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Cognitive Performance, SPECT, and Blood Viscosity in
Elderly Non-demented People Using Ginkgo Biloba

The aging process is associated with several cognitive altera-
tions. This study looks at the effects of taking dried extract of
Ginkgo biloba, which has been used in several countries in an at-
tempt to minimize these effects. The subjects were 48 men aged
60-70 matched between control and experimental groups for
educational level. Evaluation was based on a number of neuro-
psychological tests in an attempt to cover the largest possible
number of functions including Single Photon Emission Computer
Tomography (SPECT) and measures of blood viscosity. The study
was run on a double-blind basis with placebo and Ginkgo biloba
groups evaluated over a period of 8 months. After treatment, the

experimental group showed a reduction in blood viscosity, im-
proved cerebral perfusion in specific areas and improved global
cognitive functioning. The control group showed the opposite —
higher blood viscosity, a reduction in cerebral perfusion (in
specific areas), and cognitive deterioration in different functions.
Although the mechanisms by which Ginkgo biloba may contrib-
ute to overall enhancement of the parameters evaluated have not
been specified, this plant extract certainly appears to be effective
in the treatment of cognitive deficits in older people. Further re-
search into its use is called for on the basis of the results obtained
here.

Introduction

Many cognitive abilities tend to decline with advancing age, par-
ticularly memory, attention and psychomotor functions.

One promising drug treatment to alleviate age-related cognitive
decline is the chronic administration of an extract of the dried
leaves of Ginkgo biloba. Neuroprotective properties of this extract
have been found both in rats [4,7,19,40] and humans [30]. These
properties are thought to result in beneficial effects in the treat-
ment of a number of illnesses and symptoms, such as dementia
[24,28,31,38], cerebral insufficiency [21,25], adverse effects of
stress [40] as well as tinnitus and dizziness [20,32,47]. The ef-
fects of dried extract of Ginkgo biloba on cognitive decline and
memory loss in the elderly have also been described [12]. How-
ever, these studies are still few in number and have often been
based on a limited range of cognitive tests.

Of particular interest to the present study are the vascular effects
of dried Ginkgo biloba extract, since vascular parameters are
known to change with age. Several studies have found that cere-
bral blood flow (CBF) is reduced in aging subjects [10,16,33]; in-
crement in blood viscosity with age has also been reported
[5,15]. Some reports have shown that dried Ginkgo biloba extract
may have an effect on CBF and BV levels in humans [44,52,55]
and in rats [27].

Our aim in the present study was to extend the knowledge about
the effects of Ginkgo biloba extract to a wide range of neuropsy-
chological functions and, simultaneously, search for possible re-
lationships between its cognitive effects and BV and CBF para-
meters in elderly non-demented people.
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Materials and Methods

Participants

A total of 48 male volunteers aged 60-70 years were recruited
through a newspaper advertisement. Health status was assessed
by a clinical-psychiatric interview before inclusion in the study
and at monthly intervals thereafter. In addition, a battery of la-
boratory examinations and the Mini-Mental State Examination
[6] with a cut-off score of 23 were applied. Except for complaints
of mild loss of memory, they presented no gross psychiatric or
neurological disorders, or history of drug addiction or heavy al-
cohol drinking, and were not on medication or drugs that might
interfere with neuropsychological testing or with the effects of
the Ginkgo biloba extract at the time of the study. In addition, IQ
and MQ testing confirmed that cognitive abilities of the sample
subjects were all within the normal range, although group differ-
ences were detected (see Table 1).

Dried extract of Ginkgo biloba

The extract used in this study was produced by Maze Produtos
Quimicos e Farmacéuticos Ltda., and prepared by Magister Med-
icamentos Ltda. Composition (per 100 mg) was as follows: 24 %
flavonoide, 6.1% terpenoide, 2.7 % bilobalide, 1.7 % ginkgolide A,
0.9% ginkgolide B, and 0.8 % ginkgolide C.

