USE OF GINKGO COMPLEXES FOR THE ENHANCEMENT OF COGNITIVE FUNCTIONS AND THE
ALLEVIATION OF MENTAL FATIGUE FIELD OF THE INVENTION The present invention relates to
a novel use of a Ginkgo complex for the enhancement of cognitive function and mental fatigue
functions. BACKGROUND OF THE INVENTION 5The isolation of a lactone compound C15H1808
from the leaves of Ginkgo biloba, to which the name blloballde was given, was first mentioned in 1967

by R.T. Major (Science 157 (19671,%[@2%%?%% &gg If__?%gg or said bilobalide was
already proposed in 1971 (E Ame 44 éi nd is as follows: 100 O
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FIELD OF THE INVENTION

The present invention relates to a novel use of a Ginkgo complex for the
enhancement of cognitive function and mental fatigue functions.

BACKGROUND OF THE INVENTION

5 The isolation of a lactone compound CysH;30; from the leaves of

Ginkgo biloba, to which the name bilobalide was given, was first mentioned in
1967 by R.T. Major (Science 157 (1967), p. 1270-1273). The structural
formula for said bilobalide was already proposed in 1971 (J. Amer. Chem.

Soc. 93 (1971), p. 3544-3546) and is as follows:
10

The active main components of Ginkgo are alkylated phenoles such as
ginkgol and 3-(8-pentadecenyl) phenol, and phenolic carboxylic acids such as
2-hydroxy-6-(8-pentadecenyl) benzoic acid, ginkolide and bilobalide.

15 Bilobalide, a sesquiterpene, and ginkgolide, a hexacyclic diterpene, are the
only known naturally occurring compounds having tert. butyl groups. Said
substances may be isolated from the leaves and other organs of the Ginkgo
biloba tree, e.g. bilobalide is found in the leaves of Ginkgo biloba at
concentrations below 0.01%.

- 20 The known extracts have been used for the treatment of disturbances of

cerebral and peripheral arterial blood flow. The contained ginkgo-flavone



The active main components of Ginkgo are alkylated phenoles such as ginkgol and 3-(8-pentadecenyl)
phenol, and phenolic carboxylic acids such as 2-hydroxy-6-(8-pentadecenyl) benzoic acid, ginkolide
and bilobalide. 15 Bilobalide, a sesquiterpene, and ginkgolide, a hexacyclie diterpene, are the only
known naturally occurring compounds having tart. butyl groups. Said substances may be isolated from
the leaves and other organs of the Ginkgo bilobct tree, e.g. bilobalide is found in the leaves of Ginkgo
biloba at concentrations below 0.01%. 20The known gxtracts have been used for the treatment of
disturbances of cerebral and peripheral arterial blood flow. The contained ginkgo-flavone 2 glycosides
and terpenolds a4¢,kBaWEL A vEERGisoHle iR AR Blopd sy daniaapnafrBRRyes: The -
main indications for which Ginkgo is prescribed in Western countries, stich as France and Germany, is
cerebral insufficietrpsRyrifere@imigy proidebizehas Tne emeéxtenBoatlynsséut ferveridigkgdniications in
Chinese medicine and.is descriped in the traditional Chinese Phar . In recent years also
complexes betwESF RARAIBr SRaC PHULSHoRRS AhA RSttt G W adiprapHilons thereo,

have been investigalfibidie USipaentdat & 08332 3h ionexansplen distiosesacosppiaxdi compounds

of bioflavonoids with phospholipids, including Ginkgo biloba complexed with phosphatidyl serine.
Furthermore3 theltsticatiasst i Chingse 3nsdiciggeand titeflofseilese inidhsppreitiorrh CBirAPIlammatory
agents and as aglqﬁt&fg&me treatment of disorders associated with inflammatory or traumatic neuritic
processes. 15 Moreover'Ginkgo extracts are known to have effects on cognitive functions. For
example VD. Petkov eflal.,Rtanta Viads 591§0933ympiext6-idiedisclosmthiat the syatitaidized extracts

of Panax ginseng,, Gin hiloba gnd, bination thereof improve the learned behavior of young
and ot rodonts, BSRBLSTAIES oo TUBCRING PO Th i PP RS E A KRTRD 1P TR teote tha
administering a cembinasien. of xtiests pétharpa of Rarmxeinengpidlddd dhn deavesdd:Ginkgo

biloba to humans positiv%éeffects cognitive skills, for example the speed and quality of memory in

normal healtRy sGBjeERIgS Fofhdpipreneiisrais poasphobnitsy welidines Girkae iAfabfce of ginkgo

biloba extract on gagnitiveRetiRr, gg}ﬁg‘d&ﬁas%gggn suggested (Moss and Scholey 1996, Scholey et al
1999, Kennedy and Scholey 2000) that some demanding cognitive tasks may be facilitated by the
simple augmentation oFurthermore, the US patent US 5,202,313 suggests their therapeutic

application as antiinflammatory agents and as agents for the treatment of
disorders associated with inflammatory or traumatic neuritic processes.

15 Moreover Ginkgo extracts are known to have effects on cognitive
functions. For example V.D. Petkov et al.,, Planta Med. 59 (1993), pp.
106-114, disclose that the standardized extracts of Panax ginseng, Ginkgo
biloba and a combination thereof improve the learned behavior of young and
old rodents.

20 According to the teaching of WO 01/43753 A2 it was found in
cognitive tests that administering a combination of extracts of the root of
Panax ginseng and of the leaves of Ginkgo biloba to humans positively effects
cognitive skills, for example the speed and quality of memory in normal
healthy subjects.

25 Furthermore, there has been a variety of studies on the influence of
ginkgo biloba extract on cognitive performance. It has been suggested (Moss
and Scholey 1996, Scholey et al 1999, Kennedy and Scholey 2000) that some

demanding cognitive tasks may be facilitated by the simple augmentation of



3 delivery of metabolic substrates to the brain. As an example, a previous study from this laboratory
(Kennedy and Scholey 2000) investigated the relationship between heart rate, blood glucose levels
and performance on a "demanding" mental arithmetic task (serial verbal subtraction of 7 from a given
number5 between 800 and 1000), a "less demanding" mental arithmetic task (serial subtraction of 3),
and a long term verbal memory task. It was found that not only both serial subtraction tasks
engendered significant increases in heart rate above zhat engendered by somatically identical counting
tasks, but that performance on both was also related to the magnitude of fall in blood glucose 10 levels
during task perfatetiaree of ettosbudircenbsttheoshedmandingaaskdsplal ¥ pyavasialisadyot only
improved by a glucose drink, but Wz(s also relateéi éo resting heart rate, However. the effects

according to the Bie@dhthirhrramvd Csmipndy 2 Sehlag PR rETHealsg she i RRY OF THE
INVENTION  Wagxpecicdly /{228 Reandderost hutbe RSBl eHesshal @tinkambiloba extract

complexed with phosphatidyl scrine may be used to enhance significantly above the levels provided by
the non-complexadmgatratitiongtiitivestufseionl avrabelesmbimaitore ol Michwsnipeises thenziiministration

of a 20 medica t and/qr.a dieta plement containing.Ginkgg,in the complexed form, The
Ginkgo com |e?(]l%%gv/egg fj&g@d%é tiéggfhgn%lgrsﬁea?rgp ré%lél tivrg?gtr?éti%rrl? %IH&t}%éﬁ?al S?lrg%]e in healthy

people, in partichaseiiissaroonyouny adolis.term vAfIhelasgciack e wienhinvestion is the
possibility to prevent 25 deterioration of the speed of memory in people with decreased cognitive

functions and to eBUNPSAGEEY SHRERHRESKS MeshdRIFd SHBTIGRIdNSHEatsH IMDERTIGAMS the

maintenance of heglihy gaenitive factions aodydelayiof agesirlated aaaniivedecling, inymiddie-aged
4 and/or old people, particularly healthy middle-aged and/or healthy old people. = Still another aspect

of the present inyenfiomistieeopdsstbiies ol providied)ta thediegnianteorizdictablantgleement for the
treatment alfdspr ventl(%% af a dlsgase related wn?ga\]f Plecrease of the cogntltlge fun&ncén t%glg 5 mental

