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Abstract

Alzheimer's disease is the most common cause of dementia, accounting for an estimated 60% to 80% of cases. The
treatment of Alzheimer's disease remains challenging. Many medicinal plants possessed beneficial therapeutic effect
inAlzheimer’s disease and memory deficits, by their anti-inflammatory, antioxidant, neuroprotective, NF-«kB inhibition,
phosphodiesterase inhibition, anti-amyloidogenic, and anticholinesterase activities. In the current article, the medicinal
plants with beneficial effects in Alzheimer’s disease and memory deficits were discussed. This article considers not only
the therapeutic effect of medicinal plants in AD and memory deficits, but also discussed the mechanisms of their
beneficial effects.
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1. Introduction

Alzheimer’s disease (AD) is a progressive neurological disease of the brain, it is the most common form of dementia and
affects an estimated 10 million people worldwide. Memory impairment is the hallmark symptom of Alzheimer’s disease.
Dementia is characterized by progressive deterioration in cognitive domains, including memory, language, executive
and visuospatial function, personality and behavior. Many studies revealed that people with Alzheimer seem like they
have lost their memory, challenges in planning or solving problems, gradually loss of capability to achieve normal task,
puzzling day from night, loss of visualization and coordination, inappropriate use of words, inability to recognize and
use familiar objects, mood change. Etiology of Alzheimer involved environmental factors, genetic factors, neuro-
inflammation, synaptic dysfunction, head injuries, oxidative stress, social stressors, mitochondrial impairment, blood-
brain barrier disruption, nutritional deficiencies, down’s syndrome, cardiovascular disease (hyperlipidemia, high
blood), lifestyle factors (poor-quality sleep, lack of exercise, and poor nutrition), as well as metabolic conditions such as
diabetes and obesity also plays role in building Alzheimer, while pathophysiology represents dysfunctional
neurotransmission of acetylcholine, stress-associated signaling cascades (GABA ergic, glutamate ergic) and abnormal
extracellular accumulation of f-amyloid plaque deposition and neurofibrillary tangles of hyperphosphorylated
microtubule-associated protein Tau [1-3].

Many medicinal plants possessed beneficial therapeutic effect in Alzheimer’s disease and memory deficits [4-6], by their
anti-inflammatory, antioxidant, neuroprotective, NF-kB inhibition, phosphodiesterase inhibition, anti-amyloidogenic,
and anticholinesterase activities [7-11]. In this article, the beneficial effects of medicinal plants in the treatment of
memory deficitsand Alzheimer’s disease were discussed. This article considers not only the therapeutic effect of
medicinal plants in AD, but also in the understanding the mechanisms of their beneficial effects.
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2. Medicinal plants with beneficial therapeutic effects in Alzheimer’s disease and memory deficits

2.1. Anchusa italic

Abnormal Savda Munsiq (ASMq) contained Anchusa italica, when administered orally, it produced memory-enhancing
effect in the chronic stressed mice induced by electric foot-shock. The memory improvement of the stressed mice was
shown by anincrease of the latency time in the step-through test and the decrease of the latency time in the Y-maze test.
ASMq induced marked decrease in the serum levels of corticosterone, ACTH and -endorphin as well as the brain and
serum level of norepinephrine. Furthermore, ASMq was able to significantly reverse the chronic stress by decreasing
the brain and serum levels of the monoamine neurotransmitters dopamine, 5-hydroxytryptamine and 3, 4-
dihydroxyphenylalanine [12-13].

2.2. Antirrhinum majus

Aurones and extracts comprising them were useful in the prophylactic and/or therapeutic treatment of an animal and
human with a phosphodiesterase dependent disease of the central nervous system included Alzheimer's disease, age
related dementia, learning and memory disorders, and ischemia of the central and/or peripheral nervous systems [14-
15].

2.3. Bacopa monniera

The effect of 14 days administration of the extract of Bacopa monniera (BM, bacoside A content 82.0 + 0.5%) on two
animal models of Alzheimer's disease, induced by colchicine and by lesion induced in the nucleus basalis
magnocellularis with ibotenic acid. Colchicine and ibotenic acid induced significant deficits in the retention of avoidance
learning, which was evident on day 7, after lesioning, and increased progressively by day 14. Subchronic administration
of BM reduced the magnitude of memory deficits induced by both colchicine and ibotenic acid, which was significant at
days 7 and 14 with the higher dose, 10 mg/kg, orally, and on day 14 only with the lower dose, 5 mg/kg orally, of BM.
BM (10 mg/kg, orally) reversed colchicine-induced reduction in frontal cortex and hippocampal Ach, ChAT activity and
MCR binding. The effect of the lower dose of BM (5 mg/kg, orally) was evident only after 14 days [16].

Memory deficits following cholinergic blockade by scopolamine were reversed by Bacopa treatment [17]. It also
reversed the diazepam induced amnesia [18].

Bacopa administration with phenytoin significantly reversed phenytoin-induced cognitive impairment, as noted by
improved acquisition and retention of memory [19].

A clinical trial was performed to investigate the effects of administration of Bacopa monnieri (300mg/day, for 12 weeks)
on memory performance in people over the age of 55-years.Bacopa significantly improved memory acquisition and
retention in older persons [20].

A double-blind, 12-week trial utilizing the same dose of Bacopa extract (300 mg daily) containing 55% combined
bacosides, was carried out. Forty-six healthy volunteers were randomly divided into treatment and placebo groups. The
same dosage trial were administered at baseline, five, and 12 weeks after treatment began. After 12-week, a significant
improvement in verbal learning, speed of early information processing and memory consolidation were recorded in the
treated group compared to placebo. These effects were not observed at baseline or at five weeks [21].

In a double-blind randomized, placebo control study carried out on 76 adults (40 and 65 years), in which various
memory functions were tested and levels of anxiety was measured, the rate of learning was unaffected by Bacopa
monnieri suggesting that Bacopa monnieri decreases the rate of forgetting of newly acquired information. Verbal and
visual short-term memory, attention, and the retrieval of pre-experimental knowledge were unaffected. Questionnaire
measures of everyday memory function and anxiety levels were also unaffected [22-23].

2.4. Bellis perennis

The effects of aqueous extract of Bellis perennis flowers were tested in anxiety-like behavior and memory in rats. At a
dose of 20 and 60 mg/kg, rats spent more time at the center, showed less mobility and velocity. With the using of high
Bellis perennis dose, rats spent more time, spent less time in the closed arms, less mobile, and slower and rotated less
frequently. In the Morris water maze, the high dose of Bellis perennis administrated rats spent more of the time to find
the platform. In conclusion, Bellis perennis may produce biphasic effects on learning performance of the rats [24-25].
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2.5. Benincasa hispida

The treatment with an aqueous extract of pulp of Benincasa hispida (400mg/kg bw) revealed beneficial effect in the
management of colchicines-induced rat model of Alzheimer's disease. It was also increased antioxidants in different
brain areas and increased the number of correct choices out of 10 daily trials and decreased latency time dose
dependently [26-28].

2.6. Brassica nigra

The effect of B. nigra fixed oil on the changes in memory caused by 3-amyloid was studied in rats. The gavage of oil (925
mg/kg) to rats receiving 3-amyloid, significantly decreased the traveled distance and the required time for finding
hidden platform on the training days and increased the time of presence in the target quadrant on the test days [29-31].

2.7. Caesalpinia crista

The ability of Caesalpinia crista leaf aqueous extract was studied on the prevention of (a) the formation of oligomers
and aggregates from monomers, the formation of fibrils from oligomers and dis-aggregation of pre-formed fibrils:
aqueous extract added to matured fibrils and incubated for 9 days). The aggregation kinetics was monitored using
thioflavin-T assay and transmission electron microscopy. The aqueous extract of Caesalpinia crista inhibited the
Amyloid beta (42) aggregation from monomers and oligomers and also able to dis-aggregate the pre-formed fibrils [32].

The aqueous extract of Ceasalpinia crista dried seed kernels was tested as learning and memory enhancer. The memory
retention in mice treated with 50mg/kg aqueous extract of dried seed kernels of Caesalpinia crista against scopolamine
induced amnesia was found to be 33.09 % in radial arm maze task performance. However, the memory retention
increased to 45.29% in mice treated with 150mg/kg (iv) of the same extract. Accordingly, the authors suggested that
the extract could be beneficial to improve cognition in disorders like dementia and various neurodegenerative disorders
[33-34].

2.8. Carthamus tinctorius

The neuroprotective activity of herbal combination contained Carthamus tinctorius were investigated in mitigating
brain infarction and global ischemia as well as preventing the neurodegeneration following ischemia. They improved
cerebral blood circulation, which refer to a potential to alleviate the symptoms of degenerative diseases, Alzheimer's
disease and Parkinson's disease [35].

