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Abstract
Alzheimer’s disease (AD) is a major contributor of dementia leading to the degeneration of neurons in the brain with major 
symptoms like loss of memory and learning. Many evidences suggest the involvement of neuroinflammation in the pathol-
ogy of AD. Cytokines including TNF-α and IL-6 are also found increasing the BACE1 activity and expression of NFκB 
resulting in generation of Aβ in AD brain. Following the interaction of Aβ with microglia and astrocytes, other inflamma-
tory molecules also get translocated to the site of inflammation by chemotaxis and exaggerate neuroinflammation. Various 
pathways like NFκB, p38 MAPK, Akt/mTOR, caspase, nitric oxide and COX trigger microglia to release inflammatory 
cytokines. PPARγ agonists like pioglitazone increases the phagocytosis of Aβ and reduces inflammatory cytokine IL-1β. 
Celecoxib and roficoxib like selective COX-2 inhibitors also ameliorate neuroinflammation. Non-selective COX inhibitor 
indomethacin is also potent inhibitor of inflammatory mediators released from microglia. Mitophagy process is considered 
quite helpful in reducing inflammation due to microglia as it promotes the phagocytosis of over activated microglial cells 
and other inflammatory cells. Mitophagy induction is also beneficial in the removal of damaged mitochondria and reduction 
of infiltration of inflammatory molecules at the site of accumulation of the damaged mitochondria. Targeting these pathways 
and eventually ameliorating the activation of microglia can mitigate neuroinflammation and come out as a better therapeutic 
option for the treatment of Alzheimer’s disease.
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Introduction

Multiple factors are involved in the development of Alzhei-
mer’s disease which makes it difficult to find the complete 
cure for the disease. Biomarkers related pathologies have 
also been observed (Sweeney et al. 2019). The major attrib-
utes of Alzheimer’s disease are senile plaques or Aβ plaques 
generated by the abnormal cleavage of Amyloid Precursor 

Protein (APP) and neurofibrillary tangles produced by 
hyperphosphorylation of tau. Brain regions mostly affected 
by the disease are hippocampus, neocortex and amygdala. 
Alzheimer’s disease leads to dementia which accounts for 
over 131.5 million people worldwide (Sengoku 2020). Out 
of all dementia cases across the globe AD accounts for 90% 
of the whole. Behavioral and psychological symptoms are 
common in AD (Kales et al. 2019). It is believed that Alzhei-
mer’s disease symptoms arise after 20 years of acquiring the 
disease. The nerve cells involved in thinking, memory and 
learning get damaged due to which symptoms like memory 
loss and language difficulties arise. This makes the patient 
unable to perform his routine works. Gradually the person 
becomes bedridden and ultimately leads to death of the Alz-
heimer’s Association (2019). Vascular diseases, age, head 
trauma, family history, low physical activity, environmental 
factors and smoking are major risk elements of the disease. 
Cerebrospinal fluid analysis and amyloid Positron Emis-
sion Tomography (PET) are helpful in the diagnosis of the 
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disease. Magnetic Resonance Imaging (MRI), brain biopsy 
and Retinal Optical coherence tomography (OCT) imaging 
are other diagnostic methods among which brain biopsy is 
considered to be the most definitive one (Atri 2019).

Out of the multiple factors responsible for the disease 
neuroinflammation has a vital role (Fig. 1). Studies suggest 
the involvement of over-activation of microglial cells and 
astrocytes along with inflammatory molecules in the patho-
genesis of the disease (Uddin et al. 2020). Neuroinflamma-
tion acts as double edged sword for the brain, as it clears 
deposited Aβ and produces cytotoxic substances which 
aggravate the deposition of Aβ and cause neurodegenera-
tion. Many experiments proved high accumulation of inflam-
matory mediators around NFTs and amyloid plaques which 
makes the involvement of neuroinflammation in AD quite 
evident (Ahmad et al. 2019).

Major inflammatory cells in the CNS are microglia and 
astrocytes. Microglia are macrophages which cover 10% of 
the total population of cells in the CNS. It is involved in the 
neuronal plasticity and neurogenesis and acts as first line of 
defense in any injury of the brain. Major Cytokines found in 
AD brains are Tumor necrosis factor-α (TNF-α) and Inter-
leukin-6 (IL-6). The activity of β-site APP cleaving enzyme 
(BACE1) and nuclear factor κB (NFκB) is increased by these 
cytokines resulting in increased generation of Aβ (Calsolaro 
and Edison 2016). Aging has profound effect in the patho-
genesis of AD, it also affects innate immunity of the body. 
Inflammasomes are the structures responsible for the release 

of interleukins but during aging there is marked reduction of 
inflammasomes leading to reduction in cytokines (Cao and 
Zheng 2018). Due to the degeneration of neurons there is 
infiltration of inflammatory mediators, activation of innate 
immune system and glial cells at the accumulation site. It is 
believed that this occurs at initial stages of the disease and 
contributes in the progression of the disease (Deardorff and 
Grossberg 2017).