fatigue suc SRl AN Rg ASSnBRTSFRsEadgriormance on the most demandin

(serial 7s) was also not only improved by a glucose drink, but was also related
to resting heart rate.
However the effects according to the use of the inventive complex are
superior and of a novel type.
15 SUMMARY OF THE INVENTION
Unexpectedly, it has been found by the present inventors that a Ginkgo
biloba extract complexed with phosphatidyl serine may be used to enhance
significantly above the levels provided by the non-complexed extract
cognitive function and mental fatigue, which comprises the administration of a
20 medicament and/or a dietary supplement containing Ginkgo in the complexed
form. The Ginkgo complex may be used for the enhancement of cognitive
function and mental fatigue in healthy people, in particular children or young
adults.
Another aspect of the present invention is the possibility to prevent
25 deterioratidn of the speed of memory in people with decreased cognitive
functions and to counteract cognitive fatigue.
A further aspect of the present invention is the maintenance of healthy

cognitive functions and delay of age-related cognitive decline in middle-aged



It is therefore a primary object of the present invention to provide the use of an active composition to
enhance the cognitive function and mental fatigue, i.e. to improve the factors related therewith such as
to improve the speed of memory and memory quality, to increase accuracy and attention in 10
activities in normal, healthy subjects, to prevent deterioration of the speed and quality of memory in
people with decreased cognitive functions and to counteract cognitive fatigue, also having an influence
on the mood, particularly in healthy children, young ddults, middle-aged and/or old people. It is a
further object of the present invention to provide the use of an 15 active comg}zsition for improving

cognitive skills &r@/er pidmearifonasicalary hoatthiamondleiasdiand) o dradianl bpaarlfal origin, .
wherein the COnSt'tue§E§1f’“§nr6ﬁ%h‘f%%§%ﬁi Qﬁrrt%%a%t E(g AC5 t‘;gﬂﬁgrpr%cg[ﬁ% :Eggﬁﬁ?ﬁgpyv g the curing

gualities of the ingredients. tis r %Ject oflt e present invention to provide the use of
20 an active copoesding conmpiivignennstiuentdiabnatsuppdeigsnantbhatingreititeal crndo side
effects and thus being safe for internal consumption. It is a further object of the present invention to

provide the usefSPEFRHORBIcR{seanorPiBtetha R AufesTearf Préle fosn drs Biastsr Aidted with a
decrease 0%th%&%&@&i&&%&?&h%@%&%@Iﬁléﬁ@%&%%ﬁ%@%@&é@ e.g. 25Alzheimer's disease.

Furthermore, the invention relates to a pharmaceutical or dietary composition comprising a Ginkgo
biloba extract compleXedswvittbrpfonsph atitlyhsevbigcatdb dst pneseitamivgmptio balhy ondeothmore
minerals and trace 5 elements and a pharmaceutically or dietarily, acceptable carrier. Finally, the

invention relate816 SIGHAKEH B foBYRRASIHOBH HTARARPGithea SRF R PHUBSHAR AR SRFRith a
defined ratio of gjfferent;fatty,agids. JOE HRITIRN e I HEINY RN THN R TheiprasRRt ipvention

refers to the use of Ginkgo complcxed with phosphatidylserine for the manufacture of a medicament or
dietary supplensssetbothmenhancahencwbepgpiality functivneand atentasYatgdiettThiéaBitikgo used is

derived fropy the plan Ginkgo blgh3, A SRISSENSAN LA ALEIALS BRIRY 20 fhe principa
quality of memory in people with decreased cognitive functions and to
¢ounteract cognitive fatigue, also having an influence on the mood,
particularly in healthy children, young adults, middle-aged and/or old people.
It is a further object of the present invention to provide the use of an
15 active composition for improving cognitive skills and/or mental effort by
taking formulations comprising ingredients of natural origin, wherein the
constituents are manufactured pursuant to a controlled process that preserves
the curing qualities of the ingredients.
It is still a further object of the present invention to provide the use of
20 an active composition comprising constituents of natural origin and having
minimal or no side effects and thus being safe for internal consumption.
It is a further object of the present invention to provide the use of an
active composition for the treatment and prevention of a disease related with a
decrease of the cognitive function and mental fatigue such as Dementia, e.g.
25  Alzheimer’s disease.
Furthermore, the invention relates to a pharmaceutical or dietary

composition comprising a Ginkgo biloba extract complexed with phosphatidyl

serine, at least one vitamin, optionally one or more minerals and trace



10Under the term Ginkgo phosphatidylserine complex or abbreviated Ginkgo-PS is meant a complex
obtainable from a reaction of the active ingredients of an extract of Ginkgo with a phospholipid
containing from 10 to 50%, preferably from 20 to 40%, more preferably 20% of phosphatidylserine.
Under the term "extract” is meant that the plants or plant components 15 are extracted with a suitable
solvent like water, ethanol, a mixture thereof, oils or any other suitable solvent well known in the state
of the art of extracting plants. These extracts can be gsed as such if pharmacologically acceptable or
the solvent of the resulting solutions is removed and the residue is used as such or after further

worked up, for exameiesHer 4930t Siticafysheqiding G it raenipgically suitable solvent.
Under the term "principal active substances" is meant the active ingredients that are mainly

responsible for the ph&ifboldegcavention Fristesdnly Giadsahilatessoahseaplirado¥égredients
of the plant of Infetest InatABAERRON SISl IASHRRR WS AIRlle IR PIEIgLODYY al 25 least
SR S an ¢ - Bee

about 90 percent 6Y'the pharmaco gical effects. These active ingredients may be won from the plants

or synthesized chemicBijS CRISTUSN OFeiHE TNWENTDNIically acceptable” component is one that
is suitable for use with humans without undue adverse side effects such as 6 toxicity, irritation and

allergic response, comMEnBIFSRBL AR SPHAS SRR Wetlbithis PhiT e SopResEhetiiBen natural
or synthetic ph‘i?gp R%%gg‘i@grﬁi@?&'ﬁﬁf‘e e I QFURHRHRHEnY oY Fi i Irispl ichi) S

5,202,313), as S preparation thereof and their therapeutic application as anti-inflammatory
agents and as affantadoerthentreatenentfof aiindiser fuassoniated withtalflfatigetolher Grankhgatic neuritic

processes. Bilobalide forms with phospholigids new compoynds, which exhibit a different
bioavailability cd%ﬁﬁ%r@d‘ig{fﬁ?éeégfiﬁb%ﬁd@%‘ﬁd f@‘%ﬁ%&’z‘fof‘ﬁgéﬁﬁé?éﬂgﬁ Mo ¥ 8RhMaceutical

formulations.  cLhe Gonies Pehurs b faveneissirorutinkgeshilehaand phophatidylserine is
prepared analogously as described in examples 6 of US 5,043,323. Preparation of Ginkgo biloba
extract soylphosphatidyiséeindhsortgsiex Ginkgo phosphatidylserine complex or abbreviated
Ginkgo-PS is meant a complex obtainable from a reaction of the active
ingredients of an extract of Ginkgo with a phospholipid containing from 10 to
50%, preferably from 20 to 40%, more preferably 20% of phosphatidylserine.
Under the term “extract” is meant that the plants or plant components
15  are extracted with a suitable solvent like water, ethanol, a mixture thereof, oils
or any other suitable solvent well known in the state of the art of extracting
plants. These extracts can be used as such if pharmacologically acceptable or
the solvent of the resulting solutions is removed and the residue is used as
such or after further worked up, for example after resolving or re-suspending
20  in a pharmacologically suitable solvent.
Under the term “principal active .substances” is meant the active
ingredients that are mainly responsible for the pharmacological effect.
Preferably the formulation comprises all those ingredients of the plant of
interest that are responsible for at least about 75 percent, more preferably at
25 least about 90 percent of the pharmacological effects. These active ingredients
may be won from the plants or synthesized chemically.
As used herein a “pharmacologically acceptable” component is one that

is suitable for use with humans without undue adverse side effects such as



15 1.87 kg of 20% phosphatidylserine were suspended at room temperature in 17.5 L of ethyl acetate.
Ginkgo biloba dry extract (0.65 kg) was added and stirring. The suspension was kept under stirring at
reflux for 1 hour.  The suspension was filtered at 70-75C and the mother liquors concentrated at
ambient pressure until a soft residue is obtained. 20The residue was dried at 40C for 48 hours. Yields:
2.23 kg of Ginkgo biloba extract phosphatidylserine complex. ~ Therefore, the formation of Ginkgo
phospholipid complexes enables the preparation of new biologically active compositions. In fact, they
possess physico-chemical and spectroscopic charaéteristics which are markedly 25 different from
those of the original components and as such they can be incorporated as active principles into
pharmaceuticatdgieiiationttieinkgd shibwgia stapoegsetficityioephusEhotitids, mesedtivngln the
generation of bé)nd Whiﬁh mtarkedly modify the physico-chemical and spectroscopic 7 characteristics
of the new mol SHFZE e ot hation of the complex will be confirmed for example by nuclear magnetic

