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INTRODUCTION

1. Alzheimer’s Disease

Alzheimer Disease (AD) is an age related progressive and irreversible neurodegenerative
disorderthat is marked by non-cognitive and cognitive memory impairment (Palareti et al.,
2016) (Giuffrida et al., 2009). Age is one of the major risk factor associated with
Alzheimer’s disease. According to a study conducted on patients diagnosed with Alzheimer’s
purports that with diagnosis of every 1275 new cases of Alzheimer per year per 100,000

patients older than age of 65 years, the progression of disease doubles every 5 years after 65
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years of age (Hirtz et al., 2007).Report on centenarians appears to support that Alzheimer’s
disease is not essentially the result of aging, but the chances of positive diagnosis of
Alzheimer’s reaches one in three after the age of patients exceeds 85 (den Dunnen et al.,
2008).

By the end of three or four decades, the new cases of Alzheimer’s are expected to be
developed inevery 33 seconds all-round the globe. As a matter of fact Alzheimer’s disease is
constraining a tremendous impact on the society and expenses to deal with it suggest that
modern epidemic is in near future. The increasing numbers of patients suffering from
Alzheimer’s disease according to the study clearly indicates the increasing numbers of elderly
population in low and middle incomecountries. Subsequently, it is anticipated that the number
of individuals with dementia will rise from 2001 to 2040 by 80-190% in Europe, North
America and the created Western Pacific locale, whereas in Latin America, India, China,
North Africa andthe Center Eastern Bow a soak increment of more than 300% is forecasted
(Hampel et al., 2011).

The neurodegenerative insignia of Alzheimer is associated with presence of senile plaques
(SPs),neurofibrillary tangles, persistent neuronal loss, deposits of B (AB) amyloid plaques and
intracellular neurofibrillary tangles (NFTs) in the limbic region and neocortical regions
(Querfurth and Laferla, 2018). Formation of senile plaques and amyloid fibrils that are
hallmark of this neurodegenerative disorder causes damage to the neuronal structure and its
synaptic connections (Cheng et al., 2013). Senile plagues and hyper-phosphorylation of tau
proteins occurs as a results of aggregation of insoluble alpha-beta amyloid proteins as

multiple sites of neurofibrillary tangles (Oddo et al., 2003).

The two hallmarks of Alzheimer’s disease specifically amyloid plaques and neurofibrillary
tangles (NFTs) have been extensively studied broadly in order to understand the basic cause
and the potential treatment of this disease condition. Still diagnosis of Alzheimer’s disease is
possible bypost mortem or else clinical diagnosis is only possible long after the onset of the
disease pathology. This obstruct the easy detection of disease, a key to prevention and also to

potential successful therapeutic intervention of Alzheimer’s disease (Hampel et al., 2011).

Senile plagues (SPs) are mainly formed due to the aggregates of fibrillar AB, amyloid-f3
peptide (AP) and tau proteins act as hallmark proteins in Alzheimer’s disease condition.

Enzymatic proteolysis of mammalian transmembrane protein which is amyloid precursor
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protein (APP) leads to formation of this amyloid- B peptide. Nonamyloidogenic and
amyloidogenic pathway leads to the proteolysis of APP (Nunan and Small, 2000). In
amyloidogenic pathway cleavage of amyloidprecursor protein occurs due to B-secretase at the
N-terminal of the amyloid-p protein leading to formation of SAPPJ, similarly y-secretase
enzyme causes cleavage of C99 fragment at the C- terminal of AB, which allow breakdown of
APP intracellular domain (AICD) and secretion of AP species of variable length into lumen
(Seubert et al., 1993). Subsequently in non-amyloidogenic pathway, cleavage of APP occur
by the enzyme a-secretase leading to formation of soluble APPa (sAPPa) along with it
formation of short membrane bound C-terminal fragments (CTF), o-CTF or C83 occurs
(Panegyres, 2001). C83 protein fragment formed are again cleaved by y-secretase leading to

secretion of p3 peptides along with AICD into cytoplasm (Black et al., 1997).

