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Abstract

Alzheimer’s disease (AD) is a chronic and most prevents disease, affecting 
millions of people worldwide and causes a great burden to the society. Besides 
hyperphosphorylated tau and neurofibrillary tangles, various other mechanisms 
like oxidative stress, mitochondrial dysfunctions, Aβ production, neurofibrillary 
tangle accumulation, calcium mishandling, and hormonal imbalance also play 
a role in causing the neuronal loss and the disease process. Various studies 
have shown a beneficial role of ginkgo biloba in Alzheimer’s disease, although 
some have refuted its role in AD. In the absence of effective therapy in dementia 
particularly in AD, Ginkgo biloba seems to have a therapeutic value in dementia 
and it needs further clinical trial to recommend it as an effective drug in AD. In 
this review various studies pertaining to the role of ginkgo biloba on memory 
and various mechanism of action of ginkgo biloba in improving memory function 
have been discussed.
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normal aging, multi infarct dementia, stroke, traumatic brain injury, 
cerebral edema, cerebral insufficiency, and glutamate toxicity [4]. 
Some studies have related a beneficial role of Egb761 in dementias 
and in Alzheimer’s disease. Various mechanisms like its anti oxidative 

[5], free radical scavenging [6], anti amyloidogenic [7], anti apoptic 
properties [8] are believed to be responsible for the prevention and 
treatment of Alzheimer’s disease.

Clinical studies on memory function of ginkgo biloba. There 
are studies showing the beneficial effect of Egb761 on memory in 
humans whereas others have shown that it has no beneficial effect. 
In a double-blind, placebo controlled study of Ginkgo biloba extract 
(‘tanakan’) in 50 elderly outpatients with mild to moderate memory 
impairment; it was found that ginkgo biloba extract had a beneficial 
effect on cognitive function. Performance on the digit copying sub-
test of the Kendrick battery was significantly improved at both 12 
and 24 weeks, while the median speed of response on a computerized 
version of a classification task also showed a significant superiority 
over placebo at 24 weeks [9]. To assess the efficacy of EGb 761 in mild 
to moderate dementia with neuropsychiatric features, a randomized, 
placebo-controlled, double-blind clinical trial with 400 patients aged 
50 years or above with Alzheimer’s disease (AD) or vascular dementia 
(VaD), randomized to receive EGb 761 or placebo for 22 weeks, it 
was seen that EGb 761 was significantly superior to placebo on all 
secondary outcome measures, including the NPI and an activities-
of-daily-living scale. Treatment results were essentially similar for 
AD and VaD subgroups [10]. In a 20-year follow-up population-
based study, to see the effect of Ginkgo biloba extract and long-term 
cognitive decline, a significant difference in MMSE decline over 
the 20-year follow-up was observed in the EGb761® and piracetam 
treatment groups compared to the ‘neither treatment’ group [11]. In 
a randomized, placebo-controlled, double-blind, multi-center trial to 
explore the efficacy and safety of Ginkgo biloba extract EGb 761 in 
mild cognitive impairment with neuropsychiatric symptoms, it was 
found that EGb 761 improved NPS and cognitive performance in 
patients with MCI. The drug was safe and well tolerated [12].

Abbreviations
VaD: Vascular Dementia; MAO: Mono Amino Oxidase 

Inhibitor; PD: Parkinson’s disease; APP: Amyloid Precursor Protein; 
AB: Amyloid Beta; BACE 1: Beta site APP Cleaving Enzyme 1; 
TNFα: Tumor Necrosis Factor Alpha; MMSE: Mini Mental State 
Examination

Introduction
Dementia especially Alzheimer’s disease is a chronic disabling 

disease most prevalent among the neurodegenerative diseases. It 
affects millions of people worldwide causing a great burden to the 
society. It’s a leading cause of disability and long-term care placement. 
There are many mechanisms proposed to cause degeneration and 
Alzheimer’s disease. Here we describe the various mechanisms of 
ginkgo biloba in improving cognition in Alzheimer’s disease.