The neuroprotective effects of hydroxysafflor yellow A (HSYA) on cerebral ischemic injury in both in vivo and in vitro
were studies. Male rats with middle cerebral artery occlusion (MCAO) were evaluated for neurological deficit scores
followed by the treatment with a single dose of HSYA. The infarction area of the brain was estimated in the brain slices.
the effect of HSYA was also investigated in vitro on fetal cortical cells exposed to glutamate and sodium cyanide (NaCN)
to identify its neuroprotection against neurons damage. The results of in vivo study showed that sublingular vein
injection of HSYA at doses of 3.0 mg/kg and 6.0 mg/kg exerted significant neuroprotective effects on rats with focal
cerebral ischemic injury by marked decreasing neurological deficit and reducing the infarct area compared with the
saline group, HSYA at a dose of 6.0 mg/kg, gave a similar potency as nimodipine at a dose of 0.2 mg/kg. Sublingular vein
injection of HSYA at the dose of 1.5 mg/kg showed a neuroprotective effect, however, with no significant difference
when compared with the saline group. In vitro results showed that HSYA significantly inhibited neuron damage induced
by exposure to glutamate and sodium cyanide (NaCN) in cultured fetal cortical cells, however, the neuroprotective
action of HSYA on glutamate-mediated neuron injury was much better than that of HSYA on NaCN-induced neuron
damage [36-37].

2.9. Cistanche tubulosa

The ameliorating effects of Cistanche tubulosa extract which was quantified with three phenylpropanoid glycosides was
studiedin Amyloid 3 peptide 1-42 (A 1-42) intracisternally induced Alzheimer’s disease (AD) in rat. AB 1-42 caused
cognitive deficits, increased acetylcholine esterase activities and amyloid deposition and decreased brain acetylcholine
and dopamine. Daily administration of Cistanche tubulosa extract decreased amyloid deposition, ameliorated the
cognitive deficits and reversed cholinergic and dopaminergic dysfunction caused by Af 1-42 [38].

The effect and safety of Cistanche tubulosa glycoside capsules (Memoregain® capsule) in the treatment ofAlzheimer’s
disease were studied clinically. A total of 18 patients with AD administered with
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Memoregain® was given for 48 weeks and investigated for efficacy by Alzheimer’s disease assessment scale-cognitive
subscale, mini-mental state examination, activities of daily living, blessed behavioral scale, and clinical global
impression scales. The mini-mental state examination score was 14.78 + 2.51 at baseline and 14.06 + 4.26 at study
completion. While changes in disease assessment scale-cognitive subscale score before and after 48 weeks of treatment
were statistically insignificant, the score improved, deteriorated, and remained unchanged in 10, 7, and 1 patients,
respectively. The ADL and CGI scores showed no significant difference from baseline. All adverse reactions were mild.
After Memoregain® treatment, patients with AD showed no obvious aggravation of cognitive function, independent
living ability, and overall conditions but were stable throughout the study. Comparison with other long-term
medications, acetylcholinesterase inhibitors suggests that Memoregain® has a potential to be a possible treatment
option for mild to moderate AD [39-40].

The body of Cistanche tubulosa (Schenk.) Wight, was used to make a medicinal preparation containing phenylethanoid
glycosides and comprising 10-70% of echinacoside and 1-40% of acteoside by weight of the preparation. The medicinal
preparation was used effectively in prevention of senile dementia, and inhibition of aggregation of blood platelets [41].

The improvement of learning ability and consolidation of Cistanche tubulosa extract was carried out with a step-down
test in mice. In this method, a platform (safe area) is located on an electric wire with 36 V current and mice’s learning
ability and consolidation were evaluated by the time they spend on the platform and the number of electronic shocks
they received. Scopolamine (which may retard learning ability) was administered before the training started, and
sodium nitrite (a drug to inhibit the synthesis of protein involved in the formation of memory by inducing oxygen deficit
in the brain) was administered after the training in order to induce learning/memory disorder. As a result, the safe area
time (latency) and the number of errors (frequency that mice hit by electronic shocks) were significantly better in the
Cistanche tubulosa extract administration group as compared to the memory consolidation dysfunction model group.
Cistanche tubulosa extract exerted stronger activity than piracetam, a pharmaceutical agent to activate energy
metabolism of brain cells. According to these results, Cistanche tubulosa extract significantly helped the brain to recover
from scopolamine-induced learning disorder and sodium nitrite-induced memory consolidation dysfunction and it
improved the learning ability and formation of memory of brain [42].

On the other hand, water maze test was carried out to evaluate the memory recall ability of mice. Training was
conducted to create memory in mice on the routes of water maze. Cistanche tubulosa extract (50-400 mg/kg) were
orally administered to mice every day throughout the training period, four weeks. On the last day of the training, 30%
ethanol was given to mice to induce memory loss (failing to recall memorized information). The mice in group
consuming Cistanche tubulosa extract required shorter time to arrive destination compared to control. The rate of error
was significantly lower in group consuming Cistanche tubulosa extract. Cistanche tubulosa demonstrated stronger
activity than piraceetam. Accordingly, Cistanche tubulosa extract improved the ability to elicit or recall memorized
information [43-44].

2.10. Citrus limon

The effect of Citrus limon on memory of mice was studied using Harvard Panlab Passive Avoidance response apparatus
controlled through LE2708 Programmer. Passive avoidance was fear-motivated tests used to assess short or long-term
memory of small animals, which measures latency to enter into the black compartment. Animals with Citrus limon
treatment showed significant increase in latency to enter into the black compartment after 3 and 24 hours than control
[45-46].

2.11. Clitoria ternatea

Seeds and leaves of Clitoria ternatea have been widely used as brain tonic and believed to promote memory and
intelligence. The activity of Clitoria ternatea in Alzheimer’s disease was studied to investigate its efficacy and to
identifythe major bioactive constituent attributing the activity.The result showed that the aqueous extract of Clitoria
ternatea was beneficial in Alzheimer’s disease through many mechanisms. The isolated compounds may act as a lead
compounds for identifying new derivatives which could use for improving memory [47-48].

Shankhpushpi, a well-known drug in Ayurveda, is extensively used for different central nervous system (CNS) effects
especially memory enhancement. Different plants were used under the name shankhpushpi in different regions of India,
leading to an uncertainty regarding its true source. Plants commonly used under the name shankhpushpi are:
Convolvulus pluricaulis., Evolvulus alsinoides, both from Convolvulaceae, and Clitoria ternatea from Leguminosae. The
memory-enhancing activity of thesethree plants wasinvestigated. Anxiolytic, antidepressant and CNS-depressant
activities of these three plants were also evaluated and compared. The nootropic activity of the aqueous methanol
extract of each plant was tested using elevated plus-maze (EPM) and step-down models. Anxiolytic, antidepressant and
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CNS-depressant studies were evaluated using EPM, Porsolts swim despair and actophotometer models. Clitoria ternatea
extract (CTE) showed maximum memory-enhancing and anxiolytic activity (p<0.001) at 200 and 100 mg/kg,
respectively. Amongst the three plants, Clitoria ternatea extract (CTE) showed significant (p<0.05) antidepressant
activity. All the three plants showed CNS-depressant action at higher dose levels [49].

Treatment with 100 mg/kg of Clitoria ternatea aqueous root extract (CTR) for 30 days in neonatal and young adult rats,
significantly increased acetylcholine (ACh) content in their hippocampi as compared to age matched controls. Increase
in ACh contents in their hippocampus may represent the neurochemical basis for their improved learning and memory
[50].

For the studying of the mechanisms of memory enhancement of the Clitoria ternatea aqueous root extract, young adult
(60 day old) Wistar rats of either sex were orally intubated with 50 and 100 mg/kg bw of aqueous root extract of Clitoria
ternatea (CTR) for 30 days, along with age-matched saline controls. These rats were then subjected to passive avoidance
tests and the results showed a significant increase in passive avoidance learning and retention. The amygdale of these
rats were processed for Golgi staining and the stained neurons were analysed. The results showed a significant increase
in dendritic intersections, branching points and dendritic processes arising from the soma of amygdaloid neurons in
CTR treated rats especially in the 100 mg/kg group of rats compared with age-matched saline controls [51].

The effectiveness of alcoholic extracts of aerial and root parts of Clitoria ternatea at 300 and 500 mg/kg doses orallywas
studied in attenuating electroshock-induced amnesia in rats. Extracts at 300 mg/kg dose produced significant memory
retention, and the root parts were found to be more effective. In order to delineate the possible mechanism through
which Clitoria ternatea elicited the anti-amnesic effects, its influence on central cholinergic activity was studied by
estimating the acetylcholine content of the whole brain and acetylcholinesterase activity at different regions of the rat
brain (cerebral cortex, midbrain, medulla oblongata and cerebellum). The results showed that Clitoria ternatea extracts
increase rat brain acetylcholine content and acetyl cholinesterase activity, in a similar fashion to the standard cerebro-
protective drug, Pyritinol [52].

Neonatal rat pups (7 days old) were intubated with either 50 mg/kg body weight or 100 mg/kg body weight of aqueous
root extract of Clitoria ternatea (CTR) for 30 days. These rats were then subjected to open field, two compartment
passive avoidance and spatial learning (T-Maze) tests (i) immediately after the treatment and (ii) 30 days after the
treatment, along with age matched normal and saline control rats. Results showed no change in open field behaviour,
but revealed improvement of retention and spatial learning performance at both time points of behavioural tests,
indicating the memory enhancing property of CTR which implicates a permanent change in the brain of CTR treated
rats [53-54].

2.12. Colchicum balansae

Methanol extracts of the seeds of Colchicum balansae were investigated for their in vitro cholinesterase (AChE and
BChE)inhibitory activity at 200 pg/ ml,using ELISA microplate assay. Acetylcholinesterase inhibitory activity possessed
by the methanolic extracts of Colchicum balansae seeds extract (200pg/ml) was10.90 +1.17% and BChE inhibitory
activity was 44.22 +2.46% [55-56].

