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glycosides) and terpenoids (ginkgolides and 
bilobalide).1 The beneficial effects of Ginkgo 
biloba leaves may be associated with a single ac-
tive ingredient or with the combined action of the 
multiple bioactive agents found in these plants.

Modern research has focused its interest on 
the Ginkgo biloba leaves extract (GBE) with 
standardized content of the primary active 

Ginkgo biloba, also known as Maidenhair 
tree, is one of the oldest tree species in the 

world. Ginkgo biloba leaves have been largely 
used in China and Japan as a traditional medi-
cine for a range of conditions, including asth-
ma, bronchitis, cough, and enuresis, for at least 
5000 years. The major bioactive components of 
Ginkgo biloba are flavonoids (ginkgo-flavone 
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A B S TRACT   
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Materials and methods

Subjects and procedures
This study was composed of two parts. 

The first — chronic part — was a random-
ized, double-blind, placebo-controlled trial 
that involved 10 elite female volleyball play-
ers playing in the Italian volleyball league. An 
8-week administration protocol was assessed 
on a weekly basis according with the training 
schedule (Table I). Participants (N.=10) were 
randomly assigned to either the complexed 
GBE group (N.=5) or the placebo group 
(N.=5). Collection of saliva samples and body 
composition measurements were performed at 
baseline and at the end of the study.

The acute administration study consisted in 
7 days of treatment followed by 7 days of wash 
out. The 6 elite female volleyball players re-
cruited in this study were involved in a daily 
standardized training session (135 minutes) 
composed of specific modules: stretching, vol-
leyball drills, tactics and team play. The treat-
ment (2 capsules of standardized, combined 
GBE) was provided before each training ses-
sion. Collection of saliva samples was carried 
out after each 7-day period (treatment and wash 
out). In particular, saliva samples were collected 
before and after the standardized training ses-
sion of the last day of the corresponding period.

All participants gave written informed con-
sent before enrolment in this study. All proce-
dures received local ethics committee approv-
al, in accordance with the latest version of the 
Declaration of Helsinki.

Treatment formulations
Virtiva® (Indena SpA, Milan, Italy), com-

posed of standardized GBE and phosphatidyl-

components, namely the flavone glycosides (ti-
trated as 24%) and terpenoids (titrated as 6%). 
Nowadays, GBE represents one of the most 
popular medicinal plant derivative to alleviate 
symptoms associated with a range of cognitive 
disorders such as dementia and age-related 
memory impairment.2-6 Chronic administra-
tion of GBE has also shown to be effective in 
cognitive declines associated with ageing and 
dementia as well as cognitive performance in 
both healthy older and young adults.7-10

An important limiting factor related to the 
GBE is the reduced bioavailability of active 
flavonoids due to extensive metabolism fol-
lowing oral administration. The combination 
with phospholipids was proven to be effective 
in improving GBE effectiveness in cerebral 
function. However, it is still unknown if this 
beneficial effect is due to the mere combina-
tion that increases GBE active components 
availability, or to the synergic psycho-pharma-
cological actions of the two components.11

GBE was also found to exert a salutary effect 
on mood.12 In fact, Jezova et al. demonstrated 
that standardized GBE has an inhibitory action 
on blood pressure and may influence cortisol 
release in response to a combined stress stimu-
lus consisting of mental load and static exer-
cise.12 In the sport setting, athletes are con-
stantly submitted to a wide range of stressors, 
at both physiological and psychological level. 
Studies have shown that salivary steroid hor-
mones, such as cortisol, are more sensitive to 
sports induced-stress than other hormones.13-15 
Cortisol, also known as the stress hormone, 
is a steroid hormone produced by the adrenal 
cortex that is essential to the maintenance of 
body homeostasis. It plays a role in blood pres-
sure control, immune system function and me-
tabolism of fats, carbohydrates, and protein. 
However, the role of GBE on cortisol levels 
— and consequently on body composition and 
metabolisms — needs further investigation.

This study evaluates the effect of chronic 
and acute administration of a standardized 
GBE complexed with phosphatidylserine 
(Virtiva®) on salivary cortisol level and body 
composition in elite female volleyball players 
during the competition season.

Table I.—�Weekly administration protocol of standard-
ized GBE extract complexed with phosphatidylserine 
(Virtiva®).

Week Day Training session/day Capsules/day

Monday 0 0
Tuesday 2 2
Wednesday 2 2
Thursday 2 2
Friday 2 2
Saturday 1 4
Sunday Match 4
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Statistical analysis

Data were analyzed by descriptive statistics. 
Statistical analysis of cortisol, body weight and 
composition body parameters were performed 
by using unpaired two-sample Student’s t-Test 
or Mann-Whitney U Test, as appropriate. P-
values less than 0.05 were considered signifi-
cant. Statistical calculations were made using 
Systat Software (Inc. SigmaPlot).

