets of catechins in decreasing microglial 
activation and related neuroinflammation
Catechin can across the blood-brain barrier and directly 
influence on the activation of microglia (Unno et al., 2017). 
Strong evidence has indicated the pharmacological prop-
erties of catechins such as antioxidant, anti-inflammatory, 
and neuroprotective activities (Unno et al., 2017). The neu-
roprotective activity of catechins acts through suppression 
of apoptosis, TNF-α, COX-2, ROS, RNS, and iNOS (Singh 
et al., 2010). Oxidative stress and inflammation are able to 
stimulate the Nrf2-ARE pathway (Staurengo-Ferrari et al., 
2019) that are responsible for protection cells by inducing 
antioxidant genes (Staurengo-Ferrari et al., 2019). 

Nrf-2 can stimulate the activation of several antioxidant 
genes including heme oxygenase 1. It has been indicated that 

modulation of Nrf-2 and heme oxygenase 1 are the main 
therapeutic targets for treating neurological disorders (John-
son and Johnson, 2015). Catechins induce Nrf-2 and heme 
oxygenase 1 expression in microglia eventually decreasing 
oxidative stress and inflammation. Therefore, catechins are 
important neuroprotective agents acting through the Nrf-
2 pathway activation (Scapagnini et al., 2011). In addition, 
catechins exert neuroprotective effects via inhibiting TNF-α 
and other inflammatory mediators. The STAT3 signaling 
pathway has a main role in the regulation of immunity and 
inflammation (Yu et al., 2009). The activation of STAT3 is 
caused by the JAK family of tyrosine-kinases, specifically 
JAK1 (Yu et al., 2009). STAT3 activation via v-src causes the 
NF-κB signaling pathway activation which eventually gener-
ates inflammatory mediators including IL-6 (Yu et al., 2009). 
In addition, persistent activation of STAT3 is related to var-
ious disorders including cancer and immunodeficiency (Yu 
et al., 2009). 

Catechins regulate the NF-κB pathway activation by in-
hibiting STAT3 signaling (Fan et al., 2017). The PI3K/Akt 
signaling pathway has a main role in stimulating microglia. 
Suppression of the PI3K/Akt pathway with catechins sig-
nificantly down-regulated the activation of microglia and 
pro-inflammatory cytokines (Fan et al., 2017). Peroxisome 
proliferation-activated receptor-γ (PPARγ), a transcriptional 
factor, modulates the inflammatory cytokines production in 
microglia (Khan et al., 2019). Activated-PPARγ attaches to 
the peroxisome proliferators response element (PPRE) lead-
ing to suppression of inflammatory cascades (Khan et al., 
2019). Catechins induced the activation of the PPARγ path-
way which inhibited the NF-κB pathway in an experimental 
model of AD (Singh et al., 2011). Catechins inhibited the 
neuroinflammatory signaling by decreasing the active pro-
tein 1 activation (Azam et al., 2019). Altogether, catechins 
decrease the activation of NF-κB (Lee et al., 2009), STAT3 
(He et al., 2015), MAPK/JNK (Chen et al., 2013), PI3K/Akt, 
iNOS as well as the production of Aβ, NO and COX-2 (Nan 
et al., 2018). Additionally, catechins stimulate the activation 
of anti-inflammatory molecules including the Nrf-2 and 
PPARα-γ pathways (Han et al., 2014).