Procedures

A double-blind, independent group design was adopted. One
group (25 subjects) was treated with placebo and the other
group (23 subjects) with dried Ginkgo biloba extract for a period
of 8 months. Two other participants allocated to the experimen-
tal group were excluded from the study for medical reasons not
related to the use of the substance. Volunteers were randomly al-
located between the groups, except for matching years in formal
education (a random draw was carried out by an individual who
had no contact with volunteers or examination or test results).
Subjects were instructed to take one capsule per day at bedtime.
The dose used in this study was 80 mg per day, a clinically used
dosage. Placebo capsules did not differ in appearance from the
drug capsules and were furnished monthly in dark flasks. Patient
compliance was controlled by a number of control procedures.
No alterations of the schedule were detected.

Single Photon Emission Computed Tomography (SPECT)

All subjects remained in a supine position with their eyes open in
a quiet and dimly lit room for about 30 minutes after insertion of

Table1 MMSE scores and intelligence and memory global quotients
Placebo Ginkgo biloba t p
(25) (23)
MMSE 268+ 1.7 287+ 1.8 -3.1 0.002*
(cuttoff 23')
VERBAL IQ 103.9+10.3 101.2+ 8.4 1.4 0.18
EXECUTION I1Q 101.8 £ 16.0 93.0+16.2 1.9 0.06
GLOBAL IQ 102.9+12.8 945+ 11.6 2.4 0.02*
DETERIORATION 26.2 + 16.0 29.5 +27.8 -0.5 0.62
INDEX
GLOBAL MQ 879+ 144 68.2+11.8 2.6 0.02*

a peripheral venous access. At the end of this period, 1,110 MBq
(30 mCi) of *™Tc-HM-PAO (Ceretec. Amersham International)
was injected. SPECT acquisition began 20 minutes later. Special
care was taken in positioning and securing patients’ heads in
the head holder. The canthomeatal line was aligned perpendicu-
larly to the horizontal plane. Images were obtained using a sin-
gle-head rotating gamma camera (APEX SPX-4HR. ELSCINT),
with a low-energy, high resolution, parallel-hole collimator
(LEHR) and energy centered at 140 KeV for **™Tc, and symmetri-
cal 20% window. Sixty projections in a 64 x 64 x 16 matrix with
an imaging time of 20 sec per projection were obtained. After at-
tenuation correction, the 9-mm slices were reconstructed by
back-projection with a Butterworth filter. A semi-quantitative
method was used to evaluate tracer uptake. A set of 10 regions
of interest (ROIs) was located in the cortical ribbon and pons
over three slices of the axial plane (Fig.1). A cerebellar ROI was
used as a reference, since there were no observations of perfu-
sion abnormality in the cerebellums of the population studied
(Fig.1A).

Blood viscosity

10 ml of venous blood was collected and stabilized with EDTA
0.1%. Whole-blood viscosity was obtained within 30 min with
a rotational viscosimeter (Wells-Brookfield Cone/Plate Vis-
cometer - Brookfield Engineering Labs. Inc., Soughton, MA.
USA) following a technique standardized by Galduréz et al.
[15].

Neuropsychological assessment

A thorough neuropsychological assessment was carried out on
two occasions (before and after an 8-month administration
period of dried extract or placebo) using the following tests: a)
Wechsler Adult Intelligence Scale-Revised (WAIS-R): Informa-
tion; Digit Span (forward and backward); Vocabulary; Arith-
metic; Comprehension; Similarities; Picture Arrangement; Pic-
ture Completion; Block Design; Object Assembly; Digit Symbol;
b) Wechsler Memory Scale — Revised (WMS-R): Information;
Orientation; Mental Control; Logical Memory; Verbal Paired
Associates; ¢) Corsi Block-Tapping Test; d) Rey-Osterrieth Com-
plex Figure Test; e) Wisconsin Card Sorting Test (WCST); f) Tou-
louse-Piéron Concentrated Attention [43]; g) Verbal Free Recall
[3,36]. Unless specified, references about the tests can be found
in Lezak [29] and in Spreen & Strauss [48]. The testing sequence
was planned to avoid interference between tests as far as possi-
ble.