Results

Chronic administration study

Salivary cortisol level in Virtiva®-treated 
athletes was significantly lower compared to 
the placebo-treated group, in both post-treat-
ment time-point (P<0.05) and in the difference 
between pre- and post-treatment time-points, 
reported in Table II as ∆ cortisol (P<0.001). 
Moreover, a significant increase of the differ-
ence between pre- and post-treatment free-fat 
mass value (∆% free fat mass) was also ob-
served in the Virtiva® group (P<0.01) (Table 
II). Similarly, there was a significantly re-
duced ∆% fat mass in treated participants 
(-0.78±0.17) compared with untreated partici-
pants (+0.08±0.07; P<0.01) (Table II).

Acute administration study

The salivary cortisol levels before (4.29±1.14) 
and after (4.75±1.33) the last washout training 
session were similar (Δ washout=0.47±0.66) 
(Table III). The difference of the same param-
eters related to the 7-day treatment period (Δ 

serine according to the Phytosome® technol-
ogy,16 has the following specifications: >5% 
ginkgo-flavone-glycosides, >0.5% to <2.5% 
ginkgo-terpenes, >12% phosphatidylserine. 
Virtiva® was encapsulated in conventional 
hard-gelatin capsules at the dosage of 240 mg 
(expressed in weight of the complex). Identi-
cal placebo capsules were prepared using inert 
filling material.

Collection of saliva samples and cortisol con-
centration measurement

Salivary steroid measurements have the po-
tential to provide a convenient and non-invasive 
assessment of serum “free” steroid concentra-
tions. Moreover, strong correlations between 
salivary and total cortisol have been reported.17

Saliva samples were always collected at 
the same time-point and in fasting condition 
to avoid circadian variation and meal time ef-
fects. Participants were asked to rinse their 
mouth before saliva collection and analysis 
(Immulite 2000 Immunoassay System, Sie-
mens) as a standard procedure.

Body composition measurement

Age, body composition and body weight 
were collected, and skin fold fat was measured 
at seven different body sites (chest, axilla, 
triceps, subscapular, abdomen, suprailium, 
thigh). Then the fat body percentage and the 
fat-free body percentage were calculated us-
ing the Jackson and Pollock 7-site skinfold 
method.18

Table II.—�Levels of salivary cortisol, body weight and body composition in the 8-week Virtiva® administration study.
Pre-treatment (1) Post-treatment (2) ∆ (2-1)

Virtiva group (N.=5)
Cortisol (ng/mL) 20.80±3.15 20.46±2.92 * -0.38±0.30 ***
Body weight (kg) 68.6±2.56 69.3±2.55 -0.7±0.59
Fat mass (%) 15.16±1.03 14.38±0.96 -0.78±0.17 **
Fat-free mass (%) 84.84±1.03 85.62±0.96 +0.78±0.17 **

Placebo group (N.=5)
Cortisol (ng/mL) 23.24±1.97 29.58±2.32 +6.34±0.8
Body weight (kg) 73.8±2.74 73.1±2.99 +0.70±0.75
Fat mass (%) 16.4±1.68 16.48±1.68 +0.08±0.07
Fat-free mass (%) 83.6±1.68 83.52±1.68 -0.08±0.07

*P≤0.05; **P≤0.01; ***P≤ 0.001 vs. pre-treatment.
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we showed that Virtiva® 8-week administra-
tion prevented the rise of salivary cortisol 
level associated with prolonged, intensive, 
competitive physical activity. In the acute set-
ting, lower cortisol levels were reported after 
the administration of Virtiva® compared with 
baseline values, but statistical significance was 
not reached likely due to the small sample size. 
Further investigations are needed to clarify the 
effect of acute administration of standardized, 
complexed GBE on cortisol level.

Prolonged and intensive physical exercise 
increases lean body mass and decreases body 
fat. 8-week Virtiva® treatment was associated 
with a significantly greater increase of fat-free 
mass and in a significantly greater decrease 
in percent of fat mass compared with place-
bo. Therefore, this preliminary evidence may 
suggest that Virtiva® administration might po-
tentiate the effect of prolonged and intensive 
physical activity. Currently, it is not known 
whether this outcome is determined by a direct 
physiological effect or rather is mediated by an 
improvement of psychological well-being and 
cognitive performances of the athletes; a pre-
vious study on Virtiva® has demonstrated an 
important nootropic effect even in single ad-
ministration in young adults 9 that may, hence, 
support this second hypothesis. Moreover, we 
cannot exclude a role played by the sole phos-
phatidylserine in modulating the athletes’ body 
composition. However, a recent paper seems 
to exclude this hypothesis.21

Cortisol is necessary to respond to physi-
ological and psychological stress. However, 
chronic elevation of cortisol may have negative 
effects on different target tissues, such as im-
mune system and skeletal muscle. In particu-
lar, glucocorticoids such as cortisol are known 

treatment) was negative (-1.13±1.08). Figure 
1 shows the difference of the salivary cortisol 
level collected before and after the last training 
session of the treatment period (Δ treatment) 
and the washout period (Δ washout).