Effects of Catechins on Microglia Functions 
In vitro studies
Activated microglia produces an excessive amount of proin-
flammatory cytokines, ROS, and RNS leading to the devel-
opment of neurodegenerative diseases. Green tea catechins 
showed various therapeutic effects regarding microglia 
functions and neurodegenerative diseases which have been 
found in experimental research. Voltage-gated proton chan-
nels are necessary for nicotinamide adenine dinucleotide 
phosphate oxidase-dependent ROS productions are ex-
pressed in microglia. After injuries such as ischemic stroke, 
proton channel activities play a vital role in brain injury. Jin 
et al. (2013) examined the effects of EGCG on these proton 
channel functions in the murine microglial BV2 cells. Re-
sults showed EGCG blocked proton flow with an IC50 of 3.7 
µM. This inhibition may be the main mechanism for EGCG 
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for decreasing microglial activation and neurotoxic effects. 
The principal pathological feature of AD, the most common 
neurodegenerative disease, is Aβ deposition in the brain. Aβ 
serves as an important stimulator for microglial and induces 
chronic inflammation leading to neurodegeneration and 
subsequently neuronal cell death (Khandelwal et al., 2011). 

Cheng-Chung Wei et al. (2016) investigated the applica-
tion of EGCG for indicating the effects of green tea cate-
chins in microglial activation following Aβ. Results showed 
that EGCG markedly decreased the expression of TNFα, 
IL-1β, IL-6, and iNOS synthase in the EOC 13.31 microglia 
cell. EGCG also inhibited ROS-induced NF-κB activation 
following Aβ exposure. The study showed that EGCG was 
neuroprotective against Aβ-induced neuroinflammatory re-
sponse of microglia and inhibited neurotoxicity. In another 
experiment by Kim et al. (2009), EGCG suppressed the ex-
pression of iNOS, NO and peroxynitrite generation against 
Aβ-induced ROS/NOS in BV2 microglia. Zhong et al. (2019) 
found that  EGCG inhibited the activation of canonical and 
non-canonical inflammasome through the Toll-like recep-
tor 4 (TLR4)/NF-κB pathway in microglia cell exposed to 
Aβ in vitro and in APP/PS1 mice. In rat primary microglia 
and hippocampus of APP/PS1 mice, EGCG reduced in-
flammation and neurotoxicity of microglia by decreasing 
the stimulation of canonical NLRP3 and non-canonical 
caspase-11-dependent inflammasome through activating of 
TLR4/NF-κB pathway. Neuronal injury or neuroinflamma-
tion can induce NO production via microglial activation. 
The reaction between NO and cysteine thiols leading to 
S-nitroso-proteins formation. Qu et al. (2014) indicated that 
EGCG inhibits S-nitrosylation of proteins in microglial cells 
exposed to lipopolysaccharide (LPS) via activating Nrf-2. 
Mazzio et al. (2016) screened natural products including 
EGCG for antibacterial and anti-inflammatory agents in 
activated macrophages and microglial cells. Results showed 
that EGCG expresses anti-inflammatory effects at IC50 
11.3 (μg/mL) and toxicity at LC50 24.8 (μg/mL) in the LPS 
activated BV-2 cells. Brain-derived neurotrophic factor, 
one of the major neurotrophic factors have been shown to 
modulate homeostasis of neuroinflammation. EGCG and 
minocycline caused the up-regulation of brain-derived 
neurotrophic factor to prevent the expression of COX-2 and 
pro-inflammatory cytokines (Lai et al., 2018). Additional-
ly, EGCG and minocycline increased the up-regulation of 
Brain-derived neurotrophic factor expression in microglia 
via inducing of the AMPK signaling. EGCG prevented 
LPS-induced the release of NO and TNF-α from microglial 
via down-regulation of iNOS and TNF-α expression. EGCG 
protected against microglial activation-caused neuronal 
damage in the human dopaminergic SH-SY5Y cell line and 
in primary rat mesencephalic cells. 67 kDa laminin receptor 
(67LR) is an important component in the activation and 
migration macrophage (Li et al., 2004). 

