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1. Introduction
 
   Alzheimer’s disease (AD) is a progressive, irreversible 
neurological disorder that occurs gradually and results in 
memory loss, unusual behavior, personality changes, and 
loss of the ability to thinking[1]. It is estimated to affect 15 
million people worldwide. AD is the cause of dementia 
in the elderly. AD is a progressive neurological disorder 

with duration of around 8.5 years between onset of clinical 
symptoms and death[2].
   AD starts with loss of short term memory, forgetting 
names and addresses, as this condition progresses, the 
change become more marked and even individuals forget 
the home way. Unfortunately, AD has not any cure but can 
be prevented from progressing. Seventy percent of causes 
for AD is genetic and 21% is environmental. Most cases of 
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Alzheimer’s, approximately 95%, are the late-onset form, 
which develops after age 60[3].
   The causes for disease progress in American and European 
countries are feeding, and reduced physical and mental 
activity. Unfortunately, the number of people with AD is 
expected to triple in the next 50 years. The average cost 
per patient is estimated 150 thousand dollars that expected 
future increases to 450 thousand dollars[3]. 
   Brain areas associated with cognitive functions, particularly 
the neocortex and hippocampus, are the regions that mostly 
affected by the pathology which is characteristic of AD[4]. 
   The main cure for AD is pharmacological treatment. Better 
understanding of the disease process and designed clinical 
trial are step forward and have improved related treatments 
for cognitive and noncognitive symptoms. Pharmacological 
treatment strategies in AD include three categories of 
drug: 1) their mechanism is based on disease-modifying 
therapies such as vitamin E; 2) their mechanism is based on 
compensation of neurotransmitter such as a cholinesterase 
inhibitor; 3) psychotherapy factors that are prescribed for 
symptoms of conduct disorder[5].
   At present, the most accepted AD treatment strategy 
is cholinesterase inhibitors that can inactivate the 
acetylcholinesterase (AChE) enzyme in order to increase 
acetylcholine levels in the brain. Acetylcholinesterase 
inhibitors include rivastigmine, tacrine, donepezil, and 
galantamine whereas methyl-D-aspartate receptor antagonist 
(memantine) has recently been prescribed. However, there is 
no cure for AD, except to relieve symptoms of the disease[6].  
   These results lead us to factor that increase levels of the 
acetylcholine in the brain.
   In this study, medicinal plants that have shown the early 
promising signs of clinical efficacy in the treatment of AD 
have been investigated. One common feature of these plants 
is their ability to exert neuroprotective effects through 
inhibition of AChE or inhibition of oxidative stress.
   Although recently several synthetic drugs have been 
introduced to treat learning and memory disorder, but their 
therapeutic effects is low and most of them have undesirable 
side effects. Today we can see the increasing tendency of 
people towards traditional medicine[7]. 
   Although the mechanism of anti-dementia effect of 
most herbal extracts and their compounds is not yet fully 
understood, one or more of medicinal plants and their 
constituents that are discussed in this study act through 
inhibition of AChE and activation of the synthesis of 
acetylcholine. While cholinesterase inhibitors which have 
been recently introduced such as tacrine and donepezil 
reduced the number of AD patients and relieve their 
symptoms, most of Alzheimer’s patients have not still 
benefited considerably from major financial investments in 
research and development programs[8]. 
   Recent studies have shown promising results of the 
effectiveness of herbal medicines for the treatment of 
various diseases include memory problems[9-13], stroke 

[14-19], gastrointestinal problems[20], and many others 
disease. Although these effects can related to their specific 
compounds, but most of them have been related to their 
antioxidant properties.

2. Pathogenesis of AD

   Impairment of learning and memory, the most 
characteristic manifestation of dementia can be chemically 
induced in experimental animals by scopolamine. 
Scopolamine is a known cholinergic antagonist that involved 
in the transmission of acetylcholine in the central nervous 
system[21]. Cholinergic transmission is mainly terminated 
by acetylcholine hydrolysis by the enzyme AChE, which is 
responsible for degradation of acetylcholine to acetate and 
choline in the synaptic cleft[22]. 
   Scopolamine-induced amnesia in animal models is widely 
used to screen for compounds with potential therapeutic 
value in treatment of dementia[23]. 
   Decrease of acetylcholinetransferase enzyme activity 
and loss of cholinergic neurons were observed in the basal 
part of the frontal brain of AD patient that associated with 
cognitive impairment[24]. 
   Lesion patterns of the nucleus basalis of Meynert (NBM)  
is used to study the role of cortical cholinergic system in 
awareness and understanding, also to indicate cognitive 
deficits that caused in AD[25]. Destruction of NBM in animal 
models showed reduction in cholinergic markers include 
levels of acetylcholine, acetylcholine release and turnover, 
uptake of acetylcholine, AChE activity and number of 
cholinergic muscarinic receptors in the frontal cortex[26]. 
Because the cholinergic ramifications are sent from Maynert 
nuclei into the cortex and septal area, electrical destruction 
of NBM causes death of the cholinergic cells in this nucleus 
and reduces the amount of acetylcholine in the cortex[27].
   Hippocampus plays a critical role in learning and memory, 
which is a complex biological process including the 
acquisition, consolidation and retrieval of information[28]. 
Neurogenesis in the hippocampus, defined as the generation 
of new nerve cells, is involved in memory formation. 
Increased neurogenesis is improved spatial memory while 
impaired neurogenesis indicates poor cognitive function[29]. 
Important neuropathological features of AD include 
deposition of amyloid plaques in brain tissue and meningeal 
blood vessels as well as presence of neurofibrillary tangles 
in the hippocampus and the cerebral cortex of the brain[30].
Recent studies have demonstrated that AD is associated 
with inflammatory processes. Reactive oxidative species 
can damage cellular components and function as a second 
messenger in the inflammation. Utilization of antioxidants 
may be useful in prevention and treatment of AD[31].
   One factor that plays an important role in the pathogenesis 
of AD is oxidative stress that is an imbalance between free 
radicals and antioxidant systems. Oxygen free radicals 
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can attack proteins, nucleic acids and lipid membranes, 
therefore disrupt cellular function and integrity. Brain tissue 
contains large amounts of polyunsaturated fatty acids which 
are particularly vulnerable to free radical attack. Lipid 
peroxidation is thought to be destructive form of oxidative 
degradation that damage cell membrane and produces a 
number of secondary products, both of the loop and splitting 
forms of oxygenated fatty acids have neurotoxic effects[32]. 
Increase in the levels of malondialdehyde (MDA), one of 
the reactive oxidative species, has been recognized as an 
important lipid peroxidation indicator[33].
   Extensive researches on different plants are underway 
worldwide. Plant extracts have rather more therapeutic 
benefits and fewer side effects and are more economical. 
Plant extracts may provide a source of new compounds 
including many drugs that are derived from plant sources.

