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Abstract: The key pathology of Alzheimer’s disease (AD) is the progressive accumulation of misfolded 

amyloid beta proteins (Aβ) in extracellular and intracellular spaces. It is an age related, complicated disorders 

involving multifactor, including neuro-inflammation, oxidative damage along with Aβ deposition. These events 

may work either independently, or together lead to neuronal degeneration, thus perturb neuronal 

communications, which ultimately show a long term cognitive and motor dysfunction. The therapy for this 

disease is still unclear and under active investigation. Although several synthesized compounds, small 

molecules, drugs have been investigated to prevent further neurodegeneration, some of them have demonstrated 

partial inhibition of aggregation of the Aβ and their neurotoxicity, but unfortunately, most of them show 

unsatisfactory outcome. However, recently, as a potent anti-amyloid and anti-inflammatory natural polyphenol 

curcumin (the principal ingredient from the root extract of Curcuma longa) has been used in several 

neurodegenerative diseases, including AD. It can reduce amyloid burden, rescue neuronal damage and restore 

normal cognitive and sensory motor functions in different animal models of AD. Interestingly, it is not only 

neuroprotective, but also has preferential binding to misfolded Aβ. Therefore, Cur has been considered a 

promising natural compound to use as therapeutics as well as detection of Aβ plaques in AD. This mini-review 

highlighted the therapeutic targets, including possible molecular pathways of curcumin action to rescue 

neurodegeneration in AD. This article should help to researcher for basic understanding of the molecular 

mechanism of action of curcumin to use as therapeutics to fight against neurodegeneration in AD. 
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MAP-microtubule associated protein, PHF-paired helical filaments, GSK-3β-glycogen synthase kinase-3β, 

MAPK-mitogen-activated protein kinase, pTau-phosphorylated tau, DHA- docosahexaenoic acid, IRS-Insulin 

receptor substrate, JNK-Jun amino-terminal kinases,  IL-interleukin, TNF-tumor necrosis factor, IFN- 

interferon, COX-cyclooxygenase, PET-positron emission tomography, NIR-near infrared, PiB-Pittsburgh 

compound B, FDG-Fludeoxyglucose 

 

1. INTRODUCTION 

Alzheimer’s disease is the major age related neurodegenerative disease characterized by early 

memory deficits, followed by gradual decline of cognitive and intellectual functions or dementia, 

along with neurobehavioral abnormalities (Brendan et al., 2007).  It is one of the leading causes of 

death for elder population worldwide. The hallmark pathology of AD is the deposition of amyloid 

beta protein (Aβ) as senile plaques in extracellular spaces, and phosphorylated tau as neurofibrillary 

tangle (NFT) intracellularly (Masashi et al., 2012). The accumulation of these abnormal or misfolded 

proteins are thought to be the principal reason for synaptic deficits, neuronal loss, oxidative damage 

and increase neuroinflammation in numerous brain regions (Chen et al., 2012). Most importantly, the 

pre-clinical signs of AD, including accumulation of Aβ are present decades before its clinical onset 

and most of the late-stage of AD (Reisa et al., 2011). Therefore, prognosis is essential to start therapy 

in order to prevent or delay the progressive neurodegeneration in AD. 
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Although several research have been done to prevent or delay AD progression using anti-amyloid, 

anti-inlfamatory agents, small molecules, drugs, but none of them are in satisfactory level yet. 

However, as a potent anti-amyloid natural polyphenol, curcumin attracted to the researchers to use as 

a promising drug of choice for therapy of AD (Frautschy et al., 2000, Ono et al., 2004; Ma et al., 