resonance analysis, \WighprRRabIsstireidaatificatiansohtheiptprasiaoiisiyesi thegwadding molecular
species and the portion of the molecule which is involved in the reaction.  Specifically, the complex

of the present iﬁnpehﬁ@_m&ﬁmieégwm_mné}@cﬁé}%?raﬁ @iadrﬁb‘iée?é}%%yaa%%tﬁé&h@n from
Ginkgo leayes. ?Qﬁa%ﬁkgotﬁé}éﬁ?.t gt Qﬁam%%ﬁ]e%wgr??%qgﬂ?&?sag'%gg%ﬂgéggﬁg%%os'des and

terpene lactones. Another possibility is that the ulation comprises dri s or other
plant componeagsnifsatamtiomallygarespolvretke. fiGatdraer tife WHeordptantisioiadelstwittl the plant

itself as well as plant parts comprising the active ingredients. Like for example leaves, stems, fruits or

roots as mentidhEFRHRIEID rFer AL Rt B iant O5RTsBhe it QPR e d f5BionEI they may be
powdered. Whilg, aliiieiss; 8UbaNCaSHIE RN, InRiRkOR kg e have s pharpagological

activities, the range of their pharmacological actions has not yet been fully elucidated, but in-vitro
studies indicatec ¢ asithe witth e habd ehalivicidand propepidallad fhat ineyhonibiop | drtet
aggregati%m, Wh'&l}e others ex rgan aftlg)n on the oxygen uptake in the cells and others again may exert

? armaceutica ulations, . . .
an immunomodulating action. Uina pre?erred embodiment the Ginkgo extract used contains among

other substances ginkiie: flaseens gly cosislesnandiderfleneniaidionesnprefenaply cawamingat least about
20%, preferably about 21.0 to abqut 30%, in particular about 22,0 to about 27.0% ginkgo flavone
glycosides and RIS SBHI0E 1504 pRaTEraBRALSSUH 0t dESits o iFsaHtiad fout 5.0 to 25
about 7.0%, mqstyefeiaply about 6% terpene lactones. Preferably the medicament and/or dietary
supplement comprises Ginkgo extract containing at least about 24% ginkgo flavone glycosides and
about 6% terpene lacRreparitiparit Gark@imkigo e eixtratctisglques phBRIPBEGBE8dmpdexd as basis to

produce 15 1.87 kg of 20% phosphatidylserine were suspended at room temperature

in 17.5 L of ethyl acetate. Ginkgo biloba dry extract (0.65 kg) was added and
stirring. The suspension was kept under stirring at reflux for 1 hour.

The suspension was filtered at 70-75°C and the mother liquors
concentrated at ambient pressure until a soft residue is obtained.

20 The residue was dried at 40°C for 48 hours. Yields: 2.23 kg of Ginkgo
biloba extract phosphatidylserine complex. -

Therefore, the formation of Ginkgo phospholipid complexes enables the
preparation of new biologically active compositions. In fact, they possess
physico-chemical and spectroscopic characteristics which are markedly

25  different from those of the original components and as such they can be
incorporated as active principles into pharmaceutical formulations. Ginkgo
shows a strong affinity for phospholipids, resulting in the generation of bonds

which markedly modify the physico-chemical and spectroscopic



8 the complex.  The phospholipids used for the preparation of the complexes may be either natural
or synthetic. The natural phospholipids are normally those extracted from soy-bean or from animal
organs, whereas the synthetic 5 phospholipids have homogeneous acyl chains and are prepared
according to methods described in prior art.  According to the present invention the phospholipid
selected for the preparation of the complex is a phospholipid containing from 10 to 50% of
phosphatidylserine. Preferably the phospholipid contain from 20 to 40% and 10 particular preferred
about 20% of phosphatidylserine of formula C1-12-OR CH-OR' ?El CHTO-P-OR2 I | 0 wherein R and
oie%ﬁeé%cted from the

gRr%)L(Ja S %T)rlrs?setf)ng %‘?‘Eﬁ%ﬁ%ﬁg I2%%PP%%%%}%%%%S#@?I%%%%&uIlz%% Wne”l?;ca/rcl?grﬁ%rises, on an average,
from 15 to 25% i sativatee &inprids; fesearttdsenf mpnomnssatirdid fatihagiabland from 60 to
80% of polyunsaturated fatty acids, based on the total acids; and 20R2 represents the residue of
serine. the identification of the interaction between the reacting molecular species and
the portion of the molecule which is involved in the reaction.
5 Specifically, the complex of the present invention comprises herbal
ingredients for example derived by an extraction from Ginkgo leaves. The
Ginkgo extract contains among other substances ginkgo flavone glycosides
and terpene lactones. Another possibility is that the formulation comprises
dried Ginkgo leaves or other plant components, that optionally are powdered.
10 Underl the term “plant” is understood the plant itself as well as plant parts
comprising the active ingredients. Like for example leaves, stems, fruits or
roots as mentioned above. Preferably the plant or plant components are dried.
Optionally, they may be powdered.
While all these substances present in Ginkgo are known to have
15 pharmacological activities, the range of their pharmacological actions has not
yet been fully elucidated, but in-vitro studies indicate that some of them have
antioxidant properties and that they inhibit platelet aggregation, while others
exert an action on the oxygen uptake in the cells and others again may exert an
immunomodulating action.,
20 In a preferred embodiment the Ginkgo extract used contains among
other substances ginkgo flavone glycosides and terpene lactones, preferably
containing at least about 20%, preferably about 21.0 to about 30%, in
particular about 22.0 to about 27.0% ginkgo flavone glycosides and about 2 to’
about 10%, preferably about 4.0 to about 8.0%, in particular about 5.0 to
25  about 7 .O%; most preferably about 6% terpene lactones. Preferably the
medicament and/or dietary supplement comprises Ginkgo extract containing at

least about 24% ginkgo flavone glycosides and about 6% terpene lactones. In

particular Ginkgo extract disclosed in EP 0360556 is used as basis to produce



The reaction of Ginkgo with phosphatidylserine under appropriate conditions results in the generation
of a product whose physico-chemical characteristics are completely different from those of the
individual constituents, 25The resulting complex is lipophilic in character and is soluble in nonpolar and
aprotic solvents, in which the individual components of the 9 complex are normally insoluble. The
resulting complex exhibits a greater activity as compared to Ginkgo in free form and are suitable for
incorporation into the most common pharmaceutical fo8mulations. 5The complexes described in the
present invention may be prepared by reacting in proper solvents, such as hot cyclic ether, aromatic
hydrocarbons, hatbgenmpléxatives or methanol-methylene chloride mixture. It is therefore preferred

that the ratio between Gjnkgo and the phospholipid used to prepare complex is about 0.5-1:2-5,
preferably 13 win. TholBRCPBIOHLRLE R Tt A TabeeP Ay oy Qradtor RS L Bhvent or by
precipitation of the;gappigvithRPpragtiate. sehnisuiie SRsapiRYifay alsohe RigRatadsty
lyophilizing the product obtained from the reaction of the components in dioxane. The production of the

complex used 'ac'é‘éﬁﬁﬁlﬁg?ﬁ_) fienpreo3nbsave Mo e proiierds argaesl ﬁj‘éﬁéﬂéf ﬁ%ﬂnﬁﬁi@f@ﬁ@n for
Ginkgo, the piincipal asitiRANCER Bhgxtiadts MsrealhicResaib i ol.Biodidng ey structures

with Ginkgo extr ich'retain unaltered the structure o asic c ou ut ita
several-fold increaseiods speciissddhvisi sgepriesents a significant advantage for the novel use which

certainly could not be predicted 20 beforehand. Due to the enhancement in the specific activity used, it

is possible to reduce thé*46EHB AL ESBhvHIBEHLS tienaRosRRAIML Ssitisd 96 IR that the
complex used aceaeding 0 ANGrRiRsSBHIBYEN O has & RNigHdbIRRERRN B CRgRivadyngtion and
mental fatigue. The éxpression "cognitive performance"” involves but is not limited to
phosphatidylserine. Preferably the phospholipid contain from 20 to 40% and
10  particular preferred about 20% of phosphatidylserine of formula

CH;—OR

cI:H—-OR1 OH

c}{;—()-—lplwmz2

wherein
R and R! each independently represent an Cg.p acyl group, preferably
15 an acyl moiety selected from the group consisting of palmitoyl, oleoyl,
linoleoyl, linolenoyl, in particular which comprises, on an average, from 15 to
25% of saturated fatty acids, from 5 to 15% of mono-unsaturated fatty acids
and from 60 to 80% of polyunsaturated fatty acids, based on the total acids;
and
20 R? represents the residue of serine.