Ren et al. (2014) investigated the impact of EGCG on 
cell migration and 67LR in the  LPS-activated macrophagic 
RAW264.7 cells. EGCG ameliorated the LPS-induced cell 
migration dose-dependently. EGCG also caused membrane 

translocation of 67LR from the membrane surface towards 
the cytoplasm in a dose-dependent manner. The harmful 
neuronal effects of microglia activation occur following 
cerebral ischemia/reperfusion injuries of the brain. Cate-
chin markedly blocked the hypoxia/reperfusion-induced 
reduction in cell viability and elevation in oxidative stress 
and apoptosis in microglia. Catechin also up-regulated the 
phosphorylation of Akt and mammalian target of rapamy-
cin and blocked the hypoxia/reperfusion-caused autophagy 
in microglia. The findings indicated catechin could reverse 
hypoxia/reperfusion-induced autophagy-activated microglia 
apoptosis/death through the ROS-regulated Akt/mammali-
an target of rapamycin signaling pathway (Chen et al., 2014). 
The research finding indicated the effects of green tea extract 
and EGCG on memory function following cerebral ischemia 
in in vitro and in vivo ischemic brain injury (Wu et al., 2012). 
EGCG had an anti-inflammatory impact in the BV-2 mi-
croglial cells. EGCG also prevented LPS-induced the genera-
tion of NO and decreased the expression of COX2 and iNOS 
in the BV-2 cells. Green tea extract and its active polyphenol 
EGCG attenuated learning and memory impairment in a 
cerebral ischemia animal model and is thought to be due to 
the reduction of oxidative stress and neuroinflammation. 
Researchers showed treatment with EGCG markedly elevat-
ed the proliferation of subventricular zone neural progenitor 
cells and the migration of subventricular zone neuroblasts as 
well as functional improvement, perhaps via M2 phenotype 
induction in microglia in the ischemic animal model (Zhang 
et al., 2017). It was found that AKT signaling involved in 
EGCG-caused proliferation and neuronal differentiation in 
neural progenitor cells. This study showed that EGCG has 
protective effects in spontaneous recovery after ischemic 
stroke (Zhang et al., 2017).

EC may generate its neuroprotective effects through ac-
tivating the Nrf-2 pathway. In this regard, Leonardo et al. 
(2013) indicated that EC treatment decreased forelimb mo-
tor coordination dysfunction in the wild type mice. The pro-
tection was accompanied by a decrease in brain damage and 
microglial activation. ECCG showed neuroprotective effects 
by decreasing infrasound-induced neuronal destruction 
by preventing microglia-mediated inflammation through 
the NF-κB pathway (Cai et al., 2014). Huang et al. (2005) 
showed (+)-catechin isolated from Green tea protected 
murine microglia from ROS-caused DNA damage and cell 
cycle arrest via inhibiting tertbutylhydroperoxide-induced 
translocation of NF-κB. Huang et al. (2006) indicated that 
(+)-catechin significantly inhibited DNA fragmentation and 
apoptosis of microglia cells via increasing the expression of 
poly ADP ribose polymerase and activating the antioxidant 
enzymes which were exposed to tertbutylhydroperoxide. 
Hussein et al. (2015) indicated that (+)-catechin ameliorated 
LPS-induced iNOS and COX-2 and prevented the produc-
tion of microglial NO, ROS as well as suppressed the TNF-α 
and IL-6 production in the BV-2 cells. Catechin also inhib-
ited Akt activation in the LPS-caused inflammation in BV-2 
microglial cells. (+)-Catechin showed an anti-inflammatory 
impact on the BV-2 cells by decreasing the production of 
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NF-κB via p38 MAPK, Akt, ERK, and AMPK pathways. A 
summary of the in vitro effect of green tea catechins on mi-
croglial cells has been shown in Additional Table 1.