3. Medicinal plants used for the treatment of AD

3.1. Hypericum perforatum

   Hypericum is herbaceous perennial plant with a height of 
30-80 cm. It has glabrous and somewhat creepy stem. This 
plant’s leaves are spoon-shaped and sessile, with numerous 
cavities of essential oil and its species name (perforatum) is 
derived from this feature. Flowering branches and leaves of 
this plant contain compounds such as essential oils, tannins, 
hayperciyn, hayperpyron, choline and flavonoids. Clinical 
effects of Hypericum include amelioration of neurological 
diseases, antidepressant, anti-anxiety, anti-inflammatory, 
wound healing and analgesic effects[34].
   Hypericum extract containing flavonoids such as quercetin 
and quercitrin which shows free radical scavenging activity, 
antioxidant activity of quercetinis also were shown by the 
inhibition of lipid peroxidation[35].  
   In a study learning and memory impairment, associated 
with change in brain oxidative stress status caused in rat 
by acute injection of scopolamine (1.4 mg/kg). Scopolamine 
injection increased MDA levels and glutathione peroxidase 
activity of the brain and also reduced brain glutathione 
levels. These are responsible for increase in brain oxidative 
stress. Increase in the glutathione level of brain can directly 
decrease reactive oxidative species level. Pretreatment 
with Hypericum ( 4, 8 and 12 mg), 30 min before injection 
of scopolamine, showed antioxidant activity through their 
effects on brain MDA and glutathione level and also on 
glutathione peroxidaze activity[33]. 
   Repeated administration of Hypericum and its active 
ingredient, hyperforin improved passive avoidance 
memory in mice via shuttle box[36]. Hypericum extract as an 
antioxidant agent can be a new type of antidepressant with 
memory-enhancing properties[33]. 

3.2. Lepidium meyenii

   Maca (Lepidium meyenii) grows at altitudes of 3 500 to 4 500 
meters in the Andes of Peru. Maca is one of the few plants 
that have succeeded to survive in the difficult condition of 
high Andes altitude, burning sun, hot days, cold nights and 
dry winds[37]. 
   In a study effect of different doses of aqueous and 
hydroalcoholic extract of maca on learning and memory 
deficits induced by scopolamine (1 mg/kg) in mice 
has been investigated for 35 d. Maca improved spatial 
learning and memory impairments and ameliorate passive 
avoidance learning and memory deficits. The results 
indicated that scopolamine increase AChE activity in the 
mice brain up to 1.5-fold. Maca extract reduced brain 
AChE activity by 45% compared to the group that received 
only scopolamine[38]. 
   Black maca increased step-down latency in avoidance 
test when compared to ovariectomized control mice also 
Black maca decreased brain MDA and AChE levels in 
ovariectomized mice. Black maca improved experimental 
memory impairment induced by ovariectomy, by its 
antioxidant and AChE inhibitory activities[39].
   Mice treated with ethanol took more time to find the 
hidden platform than control during escape acquisition 
trials in Morris water maze test; by the way, black maca 
reversed the effect of ethanol. Black maca ameliorated the 
deleterious effect of ethanol during the probe trial[40]. 

3.3. Prunella vulgaris (P. vulgaris)

   P. vulgaris is widely distributed in Korea, Japan, 
China and Europe. It is a traditional Chinese and Korean 
medicine that has been used to treat inflammation, eye 
pain, headache and dizziness[41]. 
   Previous studies have demonstrated that P. vulgaris 
contains several active compounds such as oleic acid, 
ursolic acid, butyric acid, flavonoids and rosmarinic 
acid[42]. In addition, this plant has anti-allergy, anti-
inflammatory, antioxidant, antimicrobial and antiviral 
activity[43].
   P. vulgaris extract (25 and 50 mg) reduced latency in 
rats that received scopolamine in the shuttle box test. In 
addition, the extract of P. vulgaris ameliorated scopolamine 
induced impairments in the Y-maze test. This plant’s 
beneficial effects are the result of imitation of acetylcholine 
effect. P. vulgaris does not inhibit AChE activity in vivo 
or ex vivo conditions and memory-enhancing effects of 
P. vulgaris do not work through inhibition of AChE, this 
achieved by an indirect effect on cholinergic signaling. 
P. vulgaris express its beneficial effects on memory and 
learning via increase of cholinergic neurotransmitters and 
methyl-D-aspartate receptor signaling[41]. Flavonoids from 
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P. vulgaris exhibit significant antioxidant activities[44].

3.4. Cyperus rotundus (C. rotundus)

   Sedge or C. rotundus belongs to the family Cyperaceae. 
The rhizome of Cyperus is rich in essential oils that contain 
pinene, a little cineole, terpenes, and a new alcohol called 
isociprol. Several chemical components have been isolated 
from ethanol extract of C. rotundus rhizome and some of 
these chemicals possess anti-AChE activity[45].
   Studies have shown that the severity of dementia in AD 
depends on the reduction of neurons in the Meynert nucleus 
that accompanied by the significant decrease in the amount 
of acetylcholine transferase enzymes in the cortex and 
amygdala and causes impaired learning[46].
   NBM located in the frontal base of brain and majority 
of its cells are cholinergic[47]. Because the cholinergic 
ramifications is sent from Meynert nucleus to the cortex and 
septal, electrical lesion of NBM causes cholinergic cells death 
in the nucleus and reduces the amount of acetylcholine in 
the cortex[27]. 
   In a study, rats with damaged NBM received two doses of C. 
rotundus extracts (100 and 200 mg/kg). C. rotundus extracts 
with anti-AChE effect improved spatial learning and 
memory as well as passive avoidance learning[11].

3.5. Zizyphus jujube

   The immature jujube fruit is green in color, but as ripe, 
it becomes red and begins to wrinkle. The jujube fruit has 
long and elongated nucleus and is fully ripe in autumn. It is 
edible, sweet tasting and has medicinal properties. Jujube 
has soothing and anti-grouch properties, and has been used 
in traditional Korean and chinese medicine as a drug that 
reduces anxiety and strengthens the stomach, spleen and 
gastrointestinal system[48]. 
   Terpenoid, flavonoid and alkaloid compounds have been 
isolated from the jujube fruit, a phenyl glycosides compound 
has also been obtained from jujube fruit[49].
   Studies have shown that this herb contains compounds 
that exerted inhibitory activity against histamine release and 
activity of AChE and cyclooxygenase I and II. Furthermore, 
this herb has cytotoxic effect and activate biological 
compatibility. Jujube seeds contain large amounts of 
mucilage, malic acid, citric acid, sugar, protein, organic 
minerals and vitamin C[49-51].  
   Eight different types of flavonoids have been extracted 
from the jujube fruit and medicinal properties of jujube are 
attributed to the antioxidant properties of these compounds. 
Among the 50 examined plants, jujube extract showed the 
highest effect on the activation of acetylcholine transferase 
(34.1%) in the in vitro, a known compound that causes this 
effect is the cis-9-octadecenamide (oleamide)[52].
   The increase in acetylcholine level in the cholinergic 
terminals may contribute to improve Alzheimer’s symptoms 

and motor deficit[13]. 
   A treatment strategy for AD is compensation of normal 
concentration of acetylcholine in the synaptic cleft to 
improve neuronal transmission in the brain cholinergic 
terminals. Acetylcholine transferase activator increase 
acetylcholine level in order to improve mild to moderate 
cognitive function of AD[53]. 
   Jujube extract has restorative effects on learning and 
memory, motor coordination and behavioral disorders that 
caused by the Meynert nucleus lesion at the base of the 
rat brain’s frontal lobe. This effect may be due to jujube 
extract effect on the activation of acetylcholine transferase. 
It can reduce the high price for AD treatment, and can be 
appropriate complement for synthetic and chemical drugs 
associated with high adverse effects[9].

