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4 ABSTRACT )

For centuries, spices have been consumed as food additives or medicinal agents. However,
there is increasing evidence indicating the plant-based foods in regular diet may lower the risk of
neurodegenerative diseases including Alzheimer disease. Spices, as one of the most commonly
used plant-based food additives may provide more than just flavors, but as agents that may
prevent or even halt neurodegenerative processes associated with aging. In this article, we review
the role and application of five commonly used dietary spices including saffron turmeric, pepper
family, zingiber, and cinnamon. Besides suppressing inflammatory pathways, these spices may
act as antioxidant and inhibit acetyl cholinesterase and amyloid § aggregation. We summarized
how spice-derived nutraceuticals mediate such different effects and what their molecular targets
might be. Finally, some directions for future research are briefly discussed.
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INTRODUCTION

Alzheimer discase (AD), the most common type
of dementia, is a progressive and irreversible
neurodegenerative disease that affects more 27 million
people worldwide.!! The neuropathological hallmarks of
AD comprise neuritic plaques, neurofibrillary tangles, and
neuronal loss.?’ Over the past two decades, a significant
number of research projects have been conducted to
farther our knowledge of the underlying mechanisms of
AD and to investigate novel intervention and preventive
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approaches. However, current therapeutic approaches
to manage AD have temporary symptom relief effects
and do not inhibit or converse the underlying discase
mechanisms.?Y Therefore, treatment of AD still remains
a great challenge and the development of novel strategies
is an active field of research. For centuries, spices
have been used in various forms including flavoring
agents, colorants, and preservatives. The importance
of plant-based foods in regular diet to decrease the risk
of chronic diseases is increasingly examined and spices
are now considered to add more than flavors;®! that is,
they are agents that may delay, prevent or even treat
age-related diseases such as AD. Some of the most widely
investigated spices are presented in Tables 1 and 2.
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This review will focus on saffron as a promising spice for
future trials in AD in addition to four other prominent
spices used in routine diets worldwide including
curcumin, pepper, ginger, and cinnamon. Furthermore,
the properties of these five spices against different
pathogenesis of AD are explained [Table 2].

METHODS

We performed a narrative review of all studies that
assessed clinical and molecular of common spices on
AD. Medline-PubMed, web of sciences, EMbase, and
Cochrane databases up to June 2016 included in our
searches. In addition, references lists from articles

Table 1: List of spices with potential against cognitive
decline

Spice Scientific name Molecuar formula
Saffron C. sativus C,H,,0,
Turmeric C. longa C,H,.0,
Cinnamon C. zeylanicum CH,0
Zingiber Z. officinale -C,;H,,
Ginseng A. sinensis C,;H,N,0
Sage S. officinalis -

Garlic A. sativum C,H,,08,
Black pepper P nigrum -

Bell pepper C. annuum -

C. sativus=Crocus sativus, C. longa=Curcuma longa, C. zeylanicum=Cinnamomum
zeylanicum, Z. officinale=Zingiber officinale, A. sinensis=Angelica sinensis, S. officinalis=Salvia
officinalis, A. sativum=Allium sativum, P. nigrum=Piper nigrum, C. annuum=Capsicum annuum

[Downloaded free from http://www.ijpvmjournal.net on Wednesday, February 08, 2017, IP: 176.102.235.228]

http://www.ijpvmjournal.net/content/8/1/5

identified by search as well as a key review article to
identify additional articles included.

Crocus

Crocus sativam L. (Crocus sativus), usually known as
saffron,®! C. sativus is a specie belonging to the Iridaceae
family of Asparagales, a food additive with striking dye
and pleasant aroma, also used as colorant and medical
resolution, derived from dehydrated red stigmas of
C. sativus. Saffron, also being used as dyeing and flavoring
agent, is the most expensive spice worldwide.” Although
saffron is spread in numerous regions, Iran and Spain
produce more than 80% of the world’s saffron and make lots
of research projects into its potential medical applications.
Saffron derivatives are crocetin, crocin, di-methyl crocetin,
and carotenoids. Di-gentiobioside ester of crocetin is called
crocin.”’ Organoleptic characteristics and stigma tissue high
concentration of apocarotenoids stigma tissue made this
substance be widely studied about. The presence of three
main compounds would determine the value of saffron:
Flavor presented by picrocrocin, color produced by crocin
and its derivatives; and odor presented by safranal. C. sativus
has been mentioned as a memory enhancer, anticancer, and
an intervention for AD as well as other neurodegenerative
diseases with very low number of side effects.!"”!