The reaction of Ginkgo with 'phosphatidylserine under appropriate
conditions results in the generation of a product whose physico-~chemical
characteristics are completely different from those of the individual
constituents.

25 The resulting complex is lipophilic in character and is soluble in

nonpolar and aprotic solvents, in which the individual components of the



25 improve factors related therewith such as improved speed of memory and memory quality,
improved reaction time and working memory, increased accuracy and attention in activities in normal,
healthy subjects, to prevent deterioration of the speed and quality of memory in people with decreased
10 cognitive functions and to counteract cognitive fatigue having an influence on the mood and the
physical well-being, particularly in healthy children, young adults, middle-aged and/or old people. It
could be demonstrated that the ginkgo phosphatidyls&rine complex used according to the present
invention 5 has an excellent influence and effectivity on cognitive function and mental fatigue and the

related cognitivecfoargt s Sl,r.lé:lﬁ &%%ﬂaliﬂsgmgﬁmory, speed of memory, and the majority of the activities
concerning attentlorPandaaccuracy. The general context will be clear from the study explained in the
y exp

experimental part. 10Titecaesiitxccarmipéen sadiidi€ asagetrangingyfmemoalyeut @ Got & &ldgat 240
mg/day, preferably about 60 to about 120 mg/day, particularly preferred from about 80 to about 100
mg/day in single*®r @Rﬁdgﬂrahil?"gdﬁﬁﬁiﬁ?gﬂ%}?s ggpn’l%‘?&?ﬁ@ﬁ?%r%Oatél%tgw%uﬁfﬁé%(@ht. The
medicament or diglahstpRIGMeRBRY; B8N the form of tablets, 15 coated tablets, granules,
powders, powders in capsules, syrups, solutions or suspensions for example on the basis of water,
ethanol or a‘ixture thBkeotoantrxes, drsrsitajbitidhe prespyt dHenEeRaBRY hamiepairdl Rown to the

Skiled person. Thesp QG SISJPLRE ANTISICIE 8190 ARG, (UMMAIANS: Fhfaraple dosages

depending on thfee%icea ation, e.g. 20 the severity of the pathological condition being treated.
Preferably, the rhatigamdetiandrarsdietaiytsapglensent adioiddatedinra, férris shdeddledor oral
administration, such as granules, tablets, capsules, dro rups or ot er&g‘%@&l term "dietary

[

! S, S
supplement” as HEEGTHMadverala PelsriBetEUrse ﬁ?glﬁgg BosBhobBa FRR3 be used
without prescriptigd byntikdiparbisufon examisle i drByasian: 3T Ke/&OMRO TR fRsuLBe taken together

i 10  then isolated by evaporation of the reaction solvent or by precipitation of the
complex with appropriate solvents. The complex may also be prepared by
lyophilizing the product obtained from the reaction of the components in
dioxane.

The produbtion of the complex used according to the present invention

15 provides a useful mode of administration for Ginkgo, the principal active
substances or extracts thereof. The possibility of producing new structures
with Ginkgo extracts which retain unaltered the structure of the basic
compound but exhibit a several-fold increase in a specific activity represents a
significant advantage for the novel use which certainly could not be predicted

20  beforehand. Due to the enhancement in the specific activity used, it is possible
to reduce the dosage having the known benefits. -

It has been unexpectedly found that the complex used according to the
present invention has a direct influence on the cognitive function and mental
fatigue. The expression “cognitive performance” involves but is not limited to

25 improve factors related therewith such as improved speed of memory and
memory quality, improved reaction time and working memory, increased
accuracy and attention in activities in normal, healthy subjects, to prevent

deterioration of the speed and quality of memory in people with decreased



meals or separated thereof, on a daily basis or only sometimes. Dietary supplements are primarily
important for those having inadequate diets, 11 individuals with a reduced ability to utilize or absorb
the essential substances from food, particularly the elderly persons.  According to a preferred
embodiment of the present invention the Ginkgo phosphatidylserine complex may be used with a
suitable or 5 pharmacologically acceptable amount of additives. Such additives may be, but are not
limited to minerals, vitamins, sweeteners, flavors, phggmaceutically acceptable carriers, auxiliary and
binder agents, excipients and mixtures thereof The minerals used may be for example selected from

salts of calciumcdgheeppaurvrgnesidio iconnaiftiodiiatiseleiigny aengaasseflileasidenchromium,
molybdenum, sodium, potassium, chloride and mixtures thereof. Additional minerals which are less

preferred are a@@n@?ﬁ&@&?éﬁﬁ@hywﬂﬁm,ﬂ%&%%wﬁ fisaliBn Al fean d XYbAIt salts and
mixtures thereof, ;e minaraksogesar6UsHR!Ye \Agﬁ‘é.e'ﬂ I Rl TR Al SIS AR pamgtnts. The

source of the mineral salts used maybe any of the well known salts such as carbonate, oxide,

hydroxide, chlondhek s lfstiesphasiyiateingl voonsike: lastdtacecstate, thiriargieseittateyam@date, amino
acids and the like for the cationic mjnerals and sqdium, potassium, calcium, magnesium and the like
For 6 amionie PG ST T AP 5 RS PP AR RN infants ot

adults, dependingsomewhahendaas audRinsongical Malg- 4 igeRer Hrahihreailyipiaksrof minerals

may vary with the user so that no exact dosages may be mentioned. According to the present
invention it is mostpeeseraad that Mo wirg avedrilicp casmerming aticatioasnsheordistary

e et SSISEIR LR AT s 20, PURRR) iR SORRE RISl i 0anese.
magnesium selenium, zinc and iron. e.g. L- (+)-ascorbic dacid, calcium ascorbate, potassium
ascorbate, 6-pajmitoylL-ascorbic acid; Vitamin B1 e.g. thiamine hydrochloride, thiamine mononitrate;

Vitamin B2 e.g. riboflavin, riboflavin 5'-phosphate sodium; Vitamin B6 e.g. pyridoxine %drochloride,
vitamin B1¥e.g. 5 cyandc o2y ieiser &tlesagrtinaneng A eharin b (Rhakh) e.g.

nicotinamide, nisgiNicAGIL IR MIAANNb3R:s9- RARHISPLE Ashdy fasmalk eiky| Raoibgegl and
calcium D-pantothenate; and fat-soluble vitamins e.g. Vitamin A'e.g.”Vitamin A palmitate, Vitamin A
acetate, Vitaminfaprepiortad®, &l tbans téfinok/ daaminDgagoedjvckidiftnid), eholedsticifenmd,
as medicament or as a dietary supplement.
The medicament or dietary supplement may be in the form of tablets,

15 coated tablets, granules, powders, powders in capsules, syrups, solutions or
suspensions for example on the basis of water, ethanol or a mixture thereof,
dragees, gels, injections or any other suitable manner well known to the
skilled person. These products may be administered also as topical
formulations, at variable dosages depending on the desired application, e.g.

20 the severity of the pathological condition being treated. Preferably, the
medicament and/or dietary supplement is administrated in a form suitable for
oral administration, such as granules, tablets, capsules, drops, syrups or
others.

The term “dietary supplement” as used hereinabove and hereinbelow

25 includes a composition which may be used without prescription by a third
party, for example a physician. The components may be taken together with
meals or separated thereof, on a daily basis or only sometimes. Dietary

supplements are primarily important for those having inadequate diets,



10 cholecalciferol-cholesterol; Vitamin E e.g. alpha-tocopherol, alpha-tocopheryl acetate,
alpha-tocopheryl acid succinate (d and dI forms); Vitamin K such Vitamin 1(1 e.g. phytomenadione,
and Carotene (provitamin) e.g. lycopene, zeaxanthin, lutein, alpha-carotene, beta-carotene,
apocarotinal, gamma-carotene and beta-cryptoxanthin, derivatives and mixtures thereof. The 15
vitamins may be present in nutritional relevant amounts depending on age and physiological state as
already mentioned above. Preferred vitamins are vitamin A, vitamins Bl, B2 and 812, vitamin C,
vitamin D2, nicotinamide, calcium pantotenate, rutoside and vitamin E. Further additives in

medicaments or igiaRKRIPRIGITE R NBIG MY AD REnalY e RS RRCDEANG G basifcknowledge of

the skilled person an Iscusse ccording to the present invention It is
particularly prefefiethifooigraiscaiaier thtashdesl precpr@sent as additives. Such a combination of the
Ginkgo phosphatidylserine complex and selected multivitamins and/or 25 minerals is, particularly

suitable for maintaining’$Qfdi &S rAgRIGHTRE ATRIYHCRA LI IRE Bty SRERER-BBfhg, for
example in elderlwwgpnﬁ%@mm&m, Refinkoggemplex cembiperl Withgitable or
0

multivitamin/minerals formulation may be tailored particularly to the needs of elderly persons who 13
face or want fo prvantaaggilativddeetitabbsf sognivelfaddtivres averbladiiiesanadingbut is a

meaningful combiation of Ginkdg and hosphatidylsering n form of . complex which s proven in the
experimental partafg Aave Stoi g benshciat arectson tognitive furiction. The performance Xway be

increased 5 with agebifivg SugirRssmiaeralmandiad viames aghich, ass cplieatedaaad doaetkaccording
to their potential of maintaining and restoring cognitive functions and improving physical well-being,
particularly of eldg“rf‘)?ep?érsons. Most preferred is a combination consisting essentially of: a complex of