3.6. Lavandula officinalis

   Lavandula officinalis, known as lavender, has been 
traditionally considered. This plant has wide distribution 
and its flowers and essential oil is used in cosmetics 
and perfumes industry. Lavender is a plant of the genus 
Lavandula, its leaves looks like thyme leave but longer and 
thinner and has white flower[54]. 
   So far, 48 species have been identified from this genus 
that grow in various parts of southern Europe and the 
Mediterranean countries, especially in southern Italy, 
Yugoslavia, Greece, Southern France and Northern Africa. 
This species is not a wild flower in Iran but it has recently 
been cultivated in some area. Its flowers are purple and 
usually its flowers and flower-stalks are used. Lavender 
has a very pleasant smell and a bitter taste. It is used in the 
perfume and cosmetics industries for its pleasant smell. 
Lavender essential oil is extracted via steam distillation 
from the flowers and flower-stalks. Lavender essential oil is 
yellow or greenish yellow liquid with a pleasant aroma. Until 
now, few studies have been conducted on the phytochemical 
characteristics of this plant species[54].
   Many compounds have been detected in lavender extract, 
the most important of them include: geraniol, linalool, 
linalyl acetate, cineol, borneol, aflapin, camphor, butyric 
acid, valerianic acid, ursolic acid, and luteolin flavonoids, 
this compound may increase plant effects on central nervous 
system area, causing calming and soothing effects through 
GABA receptor[55].
   Treatment with lavender essential oil significantly 
decreased neurologic deficit, stroke volume, the level 
of MDA, carbonyl and reactive oxygen species in rats 
subjected to ischemia and reperfusion and showed strong 
neuroprotective effect[56].
   It is proved that the high activity of AChE enzyme and thus 
reduced amount of acetylcholine and synaptic transmission 
may contribute to the loss of spatial memory and cause 
AD. Inhibitory effects of different concentration of lavender 
extract on the AChE enzyme have been proved through 
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various tests on cell lines[57].
   It has been reported that free radicals cause peroxidation 
of phospholipids, DNA damage and protein denaturation. The 
hippocampus is the key brain area for spatial learning and 
memory. Long term potentiation is one of the most important 
cellular mechanisms that underlie learning and memory. It 
has been shown that increased consumption of antioxidants 
improves spatial learning and long term potentiation induction 
in mice with AD[58].
   In general, free radical production associated with several 
cellular processes such as cellular metabolism, mitochondrial 
respiration, cyclooxygenase and lipooxygenase activity, 
which may have been increased in brain. The amount of 
free radicals production in different part of the brain may 
be related to oxygen consumption on that area[59]. Since 
hippocampus that its oxygen consumption is higher, is more 
sensitive than other region. Protective effect of antioxidants 
may be due to their ability to give hydrogenation, or free 
radical scavenging strength[60].
   Ethanol extract of lavender improves spatial learning and 
memory, motor coordination and passive avoidance learning, 
these neuroprotective effects may be due to its antioxidant 
properties[10]. 

3.7. Ginkgo biloba (G. biloba)

   G. biloba, the oldest tree on the earth, is native to China and 
now cultivated in Europe and America. G. biloba extract treat 
insufficiency of blood circulation problems, especially in 
the brain that causes of memory loss, loss of consciousness, 
headaches, and depression in the elderly[61]. This extract 
is reported to contain about 24% flavonoids and 6% terpene 
lactones. There is reliable evidence that standardized ginkgo 
extract shows several molecular and cellular neuroprotective 
mechanisms, including the attenuation of apoptosis, the 
inhibition of membrane lipid peroxidation, anti-inflammatory 
effects and the direct inhibition of amyloid-b aggregation. 
There are extensive clinical investigations regarding its 
potential role in cognitive disorders[61].
   Chronic treatment of G. biloba on learning and memory in 
mice showed that G. biloba improved acquisition, storage, 
and retrieval of a two-response sequence for food reward[62]. 
The antioxidant and free-radical scavenging properties of G. 
biloba extract are primarily attributed to the flavonoid fraction. 
G. biloba affects cognitive function in an animal model of 
AD without altering the histopathological consequences of 
overexpression of β amyloid precursor protein[63].
   G. biloba extract significantly inhibit the AChE activity in 
the brain. The inhibition of AChE activity can be correlated 
with improvement observed in scopolamine-induced deficits 
in passive avoidance by G. biloba extract. The decrease in 
AChE activity indicates an increase in the basal level of 
acetylcholine[64]. 

3.8. Salvia officinalis (S. officinalis)

   S. officinalis has a very old reputation for improving 
memory. It is singularly good for the head and brain[65]. The 
potential pharmacological effects of the herb, which may be 
relevant to AD include anti-inflammatory and antioxidant 
properties as well as weak AChE inhibitory effect. The leaves 
of S. officinalis L. (sage) are well known for their antioxidative 
properties[66]. Rosmarinic acid (the main active ingredient 
of S. officinalis) reduced a number of deleterious events 
induced by Aβ include reactive oxygen species formation, 
lipid peroxidation, DNA fragmentation, caspase-3 activation 
and tau protein hyperphosphorylation[67]. S. officinalis 
have a long history of use as memory enhancing agents 
coupled with cholinergic properties that may be relevant to 
amelioration of the cognitive deficits associated with AD[68]. 
Based on clinical evidence S. officinalis may help to prevent 
or alleviate symptoms of AD. In a randomized double-blind 
clinical study, patients with mild-to-moderate AD received 
S. officinalis extract. The result showed that S. officinalis had 
statistically significant effectiveness in the cognition after 
16 weeks of treatment[69]. One small pilot trial showed that 
oral administration of S. officinalis essential oil to 11 patients 
showing mild-to moderate symptoms of AD significantly 
improved cognitive function. 

3.9. Melissa officinalis (M. officinalis)

   M. officinalis (lemon balm) is a cultivated perennial lemon 
scented herb. Records concerning its use date back over 2000 
years with entries in the Historia Plantarum. In traditional 
medicine M. officinalis L. (Lamiaceae) has been used as 
a remedy for over 2000 years, and has been acclaimed 
for promoting long life and for restoring memory[65]. The 
leaves of this plant contain monoterpenes (e.g. citral) with 
weak anti-AChE activity, and phenol carboxylic acids- 
including rosmarinic acid, which shows antioxidative, anti-
amyloidogenic and antiapoptotic effects. M. officinalis 
essential oil, given in canary wine, every morning will renew 
youth, strengthen the brain. Patients with mild to moderate 
AD receiving M. officinalis extract experienced significant 
benefits in cognition after 16 weeks of treatment[70]. M. 
officinalis has central nervous system acetylcholine receptor 
activity and modulates mood and cognitive performance 
following acute administration[71,72]. 