In contrast to this low molecular weight aggregates consisting of 2-30 AP peptides, diffusible
harmful oligomeric AP peptides occurred as an aggregates from the excessive accumulation
of monomers. Indiffusible fibrils and plaques are formed when this oligomers reaches to a
critical concentration. These AP oligomers formed are soluble in body fluids and are much
more harmful as compared to the insoluble aggregates formed (Verma et al., 2015).
Extensive neuroinflammation and oxidative damages are also found at the site having
neurodegenration in case of Alzheimer’s disease and other neurodenegerative disorders
which may be the causative factor other than Ap dimers and NFTs. All these pathological
factors collectively leads to progression in neuronal damage and mental impairment. As a
result a catastrophic cycle begins between AB, NFTs, oxidative stress and inflammation and at
last it give rise to activated microglia, increased production of reactive oxygen and
inflammatory factors (Broussard et al., 2012). Production of many other factors like nitric
oxide (NO), ROS, proinflammatory cytokines, chemokines and prostaglandins are increased
along with activation of microglia due to accumulation of these AP aggregates (Glass et al.,
2010).

1.1 Role of The amyloid-p cascade and neuroinflammation in AD

Proteolysis of the mammalian transmembrane amyloid precursor protein (APP) causes
production of amyloid-p protein aggregates. These APP undergo proteolysis through two
methods either amyloidogenic or non amyloidogenic pathway (Nunan and Small, 2000). For
reduction of the amyloid-p aggregates formed which act as the hallmark in case of AD, the

APP secretase has beenchoosen as the most successful target which can stimulate a-secretase
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cleavage. So that the APP is processed through the nonamyloidogenic pathways thus reducing
the B- or d-secretase cleavage and finally leading to reduction in amount of AP produced.
Therefore in recent researches on ADmany such y- and B-secretase inhibitors or modulators
have been designed so as to reduce formation of AP aggregates (De Strooper et al., 2010).
AP proteins and oxidative stress are found to play an important role in progression and
development of AD much before AP pathology and neurofibrillary tangles but various
research indicated that during myocardial infarction the lipid peroxidation that occurs in brain
found to cause oxidative damage that could have comparatively major role in pathogenesis of
AD. Levels of lipid peroxidation are found to be very high during AD in hippocampus and
frontal cortex of brain that are dependent apo-lipoprotein E (ApoE) genotype and levels of

protein in brain region (Ramassamy et al., 1999) (Ramassamy et al., 2000).

Levels of F-2 Isoprostanes, a prostaglandin like compounds are found to be very high during
diagnosis in plasma, urine and cerebrospinal fluid in case of patients suffering from
Alzheimer disease which are derived from the free radical catalyzed peroxidation of
arachidonic acid(Pratic € et al., 2000). Oxidative stress which is another important factor
found with elevated levels along with a byproduct of lipid peroxidation, acrolein, in

hippocampus and temporal cortex.

1.2 Oxidative stress another major factor in Alzheimer’s disease

Oxidative stress is found to be one of the major factor that play an important role in the
pathogenesis of major brain disorders like ischemia and neurodegenerative disorders. Brain is
much more prone toward such oxidative damage in case of increase consumption of oxygen,
increased levels of polyunsaturated fatty acids, reduced levels of antioxidants in body and

high levels of redox transition metallic ions (Moreira et al., 2009).

Oxidative stress mainly occurs due to DNA oxidation, lipid peroxidation, and protein
oxidation and 3-nitrotyrosine formation as observed in several cases of Alzheimer’s disease.
Recent researchers have found that the methionine residue 35 are highly critical to oxidative
stress and neurotoxic activities. Formation of 4-hydroxy-2-nonenal (HNE) or Isoprostanes
have found to occur due to Amyloid-f protein aggregates (1-42) to neuronal cultures which
are the products of lipid peroxidation (Mark et al., 1997) (Mark et al., 1999). Increased
levels of compounds like thiobarbituric acid reactive substances, Isoprostanes and
neuroprostanes demonstrate the increasein lipid peroxidation in Alzheimer’s disease. In such

cases vitamin E found to act as preferable antioxidant that can inhibit the lipid peroxidation
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induced by these Amyloid-p protein aggregates(Butterfield et al., 2001).

