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Abstract 

In this study, we investigated for the first time the effects of a 
standardized extract from Ginkgo biloba leaves formulated with 
phospholipids Ginkgoselect™ Phytosome™, GBP) in combination 
with Standard Management (SM) in mild-moderate Alzheimer’s 
Disease (AD), focusing on the modulation of subject’s cognitive 
ability and oxidative status.

Participants with cognitive impairment freely decided to con-
tinue their SM protocol (donepezil 10 mg/day, rivastigmine 4.6 mg/
day in patch and memantine 20 mg/day; n=37), or to receive GBP 
tablets 120 or 240 mg/day in combination with SM (n=43). Subjects 
were assessed at baseline and after 6 months for cognitive func-
tions and exclusive mental abilities through specific neuropsycho-
logical tests, namely the Mini Mental State Examination (MMSE) 
and the Montreal Cognitive Assessment (MoCA). We also evaluated 
the oxidative status through the determination of plasmatic de-
rived reactive oxygen metabolites and anti-oxidant reserve through 
Plasma Antioxidant Test.

After 6 months of supplementation with GBP to SM, subjects 
reported a significantly higher improvement in cognitive and neu-
ropsychological functions, compared to those receiving only SM. 
Moreover, participants in the GBP with SM group reported a more 
remarkable decrease in oxidative load and an increase in the con-
centration of antioxidant molecules compared to the control group. 

Supplementation with GBP to SM demonstrates a positive effect 
in subjects with AD, helping them maintain or even increase their 
cognitive abilities, and improving their oxidative status both by re-
ducing oxidative damage and by increasing the antioxidant reserve.

Keywords: Ginkgoselect phytosome; Cognition; Neuropsycho-
logical functions; Oxidative status; Anti-oxidant reserve

Introduction

Alzheimer’s Disease (AD) is the most common cause of de-
mentia and one of the leading sources of morbidity and mortal-
ity in the aging population. It is a typical disease of the later 
years in life, roughly doubling in prevalence every 5 years after 
the age of 65 years and is significantly more common in women 
than men [1,2].

Classical symptoms of AD are difficulties with memory, lan-
guage, problem-solving and other cognitive skills that, overall, 
limit subjects’ ability to perform everyday tasks and to self-care. 
The occurrence of these symptoms is associated with specific 
biological alterations in the brain, such as formation of neu-
rofibrillary entanglement, senile plaques, amyloid deposition 

and synaptic loss [3]. The variable clinical presentation of AD is 
partially explained by the multifactorial nature of the disease, 
characterized by a complex interplay of genetic and environ-
mental factors. The main recognized risk factors are advanced 
age, family history of the disease and presence of the APOE-e4 
gene variant; however, other modifiable risk factors have been 
identified, such as cardiovascular diseases – which may affect 
cerebrovascular health – traumatic brain injury, diet and life-
style, including education, social and cognitive engagement [2]. 

The most prevalent theory in AD pathogenesis is the 
β-amyloid (Aβ) hypothesis, which suggests that improperly 
cleaved Aβ precursor protein (βAPP) forms insoluble Aβ pep-
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tide aggregates in the brain, which eventually lead to neuro-
nal damage and apoptosis [4]. Despite the important advances 
made in understanding the disease, no treatment, which can 
limit or stop the formation of these aggregates, has yet been 
developed. The only therapeutic options currently approved for 
mild to moderately severe AD are Acetylcholinesterase inhibi-
tors (AChEI; donepezil, galantamine and rivastigmine) and the 
anti-glutaminergic memantine hydrochloride. These agents, 
however, are not curative but can only offer a temporary and 
symptomatic control of cognitive impairment, with variable re-
sponses and limited long-term effectiveness [2,5].