Ethical procedures

The research protocol was guided and approved by the Medical
Ethics Commission at UNIFESP and all volunteers signed consent
forms.

Statistical analyses

Post-treatment minus pre-treatment values (A scores) were
calculated for each measure. Differences in A scores between
the two groups were statistically analyzed by Student’s t-test
for independent measures. In addition, intragroup effects (be-
fore and after treatment) were compared by Student’s t-test
for dependent measures. Bonferroni corrections were applied
[42].
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Fig. 1

Effects of Ginkgo biloba on A scores (post-minus pre-treatment) cerebral. A: ROls-areas demarcated by the ELSCINT application, in semi

quantitative processing of cerebral perfusion, using cerebellum as reference level. B: Comparision of different cerebral perfusion in the two
groups. * “t” test for independent samples. Bonferroni correction p < 0.004.

Results

SPECT

Significant differences were found in the A scores of groups in the
following areas: medial-temporal (t = -2.1, p = 0.04), area 1 basal
ganglia (t = -2.1, p = 0.04), and area 2 basal ganglia (t = -2.5,
p = 0.02). Significant differences between the groups in A scores
of cerebral perfusion (Fig.1) were found in areas of the right hemi-
sphere (frontal: t = -4.8, p < 0.0001; frontoparietal: t = -3.9, p <
0.001; parietal: t = -3.3, p = 0.001; and occipital: t = -5.2 p <
0.0001), of the left hemisphere (frontal: t = -5.2, p < 0.0001; par-
ietal: t = -4.5, p < 0.0001; occipital: t = -2.7, p = 0.01). During
the 8-month interval of treatment, a significant reduction of cere-
bral perfusion was observed in the placebo-treated group in left
hemisphere areas (frontal: t = 305, p = 0.001; occipital: t = 4.5,
p = 0.0001) and in the occipital area of the right hemisphere
(t = 3.3, p = 0.003). In the Ginkgo biloba-treated group there was
a significant increase of cerebral perfusion in left hemisphere areas
(frontal: t = -3.3, p = 0.003; frontoparietal: t = -3.9, p < 0.0001;
parietal: t = 5.2, p <0.0001), and in areas of the right hemisphere
(frontal: t = -4.2, p <0.001; parietal: t = 4.8, p < 0.0001).

Blood viscosity

A significant difference between the groups in A scores of blood
viscosity was found (t = 6.3, p < 0.0001). Blood viscosity in the
placebo group increased significantly between the first and sec-
ond evaluation (4.1 + 0.8 and 4.8 + 0.7; p < 0.0001), while there
was a significant reduction in the Ginkgo biloba group (4.6 * 0.6
and 3.6 £ 0.6; p < 0.0001, Fig. 2).

Cognitive functions

Corsi Blocks: Analyses of A scores revealed significant differences
between groups favoring the Ginkgo biloba-treated group in both
forward (t = -3.7, p < 0.001) and backward retrieval (t = -4.7,
p < 0.0001). The performance of the plant extract group im-
proved significantly from the first to the second evaluation
(t =-5.7, p < 0.0001 and t = -6.5, p < 0.0001; forward and
backward, respectively) (Fig. 3A).

Toulouse-Piéron Concentrated Attention: Comparing the effects of
treatment on groups’ performance, significant differences were
found on A scores, both in numbers of errors and in number of
cancellations (t = -3.7, p < 0.001, see Fig.3B). There was a de-
crease in the number of cancellations in relation to the number
of errors in the placebo-treated group (A scores = -24.7 + 42.8;
t = 2.9, p = 0.01), but there was an increase in the number of
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Fig.2 Effects of Ginkgo biloba on Blood viscosity (post-minus pre-
treatment). * Test “t” for independent samples.
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cancellations in relation to the number of errors in the Ginkgo
biloba-treated group (A scores = -26.5 + 82.8; t=-24,
p = 0.02).