Ginkgo extract and pho‘?ﬂg%iﬁjﬁéﬁ%r iﬂ%é‘@ Mét?'ﬂ@f?)‘r example selected from salts of calcium,

10 copper, magnesium, iron, zinc, iodine, selenium, manganese, fluoride,
chromium, molybdenum, sodium, potassium, chloride and mixtures thereof.
Additional minerals which are less preferred are arsenic, nickel, silicon,
boron, cadmium, lead, lithium, tin, vanadfum and cobalt salts and mixtures
thereof. The mineral sources are usually present in nutritionally relevant

15 amounts. The source of the mineral salts used mayﬁe aﬁy of the well known
salts such as carbonate, oxide, hydroxide, chloride, sulfate, phosphate,
gluconate, lactate, acetate, fumarate, citrate, malate, amino acids and the like
for the cationic minerals and sodium, potassium, calcium, magnesium and the
like for the anionic minerals. Those skilled in the art are familiar with the

20 preferred ranges for infants or adults, depending somewhat on age and
physiological state. It is clear that the daily intake of minerals may vary with
the user so that no exact dosages may be mentioned. According to the present
invention it is most preferred that the following minerals present in the
medicament or dietarjl supplement may be selected from calcium, fluorine,

25 phosphorus, copper, potassium, manganese, magnesium selenium, zinc and
iron.

Vitamins which may optionally be used according to the present

invention can be, but are not limited to water-soluble vitamins e.g. Vitamin C



Vitamin B 1 Vitamin B2 Vitamin B6 Vitamin B12 15 Vitamin C Vitamin D2 Vitamin E Nicotinamide
Calcium Pantotenate 20 Rutoside Folic Acid Fluorine Calcium Phosphorus 25 Copper Potassium

12

e.g. L- (+)-ascorbic acid, calcium ascorbate, potassium ascorbate, 6-palmitoyl-
L-ascorbic acid; Vitamin Bl e.g. thiamine hydrochloride, thiamine
mononitrate; Vitamin B2 e.g. riboflavin, riboflavin 5'-phosphate sodium;
Vitamin B6 e.g. pyridoxine hydrochloride, Vitamin B12 e.g.
5 cyanocobalamine; Vitamin H e.g. D-biotin; Folic Acid; Vitamin PP (Niacin)
e.g. nicotinamide, nicotinic acid; pro Vitamin B5 e.g. panthenol (d and dl
forms) ethyl panthenol and calcium D-pantothenate; and fat-soluble vitamins
e.g. Vitamin A e.g. Vitamin A palmitate, Vitamin A acetaf.e, Vitamin A
propionate, all trans retinol; Vitamin D é.g. ergocalciferol, cholecalciferol,
10  cholecalciferol-cholesterol; Vitamin E e.g. alpha-tocopherol, alpha-tocopheryl
acetate, alpha-tocopheryl acid succinate (d and dl forms); Vitamin K such
Vitamin K1 e.g. phytomenadione, and Carotene (provitamin) e.g. lycopene,
zeaxanthin, lutein, alpha-carotene, beta—caroterie, ' apocarotinal, gamma-
carotene and beta-cryptoxanthin, derivatives and mixtures thereof. The
15 vitamins may be present in nutritional relevant amounts depending on age and
physiological state as already mentioned above. Preferred vitamins are vitamin
A, vitamins B1, B2 and B12, vitamin C, vitamin D2, nicotinamide, calcium
pantotenate, rutoside and vitamin E.
Further additives in medicaments or dietary supplements which may
20 optionally be present belong to basic knowledge of the skilled person and
shall not be discussed in detail.

According to the present invention it is particularly preferred if
minerals and/or vitamins are present as additives. Such a combination of the
Ginkgo phosphatidylserine complex and selected multivitamins and/or

25 minerals is particularly sﬁitable for maintaining and/or restoring cognitive
functions and improving physical well-being, for example in elderly persons
or patients. Thus, the Ginkgo complex combined with a multivitamin/minerals

formulation may be tailored particularly to the needs of elderly persons who



Manganese Magnesium 14 Zinc lron Lecithin Therefore, the complex according to the present
invention may be used 5 for the improvement of cognitive functions in healthy young people and the
maintenance of healthy cognitive functions and delay of age-related cognitive decline in healthy
middle-aged and/or old people. However, according to a further embodiment the complex may be
used for manufacturing a medicament or a dietary supplement for the treatment and prevention of 10
diseases related with the reduction of cognitive fungtion and mental fatigue.  Stilt a further aspect of
the present invention is directed to the use of Ginkgo complexed with phosphatidylserine for the

manfacture of &MEERDEN G CIEIAHOPIRDEAL e fROUIELANE BEVARgR,of Dementia

e.g. Alzheimer's disease. 1 red that the medicament or dietary supp nt additionally
contains a pharetlabeingicdtlysags capiahle Arnoombadatdeast Ghietgdditidephibsphatidylberiselected from
the group comprising vitamins, minerals, sweeteners, flavors, pharmaceuticall%?gccegable carriers,

auxiliary and BihHEPRGEASORRLRSSHILCEN I RIRNFR ARSI S BFRI PR 08, SHIR& preferred
embodiment the,cprplexrRitoS RreseRtdE RN BIRYIRIS § BErisrakin cRmpPinatingruifian additionally

active compound, i.e. the Ginkgo complex may also play arole in the combination treatment of

Dementiasuckisls additivtatedchamamnaralyanddreiienindisduck asy wdtviedonthdesed in this

connection may be a pharmaceutical ¢ und or.another.25 active substance used for the treatment
bl REeE i i

and preventioﬁ 5Pt & PHE Bl.%l.naagg%%ﬂ%cf Sv%?crhngu%%nr}sﬁfﬁelflrlga{torﬁsént and curing
of Alzheimer's,Risea$Roving physical well-being, particularly of elderly persons. Most
preferred is a combination consisting essentially of:
e a complex of Ginkgo extract and phosphatidylserine
10 e Vitamin A
e Vitamin Bl
e Vitamin B2
e Vitamin B6
e Vitamin B12
15 e Vitamin C
e Vitamin D2
e Vitamin E
¢ Nicotinamide
e Calcium Pantotenate
20 ' e Rutoside
¢ Folic Acid
e Fluorine
e Calcium
e Phosphorus
25 e Copper
e Potassium
o Manganese

¢ Magnesium



One example of said embodiment of the invention may be to use Ginkgo complexed with
phosphatidylserine of the invention as adjuvant therapy in the treatment of Dementia particularly
Alzheimer's disease in combination with acetylcholinesterasc inhibitors. The leading
acetyleholinesterase inhibitors in the treatment of Dementia are Donepezil (Aricept(r) available from
Pfizer), 5 Rivastigmine (Exelon(r) available from Novartis) and Galantamine (Reminyl(r) available from
Johnson & Johnson). Therefore the complex of thelaresent invention may be co-administered with
such a known acetylcholinesterase inhibitor, In this'context under the term "co-administration" is meant
that each of the two com onents (complex and additional active compound) are 10 administered at the
same time or separately Ut within a close timely relationship. A further embodiment for the
combined therapy with theotnventive complex and an additionally active compound is the combination
treatment in an age-related Dementia such as Alzheimer's Disease by the co-administration 15 of the
complex of the present n]r(Fé‘Hl}?bth and complexed grape seed extract as additionally active compound.