2013; Begum et al., 2008; Maiti et al., 2014). It can bind and inhibit the Aβ aggregation, and improve 

motor coordination and cognition in mouse models of (Yang et al., 2005; Ono et al., 2004; Begum et 

al., 2008; Maiti et al; 2016). Interestingly, it has strong affinity towards Aβ, thus can be utilized to 

detect early pathology in animal’s models of AD (Maiti et al., 2016). In addition, as a low cost, easily 

available natural fluorochrome and strong binding affinity to Aβ, recently curcumin has been used as 

a potent labeling probe for imaging Aβ plaques and help to detect AD in their early stage non-

invasively (Garcia-Alloza, 2007; Ran et al., 2009; Maiti et al; 2016). Several analogues and 

derivatives of Cur have been formulated to increase its imaging capability and implemented for 

imaging Aβ-plaques in animals and human AD (Ran et al., 2009). Because of it’s poor water 

solubility, instability in body fluids, rapid degradation, and limited bioavailability, curcumin is less 

attractive for treatment of AD. Recently, several formulas of Cur have been developed, including 

liposome-curcumin, or Cur conjugated with nanogel or dendrimer or with silver, or gold nanoparticle 

and also with solid lipid nano particles. We have been using the solid lipid cur particles (Longvida), to 

increase its solubility, bioavailability, and which have been tested in vitro and in different animal 

models of AD (Ryu et al., 2006 ; Begum et al., 2008; Koronyo et al., 2012 ; Ma et al., 2013 ; Zghang 

et al., 2015; Maiti et al ; 2014 ; 2015 ; 2016). In this mini review, the potential roles of Cur in AD 

therapy are highlighted. In short, along with its therapeutic efficacy, curcumin can be used as a 

promising imaging fluorochrome for detection of Aβ-plaques and diagnosis of AD non-invasively. 

2. CURCUMIN SOURCE 

The principal yellow pigment present in the turmeric root extract of Curcuma longa, (a ginger family, 

Zingiberaceae) is curcumin, which is a diarylheptanoid in nature. Biochemical analysis showed that 

curcuminoids complex found in whole turmeric contains about 2.5-6% pure curcumin (Lee et al., 

2013). The Commercial curcumin contains many components including three main types of 

curcuminoids, such as (a) curcumin (diferuloylmethane/Curcumin-I, ∼77%), (b) demethoxy curcumin 

(Curcumin-II, ∼ 17%) and (c) bis-demethoxy curcumin (Curcumin-III, ∼ 3%). Besides that four 

identified turmerones (among them alpha-turmerone, beta-turmerone, ar-turmerone, and aromatic-

turmerone), as well as alpha-santalene, aromatic-curcumene, curlone, and other compounds were 

found (Anand et al., 2007; 2008; Aggarwal et al., 2007). 

3. RATIONALE FOR CURCUMIN THERAPY IN NEUROLOGICAL DISEASES 

Several experimental data suggest that curcumin has pleiotropic effects on nervous system (Frautschy 

et al., 2001; Cole et al., 2004; 2007; Yang et al., 2005; Begum et al., 2008; Maiti et al., 2014; 2015; 

2016). It is a neuroprotective agent, with potent antioxidant, along with anti-inflammatory activity 

(Cole, 2007). It’s anti-amyloid properties makes it most promising compounds for treatment of 

different brain diseases caused by amyloid accumulation (Yang et al., 2005; Lim et al., 2000; Mutsuga 

et al., 2012; Maiti et al., 2016). Several experimental data suggest that neuroinflammation, oxidative 

damage and deposition of misfolded amyloid proteins synergistically contribute the pathogenesis of 

many neurological diseases, therefore targeting these processes is to be relevant for these diseases 

therapy (Ono et al., 2004; Yang et al., 2005; Begum et al., 2008; Maiti et al., 2014; 2015). There are 

several reasons for Cur therapy in neurological diseases, such as: (i) it can easily cross blood brain 

barrier; (ii) it can bind and disaggregate amyloid oligomers and fibrils (anti-amyloid); (iii) it can 

enhance amyloid clearance similar to vaccine; (iv) it can reduce chronic inflammation in 

neurodegenerative diseases; (v) it is a potent anti-oxidant; (vi) it can stimulate neurogenesis (animal 

studies); (vii) It can chelate metals, remove metals from Aβ; (viii) there is no side effects even taking 

up to 12g/day; (ix) it is inexpensive and easily available; (x) it is chemically hydrophobic or lipophilic 

in nature which helps to increase its absorption in brain and increase its half-life; (xi) it can produce 

high fluorescent intensity when it binds to amyloid-plaques, therefore, can be used for labelling and 

imaging of amyloid plaques in-vitro and in-vivo, or can be used imaging probe for non-invasive 

techniques (Cole 2007; Begum et al., 2008; Maiti et al., 2016). 
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Fig 1. Reasons for use of curcumin in Alzheimer’s disease therapy. Among all these, anti-amyloid, anti-

inflammatory and anti-oxidant of Cur are the most attractive properties of its use in Alzheimer’s disease 

therapy. 