The etiology of Alzheimer’s disease is multi factorial, and advanced 
age is the greatest risk factor. As the average lifespan of humans are 
increasing the prevalence of Alzheimer’s disease is also increasing. 
It is expected that one person in every 85 individuals will suffer 
from Alzheimer’s disease by 2050 [1]. Hyperphosphorylated tau and 
neurofibrillary tangles are the pathological hallmarks of Alzheimer’s 
disease. Besides Aβ and phosphorylated tau, various deranged 
mechanisms like oxidative stress, mitochondrial dysfunction, Aβ 
production, neurofibrillary tangles accumulation, inflammation, 
calcium mishandling, and hormonal imbalance also play a role in the 
disease process thereby causing neuronal loss.

The Standardized preparation of ginkgo leaves contain flavonoids 
(24%) and terpene lactones (6%), as well as a variety of unknown 
substances 13% of dry weight [2]. The 24% of flavonoid of EGb 761 
are flavones, flavonols, tannis, biflavones, glycosides like quercetin, 
kaempferol, isohamentin, mycertin and 3 methyl mycertin [3]. It 
is one of the most commonly used neutraceuticals marketed in 
Europe and used for various problems relating to mental health and 
wellbeing. Ginkgo biloba is found to be useful in Alzheimer’s disease, 
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In a systemic review to discuss new evidence on the clinical and 
adverse effects of standardized ginkgo biloba extract EGb761 for 
cognitive impairment and dementia, it was found that in the meta-
analysis, the weighted mean differences in change scores for cognition 
were in favor of EGb761 compared to placebo (-2.86, 95%CI -3.18; 
-2.54); the standardized mean differences in change scores for 
activities in daily living (ADLs) were also in favor of EGb761 
compared to placebo (-0.36, 95%CI -0.44; -0.28); Peto OR showed a 
statistically significant difference from placebo for Clinicians’ Global 
Impression of Change (CGIC) scale (1.88, 95%CI 1.54; 2.29). All 
these benefits are mainly associated with EGb761 at a dose of 240 mg/
day. For subgroup analysis in patients with neuropsychiatric 
symptoms, 240 mg/day EGb761 improved cognitive function, ADLs, 
CGIC, and also neuropsychiatric symptoms with statistical superiority 
than for the whole group. For the Alzheimer’s disease subgroup, the 
main outcomes were almost the same as the whole group of patients 
with no statistical superiority. In conclusions it is EGb761 at 240 mg/
day is able to stabilize or slow decline in cognition, function, behavior, 
and global change at 22-26 weeks in cognitive impairment and 
dementia, especially for patients with neuropsychiatric symptoms 
[13]. Similarly in a review to assess the effects of Ginkgo biloba in 
Alzheimer’s disease as well as vascular and mixed dementia covering 
a variety of outcome domains, it was found in the meta-analysis, the 
SMDs in change scores for cognition were in favor of ginkgo 
compared to placebo (-0.58, 95% confidence interval [CI] -1.14; -0.01, 
p = 0.04), but did not show a statistically significant difference from 
placebo for activities in daily living (ADLs) (SMD = -0.32, 95% CI 
-0.66; 0.03, p = 0.08). Heterogeneity among studies was high. For the 
Alzheimer subgroup, the SMDs for ADLs and cognition outcomes 
were larger than for the whole group of dementias with statistical 
superiority for ginkgo also for ADL outcomes (SMD = -0.44, 95% CI 
-0.77; -0.12, p = 0.008). Drop-out rates and side effects did not differ 
between ginkgo and placebo, suggesting ginkgo biloba appears more 
effective than placebo though the effect sizes were moderate, while 
clinical relevance is, similar to other dementia drugs, difficult to 
determine [14]. However in Cochrane database Syst Review 2010 it 
was found that there is a lack of convincing evidence to show a 
cognitive enhancing effect of Panax ginseng in healthy participants 
and no high quality evidence about its efficacy in patients with 
dementia. However in this review all of these trials investigated the 
effects of ginseng on healthy participants. Pooling the data was 
impossible owing to heterogeneity in outcome measures, trial 
duration and ginseng dosage. Results of the analysis suggested 
improvement of some aspects of cognitive function, behavior and 
quality of life [15], was of the opinion that all of these trials investigated 
the effects of ginseng on healthy participants. Pooling the data was 
impossible owing to heterogeneity in outcome measures, trial 
duration, and ginseng dosage. Results of the analysis suggested 
improvement of some aspects of cognitive function, behavior and 
quality of life and randomized, double-blind, placebo-controlled, 
parallel group trials with large sample sizes are needed to further 
investigate the effect of ginseng on cognition in different populations, 
including dementia patients. In a systemic review to assess the efficacy 
and safety of ginkgo biloba for dementia or cognitive decline, it was 
seen that most trials tested ginkgo biloba in different doses and the 
recent trials showed in consistent results for cognition, activities of 
daily living, mood, depression and care burden. A subgroup analysis 