It has been found thatthg gerabineddispiek the inuantive werprismand anRddilignaliasdive compound
leads to superior results in the prevention or curing of such diseases and supports to alleviate the

symptoms ahd tBekerimmro e enupScossmiidvaidungdons 4 SeptbYdIRARE MRy, DEHLED
DESCRIPTION OF THE INVENDION cogdRiahsitdy Uhipimie) 3¢ 3pdoomisas daublesblind,

balanced crossover study the influence of several preparations on cognitive skills was conducted. In
this study, the effedisaid hefiitbpovidfliegipd) BB qhalshhediphd chbslimevennpiexdigigkgoa

phosphatidylserine complex, not complexed ginkgo and ap inert placebo have.been compared and
evaluated. It wfﬁhﬁé r lélé?i’@ gbe gre‘%teto %ﬂrgg%egki &t ir?{% e g?ﬁha 0\5ar%%%ug Cglrl\]ﬁléé ahd

modifications of @edokurieus batdrdidtayybeufmsiea sughfut thepartiiaéiannlic ghe, spidhobthe invention,
and all such changes and modifications of an obvious nature may be made without departing from the

spirit of thelfveAtisAsssial &P HEH thariGEecHAD PhEQRRSNSHA R H WM fBFBPI ¥ A Rithin the scope of
the invention, as defingghby theusdaimpWhitetbeg @A Meention is directed to the use of

Ginkgo complexed with phosphatidylserine for the manufacture of a
medicament or a dietary supplement for the treatment and prevention of
Dementia, e.g. Alzheimer’s disease.

15 It is preferred that the medicament or dietary supplement additionally
contains a pharmaceutically acceptable amount of at least one additive which
may be selected from the group comprising vitamins, minerals, sweeteners,
flavors, pharmaceutically acceptable carriers, auxiliary and binder agents,
excipients and mixtures thereof, as already described.

20 In a preferred embodiment the complex of the present invention may
also be used in combination with an additionally active compound, i.e. the
Ginkgo complex may also play a role in the combination treatment of
Dementia such as age-related Dementia, e.g. Alzheimer’s Disease. An active
compound in this connection may be a pharmaceutical compound or another

25 active substance used for the treatment and prevention of the disease to be
treated, e.g. a compound which supports the treatment and curing of
Alzheimer’s Disease.

One example of said embodiment of the invention may be to use Ginkgo



5 complex of the present invention has been set forth in what is believed to be preferred embodiments,
it is recognized that departures may be made within the spirit and scope of the following claims which,
therefore, should not be limited except within the doctrine of equivalents. BRIEF DESCRIPTION OF
THE FIGURES 10Figure 1 shows the effects of individual tasks with regard to attention; Figure 2
shows the effects on speed of memory; Figure 3 shows the effects on timed memory tasks; Figure 4
shows the effects on quality of memory; Figures 5 shows the effects on picture recognition
accuracy; and 15Figure 6 shows and the effects fould on mood "calm". METHOD Cognitive
Assessment Participants 19 female and 9 male undergraduate volunteers (mean age 21.4 years, 20
Standard Devia@@hlﬂ%%&fﬁhﬁd@@p}a@ﬁ#ﬁh@ﬁﬂg@f {higidhveriscani adiey byt theIpn i thics
Committee of New astl Nort yne id a uthorl d was. carrie in rdance with
the Declaration O?a]-anSInkIP Hor 10 pa t|§ |on?yeac fnn¥eer ssleansgdlgncﬁn ogrlr%ge%dp cc?f%gg)nt form and

completed a m%&?lcﬂﬁﬁiﬁtﬁéﬁ@&lﬁﬁﬂﬂ' itordll PR¢tiRipdinis sepoisthihaistoeyoviiebitgaoth
the treatment of Dementia are Donepezil (Aricept® available from Pfizer),
5 Rivastigmine (Exelon® available from Novartis) and Galantamine (Reminyl®
available from Johnson & Johnson). Therefore the complex of the present
invention may be co-administered with such a known acetylcholinesterase
inhibitor. In this context under the term “co-administration” is meant that each
of the two components (complex and additional active compound) are
10 administered at the same time or separately but within a close timely
relationship. |
A further embodiment for the combined therapy with the inventive
complex and an additionally active compound is the combination treatment in
an age-related Dementia such as Alzheimer’s Disease by the co-administration
15  of the complex of the presént invention and complexed grape seed extract as
additionally active compound. It has been found that the combined use of the
inventive complex and an additionally active compound leads to superior
results in the prevention or curing of such diseases and supports to alleviate
the symptoms and to extenuate the course of the disease in an extraordinary
20 way.
DETAILED DESCRIPTION OF THE INVENTION
In a pilot study in form of a randomised, double-blind, balanced
crossover study the influence of several preparations on cognitive skills was
conducted. . In this study, the effects and influence of a ginkgo
25 phosphatidylcholine complex, ginkgo phosphatidylserine complex, not
complexed ginkgo and an inert placebo have been compared and evaluated.
It will be readily apparent to those skilled in the art that various changes

and modifications of an obvious nature may be made without departing from



25 health, and were taking no illicit social drugs. Additionally they were free of any "over the counter"
or prescribed medications, with the exception, for some female volunteers, of the contraceptive pill,
Regular smokers were excluded from the study. All participants abstained from alcohol fora 17
minimum of 12 hours prior to the first testing session of the morning. Cognitive Drug Research (CDR)
computerised assessment battery  The Cognitive Drug Research (CDR) computerised assessment
battery has been used in hundreds of European andllgorth American drug trials, and 5 has been
shown to be sensitive to acute cognitive improvements (e.g. Moss et al 1998; Scholey eta! 1999) as

well as impairmepts with. a wide variety, of substances (e.9.E etal. 1998; O'Neill et al 1995). A
tailored version o@‘ﬁ}g%%gggﬁeerf/n\yv%%la%’eg? he}qs h%%g%%{}f‘ogl%%/ é%%n 8%%%%%%%%%5%%% to
modulation of cogbitivesunstine asas 1 condequeticenof depiaimgeftion ofid/elisdn officinalis ,
(Kennedy et al, 2002b), Ginkgo hiloba (Kennedy et al 2000; 2002a) and Panax ginseng. (Kennedy et al
2001a; 2002a), affy 4B &R %ﬁﬁﬂ%‘i%ﬂﬁﬁ?ﬁ%i‘&ﬁ‘éf&f%’i%BrBifé’Bﬁ?%ﬁgiogfﬁﬁe‘ﬁ Bmbination

(Kennedy et al 2QRd 20024 MéeanRABIAR! A9UEHNRBNSS|IRCRARA). Wihe arsef drewgyrrent study

the additional rapid 15 visual information processing (RVIP) task was included in the battery. The

selection of compwPtNebIRsInkesRE!fFRYANtensatchr s hitrinisterdd Wb rlifteily Brdered
parallel forms of thr%fteer%aL%%%Q\aﬁé%%?&]tﬁdiﬁg& il r{(ga%ef?ﬁ(ﬂt%lﬂuﬁrse Popyasyimgeskiop

computers with th reso colour monitors, and, w e exception of written word recall
tests, all 20 respdhsepiniermicsarpedi/ibeniaibuiion CYASING) chspharsédnaxdsiliierentiee selection

of tasks took approximately 20 minutes tq perform, Tests ywere administered in the following order;
Word Presentatio[h‘?‘lgﬁ‘?(e?ﬁCWéP@g?fﬂé%tgé’&%é?efr qi%‘ﬁlé’?%ﬁ& ‘concreteness, were presented in

random order on the MERIFFWBESCRIPTION OF THE FIGURES
10 Figure 1 shows the effects of individual tasks with regard to attention;
Figure 2 shows the effects on speed of memory;
Figure 3 shows the effects on timed memory tasks;
Figure 4 shows the effects on quality of memory;
Figures 5 shows the effects on picture recognition accuracy; and
15 Figure 6 shows and the effects found on mood “calm”.
METHOD
Cognitive Assessment
Participants
19 female and 9 male undergraduate volunteers (mean age 21.4 years,
20  Standard Deviation 4.1 years) took part in the study which was approved by
the Joint Ethics Committee of Newcastle and North Tyneside Health Authority
and was carried out in accordance with the Declaration of Helsinki. Prior to
participation each volunteer signed an informed consent form and completed a
medical health questionnaire. All participants reported that they were in good
25 health, and were taking no illicit social drugs. Additionally they were free of
any “over the counter” or prescribed medications, with the exception, for
some female volunteers, of the contraceptive pill. Regular smokers were

excluded from the study. All participants abstained from alcohol for a



25 participant to remember. Stimulus duration was 1 second, as was the inter-stimulus interval.
Immediate Word Recall: The participant was allowed 60 seconds to write down as many of the words
as possible. The task was scored as number 18 of words correct and the resulting score was
converted into a percentage.  Picture Presentation: A series of 20 photographic images of everyday
objects and scenes were presented on the monitor at the rate of 1 every 3 seconds, with a stimulus
duration of | second, for the participant to remember. 5 Simple Reaction Time: The participant was
instructed to press the "YES" response button as quickly as possible every time the word "YES2 was

presented on the monitor. 'fgl}'zsﬂ{)ﬁuéi Iygorlet .rﬁlseeﬁ%éjtggmegg égg%rgzgwéur%%sf al that varied

mjinim . ..
randomly between 1 and 3.5 séconds ! Reaction times were recorded i msecs. Digit Vigilance