Mechanisms of effect

Anti-amyloid properties

AP1-40-tibrillogenesis has been affected by trans-crocin-4,
saffron extract, and dimethyl crocetin. The extraction of
C. sativus stigmas can inhibit amyloid fibrils formation

Table 2: Clinical studies evaluating effects of common spices on Alzheimer’s disease

First author Spice  Year Title

Location Number of Main finding

patients

Akhondzadeh Crocus 2010 A 22-week, multicenter, randomized,
double-blind controlled trial of C. sativus

in the treatment of mild-to-moderate AD

Saffron in the treatment of patients
with mild to moderate AD: A 16-week,
randomized and placebo-controlled trial

44 Saffron was found to be effective similar to
donepezil in the treatment of mild-to-moderate AD
after 22 weeks

46 After 16 weeks, saffron produced a significantly
better outcome on cognitive function than placebo in
the treatment of patients with mild to moderate AD

Farokhnia Crocus 2014 Comparing the efficacy and safety 68 In addition to its favorable safety profile, 1-year
of C. sativus L. with memantine in administration of saffron extract capsules showed to
patients with moderate to severe AD: be comparable with memantine in reducing cognitive
A double-blind randomized clinical trial decline in patients with moderate to severe AD

Baum Curcumin 2008 6-month randomized, placebo-controlled, USA 34 Curcumin did not seem to cause side effects in AD
double-blind, pilot clinical trial of patients (rather, there was a tendency toward fewer
curcumin in patients with AD adverse events on 4 g). Thus, longer and larger trials

to test the efficacy of curcumin for treating AD may
be safely commenced

Ringman Curcumin 2008 Biochemical markers in persons with USA 21 Our finding of elevated F2-isoprostane levels in the
preclinical FAD CSF of preclinical FAD MCs suggests that oxidative

stress occurs downstream to mismetabolism of
amyloid precursor protein

Ringman Curcumin 2012 Oral curcumin for AD: Tolerability and USA 36 Curcumin was generally well-tolerated although

efficacy in a 24-week randomized,
double blind, placebo-controlled study

three subjects on curcumin withdrew due to
gastrointestinal symptoms

AD=Alzheimer’s disease, CSF=Cerebrospinal fluid, FAD=Familial Alzheimer’s disease, MCs=Mutation carriers, C. sativus=Crocus sativus
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depending on the time and concentration. For example,
after 30 days, saffron extract, being incubated with
AB1-40, may show decrease in efficacy probably because
of oxidation or other chemical transformations lessening
the activeness of saffron constituents. The main crocin
constituent of stigmas is Trans-Crocin-4 that inhibits
AB-fibrillogenesis. Also, in vitro amyloid aggregation has
been inhibited by crocin constituents. In patients with
mild-to-moderate AD, saffron plus donepezil had similar
effectiveness.!"!! Cognitive impairment can be prevented
considerably by intracerebroventricular injection of
crocin, as suggested by Khalili and Ilamzeh in an animal
model study. In addition, Khalili and [Hamzeh mentioned
a potential therapeutic effect of crocin for age-related
cognitive decline and neurodegenerative disorders.!"”
In another animal study, saffron showed positive effect
on cognitive behavior of adult rats exposed to amnestic
agents (e.g., scopolamine, acetaldehyde, or ethanol).!””)

Antioxidant properties

Leaves and tepals of saffron have been proved as an
antioxidant and metal chelating compound." By in vitro
measuring of free radicals scavenging and ferric ion reducing
power, C. sativus stigmas extract antioxidant activity was
determined. Saffron antioxidant power was compared with
other vegetables rich in carotenoids antioxidant (carrots
and tomatoes). All assays showed that the extract of C.
sativus stigmas had stronger antioxidant activity than carrots
and tomatoes.”! Furthermore, a murine study suggested
neuroprotective potentials of crocetin and crocin due to their
antioxidant capacities.'® In mice, crocin antioxidant capacity
has proved to have some beneficial effects on memory
processing because of malondialdehyde (MDA) reduction (an
index of lipid peroxidation) levels.™  Furthermore,
anti-apoptotic characteristic of crocin demonstrated to have
beneficial therapeutic actions in rat model of AD.