Mild activation of microglia is beneficial as it clears the 
cell debris, damaged neurons and promotes survival of cells 
in the brain. But if there is chronic inflammation of neurons 
the microglia and other inflammatory cells get hyperacti-
vated which can be toxic to the neuronal cells (Domingues 
et al. 2017). When microglia becomes hyperactive, a protein 
known as Translocator protein 18 kDa (TSPO) is also highly 
expressed which serves as a biomarker and helps in imaging 
of inflammation in the brain and TSPO levels are monitored 
by employing PET techniques (Knezevic and Mizrahi 2018). 
Reduction in the infiltration of inflammatory molecules 
and removal of damaged mitochondria is stimulated by an 
innate system of the body known as mitophagy (Lautrup 
et al. 2019).

Neuroinflammation and AD

Inflammation is a response produced towards any injury, 
trauma or infection to the cells and tissues. It is believed that 
brain and immune system has a biochemical link. Inflamma-
tion that occurs in the brain is known as neuroinflammation. 
Neuroinflammation is sometimes beneficial and sometimes 
destructing to the neuronal cells as over-activation of the 
inflammatory molecules can cause damage to the cells of the 
brain (Fig. 2) (Shabab et al. 2017). Neuroinflammation leads 
to activation of inflammatory cells in the brain including 
microglia and astrocytes. The brain is regarded as an "immu-
nological privileged organ" because peripheral immune cells 
are expected not to enter the blood–brain barrier. Rather, 
glial cells—microglia and astrocytes, are the primary com-
ponent of the committed neuroimmune system, and interre-
late with peripheral immunity but not clearly justified. The 
glial cells provide favorable and anti-inflammatory actions 
under normal and pathological conditions, counting phago-
cytosis, steroid release, free radical depletion, and repairing 
of cells. Release of cytokines and generation of free radicals 
can cause neuronal cell death and synaptic dysfunction. So 
if there is imbalance between the regulations of proinflam-
matory anti-inflammatory function, it can cause brain injury 
(Schain and Kreisl 2017).

Microglia and astrocytes are the two main constituents 
of the immune system of brain and they have a key func-
tion in the neuroinflammation process. In normal condi-
tions microglia have a phagocytic action which removes 

Fig. 1   Pathophysiology of Alzheimer’s disease. Figure 1 depicts the 
multiple factors responsible for the progression of Alzheimer’s dis-
ease. Amyloid plaques and hyperphosphorylated tau are the major 
ones. Extracellular amyloid β deposition leads to the generation of 
senile plaques. Hyperphosphorylated tau leads to the disassembly of 
microtubules and damages the cytoskeleton and signal transduction 
processes in neuronal cells. Other factors like neuroinflammation, 
oxidative stress, cholinergic insufficiency, mitochondrial dysfunction 
and autophagy dysfunction also play major role in the disease pro-
gression
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damaged neurons thus encourages the repair of tissue at 
the site of invasion by foreign molecules or pathogens 
where the immune functions of the cells are initiated. 
Astrocytes remove the debris from the cerebrospinal 
fluid and play a neuroprotective role. In Alzheimer’s dis-
ease there is accretion of these cells around the NFTs 
and senile plaques. In activated state these cells release 
cytokines, interleukins and chemokines which act as 
pro-inflammatory components and potentiate the neu-
roinflammatory process in the brain contributing to AD 
(Walters et al. 2016).

ApoE is the risk element for Alzheimer disease that 
possesses immunomodulatory action. This capacity of 
ApoE is conjugated with triggering receptor expressed on 
myeloid cells 2 (TREM2), which is mediated by microglia 
in the CNS (Shi et al. 2018). Elevated levels of cytokines 
in the brain are closely linked with AD. The interleukins 
and TNF α along with Cox-2 are the major cytokines 
considered to be involved. Cytokines generation in the 
brain mediated by Aβ also promotes microglia mediated 
free radical generation. In general IL-1 is involved in the 
progression of AD which is released from neurons, astro-
cytes and microglia. IL-1 enhances the abnormal pro-
cessing of APP and generates Aβ. There is an increased 
concentration of IL-1 in the brain of AD patients. Aβ is 
generally considered to increase the interleukin levels. In 
contrast, it is seen that interleukins are responsible to gen-
erate Aβ from neurons and astrocytes. IL-1 also induces 
the release of other cytokines and increase NOS activity 
which results in toxicity of neurons (Sawikr et al. 2017).