Many authors mentioned that Acetylcholinesterase inhibitors are the most effective approach to treat the cognitive
symptoms of Alzheimer’s disease. Although acetylcholinesterase inhibitors was the most widely used medication in
Alzheimer’s disease treatment, but some report propound that acetylcholinesterase inhibitors have inclement side
effects such as anorexia, diarrhoea, fatigue, nausea, muscle cramps as well as gastrointestinal, cardio-respiratory,
genitourinary and sleep disturbances. Accordingly, medical field search for new acetylcholinesterase inhibitors with
higher efficacy from natural sources. Colchicum balansaeis one of the promising sources [55-58].

2.13. Coriandrum sativum

The effects of inhaled coriander volatile oil (1% and 3%, daily, for 21days) on spatial memory performance were
assessed in an AB(1-42) rat model of Alzheimer's disease. The AB(1-42)-treated rats exhibited the following: decrease
of spontaneous alternations percentage within Y-maze task and increase of working memory errors, reference memory
errors and time taken to consume all five baits within radial arm maze task. Exposure to coriander volatile oil
significantly improved these parameters, suggesting positive effects on spatial memory formation. Assessments of
oxidative stress markers in the hippocampal tissue of AB(1-42)-treated rats showed a significant increase of superoxide
dismutase (SOD), lactate dehydrogenase (LDH) and a decrease of glutathione peroxidase (GPX) specific activities along
with an elevation of malondialdehyde (MDA) level. Coriander volatile oil significantly decreased SOD and LDH specific
activities, increased GPX specific activity and attenuated the increased MDA level. Also, DNA cleavage patterns were
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absent in the coriander rats, thus suggesting antiapoptotic activity of the volatile oil. Accordingly, the exposure to
coriander volatile oil ameliorated AB(1-42)-induced spatial memory impairment by attenuation of the oxidative stress
in the rat hippocampus [59].

The effects of fresh Coriandrum sativum leaves (CSL) on cognitive functions, total serum cholesterol levels and brain
cholinesterase activity was investigated in mice. CSL (5, 10 and 15% w/w of diet) was fed orally with a specially
prepared diet, for 45 days consecutively to mice. Elevated plus-maze and passive avoidance apparatus were used as the
exteroceptive behavioral models for testing memory. Diazepam, scopolamine and ageing-induced amnesia were used
as the interoceptive behavioral models. CSL (5, 10 and 15% w/w of diet) produced a dose-dependent improvement in
memory scores of young as well as aged mice. CSL also reversed successfully the memory deficits induced by
scopolamine (0.4 mg/kg, ip) and diazepam (1 mg/kg, ip). Brain cholinesterase activity and serum total cholesterol levels
were considerably reduced by CSL administration in daily diets for 45 days [60-61].

The effects of inhaled coriander volatile oil (1% and 3%, daily, for 21days) on spatial memory performance were
assessed in an AB(1-42) rat model of Alzheimer's disease. The AB(1-42)-treated rats exhibited the following: decrease
of spontaneous alternations percentage within Y-maze task and increase of working memory errors, reference memory
errors and time taken to consume all five baits within radial arm maze task. Exposure to coriander volatile oil
significantly improved these parameters, suggesting positive effects on spatial memory formation. Assessments of
oxidative stress markers in the hippocampal tissue of AB(1-42)-treated rats showed a significant increase of superoxide
dismutase (SOD), lactate dehydrogenase (LDH) and a decrease of glutathione peroxidase (GPX) specific activities along
with an elevation of malondialdehyde (MDA) level. Coriander volatile oil significantly decreased SOD and LDH specific
activities, increased GPX specific activity and attenuated the increased MDA level. Also, DNA cleavage patterns were
absent in the coriander rats, thus suggesting antiapoptotic activity of the volatile oil. Accordingly, the exposure to
coriander volatile oil ameliorated AB(1-42)-induced spatial memory impairment by attenuation of the oxidative stress
in the rat hippocampus [62].

The effect of Coriandrum sativum seed extract on learning was studied in second-generation mice. Ethanolic extract
(2%) of coriander was dissolved in sunflower oil as a vehicle and injected (100 mg/kg intraperitoneal)to mother mice
during breastfeeding for 25 days at 5-day intervals. After feeding the newborn mice, their learning was evaluated using
a step-through passive avoidance task with 0.4 mA electric shock for 2 or 4 seconds. While coriander extract showed a
negative effect in the short term (1 hour) after the training session, it potentiated the mice's learning in later
assessments (24 hours post-training [P = 0.022] and 1 week post-training [P = 0.002] by a 4-second shock). Low-dose
caffeine (25 mg/kg ip after training) improved the learning after 1 hour (P = 0.024).No modification in the pain
threshold was elicited by electric stimuli both in coriander and control groups [63-64].

2.14. Cressa cretica

The effects of Cressa cretica was evaluated in learning and memory in mice. Elevated plus maze and passive avoidance
paradigm were utilized to test learning and memory. Two doses (200 and 400 mg/kg, po) of ethanolic extract were
administered for 28 successive days in separate group of animals. The dose of 400 mg/kg po, of Cressa cretica extract
(CCE) significantly improved learning and memory of mice. Furthermore, this dose significantly reversed the amnesia
induced by scopolamine (0.4 mg/kg, ip). To find out the mechanism by which CCE exerted nootropic activity, the effect
of CCE on whole brain AChE activity was also estimated. CCE decreased whole brain acetyl cholinesterase activity and
reduced whole brain MDA and NO levels. The antioxidant properties and the presence of flavonoids in Cressa
cretica may be contributing to memory enhancement effect. Accordigly, Cressa cretica was a potent candidate for
enhancing learning and memory and it would be beneficial for the treatment of amnesia and Alzheimer’s disease [65-
69].

2.15. Crocus sativus

Alzheimer's disease was characterized pathologically by deposition of amyloid beta-peptide (Abeta) fibrils. Oxidation
was thought to promote Abeta fibril formation and deposition. To identify agents inhibiting the pathogenesis of
Alzheimer's disease, the antioxidant properties of extract of Crocus sativus stigmas and its effect on Abeta(1-40)
fibrillogenesis was investigated in vtro. The antioxidant properties were determined by measuring the ferric-reducing
antioxidant power and Trolox-equivalent antioxidant capacity, while its effects on Abeta-aggregation and fibrillogenesis
were studied by thioflavine T-based fluorescence assay and by DNA binding shift assay. The water: methanol (50:50,
v/v) extract ofCrocus sativus stigmas possessed good antioxidant properties, higher than those of tomatoes and carrots,
and inhibited Abeta fibrillogenesis in a concentration and time-dependent manner. The main carotenoid constituent
(trans-crocin-4) the digentibiosyl ester of crocetin, inhibited Abeta fibrillogenesis at lower concentrations than
dimethylcrocetin, revealing that the action of the carotenoid was enhanced by the presence of the sugars. The result
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suggested the possible use of Crocus sativus stigma constituents for inhibition of aggregation and deposition of Abeta in
the human brain [70].

Inhibitors of acetylcholine breakdown by acetylcholinesterase (AChE) constituted the main therapeutic modality for
Alzheimer's disease. The inhibition of AChE activity of saffron extract and its constituents was studied by in vitro
enzymatic and molecular docking studies. Saffron extract showed moderate AChE inhibitory activity (up to 30%), but
ICso values of crocetin, dimethylcrocetin, and safranal were 96.33, 107.1, and 21.09 uM, respectively. Kinetic analysis
showed mixed-type inhibition, which was verified by in silico docking studies. Safranal interacted only with the binding
site of the AChE, but crocetin and dimethylcrocetin bind simultaneously to the catalytic and peripheral anionic sites
[71].

The efficacy of Crocus sativus was studied in the treatment of patients with mild-to-moderate Alzheimer's disease. Fifty-
four Persian adults, 55 years of age or older were participated in a 22-week, double-blind study of parallel groups of
patients with AD. The main efficacy measures were the change in the Alzheimer's Disease Assessment Scale-cognitive
subscale and Clinical Dementia Rating Scale-Sums of Boxes scores compared with baseline. Adverse events (AEs).
Participants were randomly assigned to receive a capsule saffron 30 mg/day (15 mg twice per day) or donepezil 10
mg/day (5 mg twice per day). Saffron at this dose was found to be effective similar to donepezil in the treatment of mild-
to-moderate AD after 22 weeks. The frequency of AEs was similar between saffron extract and donepezil groups with
the exception of vomiting, which occurred significantly more frequently in the donepezil group [72].

The recent behavioural and electrophysiological studies have demonstrated that saffron extract affected learning and
memory in experimental animals. Saffron extract improved ethanol-induced impairments of learning behaviours in
mice, and prevented ethanol-induced inhibition of hippocampal long-term potentiation, a form of activity-dependent
synaptic plasticity that may underly learning and memory. Accordingly, saffron extract or its active constituents,
crocetin and crocin, could be useful as a treatment for neurodegenerative disorders accompanying memory impairment
[73].

Saffron extract was investigated in preventing D-galactose and NaNOz induced memory impairment and improving
learning and memory deficitsin amnestic mice. The learning and memory functions in ovariectomized mice were
examined by the one way passive and active avoidance tests. In active avoidance test, training in amnestic treated (AT)
and amnestic prophylaxis (AP) groups, was improved, there was a significant difference between them and the amnestic
control (AC) group. In passive avoidance test, animal’s step through latency, as an index for learning, in all test groups
was significantly greater than control group. Total time spent in dark room (DS), which opposed the memory retention
ability, in AC was significantly greater than AT group at 1 and 2 hours after full training, while there was no significant
difference in this parameter between AP and AT [74].