4. CURCUMIN IN ALZHEIMER’S DISEASE 

(i) Inhibition of Aβ aggregation: Numerous experimental data demonstrated that Cur can directly bind 

to β-pleated sheet structures of Aβ in-vitro (Ono et al., 2004; Yang et al., 2005; Maiti et al., 2016). 

Interestingly, the Cur showed the strongest inhibitory effect on Aβ aggregation among 214 

antioxidant compounds tested in-vitro (Kim, H. et al. 2005), indicating it is one of the most potent 

anti-amyloid compounds investigated so-far. An in vitro study conducted by Ono et al. have 

demonstrated that Cur have a dose dependent effects on the inhibition of Aβ1−40/1−42 fibrils with an 

EC50 of 0.09–0.63 μM (Ono, K. et al. 2004). Several in vitro studies demonstrated that Cur can 

attenuate the assembly of both Aβ40 and Aβ42 oligomers and fibril formation Ono et al., 2004). Oral 

or intraperitoneal injection of Cur for 3-7 days to mice, cross blood brain barrier and found in brain 

tissue and decrease neuropathology in animal model of AD as shown by two-photon imaging (Zhang 

et al., 2014). Similarly, significant inhibition of Aβ oligomerization, its plaques formation, and 

decrease tau phosphorylation were observed along with behavioral improvements in an AD mouse 

models after oral intake of Cur (Lim, 2001; Cole, 2003; Yang, 2005). Further, in vivo imaging using 

multiphoton microscope showed a decrease of 30% Aβ plaque size and also prevent dystrophic 

neurites when the animals were injected the Cur via tail vein for one week (Garcia-Alloza, 2007). 

Another study conducted by Koronyo-Hamaoui et al., (2012) showed that Cur also binds with Aβ-

plaques in retina. A clinical study showed that Cur engulf Aβ effectively and decrease plaque load in 

AD brain. Though there are no true epidemiological studies of Cur intake and the incidence of AD, 

but one surprising trend is observed among Indian and south Asian countries those who consume Cur 

everyday as a spice, have less development of AD compared to the United States and other Western 

countries (David et al., 2005).  

(ii) Inhibits Aβ production: Aβ is a by-product of a transmembrane protein called amyloid precursor 

protein (APP). The production of Aβ is catalyzed by the two successive enzymes, first by β-secretase 

(BACE) followed by γ-secretase, which contain presenilin-1 (PS1). It is speculated that during disease 

progression, induction of inflammatory signals aggravates the expression of Aβ production by 

increasing the activity of BACE. Whereas, Cur inhibits the activity of BASE, thus reduce level of Aβ 

(Frautschy et al., 2010; Lin et al., 2008). In addition, Cur is a potent inhibitor for APP metabolic 

pathway, thus lower the Aβ level (Zhang et al., 2010). Further, it can regulate Aβ production by 

inhibiting GSK-3β-mediated PS1 activation (Xiong et al., 2011). 

 (iii) Aβ clearance. The levels of Aβ in the brains of AD depend on a balance between production, 

clearance and influx. The levels of Aβ are increased due to impairment of clearance pathways. 

However, there are several ways Aβ are disposed from the cell, including receptor-mediated Aβ 

transport across the blood–brain barrier and enzyme-mediated Aβ degradation and involvement of 

immune system for Aβ clearance. Research reports suggest that Cur can act as amyloid vaccine (by 

Frautaschy et al., 2010, Maiti et al., 2014). It can bind with Aβ and able to remove Aβ from the brain 

promoting receptor-mediated Aβ efflux from the brain. In contrast, curcumin could decrease Aβ load 

by suppressing the Aβ influx across the blood brain barrier (BBB), and upregulate the enzyme-

mediated degradation of Aβ. Furthermore, Cur stimulates phagocytosis and increase the association of 

phagocytic cells around Aβ-plaques as observed in a rat AD model (Frautschy, 2001) and Tg2576 

mouse model of AD, as well as with plaques in human sections exposed to primary rodent microglia 

(Cole, 2004).  

http://www.ncbi.nlm.nih.gov/pubmed?term=%2522Koronyo-Hamaoui%20M%2522%255BAuthor%255D
http://www.ncbi.nlm.nih.gov/pubmed?term=%2522Zhang%20C%2522%255BAuthor%255D
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 (iv) Inhibition of phosphorylated tau. AD pathogenesis is also involved aggregation of abnormal tau. 