3.10. Ginseng

   For thousands of years, ginseng root, especially the 
main root, has been used as an East Asian medicinal 
herb for treatment of various diseases[73]. Ginseng grows 
in Northeastern Asia. In traditional Chinese and Korean 
medicine, ginseng root is used for boosting energy. It is 
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believed to be a powerful adaptogenic aphrodisiac that can 
be applied for patients with low energy, weak immune system 
and sexual dysfunction. Use of ginseng extract may enhance 
cognitive and psychomotor functions and can benefit AD 
by improving brain cholinergic function, reducing the 
level of Aβ, and repairing neuronal networks damage[74-76]. 
Treatment with red ginseng significantly ameliorated place-
navigation deficits in young and aged rats with hippocampal 
lesions in the place learning task[77]. Oral administration 
of ginseng powder prevented the ischemia-induced 
decrease in response latency, as determined by the passive 
avoidance test, and rescued a significant number of ischemic 
hippocampal CA1 pyramidal neurons in a dose-dependent 
manner[78]. One of the main bioactive components in 
ginseng is ginsenoside that play an important role in central 
nervous system[79,80]. It has been proved to be effective in 
the attenuation of learning deficits due to brain damage and 
aging in humans and animals[81].

3.11. Morinda citrifolia (M. citrifolia)

   M. citrifolia, commonly known as noni, is widely used 
as food in tropical regions of the Indonesian to Hawaii 
Island. This species is a small tree with a straight trunk and 
cultivated in different parts of India[82].
   As a popular herb, M. citrifolia juice is used as an 
alternative medicine for a variety of diseases such as arthritis, 
diabetes, high blood pressure, menstrual problems, heart 
disease, cancer, ulcers, depression, and atherosclerosis[83].
   M. citrifolia fruit and extract have analgesic, anti-
inflammatory and antioxidant properties[84]. Ethyl acetate 
extract of M. citrifolia prevented memory deficit and 
oxidative stress induced by amyloid beta peptide in mice[82]. 
Treatment with chloroform, ethyl acetate and butanol extracts 
of M. citrifolia in a dose-dependent manner reduced AChE 
enzyme activity in the brain of scopolamine-treated mice[84].
   In addition, scopolamine-induced amnesia is associated 
with decreased cerebral blood flow and increased oxidative 
stress and AChE activity in rat brain, and treatment with the 
M. citrifolia extract improved scopolamine induced memory 
impairment in the shuttle box test[84].

3.12. Lycopodium serratum

   Lycopodium is a genus of clubmosses, also known 
as ground pines or creeping cedar, in the family 
Lycopodiaceae, a family of fern-allies. The leaves contain 
a single, unbranched vascular strand and are microphylls 
by definition[85]. The genus Lycopodium (Lycopodiaceae), 
which produces a potential therapeutic agent, huperzine 
A, for the treatment of AD, has been extensively studied 
in recent years[85]. Huperzine A is an alkaloid extracted 
from Lycopodium serratum and has been used for 
centuries to treat fever, inflammation, blood disorders and 
schizophrenia[86]. It is a highly selective, reversible, and 

potent AChE inhibitor, and potency of AChE inhibition is 
similar or superior to that of physostigmine, galanthamine, 
donepezil and tacrine[87]. The huperzine A is a strong 
candidate for treatment of AD. Other potentially beneficial 
effects, as far as AD is concerned, include protection 
against Aβ-induced oxidative injury and neuronal 
apoptosis, regulation of nerve growth factor and reduction 
in glutamate-induced toxicity[88]. Huperzine A caused a 
significant increase in ACh levels in rat brain[88]. Huperzine 
A has several protective effects such as regulating amyloid 
precursor protein metabolism, protecting against Aβ 
mediated oxidative stress, apoptosis and mitochondrial 
dysfunction, as well as anti-inflammation[89].

3.13. Polygala tenuifolia (P. tenuifolia)

   P. tenuifolia is one of the 50 fundamental herbs used in 
traditional Chinese medicine. The root of P. tenuifolia used 
as an expectorant, a tonic, and a tranquillizer for treating and 
preventing dementia[90,91]. 
   Tenuigenin (which is a compound extracted from the 
Chinese herb P. tenuifolia), exhibits the property of soothing 
the mind and is indicated for insomnia, mental confusion and 
disorientation in Chinese medicine. Studies have suggested 
that tenuigenin can inhibit the secretion of Aβ from cultured 
cells and thus ameliorate the reduction in cholinergic 
function on rat models induced by Aβ[92]. Treatment 
with P. tenuifolia in NBM lesioned rats both the impaired 
rats’ behavioral expression and memory test results had 
improved[93]. 
   P. tenuifolia showed the ameliorative effect on 
scopolamine-induced decrease of the retention of passive 
avoidance by enhancing the central cholinergic system[94]. 
The water extract of P. tenuifolia up-regulated the choline 
acetyltransferase activity in vitro[95]. Gycoside-rich fraction 
from P. tenuifolia has improvement effect on the retrieval 
process in spatial cognition using eight-arm radial maze 
assay systems[96].

3.14. Celastrus paniculatus (C. paniculatus)

   C. paniculatus (Celastraceae) is an Indian medicinal plant 
which has been used in the traditional Ayurvedic system of 
medicine for years. C. paniculatus may be employed as a 
stimulant nervine tonic, rejuvenant, sedative, tranquilizer 
and diuretic[97]. 
   Plant seed and seed oil are reported to be highly 
beneficial in stimulating intellect and sharpening the 
memory. A study suggested that the oral administration of 
the seed oil decreased levels of noradrenaline, dopamine 
and 5-hydroxytryptamine in rat brain and thus improved 
learning and memory processes, in addition, the oil was not 
neurotoxic[98]. 
   Administration of the seed oil to rats also reversed a 
scopolamine-induced task deficit. An aqueous seed 
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extract showed an antioxidant effect in the central nervous 
system, which may also explain the reputed benefits on 
memory, since this extract enhanced cognition in vivo[98]. 
The aqueous extract of C. paniculatus at a dose of 200 mg/kg 
showed improvement in learning and memory tasks in both 
the shuttle-box and step through paradigms[99]. There is a 
marginal increase in activity of AChE in the hippocampus 
when the animal is treated with 200 mg/kg body weight of 
Celastrus seed oil[100].