including only patients diagnosed with Alzheimer’s disease (925 
patients from nine trials) also showed inconsistent pattern of benefit 
associated with ginkgo biloba [16]. Four randomized, controlled 
trials investigating the effects of ginkgo biloba extract EGb 761 in 
dementia with neuropsychiatric features, it was found, one thousand, 
and two hundred and ninety-four patients were analyzed for efficacy. 
Patients treated with EGb 761 showed improvement of cognitive 
performance and behavioral symptoms that were associated with 
advances in activities of daily living and a reduced burden to 
caregivers. Placebo-treated patients, on the other hand, showed only 
minimal improvements or signs of progression. In each placebo-
controlled trial, EGb 761 was significantly superior in all mentioned 
domains (p < 0.01). In the actively controlled trial, EGb 761 and 
donezepil as well as a combination of both drugs had similar effects, 
supports the efficacy of EGb 761 in age-related dementia with 
neuropsychiatric features. The drug was safe and well-tolerated [17]. 
In a randomized placebo-controlled double blind study, comparing 
the efficacy of ginkgo biloba with a cholinesterase inhibitor 
(Donepezil) in patients with dementia of AD type , it was found that 
there was no differences in the efficacy of EGb761 and donepezil in 
the treatment of mild to moderate Alzheimer’s dementia and the use 
of both substances can be justified [18]. The GINDEM –NP, 
GOTADAY and GOT IT studies showed that 240mg/day EGb761 
improved cognitive function, neuropsychiatric symptoms, activities 
of daily living, and quality of life in patients with mild to moderate 
dementia compared to placebo, with results reproducible in 
independent trials. A combination of 240mg/day EGb761 and 10 mg/
day donepezil was also more effective than either drug alone [19]. In 
a multi- center, double blind, randomized, placebo controlled 24 
week trial with 410 patients it was seen that patients treated with EGb 
761 showed improvement in both SKT and NPI scores in comparison 
to placebo [20]. In a randomized placebo controlled trial to study the 
long term use of standardized ginkgo biloba extract for the long term 
prevention of Alzheimer’s disease (GuidAge) it was found that ginkgo 
biloba did not reduce the risk of progression of Alzheimer’s disease 
compared with placebo [21]. The strength of this study was the active 
involvement of primary care physician in recruitment and follow up 
of participants. But the limitation of the study was that the number of 
dementia events was much lower than expected, leading to a lack of 
statistical power to detect the effects and also some evidence of 
selection bias in the trial. To determine effectiveness of ginkgo biloba 
vs. placebo in reducing the incidence of all-cause dementia and 
Alzheimer’s disease (AD) in elderly individuals with normal cognition 
and those with mild cognitive impairment (MCI), in a randomized, 
double-blind, placebo-controlled clinical trial conducted in 5 
academic medical centers in the United States between 2000 and 2008 
with a median follow-up of 6.1 years ginkgo biloba at 120 mg twice a 
day was not effective in reducing either the overall incidence rate of 
dementia or AD incidence in elderly individuals with normal 
cognition or those with MCI [22]. All these trials did not show 
evidence for reducing the overall incidence of dementia or AD with 
Ginkgo biloba extract in elderly individuals with or without memory 
complaints. Due to the particularly long pre-dementia phase, 
expecting a preventive effect of ginkgo biloba on the incidence of 
dementia over a period of 3–6 years may be over optimistic. In an 
expert meeting on ageing brain meeting on ginkgo biloba special 
extract EGb 761, it was noted that symptomatic efficacy has been 
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demonstrated in dementia and mild cognitive impairment, but 
interpretation of data from dementia prevention trial is complicated 
by important methodological issues, and it was concluded that there 
is plenty of promising data, both preclinical and clinical, to consider 
future research with the compound targeting cognitive impairment 
in old age as worthwhile activity [23]. Similarly in a study to evaluate 
the effect of combined treatment with aspirin and ginkgo biloba in 
patients of vascular cognitive impairment of none dementia, it was 
found that after 3 months of combined treatment in 40 patients, it 
was found that the scores of executive ability, attention, abstract, 
delayed memory orientation in the Montreal cognitive assessment 
were significantly increased compared with those before treatment 
and those in the control group. This study suggested that ginkgo 
biloba extract EGb can improve the therapeutic efficacy and improve 
cognitive ability and cerebral blood flow in patients with vascular 
cognitive impairment of none dementia (VCIND) [24]. To assess the 
effects of ginkgo biloba in AD as well as in vascular and mixed 
dementia in a systemic review and Meta analysis of 9 trials, of 12 to 52 
weeks including 2372 patients, it was found ginkgo biloba appears to 
be more effective than placebo. In the meta analysis the standardized 