Other than lipid peroxidation increased levels of reactive oxygen species (ROS) known to be
keyfactor in neurodegeneration in Alzheimer’s disease. Amyloid-p protein aggregates which
known to be the main causative agent in pathogenesis of Alzheimer’s disease have found to
induce free radical oxidative stress like ROS and reactive nitrogen species (RNS) causing
neurodegeneration as observed in Alzheimer’s. Proinflammatory genes like induced nitric
oxide synthase (iNOS), interleukin-1p (IL-1B), tumor necrosis factor- a (TNF-a), nuclear
factor-kB (NF-«xB) activation occur by reactive oxygen species and reactive nitrogen species
where they act as the signaling molecule for activation and causes chronic inflammation. And
in turn this chronic inflammation again increases more production of ROS and RNS and

increase the neurodegenerative damage (Sarkar and Fisher, 2006).

2. CURCUMIN
2.1 Background
Curcumin is yellow coloured extract obtained from turmeric that is insoluble in ethanol, water
andacetone. It has a melting point of 183°C and molecular formula C21H2006 (Aggarwal

and Harikumar, 2009). It is the primary phytoconstituents found in turmeric along with

other curcuminoids like demethoxycurcumin (curcumin 1), all these phytoconstituents are
recently identified as cyclocurcumin. Commercial curcumin contains 77% curcumin I, 17%
in demethoxycurcumin form, 3% as bis demethoxycurcumin (Darvesh et al., 2012).
Turmeric (curcuma longa) belongs to the genus Zingiberaceae. Curcuma longa is a tropical
herbaceous, short stemmed, rhizomatous, perennial plant naturally grown throughout the
Indian subcontinent and all over tropical Asia. These rhizomes are dried and powdered to
extract an orange-yellow powder that are extensively used as spice and for flavouring in
foods and recipes. The synonyms for turmeric are ‘haldi’ in Hindi, ‘chiang huang’ in

Chinese, ‘ukon’ in Japanese, ‘haridra’ or ‘gauri’ in Sanskrit and ‘kurkum’ in Arabic.
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Fig: Structure of curcumin, Demethoxycurcumin and Bisdemethoxycurcumin.

Curcumin a phenolic compound with yellow colored pigment extracted from turmeric, it has
an aromatic smell due to the presence of volatile oils which is been extensively used as a
natural therapeutic agent because of its various pharmacological activities like antitumor
activity, antimicrobial activity, anti-inflammatory activity and antioxidant properties (Liu et
al., 2012). Despite of its pharmacological activities usage of curcumin is limited in treatment
of various disease condition owing to its less absorption, rapid metabolism in body and
limited permeabilityacross the blood brain barrier. Although curcumin has least solubility and
poor absorption but various researches have indicated that curcumin is safe and well tolerated
even at a high concentration upto 8g/day. Recent researches have been focused on improving
the oral bioavailability of curcumin by the used of phospholipid complex formation, loading
of curcumin on to novel drug delivery system such as quantum dots, nanoparticles (L. et al.,
2012).

In recent researches curcumin have been found to be effective in preventive and treating
various neurological disorders including Alzheimer’s disease. In various animal study model
for evaluating the therapeutic action of curcumin, it found to act as a powerful antioxidant. In
presence of curcumin the concentration of circulating free radical end product found to
decrease because of the potent scavenging activity of curcuminoids on superoxide and
hydroxyl radicals (Soni and Kuttan, 1992). Along with this curcumin inhibit the generation
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of reactive oxygen species thus protecting brain, liver, lungs, kidney and heart from oxidative
agents (Joe et al., 1995).