4. Conclusions

   No treatment is available to slow or stop AD. The U.S. 
Food and Drug Administration has approved five drugs that 
temporarily improve symptoms. The effectiveness of these 
drugs varies across the population. None of the treatments 
available today alters the underlying course of this terminal 
disease[2].  
   Herbs show promise in AD treatment because of their 
cognitive benefits and more importantly, their mechanisms of 
action with respect to the fundamental pathophysiology of the 
disease.
   In summary, preliminary clinical evidence demonstrated 
that some herbal medicines can ameliorate learning and 
memory in patients with mild-to-moderate AD. Potential 
beneficial actions exerted by the active components of 
these herbs are not limited to the inhibition of AChE and 
include the modification of Aβ processing, protection 
against apoptosis and oxidative stress, and anti-
inflammatory effects. 
   The use of medicinal plants in the treatment of AD should 
be compared with the pharmacological treatment currently in 
use. These studies should include fundamental identification 
in order to confirm the clinical trial.
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Comments 

Background
   
    AD is a progressive, irreversible neurological disorder 
that occurs gradually and results in memory loss, unusual 
behavior, personality changes, and loss of the ability to 

thinking. This review article focuses on medicinal plants 
used in the treatment of learning and memory impairments. 
The topic is interesting and can be further referenced.

Research frontiers
   This is an interesting review article on flora medical 
science and can be useful in further ethnopharmacology 
study. 

Related reports
   There are some relating reports as cited and quoted in this 
review article. 

Innovations and breakthroughs
   In this present work, authors made an attempt to show 
interesting summative review of the available information of 
the madicinal plants used in the treatment of learning and 
memory impairments. 
  
Applications
   This work can be further applied in pharmaceutical 
research and it can also be further referenced in tropical 
biomedicine. 

Peer review
   This is an interesting review article on the tropical 
available plants that can be used in the treatment of 
learning and memory impairments (such as Alzheimer). 
The article can fulfill the present scattering knowledge in 
medicinal plants. The topic is interesting and can be further  
referenced. The review data can be the source for used in  
further study in tropical ethnopharmacology study. 

References

[1]    Parihar MS, Hemnani T. Alzheimer’s disease pathogenesis and 
therapeutic interventions. J Clin Neurosci 2004; 11(5): 456-467.

[2]    Alzheimer’s Association. 2012 Alzheimer’s disease facts and 
figures. Alzheimers Dement 2012; 8(2): 131-168.

[3]    Herring A, Ambrée O, Tomm M, Habermann H, Sachser N, Paulus 
W, et al. Environmental enrichment enhances cellular plasticity 
in transgenic mice with Alzheimer-like pathology. Exp Neurol 
2009; 216(1): 184-192.

[4]    Francis PT, Palmer AM, Snape M, Wilcock GK. The cholinergic 
hypothesis of Alzheimer’s disease: a review of progress. J Neurol 
Neurosurg Psychiatry 1999; 66(2): 137-147.

[5]    Bush AI. The metallobiology of Alzheimer’s disease. Trends 
Neurosci 2003; 26(4): 207-214.

[6]    Orhan I, Aslan M. Appraisal of scopolamine-induced 
antiamnesic effect in mice and in vitro antiacetylcholinesterase 
and antioxidant activities of some traditionally used Lamiaceae 
plants. J Ethnopharmacol 2009; 122(2): 327-332.

[7]    Kim HG, Oh MS. Herbal medicines for the prevention and 



Nahid Jivad and Zahra Rabiei/Asian Pac J Trop Biomed 2014; 4(10): 780-789 787

treatment of Alzheimer’s disease. Curr Pharm Des 2012; 18(1): 57-
75.

[8]    Perry EK, Pickering AT, Wang WW, Houghton PJ, Perry NS. 
Medicinal plants and Alzheimer’s disease: from ethnobotany to 
phytotherapy. J Pharm Pharmacol 1999; 51(5): 527-534.

[9]    Rabiei Z, Rafieian-Kopaei M, Heidarian E, Saghaei E, Mokhtari 
S. Effects of Zizyphus jujube extract on memory and learning 
impairment induced by bilateral electric lesions of the nucleus 
basalis of Meynert in rat. Neurochem Res 2014; 39(2): 353-360.

[10]  Rabiei Z, Rafieian-Kopaei M, Mokhtari S, Alibabaei Z, Shahrani 
M. The effect of pretreatment with different doses of Lavandula 
officinalis ethanolic extract on memory, learning and nociception. 
Biomed Aging Pathol 2014; 4(1): 71-76.

[11]  Rabiei Z, Hojjati M, Rafieian-Kopaeia M, Alibabaei Z. Effect 
of Cyperus rotundus tubers ethanolic extract on learning and 
memory in animal model of Alzheimer. Biomed Aging Pathol 
2013; 3(4): 185-191.

[12]  Rabiei Z, Gholami M, Hojjati M. The effect of Cyperus rotundus 
ethanolic extract on motor coordination in a rat model of 
Alzheimer. ZUMS J 2014; 22(92): 43-54.

[13]  Rabiei Z, Rafieian M. Effects of Zizyphus jujuba extract on motor 
coordination impairment induced by bilateral electric lesions of 
the nucleus basalis of Meynert in rat. Physiol Pharmacol 2014; 
17(4): 469-477.

[14]  Rabiei Z, Bigdeli MR, Rasoulian B, Ghassempour A, Mirzajani F. 
The neuroprotection effect of pretreatment with olive leaf extract 
on brain lipidomics in rat stroke model. Phytomedicine 2012; 
19(10): 940-946.

[15]  Rabiei Z, Bigdeli MR, Rasoulian B. Neuroprotection of dietary 
virgin olive oil on brain lipidomics during stroke. Curr Neurovasc 
Res 2013; 10(3): 231-237.

[16]  Rabiei Z, Bigdeli MR, Mohagheghi F, Rasoulian B, Sharifi A. 
Effect of dietary olive leaf extract on brain cholesterol, cholesterol 
ester and triglyceride levels and of brain edema in rat stroke 
model. Razi J Med Sci 2013; 19(103): 18-25.

[17]  Rabiei Z, Bigdeli M, Mohagheghi F, Rasolian B. Relationship 
between dietary virgin olive oil on brain cholesterol, cholesteryl 
ester and triglyceride levels and blood brain barrier (bbb) 
permeability in a rat stroke model. Physiol Pharmacol 2012; 16(3): 
245-254.

[18]  Rabiei Z, Bigdeli MR, Rasoulian B, Mohagheghi F, Sharifi A. 
The effect of various doses of olive leaf extract on brain lipid 
levels and blood brain barrier permeability in rat stroke model. 
Pajoohandeh J 2012; 17(2): 67-72.

[19]  Rabiei Z, Bigdeli MR, Mohagheghi F. Effect of dietary virgin 
olive oil on infarct volume and brain ceramide, cerebroside and 
phosphatidylcholine levels in rat stroke model. Shahrekord Univ 
Med Sci J 2013; 15(1): 23-31.

[20]  Moradi M, Rafieian-Koupaei M, Imani-Rastabi R, Nasiri J, 
Shahrani M, Rabiei Z, et al. Antispasmodic effects of yarrow 
(Achillea millefolium l.) extract in the isolated ileum of rat. Afr J 
Tradit Complement Altern Med 2013; 10(6): 499-503.