Role of inflammatory molecules in AD

Interleukins are secreted by leukocytes and activated 
microglia. Interleukins promote the activation of T-lym-
phocytes mediated toxicity and increase the activity of 
macrophages and neutrophils. It has various receptors 
including IL-6 receptors which in normal concentrations 
are helpful in neuronal cell survival but increased activa-
tion of IL-6 may lead to neurodegeneration. Mutations 
in IL-6 may potentiate the risk of AD. Other receptors 
are IL-1β, IL-1α, IL-9, IL-17, IL-15, IL-16, IL-12, IL-18, 
IL-4 and IL-10. IL-4 decreases the clearance of Aβ and 
thus enhances deposition of Aβ leading to the formation 
of senile plaques. IL-10 suppresses the activity of sev-
eral pro-inflammatory mediators and thus acts as anti-
inflammatory molecule. IL-18 activates the production of 
interferon-γ. These all somehow are related to the patho-
genesis of AD either indirectly by activating inflamma-
tory mediators leading to neuroinflammation or directly 
by causing neurotoxicity (Bagyinszky et al. 2017).

Neuroinflammation in AD is believed to be basically 
determined by microglial cells. Aβ oligomers and fibrils 
are equipped for preparing microglial cells through com-
munications with different receptors, which improve the 
generation of provocative cytokines and chemokines 
[interleukin-1, interleukin-6, tumor necrosis factor α 
(TNF-α), C1q etc.] and make microglia progressively 
vulnerable to auxiliary boosts, stimulating microglial 
activation. In AD, conglomeration of Aβ brings about 

Fig. 2   Neuroinflammation in 
Alzheimer’s disease. Figure 2 
shows the hyperactive glial 
cells including astrocytes and 
microglia upon interaction 
between Aβ and tau. Microglia 
and astrocytes are the major 
cells in the brain responsible for 
inflammatory responses. Due to 
the activation of glial cells vari-
ous pro-inflammatory mediators 
are released which direct more 
inflammatory molecules at the 
site of injury leading to exag-
gerated inflammatory response 
in brain called neuroinflamma-
tion
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interminable stimulation of microglia, improving genera-
tion of inflammatory cytokines and chemokines, which 
further enhances the levels of activated microglia (Mar-
ttinen et al. 2018).

Inflammatory cytokines are released from glial cells and 
are of two types, pro-inflammatory and anti-inflammatory. 
As the name suggests pro-inflammatory cytokines like 
IL-1, IL-6 and TNF-α enhance inflammation by mediating 
microglial activation and increasing Aβ thus contributing to 
inflammation mediated progression of AD (Cai et al. 2014).

Chemokines are chemotactic cytokines which act as 
mediator of AD by stimulating chemotaxis in the brain. 
Chemokines are comprised of four families: CXC, CC, 
CX3C and C, according to the number and cysteine buildups 
in the N-terminal, otherwise called α, β, γ and δ chemokines, 
respectively. Microglia, astrocytes and neurons are the key 
cells responsible for the synthesis of chemokines and their 
receptors. Under inflammatory and diseased condition the 
chemokines produced by CNS are CCL2, CXCL8, CXCL10, 
CCL5 and CCL3. Chemokines direct microglia and astro-
cytes to the site of neuroinflammation aggravating local 
inflammation (Domingues et al. 2017).

In AD patients the Cd11b integrin was found over-
expressed in neutrophils present peripherally which poten-
tiates the adhesion and translocation of neutrophils. Some 
studies also suggested the increased level of free radicals 
in peripheral neutrophils. It was found that neutrophils are 
hyperactive in AD brains. Lymphocyte function associated 
antigen -1 (LFA-1) is an integrin present on neutrophils 
whose activity is increased by Aβ proteins. It is believed that 
the infilteration of neutrophils is highly regulated by LFA-1 
and depletion in the LFA-1 levels reduces the migration of 
neutrophils towards the brain and this leads to decrease in 
the levels of phosphorylated tau and improved cognitive 
functions in AD patients (Stock et al. 2018).

Various pathways playing role 
in neuroinflammation

The toll-like receptors are responsible for the activation 
of NFκB pathways. It is a transcription factor specific to 
B-lymphocytes. Activation of NFκB initiates phagocytosis 
mediated by microglia, release cytokines and activates mole-
cules which are required for the function of adaptive immune 
response. IκBα regulates the activity of NFκB along with 
its translocation in nucleus. Nuclear factor of kappa light 
polypeptide gene enhancer in B-cells inhibitor α (IκBα) is an 
inhibitory molecule which when removed from NFκB, leads 
to its activation. TNF-α and IL-1β also activate the NFκB 
pathway. Ubiquitin inhibits NF-κB, degrades IκB, process-
ing of precursors of NFκB and activation of IKK (Shabab 
et al. 2017).

In brain, NFκB signaling occurs mainly in microglia, to 
some extent in astrocytes and oligodendrocytes but neu-
rons are devoid of this signaling. Nuclear factor erythroid 
2-related factor-2 (Nrf2) is another transcription factor which 
regulates various anti-oxidant pathways. Due to inflamma-
tion in AD there occurs oxidative stress and increased acti-
vation of microglia and astrocytes which leads to increased 
NFκB activity and deformed activity of Nrf2. It is believed 
on the basis of various studies that NRf2 by increasing anti-
oxidant activity can mitigate NFκB activity and hence play 
a neuroprotective role. Redox status of the cells regulate 
the expression of NFκB, which in turn is regulated by Nrf2 
(Liddell 2017).