Task: A target digit was CapdizimlyBekeciod it EQUDR)thodignl eydskth the sighé of baetargnitor screen.
A series of digits was presented in the centre of the screen at the rate, of 80 per minute and the

participant was requiredtf p(lz8§§ifh‘@"1?@@"%%?ﬁfﬁ?&s(ga&afa%ﬁ‘?ﬁﬁél SSSFRABLRBIA in the
series matched thgtagget digits ThedRsk RtedrRe tad HnutRanH Ne&\Wal kR Similusstarget

matches. Task measures were accuracy (%), reaction time (msecs) and number of false alarms.
Choice Reactfon TimdegitiibpiretovbedseNgit e theelite OZHEVoVHBITRISERBES dp gh&esnflor and the

participant was reqyifod{oige e coBsBONANGHUon 5 ISkl ShRosle: Thate,vsye SO tials

of which the 20 stimultus word was chosen'r yw probability, with a rané%%l?/ varying

inter-stimulus integvdkaihked\weeEband b ISsrpndNEdagtian Boms (msec) and accuracy (%) were
recorded. Spatial Working Memory: A pictorial representation of a house was presented on the screen

with four of its nine winadvigirefhgcpupiciphH o 5P Bs TG TR AT HgmbRise i E¥IRYRISf the
illuminated windowgein 3G 3ibReaHENiRIGaERtatP NS QfuhRiBRUSE: hsHRYae MIRIQNS wasilluminated

10 consequence of acute ingestion of Melissa officinalis (Kennedy et al, 2002b),
Ginkgo biloba (Kennedy et al 2000; 2002a) and Panax ginseng (Kennedy et al
2001a; 2002a), and acute and chronic administration of a Ginkgo
biloba/Panax ginseng combination (Kennedy ef a/ 2001b; 2002a; Wesnes et al

1997; Wesnes et al 2000). In the case of the current study the additional rapid

15 visual information processing (RVIP) task was included in the battery. The
selection of computer controlled tasks from the system was administered with
randomly ordered parallel forms of the tests being presented at each testing
session. Presentation was via desktop computers with high resolution VGA
colour monitors, and, with the exception of written word recall tests, all

20 responses were recorded via two-button (YES/NO) response boxes. The entire
selection of tasks took approximately 20 minutes to perform.

Tests were administered in the following order:
Word - Presentation: Fifteen words, matched for frequency and
concreteness, were presented in random order on the monitor for the

25 participant to remember. Stimulus duration was 1 second, as was the inter-
stimulus interval.

Immediate Word Recaqll: The participant was allowed 60 seconds to

write down as many of the words as possible. The task was scored as number



and the participant decided whether or not this matched one of the lighted windows in the original
presentation. The participant made their response by 19 pressing the "YES" or "NO" response button
as quickly as possible. Mean reaction times were measured in msec, and accuracy of responses to
both original and novel (distractor) stimuli were recorded as percentages which were used to derive a
"% greater than chance performance" score (percentage 5 of original targets + percentage of novel
targets correctly identified - 100).  Numeric Working Memory: Five digits were presented
sequentially for the participant to hold in memory. {lgis was followed by a series of 30 probe digits for
each of which the participant decided whether or not it had been in the original series and pressed the

"YES" or "NO" sesppasediten a5t A0 RPN iisras sHiskl agdaomsiblep Jibimias. repeated two
further times with different stimuli and probe digits. Mean reaction times were measured in msec, and

accuracy of responsé$asofiisiagintiPand ristes (sthehomagneapiiciraget olderPagdpErcentages
which were usegl to.defive &é%@@&@#ﬁ@%@&aﬁéﬁﬁeﬁ%ﬁ%}c?& WOFTARS G ?nge]rgl%elayed Word

Recall: The partiCipant was again given 60 seconds to write down as many of the words as possible.
The task was soamaddfowithmisénoflvsaids Gonret i ancbthie fies tltnppstonentas comverted into a

percentage Delaygd Worgd Recognition: The original words plus 15 distractor words were
presented dne at a i g"?ﬁealgﬁ%fé?ﬁis Zgiﬁrdig.e ?%3@%%0?@31%6%5%\% ibariticited whether or

not he recognisedhit-asebponge Bakgsie siqih grigipakdist obwardsihy pessig thegSdEeasor "NO" button
as appropriate and as EUiCklﬁ( as possible. Mean reaction times were measured in msec, and accuracy
of responses tPHoEREARRINa M| THisy stBpistifiaPiRseted ovdddeas HEFcEHRIYES which were

used to derive g OreRIeribag 9&?&6%(%%&%@:8{@%98%1§C§g€oﬂ§s@%\é%tion RelaygdRicture

Recognition: The original pictures plus 20 distractor pictures were presented one at a time in a
randomised ordesofded eaahspisture participants indicated whether or not it was recognised as being
from the 10 Digit Vigilance Task: A target digit was randomly selected and

constantly displayed to the right of the monitor screen. A series of digits was

presented in the centre of the screen at the rate of 80 per minute and the

participant was required to press the “YES” button as quickly as possible

every time the digit in the series matched the target digit. The task lasted one

15 minute and there were 15 stimulus-target matches. Task measures were

accuracy (%), reaction time (msecs) and number of false alarms.

Choice Reaction Time: Either the word “INO” or the word “YES” was
presented on the monitor and the participant was required to press the
corresponding button as quickly as possible. There were 50 trials, of which the

20 ‘stimulus word was chosen randomly with equal probability, with a randomly
varying inter-stimulus interval of between 1 and 3.5 seconds. Reaction times
(msec) and accuracy (%) were recorded.

Spatial Working Memory: A pictori‘al representation of a house was

prgscnted on ’;he screen with four of its nine windows lit. The participant was
25 instructed to memorise the ‘position of the illuminated windows. In 36
subsequent presentations of the house, one of the windows was illuminated

and the participant decided whether or not this matched one of the lighted

windows in the original presentation. The participant made their response by



20 original series by pressing the "YES" or "NO" button as appropriate and as quickly as possible.
Mean reaction times were measured in msec, and accuracy of responses to both original and novel
(distractor) stimuli were recorded as percentages which were used to derive a "% greater than chance
5 performance” score as above. Primary cognitive outcome measures  The above measures were
collapsed into the "Quality of Memory" measure and five cognitive outcome factors derived from the
battery by a factor analysis conducted by Wesnes g§ al (2000). These measures have been 10 utilised
in'a number of studies, including a several assessing the cognitive effects of herbal remedies

(Kennedy et al 300% 200212001 120031120020 Washs:S! i85 7, 2000kl beyigginal factor

analysis of data from the battery is described in detail in Wesnes et al' (2000). Attention 15"Speed of
Attention" factoFe#éipfeHilBpcarRBInIAgpfEcfe it tioseenrusl op esurBme e Attespiorastdskeotlsimple

reaction time, ch\gige. reaction time [Qit\vigilan eVP(gunits re summed milliseconds, for the 3 tasks).
"Accuracy of At?éqr%o%" ?éﬁctor(:)%%elri@e%g%%%% ngig%}ln% t %%grg %aeeéln p%src%%:tcfé%aﬁg%uv%’égﬁacross the

choice reactionwiene wed ¢hgdevigidant® taskse? thudthiadjes et fvifatsesalaenipdiamtige latter test.
100% accuracy acrgss the two tasks would geperate a maximum score of 100. Memory "Speed of

Memory" fattor® HeHGHE L ESHbi AT TR L QLG Hhinsef FtB e fptifiasseddemory tasks -
numeric working memanesRAN % B MBARYy eiayed serd iz qgRiion. ARd.delayvar Rigture

recognition (units are summed milliseconds for the 4 tasks). Quality of Memory" measure: derived

by combining tH8e Sedisierir, tmdeldrir msmovyoribitywae fipwediby scertisy 988 Daitaby
digits for each of which the participant decided whether or not it had been in
the original series and pressed the “YES” or “NO” response button as

10 appropriate as quickly as possible. This was repeated two further times with |
different stimuli and probe digits. Mean reaction times were measured in
msec, and accuracy of responses to both original and novel (distractor) stimuli
were recorded as percentages which were used to derive a “% greater than
chance performance” score as above.