The acute effects of an alcohol extract of Crocus sativus(CS-extract) were studied on learning and memory in step
through (ST) and step down (SD) tests in normal, trained and memory-impaired mice. A single oral administration of
CS-extract had no effects on memory registration, consolidation or retrieval in normal mice. CS-extract reduced the
ethanol-induced impairment of memory registration both in ST and SD tests and the ethanol-induced impairment of
memory retrieval in SD test. CS-extract decreased the motor activity (MA) and prolonged the sleeping time induced by
hexobarbital [75].

Long-term potentiation (LTP) was thought as a generative mechanism underlying learning and memory via storing
information in central nervous system. Electro-neurophysiological assay for LTP was generally used in screening the
drugs that can facilitate learning and memory. Methanol extract of saffron (MES) being able to facilitate LTP-induction,
and can antagonize the inhibiting effect of 30% ethanol on LTP induction (30 pulses/60 Hz) [76].

The effects of Crocus sativus, and its active constituent crocin was evaluated on learning and memory loss and the
induction of oxidative stress in the hippocampus by chronic stress. Rats were injected with saffron extract, crocin or
vehicle over a period of 21 days while being exposed to chronic restraint stress (6 h/day). Then, animals were trained
and tested on a water-maze spatial memory task. They performed four trials per day for 5 consecutive days, and this
was followed by a probe trial two days later. At the end of the behavioral testing, several parameters of oxidative stress
in the hippocampus were measured. Treatment with saffron extractor crocin blocked the ability of chronic stress to
impair spatial learning and memory retention. Relative to controls that received vehicle, stressed animals that received
saffron extract or crocin had significantly higher levels of lipid peroxidation products, significantly higher activities of
antioxidant enzymes including glutathione peroxidase, glutathione reductase and superoxide dismutase and
significantly lower total antioxidant reactivity capacity. Crocin significantly decreased plasma levels of corticosterone,
as measured after the end of stress. These results indicated that saffron and its active constituent crocin can prevent the
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impairment of learning and memory as well as the oxidative stress damage to the hippocampus induced by chronic
stress [77].

The effect of aqueous extracts of saffron was investigated in morphine-induced memory impairment. On the training
trial, the mice were received an electric shock when the animals were entered into the dark compartment. Twenty-four
and forty-eight hours later, the time latency for entering the dark compartment was recorded and defined as the
retention trial. The mice were divided into (1) control, (2) morphine which received morphine before the training in
the passive avoidance test, (3-5) three groups treated by 50, 150 and 450 mg/kg of saffron extract before the training
trial, and (6 and 7) the two other groups received 150 and 450 mg/kg of saffron extract before the retention trial. The
time latency in morphine-treated group was lower than control (p<0.01). Treatment of the animals by 150 and
450 mg/kg of saffron extract before the training trial increased the time latency at 24 and 48 hours after the training
trial (p<0.05 and p<0.01). Administration of both 150 and 450 mg/kg of the extract before retention trials also
increased the time latency (p<0.01). The results revealed that the saffron extract attenuated morphine-induced memory
impairment [78-79].

2.16. Cuminum cyminum

The memory-enhancing and antistress activities of Cuminum cyminum were studied in rats. Antistress activity was
evaluated by inducing stress via forced swimming and the urinary vanillylmandelic acid (VMA) and ascorbic acid were
estimated as biomarkers. Memory-enhancing activity was studied by conditioned avoidance response using Cook's pole
climbing apparatus in normal and scopolamine-induced amnestic rats. Daily administration of cumin at doses of 100,
200, and 300 mg/kg bw, 1h prior to induction of stress, it inhibited the stress-induced urinary biochemical changes in
a dose-dependent manner without altering the levels in normal control groups. The cognition, as determined by the
acquisition, retention, and recovery in rats, was observed to be dose-dependent. The extract also produced significant
lipid peroxidation inhibition in comparison with known antioxidant ascorbic acid in both rat liver and brain [80-82].

2.17. Cupressus sempervirens

The dichloromethane, acetone, ethyl acetate, and methanol extracts of the cones and leaves of Cupressus sempervirens
var. horizantalis (CSH) and var. pyramidalis (CSP) were screened for their inhibitory activity against
acetylcholinesterase (AChE), butyrylcholinesterase (BChE), and tyrosinase (TYRO). The extracts displayed weak to
moderate cholinesterase inhibition at 200 pg/ml. The cone dichloromethane extract of CSP showed the highest
inhibition (36.10£1.45%) against AChE, while the best inhibition (40.01+0.77%) against BChE was caused by the leaf
acetone extract of CSH [83-84].

The antiacethylcholinesterase studyof Cupressus sempervirens essential oil was also investigated. It showed that
essential oilinhibitory concentration (ICso) was0.2837 + 0.0115 mg/ml [85-86].

2.18. Cymbopogon schoenanthus

The acetylcholinesterase inhibitory activity of the essential oils from fresh leaves, dried leaves and rootsof Cymbopogon
schoenanthus was investigated. The greatest acetylcholinesterase inhibitory activity (ICso =0.26 + 0.03 mg/ ml) was
exhibited by the essential oil of the fresh leaves from the mountain region in southern Tunisia [87].

Aqueous extract, proanthocyanidin rich extract, and organic extracts of Cymbopogon schoenanthus shoots from three
different locations in south Tunisia were screened for acetylcholinesterase inhibitory activity. The greatest
acetylcholinesterase inhibitory activity (ICso =0.23+0.04mg/ml) was exhibited by the ethyl acetate and methanol
extracts of the plants collected from the mountainous regionin Tunisia [88-89].

2.19. Cyperus rotuntdus

The effect of the extract and essential oil of Cyperus rotundus on memory dysfunction was studied in mice. Cognition
was evaluated using the object recognition task that was composed of a square wooden open field box with different
shape objects. The test was consisted of three sections: 15 min exploration, first trial for 12 min and second one for 5
min. In the second trial the difference in exploration between a previously seen object and novel one, was considered
as an index of memory performance (recognition index). Memory deficit was induced by scopolamine (0.5 mg/kg)
before injection of plant extracts and essential oil. Neither the hydroalcholic extracts (100, 200, 400 mg/kg) nor the
polyphenolic extract (50, 100, 200 mg/kg) and essential oil (10, 20, 40 mg/kg) of Cyperus rotundus produced significant
improvement of memory dysfunction [90-91].
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2.20. Dalbergia sissoo

The effect of ethanolic leaf extracts of Dalbergia sissoo (ELDS) on learning and memory activity was evaluatedin mice.
ELDS was givenas300, 450 and 600 mg/Kg respectively. The effect of ethanolic leaf extract of Dalbergia sissoo was
investigated in mice for memory enhancing activity using various experimental paradigms of learning and memory viz.
Transfer latency (TL) on elevated plus maze and passive avoidance. For memory and learning activity vehicle/ extracts
/ STD drug administered daily for first seven days, on 8t day dementia was induced by scopolamine. ELDS significantly
enhanced the learning and memory activities against the scopolamine induced dementia and significant decrease in
Acetylcholinesterase level in brain in animals. The memory enhanced activity as evidenced by learning and retrieval
was due to cholinergic facilitatory effect in animals. The results indicated a possible memory enhancing action of
Dalbergia sissoo which qualitatively comparable with that of piracetam [92-93].

2.21. Daucus carota

The effects of D. carota seeds was evaluated in memory in rats. The ethanolic extract of Daucus carota (DCE) was
administered orally in three doses (100, 200 and 400 mg/kg) for seven successive days to different groups of young
and aged rats. Elevated plus-maze, Hebb-Williams maze and hexagonal swimming pool were used as exteroceptive
behavioral models for testing memory. Diazepam-, scopolamine- and aging-induced amnesia were used as interoceptive
behavioral models. DCE (200 and 400 mg/kg, po) induced significant improvement in memory of young and aged rats
in elevated plus maze, Hebb Williams maze and hexagonal swimming pool. It also reversed the amnesia induced by
scopolamine (0.4 mg/kg, ip) and diazepam (1mg/kg, ip). The results clearly indicated that Daucus carota seeds is a
promising therapy to improve memory especially in management of Alzheimer patients [56].The seeds which contain
choline, and have been reported to inhibit brain cholinesterase activity, with a possibility to elevate the brain
acetylcholine levels via increased synthesis of acetylcholine, which beneficial in cognitive dysfunctions [94-95].

The effects of Daucus carota seeds on cognitive functions, total serum cholesterol levels and brain cholinesterase
activity were studied in mice. The ethanolic extract of Daucus carota seeds (DCE) was administered orally in three doses
(100, 200, 400 mg/kg) for seven successive days to different groups of young and aged mice. Elevated plus maze and
passive avoidance apparatus served as the exteroceptive behavioral models for testing memory. Diazepam-,
scopolamine- and ageing-induced amnesia served as the interoceptive behavioral models. DCE (200, 400 mg/kg, p.o.)
showed significant improvement in memory scores of young and aged mice. The extent of memory improvement evoked
by DCE was 23% at the dose of 200 mg/kg and 35% at the dose of 400 mg/kg in young mice using elevated plus maze.
Significant improvements in memory scores were observed with the using passive avoidance apparatus and aged mice.
DCE also reversed the amnesia induced by scopolamine (0.4 mg/kg, ip) and diazepam (1 mg/kg, ip). Daucus
carota extract (200, 400 mg/kg, po) reduced significantly the brain acetylcholinesterase activity and cholesterol levels
in young and aged mice. The extent of inhibition of brain cholinesterase activity evoked by DCE at the dose of 400 mg/kg
was 22% in young and 19% in aged mice. There was a remarkable reduction in total cholesterol level as well, to the
extent of 23% in young and 21% in aged animals with this dose of DCE [96].