Activation of microglia also leads to the induction of 
other signaling pathway like PI3K/Akt pathway which 
is involved in apoptosis and regulation of inflammatory 
responses. NFκB translocation is also promoted by activa-
tion of PI3K. In turn PI3K is activated by Akt by undergo-
ing various downstream pathways. The mammalian target 
of rapamycin (mTOR) also belongs to PI3 kinase family. 
Activation of PI3K leads to activation of Akt which subse-
quently activates mTOR. Microglia activation takes place 
as soon as there is initiation of phosphorylation of mTOR. 
mTOR further regulates the activity of NFκB proportion-
ally. Increase in mTOR activation eventually increases the 
activity of NFκB which leads to stimulation of inducible 
nitric oxide synthase (iNOS) and Cox-2 (Shabab et al. 2017).

Normally inflammation in brain is associated with two 
types of cycloxygenase enzymes counting cox-1 and cox-2. 
Cox-1 is present in neurons of cerebral cortex and hippocam-
pus whereas cox-2 is over-expressed due to inflammation in 
both activated microglia and neurons. Inflammatory media-
tors in neuroinflammation activate cox-2 which synthesizes 
and releases prostaglandins via arachidonic pathway and this 
prostaglandin further stimulates microglia. Prostaglandin E2 
(PGE2) is mostly involved in microglia and macrophages 
and its receptors are predominantly found in microglia (Sil 
and Ghosh 2016).

AMP-activated protein kinase (AMPK) is believed to play 
an advantageous role in neuroinflammation by modulation 
of signal transducer and activator of transcription (STAT1) 
and blocking the expression of interferon γ (IFNγ), iNOS 
and TNF-α. AMPK also protects neurons from glutamate 
excitotoxicity. AMPK activators in some studies also showed 
attenuated NFκB activity. But the activation of AMPK is 
found detrimental according to some studies, therefore, the 
exact role of AMPK is still unclear (Peixoto et al. 2017).

Lipopolysaccharides also induce mitogen activated pro-
tein kinase (MAPK) pathway along with NFκB pathway. 
c-Jun N-terminal kinase (JNK), extracellular-signal-regu-
lated kinase1/2 (ERK1/2) and p38 are the major signaling 
pathways underlying MAPKs. MAPK pathways are majorly 
involved in regulating immune response, oxidative stress and 
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apoptosis. Anti-inflammatory molecules like neurotropin 
reduce the activation of p38, ERK and JNK pathways by 
ameliorating the phosphorylation of these, thus inhibiting 
the MAPK pathway which leads to induction of inflamma-
tion (Zheng et al. 2018).

Interferon γ binds to the interferon γ receptors and acti-
vates the M1 state of microglia via JAK/STAT pathway lead-
ing to its activation followed by release of various cytokines 
and chemokines. Phosphorylation of interferon regulatory 
factor-3 (IRF3) leads to the generation of interferon type 
1 (IFN-β) which binds to its receptors and activates janus 
kinase family which further phosphorylates and activates 
STAT. This STAT then enters into the nucleus and activates 
interferon stimulation genes which results in the release of 
various inflammatory mediators (Thawkar and Kaur 2019).

Nitric oxide is a signaling molecule which is synthesized 
by three forms of nitric oxide synthase enzymes counting 
neuronal NOS, endothelial NOS and inducible NOS. Induc-
ible NOS is activated only in pathological conditions of AD 
in brain particularly in microglia. Lipopolysaccharides, 
TNFα, interleukins and IFNγ are capable of stimulating 
iNOS. Increased levels of NO can induce nitration of several 
proteins in the brain leading to neuronal apoptosis. Further 
increase in the level of iNOS and NO the production of free 
radicals is also increased which significantly contributes in 
increasing the cytotoxic effects in the neuronal cells. Under 
normal levels NO is helpful in cell proliferation (Shabab 
et al. 2017).

Therapeutic strategies targeting 
neuroinflammation in AD

As pro-inflammatory cytokines and their receptors are major 
contributors of neuroinflammation in Alzheimer’s disease, 
inhibiting cytokines gene expression and blocking or bind-
ing their receptors can come out to be a better therapeutic 
option for treatment of AD. Antibodies are used to coun-
teract the effects of IL1-β and TNF-α along with its recep-
tors. Anti-inflammatory molecules like minocycline are also 
employed for reducing Aβ and tau pathologies by mitigating 
the release of pro-inflammatory cytokines from glial cells. 
Inhibition of iNOS and cox-2 is also considered effective in 
ameliorating neuroinflammation in AD patients (Bronzuoli 
et al. 2016).