2.2 Curcumin as a Diagnostic agent in Alzheimer’s disease

Currently early diagnosis of Alzheimer’s disease based on clinical examination is not
possible at an asymptomatic stage. First diagnosis of Alzheimer’s disease was established in
1984 based on progressive deterioration of language, memory and progressive cerebral
damage detectable by brain imaging (Association, 2015). Gradual diagnostic criteria has
been changed as the criteria included in early diagnostic methods were too general, later
diagnostic criteria includes gradual onset and fast progression of cognitive function
impairment, which is not seen in case of other disease condition (Dubois et al., 2007). At this
stage of diagnosis patients usually reaches to a mild and moderate stage, where treatment
with help of current therapeutic agents are not easy. To overcome this delayed diagnostic
methods more sensitive diagnostic probes are desired that couldbe able to diagnose at an early
stage (Bateman et al., 2012).

In addition to therapeutic activities of curcumin, its fluorescent ability and property to bind to
amyloid B aggregate made it a potential imaging agent for the diagnosis of Alzheimer’s
disease. Due to its properties to bind with amyloid p aggregate many research has been
performed to makeuse of curcumin as probe for targeting amyloid f aggregate with various
imaging techniques like positron emission tomography (PET), magnetic resonance imaging
and near infrared fluorescence (NIRF) (Tu et al., 2015). Interest of researcher from the field
of physics, chemistry, biology and pharmacy has considerably increased toward application
of curcumin as a diagnostic agent. Curcumin consist of two phenolic group connected by
linear B-diketone linker, that induces keto- enol tautomerism which enables curcumin to

exhibit many photophysical and photochemical properties (Priyadarsini, 2009).

2.2.1 Positron Emission Tomography

Positron Emission Tomography (PET) with tracers specific to amyloid B aggregate have been
widely applicable for diagnostic purpose of Alzheimer’s disease. PET related diagnostic
approachis emerging as a potential approach in diagnosis of Alzheimer’s disease with new
researches related to newer PET probes (Mathis et al., 2012). Curcumin labelled with various
radioactive nuclide probed to be applicable for diagnostic purpose using PET, like
fluoropropyl substituted curcumin found to show improved binding affinity towards amyloid
aggregate (Ryu et al., 2006). Some other curcumin derivatives like lipid-polyethylene glycol
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(PEG) - curcumin derivative foundto increase BBB penetration and fluorescence intensity.
These nano-liposome loaded with curcumin derivative could help in more efficiently
labelling of amyloid B aggregate. Mab loaded with curcumin on nano-liposome were more

efficient in labelling and fluorescence found to improve by six times (Mourtas et al., 2014).

222 MRI

Recent research have found to use of curcumin derivatives as MRI probes for imaging of
amyloid B aggregate. Perfluoro curcumin analog found to be a potential approach in MRI
imaging that facilitate visualization of amyloid B aggregate in invivo studies (Yanagisawa et
al., 2011). Super paramagnetic iron oxide in conjugation with curcumin used to formulate
magnetic nanoparticles proved to be potential nanoimaging agent for early diagnosis of
Alzheimer’s disease. Various Invivo diagnostic studies found the curcumin conjugated
nanoparticles showed less cytotoxicity along with increased blood brain barrier penetration
activity in MRI studies on Tg2576 brain. ThusCurcumin-MNPs can prove to be an important
approach in early diagnosis of Alzheimer by amyloid-f3 imaging (Chen et al., 2001).