The effects of Daucus carota seeds was evaluated in memory in rats. The ethanolic extract of Daucus carota (DCE) was
administered orally in three doses (100, 200 and 400 mg/kg) for seven successive days to different groups of young
and aged rats. Elevated plus-maze, Hebb-Williams maze and hexagonal swimming pool were used as exteroceptive
behavioral models for testing memory. Diazepam-, scopolamine- and aging-induced amnesia were used as interoceptive
behavioral models. DCE (200 and 400 mg/kg, po) induced significant improvement in memory of young and aged rats
in elevated plus maze, Hebb Williams maze and hexagonal swimming pool. It also reversed the amnesia induced by
scopolamine (0.4 mg/kg, ip) and diazepam (1mg/kg, ip). The results clearly indicated thatD. carota seeds isa promising
therapy to improve memory especially in management of Alzheimer patients [97-98].

2.22. Equisetum arvense

The chronic administration of the hydroalcoholic extract of stems of Equisetum arvense (HAE) reversed the cognitive
impairment in aged rats. Chronic administration of HAE at dose of 50 mg/kg, ip, improved both short- and long-term
retention of inhibitory avoidance task and ameliorated the cognitive performance in reference and working memory
version of the Morris Water Maze. No differences were found between all three groups of young controls, aged controls
and EHA-treated animals with regard to the open field and elevated plus maze tests. In vitro assays revealed that HAE
diminished the thiobarbituric acid reactive substances as well as nitrite formation, but did not alter catalase activity.
The authors concluded that the cognitive enhancement effects of the HAE may be attributed, at least in part, to it
antioxidant action [99-100].
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2.23. Foeniculum vulgare

The nootropic and anticholinesterase potential of Foeniculum vulgare was studied in mice. Methanolic extract of the
whole plant of F. vulgare administered for eight successive days ameliorated the amnesic effect of scopolamine (0.4
mg/kg) and aging- induced memory deficits in mice. The passive avoidance paradigm was usedas exteroceptive
behavioral model for assessing memory. F. vulgare extract increased step-down latency and acetylcholinesterase
inhibition in mice significantly. The authors postulated thatF. vulgare can be employed in treatment of cognitive
disorders such as dementia and Alzheimer's disease [101]. The nootropic and anticholinesterase potential of
Foeniculum vulgare was studied in mice. Methanolic extract of the whole plant of F. vulgare administered for eight
successive days ameliorated the amnesic effect of scopolamine (0.4 mg/kg) and aging- induced memory deficits in mice.
The passive avoidance paradigm was used as exteroceptive behavioral model for assessing memory. F. vulgare extract
increased step-down latency and acetylcholinesterase inhibition in mice significantly. The authors postulated that F.
vulgare can be employed in treatment of cognitive disorders such as dementia and Alzheimer's disease [102-103].

2.24. Fumaria officinalis

F. officinalis appeared the most potent AChE acetylcholinesterase inhibitors among many Fumaria species, on a plant
dry weight basis (IC50 = 4.7 0.2 mg dry weight/ml), acetylcholinesterase inhibitory effects were correlated to the
amount of protopine contained in 1 g of complex alkaloid isolated from the species [104].

Isoquinoline alkaloids isolated from aerial parts of Fumaria officinalis were evaluated for their biological activities
related to Alzheimer's disease. Parfumidine and sinactine exhibited potent prolyl oligopeptidase (POP) inhibition
activities (ICso 99+5 and 53+2 uM, respectively) [105-106].

2.25. Fumaria parviflora

The chloroform: methanol [1:1] extracts of a number of the plant species belonging to eight families, including Fumaria
parviflora, were screened for their anticholinesterase activity on acetyl cholinesterase [AChE] and
butyrylcholinesterase [BChE] enzymes by in vitro at 10 microg/ml and 1 mg/ml concentrations. Among the screened
extracts, all of the Fumaria extracts displayed highly potent inhibition against both of the enzymes at 1 mg/ml
concentration compared to the standard [107-108].

2.26. Glycyrrhiza glabra

The deposition of senile plaque that is contributed mainly by amyloid-f3 (AB), whose production is initiated by beta-site
amyloid precursor protein (APP)-cleaving enzyme 1 (BACE1) is one of the typical hallmarks of Alzheimer’s disease.
Inhibition of BACE1 is thereby is an attractive strategy for anti- Alzheimer’s disease drug discovery. The natural product
2,2' 4'-trihydroxychalcone (TDC) from Glycyrrhiza glabra functioned as a specific non-competitive inhibitor against
BACE1 enzyme, and potently repressed 3-cleavage of APP and production of Af in human embryo kidney cells. The
amelioration ability of this compound against the in vivo memory impairment was further evaluated by APP-PS1 double
transgenic mice model. 9 mg/kg/day of TDC decreased A3 production and Af3 plaque formation, and efficiently improve
the memory impairment based on Morris water maze test [109].

The effect of Glycyrrhiza glabra root extract(75, 150 and 300 mg/kg for 2 weeks)was evaluated on learning and memory
in three months old male rats. Elevated plus-maze and Morris water maze tests were conducted to evaluate the learning
and memory parameters as exteroceptive behavioral model and Diazepam induced amnesia as interoceptive behavioral
model. The aqueous extract of root of Glycyrrhiza glabra showed improvement in learning and memory in a dose
dependent manner. However, 150 mg/kg dose significantly (p<0.01) enhanced learning and memory [110-111].

The beneficial effects of aqueous extract of Glycyrrhiza glabra root extract (75, 150, 225, and 300 mg/kg, for six
successive weeks ) on learning and memory were studied in 1-month-old male Wistar albino rats using the elevated
plus maze, Hebb-William maze, and Morris water maze tests as exteroceptive behavioral model andDiazepam-induced
amnesia as interoceptive behavioral model. Results revealed that all the doses of aqueous root extract of Glycyrrhiza
glabra significantly enhanced the memory;the doses150 and 225 mg/kg, possessed significant (P < 0.01) enhancement
in learning and memory. Furthermore, diazepam-induced amnesia was reversed by the aqueous root extract of
Glycyrrhiza glabra (150 and 225 mg/kg, po) [112].

The effects of aqueous extract of Glycyrrhiza glabra (75, 150 and 300 mg/kg po for 7 successive days)on learning and

memory was also evaluated in mice. Elevated plus-maze and passive avoidance paradigm were employed to test
learning and memory. The dose of 150 mg/kg of the aqueous extract of liquorice significantly improved learning and
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memory of mice. This dose also significantly reversed the amnesia induced by diazepam (1 mg/kg ip) and scopolamine
(0.4 mg/kg ip) [113].

The dose of 150 mg/kg of the aqueous extract of Glycyrrhiza glabrafor 7 successive days, significantly improved learning
and memory of mice and reversed the amnesia induced by diazepam (1 mg/kg p), scopolamine (0.4 mg/kg ip), and
ethanol (1 g/kgip) [114].

The effects of Glycyrrhiza glabra on learning and memory were evaluated using object recognition task (ORT) and
elevated plus maze (EPM) models in mice. One dose level of aqueous liquorice extract 400mg/kg poand two doses levels
of Glabridin rich extract 5mg/kg and 10mg/kg were administered orally in separate groups of animals. aqueous
liquorice extract and Glabridin 10mg/kg treatment significantly improved learning and memory of mice by reversing
the amnesia induced by scopolamine hydrobromide (2mg/kg, ip) and Diazepam (1mg/kg, ip) [115].

The effect of glabridin isolated from the roots of Glycyrrhiza glabra was investigated on cognitive functions and
cholinesterase activity in mice. Glabridin (1, 2 and 4 mg/kg, po) was administered daily for 3 successive days to mice.
The higher doses (2 and 4 mg/kg po) of glabridin significantly antagonized the amnesia induced by scopolamine (0.5
mg/kg ip)in both the elevated plus maze test and passive avoidance test. Glabridin (2 and 4 mg/kg po) also remarkably
reduced the brain cholinesterase activity in mice compared to the control group [116].

The effect of Glycyrrhiza glabra oral supplementation was evaluated on the mental intelligence and memory function of
the male students. Glycyrrhiza glabra tablets were formulated from the crude powder prepared from roots and
subjected to dose standardization process and found suitable without any side effects. 123 students were divided into
two group, treatment (1 tablet two times/ day) and placebo control (received starch powder)for the period of 60 days.
Each group was further subdivided into two, based on low and high intelligence percentage in order to avoid biasness.
Evaluation of improvement was judge by using NVIT (Non Verbal Intelligence Test) and memory test score before the
start and at the end of treatment period and scored them accordingly into poor, moderate, good and, very good and
expressed in percentage. The overall NVIT results indicated that oral consumption of Glycyrrhiza glabra tablets twice a
day improved the intelligence level among the student compared to placebo treatment [117-118].