Mitophagy is a process which is involved in the clearance 
of damaged mitochondria which is also emerging out as a 
good option in mitigating neuroinflammation in AD. In AD, 
there is decrease in mitophagy process which enhances neu-
roinflammation due to reduced phagocytosis and excessive 
stimulation of microglia which leads to increased accumu-
lation of Aβ plaques and hyperphosphorylated tau. Dam-
aged mitochondria accretion also leads to the activation of 

damage-associated molecular patterns (DAMPs) which on 
gaining entry into the cytoplasm act as pro-inflammatory 
molecules and stimulate NLR family pyrin domain con-
taining 3 (NLRP3) inflammasomes, IL-1β activation and 
caspase-1 activation. Urolithin A and actinonin mitigate 
neuroinflammation and enhance microglial phagocytosis by 
increasing mitophagy resulting in decreased tau and amy-
loid β accumulation. IL-10 which is an anti-inflammatory 
cytokine is also responsible for mitigating inflammation by 
phosphorylating AMPK and activating STAT-3/ DNA dam-
age inducible transcript 4 (DDIT4) pathway and inhibiting 
mTOR which potentiates the mitophagy process (Lautrup 
et al. 2019). M1 state of microglia can be modulated into M2 
state which has neuroprotective role. Therefore, microglial 
polarization can be a potential target. A second generation 
tetracycline known as minocycline is selective for inhibiting 
M1 state of microglia and resulting in anti-neuroinflamma-
tory effects in brain of AD patients (Regen et al. 2017).

At present there are various drugs under investigation 
which can prevent neuroinflammatory pathways contribut-
ing to AD (Fig. 3). Phytochemicals found naturally have 
anti-inflammatory and anti-oxidant activities. Polyphenolic 
compounds are one in this broad category. Some of the com-
pounds include vitamin E, vitamin C, Curcumin, catechin 
and resveratrol. It has been seen in various studies that nutra-
ceuticals containing these compounds act as pro-oxidants 
rather than anti-oxidants. So the exact actions of these nutra-
ceuticals are still unclear and investigations are still going 
on (Sawikr et al. 2017).

Anti-oxidant nutrients repress the synthesis of TNF-α, 
IL-6 and NO by the activated microglia in a fixation subor-
dinate way. Vitamin E gives neuro-protection by lessening 

Fig. 3   Neuroinflammatory pathways and drugs targeting neuroinflam-
mation. Figure 3 shows that due to dysregulation of various pathways 
in brain and periphery leads to hyperactivation of Glial cells and 
other inflammatory cells in the brain which contributes to neuroin-
flammatory pathway of AD. Drugs like PPARγ agonists, COX inhibi-
tors, vitamin E, vitamin C, curcumin and catechin act via various 
mechanisms to reduce the neuroinflammatory pathways thus prevent 
the progression of AD
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TNF-α along with NO production and it decreases the 
LPS-instigated increment in free radicals and IL-6 in 
microglia. Polyphenolic compounds like flavonoids and 
Vitamin C may hinder age-related neurodegenerative dis-
eases. Flavonoids, that are available in day to day dietary 
products, ensure survival and wellbeing of neuronal cells 
by decreasing oxidation of proteins, restraining of JNK 
and p38 pathways and forestalling production of free radi-
cals (Shabab et al. 2017).

Pioglitazone acts as Peroxisome proliferator-activated 
receptor γ (PPARγ) agonist; it changes the M1 state of 
microglia to M2 state which increases the phagocytosis 
of deposited Aβ. PPARγ agonists also reduce the synthe-
sis of IL-1β inflammatory cytokines. Transhinone I is an 
inhibitor of IL-6, IL-1β, TNF-α and nitric oxide and sub-
sequently inhibits NFκB pathway in microglia. Gastrodin 
inhibits MAPK pathway and NFκB resulting in reduction 
of pro-inflammatory mediators, cytokines and interleukins. 
Resveratrol also inhibits NFκB, cAMP response element 
binding protein (CREB) and MAPK by mTOR pathway. 
Trans-cinnamaldehyde inhibits and degrades iNOS which 
inhibits ERK1/2/MEK pathways and reduce production of 
NO. Glatiramer acetate reduces the release of TNF-α from 
microglial cells but it does not have any profound effect in 
the synthesis of NO (Thawkar and Kaur 2019) (Table.1).