Discussion

Previous studies demonstrated that admin-
istration of standardized GBE (EGb761) in 
young healthy individuals exposed to stress 
stimuli resulted in a reduction of blood pres-
sure elevation and in an inhibition of salivary 
cortisol increase.12 Physiological stress as well 
as psychological stress might significantly 
contribute to the level of the “stress hormone” 
cortisol in athletes. In this study, we investigat-
ed the effect of phosphatidylserine-complexed 
GBE (Virtiva®) treatment on the salivary cor-
tisol concentration and body composition in 
elite female volleyball players. Although the 
limited sample size and the overall short fol-
low-up period should be taken into account, 

Table III.—�Concentration of salivary cortisol in the acute Virtiva® administration study.

Player (N.)
Treatment week

Δ treatment
Washout week

Δ washout
Pre-training Post-training Pre-training Post-training

1 8.39 4.12 -4.27 6.68 8.15 1.47
2 6.37 8.12 1.75 4.37 3.02 -1.35
3 5.94 3.94 -2 1.55 2.78 1.23
4 3.3 0.62 -2.68 2.74 1.04 -1.7
5 0.34 2.78 2.44 1.9 4.26 2.36
6 8.25 6.24 -2.01 8.47 9.26 0.79

Figure 1.—Difference of the salivary cortisol levels in the acute 
administration study, as measured before and after the last train-
ing session of each 7 days-period (∆ treatment and ∆ washout). 
Values are expressed as mean±SEM.
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2002;75:739-51.
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macol 2007;22:199-210.

12.	 Jezova D, Duncko R, Lassanova M, Kriska M, Moncek 
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lease during stress by Ginkgo biloba extract (EGb 761) 
in healthy volunteers. J Physiol Pharmacol 2002;53:337-
348.

13.	G atti R, De Palo EF. An update: salivary hormones and 
physical exercise. Scand J Med Sci Sports 2011;21:157-
69.

14.	 de Kloet ER, Joels M, Holsboer F. Stress and the brain: 
from adaptation to disease. Nat Rev Neurosci 2005;6:463-
75.

15.	D uclos M, Gouarne C, Bonnemaison D. Acute and 
chronic effects of exercise on tissue sensitivity to gluco-
corticoids. J Appl Physiol 2003;94:869-75.

16.	 Bombardelli E, Curri SB, Della Loggia R, Del Negro P, 
Tubaro, A, Gariboldi P. Complex between phospholipids 
and vegetal derivatives of biological interest. Fitoterapia 
1989;60:1-9.

17.	 Wood P. Salivary steroid assays - research or routine? 
Ann Clin Biochem 2009;46:183-196.

18.	 Jackson AS, Pollock ML, Ward A. Generalized equations 
for predicting body density of women. Med Sci Sports 
1980;12:175-82.

19.	 Bodine SC, Furlow JD. Glucocorticoids and Skeletal 
Muscle. Adv Exp Med Biol 2015;872:145-76.

20.	 Kraemer WJ, French DN, Spiering BA, Volek JS, Shar-
man MJ, Ratamess NA, et al. Cortisol supplementation 
reduces serum cortisol responses to physical stress. Me-
tabolism 2005;54:657-68.

21.	D i Pierro F, Bressan A, Ranaldi D, Rapacioli G, Gi-
acomelli L, Bertuccioli A. Potential role of bioavailable 
curcumin in weight loss and omental adipose tissue de-
crease: preliminary data of a randomized, controlled trial 
in overweight people with metabolic syndrome. Prelimi-
nary study. Eur Rev Med Pharmacol Sci 2015;19:4195-
202.

to have catabolic effects on skeletal muscle, 
either as an endocrine hormone released in 
response to stress or as a drug given to treat 
inflammation.19 In previous studies, herbal 
supplement administration was tested in order 
to attenuate the cortisol anticipatory response 
to impending intense exercise and competi-
tion.20 We suppose that the beneficial effect of 
8-week Virtiva® treatment on body composi-
tion indexes might result from a reduced cata-
bolic effect due to a decreased stress-induced 
cortisol release.

Conclusions

Our study suggests that administration of 
standardized GBE combined with phosphati-
dylserine (Virtiva®) might exert a beneficial 
effect on athletes during prolonged intensive 
training programs by reducing stress induced-
cortisol release. However, the mechanisms 
underlying this effect remains to be further in-
vestigated.
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