In vivo studies 
In vivo studies investigated the impact of green tea catechins 
on microglia function. EGCG showed protective effects 
against spinal cord gliosis by modulating the expression of 
Ras homologue gene family member A, fatty acid synthase 
and TNF-α in thermal hyperalgesia mice model (Ren et al., 
2014). EGCG treatment suppressed the expression of Ras 
homologue gene family member A, fatty acid synthase, and 
TNF-α proteins. It also reduced the reactivity of astroglia 
and microglia in the spinal cord. Sharman et al. (2019) 
assessed the effects of curcumin, curcumin + EGCG, doco-
sahexaenoic acid and α-lipoic acid (ALA) + curcumin, or a 
combination of EGCG, docosahexaenoic acid and α-lipoic 
acid in male Tg2576 transgenic mice. The combination of 
flavonoids decreased microglial activation. Obesity disturbs 
energy metabolism leading to CNS dysfunction. In a mouse 
model with a high-fat diet impact of EGCG on brown adi-
pose tissue thermogenesis and neuroinflammation was stud-
ied by Zahou et al. (2015). 

EGCG markedly blocked the high-fat diet-induced obesity 
by increasing BAT thermogenesis as well as decreased the 
overactivation of microglia and inflammation in hypothalamus 
by modulating the NF-kB and STAT3 signaling pathways. In 
another study regarding the pathological processes of AD, Li 
et al. (2006) tested EGCG effect on cerebral amyloidosis in the 
transgenic mice model of AD. EGCG reduced the immune-re-
activity of microglial cells in the cortex and hippocampus of 
mice. EGCG (100 mg/kg, intraperitoneal injection) decreased 
brain water content and vascular permeability in the rat model 
of traumatic brain injury (Zhang et al., 2015). EGCG decreased 
the mRNA expression of IL-1β and TNF-α induced by trau-
matic brain injury. EGCG inhibited microglia activation by de-
creasing CD68 mRNA expression. Seong et al. (2016) assessed 
the effect of EGCG on neurogenesis in the dentate gyrus after 
neuroinflammation induced by LPS. Due to microglia recruit-
ment which induced by LPS, the pro-inflammatory cytokine 
production was decreased by EGCG treatment via regulating 
the TLR4/NF-κB pathway. Neuroprotective effects of EGCG in 
a transgenic mice model of amyotrophic lateral sclerosis was 
investigated by Xu et al. (2006). 

EGCG-treated transgenic mice showed an increase in the 
number of motor neurons, and a decrease in the activation 
of microglial, NF-κB, iNOS as well as a caspase-3 cleavage in 
the spinal cords. It is found that inflammation and neuronal 
loss with cognitive deficits are related to human immuno-
deficiency virus-associated dementia. Rrapo et al. (2009) 
showed that EGCG reduced astrogliosis, glial fibrillary 
acidic protein expression, activated microglia, and neuronal 
loss through apoptosis in a human immunodeficiency vi-
rus-1 transgenic mice model. Ren et al. (2018) investigated 
the anti-inflammatory impact of green tea extract against 
the LPS-induced retinal inflammation in rats. Green tea 
extract decreased the number of activated microglia cells 

dose-dependently. Green tea extract has also suppressed 
the activation of astrocytes and Müller glia in the retina. EC 
significantly ameliorated the expression of TNF-α, iNOS, 
NF-κB and total nitrite levels in the brain of rats exposed to 
doxorubicin. 

The findings showed that EC against neuroinflammation 
during antineoplastic therapy by inhibiting TNF-α, NF-κB, 
and iNOS release from activated microglia (Mohamed et 
al., 2011). Leonardo et al. (2013) studied the effects of EC 
on anatomical and functional changes in the brain of isch-
emic male C57BL/6 mice. Results showed that Iba1 marker 
of microglia/macrophage increased in the ipsilateral hemi-
spheres of mice 7 days after intervention whereas pretreat-
ment with 15 mg/kg EC blocked this effect. Mice treated 
with 15 mg/kg also showed a trend toward reduction in 
infarct volume relative to vehicle controls. Zeng et al. (2014) 
investigated the effect of  EC (40 mg/kg per day, for 6 
months) in APP/PS1 transgenic mice. Results showed that 
long-term feeding of EC decreased total Aβ in the brain. In 
addition, EC decreased microgliosis and astrocytosis in the 
brain of mice with AD. The main effects of green tea cate-
chins on microglial cells in animal models are summarized 
in Additional Table 2. The catechins effects on CNS signal-
ing pathways is shown in Figure 1.