More recently, new research pathways have been explored 
to block the formation of Aβ plaques by targeting more up-
stream processes [6-9]. One of the most interesting aspects cur-
rently under investigation is the role of neuroinflammation, as 
elderly people with AD display a chronic state of inflammation 
in the brain, which may influence AD progression. The effects 
of neuroinflammation are two-fold: on one side, the inflamma-
tory activation stimulates microglia cells to kill adjacent neurons 
through the production of Reactive Oxygen Species (ROS) and 
proteolytic enzymes. On the other side, the inflammatory me-
diators enhance the formation of Aβ plaques, which, in turn, 
stimulate the production of cytokines from microglia cells, 
thus contributing to the creation of a vicious cycle of chronic 
and sustained inflammation [10,11]. Several studies have also 
highlighted the association between AD and neuronal oxidative 
stress, which manifests as damage to multiple cellular struc-
tures, eventually resulting in neuronal cell death [12].

Over the last two decades, various anti-inflammatory and 
anti-oxidant approaches have been investigated to prevent or 
delay AD progression, leading to mixed results [12,13]. Tradi-
tional and complementary remedies, such as phytochemical 
and nutraceuticals, have generated promising results in amelio-
rating cognition and preventing AD thanks to their anti-oxidant, 
anti-inflammatory and neuroprotective properties [14,15].

Ginkgo biloba, an indigenous tree of eastern Asia, has large-
ly been used in traditional medicine for its health-promoting 
properties. The extract of G. biloba leaves contains two families 
of molecules, terpene lactones and ginkgo flavone glycosides, 
which present anti-oxidant and free radical scavenger proper-
ties, thus inhibiting lipid peroxidation and increasing cellular 
antioxidant defense mechanisms [16]. Moreover, the anti-oxi-
dant and anti-inflammatory properties of G. biloba extract are 
reported to be synergistic to improve neurodegeneration relat-
ed to retinal diseases [15]. The suggested mechanism of action 
is based on the ability of flavonoids to scavenge different free 
radicals, including ROS, and also the reactive nitrogen species 
as Nitric Oxide (NO) and ferryl ion species [17,18]. Regarding 
triterpenes, bilobalide and ginkgolides are able to increase cell 
enzymatic anti-oxidant mechanisms [19]. G. biloba extract has 
indeed shown cardio-protective, anti-asthmatic, antidiabetic 
and potent central nervous system activities, improving cogni-
tive functions in elderly subjects who demonstrate memory loss 
[16,20,21]. A standardized G. biloba leaves extract (Ginkgose-
lect™) has been also formulated with phospholipids, to provide 
a food-grade delivery system (Ginkgoselect™ Phytosome™, 
GBP), which increases the absorption and bioavailability of the 
ginkgo-active components [22,23].

In this study, we investigated for the first time the effects of 
GBP, administered in combination with standard treatment in 
patients with AD, focusing on the modulation of subject’s cogni-
tive ability and oxidative status.

Material and Methods

Population and Study Design

Overall, 80 participants with cognitive impairment, treated 
for at least 6 months with AChEI or memantine were enrolled 
in the study at the Centro Alzheimer of Azienda Sanitaria Pro-
vinciale in Siracusa (Italy). All study participants continued their 
Standard Management (SM) protocol, consisting of the admin-
istration of donepezil 10 mg/day, rivastigmine 4.6 mg/day in 
patch and memantine 20 mg/day (group A), or in addition to 
SM were supplemented with GBP tablets 120 or 240 mg/day 
(group B). Ginkgoselect™ Phytosome™ (Indena SpA) was sup-
plied as Agheron™ tablets (120 mg each) kindly donated by PL 
Pharma (Ponte San Nicolò (PD), Italy).

The study was approved by the local Ethics Committee. The 
study was carried out in accordance with the relevant guide-
lines of the Declaration of Helsinki (1964), its amendments and 
the general principles of ICH Harmonised Tripartite Guidelines 
for Good Clinical Practice (ICH Topic E6, CPMP/ICH/135/95). At 
the beginning of the study, the written informed consent was 
obtained from all individual participants included in the study.