mean differences in the change score for cognition were in favor of 
gingko compounds than placebo (-0.58, 95% confidence interval 
-1.14, -0.01, p=0.04) [14]. To discuss new evidence on the clinical and 
adverse effects of ginkgo biloba extract EGb761 for cognitive 
impairment and dementia in a recent systemic review and Meta 
analysis of 9 trials including 2561 patients with 22-26 weeks duration, 
it was found that EGb 761 was able to stabilize and slowed the 
cognitive decline. In the study, it was found the mean change scores 
for cognition were in favor of EGb 761 compared to placebo (-2.86, 
95% CI-3.18, -2.54) [13]. In a meta analysis on ginkgo biloba extract 
for dementia highlighted serious weaknesses in the studies and 
showed it may be effective in people under 75 years of age with 
dementia, but further trials focusing on milder forms of dementia 
,comparing different doses of ginkgo biloba and follow up for longer 
periods are needed to confirm this [25].

Mechanism of Action
EGb 761 can be considered as a multi target compound with 

demonstrated activity on distinct pathophysiological pathways in 
AD and age related cognitive decline [24]. The action of flavonoids 

Authors Symptoms Method Outcome 
measures Dose Outcome

Rai et al. [9] Memory impairment n-27 RPC, DB 
Researching article

KDC, KDL task, 
digit recall 40 mg TID KDL26.8.placebo 24.3. KDL 106.6, Placebo 

94.5.Digit recall error 47.92, placebo 3. 273
Napryeyenko O et al. 