Conclusions and Remarks
Microglia, as a primary immune cell in the CNS, has an im-
portant contribution in the homeostasis of the CNS against 
pathogens and injuries through generating inflammatory 
cytokines. However, over activation of microglia under 
pathological conditions causes excessive production of in-
flammatory cytokines via microglia leading to neuronal 
inflammation, injury, and death. Furthermore, one of the 
initial steps in neurodegenerative diseases is inflammation. 
Green tea catechins have beneficial effects against numerous 
diseases. Catechins inhibit/reduce the inflammatory medi-
ators production via inhibiting the activation of microglia. 
Catechins suppress the levels of TNF-α, IL-1β, IL-6 via mod-
ulating NF-κB, Nrf-2 and TLR4/NF-κB pathways. Catechins 
have inhibitory effects on other intracellular parts such as 
voltage-gated proton channels which have a role in activating 
microglia. Taken together, green tea catechins are promising 
therapeutic agents in inhibiting inflammatory and apoptotic 
mediators in microglia and subsequently neuroprotective 
effects in neurodegeneration diseases.

Although several studies indicated involved mechanisms of 
neuroprotective effects of green tea catechins by modulating 
activated microglia, it was not indicated effective mechanisms 
to shift microglia toward a neuroprotective phenotype fol-
lowing catechins administration. It was suggested that more 
preclinical studies should be designed to identify the suitable 
pathways that can be modulated by catechins in order to 
stimulate neuroregeneration for clinical approaches. It was 
suggested that focuses on the possible effect of catechins on 
the receptor-mediated, microRNA and cell cycle of microglia 
for modulating its activity as the future prospective study.
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Table 1 In vitro effects of green tea catechins

Authors Species and cell types Agent Dose/Route In vitro effects

Jin et al.,

2013

Murine microglial BV2 cells EGCG IC50 of 3.7 µM Suppressed microglial activation by inhibiting the

proton channel

Cheng-Chung

Wei et al.,

2016

EOC 13.31 mouse immortalized

microglia activated via Aβ

EGCG 5, 10, 20 μM Suppressed expression of TNF-α, IL-1β, IL-6, and

iNOS in microglial cells; Protected against

microglia-induced cytotoxicity via inhibiting

MAPK-dependent release of TNF-α

Kim et al.,

2009

BV2 microglial cells; exposed to Aβ EGCG 2, 5, 10 μM Suppressed increased expression of iNOS, nitric

oxide and peroxynitrite in BV2 microglia cells

Zhong et al.,

2019

Mouse microglial cell line BV2; rat

primary microglial cells; treated with

LPS (1 μg/mL) for 1 h and Aβ1 (10 μM)