Drugs in various phases of clinical trials 
for the treatment of Alzheimer’s disease 
targeting neuroinflammation

Indomethacin

Indomethacin is in phase 3 of clinical trial with the main 
objective of treatment of Alzheimer’s disease. The actual 
enrollment for the study is of 160 participants. The study 
design is randomized with parallel assignment model and 
double masking. The recruitment status of the study is 
completed. In preclinical trials on rat models indomethacin 
reduced the levels of inflammatory molecules like TNFα 
and IL1β in the hippocampus region of the brain (Rawat 
et al. 2019). Indomethacin is a non-steroidal anti-inflam-
matory drug which acts as PPARγ activator that results 
in decreased activity of BACE1 reducing the production 
of Aβ from APP (Deardorff and Grossberg, 2017). The 
results are although negative in some studies as this drug 
failed to slow down the progression of AD (de Jong et al. 
2008) however some recent studies revealed neuroprotec-
tive action of indomethacin and improvement in cognitive 
decline in AD (Ali et al. 2019). More research needs to be 
done to establish a definitive role of indomethacin in AD 
treatment.

VX‑745

VX-745 (Neflamapimod) is in phase 2 of clinical trials 
with an objective of treatment of Alzheimer’s disease. 
The study design is randomized, parallel assignment with 
quadruple masking. It is a double blind and placebo-con-
trolled study. Estimated enrollment is of 40 participants. 
The recruitment status of the study is under recruiting. In 
AD transgenic mice models VX-745 has found to be effec-
tive in slowing down the progression of AD by acting as a 
p38 MAPK inhibitor (Dong et al. 2019). It is an oral drug 
with selective p38α blocking activity. p38 is involved in 
the activation of microglia and release of pro-inflamma-
tory cytokines (Scheltens et al. 2018).

PTI‑125

PTI-125 (Simufilam) is under phase 2 of clinical trial. The 
primary purpose of the study is treatment of the disease. 
The study is open label with single group assignment and 
multi-centric. The estimated enrollment for the study is 
of 200 participants. The recruitment status of the study 
is active, not recruiting. In animal models simufilam has 
been proven to reduce inflammation and tau phosphoryla-
tion via binding filamin thus preventing binding of Aβ42 
α7 nicotinic acetylcholine receptors (Pleen and Townley 
2021). PTI-125 binds to altered filamin A (FLNA) and 
restores its normal structure, improves receptor and syn-
aptic functions and reduces its linkage with α7nAChR/
TLR4 downstream pathologies which leads to increase in 
hyperphosphorylated tau levels and increased release of 
inflammatory mediators respectively (Wang et al. 2017).

Candesartan

Candesartan is in phase 2 of clinical trials for treatment 
of Alzheimer’s disease. The study design is randomized 
having quadruple masking with parallel assignment model. 
The estimated enrollment for the study is of 77 partici-
pants. The recruitment status of the study is completed. 
Candesartan being an angiotensin receptor blocker has a 
potential to prevent the AT2R binding. Stress stimuli such 
as cold, predator exposure activate release of RAS and 
Ang II. In familial AD mice models candesartan reduced 
nitric oxide synthase and cyclooxygenase levels. It also 
reduced the hyperactivation of microglia in the hippocam-
pal region of AD mice brains (Torika et al. 2018). Can-
desartan potentially decrease the activity of angiotensin I 
receptor which contributes in the modulation of inflamma-
tion in AD (Trofimiuk et al. 2018).
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Table 1   Drugs in clinical trial targeting neuroinflammation for the treatment of AD

S. No. Drug name Structure Mechanism of 
action

NCT No. Route of 
adminis-tration

Status

1 Indomethacin

 

COX1/2 inhibitor NCT00432081 Oral Completed

2 VX-745
(Neflamapimod)

 

P38-α MAPK 
inhibitor

NCT03435861 Oral Recruiting

3 PTI-125 (Simufilam)

 

Binds to Filamin A 
(FLNa) Anti-
neuro-inflamma-
tory

NCT04388254 Oral Active, Not 
recruit-
ing

4 Candesartan

 

Reduces NO, 
TNF-α and TGF-
β1 levels

NCT02646982 Oral Completed

5 Florbetaben

 

Targets amyloid β NCT03744312 i.v Enrolling 
by invita-
tion

6 Minocycline

 

eIF2α Inhibition NCT01463384 Oral Completed

7 Pioglitazone

 

PPAR γ agonist NCT00982202 Oral Completed
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Table 1   (continued)

S. No. Drug name Structure Mechanism of 
action

NCT No. Route of 
adminis-tration

Status

8 Simvastatin

 

Immuno-modu-
latory and anti-
inflammatory

NCT00486044 Oral Completed

9 Atomoxetine

 

Reduces NF-κB 
expression

NCT01522404 Oral Completed

10 Dexmedetomidine

 

MAPK/ERK1/2 
inhibitor

NCT04205539 I.V. infusion Suspended 
(Pending 
Covid-19 
pan-
demic)

11 NP001 Immuno-modulator 
and macrophage 
modulator

NCT03179501 i.v Terminated

12 Celecoxib

 

COX-2 inhibitor NCT00065169 Oral Completed

13 Entanercept

 

TNF-α inhibitor NCT00203359 Perispinal 
injection

Completed
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Florbetaben

Florbetaben is in phase 2 of clinical trial with the objec-
tive of diagnosis of the disease. The study design is non-
randomized, open label with parallel assignment model. 
Estimated enrollment for the study is of 50 participants. 
The recruitment status of the study is under recruiting. 
Florbetaben is used in PET scanning using 18F labeling. It 
is non-invasive method to detect amyloid β levels. It has 
been used in APP-Swe mice to detect amyloidogenesis 
progression in the mice brain (Rominger et al. 2013). It is 
frequently used to check the amyloid β decreasing ability 
of drugs (Stenzel et al. 2018).