AChE inhibition activity

A mixed-type inhibition is presented by Kinetic analysis,
which was confirmed by in silico docking studies. Safranal
interaction is with the binding site of the AChE merely, but
dimethylcrocetin and crocetin can bind to both the catalytic
and peripheral anionic sites concurrently. Valuable finding
has been focused for using novel carotenoid therapeutic
agents based on their action on AChE inhibition.!"”

Anti-inflammatory effects

Another probable application of saffron comes from its
neuroprotective effects by reducing the inflammation
resulted from chemokine (C-C motif) ligand 2 down
regulation. Both crocetin and crocin can suppress
lipopolysaccharide-induced (LPS-induced) nitrite from
microglial cells, and hence, LPS-induced cytotoxicity can
be protected by them at the high concentrations.!"!

Human studies
Three clinical trial studies have examined the effects of
saffron on AD. The first study was a double-blind study
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of patients resenting from AD. These patients with
mild to moderate AD were divided into two 46-patient
groups who received capsule of saffron (15 mg twice/day,
Impiran, Tehran, Iran) or placebo in a 1:1 ratio randomly
for 16 weeks. To monitor the clinical and global cognitive
profile of these subjects, psychometric measures, including
clinical dementia rating scale—sums of boxes (CDR-SB),
the Mini-Mental State Examination (MMSE) and the
AD Assessment Scale-cognitive subscale (ADAS-cog),
were conducted. The ADAS-cog rating scale change
significantly at 16" week as it was compared with week
0 in two groups. A significant difference was observed on
the decrement of scores at week 16 comparison to week
0 in the two groups. The significant indication of this
study was to show saffron short —term use effectiveness
and safety in mild to moderate AD.!'

The second study - a multicenter, double-blind
randomized clinical trial - examined 54 AD patients.
In this prospective 22-weeck study, patients, in parallel
groups, received either saffron (15 mg twice/day, Impiran;
Tehran, Iran) or a capsule of donepezil (5 mg twice/day)
in a 1:1 ratio using a computer generated code. In both
groups, there was not any considerable change in scores
of the ADAS-cog and scores of the CDR-SB at 22" weck
as it as compared with baseline. No severe side effect was
reported by individuals who used saffron capsules.!'!!

The third one was a double-blind randomized clinical
trial studied 60 patients with moderate to mild
AD. In this l-year of administration study, patients
divided in two parallel groups. Thirty patients received
memantine (Ebixa®, Ebixa, Valby, Denmark, 20 mg/day)
and 30 ones received saffron extract (Saffrotin®, Impiran,
Tehran, Iran, 30 mg/day) in a 1:1 ratio by means of the
random distribution method. The efficacy assessment
measures used In this study were Severe Cognitive
Impairment Rating Scale, Functional Assessment Staging
and MMSE. In conclusion, l-year management with
saffron was comparable with memantine for decreasing

cognitive decline in patients suffering from moderate to
severe AD.[Y)

The adverse effects of treating AD with crocin included
dizziness, hypomania, dry mouth (the main side effect),
vomiting, fatigue and nausea. In addition, saffron extract
was suggested to be generally well tolerated by the study
participants. The bioavailability of the saffron is unknown
and whether crocetin, crosses the blood-brain barrier
after saffron administration is yet to be established.!*"!