[10] Dementia with  AD n 400 RCT, DB SKT Improved 3.2 in SKT neuropsychiatry 
feature

Amieva H et al. [11] Cognitive decline
20 year follow MMSE, 
original prospective 

Cohort study.
Cognitive decline lower in EGb 761

Gavrilova SI et al. [12] Cognition in MCI DB, MC,RCT N160  NPS, 
Researching article EGb 761 249 Improvement 78.8%

Tan MS et al. [13] ADL,CGIC review of 9 trials    n2561 
Review and meta analysis EGb761 240 mg Improvement in ADL,CGIC

Weinmann et al. [14] Cognition, ADL review of 9 trials n372 
Review and meta analysis EGb761

Improvement in cognition (-0.58,95%ci), for 
AD, Cognition and ADL, (SMD=0.44,95% 

CI)

Geng J, Dong J, Ni 
H [15]

Cognition reviewed 9 trials systemic 
review DBSB, RCT Gineseng

Pooling the data impossible due to 
heterogeneity in trials. Healthy sub, 1AAMI 

(Age associated memory impairment)

Birks J, Evans JG [16] Cognitive impairment 9 trials, n 2016 systemic 
review

Significant benefit for people with dementia 
or cognitive impairment is inconsistent and 

unreliable

Ihl R RCT [17] Dementia with no 
symptoms n 1294 review 4 RCT SKT, NPI EGb761 240mg Improvements of cognitive performance 

and behavioral symptoms

Mazza M et al. [18] Syndron kuzz test SKT, 
MMSE DB, RCT EGb761 160mg+ 

Donepezil 5 mg Improvement in SKT

Ihl R et al. [19] Dementia n-410 RCT, DB Research 
article SKT, NPI, ADCS 240 mg SKT,NPI, ADCS-CGIC improvement

Herrschaft H et al. [20] Dementia n -410 RCT DB 
multicentric study SKT 240 mg Improved 2.2+3.5 on SKT with neuro 

psychiatric features. NPI improved 4.6 ± 7.1

Vellas B et al. [21]
Memory impairment 
patients 70 years or 

more

n 1406 MMSE, CDR, 
FCSRT

DB RCT Guidage 
trial

Did not prevent risk of AD in 5 yrs. Trail 
making test, verbal fluency, ADL

DeKosky ST et al. [22] Dementia prevention n1545 DB,RCT multi 
centric

240 mg               
3.3/100 person in EGb, 

2.9/100 person

Prevention dementia, no effect on the rate 
of progressing to dementia with MCI

Lautenschlager NT( 
Nicola) et al. [23]

AD and cognitive 
decline

expert meeting "The 
Ageing Brain" Review

Effective in dementia and mild cognitive 
impairment (MCI), methodological problems 

in dementia prevention trials

Zhang SJ et al. [24]
N80 VCIND Patients  
Montreal cognitive 

assessment

RCT
original study Ginkgo Biloba 120mg Improvement in cognitive ability

Jiang L, Su L[25] Dementia n1917 PC Systemic 
review, meta analysis RCT May be effective persons under 75 years of 

age with dementia

Table 1: Effect of Ginkgo biloba on memory in various studies.