2.2.3 Near-infrared fluorescence (NIRF)

Near Infrared fluorescence (NIRF) is a newer attractive molecular imaging technique in the
field of diagnosis of Alzheimer’s disease that could promise early and non-invasive
diagnosis. NIRF requires fluorescence imaging agents that can excite at a wavelength of near
infrared when accumulated in the tissues under diagnosis. Thus excited imaging agents
generate fluorescence that can produce a 2-dimesional image demarking the tissue deposition
of NIRF imaging agents. Recent research on such NIRF imaging agents like CRANAD-58,
synthesized by introducing a difluroboronate ring into curcumin, which was considered to the
first NIRF imaging agent that could possibly detect both soluble as well as insoluble AP
species. Other than CRANAD-58, some other curcumin derivative like CRANAD-3 could
monitor and evaluate the effectiveness fo anti- amyloid intervention which could enable the

selection of patient for treatment (Zhang et al., 2013)(Chongzhao et al., 2009).
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2.3 Curcumin in treatment of Alzheimer’s disease

The best approach in treatment of Alzheimer’s disease is the inhibition of amyloid-f
aggregates formation and clearance of AP aggregates. Strong anti-inflammatory activity of
curcumin makes a potential approach in treatment of Alzheimer’s other than its diagnostic
properties. Moreover curcumin helps in breakdown of amyloid-f aggregates and also
prevents further protein aggregation thus slowing down the progression of disease condition
(Baum et al., 2004). Inflammation and oxidative damages caused by ROS are the main
contributory pathway in progression of AD, which could be slowed down by the help
Vitamin E therapy in due course of time. As curcumin possess stronger antioxidant
properties and anti-inflammatory property than vitamin E therefore much more effective in
slowing down the progression of disease (Cummings,2015). These fact have been cleared in
various researches which conclude that in rural India where use of turmeric in quite very

common, show only 1% prevalence of Alzheimer’s disease (Chandraet al., 1998).

2.3.1 Anti-inflammatory of curcumin in Alzheimer’s disease

Various studies have showed that curcumin possess anti-inflammatory property as it causes
inhibition of transcription factor NF-«B. Inhibitory property of curcumin on transcription
factor make it a potential approach in treatment of Alzheimer’s disease as NF-xB play an
important rolein transduction of signal involved in inflammation. Other than inhibition of
transcription factor NF-xB, curcumin shows anti-inflammatory activity due to its free radical
scavenging ability as reactive oxygen species or free radicals also play a key role in causation

of inflammation (Singh and Aggarwal, 1995).

Some of the pathological factor involved in inflammation like Interleukin-13 (IL-1B),
Interleukin-6 (IL-6), Tumor necrosis factor-o are inhibited by curcumin in a dose dependent
manner thus reducing inflammation (Cho et al., 2007). Furthermore in addition to action of

curcumin on these factors, effects of curcumin on prostaglandin E2 and nitric oxide release
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have also been seen in report of various researches, curcumin found to reduce the expression
of INOS and cyclooxygenase-2 (COX-2) mRNA (Jin et al., 2007). Similar action is seen in
metabolism of arachidonic acid through lipoxygenase pathway. Research on murine
macrophages cell and HT- 29 human colon cancer cells reported that curcumin found to
inhibit the catalytic activity of 5- LOX and blocks the phosphorylation of cytosolic
phospholipase. Its inhibitory action seen on thecatalytic activity of 5-LOX in case of murine
macrophages and HT- 29 human colon cancer cells(Hong et al., 2004). Curcumin shown to
also inhibit proinflammatory pathway by enhancing Peroxisome proliferator-activated
receptor (PPARY) when seen in case of AB25—35- treated astrocytes (Wang et al., 2010).

2.3.2 Curcumin on Amyloid p aggregate

Amyloid B aggregate formation is one of the major pathway in progression of AD. Inhibition
of Amyloid B aggregate formation could be the best possible approach to reduce the toxic
effect of AP and thus reducing the progression of Alzheimer’s disease (Necula et al., 2007).
Recent studies found to show that curcumin act as the strongest inhibitor of Amyloid P
aggregate formation out 214 antioxidant tested, curcumin found to bind with the A and thus
inhibits its aggregation (Kimet al., 2005). Curcumin found to have a dose dependent effect on
inhibition of AP seen in case of primary cortical neurons in AD transgenic mice, reduces
levels of Tau phosphorylation, and attenuate inflammation and reduce oxidative damage and
thus reduce both AP fibrils and (amyloid-(A4) protein precursor APP maturation (Zhang et
al., 2010).