Curcumin

Curcumin (turmeric), a constituent of the spice
turmeric, is one of the ingredients of Indian curry
powder. Turmeric, a phytochemical extract of Curcuma
longa thizome is widely used for its flavoring and
medicinal properties in Indian Ayurveda medicine and
other traditional medicinal approaches in Middle East
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and in Fast and South Fast Asian countries for 1000s
years.?!l Turmeric extracts are usually standardized to
95% of total curcuminoids. Curcumin is the principal
curcuminoid which found in commercially-available
turmeric extracts. However, the curcuminoid mixtures
also contain two minor demethylated curcuminoids which
are coextracted with curcumin - demethoxycurcumin
and bisdemethoxycurcumin.” The association between
biological effects of these curcuminoids and their
molecular or stoichiometric properties need further
study. Of note, cell type, function, disease system, and
organism In question can affect the efficacy of these
analogues noticeably. Thus, there is no unanimous
agreement about the most effective preparation method
for human applications. However, the promising
herbal drug-curcuminlonga (turmeric), utilized widely
for treating many medical conditions and is being
investigated for the treatment of dementia and brain
injuries including AD.#!

Mechanisms of effect

Antioxidant properties

Both in vitro and in vivo studies have proved curcumin
as a powerful antioxidant.”2) In male Wistar
rats, curcumin and demethoxy-curcumin, but not
bisdemethoxycurcumin, prevented the decrease of
glutathione level and protein oxidation.””! Park et al.
found increment in the level of antioxidant enzymes and
DNA damage and attenuated the elevation of intracellular
calcium levels and tau hyperphosphorylation-induced by
AP due to administration of 10 ug/mL curcumin.?®!

Anti-Inflammatory effects

Giri et al. reported curcumin (12.5-25 uM) suppression on
carly growth response-1 (Egr-1) activation using peripheral
blood monocytes and THP-1 cells. In the above-mentioned
study, increase in expression of cytokines (tumor necrosis
factor-oc  [TNF-a] and interleukin-1  [IL-18]) and
chemokines  (macrophage  inflammatory  protein-1p,
monocyte chemotactic protein-1, and IL-8) in monocytes by
the interaction of AB1-40 or Fibrillar AB1-42 and reduction
in the expression of these cytokines and chemokines was
found. The inhibition of Egr-1 by curcumin may represents
a potential therapeutic approach for AD.

Anti-amyloid properties

In  numerous in vitro studies curcumin binding
potential to AP and restriction of AP aggregation,
has been indicated. The strongest inhibition effect
on formation of AP fibrils was reported for curcumin
among 214 antioxidant compounds.’") The effect of
curcumin on AP oligomers and AP-derived diffusible
ligand has been recently studied.P! Interestingly, both
AP levels and amyloid-beta precursor protein maturation
decreased in mouse primary cortical neurons by curcumin
demonstrated the decrement of AP deposition and
plaque burden in an AD transgenic mice model after.
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Furthermore, a recent study of screening and molecular
docking studies for curcumin has shown that curcumin
can be considered as the most probable inhibitors of the
Alzheimer’s Precursor Protein.*?!

ACRE inhibition activity

Curcumin has shown to inhibit the AChE, but no
significant effect on ex vivo AChE activity has been
reported yet.’!

Cholesterol-lowering properties

High-fat diets and increased blood cholesterol can lead to
increased amyloid plaques by intracellular accumulation
of cholestrylesters.?* Researchers believe that curcumin
beneficial effects on AD is somechow the result of
cholesterol formation restriction and decrease in serum
peroxides.”)

Metal chelation effects

The interaction between heavy metals such as cadmium
and curcumin, can prevent neurotoxicity caused by these
metals. Using spectrophotometry, it was shown that
curcumin effectively binds to copper, iron, and zinc.
These detections suggest curcumin inflammatory damage
suppression by preventing metal induction of nuclear
factor kappa (NF-x)

Human studies

Three main clinical trials with curcumin in AD have
been reported so far. A pilot study conducted in Hong
Kong (China) included the consumption of combined
standardised Ginkgo biloba (120 mg/day) extraction and
curcumin (1 g/day) by 34 patients with probable AD for 6
months; no plasma AP level change or score improvement
on the MMSE shown in comparison to the control
group.’® In a study on mild to moderate AD patients
received curcumin (2-10 mg) for 6 months but no
cognitive function improvement, or noticeable changes
in the level of AP, total and phosphorylated tau in
plasma and in cerebrospinal fluid (CSF) were found.?*?
In another study, 36 patients with mild-to-moderate
AD received placebo, oral curcumin in 2 g/day, or
4 g/day dose randomly for 24 weeks. From week 24 to 48,
patients on curcumin treatment continued with the same
dose, whereas others started randomized use of 2 g/day
or 4 g/day in a 1:] ratio. In addition to measuring the
incidence of side effects, changes in clinical laboratory
tests and the ADAS-cog, the Neuropsychiatric Inventory,
the AD Cooperative Study-Activities of Daily Living
scale, levels of AB1-40 and AB1-42 in plasma and levels of
AP1-42, t-tau, p-taul81 and F2-isoprostanes in CSF were
examined. No significant clinical or biomarker differences
were found between the two groups. Although, the
compound’s bioavailability was limited primarily.P!