Verbal Free Recall: No effect of treatment with Ginkgo biloba was
detected on the A scores of total number of words recalled. Dif-
ferences between the groups were seen in the number of errors
made by the subjects: intrusions of words (t = 11.3, p < 0.001),
perseverations (t = 8.0, p < 0.001) and repetitions (t = 4.3;
p = 0.001). The placebo group made significantly more errors
after treatment in comparison to pre-treatment phase: intru-
sions (t = -7.3; p < 0.0001); perseverations (t = -11.4; p <
0.0001); and repetitions (t = -3.7; p = 0.001). The experimental
group made significantly fewer errors: intrusions (t = 8.5; p <
0.0001); perseverations (t = 5.1; p = 0.001) and repetitions
(t =23;p<0.03)

WAIS-R: Comparing the A scores of the two treatments, signifi-
cant differences were detected in the following sub-tests: Voca-
bulary (t = -4.5, p < 0.001); Block Design (t = -3.1, p = 0.002);
Arithmetic (t = -4.5, p < 0.001); Object Assembly (t = -4.9, p <
0.001); Comprehension (t = -6.3, p < 0.001); Digit Symbol
(t = -4.5, p <0.001) and Similarities (t = -3.8, p < 0.001); in all
cases, the Ginkgo biloba treated group performed better than the
placebo group. Besides, a significant deterioration in perform-
ance was detected between the first and the second evaluation
in the placebo-treated group: Digit Span - backward (t = 3.6,
p = 0.001); Object Assembly (t = 4.2, p < 0.001) and Compre-
hension (t = 4.6, p = 0.001). On the contrary, an improvement
in performance was observed in the group treated with
Ginkgo biloba: Information (t = -3.6, p = 0.001); Vocabulary
(t = -4.4,p<0.001); Block Design (t = -3.3, p = 0.003); Arith-
metic (t = -4.2, p < 0.001); Object Assembly (t = -3.3,

3B

o placebo m Ginkgo biloba

A scores

. T
- —

Errors

Cancellation
number

Fig.3 Effects of Ginko biloba on A scores (post-minus pre-treatment)
neuropsychological tests. A: Corsi Blocks (forward and backward). B:
Effects of treatment on the cancellation task (speed in cancellation
and errors made during cancellation) in the Toulouse-Piéron Concen-
trated Attention Test. C: in the free recall free from lists of words task.

p = 0.003); Comprehension (t = -4.9, p < 0.001); Digit Symbol
(t = -6.5, p<0.001) and Similarities (t = -5.2, p <0.0001), but
also a significant deterioration in the Digit Span - forward
subtest (t = 3.6, p = 0.001) (Table 2).

WMS-R: The groups’ A scores were significantly different in:
Mental Control (t = 7.2, p<0.001 and t = 4.5, p < 0.001, time and
errors, respectively) and Verbal Paired Associates - no semantic
relation (t = -4.2, p = 0.001 on 1st trial; t = -3.8, p < 0.001 on
2" trial and t = -4.1, p < 0.001 on 3" trial). In the placebo-treated
group, there was a significant improvement on the Verbal Paired
Associates test, but only for closely related semantically pairs
(t = -3.5, p = 0.002 on 1% trial; t = -4.0, p < 0.001 on 2" trial
and t = -4.0, p < 0.001). In the Ginkgo biloba-treated group, per-
formance was significantly higher on: Mental Control (t = 7.4, p <
0.001 and t = 4.2, p < 0.001 - time and errors, respectively, and
Verbal Paired Associates - semantically related (t = -3.5,
p = 0.002 on 2™ trial and t = -4.1, p < 0.001 on 3" trial) and
non-semantically related pairs (t = -3.6, p = 0.001 on the 1% trial;
t = -6.1, p < 0.001 on the 2™ trial; t = -5.9, p < 0.001 on the 3™
trial and t = -5.2, p < 0.001 on the 4 trial, see Table 2).