Tau is a microtubule binding protein or microtubule associated protein (MAP), which is essential for 

microtubule stabilization. They are abundant in neurons of central nervous system. Alteration of tau 

protein structure causes damage of cytoarchitecture leading to oxidative stress, mitochondrial 

dysfunction and neurodegeneration (Kunner et al., 1998; Gamblin et al., 2000; Zhu et al., 2002). In 

AD, tau become hyperphosphorylated and form paired helical filaments (PHF) and deposited as 

neurofibrillary tangle (NFT) leading to neurodegeneration. Several tau kinases are involved for 

deposition of NFTs including glycogen synthase kinase-3β (GSK-3β) and mitogen-activated protein 

kinase (MAPK). However, similar to other amyloid proteins, Cur has been shown to bind to NFTs in 

human AD brain and mouse model of AD (Mohorko et al.,, 2010; Mutsuga et al., 2012). It inhibits 

pTau in-vitro by reducing oxidative stress. Similarly, previously we have reported that Cur can reduce 

Tau dimer and pTau oligomerization in a human tau transgenic mouse model (Ma et al., 2013), 

because Cur inhibits GSK-3β activity. Further, oral administration of Cur (555 ppm) together with 

DHA reduces pTau by inhibiting IRS-1 and JNK activities in vivo (Ma, 2009).  

(v) Inhibits oxidation and inflammation. Though Aβ induced oxidative stress and neuroinflammation 

is not clear yet, but it is considered one of the primary events involved in neuronal death in AD 

(Garcia-Alloz et al., 2006; Behl et al., 1992; Mrakand et al., 2001). However, as a strong antioxidant, 

Cur can limit the pro-oxidant, pro-inflammatory and other toxic effects in AD brains. Cur can inhibit 

the inflammatory cytokines, including IL-1, IL-6, TNF-α, IFN-γ, and also COX-2 activity. 

 (vi) As an imaging probe for Aβ-plaques detection ex-vivo and in vivo. Curcumin is naturally 

fluorescent and preferentially binds to Aβ plaques, therefore, it can be used to label and image Aβ-

plaques ex-vivo and in-vivo (Maiti et al., 2016). In addition, it has structural similarities with classical 

amyloid binding dyes, (such as Thioflavi-s, Congo red, and crysamine-G), which makes it a 

promising candidate for labelling and imaging of amyloid plaques ex-vivo and in-vivo (Maiti et al., 

2016). Garcia-Alloz et al. (2007) demonstrated that Cur can be used to visualize Aβ-plaques in vivo as 

shown in APP-tau transgenic mouse model.  Similarly, a strong fluorescent signal was observed when 

the brain sections from animal models of AD and AD patients were incubated with Cur (Zhang et al., 

2015). To confirm whether Cur binds to Aβ-plaques, the sections from mouse brain of AD was 

probed with Aβ-specific antibody (6E10) and then stained with Cur, and observed curcumin 

completely co-localized with Aβ-specific antibody, which indicates Cur has specificity to Aβ similar 

to Aβ-specific antibody (Fig 2) (Maiti et al., 2016) 

 

Fig 2. Curcumin binding to Aβ-plaques. Curcumin is co-localized with Aβ-specific antibody (6E10) in Aβ-

plaques in cortical tissue from 5xFAD mice. 

More recently, using its fluorescent properties, researchers have tried to use Cur derivatives for in vivo 

imaging, such as potential positron emission tomographic (PET) probes for amyloid imaging or 

retinal scan for detection of AD in experimental animals and humans (Koronyo-Hamaoui et al., 2012). 