2.27. Gossypium species

The acetylcholinesterase (AChE) inhibition of a standardized extract from the flowers of Gossypium herbaceam (GHE)
as well as the protective effects to PC12 cells against cytotoxicity induced by tertiary butyl hydroperoxide (tBHP)were
investigated using in vitro assays. The results revealed that GHE exhibited certain activities against AChE and also is an
efficient free radical scavenger, which may be helpful in preventing or alleviating patients suffering from Alzheimer's
disease [119].

The protective effect of Gossypium herbaceam extracts (GHE) on learning and memory impairment associated with
aging were examined in vivo using Morris water maze and step through task. Furthermore, the antioxidant activity and
neuroprotective effect of GHE was investigated histochemically and biochemically. The results showed that oral
administration with GHE at the doses of 35, 70, and 140 mg/kg improved the learning and memory impairment in aged
rats. It also afforded a beneficial action on eradication of free radicals without influence on the activity of glutathione
peroxidase and superoxide dismutase. GHE treatment enhanced the expression levels of nerve growth factor. The
proliferation of neural progenitor cells was elevated in hippocampus after the treatment [120-121].

2.28. Haplophyllum species

The oil showed weakly acetylcholinesterase (AChE) inhibitory activity, compared to standard substances, whereas no
inhibition on butyrylcholinesterase (BuChE) activity was observed(®1). The inhibitory activity of acetyl cholinestrase
was mainly accumulated in the chloforom and ethyl acetate fractions of different parts extracts of H. tuberculatum. The
most active was the stem ethyl acetate fraction with an inhibitory effect of 79% and ICso of 0.45 pg/ml. Other fractions
possessed an inhibitory effect at arrange between 70 - 77% [122-123].

2.29. Hibiscus rosa sinensis

An aqueous extract of Hibiscus rosa sinensis showed 62.02%+0.03 (SEM) inhibitory activity against AChE and
57.83%=0.05 (SEM) inhibitory activity against BUChE enzymes respectively. Accordingly, Hibiscus rosa sinensis could
beuseful in improving memory [124].
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The ethyl acetate soluble fraction of the methanol extract of of Hibiscus rosa sinensis (EASF) attenuated amnesia induced
by scopolamine and aging. The discrimination index (DI) was significantly decreased in the aged and scopolamine group
in object recognition test (ORT). Pretreatment with EASF significantly increased the DI. In passive avoidance test (PAT),
scopolamine-treated mice exhibited significantly shorter step-down latencies (SDL). EASF treatment showed a
significant increase in SDL in young, aged as well as in scopolamine-treated animals. The biochemical analysis of brain
revealed that scopolamine treatment increased lipid peroxidation and decreased levels of superoxide dismutase (SOD)
and glutathione reductase (GSH). Administration of extract significantly reduced LPO and reversed the decrease in brain
SOD and GSH levels. The administration of Hibiscus rosa sinensis improved memory in amnesic mice and prevented the
oxidative stress associated with scopolamine. This effect could be attributed to augmentation of cellular antioxidants
[125].

An aqueous extract of Hibiscus rosa sinensis showed 62.02%*0.03 (SEM) inhibitory activity against AChE and
57.83%+0.05 (SEM) inhibitory activity against BUChE enzymes respectively. Accordingly, Hibiscus rosa sinensis could
be useful in improving memory and other cognitive function associated with the cholinergic system [126-127].

2.30. Hibiscus sabdariffa

The nootropic acitivity of calyces of Hibiscus sabdariffa was studied in mice using elevated plus maze and passive
avoidance paradigm to evaluate learning and memory parameters. The aqueous extracts of calyces of Hibiscus sabdariffa
(100 and 200 mg/kg, po) significantly attenuated amnestic deficits induced by scopolamine (0.4 mg/kg, ip) and natural
aging. Hibiscus sabdariffa(100 and 200 mg/kg) decreased the transfer latencies and in-creased step down latencies
significantly in the aged mice and scopolamine induced amnesic mice as compared with Piracetam (200 mg/kg, ip).
Acetylcholinesterase activity in the whole brain was significantly decreased in mice which could be indicated to the
underlying mechanism of action [128-129].

2.31. Hypericum triquetrifolium

The crude methanolic extract of the aerial parts of H. triquetrifolium was examined for its potential activity in
counteracting and preventing cognition impairment caused by acute and chronic restrain stress in rats. H.
triquetrifolium methanolic extracts were administrated intraperitoneally (50 mg/Kg). Rats were tested for spatial
memory in radial arm water maze test. Results revealed that chronic psychosocial stress impairs short term memory.
Acute stress also impairs both short term memory and long term memory. Chronic H. triquetrifolium extract
administration prevented stress induced memory impairment in both chronic and acute stressed rats which is
confirmed by the correction of stress-induced reduction in BDNF protein levels especially in the hippocampal area of
brain [130-131].

2.32. Juglans regia

In vitro neuroprotective effects of the leaf and fruit extracts of Juglans regia were studied through enzymes linked to
Alzheimer's disease and antioxidant activity. Extracts of J. regia fruits and leaves exhibited low inhibition of
butyrylcholinesterase, and it possessed no significant effect on acetylcholinesterase [132].

The effects of walnuts on learning and memory was studied in male rats. Walnut was given orally to rats for a period of
28days. Memory function in rats was assessed by elevated plus maze (EPM) and radial arm maze (RAM). A significant
improvement in learning and memory of walnut treated rats compared to controls was observed. Analysis of brain
monoamines exhibited enhanced serotonergic levels in rat brain following oral intake of walnuts [133].

The effects of walnut supplementation on motor and cognitive ability were investigated in aged rats. The motor testing
showed that the 2% walnut diet improved performance on rod walking, while the 6% walnut diet improved
performance on the medium plank walk; the higher dose of the 9% walnut diet did not improve psychomotor
performance and on the large plank actually impaired performance. All of the walnut diets improved working memory
in the Morris water maze, but the 9% diet showed impaired reference memory [134].

The effects of walnut consumption by mothers during pregnancy and lactation on learning and memory in adult
offsprings were studied in rats. The results showed that there was a significant difference in learning and memory of
rat offsprings between experimental and control groups [135-136].

2.33. Juniperus communis

The effects of inhaled juniper volatile oil (1% and 3%, daily, for 21 days) on spatial memory performance were assessed
in an AB(1-42) rat model of Alzheimer’s disease. The AB(1-42)-treated rats exhibited decrease of spontaneous
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alternations percentage within Y-maze task and increase of working memory and reference memory errors within
radial arm maze task [137].

The effects of inhaled juniper volatile oil (1% and 3%, daily, for 21 days) on spatial memory performance were assessed
in an AB(1-42) rat model of Alzheimer’s disease. The AB(1-42)-treated rats exhibited decrease of spontaneous
alternations percentage within Y-maze task and increase of working memory and reference memory errors within
radial arm maze task [138-139].

2.34. Lycium barbarum

Lycium barbarum polysaccharides (LBP)decreased levels of serum AGE, hydroxyproline concentration in mouse skin
and spontaneous motor activity in D galactose mouse aging model. On the other hand, lymphocyte proliferation and IL-
2 activity, learning and memory abilities and the SOD activity of erythrocytes, were enhanced [140-141].

The effects of Lycium barbarum polysaccharides on neuronal function, neurogenesis, and drug-induced learning and
memory deficits were investigated in scopolamine -treated rats. Polysaccharides were administered via gastric
perfusion for 2 weeks before the onset of subcutaneous scopolamine treatment and for further 4 weeks. Scopolamine -
and polysaccharides - treated rats spent significantly more time exploring the novel object or location in the recognition
tasks and had significant shorter escape latency in the water maze. Scopolamine administration led to a decrease in
Ki67- or DCX-immunoreactive cells in the dentate gyrus and damage of dendritic development of the new neurons;
polysaccharides prevented these scopolamine -induced reductions in cell proliferation and neuroblast differentiation.
Polysaccharides also protected scopolamine -induced loss of neuronal processes in DCX-immunoreactive neurons.
Polysaccharides decreased the scopolamine -induced oxidative stress in hippocampus and reversed the ratio Bax/Bcl-
2 that increased after scopolamine treatment. However, polysaccharides didn’t affected the decreased BDNF and
increased AChE induced by scopolamine [142].

The standardized Lycium barbarum fruit juice (GoChi®, Free Life International, Phoenix, AZ, USA) at 120 ml/day
(equivalent to at least 150 g of fresh fruit), was studied for 30 days in a randomized, double-blind, placebo-controlled
clinical study in 60 older healthy adults to determine its effects on general well-being, and safety. GoChi group showed
a significant increase in general feelings of well-being, such as fatigue and sleep, and showed a tendency for increased
short-term memory and focus between pre- and postintervention. No adverse reactions, abnormal symptoms, or
changes in body weight, blood pressure, pulse, visual acuity, urine, stool, or blood biochemistry were recorded [143].

2.35. Mangifera indica

The effect of Mangifera indica aqueous extract (10, 50, and 100 mg/kg orally, for 12 months) and mangiferin (10 mg/kg,
orally for 12 months) on behavioral outcomes of neurological function in spinocerebellar ataxia type 2 (SCA-2) was
studied in transgenic mice. Locomotion (open-field), aversive memory (inhibitory avoidance) and declarative memory
(object recognition) were used for evaluation. The possible cellular mechanisms was also evaluated on nerve grow
factor (NGF) and tumor necrosis factor-a (TNF-a) levels in the human glioblastoma cell line U138-MG supernatant.
Mangifera indica aqueous extract administration did not affect the object recognition memory, but mangiferin did. The
natural extract improved selectively the aversive memory in SCA- 2 mice, indicating that Mangifera indica aqueous
extract can affect behavioral parameters regarding fear-related memory. Mangifera indica aqueous extract also induced
a significant increase in supernatant levels of NGF and TNF-« in vitro in human U138-MG glioblastoma cells [144].