Study Outcomes

Subjects were visited at baseline and after 6 months to as-
sess cognitive functions and exclusive mental abilities through 
specific neuropsychological tests, namely the Mini Mental State 
Examination (MMSE) and the Montreal Cognitive Assessment 
(MoCA). The MMSE is the best-known short screening tool 
for cognitive impairment; it examines functions including reg-
istration, attention and calculation, recall, language, ability to 
follow simple commands and orientation; scores can indicate 
severe (≤9 points), moderate (10–18 points) or mild (19–23 
points) cognitive impairment [24]. The MoCA is a brief cogni-
tive screening tool that encompasses eight cognitive domains 
(visuo-spatial, executive, naming, memory, attention, language, 
abstraction, delayed recall and orientation) and generates a to-
tal score of maximum 30 points; a score <26 is considered as 
having neurocognitive impairment [25].

In addition, subjects’ blood samples were collected both at 
baseline and after 6 months to evaluate the oxidative status, 
through the derived reactive oxygen metabolites (d-ROMs) 
test [26], and the anti-oxidant reserve (concentration of water-
soluble antioxidants) through the Plasma Antioxidant Test (PAT) 
(Free Radical Analytical System [FRAS]) [27]. 

Statistical Analysis

All data were analyzed by descriptive statistics only, due to 
the pilot nature of the study. Furthermore, a specific analysis 
was also conducted to compare treatment response among 
females and males. We used the repeated measures two-way 
ANOVA (treatment, time) to evaluate response to treatment 
during the study, followed by Bonferroni test for “ad hoc” as-
sessments. P values<0.05 on 2-sided test were considered as 
statistically significant.

Results

Overall, 80 subjects were included in the study; participants 
presented homogeneous characteristics in terms of age (mean 
age: 72.7 years; range: 62–76); sex (43 females and 37 males) 
and education (mean number of years of schooling 7.25; range 
6–9).
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A total of 37 participants (22 females and 15 males) were 
treated with SM only, while 43 (21 females and 22 males) were 
also supplemented with GBP (SM+GBP). Seven patients (five fe-
males and two males) in the SM group and seven patients (two 
females and five males) in the SM+GBP group discontinued 
treatment during the course of the study and were excluded 
from the analysis.

As shown in Figure 1, after 6 months of observation, subjects 
in the SM group reported a moderate decline in execution skills, 
as shown by the reduction of the MoCA mean score, which de-
creased from 12.63 to 12.26. Furthermore, no difference was 
recorded in the cognitive ability, as observed by the mainte-
nance of the MMSE score. They also showed a considerable 
decrease in the concentration of water-soluble antioxidants, 
which were reduced from 1627.03 to 1589.86 units (1 unit: 1.4 
µmol/L of ascorbic acid) (Figure 2). No significant change was 
reported in the d-ROMs test and the oxidative status remained 
in the moderate range (from 341 to 400 units; 1 unit: 0.08 mg 
H2O2/dl) both at baseline and after 6 months (Figure 3).

Conversely, subjects who were supplemented with also GBP 
reported beneficial effects in all the parameters under analysis. 
From a cognitive point of view, we observed an increase in both 
the MMSE (mean change from baseline vs 6 months: 19.97 vs 
21.16) and the MoCA score (13.16 vs 14.66) (Figure 1A & B). 
This group also benefited from a reduction in the oxidative sta-
tus, which decreased from 440.91 to 365.94 units (d-ROMs) 
(Figure 3), and showed a considerable improvement in the an-
tioxidant reserve that changed from a status of high oxidative 
stress at baseline (151.44 units) to normal values after 6 months 
of treatment (2037.58 units; PAT) (Figure 2). 

The comparative analysis between females and males 
showed no relevant differences in response to treatment ac-
cording to sex (Figure 4).

Discussion

Overall, the results of this study show that the supplementa-
tion of Gingko biloba extract formulated in phospholipids is a 
highly beneficial tool in addition of the pharmacological stan-
dard therapy, demonstrated a positive effect in subjects with 
mild moderate AD, helping them maintain or even increase 
their cognitive abilities, and improving their oxidative status 
both by reducing oxidative damage and by increasing the anti-
oxidant reserve.