Safety and dose
Because of insolubility in water, systemic bioavailability of
curcumin is poor specifically through oral administration.
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Some evidence suggest that <4 g of oral curcumin is
hardly detectable in serum; however, some researchers
have reported to detect curcumin in serum and urine at
lower doses.’” Therefore, a pharmacological challenge
is to enhance solubility and stability of curcumin
to optimize its oral bioavailability for therapeutic
applications and some methods have been proposed
including using piperine as an adjuvant for blocking
metabolic pathways. Probably intestinal and hepatic
glucuronidation is the reason for curcumin bioavailability
limitation. Administration of curcumin concomitantly
with piperine, an inhibitor of glucuronidation, may
increase oral curcumin bioavailability. Gupta et al. have
experimented this approach in both rats and humans
and reported that using 20 mg of piperine with 2 mg of
curcumin orally, increased the curcumin bioavailability
by 20-folds.”® None of the 10 participants of this
study reported toxicity.?”! Curcumin bioavailability has
also been enhanced by cooking probably because of
dissolution in oil or cooking itself. Some studies have
suggested that using a combination of curcuminoids
increases curcumin  bioavailability because of the
potential synergistic activity. Even very high doses of
curcumin, as much as 500-8000 mg/day for 3 months can
be well tolerated without toxicity.*! The world Health
Organization has been suggested 0-1 mg/kg body weight
for daily curcumin intake. In human trials, diarrhea has
been recorded as the most commonly seen side effect of
curcumin.?’!

Cinnamon

Cinnamon (Cinnamomum  zeylanicum Nees) (CZ) is
a spice used commonly in different areas of the world.
It is a tropical evergreen tree which grows in Sri Lanka,
India, Madagascar, and Indochina countries. The inner
bark of the tree has been used in ethno-medicine and as
flavoring agent in food. It has been used in a broad range
of health uses and for treatment of different conditions
such as boosting cognitive function.*! Several clinical
studies have been performed for evaluating the potential
effectiveness of cinnamon against different complications
such as plasma lipids and diabetes. Cinnamon has been
reported to be safe for a wide age range.!*

Mechanisms of effect

Antioxidant and anti-inflammatory effects

Antioxidant properties of cinnamon have been identified.
There are several reports using cell culture models and an
experiment in rat model representing that cinnamon and
cinnamaldehyde have antioxidant effect and scavenge
free radicals. Various studies have showed that the use
of cinnamon provided protection against the oxidative
disorder by increasing antioxidants enzymes activities
and lowering the human MDA levels.'**! Mitochondrial
dysfunction, decline in ATP formation, free radical and
oxidation generation can fasten the aging process. Usta
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et al. have proposed mitochondria as another potential
target of the actions or toxicity of spices whereby
deranging mitochondrial functions would lower ATP
levels, which then may be effective on wviability, aging
process, and cell growth.[® Treatment with C. zeylanicum
100 mg/30ml added to the tea daily in 54 healthy
volunteers were significantly effective in decrease of lipid
peroxidation and growing. Total antioxidant power (TAP)
and total thiol molecules compared to the controls. The
amount of increase in plasma TAP for the CZ group was
significantly upper than in those given regular tea only.[*!
There 1s very limited evidence that shows cinnamon and
cinnamaldehyde have immunomodulatory effects and
may suppress inflammatory processes.