[21]  Misane I, Ogren SO. Selective 5-HT1A antagonists WAY 100635 
and NAD-299 attenuate the impairment of passive avoidance 
caused by scopolamine in the rat. Neuropsychopharmacology 

2003; 28(2): 253-264.
[22]  Ballard CG, Greig NH, Guillozet-Bongaarts AL, Enz A, Darvesh 

S. Cholinesterases: roles in the brain during health and disease. 
Curr Alzheimer Res 2005; 2(3): 307-318.

[23]  Bejar C, Wang RH, Weinstock M. Effect of rivastigmine on 
scopolamine-induced memory impairment in rats. Eur J 
Pharmacol 1999; 383(3): 231-240.

[24]  Bartus RT, Dean RL 3rd, Beer B, Lippa AS. The cholinergic 
hypothesis of geriatric memory dysfunction. Science 1982; 
217(4558): 408-414.

[25]  Mallet PE, Beninger RJ, Flesher SN, Jhamandas K, Boegman 
RJ. Nucleus basalis lesions: implication of basoamygdaloid 
cholinergic pathways in memory. Brain Res Bull 1995; 36(1): 51-
56.

[26]  Bhattacharya SK, Muruganandam AV. Adaptogenic activity of 
Withania somnifera: an experimental study using a rat model of 
chronic stress. Pharmacol Biochem Behav 2003; 75(3): 547-555.

[27]  McGaughy J, Decker MW, Sarter M. Enhancement of sustained 
attention performance by the nicotinic acetylcholine receptor 
agonist ABT-418 in intact but not basal forebrain-lesioned rats. 
Psychopharmacology 1999; 144(2): 175-182. 

[28]  Hou Q, Gao X, Zhang X, Kong L, Wang X, Bian W, et al. SNAP‐25 
in hippocampal CA1 region is involved in memory consolidation. 
Eur J Neurosci 2004; 20(6): 1593-1603.

[29]  Lazarov O, Marr RA. Neurogenesis and Alzheimer’s disease: at the 
crossroads. Exp Neurol 2010; 223(2): 267-281.

[30]  Hoenicka J. [Genes in Alzheimer’s disease]. Rev Neurol 2006; 
42(5): 302-305. Spanish.

[31]  Gilgun-Sherki Y, Melamed E, Offen D. Antioxidant treatment 
in Alzheimer’s disease: current state. J Mol Neurosci 2003; 21(1): 
1-11. 

[32]  Bassett CN, Montine TJ. Lipoproteins and lipid peroxidation in 
Alzheimer’s disease. J Nutr Health Aging 2003; 7(1): 24-29.

[33]  El-Sherbiny DA, Khalifa AE, Attia AS, Eldenshary Eel-D. 
Hypericum perforatum extract demonstrates antioxidant properties 
against elevated rat brain oxidative status induced by amnestic 
dose of scopolamine. Pharmacol Biochem Behav 2003; 76(3-4): 
525-533.

[34]  Trofimiuk E, Walesiuk A, Braszko JJ. St John’s wort (Hypericum 
perforatum) diminishes cognitive impairment caused by the 
chronic restraint stress in rats. Pharmacol Res 2005; 51(3): 239-246.

[35]  Saija A, Scalese M, Lanza M, Marzullo D, Bonina F, Castelli F. 
Flavonoids as antioxidant agents: importance of their interaction 
with biomembranes. Free Radic Biol Med 1995; 19(4): 481-486.

[36]  Khalifa AE. Hypericum perforatum as a nootropic drug: 
enhancement of retrieval memory of a passive avoidance 
conditioning paradigm in mice. J Ethnopharmacol 2001; 76(1): 49-
57.

[37]  Gonzales GF. Ethnobiology and ethnopharmacology of Lepidium 
meyenii (Maca), a plant from the Peruvian highlands. Evid Based 
Complement Alternat Med 2012; doi: 10.1155/2012/193496.

[38]  Rubio J, Dang H, Gong M, Liu X, Chen SL, Gonzales GF. Aqueous 
and hydroalcoholic extracts of black maca (Lepidium meyenii) 
improve scopolamine-induced memory impairment in mice. 
Food Chem Toxicol 2007; 45(10): 1882-1890.



Nahid Jivad and Zahra Rabiei/Asian Pac J Trop Biomed 2014; 4(10): 780-789788

[39]  Rubio J, Qiong W, Liu X, Jiang Z, Dang H, Chen SL, et al. Aqueous 
extract of black maca (Lepidium meyenii) on memory impairment 
induced by ovariectomy in mice. Evid Based Complement Alternat 
Med 2011; doi: 10.1093/ecam/nen063.

[40]  Rubio J, Yucra S, Gasco M, Gonzales GF. Dose-response effect of 
black maca (Lepidium meyenii) in mice with memory impairment 
induced by ethanol. Toxicol Mech Methods 2011; 21(8): 628-634.

[41]  Park SJ, Kim DH, Lee IK, Jung WY, Park DH, Kim JM, et al. The 
ameliorating effect of the extract of the flower of Prunella vulgaris 
var. lilacina on drug-induced memory impairments in mice. 
Food Chem Toxicol 2010; 48(6): 1671-1676.

[42]  Lamaison JL, Petitjean-Freytet C, Carnat A. [Medicinal Lamiaceae 
with antioxidant properties, a potential source of rosmarinic acid]. 
Pharm Acta Helv 1991; 66(7): 185-188.

[43]  Psotová J, Kolář M, Soušek J, Švagera Z, Vičar J, Ulrichová J. 
Biological activities of Prunella vulgaris extract. Phytother Res 
2003; 17(9): 1082-1087.

[44]  Zhang G, He L, Hu MM. Optimized ultrasonic-assisted extraction 
of flavonoids from Prunella vulgaris L. and evaluation of 
antioxidant activities in vitro. Innovative Food Sci Emerging 
Technol 2011; 12(1): 18-25.

[45]  Sharma R, Gupta R. Cyperus rotundus extract inhibits 
acetylcholinesterase activity from animal and plants as well as 
inhibits germination and seedling growth in wheat and tomato. 
Life Sci 2007; 80(24-25): 2389-2392.

[46]  Butt AE, Hodge GK. Simple and configural association learning in 
rats with bilateral quisqualic acid lesions of the nucleus basalis 
magnocellularis. Behav Brain Res 1997; 89(1-2): 71-85.

[47]  Vale-Martínez A, Guillazo-Blanch G, Martí-Nicolovius M, Nadal 
R, Arévalo-García R, Morgado-Bernal I. Electrolytic and ibotenic 
acid lesions of the nucleus basalis magnocellularis interrupt 
long-term retention, but not acquisition of two-way active 
avoidance, in rats. Exp Brain Res 2002; 142(1): 52-66. 

[48]  Koetter U, Barrett M, Lacher S, Abdelrahman A, Dolnick D. 
Interactions of Magnolia and Ziziphus extracts with selected 
central nervous system receptors. J Ethnopharmacol 2009; 124(3): 
421-425.

[49]  Chang SC, Hsu BY, Chen BH. Structural characterization 
of polysaccharides from Zizyphus jujuba and evaluation of 
antioxidant activity. Int J Biol Macromol 2010; 47(4): 445-453.