EGCG 10 μM Recovered neurotoxicity from microglial conditioned

media; Reduced microglial expressions of caspase-1

p20, NLRP3, and caspase-11 p26

Qu et al.,

2014

BV-2 cells SNOC; exposed

to 100 ng/mL LPS for 20 h; In vitro: (10,

20, 40, 80, or 200 μM) for 30 min; ex

vivo: 20 μM SNOC

EGCG 10 μM Attenuated S-nitrosylation of proteins after microglial

cells activation via modulation of Nrf-2-mediated

oxidative stress response

Mazzio et al.,

2016

BV-2 microglia cells; exposed to LPS 1

μg/mL

EGCG IC50 11.3 (μg/mL) Anti-inflammatory effects at IC50 11.3 (μg/mL) and

Toxicity at LC50 24.8 (μg/mL) in activated BV-2

microglia cells

Lai et al.,

2018

BV-2 microglial cell; exposed to

Brain-derived neurotrophic factor

EGCG 25, 50, 100 μM upregulated Brain-derived neurotrophic factor

expression in microglia through AMPK signaling

Li et al., 2004 Microglia from Spraque-Dawley rat

brains at postnatal days 1-2; exposed

to LPS 500 ng/mL

EGCG 1, 10, 100 μM; 30 min before

LPS

Inhibited LPS-activated microglial secretion of nitric

oxide and TNF-α through the downregulation of

inducible nitric oxide synthase and TNF-α expression

Ren et al.,

2014

Macrophagic RAW264.7 cells; exposed

to LPS

EGCG 1-25 μM Inhibited microglia activation and migration via

internalization of 67LR

Wu et al.,

2012

Murine microglial BV-2 cell; exposed to

0.5 μg/mL LPS

EGCG 2, 10, 25 μM; 1 h before

intervention

anti-inflammatory effects in BV-2 microglia cells;

inhibited nitric oxide production and reduced

cyclooxygenase-2 and inducible nitric oxide synthase

expression in BV-2 cells

Zhang et al.,

2017

Neural progenitor cells from ipsilateral

SVZ, 14 days post-ischemic/reperfusion

injured C57BL/6 mice

EGCG 10, 20, 40 μM Functional recovery of SVZ neuroblasts through M2

phenotype induction in microglia

Leonardo et

al., 2013

Mouse cortical neurons isolated from 0-

to 1-day-old wild type and Nrf2-/- pups

EC Pretreatment at 50, 100 μM;

EC was washed out 6 h prior

to oxygen-glucose deprivation

Reduced microglial activation/recruitment in wild type

mice by 56.4 ± 13.0%

Huang et al.,

2005

murine microglia N9 cells; exposed to

tBHP

(+)-Catechin 0.06, 0.13, 0.25, 0.5, 1, 2 µM Protected microglia cells from DNA lesion by the

blockage of NF-κB Activation

Huang et al.,

2006

murine microglia cell line (N9); exposed

to tert-butylhydroperoxide

(+)-Catechin 0.063, 0.125, 0.25, 0.5, 1 µM Neuroprotective against microglia cell injury via

enhancing activities of CAT and SOD; Inhibited

activation of caspase-3; increased the expression of

PARP to repair DNA lesion

Syed Hussein

et al., 2015

BV-2 microglial cells; exposed to LPS (+)-Catechin 3.125, 6.25, 12.5, 25, 50, 100

μM; pretreatment 2 h before

LPS

Inhibited microglial NO and ROS production;

inhibited microglia cells inflammation via blocking

activation of Akt

67LR: 67 kDa laminin receptor; Aβ: Amyloid β; Akt: protein kinase B; AMPK: AMP-activated protein kinase; CAT: catalase; EC: (-)-epicatechin; EGCG: (-)-

epigallocatechin-3-gallate; IL: interleukin; iNOS: inducible nitric oxide synthase; LPS: lipopolysaccharide; MAPK: mitogen-activated protein kinase; NF-κB: nuclear factor

kappa-light-chain-enhancer of activated B cells; NLRP3: NOD-like receptors family pyrin domain containing 3; NO: nitric oxide; Nrf-2: nuclear factor erythroid 2-related

factor 2; PARP: poly ADP ribose polymerase; ROS: reactive oxygen species; SNOC: S-nitrosocysteine; SOD: superoxide dismutase; SVZ: subventricular zone; tBHP:

tertbutylhydroperoxide; TNF-α: tumor necrosis factor alpha.