Anti-amyloid properties

An aqueous extract of CZ is identified to inhibit tau
aggregation and filament formation. In addition, it
stimulates disassembly of recombinant tau filaments
and changes the paired helical filaments morphology,
isolated from brains of those with AD; however, it
was not destructive to the normal cellular function
of tau, as reported by Peterson et al. An A-linked
proanthocyanidintrimer molecule derived from the CZ
extract has revealed to contain a significant proportion
of this inhibitory effect.! Furthermore, another study
by binding of fluorescence-tagged AP1-42 showed that
the AB1-42 deposits in AD or transgenic brain tissue
might have a marginal affinity of ginger, cinnamon, and
turmeric.*”

Anti-insulin resistance effect

Accumulating studies demonstrate that insulin and
mnsulin signaling mechanisms are essential for neuronal
survival. A reduced expression of the insulin receptors and
related members of the insulin signaling pathways has
also been shown in patients and animals with impaired
brain function and AD." On the other hand, cinnamon
extracts were shown to have anti diabetic effects as a
number of studies demonstrated an insulin-like action.
Furthermore,  cinnamaldehyde  promoted  glucose
uptake into skeletal muscle over glucose transporter
4 translocation.””) Application of cinnamon therapy for
patients with diabetes was investigated in several clinical
trials and some studies demonstrated improvement
of fasting blood glucose concentrations and insulin
sensitivity; especially its insulin-like effects were presented
in type 2 diabetic patients."’

Pepper

Piperine (l-piperoylpiperidine), a nitrogenous pungent
substance, is the active principle of black pepper
(Piper nigrum L.), long pepper (Piper longum L), and other
piper species (family: Piperaceae). The piperine content
1s 3%-9% and 3%-5% (on dry weight basis) in P nigrum
and and P longum, respectively.”!! In traditional Middle
Eastern medicine, black pepper has been used as a nerve
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tonic. Recently, the analeptic properties of piperine, the
main alkaloid phytochemical compound found in plants
of the family Piperaceae, have been studied. Piperine
has been used in folk medicine for treating various
diseases such as cognitive deficit conditions including
AD condition. One study demonstrates that receiving
piperine in any dose can improve memory deficit.
Furthermore, protective role of other subtypes of pepper
family such as Piper methysticum, Piper submultinerve and
piper betel against neurodegenerative discase has been
evaluated.P?

Mechanisms of effect

Anti-inflammatory effects

Piperine may facilitate nutrient absorption by alleviating
inflammatory conditions at the site of absorption. Piper
sub multi nerve as one of the piperaceac family, has
been shown to protect neurons from AB1-42-induced
neurotoxicity through its anti-apoptotic, anti-oxidative,
and anti-inflammatory properties.*!

Antioxidant properties

Several in vitro studies have shown the powerful
antioxidant role of peperine. Reduction of oxidative stress
is one of the most therapeutic effects of piperine found
in the study utilizing the piperine in solid lipid nano
formulation in an experimentally induced AD model."¥

AChE inhibition activity

The role of pepper in inhibition of AChE has been
investigated in several studies. At a dose between 5 and
20 mgkg body weight given to cholinergic-deficient
rats, piperine could attenuate the increase in lipid
peroxidation and AChE activity. A phenolic compound
derived from piper betel, administrated orally in a rat
model of AD, significantly reversed the decline in AChE
and glutathione activity induced by streptozotocin
injection.””!

Anti-amyloid properties

Another mechanism which makes pepper a potential
herbal medicine against AD, is its role against
amyloid-beta peptide. It has been reported that after
intake of KSOP1009 (consisting of a ethanol extract of
eight herbs including fructus of P longum L) AB-induced
memory impairment improved, and AP levels and plaque
deposition suppressed in the brain of a transgenic mice
to a rate similar to donepezil treatment. The appropriate
dose of black pepper to use for ameliorative purposes
depends on several factors including age, physical health,
and several other conditions. However, piperine was failed
to induce mutations in germ cells of mouse. Therefore,
it can be concluded that piperine is a nongenotoxic
chemical .