Recent studies suggested that despite of its low bioavailability, curcumin can cross blood
brain barrier using substrate binding site of efflux transporter P-glycoprotein (Romiti et
al., 1998).

Curcumin after crossing blood brain barrier, binding with AB was demonstrated using
multiphotonimaging system through invivo study. A low dose of 160 ppm and a high dose of
5000 ppm was given through parenteral route shown 30% reduction in AB plaque within 1
week of injection. Andshown significant reduction in AP plaque along with reduced levels of
oxidized protein and proinflammatory cytokine after 6 month of curcumin administration
(Garcia-Alloza et al., 2007).

2.4 Challenges associated with curcumin as a treatment for Alzheimer

Despite of its fluorescent properties for diagnosis of Alzheimer by AP aggregates and AP
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binding ability, curcumin are associated with various challenges that prevent the use of
curcumin in treatment of Alzheimer’s disease. Limitation in use of curcumin in treatment is
associated with the pharmacokinetic properties of curcumin. Curcumin have a low
bioavailability, very short half-lifeand nearly insoluble in various solvents including water.
Rapid metabolism of curcumin occurs after oral administration by conjugation, sulfation and
glucoronidation making it a challenge in administration of curcumin for treatment through oral
route. Potential use of curcumin in treatmentis also limited because of its classification as
PAINS (pan-assay interference compounds). PAINSare compounds that usually show false
activity in multiple assay or those show false positive results in high throughput screens.
Activity of curcumin with multiple assay occurs not by interaction with specific target, but by
interfering with the assay readout. PAINS type characteristic shown by curcumin like redox
activity, metal chelation properties, auto fluorescence and covalentprotein labeling activity

(Parsamanesh et al., 2018).

Other than above mentioned limitation, some other limitations associated with the use of
curcuminis the clinical trial for the formulation to know the efficacy of curcumin containing
formulation. Alzheimer’s disease is multi stage progressive neurodegenerative disorder that
involves various pathological markers. And proper diagnosis of Alzheimer can only be done
post-mortem which makes it much more difficult for evaluating the efficacy of any
formulation in clinical trials. Patients involved in clinical trials are often selected based on the
score in Mini-Mental State Examination that explains the severity of dementia, thus allowing
the classification of dementia into non cognitive impairment, mild cognitive impairment and
severe cognitive impairment. Thus to overcome these challenges associated with
pharmacokinetic properties of curcumin and improve therapeutic efficacy of curcumin, new
strategies have been applied like alternate drug delivery, variation in the route of
administration, nanotechnology based drug delivery such as nanoparticles,liposomes, quantum
dots (Serafini et al., 2017).

2.5 Approaches to overcome challenges associated with curcumin.

Combination of curcumin with some other co-adjuvants is a potential approach in
administration of curcumin. In some of the invivo studies it was demonstrated that piperine
shown to significantly improve the spatial memory due to its cytoprotective action and
inhibition of Acetylcholine esterase in hippocampus (Srinivasan, 2007). Thus piperine

combined with other nutraceuticals like curcumin, vitamin C, B vitamin, epigallocatechin
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gallate, a-lipoic acid found to showimproved cortical and hippocampal- dependent learning in
case of transgenic mouse when treated for over 6 months. Their performances were
distinguishable from the non-transgenic mouse (Chonpathompikunlert et al,. 2010)
(Ruggles et al,. 2014).

Prodrug can be another approach in improvement of bioavailability of curcumin during
administration as a treatment for Alzheimer’s disease. Prodrug are pharmacologically
inactive derivative of active constituent of drug that can be bio-transformed either through
chemical reaction or enzymatic reaction thus producing active drug that gives therapeutic
action. This prodrugs can improve pharmacokinetic properties as well as bioavailability of
drug. For improvement of bioavailability of curcumin, attachment of phenolic hydroxyl
groups of curcuminto various promoieties through biodegradable linkage can be a common
approach (Ratnatilaka NaBhuket et al., 2017).