Rey-Osterrieth Complex Figure: Significant differences between
the groups were found between the A scores only on delayed re-
trieval (t = -3.1, p = 0.003). A significant improvement in im-
mediate retrieval was detected in the placebo-treated group
(t = -3.3, p = 0.003); but there was a significant improvement
in the three tasks in the Ginkgo biloba-treated group (copy:
t = -3.6, p = 0.001; immediate retrieval: t = -3.9, p < 0.001;
and late retrieval: t = -4.9, p < 0.001, see Table 2).

Wisconsin Card Sorting Test: Comparing the effects of treatments
on the A scores of the groups, statistically significant differences
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Table2 Performance on neuropsychological tests: pre-treatment, post-treatment and A scores (pre- minus post treatment)

Placebo Ginko biloba Placebo Ginko biloba
Pre- Post- Pre- Post-
treatment treatment treatment treatment
WAIS-R
Information 202+ 48 211+ 40 197+ 44 21.0: 3.6 1.0+3.7 13+ 19
Picture completion 135+ 23 13.2z 3.1 119+ 46 129+ 5.1 -04+1.9 1.0+ 4.2
Digit span - forward 58z 1.5 53+ 1.7 53z 1.0 43+ 1.2 -0.6+1.2 -1.0z 14
Digit span - backward 53: 1.7 40+ 1.4 4.0+ 0.8 42+ 1.1 -13+£1.8 0.2+ 1.1
Picture arrangement 8.6+ 45 4.1+ 4.2 6.9+ 3.9 82+ 3.2 -1.5+2.8 1.3+ 46
Vocabulary 455+ 125 448+12.1 427:109 473+ 9.8 -0.7 + 2.9 46+ 5.0
Block design 21.8+ 9.7 209:128 159:+13.7 225:11.3 -0.9:6.8 6.6+ 9.5
Arithmetic 182+ 54 176+ 6.1 15.0+ 6.1 17.7+ 5.8 -0.6+1.8 2.7+ 3.1
Object Assembly 25.0+ 9.1 209:109 17.7:11.4 24.2:11.0 -4.1:+4.9 6.5+ 9.6
Comprehension 241+ 53 182+ 3.8 208: 29 247: 4.1 -5.9:6.4 3.8+ 3.8
Digit symbol 38.7+19.7 326+162 303+ 69 398+ 7.8 -6.2 £ 15.2 94+ 6.9
Similarities 16.0+ 68 155+ 6.8 13.0+ 45 16.3: 5.1 -0.5:3.8 33+ 3.1
WMS-R
Information 57+ 0.5 58+ 04 56+ 0.5 59+ 03 0.3+0.6 03+ 0.6
Orientation 50+ 0.2 49+ 0.3 49+ 0.3 49+ 0.3 0.0:0.4 0.0+ 0.4
Mental Control - time 40.6+251 444:295 43.7:13.6 353: 9.8 3.7:6.0 -83:+ 54
Mental Control - errors 42+ 3.8 49+ 4.6 3.6+ 33 20+ 24 0.6+1.6 -15+ 1.7
Logical memory immediate retrieval 8.8+ 34 79+ 35 8.0+ 2.7 9.1+ 23 -0.8 +2.2 1.2+ 2.9
delayed retrieval 73+ 3.2 7.6+ 2.7 6.0+ 3.3 7.6+ 2.2 0.3 +2.1 1.5+ 25
Associated Pairs Semantically related 1% trial 2.7+ 1.1 3.6+ 0.7 21z 14 29+ 14 09=1.1 08+ 1.7
2" trial 26+ 0.9 3.6+ 0.9 29+ 1.3 39+ 0.8 1.0+ 1.1 1.0+ 1.2
3 trial 30: 1.0 4.0: 05 3.0:x 09 4.1: 0.8 1.0 1.1 1.1z 1.1
4 trial 28+ 14 3.6+ 0.7 28+ 1.5 3.6+ 0.5 0.8+1.7 0.8+ 1.9
Non-semantically related 1t trial 1.1+ 1.4 0.5+ 0.5 0.1+ 0.3 14+ 15 -0.7:13 1.3z 1.6
2" trial 1.2+ 09 13+ 13 0.5+ 0.5 22+ 1.1 0.1+1.5 1.7+ 1.2
3 trial 14+ 1.1 1.5+ 1.0 09+ 0.8 2.8+ 1.0 0.1+1.4 19: 1.4
4t trial 1.1+ 1.2 1.5+ 0.8 0.7+ 0.9 24+ 13 03+1.7 1.7+ 14
Rey-Osterrieth Complex Figure
Copying 241+ 8.4 255+ 7.9 247+ 44 286+ 3.8 1.4+£5.1 40+ 5.0
Immediate retrieval 106+ 6.2 142+ 74 95+ 5.7 16.2: 54 3.6+8.0 6.8+ 8.0
Delayed retrieval 8.8+ 55 1.1+ 6.6 59+ 52 13.8: 6.2 23:438 79+ 7.4
Wisconsin Card Sorting Test
Number of trials/categories 552 +421 414+192 31.4:155 20.0:+ 82 -13.8:47.2 -11.4+143
Non-perseverative errors/categories 8.5+12.0 12.0 £ 16.6 46+ 4.8 1.1+ 1.0 35:+7.9 =35+ 4.2
Perserverative errors [categories 15.1£13.7 9.5+ 4.9 7.0+ 45 44+ 2.9 -56+159 -26+ 5.1