Abbreviations: KDC: Kendrick Digit Copy; KDL: Kendrick Digit Learning; SKT: Short Cognitive Performance Test (Syndrom–kurz test); NPS: Neuro Psychiatric 
Symptoms; NPI: Neuro Psychiatric Inventory; CGIC: Clinicians Global Impression of Change; SMD: Standardized Mean Difference; ADCS: Alzheimer’s Disease 
Cooperative Study; MCI: Mild Cognitive Impairment; VICND: Vascular Cognitive Impairment of None Dementia
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are due to a number of biological process like their interactions with 
neuronal and signaling pathways that are important for neuronal 
survival [26,27], Free radical biology, expression of proteins required 
for synaptic plasticity and repair [28], their ability to cause changes 
in CBF (Cerebral Blood Flow) [29], inhibition of neuropathological 
process in certain brain regions [30,31]. A number of studies using 
transgenic mouse models of AD pathology have shown beneficial 
effects of flavonoids in cognition and memory. It is shown that oral 
administration of the green tea flavonoids for 6 months to mice over 
expressing the Swedish mutation of APP tg 2576 reduced amyloid 
β pathology as well as improved cognition [32]. Similarly long term 
green tea administration improved spatial learning and memory 
in senescence’s prone mice [33]. The mechanism underlying these 
might be due to increased activity of alpha secretase [34] or it might 
be due to EGCG reduces Aβ plaque pathology by inhibiting protein 
aggregation and fibrillization either as a result of metal chelation 
activity [35,36]. In addition to the protective effects on Aβ, EGb761 
has been shown to prevent amyloidogenesis. It was demonstrated that 
on hippocampal slices, EGb761 can shift he amyloid precursor protein 
(APP) towards alpha secretase pathway, thereby increasing the release 
of soluble forms of APP [37,38]. In a transgenic AD mouse model Tg 
2576, it was found that Tg 2576 mice exhibited an enhancement of 
spatial learning and memory comparable to wild mice [38,39]. EGb 
761 inhibits the production of brain Aβ levels by lowering cholesterol, 
as free and circulating free cholesterols and intracellular cholesterols 
could affect the APP processing and amyloidogenesis [38,40-43]. EGb 
761 may also influence the formation of Aβ fibrils by increasing gene 
expression of transthyretin [44], as transthyretin has been shown to 
prevent Aβ aggregation in vitro by sequestrating Aβ monomers [45].

It has been reported that certain flavonoids and flavones act 
as BACE1 inhibitors and suppress BACE1 expression [46,47]. 
The beneficial effects of flavonoids may be due to its action on tau 
phosphorylation and fibrillization. It has been noted that a number of 
flavonoids inhibit heparin induced tau aggregation [48].

Clinical trials on the effects of EGb 761 in AD suggested that 
the use of EGb 761 as an AD stabilizer [49]. It is seen that addition 
of standardized extract of EGb 761 together with the Aβ protein, 
prevented in a dose dependant manner, the Aβ induced free radical 
production, increased glucose uptake, apoptosis and cell death 
[50]. The deposition of Aβ peptide by inducing neuronal oxidative 
stress, inflammation and apoptosis, plays an important roles in 
neurodegeneration in AD. In an AD model of rats [51], it was found 
that ginkgo biloba significantly protected against learning and 
memory impairments induced by Aβ 25-35 in Morris water maze, 
in addition attenuated the neuronal damage and apoptosis in frontal 
cortex and hippocampus CA1 rats and also inhibition of TNF alpha 
and Aβ1-40 is also involved in the action mechanism of bilobide, thus 
providing an experimental basis for the clinical application of ginkgo 
biloba in AD. Apoptosis has been implicated in the pathogenesis of 
AD and in neurodegenerative diseases. EGb 761 prevents apoptosis 
by maintaining the integrity of mitochondrial membrane; prevent 
cytochrome C release from the mitochondria, thereby blocking the 
formation of the apoptosomes and the apoptosis cascades. In a study 
[52] to investigate the neuro protective effects of ginkgolide B against 
Aβ 25-35 induced apoptosis in cultured hippocampal neurons it was 
found to be effective in attenuating apoptosis and the up regulation 

of BDNF seen when the cells were subjected to Aβ 25-35, suggesting 
the neuro protective effects may be due to brain derived neurotrophic 
factor up regulation. In a study it was demonstrated that pretreating 
cerebellar granule cells with the antioxidant EGb 761 (Ginkgo biloba 
extract) effectively attenuated oxidative damage induced by H2O2/
FeSO4, and prevented cells from apoptotic cell death. The results 
suggested that EGb 761 might be used as a potential drug for neuronal 
diseases associated with the excessive production of reactive oxygen 
species [53].