Minocycline

Minocycline is in phase 2 of clinical trials for the objec-
tive of treatment of Alzheimer’s disease. The design of the 
study is open label with single group assignment model. 
Actual enrollment is of 13 participants. The recruitment 
status of the study is completed. It is a second genera-
tion tetracycline antibiotic. In various neurodegenerative 
animal models minocycline has shown neuroprotective 
effects. It reduced the levels of inflammatory markers like 
IL6 and the microglial activation in the brains of AD mod-
els (Cheng et al. 2015). Minocycline reduces TNF-α and 
IL-1β levels and other inflammatory cytokines leading to 
the anti-inflammatory action (Amani et al. 2019).

Pioglitazone

Pioglitazone is in phase 2 of clinical trial with the primary 
motive of treatment of the disease. The design of the study 
is randomized, parallel assignment model with quadruple 
masking. Actual enrollment for the study is of 25 partici-
pants. The recruitment status of the study is completed. 
Pioglitazone has been found to reduce Glial inflammation 
and Aβ levels in AD transgenic mice models (Galimberti 
and Scarpini 2017). Pioglitazone acts as PPARγ agonist; 
it changes the M1 state of microglia to M2 state which 
increases the phagocytosis of deposited Aβ. PPARγ agonists 
also reduce the synthesis of IL-1β inflammatory cytokines 
(Thawkar and Kaur 2019).

Simvastatin

Simvastatin is in phase 2 clinical trial for the primary aim of 
prevention of the disease. The study design is randomized, 
parallel assignment with triple masking. The actual enroll-
ment for the study is of 103 participants. The recruitment 
status of the study is completed. Preclinical studies in mice 
models have shown that simvastatin reduces neuroinflam-
mation via modulation of NFκB/p65 pathway (Yu-Ben et al. 
2019). Simvastatin reduces the apoptosis and release of 
inflammatory mediators and cytokines and increase the rate 
of survival of neuronal cells. Statins also acts as HMG CoA 
reductase inhibitor. Simvastatin also inhibits miR-106b thus 

Table 1   (continued)

S. No. Drug name Structure Mechanism of 
action

NCT No. Route of 
adminis-tration

Status

14 Memantine

 

Reduces release of 
pro-inflammatory 
factors, NMDA 
antagonist

NCT03918616 Oral Completed

15 Cyclophosphamate

 

Immuno-suppressor 
and alkylating 
agent

NCT00013650 i.v/oral Completed
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prevents neuronal death and inhibits inflammatory response 
in brain of AD patients (Huang et al. 2017).

Atomoxetine

Atomoxetine is in phase 2 of clinical trial. The actual 
enrollment for the study is of 39 participants. The design 
of the study is randomized and crossover-assignment with 
quadruple masking. The recruitment status of the study 
is completed. It acts as non-adrenaline reuptake inhibitor. 
Atomoxetine efficiently reduced microglial activation and 
decreased the expression of inflammatory cytokine TNFα 
in experimental models (Yssel et al. 2018). It increases the 
neurotrophic effects and decreases the expression of TNF-α 
by suppressing the activation of microglia. In addition atom-
oxetine increases tyrosine hydroxylase activity and improves 
motor activities (Yssel et al. 2018).

Dexmedetomidine

Dexmedetomidine is in phase 1 of clinical trials for the 
objective of treatment of Alzheimer’s disease. The design 
of the study is open label with single group assignment. 
Estimated enrollment for the study is of 50 participants. The 
recruitment status of the study is enrolling by invitation. 
In rat models dexmedetomidine reduces the expression of 
TLR-4 mRNA in the hippocampus region thus inhibiting 
inflammatory pathways and cognitive dysfunction (Wang 
et al. 2018). It is a selective α2 adrenoreceptor agonist; it 
inhibits the excessive production of TNF inflammatory 
mediator and mitigates microglial activation thus acting as 
an anti-inflammatory agent (Clark and Vissel 2018).

NP001

NP001 is in phase 1 of clinical trial. The study design is 
randomized, double blind and placebo-controlled with paral-
lel assignment model. The recruitment status of the study is 
terminated due to poor recruitment. Actual enrollment for 
the study is of four participants. It belongs to anti-inflamma-
tory drugs. NP001 has shown immunomodulatory effects, 
it reduces the activation of abnormal inflammatory mac-
rophages in preclinical studies (Bucchia et al. 2015). It acts 
as immune regulator of inflammatory monocytes or mac-
rophages and reduces the release of inflammatory mediators 
and ameliorates neuroinflammation (Cummings et al. 2018).