Whereas, it is not a practical probe for in vivo near infrared (NIR) imaging due to its short emission 

wave length (~550 nm), limited bioavailability, and rapid degradation. By modifying the structure of 

curcumin a boro-fluoro-Cur derivative have been developed which shift the emission wavelength to 

the near infrared (NIR) range. These derivatives are called CRANAD, and in this way they developed 

several derivatives including CRANAD-2, CRANAD-44 and CRANAD-28 (Ran et al., 2009). These 

derivatives of Cur probe significantly increases fluorescence properties upon binding to Aβ-plaques 
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(Ran et al., 2009; Ryu et al., 2006). Surprisingly, the binding affinity of Cur for Aβ aggregates is 

higher (with a Ki of 0.07 nM for F18 labeled curcumin binding for fibrillar Aβ) than the molecular 

imaging probes, such as Pittsburgh compound B (PiB) in Fludeoxyglucose positron emission 

tomography (FDG-PET) (Ryu, 2006). Not only labelling Aβ-plaques, Cur can also help to visualize 

the distinct morphology of different Aβ-plaques, such as Core, neuritic, diffuse and burned out 

plaques, indicating that it can be used to investigate the overall amyloid plaque loads as well as helps 

to characterize the morphology of Aβ-plaques after anti-amyloid therapy (Maiti et al., 2016). 

Therefore, as a potent anti-amyloid polyphenol, Cur has a complete requisite profile for labelling and 

imaging the amyloid plaques (Maiti et al., 2016). 

5. RECOMMENDED DOSES AND LIMITATIONS OF CURCUMIN THERAPY 

Toxicological evaluation revealed that Cur is found to be pharmacologically safe (up to 12g/day), or 

no apparent side effects has been observed in animal studies and in phase-I clinical trial (Agarwal et 

al., 2010).  Similarly, another phase-1 human trial with 8g of Cur per day for three months found no 

toxicity (Agarwal et al., 2010). However, a few studies revealed that with high doses certain mild 

symptoms including gastro-intestinal upset, chest tightness, skin rashes, and swollen skin may be seen 

with some allergic reactions or dermatitis (Agarwal et al., 2010). Furthermore, chronic intake of Cur 

sometimes may be hepatotoxic. Therefore, the person having liver diseases, such as liver cirrhosis, 

biliary tract obstruction, gallstones, obstructive jaundice and acute biliary colic, or those are under 

prescribed medication for hepatic problems are not recommended for Cur therapy, because it can 

stimulate bile secretion. Similarly, alcoholics or heavy drinkers are not also recommended for this 

therapy. Furthermore, the individual taking any blood thinning agents, non-steroidal anti-

inflammatory drugs or reserpine are not supposed to take Cur, because it can interacts with these 

drugs. In fact supplementation of even 20-40 mg of Cur per day can increase the gallbladder 

contractions in healthy people (Mishra et al., 2008). However, as we mentioned before, the dietary 

Cur is very unstable in most of the body fluids, and with poor water solubility and limited tissue 

bioavailability. Therefore, Cur mixed with oil would be better to absorb in our digestive system. 

Experimental animal results showed that 600 nM is sufficient to reduce pathology in mouse model of 

AD (Begum et al., 2008; Maiti et al., 2015). Extrapolation of animal studies to clinical trial revealed 

that an oral supplementation of Cur in the range of 80-500 mg /day are recommended to get its 

beneficial effect in human, whereas, intake of raw turmeric may be 2-4 gram/day (Mishra et al., 2008; 

Begum et al., 2008; Agarwal et al., 2010; Maiti et a., 2015).  

6. CONCLUSION 

Alzheimer’s disease is an age related complicated syndrome with a complex neuropathological 

characteristics, and develops progressively before showing any clinical symptoms. Neuronal damage 

and cognitive deficits or impairment of motor coordination are the major problems in this disease. 

Because of its pleotropic actions on nervous system, including anti-amyloid, anti-inflammatory and 

anti-oxidant properties as well as safe, inexpensive, easily available and effectively penetrates into the 

brain tissues, curcumin is a promising candidate for targeting protein misfolding neurological 

diseases, such as AD. It is also as effective as other fluorescent probe for imaging amyloid plaques in 

animal models as well as human AD brain. However, further research and clinical trials are necessary 

for its use in the therapy of AD. 
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