The effect of P nigrum L, used in Thai traditional
rejuvenating and neurotonic remedies on activity of

AChE, showed 50%-65% inhibitory activity on AChE. %"
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Tissue distribution profiles of three alkaloids from
P longum L. in rats have been shown that they could
cross the blood-brain barrier (BBB). There is no human

study evidence indicating that these alkaloids pass the
BBB.5658]

Zingiber officinale

Zingiber, best known for its rhizome (ginger), is a
valuable source of phytonutrients, and is characterized as
having an aromatic aura and a pungent taste. The root
of the ginger is the part of the plant that is harvested for
food, beverage and medical industries. The flat surfaces
of the rhizome are removed, leaving the remains of the
underground stem. Gingerol and zingiberene are essential
oils originated from ginger. It also contains pungent
principles such as zingerone, gingerol and shogaol. Ginger
is generally considered safe but a few studies about
toxicological or safety data from clinical trials in humans
are available.”

Mechanisms of effect

Lee et al. observed the protective role of pretreatment
with gingerol against AP25-35-which results from its
potentiality in inducing cytotoxicity and apoptotic cell
death such as DNA fragmentation, clevated Bax/Bcl-2
ratio, and activation of caspase-3. Furthermore, gingerol
effectively  suppressed  AP25-35-induced  intracellular
accumulation of reactive oxygen and/or nitrogen species
and restored AP25-35. Up-regulation of mRNA and
protein expression of antioxidant enzymes after treatment
with gingerol is probable.®) Another study designated
to investigate the antioxidant activity of zingiber has
been performed through using the Alpinia galanga (L.)
Willd (Zingiberaceae) in the AD models (mice) and
found that Na*/K*-ATPasc and antioxidant activity
increasing, depicts brain membrane integrity improvement
and free radical scavenging property.®) Morcover, it was
found that increased habituation memory and decreased
escape latency in behavioral characteristics are the
indicative of the cognitive enhancement after treatment
with A. galanga fractions and the AChE level reduction
may improve cognition by enhancing cholinergic
transmission. %

Inhibition  of  pro-inflammatory ~ mediators  IL-1
and inflammatory  factors (nitric oxide [NOJ,
prostaglandin E, [PGE,], TNF-a) has been found as
a probable therapeutic effect of ginger hexan extract.
Suppression of NI'-kB activation in aged rat founded
as a probable mechanism for its properties against
inflammation.l®) Furthermore, ginger is able to inhibit
the activation of human monocytic THP-1 cells by
different proinflammatory stimuli and reduction of the
cxprcssion of a wide range of inflammatory-related genes
in microglial-like cells.*!

Ha et al investigated the effects of 6-shogaol, on
microglia activation. They found significant inhibition
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in releasing of NO and the expression of inducible
nitric oxide synthase induced by LPS thus it suppressed
the microglial activation induced by LPS both in
primary cortical neuron-glia culture and in an in vivo
neuroinflammatory model. Also, 6-Shogaol leads to
anti-inflammatory effects by inhibiting the production
of PGE, and proinflammatory cytokines, such as IL-18
and TNF-a, and by down regulating cyclooxygenase-2,
p38 mitogen-activated protein  kinase, and NF-xB
expression.[! Presence of phytochemicals such as
flavonoids, tannins, alkaloids, and terpenoids in ginger
extracts lead to inhibitory effects on AChE activities in
rat’s brain (in vitro).” %! Another mechanisms of ginger
and its extracts is to prevent lipid proxidation induced
by Fe?*. This protective property could be attributed
to their ability to scavenge free radicals thus preventing
overstimulation of NMDA receptors.l®! Oxidative stress in
the brain could be prevented by dietary intake of ginger
varieties (red ginger and white ginger rhizomes) through
inhibiting the MDA end-product of lipid peroxidation
and the production of this aldechyde. Another part
of the mechanisms through which the extractable
phytochemicals in ginger (red and white) protect the
brain may be through their antioxidant properties,
Fe?* chelating and OHe scavenging ability.[*”!

CONCLUSIONS

Spices have been used for more than 2000 years; however,
most of their biological activities have been examined
recently. As the positive effects of natural agents against
age related conditions including neurodegenerative
discases receive more research support, some of these
nutraceuticals could be examined as novel ameliorative
agents against AD. Clinical trials on these spices should
further our understanding of their efficacy in the
treatment and prevention of AD. There is a need for
large clinical trials to examine the applications and side
effects of these spices and their potential contribution to
maintain our cognitive functions as we age.
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