The results of our study further confirm the limited effective-
ness of currently available options in the treatment of AD. In 
this pilot study, we observed that patients treated with AChEI 
and memantine experienced a slight decline in execution skills 
measured by the MoCA, while cognitive abilities were substan-
tially maintained after 6 months of treatment, according to the 
MMSE. The supplementation with GBP to the SM conversely 
showed positive results in terms of cognition, improving sub-
jects’ status on both cognitive scales (Figure 4). Notably, pre-
vious studies have reported the beneficial effects of G. biloba 
leaves extract on cognition and memory both in healthy sub-
jects and in patients with dementia [21,28,29]. In particular, a 
randomized controlled trial showed that the administration of 
G. biloba extract effectively improved cognition, neuropsychi-
atric symptoms and functional abilities in patients with AD or 
vascular dementia [30].

In terms of oxidative status, as shown by the d-ROMS and 
PAT results, standard treatment for AD has no considerable ef-
fect in reducing oxidative damage. After 6 months of SM, par-
ticipants showed only a minor decrease in oxidative stress and 
a deterioration of the antioxidant reserve (Figures 2 & 3). On 

Figure 1: MMSE (A) and MoCA (B) in participants treated with 
Standard Management vs standard management (SM)+GBP (G) at 
baseline (T0) and after 6 months of treatment (T1).

Figure 2: Antioxidant reserve (PAT) in participants treated with 
Standard Management (SM) vs Standard Management (SM)+GBP 
(G) at baseline (T0) and after 6 months of treatment (T1).

Figure 3: Oxidative stress (d-ROMS) in participants treated with 
Standard Management (SM) vs standard management (SM)+GBP 
(G) at baseline (T0) and after 6 months of treatment (T1).

Figure 4: (A) MMSE score, (B) MoCA score, (C) d-ROMS results and 
(D) PAT results among female (left) and male (right) treated with 
Standard Management (SM) vs Standard Management (SM)+GBP 
(G) at baseline (T0) and after 6 months of treatment (T1).
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the other hand, the supplementation with GBP showed a re-
markable decrease in the oxidative load, whose mean values 
were reduced from a condition of high (400–500 units; d-ROMs) 
to moderate (341–400 units; d-ROMs) oxidative stress. In ad-
dition, participants showed a substantial increase in the con-
centration of antioxidants, which after 6 months of treatment 
reached normal values (2000–2200 units; PAT). These positive 
results are associated with the antioxidant properties of GBP. 
The free radical scavenging activity of flavonoids contained in 
GBP may help to stabilize ROS, thus protecting neuronal cells 
from oxidative stress-induced damage, limiting AD progression. 
The importance of oxidative damage in the development and 
progression of AD has been suggested in multiple studies, and 
antioxidants have been recognized as part of the therapeutic 
strategies for AD treatment [12]. 

Of note, GBP presents additional important properties that 
may help prevent or limit AD progression. In particular it has 
been shown to promote blood flow and provide capillary pro-
tection, which might have a positive impact on brain vascula-
ture, a fundamental component for a normal functioning brain 
[31].

The last thing to point out to our clinical study is certainly 
relative to women’s response. The increased prevalence of AD 
among women likely arises through a combination of factors, 
including sex chromosomes, hormones, brain structure, togeth-
er with gender and life experiences [32]. These factors are being 
explored as part of a new direction in AD’s research. The use 
of GBP improved significantly cognitive abilities and antioxidant 
reserve without gender specific effects that is showing a benefi-
cial support also in enrolled women.

No relevant side effects has been reported and it is very im-
portant considering that this supplementation should be chron-
ic and in a frail population. 

This study has some limitations. The first is the small sample 
size and the short supplementation period taking into consid-
eration the chronic nature of degenerative dementia. Also a 
follow-up period is missing.

Regarding the strengths of this study, we should underline 
that GBP is a food supplement highly standardized and sup-
ported with a good bio-absorption profile of Ginkgo biloba 
principles. This more bioavailable food-grade delivery system in 
phospholipids could be potentially able to support the improve-
ment of neurodegeneration when associated with the standard 
management.  

Conclusion

The results of our study suggest that the use of GBP as adju-
vant to current standard management is safe and may improve 
cognitive functionality in AD progression reducing both the 
oxidative load (d-ROMS) and the depletion of the antioxidant 
reserve (PAT). Further clinical studies, possibly randomized and 
double-blind, with a larger number of subjects, are though ad-
vised.
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