[50]  Zhao J, Li SP, Yang FQ, Li P, Wang YT. Simultaneous 
determination of saponins and fatty acids in Ziziphus jujuba 
(Suanzaoren) by high performance liquid chromatography-
evaporative light scattering detection and pressurized liquid 
extraction. J Chromatogr A 2006; 1108(2): 188-194.

[51]  Li LM, Liao X, Peng SL, Ding LS. Chemical constituents from the 
seeds of Ziziphus jujuba var. spinosa (Bunge) Hu. J Integr Plant 
Biol 2005; 47(4): 494-498.

[52]  Heo HJ, Park YJ, Suh YM, Choi SJ, Kim MJ, Cho HY, et al. Effects 
of oleamide on choline acetyltransferase and cognitive activities. 
Biosci Biotechnol Biochem 2003; 67(6): 1284-1291.

[53]  Oda Y. Choline acetyltransferase: the structure, distribution and 
pathologic changes in the central nervous system. Pathol Int 1999; 
49(11): 921-937.

[54]  Omidbaigi R. Production and processing of medicinal plants. Vol 

3. Tehran: Astan Quds Publication; 2000, p. 106-122.
[55]  Hosseinzadeh H, Nassin MA. Anticonvulsant, sedative and muscle 

relaxant effects of carbenoxolone in mice. BMC Pharmacol 2003; 
3: 3.

[56]  Wang D, Yuan X, Liu T, Liu L, Hu Y, Wang Z, et al. 
Neuroprotective activity of lavender oil on transient focal cerebral 
ischemia in mice. Molecules 2012; 17: 9803-9817.

[57]  Perry N, Court G, Bidet N, Court J, Perry EK. European herbs with 
cholinergic activities: potential in dementia therapy. Int J Geriatr 
Psychiatry 1996; 11: 1063-1069.

[58]  Li J, Wang C, Zhang JH, Cai JM, Cao YP, Sun XJ. Hydrogen-rich 
saline improves memory function in a rat model of amyloid-beta-
induced Alzheimer’s disease by reduction of oxidative stress. 
Brain Res 2010; 1328: 152-161.

[59]  Freeman BA, Crapo JD. Biology of disease: free radicals and 
tissue injury. Lab Invest 1982; 47: 412-426.

[60]  Balu M, Sangeetha P, Murali G, Panneerselvam C. Age-related 
oxidative protein damages in central nervous system of rats: 
modulatory role of grape seed extract. Int J Dev Neurosci 2005; 23: 
501-507.

[61]  Luo Y. Alzheimer’s disease, the nematode Caenorhabditis 
elegans, and Ginkgo biloba leaf extract. Life Sci 2006; 78(18): 2066-
2072.

[62]  Winter E. Effects of an extract of Ginkgo biloba on learning and 
memory in mice. Pharmacol Biochem Behav 1991; 38(1): 109-114.

[63]  Stackman RW, Eckenstein F, Frei B, Kulhanek D, Nowlin J, 
Quinn JF. Prevention of age-related spatial memory deficits in a 
transgenic mouse model of Alzheimer’s disease by chronic Ginkgo 
biloba treatment. Exp Neurol 2003; 184(1): 510-520.

[64]  Das A, Shanker G, Nath C, Pal R, Singh S, Singh H. A comparative 
study in rodents of standardized extracts of Bacopa monniera 
and Ginkgo biloba: anticholinesterase and cognitive enhancing 
activities. Pharmacol Biochem Behav 2002; 73(4): 893-900.

[65]  Houghton P, Howes MJ. Natural products and derivatives affecting 
neurotransmission relevant to Alzheimer’s and Parkinson’s 
disease. Neurosignals 2005; 14(1-2): 6-22.

[66]  Eidi M, Eidi A, Bahar M. Effects of Salvia officinalis L.(sage) leaves 
on memory retention and its interaction with the cholinergic 
system in rats. Nutrition 2006; 22(3): 321-326.

[67]  Liu X, Feng L, Yan M, Xu K, Yu Y, Zheng X. Changes in 
mitochondrial dynamics during amyloid β-induced PC12 cell 
apoptosis. Mol Cell Biochem 2010; 344(1-2): 277-284.

[68]  Tildesley NT, Kennedy DO, Perry EK, Ballard CG, Wesnes 
KA, Scholey AB. Positive modulation of mood and cognitive 
performance following administration of acute doses of Salvia 
lavandulaefolia essential oil to healthy young volunteers. Physiol 
Behav 2005; 83(5): 699-709.

[69]  Akhondzadeh S, Noroozian M, Mohammadi M, Ohadinia S, 
Jamshidi AH, Khani M. Salvia officinalis extract in the treatment 
of patients with mild to moderate Alzheimer’s disease: a double 
blind, randomized and placebo‐controlled trial. J Clin Pharm Ther 
2003; 28(1): 53-59.

[70]  Akhondzadeh S, Noroozian M, Mohammadi M, Ohadinia S, 
Jamshidi A, Khani M. Melissa officinalis extract in the treatment 
of patients with mild to moderate Alzheimer’s disease: a double 



Nahid Jivad and Zahra Rabiei/Asian Pac J Trop Biomed 2014; 4(10): 780-789 789

blind, randomised, placebo controlled trial. J Neurol Neurosurg 
Psychiatry 2003; 74(7): 863-866.

[71]  Wake G, Court J, Pickering A, Lewis R, Wilkins R, Perry E. CNS 
acetylcholine receptor activity in European medicinal plants 
traditionally used to improve failing memory. J Ethnopharmacol 
2000; 69(2): 105-114.

[72]  Kennedy DO, Scholey AB, Tildesley NT, Perry EK, Wesnes KA. 
Modulation of mood and cognitive performance following acute 
administration of Melissa officinalis(lemon balm). Pharmacol 
Biochem Behav 2002; 72(4): 953-964.

[73]  Hu SY. A contribution to our knowledge of ginseng. Am J Chin 
Med 1977; 5(1): 1-23.

[74]  Heo JH, Lee ST, Chu K, Oh MJ, Park HJ, Shim JY, et al. An 
open‐label trial of Korean red ginseng as an adjuvant treatment for 
cognitive impairment in patients with Alzheimer’s disease. Eur J 
Neurol 2008; 15(8): 865-868.

[75]  Ramassamy C, Longpre F, Christen Y. Ginkgo biloba extract (EGb 
761) in Alzheimer’s disease: is there any evidence? Curr Alzheimer 
Res 2007; 4(3): 253-262.

[76]  Maurer K, Ihl R, Dierks T, Frölich L. Clinical efficacy of Ginkgo 
biloba special extract EGb 761 in dementia of the Alzheimer type. 
J Psychiatr Res 1997; 31(6): 645-655.

[77]  Jin SH, Park JK, Nam KY, Park SN, Jung NP. Korean red ginseng 
saponins with low ratios of protopanaxadiol and protopanaxatriol 
saponin improve scopolamine-induced learning disability and 
spatial working memory in mice. J Ethnopharmacol 1999; 66(2): 
123-129.