Celecoxib

Celecoxib is in clinical trial for the prevention of Alzhei-
mer’s disease. The study design is randomized, double blind 
with parallel assignment model. The actual enrollment for 
the study is of 138 participants. In Aβ induced rat models 

celecoxib reduced neuroinflammation by reducing Cox-2 
protein expression in the brain of rat models (Mhillaj et al. 
2018). It is a non-steroidal anti-inflammatory drug (NSAID) 
which selectively blocks Cox-2 activity thus reducing the 
over-activation of inflammatory mediators causing neuroin-
flammation. NSAIDs are also efficient in modulating PPARγ 
and processing APP (Deardorff and Grossberg, 2017).

Etanercept

Etanercept is in phase 1 clinical trial for treatment of the 
disease. The design of the study is open label and non-ran-
domized with single group assignment model. The actual 
enrollment for the study is of 15 participants. The recruit-
ment status of the study is completed. It acts as TNF-α inhib-
itor. Being a highly specific antagonist of TNF etanercept 
have shown efficacy in reducing inflammation via reduction 
of Il-6 levels in the brain of animal models (Galinsky et al. 
2020). TNFR1 and TNFR2 are the two types of receptors 
for TNF which mediate pro-apoptotic pathway along with 
inflammation and neuroprotection, respectively. It reduces 
the levels of TNF in hippocampus region of brain and 
improves memory functions (Ortí-Casañ et al. 2019).

Memantine

This study involving Memantine is an observational study 
with case control model. Actual enrollment for the study 
is of 50 participants. The recruitment status of the study 
is completed. Preclinical studies of Memantine were per-
formed in Tg2576 and triple- transgenic mice, concluding 
that Memantine reduced tau pathology and levels of Aβ 
along with reduction in inflammation and improved behavio-
ral activities (Scearce-Levie et al. 2020). Memantine blocks 
NMDA, a glutamate receptors sub-family, which has very 
important role in the functioning of brain. The recruitment 
status of the study is terminated (Khalaf et al. 2019).

Conclusion

AD is a rapidly progressing disorder contributing to neu-
rodegeneration. Many hypotheses have been made regard-
ing the pathophysiology of the disease including mainly 
tau hypothesis and amyloid β hypothesis. But due to the 
involvement of several factors in the pathogenesis of the 
disease complete cure is still on the urge of development. 
Many evidences support the involvement of brain inflam-
mation in the development of the disease. The major cells 
involved in the neuroinflammation process in the brain 
are glial cells including microglia and astrocytes. Other 
cells involved in neuroinflammation are oligodendrocytes, 
pericytes and neurons. In AD brains these cells become 
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hyperactive and potentiate the release of inflammatory 
mediators like cytokines, chemokines, interferons and 
interleukins which get accumulated around senile plaques 
in the brain and contribute to neuroinflammation.

Various inflammatory molecules are involved in the 
progression of AD. Interleukins promotes the activation 
of T-lymphocytes mediated toxicity, increase the activity 
of macrophages and neutrophils. Inflammatory cytokines 
are released from glial cells and are of two types, pro-
inflammatory and anti-inflammatory. Chemokines may 
powerfully direct microglial relocation and enlistment of 
astrocytes to the site of neuroinflammation, preferring the 
degree of local aggravation of inflammation. Other inflam-
matory molecules are neutrophils and interferons.

Pathways like NFκB, MAPK, Akt/mTOR, p38, COX 
and nitric oxide pathways are involved in the release of 
inflammatory molecules from microglia by activating it or 
potentiating M1 state of microglia. AMPK pathway gener-
ally ameliorates the inflammatory response by inhibiting 
mTOR pathway. Anti-inflammatory molecules like mino-
cycline are employed for reducing Aβ and tau pathologies 
by mitigating the release of pro-inflammatory cytokines 
from glial cells. Inhibition of iNOS and Cox-2 is also con-
sidered effective in ameliorating neuroinflammation in AD 
patients. Other anti-inflammatory molecules are curcumin, 
catechin, Vitamin E and Vitamin C. Celecoxib a cox-2 
selective inhibitor, also ameliorates inflammation in brain. 
Pioglitazone a PPARγ agonist, changes the M1 state of 
microglia to M2 state which increases the phagocytosis of 
deposited Aβ. PPARγ agonists also reduce the synthesis 
of IL-1β inflammatory cytokines. Many drugs targeting 
neuroinflammation inducing pathways are under different 
phases of clinical trials. As there is a need of development 
of complete cure for Alzheimer’s disease, focusing neuro-
inflammation pathways can come out as effective treatment 
for the disease.
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