Some of the curcumin prodrug were formulated as mono and diesters of amino acids that
found toshow significant antibacterial effect, along with slow metabolism, enhanced water
solubility and improved cellular uptake (Dubey et al., 2008). A lipidic prodrug of curcumin
was formulated asdi-O-decanoyl curcumin which showed a release upto 24 hrs during invivo
studies on male Wistarrat with a dose of 1 mg/kg, elimination half-life found to be extended
to approximately 7 hrs and AUC found to be increased fourfold higher as compared to active
curcumin when administered through IV route (Han et al., 2011). An ethyl succinate ester of
curcumin, Curcumin diethyl disuccinate formulated and evaluated for biological activities
found to shown higher cytotoxic effect in Caco-2 cells as compared to curcumin. On IV
administration of this compound to male Wistar rat, plasma concentration of curcumin found
to achieve highest level of 676 Ig/L after 5 min of administration. The plasma level of
curcumin was much higher in case of prodrug as compared to direct curcumin administration
along with increase in volume of distribution and mean resident time (Bangphumi et al.,
2016).

Another possible approach in improvement of bioavailability can be utilization of molecule
that can block the metabolism of curcumin. Administration of 20mg/kg piperine (a UDP-
glucuronosyltransferase) along with 2g/kg of curcumin demonstrated improved bioavailability
by 154% and 2g curcumin administered along with piperine in healthy human found to
improve bioavailability by 2000% and two fold increase in AUC of curcumin when co-
administered with piperine as compared to curcumin administered alone (Shoba et al., 1998)

www.wipr.net | Vol 10, Issue 6,2021. |  1SO 9001:2015 Certified Journal | 358



Sharma et al. World Journal of Pharmaceutical Research

(Cai et al., 2013). Oral bioavailability of curcumin found to increase by formulation of self-
emulsifying drug delivery system (SMEDDS) containing UGT inhibitors like piperine,
quercetin, tangeretin and silibinin. SMEDDS containing curcumin loaded with silibinin
found to significantly increase curcumin plasma level and improve bioavailability by 3.5
fold as compared to curcumin administered alongloaded on SMEDDS during invivo study on

mouse.
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(J.M. et al.,

6. Oral curcumin blomarl_<er_ efficacy datg ON | Easton Center for invivo models of mice but its 2012)
curcumin in persons with L. . . .
AD Alzheimer’s Disease efficacy is less due to its low
' Research at UCLA. bioavailability.
To imorove brain taraetin Thermo-sensitive nasal curcumin in-
curcumin intranasal !mp 9e1N9 | 1nvitro ,invivo, Controlled, situ gel showed favourable gelation
. efficiencyfor curcumin and . . i (Chenetal.,
7. thermosensitive . Male Sprague-Dawley rats time, sustained release, enhanced brain
thus improve o 2013)
hydrogel . L weighing about 250 g uptake of
bioavailability. . L
compared to i.v.administration.
Curcumin . . N .
: - . . : Invitro and invivo study on 7 | Curcumin micelles as goodprotective
Micelle containing ameliorate mitochondrial : ; ) (Hagl et al.,
8. ) female NMRI mouse of 8to | agent for preventing mitochondrial
tween 80 and dysfunction . 2015)
: 24 months of 170 gm. dysfunction.
curcumin powder
Study on binding of FMeC1
to amyloid plaques
Aerosolize a expressed inthe Study on The C57BL/6 and Aerosols are more prominent than i.v
. I . . o . (McClure et
9. curcumin derivative, | hippocampal areas and 5XFAD for bioavailability of curcuminfor al. 2015)
FMeC1 cortex confirmed by mice (8ndash;12months) therapy of Alzheimer disease. N
immunohistochemist
ry data
Regulation of AMP Kinase Curcumin shown to inhibitTXNIP/
was . NLRP3 inflammasome activation by
: : . Invivo study on Male ICR :
Intraperitoneal studies by curcuminto . suppression ofER stress, and thereby .
L . mice (6-8 weeksof age) and . (Lietal.,
10. injection of evaluate the prevention of protected neuronal cell survival from
. : . Sprague— Dawley rats (200— . 2015)
curcumin neuraltissue against glutamate neurotoxicity.
. . 2500) L
Endoplasmic Reticulum Inflammasome and neurotoxicity is
stress. also apathway in AD.
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Enhance uptake of