Table 2 In vivo effects of green tea catechins

Authors Species Agent Dose/Route In vivo effects

Sharman

et al., 2019

Tg2576 transgenic mice EGCG +

docosahexaenoic acid +

α-lipoic acid

EGCG; 50 mg/kg body weight

(around 0.0357% = 357 ppm)

Combination treatment decreased microglial

activation and number of microglia around plaques

in the cortex and hippocampus

Zhu et al.,

2018

Obese C57BL/6J mice

with the high-fat diet

EGCG 1% EGCG in diet Attenuated microglia overactivation by regulating

the NF-κB and STAT3 signaling pathways

Li et al.,

2006

transgenic mouse model

of AD

EGCG 20 mg/kg per day, in drinking water

for 3 months

Decreased CD45, a marker of microglial activation,

by 18% in the cortex and 28% in the hippocampus

Zhang et

al., 2015

Sprague-Dawley rats; TBI

model

EGCG 100 mg/kg intraperitoneally Inhibited microglia activation evidenced by

decreased CD68 mRNA expression in the brain

Seong et

al., 2016

C57BL/6 mice; LPS 0.1

mg/kg injected to the brain

EGCG 0.5 mg/kg; intraperitoneally; 3 times Attenuated pro-inflammatory cytokine production

by microglial cells through modulating the

TLR4-NF-κB pathway

Xu et al.,

2006

SOD1-G93A transgenic

mice and wild-type mice

model of ALS

EGCG 10 mg/kg, orally Diminished microglial activation

Rrapo et

al., 2009

HIV-1 Tat transgenic

mouse

EGCG 300 mg/kg per day Mild reduction in activated microglia

Ren et al.,

2018

Adult Sprague-Dawley

rats; injected with LPS

(1 mg/kg)

Green tea extract:

EGCG 70.53%, EGC

4.61%, EC 3.88% and

GC 0.64%

550 mg/kg or 275 mg/kg suspension

in 0.5 mL distilled water;

intragastrical at 2, 8, 26, and 32 h

post LPS injection

Suppressed the number of activated microglia cells

in a dose-dependent manner; suppressed

activation of astrocytes and Müller glia in the retina

Mohamed

et al., 2011

Adult Wistar rats;

intraperitoneal injections of

doxorubicin (13 mg/kg)

EC 10 mg/kg per day; orally; 2 weeks

before intervention

Increased TNF-α due to microglia activation

Leonardo

et al., 2013

Male C57BL/6 mice;

permanent distal middle

cerebral artery occlusion

EC Pretreatment 90 minutes prior to

intervention with 15 mg/kg

Blocked microglia/macrophage marker Iba1 which

was increased in the ipsilateral

hemispheres of mice 7 d after intervention

Zeng et al.,

2014

APP/PS1 transgenic mice EC and curcumin for 9

months

EC 40 mg/kg per day and curcumin

47 mg/kg per day in diet

Reduced Microgliosis in the brain of AD mice

Zhong et

al., 2019

APP/PS1 mice EGCG 2 mg/kg per day;

Intragastrical

Reduced microglial inflammation and neurotoxicity

by suppressing the activation of canonical NLRP3

and non-canonical caspase-11-dependent

inflammasome via TLR4/NF-κB pathway in

hippocampus

Wu et al.,

2012

Sprague-

Dawley rats; Focal brain

ischemia model

Green tea extract and

EGCG

Green tea extract (30, 100, and 300

mg/kg) and EGCG (10 mg/kg)

Inhibited NO production, iNOS protein and COX-2

expression in BV-2 microglia cells

Leonardo

et al., 2013

wildtype and Nrf-2

C57BL/6 knockout mice;

focal brain ischemia model

EC 50 or 100 µM by gavage 90 min

before intervention

Reduced microglia activation/recruitment in

wildtype mice by 56.4 ± 13.0%

AD: Alzheimer’s disease; COX-2: cyclooxygenase-2; EC: (-)-epicatechin; EGC: (-)-epigallocatechin; EGCG: (-)-epigallocatechin-3-gallate; iNOS: inducible nitric oxide

synthase; LPS: lipopolysaccharide; NF-κB: nuclear factor kappa-light-chain-enhancer of activated B cells; NLRP3: NOD-like receptors family pyrin domain containing 3;

NO: nitric oxide; Nrf-2: nuclear factor erythroid 2-related factor 2; TBI: traumatic brain injury; TLR4: Toll-like receptor 4; TNF-α: tumor necrosis factor alpha.