The cognitive enhancing effects of Mangifera indica fruit extract were studied in rat model of mild cognitive impairment.
Male rats, were orally given the extract at doses of 12.5, 50, and 200 mg/kg for 2 weeks before and 1 week after the
bilateral intracerebroventricular injection of a cholinergic neuronspecific neurotoxin (AF64A). Spatial memory,
cholinergic neurons density, MDA level, and the activities of SOD, CAT, and GSH-Px enzymes in hippocampus were
determined. The results showed that all doses of extract improved memory together with the decreased MDA level and
increased SOD and GSH-Px enzymes activities. It also increased cholinergic neurons density in CA1 and CA3 of
hippocampus at doses of 50 and 200 mg/kg bw [145].

The ethanolic extract of Mangifera indica fruit was evaluated in cognitive performances in mice (step down passive
avoidance task and elevated plus maze task). Chronic treatment (7 days) of extract and vitamin C significantly (p < 0.05)
reversed the aging and scopolamine induced memory deficits in both paradigms [146].

The effect of systemic administration of Vimang on behavioural outcomes of neurological function was studied in rats.

A single oral administration of Vimang produced an impairment of short and long-term retention of memory for
aversive training when given either 1 h pre training or immediately post training, but not 8 h post training. Vimang did
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not affect open field behaviour or habituation. Accordingly, Vimang induced deficits of emotionally motivated memory
without affecting non associative memory, locomotion, exploratory behaviour or anxiety [147-148].

2.36. Matricaria chamomilla

The effect of the hydroalcoholic extract of Matricaria chamomilla on memory was studied in a scopolamine-induced
amnesia in rats. The extract reversed the scopolamine- induced decreasing of the spontaneous alternation in the Y-maze
test and the scopolamine-induced increasing of the working and reference memory errors in the radial arm maze test.
Furthermore, the scopolamine-induced alteration of the acetylcholinesterase activity and the oxidant- antioxidant
balance in the rat hippocampus was recovered by the treatment with the extract. The extract also restored the
scopolamine-decreased BDNF expression and increased IL1[3 expression in the rat hippocampus [149].

2.37. Medicago sativa

The neuroprotective effect of methanol extract of Medicago sativa on ischemia and reperfusion-induced cerebral injury
was investigated in mice. Pre-treatment with Medicago sativa methanolic extract (100 or 200 mg/kg, orally) markedly
reduced cerebral infarct size, xanthine oxidase, O-2 production, thiobarbituric acid-reactive substance, and significantly
restored reduced glutathione, superoxide dismutase and total tissue sulthydryl levels and attenuated impairment in
short-term memory and motor coordination. The extract directly scavenged free radicals generated against a stable
radical 1,1- diphenyl-2-picrylhydrazyl and O-2 generated in phenazine methosulphate- nicotinamide adenine
dinucleotide systems, and also inhibited XD/XO conversion and resultant O-2 production [150].

A combined molecular docking and network analysis were carried out to study the mechanisms of the beneficial effect
of Medicago sativa in neurodegenerative diseases. Medicago sativa showed memory improving activities and central
nervous protective effects, which attributed to its triterpenesaponins contents [151-152].

2.38. Melilotus officinalis

The effect of Melilotus officinalis extract in Alzheimer disease was studied, regarding its possible role as anti-
inflammatory, anti-oxidant agent and its effect on the expression of many genes including DAXX, NFkB and VEGF. The
results revealed that the extract caused significant decreased the expression of Daxx, Nfkb and Vegf genes in the sporadic
Alzheimer disease rat's model compared to the streptozotocin (STZ)- induced rats. Furthermore, no significant changes
were seen in swimming distance and time for finding the hidden platform in the extract- treated compared to the STZ-
induced group. No significant changes were observed in the memory level among treated and untreated groups [153-
154].

2.39. Melissa officinalis

The effect of subchronic administration of a 50% ethanol extract of Melissa officinalis leaves (200 mg/kg, po) compared
with rosmarinic acid (RA, 10 mg/kg, po) and huperzine A (HU, 0.5 mg/kg, po) on behavioral and cognitive responses
were studied in scopolamine-induced rats. Melissa officinalis extract and huperzine, but not rosmarinic acid, showed an
improvement in long-term memory. The results were in line with mRNA levels, since Melissa officinalis decreased
acetylcholinesterase mRNA level by 52% in the cortex and caused a strong significant inhibition of beta-secretase 1
mRNA transcription (64% in the frontal cortex; 50% in the hippocampus). However, the extract produced insignificant
inhibition of acetylcholinesterase activity in the frontal cortex [155].

The role ofMelissa officinalis (25 mg/kg) on ethanol state-dependent learning was studied in adult nicotine-treated male
mice. Melissa officinalis extract (25 mg/kg) ameliorated the decreasing effects of pre training ethanol (0.25, 1 g/kg) and
nicotine (0.1 mg/kg) on step down latency (SDL) [156].

The extract of Melissa officinalis was capable of inhibiting the acetylcholinesterase enzyme, in a time and dose-
dependent manner. Activity of the extract at 10 min was estimated as 1.72%0.16 microg equivalents of
physostigmine/mg of the extract. The contents of the most potent fraction were identified as cis- and trans-rosmarinic
acid isomers and a rosmarinic acid [157].

The cognitive and mood effects of single doses of the most cholinergically active Melissa officinalis dried leaf (600, 1000,
and 1600 mg of encapsulated dried leaf, at 7-day intervals) were assessed in a randomized, placebo-controlled, double-
blind. Cognitive performance and mood were assessed before intiation of the treatment and at 1, 3, and 6 h post
treatment. The most notable cognitive and mood effects were included improvement memory performance and
increase (calmness) at all post treatment time points for the highest (1600 mg) dose. However, decrements in the speed
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of timed memory task performance and on a rapid visual information-processing task increased with decreasing dose
[158].

A placebo-controlled, double-blind, balanced-crossover study was performed to determine the effects of Melissa
officinalis [single doses of 300, 600 and 900 mg of a standardised extract of Melissa officinalis (Pharmaton)] on cognition
and mood in healthy humans. Melissa extract caused time- and dose-specific reductions in both secondary memory and
working memory factors. Self-rated (calmness), was elevated at the earliest time points by the lowest dose, whilst,
alertness was significantly reduced at all time points following the highest dose. Both nicotinic and muscarinic binding
were found to be low [159].

Four month, parallel group, placebo controlled trial was carried out to evaluate the efficacy and safety of Melissa
officinalis extract (60 drops/day) in patients with mild to moderate Alzheimer’s disease. Melissa officinalis extract
produced a significantly better outcome on cognitive function than placebo [Alzheimer’s disease assessment scale
(ADAS-cog): P = 0.01 and clinical dementia rating (CDR): P< 0.0001]. There were no significant differences in the side
effects except agitation, which was more common in the placebo group (P = 0.03) [160].

2.40. Morus alba

Ethanolic extract of leaves of Morus alba attenuated motor deficit, declined memory, depression and anxiety-like
behavior in rats with high cholesterol diet (HCD), compared to that noticed in untreated HCD rats [161].

Mulberry leaf extract protected hippocampal neurons against amyloid beta-peptide (1-42)-induced cell death in a
concentration-dependent manner. Amyloid beta-peptide (1-42) played an important role in the etiology of Alzheimer's
disease. Accordingly, mulberry leaf extract provided a natural treatment for Alzheimer's disease through inhibition of
amyloid beta-peptide (1-42) fibril formation and attenuation of amyloid beta-peptide (1-42)-induced neurotoxicity
[162].

2.41. Morus nigra

The effect of Morus nigra leaf extract (50 or 100 mg/kg, orally, daily for 8 weeks) was studied on cognitive impairment
and oxidative stress status of D-galactose-induced aging mice. Behavioral responses were evaluated with Morris water
maze. Activities of antioxidant enzymes and levels of MDA were assayed in serum, brain, and liver. Morus nigra
significantly improved learning dysfunctions (P< 0.01), increased memory retention (P< 0.01), reduced MDA levels (P<
0.05), and elevated SOD, GPx, and CAT activities (P< 0.05) compared with the D-galactose group [163].

2.42. Nicotiana tabacum

Nicotiana tabacum extract show anti-Alzheimer’s activity and improved memory(61). [3H]acetylcholine and
[3H]nicotine were used to label nicotinic cholinergic binding sites in cerebral cortical tissues obtained at autopsy from
patients with Alzheimer's disease and from matched controls. A consistent and severe loss of nicotinic receptors was
found in Alzheimer's disease [164].

Rats with lesion associated with neurochemical and cellular changes resembling those seen in human Alzheimer's
disease, were treated with nicotine (0.1, 0.2, 0.4 mg/kg). Treated rats showed an enhanced locomotor response after
injections of nicotine compared with sham operated or un-operated controls [165].