One of the common hall marks of neurodegenerative disease is 
the formation of aberrant protein aggregates [54]. Misfolded proteins 
are removed through proteasomes or if their degradation fails, these 
proteins accumulate and form protein aggregates. Poly Q aggregates 
assemble to insoluble inclusion bodies, containing amyloid like fibers 
of poly q Proteins numerous cytoplasmic proteins and proteins to 
form the ubiquitin proteosome system, (UPS). The withdrawal of 
protein from UPS decreases the efficiency of protein degradation. The 
aberrant monomeric and oligomeric expanded poly Q proteins can 
promote further pathologic cellular deregulations and toxicity [55]. 
In a study of the effects of EGb 761 on the enzymatic activity of the 
proteasomes and associated protein degradation, it was demonstrated 
that EGb 761 has a novel activity on protein aggregates by enhancing 
proteosomal protein degradation, suggesting a therapeutic role in 
neurodegenerative disease with disturbed protein homeostasis [56].

Oxidative stress and mitochondrial failure promote altered 
protein degradation, reduced neurotransmission, synapse loss and 
tau/hyperphosphorylation, which are early stages in the development 
of Alzheimer’s disease (AD). A growing volume of data confirms that 
ginkgo biloba extract (GBE) reduces oxidative stress and improves 
mitochondrial respiration and thus may be useful in preventing 
or slowing down the progression of AD. A respiratory experiment 
indicated that ginkgo biloba extract was able to rescue Aβ-induced 
defects in energy metabolism, with results suggesting long-term 
regulatory effects on mitochondria. Ginkgo biloba extract also had 
a selective effect on the activities of mitochondrial enzymes that 
assemble the electron transport system. The flavonoids, bilobalide 
and some of the ginkgolides (B and J) had a high protective capacity, 
indicating that a combination of several compounds within 
standardized gingko biloba extracts contribute disproportionately for 
these protective effects [57]. Similarly in a study to investigate whether 
standardized ginkgo biloba extract LI 1370 (GBE) is able to rescue Aβ-
induced defects in energy metabolism. It was found that there was a 
beneficial effect of ginkgo biloba on the cellular OXPHOS (Oxidative 
phosphorylation) performance and restoration of Aβ-induced 
mitochondrial dysfunction, although the underlying molecular 
mechanisms of the mode of action of ginkgo biloba remain to be 
determined [58]. Bilobide an extract of ginkgo biloba has been shown 
to have neuro protective effects. It was demonstrated that bilobide 
treatment reduced generation of two β secretase cleavage products of 
APP, The amyloid β and soluble APP β via PIK3 dependant pathway. 
In addition GSK3, β signaling might be involved in bilobide induced 
Aβ reduction as a downstream target of the activated PI3K pathway. 
Bilobide induced reduction Aβ reduction was probably mediated 
through modulation of cathepsin B [59]. This study suggests bilobide 
may offer an approach to combat AD.
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Oxidative stress has long been thought to play a major role in 
causing AD. The beneficial action of EGb 761 is mainly due to its action 
on free radical scavenging action, as demonstrated in various studies 
[60]. In a study using two AD models, Aβ expressing neuroblastoma 
cell line N2a and Aβ expressing transgenic Caenorhabditis elegans, 
EGb 761 was found to be able to attenuate the basal as well as the 
induced levels of H2O2 related reactive oxygen species (ROS) [60,61]. 
Besides attenuation of ROS, EGb 761 may also stabilize the cellular 
redox state by up regulation of the protein levels and activity of super 
oxide dismutase and catalase in rat hippocampus and rat ileum [62-
64]. The flavonoid fraction is suggested to be mainly responsible for 
the antioxidant properties of EGb 761. The flavonoid fraction evokes 
anti oxidant effects via direct scavenging ROS, chelating pro-oxidant 
transitional metal ions and increase in antioxidant proteins like SOD 
and GSH [60,65,66]. 