[78]  Wen TC, Yoshimura H, Matsuda S, Lim JH, Sakanaka M. Ginseng 
root prevents learning disability and neuronal loss in gerbils with 
5-minute forebrain ischemia. Acta Neuropathol 1996; 91(1): 15-22. 

[79]  Yuan QL, Yang CX, Xu P, Gao XQ, Deng L, Chen P, et al. 
Neuroprotective effects of ginsenoside Rb1 on transient cerebral 
ischemia in rats. Brain Res 2007; 1167: 1-12.

[80]  Liao B, Newmark H, Zhou R. Neuroprotective effects of ginseng 
total saponin and ginsenosides Rb1 and Rg1 on spinal cord 
neurons in vitro. Exp Neurol 2002; 173(2): 224-234.

[81]  Mook‐Jung I, Hong HS, Boo JH, Lee KH, Yun SH, Cheong MY, et al. 
Ginsenoside Rb1 and Rg1 improve spatial learning and increase 
hippocampal synaptophysin level in mice. J Neurosci Res 2001; 
63(6): 509-515.

[82]  Muralidharan P, Kumar VR, Balamurugan G. Protective effect of 
Morinda citrifolia fruits on β-amyloid (25-35) induced cognitive 
dysfunction in mice: an experimental and biochemical study. 
Phytother Res 2010; 24(2): 252-258.

[83]  Wang R, Yan H, Tang XC. Progress in studies of huperzine A, a 
natural cholinesterase inhibitor from Chinese herbal medicine. 
Acta Pharmacol Sin 2006; 27(1): 1-26.

[84]  Pachauri SD, Tota S, Khandelwal K, Verma PR, Nath C, Hanif 
K, et al. Protective effect of fruits of Morinda citrifolia L. on 
scopolamine induced memory impairment in mice: a behavioral, 
biochemical and cerebral blood flow study. J Ethnopharmacol 
2012; 139(1): 34-41.

[85]  Takayama H, Katakawa K, Kitajima M, Yamaguchi K, Aimi N. 

Seven new lycopodium alkaloids, lycoposerramines-C,-D,-E,-P,-
Q,-S, and-U, from Lycopodium serratum Thunb. Tetrahedron Lett 
2002; 43(46): 8307-8311.

[86]  Liu JS, Zhu YL, Yu CM, Zhou YZ, Han YY, Wu FW, et al. The 
structures of huperzine A and B, two new alkaloids exhibiting 
marked anticholinesterase activity. Can J Chem 1986; 64(4): 837-839.

[87]  Wang H, Tang XC. Anticholinesterase effects of huperzine A, 
E2020, and tacrine in rats. Zhongguo Yao Li Xue Bao 1998; 19(1): 
27-30.

[88]  Zangara A. The psychopharmacology of huperzine A: an alkaloid 
with cognitive enhancing and neuroprotective properties of interest 
in the treatment of Alzheimer’s disease. Pharmacol Biochem 
Behav 2003; 75(3): 675-686.

[89]  Zhang HY, Zheng CY, Yan H, Wang ZF, Tang LL, Gao X, et al. 
Potential therapeutic targets of huperzine A for Alzheimer’s 
disease and vascular dementia. Chem Biol Interact 2008; 175(1-3): 
396-402.

[90]  Huang KC. The pharmacology of Chinese herbs. Boca Raton, 
Florida: CRC press; 1998.

[91]  Soka T. Dictionary of Chinese drugs. Tokyo: Shanghai Science 
Technology Shogakukan Press; 1985.

[92]  Jia H, Jiang Y, Ruan Y, Zhang Y, Ma X, Zhang J, et al. Tenuigenin 
treatment decreases secretion of the Alzheimer’s disease amyloid 
β-protein in cultured cells. Neurosci Lett 2004; 367(1): 123-128.

[93]  Chen YL, Hsieh CL, Wu PH, Lin JG. Effect of Polygala tenuifolia 
root on behavioral disorders by lesioning nucleus basalis 
magnocellularis in rat. J Ethnopharmacol 2004; 95(1): 47-55.

[94]  Ikeya Y, Takeda S, Tunakawa M, Karakida H, Toda K, Yamaguchi 
T, et al. Cognitive improving and cerebral protective effects of 
acylated oligosaccharides in Polygala tenuifolia. Biol Pharm Bull 
2004; 27(7): 1081-1085.

[95]  Yabe T, Iizuka S, Komatsu Y, Yamada H. Enhancements of choline 
acetyltransferase activity and nerve growth factor secretion by 
Polygalae radix-extract containing active ingredients in Kami-
untan-to. Phytomedicine 1997; 4(3): 199-205.

[96]  Sun XL, Ito H, Masuoka T, Kamei C, Hatano T. Effect of Polygala 
tenuifolia root extract on scopolamine-induced impairment of rat 
spatial cognition in an eight-arm radial maze task. Biol Pharm 
Bull 2007; 30(9): 1727-1731.

[97]  Warrier PK, Nambiar VPK, Ramankutty C, editors. Indian 
medicinal plants: a compendium of 500 species. India: Sangam 
Books; 1996.

[98]  Gattu M, Boss KL, Terry AV Jr, Buccafusco JJ. Reversal 
of scopolamine-induced deficits in navigational memory 
performance by the seed oil of Celastrus paniculatus. Pharmacol 
Biochem Behav 1997; 57(4): 793-799.

[99]  Kumar MH, Gupta YK. Antioxidant property of Celastrus 
paniculatus Willd.: a possible mechanism in enhancing cognition. 
Phytomedicine 2002; 9(4): 302-311.

[100] Lekha G, Kumar BP, Rao SN, Arockiasamy I, Mohan K. Cognitive 
enhancement and neuroprotective effect of Celastrus paniculatus 
Willd. seed oil (Jyothismati oil) on male Wistar rats. J Pharm Sci 
Technol 2010; 2: 130-138.


	A review study on medicinal plants used in the treatment of learning and memory impairments
	1. Introduction
	2. Pathogenesis of AD
	3. Medicinal plants used for the treatment of AD
	3.1. Hypericum perforatum
	3.2. Lepidium meyenii
	3.3. Prunella vulgaris (P. vulgaris)
	3.4. Cyperus rotundus (C. rotundus)
	3.5. Zizyphus jujube
	3.6. Lavandula officinalis
	3.7. Ginkgo biloba (G. biloba)
	3.8. Salvia officinalis (S. officinalis)
	3.9. Melissa officinalis (M. officinalis)
	3.10. Ginseng
	3.11. Morinda citrifolia (M. citrifolia)
	3.12. Lycopodium serratum
	3.13. Polygala tenuifolia (P. tenuifolia)
	3.14. Celastrus paniculatus (C. paniculatus)

	4. Conclusions
	Conflict of interest statement
	Acknowledgements
	Comments
	Background
	Research frontiers
	Related reports
	Innovations and breakthroughs
	Applications
	Peer review

	References