A double-blind placebo-controlled trial was conducted to determine the effects of sustained nicotine administration on
behavior, cognition, and physiology. The results revealed improved learning during the nicotine treatment, persisted
throughout washout. Memory, behavior, and global cognition were not significantly affected. Sustained administration
of nicotine appeared to be safe, although sleep was significantly decreased [166].

2.43. Nigella sativa

Feeding of hydroalcoholic extract of Nigella sativa during neonatal and juvenile growth possessed positive effects on
learning and memory(155). The total extract of Nigella sativa and its separated fractions was studied in vitro. The total
extract of Nigella sativa (10, 100, 250, 500, 750 and 1000 pg/ml) and all the separated fractions inhibited AChE enzyme
in a concentration-dependent manner(156). Nigella sativa increased 5-HT levels in brain and improved learning
memory in rats [167].

The effects of Nigella sativa hydro alcoholic extract on learning, memory and brain tissues oxidative damage were
investigated in penthylenetetrazole (PTZ) - induced repeated seizures. Seizure scores were lower in PTZ - NS + extract
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200 and 400 mg/kg, and the seizure onset latencies were higher than PTZ group (P<0.05 and P<0.01). In Morris water
maze, the time spent in target quadrant by PTZ group was lower than control group (P<0.05); while, 400 mg/kg of the
extract increased it significantly (P<0.01). In the passive avoidance test, delay time to enter the dark by PTZ group was
lower than control at 1 and 24 hours after training (P<0.01- P<0.001), while, 400 mg/Kg of the extract increased it
significantly (P<0.05). The total thiol concentration in hippocampal and cortical tissues of PTZ group was reduced while,
MDA concentration was higher than control (P<0.05 - P<0.001). Administration of the extract increased the total thiol
and decreased the MDA concentrations significantly (P<0.01- P<0.001). According to the results, the hydro-alcoholic
extract possessed beneficial effects on learning and memory impairments in repeated seizures model [168].

The effects of Nigella sativa hydroalcoholic extract on lipopolysaccharide (LPS)-induced learning and memory
impairments, hippocampal cytokine levels, and brain tissues oxidative damage were investigated in rats. In Morris
water maze test, LPS increased the escape latency and traveled path compared to control group, whereas all doses of
the extract decreased them compared to LPS group. In passive avoidance test, the latency to enter the dark compartment
in LPS group was shorter than control group while in all treated groups, it was longer than LPS group. LPS increased
TNF-q, IL-6, malondialdehyde (MDA), and nitric oxide (NO) metabolites, and decreased thiol content, superoxide
dismutase (SOD), and catalase (CAT) in the hippocampal tissues compared to control group, while the extract decreased
MDA and NO metabolites and increased thiol content, SOD, and CAT compared to LPS group. The results indicated that
the hydroalcoholic extract of Nigella sativa improved the LPS-induced learning and memory impairments in rats by
improving hippocampal cytokine levels and brain tissues oxidative damage [169].

The hydro-alcohol extract of Nigella sativa also protected against synaptic plasticity and spatial learning and memory
impairment induced by lipopolysaccharide in rats [170].

The effects of hydroalcoholic extract of Nigella sativa seeds and thymoquinone on learning and memory deficits,
hippocampal acetylcholine esterase (AChE) activity, and markers of redox status, were studied following cerebral
hypoperfusion in rats. Cerebral hypoperfusion was induced by permanent occlusion of bilateral common carotid
arteries. Treatments were administered for 10 days three days before and seven days after ligation. Spatial learning and
memory deficits were investigated using the Morris water maze (MWM) task. Occlusion of bilateral common carotid
arteries produced significant learning and memory deficits as evidenced by increased latency time to reach the hidden
platform, increased swimming time, and decreased time spent in the target quadrant in the probe trial in the MWM task.
There was also a significant increase in the lipid peroxidation level and AChE activity, and a significant decrease in SOD
activity in the hippocampal portion of hypoperfused rats. Treatment with the extract (400 mg/kg/day) and
thymoquinone (40 mg/kg/day), significantly (P< 0.001) prevented learning and memory impairments and alleviated
changes in the hippocampal lipid peroxide level and SOD and AChE activities [171].

The effects of hydroalcoholic extract of Nigella sativa on hypothyroidism-associated learning and memory impairment
during neonatal and juvenile growth were studied in rats. Propylthiouracil exposure significantly increased the time
latency in MWM test, while reduced the time spent in target quadrant, and decreased the latency for entering the dark
compartment in passive avoidance test. These effects were associated with significant reduction in serum thyroxine
levels and brain levels of thiol groups, and significant elevation in hippocampal MDA. Administration of 400 mg/kg
Nigella sativa extract reduced the time latency, while increased the time spent in target quadrant compared to the
propylthiouracil group in MWM test. Treatment with 100- 400 mg/kg of Nigella sativa extract significantly increased
the time latency for entering the dark compartment in passive avoidance test [172].

The effect of hydroalcoholic extract of Nigella sativa on memory performance and its possible mechanisms in was
studied in scopolamine induced spatial memory impairment model using MWM test. Nigella sativa treated group
showed a significantly shorter travel path and time latency compared to the active control receiving scopolamine.
Acetycholinestrase activity in the Nigella sativa treated groups was lower than that in the scopolamine group.
Pretreatment of the animals with Nigella sativa decreased the malondialdehyde concentration in hippocampal tissues
and increased the thiol content compared to control group [173].

Nigella sativa methanol, n-hexane, and aqueous seed extracts were tested for their inhibitory activity against
butyrylcholinesterase (BChE). All extracts showed inhibitory activity against BChE, with methanol seed extract
possessed the highest inhibitory activity ICso of 79.11 * 6.06 pg/ml [174].

A randomized placebo controlled study was designed to study the effects of Nigella sativa seed (500 mg capsule twice

daily for nine weeks) on memory, attention and cognition in healthy elderly volunteers. Black seeds enhanced memory,
attention and cognition and considered as a potential food supplement for the prevention of Alzheimer disease in
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elderly. The biochemical markers of cardiac, liver and kidney functions remained normal in Nigella sativa seed
treatment group throughout the study period [175].

The effect of Nigella sativa on cognition in adolescent human males was examined at a boarding school in Bangladesh,
besides its effect on mood and anxiety. Two groups of recruited volunteers, A and B, received capsule of 500 mg placebo
and 500 mg Nigella sativa seed/day, for 4 weeks, respectively. The results indicated positive effect of Nigella sativa on
the mood and anxiety after 4 weeks. Nigella sativa caused significant variation in immediate short-term recall. However,
long-term free recall and long-term cued recall showed statistical differences between group A and B [176].

2.44. Ocimum basilicum

The neuroprotective effect of Ocimum basilicum leaf extract (200 and 400 mg/kg, orally, once daily for 7 days) was
studied following cerebral injury induced by bilateral common carotid artery occlusion followed by reperfusion in mice.
Cognitive outcomes and sensorimotor disturbances were evaluated with Morris Water Maze, Elevated Plus Maze and
neurological severity score, respectively. Treatment with the extract resulted in marked improvement in memory and
motor coordination. The extract also decreased cerebral infarct size and oxidative stress in mice. The extract contained
high total phenol content, and possessed strong antioxidant effects [177].

The effects of Ocimum basilicum hydroalcoholic extract (100, 200, 400 and 800 mg/kg, ip) on memory retention and
retrieval of mice were studied using passive avoidance apparatus. In retention test, basil extract was administered
immediately after receiving electric shock and in retrieval test it was administered 24 hours after receiving electric
shock. The results showed that hydroalcoholic extract of Ocimum basilicum significantly (P<0.05) increased memory
retention. The best response was achieved with 400 mg/Kg of the extract. Basil extract also significantly (P<0.05)
increased memory retrieval and the best result was achieved with 400 mg/kg [178].

The anti-amnesic effect of Ocimum basilicum hydromethanol extracts was investigated using in vitro and in vivo models.
Ocimum basilicum extract showed marked free radical scavenging, reducing power and AChE inhibition (IC50
0.65+0.15mg/ml) activity. The in vivo studies showed that pre-treatment with Ocimum basilicum extract (200 and
400mg/kg, po) reversed the memory deficit induced by scopolamine in mice, evident by significant (P<0.05) decrease
in the transfer latency time and increase in step down latency in elevated plus maze and passive shock avoidance task,
respectively. The extract also significantly reduced the brain AChE activity and oxidative stress. Histopathological
examination of brain tissues displayed decrease in vacuolated cytoplasm and increase in pyramidal cells in hippocampal
and cortical regions in animals pre-treated with the extract [179-180].

2.45. Oxalis corniculata

Different doses of Oxalis corniculata increased memory retention and retrieval significantly. The authors concluded that
the memory retention and retrieval enhancement of Oxalis corniculata extract could be attributed to the presence of
antioxidants such as flavonoids, coumarins, tocopherols and phenolic acids [181].

3. Conclusion

Alzheimer's disease is an age-related neurodegenerative disorder characterized by memory deficits. Various studies
have been carried out to find therapeutic approaches for Alzheimer's disease. However, the proper treatment option is
still not available. Natural therapy including herbs and medicinal plants has been used in the treatment of memory
deficits such as dementia, amnesia, as well as Alzheimer's disease since a long time. In this paper. The sensitive contents
and the mechanism of action of some of these plants were investigated. In this article, we have reviewed the detail about
the medicinal plants with potential therapeutic values in AD with emphasis on their mechanisms of action, as promising
therapeutic remedies because of their effectiveness and safety.
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