Age, hypertension, atherosclerosis, diabetes mellitus and APOε4 
are risk factors for cognitive decline. By modulating these, flavonoids 
are known to lessen the cognitive decline. Epidemiological data 
suggests that flavonoids are capable of preventing many forms of 
cerebro vascular disease including those associated with stroke 
and dementia [67,68]. Ginkgo biloba has been shown to exert 
constrictive or dilatory effects on blood vessels in a state dependant 
manner in a rabbit model, the vasodilator effects appear to be 
endothelial dependant. The alternative mechanisms may involve 
MAO inhibition, prostacyline release, beta adrenoreceptor agonism, 
increased intracellular calcium sequestration, increased nitric oxide 
synthase activity, or decreased lipid peroxidation [69]. Ginkgo biloba 
appears to inhibit platelet aggregation by increasing the concentration 
of endothelium derived nitric oxide and prostacycline and 
improve endothelial functions [70]. Due to these, there is increased 
cerebrovascular function which facilitates adult neurogenesis in the 
hippocampus [71]. Angiogenesis is accompanied by production 
of endothelium derived nitric oxide and vasodilatation [72]. The 
vascular effects of flavonoids are mediated by their ability to produce 
endothelial derived nitric oxide [73]. Increased vascularization in 
hippocampus is likely to stabilize the presence of new neurons [74].

Inflammation has been implicated in AD. EGb 761 has been 
demonstrated to have anti inflammatory effects [75]. These effects 
are due to ginkgolides and flavonoids. The anti inflammatory 
action may be associated with their PAF (Platelet activating factor) 
antagonistic activity. Studies have provided evidences regarding the 
role of PAF as a regulator of cytokines in inflammatory responses 
[76]. PAF can be synthesized in neurons following stimulation with 
neurotransmitters such as NMDA and glutamic acid and plays 
various roles in neuronal functions and brain development [77]. 
However an increased concentration of PAF has been implicated in 
neurodegenerative diseases like AD [78] Ginkgolides have a specific 
and potent antagonistic effects against PAF .In a study it was found 
that ginkgolide B could completely block PAF induced decrease of 
cell viability in SH-SY-5Y cells. It was also found that Quercetin a 
flavonoid constituent of EGb 761 may also be involved in EGb 761 s 
PAF antagonist activity [79]. In addition it has inhibitory effects on 
pro-inflammatory cytokines TNF α and interleukin 1 production.

The ginkgo biloba extract EGb 761 improves memory loss and 
cognitive impairments in patients with senile dementia. Ginkgo 

biloba extract treatment promotes neural stem cell proliferation and 
migration in the subventricular zone of PD mice [80], induces neural 
stem cell proliferation and differentiation in the hippocampus and 
improves learning and memory in young epileptic rats [81]. In a rat 
model of vascular model of vascular dementia, it was seen EGb 761 
enhanced proliferation of neural stem cells in the subventricular zone 
and dentate and dentate gyrus and improved learning and memory 
[82]. Possible mechanisms for neural stem cell proliferation in rat 
model of vascular model of rats include inhibition of neural stem cells 
apotosis, antilipid peroxidation and excito-toxicity, changes in redox 
state in neural stem cells, regulate growth of neural stem cells and 
promote gene regulation.

Conclusion
Various studies have supported the usefulness of ginkgo biloba 

extract EGb 761 in the treatment and prevention of AD and in 
dementia. However in some of the review of clinical trials it as found as 
not effective in preventing nor improving the cognitive impairment. 
The various possible mechanisms for improving cognition of ginkgo 
biloba are amyloidogenesis and prevention of Aβ aggregation, anti 
oxidantant, anti inflammatory, modulation of tau phosphorylation, 
induction growth factors and neuroplasticity. Still the clinical efficacy 
still remains controversial. However the effect of long-term therapy 
with ginkgo biloba will be clarified through further clinical trials and 
investigations. In the absence of effective treatments of dementia, 
ginkgo biloba may still help, appearing to be safe and will not harm 
the patient. As there is overlap between different types of dementia 
and mixed pathologies, ginkgo biloba appears to be safe in a multi 
targeted approach treatment.
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