Bold: Significant differences between groups or intra-group. p < 0,01 at least.

were detected only in relation to the mean number of non-perse-
verative errors made within one category (t = 3.8, p < 0.001).
Intra-group effects were found to be statistically different only
in the Ginkgo biloba treated group (on the number of trials to
close a category; t = 3.8, p = 0.001; and on the number of non-
perseverative errors within the same category t = 4.0, p < 0.001,
Table 2).

Discussion

Improvement in several cognitive aspects were observed after
treatment with a Ginkgo biloba extract over a period of 8 months.

These cognitive aspects benefited by the extract may be sum-
marized as general intelligence (exemplified by tests such as Vo-
cabulary, Comprehension, Similarities), visuospatial abilities
(Block Design, Object Assembly, Corsi’s Blocks), attentional pro-
cesses (Digit Symbol, Toulouse), and information processing
speed (assessed by timed tests).

Improvements in short-term working memory speed by Ginkgo
biloba has already been indicated in normal adults [41].

Beneficial effects of the extract have also been reported by sever-
al authors in demented patients as well [17,18,24,28,31].

Santos RF et al. Cognitive Performance, SPECT... Pharmacopsychiatry 2003; 36: 127-133
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Other studies, however, have not found any beneficial effects.
Nathan et al. [37] aimed to study 1-day administration effects of
the extract in healthy old volunteers, and Moulton et al. [35] have
investigated healthy male subjects after 5 days of treatment. The
acute administration can explain the failure to get beneficial
studies in these latter studies. However, the study by van Dongen
et al. [53] was intended to evaluate the efficacy of prolonged
Ginkgo treatment in demented and age-associated memory im-
paired (AAMI) patients. Their results contrast with those of pre-
viously trials cited above, in that efficacy of the extract was not
observed.