Invivo study on Sprague-

The brain coronal sections displayed a

11. %Sﬁr.églbv% curcumin across theblood EI;)na:jwley (SD)rats (180-220 g) higher accumulation of Lf~mNLC %Ifg)g etal,
lactoferrin (Lf) and brain barrier. ICR mice (18-22 g). in the cortex and the third
ventricle than that of NLC.The
loaded withcurcumin pharmacodynamic studies revealed that
Lf- mNLC could efficiently
control the progression ofthe AD.
SLCP-1(commercially available as
e . Study on effect of T‘OVe' . Longvida®) wasslightly more effective
12 Soll_d lipid curcumin curcumin formulation on Cell line study and MTTassay in inhibiting the anti- inflammatory (Nahar et
' particle nitricoxide (NO) and on SK-N-SH cells response than al.,2015)
prostaglandin E2 (PGE2) SL?:P-Z
Invitro, Controlled, The SK-
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95% air, at37 °C and 5% cOz2 | PAWaY:
inan incubator.
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microglia activation and Balb/C mouse, may be used as aneffective agent in 2015)
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activity to AP aggregates.

Whereas FMeC2 bearing the
methoxycarboxy group substitution at
the C-4 position showed no effect on
AP aggregates
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16. curcumin ?Sl:ga/ rr(]);]ne(;‘:]ect of ﬁé{ljj(:gn(;nﬁ e| Eepocampal :tuggrsshowed that curcumin ot
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to have neuroprotective effects by
protecting primary hippocampal
hippocampal neuronsfrom neurons from ET-1 mediated cell death
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mediated cleavage of procaspase-3 and
fodrin.
All the tested compounds have been
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subsequent releaseof mature IL-1.
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bioavailability.

To study and investigate the
role of curcumin on heat

Cell line study on Human

Curcumin can improve dysregulation
of molecular chaperones and

20 Solid lipid curcumin | shock proteins (HSPs) and | cortical neurons(SH-SY5Y) autophagy lysosomal pathways as a (Maiti et al.,
' particles Autophagy lysosomal and mouse neuroblastoma means of protecting neuronsfrom 2017)
pathways(ALPS), In vitro, (N2a) cells. AP42-induced cell death and thus
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aggregation
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*WGA- wheat germ agglutinin, CL- cardiolipin, FMeC1- 1,7-Bis(40- hydroxy-30-trifluoromethoxy- phenyl)-4 ethoxycarbonylethyl-1,6-
heptadiene-3,5-dione, ET-1 - Endothelin-1
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3. CONCLUSIONS

Curcumin is a minor constituent yet most studied phytochemical agent used as a traditional
medicine present in turmeric. Many research have been conducted for their potential effect as
anticancer, treatment for neurodegenerative disease like Alzheimer’s disease. Despite of such
potential activities of curcumin, use of curcumin in various disease condition are limited due
to various limitations related to pharmacokinetic properties and bioavailability of curcumin.
This review highlights the potential properties of curcumin over treatment of Alzheimer’s
disease and approaches to overcome various challenges related to it. Curcumin shows affinity
towards binding to AP, anti-inflammatory property, antioxidant properties on ROS,
fluorescent properties for diagnostic purpose related to Alzheimer’s. Low solubility, reduced
bioavailability has limited thepotential use of curcumin. Some of the novel approach of using
co adjuvants and other enzymatic inhibitor have found to improve the bioavailability of

curcumin thus improving the plasma concentration and the therapeutic action of curcumin.
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