The difference in outcome between our results and those from the
van Dongen et al. [53] study may stem from the difference in diag-
nosis between our samples, that is, our subjects were not dement-
ed, nor could they be diagnosed with AAMI. They used to complain
of memory deficits, but as noted in several studies [2,8], subjective
memory complaints have a low predictive value for dementia.
Certainly, the patients of van Dongen at al. suffered from more in-
tense cognitive deficits that were harder to overcome by the treat-
ment than in our volunteers. Or, alternatively, intrinsic differences
in the cognitive profiles of demented/AAMI patients subjective
memory complainers should also be considered.

Chronic treatment with dried Ginkgo biloba extract led to a sig-
nificant reduction in blood viscosity and increased cerebral per-
fusion in several ROIs corresponding to bilateral frontal, bilateral
parietal, right frontal-parietal, left temporal and right occipital
areas. Pre-frontal areas are known to be involved in central ex-
ecutive functions that play a key role in mental organization,
problem solving strategies, improved attention and concentra-
tion, and in minimizing losses in other cognitive functions in
the elderly [45,50]. Areas involving the parietal lobe and right
frontoparietal areas contribute to visuospatial functions, includ-
ing visuospatial short-term memory. Ginkgo biloba treatment
was also effective in boosting performance in another non-verbal
memory task (Rey-Osterrieth figure).

Typical verbal memory tasks such as free recall of word lists
were not affected, except for a reduction in some kinds of errors
more likely to be related to frontal functions (number of perse-
verations, intrusions and repetitions). This result does not fit
well with blood perfusion alterations on left temporal regions
known to be associated to episodic encoding of words [39]. How-
ever, the extract treated group performed much better than the
placebo treated group on previously unrelated Verbal Paired As-
sociates, another verbal memory task, perhaps more difficult
than verbal free recall. When both words were semantically
related, the task was performed easily by most participants and
no beneficial effect of Ginkgo biloba was detected. An increment
in its performance would also be expected to be related to an in-
crease in left temporal lobe perfusion, which did occur. Alterna-
tively, the ability in establishing semantic elaboration, impaired
in older people [22], could be ameliorated by the extract. More-
over, the use of visual imagery mediated by primary visual cortex
[26] is a strategy that the subjects may use to improve associa-
tion learning of unrelated words [14]. Therefore, it is possible
that a perfusion increase in the occipital area facilitates perform-
ance of this task.

Summing up the neuropsychological results, it seems that the
beneficial effects of Ginkgo biloba are exerted on those cognitive
domains that are more likely to be affected by aging [23].

A plethora of effects that Ginkgo biloba shows have been reported
in recent years. This may help explain the cognitive improvement
brought about by its extract. Ginkgo biloba has an effect on the pla-
telet aggregation factor [1,46], and this may explain why it has the
effect of lowering blood viscosity. Thus, the cognitive improve-
ment may be related to the improvement in blood flow brought
about by chronic use of extract of Ginkgo biloba, which may in
turn decrease blood viscosity [11,27,51] and increase the supply
of oxygen and of glucose to neurons. Improvement in attentional
functions, at least such as those seen in the speedy execution of
tasks, may be attributed to the power of Ginkgo biloba to inhibit
MAO (monoamine oxidase) [54], thus raising the levels of neuro-
transmitters such as dopamine by reducing their degradation. A
similar effect may take place regarding serotonin levels, thus con-
tributing to cerebral vasodilatation (5HT2 receptors), particularly
on higher-caliber blood vessels [34].

Other possibility to explain the cognitive effects is based on re-
cent studies that have shown its antioxidant action on the hippo-
campus [9]. The organism seems to possess an endogenous anti-
oxidant system to reduce the oxidation effect of free radicals.
This system declines with age, and may be given a boost through
taking Ginkgo biloba to curb the pace of this process. The anti-
oxidation effect itself [13,30,40,49] may contribute to vascular
improvement, since it may reduce the rate of degeneration from
free radical aggressions.

Although it is not currently possible to specify more precisely the
mechanism through which Ginkgo biloba acts, it does appear to
be useful in the treatment of cognitive deficits in older people
and further research is called for in the light of the results obtain-
ed in studies of this plant.
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