15 Delayed Word Recall: The participant was again given 60 seconds to
write down as many of the words as possible. The task was scored for number
of words correct and the resulting score was converted into a percentage.

Delayed Word Recognition: The original words plus 15 distractor words
were presented one at a time in a randomised order. For each word the

20 participant indicated whether or not he recognised it as being included in the
original list of words by pressing the “YES” or “NO” button as appropriate
-and as quickly as possible. Mean reaction times were measured in msec, and
accuracy of responses to both original and novel (distractor) stimuli were
recorded as percentages which were used to derive a “% greater than chance

25 performance” score as above,

Delayed Picture Recognition: The original pictures plus 20 distractor
pictures were presented one at a time in a randomised order. For each picture

participants indicated whether or not it was recognised as being from the



21  "Secondary Memory" factor: derived by combining the percentage accuracy scores (adjusted for
proportions of novel and original stimuli where appropriate) from all of the secondary memory tests -
delayed word recognition, delayed picture recognition, immediate word recall and delayed 5 word
recall (with adjustments to the total % correct for errors and intrusions on the latter two tasks). One
hundred percent accuracy across the four tasks would generate a maximum score of 400 on this
index. "Working Memory" factor: derived by combining the percentage accuracy scores from the
two working memory tests - spatial working 10 memory, and numeric working memory. One hundred

percent accuracyaésiind deeitwdankssivpuitegeVBRte A NaMbutlosCascaphARign tig index. Serial
3s and 7s Subtraction Tasks A modified computerised version of the Serial Sevens test was

utilised. The origiﬂ&i%?’baﬁss@??éli@évéﬂg%s’feﬁ%?ﬁwéHPi‘"M"Z?’FFa%E%d% 3e¢ndhther of forms,
including as part gtdaeatjineMesishsiae B nadian (Bt &t ahidicedr)t fifglipanrsed to

assess cognitive impairment during hypoglycaemia (e.g. Hale et al) 1982; Taylor and Rachman, 1988),
and has also beeffGeeisdorpessgingchuhishiishiscsdavderiva@ e Jarasiso dhyusbgadevels and

cognitive perfgrmggpg%e@x&ggsgglgg[gy, 2000; Scholey et al, 20 2001; Seholey, 2001). In the
current studies, computerised versions of serial subtractions were implemented (see Scholey et al,

2001 for details), here uBivigarstegfidvanimutesidurediomefor the Serial Sevens task a standard

instruction screen inforn}%d tt’be Qarticigant to_count ?ckw rds in seve from t l,gliven nymber, as
. € above medsures wele co a%e@ mto, the uahtg of Memory L
quickly and accurately as possible, using the numeric eypad to entér each response: Participants

were also instructestasiealiydhaddf thgyieretocorakemistdkel teayEhautdcayepn sybiracting from
the new incorrect pumber. A random starting number between 800 and 999 was presented on the

computer screen, AR ARAY LSHRAPBl Ity R 5n6E thetifed 9D+ ISR B BLIS hit¥e BigR response

was entered jja thepssnsricKaypadithwaabsdigithaing @B@%@ﬁ%&@sﬁﬁeﬁfé Ry glitprierisk.
Pressing the enter key signalled the end of each response and cleared the three asterisks from the

screen. The task ®id8CSeafeirTor! taedinnbepredit abiiid Bnd HUrsinddUibs 2R3 3A0ME case of
oot eSO i ST RESE AR e e o
subtraction of thrdestedybjebivetedoddeted sar@ esnes et al (2000).
Attention
15 “Speed of Attention” factor: derived by combining the reaction times of
the three attentional tasks - simple reaction time, choice reaction time and
digit vigilance (units are summed milliseconds for the 3 tasks).
“Aecuracy of Attention” factor: derived by calculating the combined
percentage accuracy across the choice reaction time and digit vigilance tasks
20  with adjustment for false alarms from the latter test. 100% accuracy across the
two tasks would generate a maximum score of 100,
Memor
“Speed of Memory” factor: derived by combining the reaction times of
the four computerised memory tasks - numeric working meméry, spatial
25 memory, delayed word recognition, and delayed picture recognition (units are
summed milliseconds for the 4 tasks).
“Quality of Memory” measure: derived by combining the “Secondary

Memory” and “Working Memory” factor scores (see below).



10The Bond-Lacier Visual Analogue Scales (Bond and Lader 1974), consisting of 16 100mm visual
analogue scales anchored by antonyms (e.g. Alert-Drowsy, Lethargic-Energetic, etc) were combined
as recommended by the authors to form three mood factors: alertness, calmness and contentedness.
Treatments 150n each study day participants received two capsules that were of identical appearance
on each occasion. The individual capsules contained either an inert placebo, 60 mg Ginkgo biloba
extract, 180 mg of Ginkgo biloba extract complexed with phosphatidylcholine (equivalent to 60 mg of
Ginkgo biloba extract, in the following referred to as "PC"), or 240 mg of Ginkgo 20 biloba extract
complexed with phosphatidylserine (phospholipid %bntaining 20% of phospatidylserine. The complex is
equivalent to 60 mg of Ginkgp bilgha extract and in. the following is.referred to as "PS"). Depending on
the condition to which ﬂ?eec ‘ﬁ%r%ré’ip HETES af[ff)cé‘é’féad%rﬁv atpa f?&ﬁg}l’agy%ee %?fﬁ%fﬁ%%’lon of capsules

corresponded toagcORse i eidusig! (Plagebny:tnsl 20nma Dinkosi SeRINgaikgdaemplexed with
phosphatidylcholine, or, 480 mg ginkgo complcxed with phospholri%iéj containing 20% of
phosphatidylserfR® a5 Rin i e o Sh b FEORGHE d el e s ere delayed word

recognition, delayed picture recognition, immediate word recall and delayed

5  word recall (with adjustments to the total % correct for errors and intrusions

on the latter two tasks). One hundred percent accuracy across the four tasks

would generate a maximum score of 400 on this index.

“Working Memory” factor: derived by combining the percentage

accuracy scores from the two working memory tests - spatial working

10  memory, and numeric working memory. One hundred percent accuracy across
the two tasks would generate a maximum score of 200 on this index.

Serial 3s and 7s Subtraction Tasks

A modified computerised version of the Serial Sevens test was utilised.

The original verbal Serial Sevens test (Hayman, 1942) has appeared in a

15 number of forms, including as part of the Mini-Mental State Examination
(Folstein et al, 1975). It has been used to assess cognitive impairment during
hypoglycaemia (e.g. Hale et @/, 1982; Taylor and Rachman, 1988), and has

also been used to investigate the relationship between increased blood glucose
levels and cognitive performance (Kennedy and Scholey, 2000; Scholey et g/,

20  2001; Scholey, 2001). In the current studies, computerised versions of serial
subtractions were implemented (see Scholey et al, 2001 for details), here
using tests of 2 minutes duration. For the Serial Sevens task a standard
instruction screen informed the participant to count backwards in sevens from

the given number, as quickly and accurately as possible, using the numeric

25 keypad to enter each response. Participants were also instructed verbally that
if they were to make a mistake they should carry on subtracting from the new
incorrect number. A random starting number between 800 and 999 was

-presented on the computer screen, which was cleared by the entry of the first



provided by the manufacturer in identical hard gelatine capsules. A 23 disinterested third party was
then responsible for preparing treatments as per the study's Latin Square. The code remained
unbroken until initial statistical analysis had been completed. All treatments were identical in
appearance and scent. 5Procedure  Each participant was required to attend a total of five study
days that were conducted seven days apart, to ensure a sufficient wash-out between conditions.
Testing took place, commencing at the same time #h each day, in a suite of laboratories with
participants visually isolated from each other. 10 On arrival at their first session on the first day

participants wefSRamFoRAF RIBER 3T AFRAMRS RS SR didiiy th e Atrrertdreyaadigi Rnich
counterbalancegd ihg; g%réﬂfgtrf‘sgﬁ@?e’ﬁtt%@(iﬁ?§§rg%ﬁ L ACIME SR SERG SR <hhg ﬁ'&? day was

1

identical to the foIIowi%Eg four,"except that no 15 treatment (active or placebo) was offered, to allow
familiarisation wijghdhedtebe batde nf aadiprospohsce 2t froed thee fobresessionsksf flisipthetice day
were not included in any analysis. Each active study day com rifsﬂﬁd four identical testing Eessions.

The first was aSFFeSlodd eelifig et SRAThich It BHuRBa LA SHEL AN E R HaPbay, and was
immediately follgyad hyiiecglavot Bl rainesh adavasigrATvelsslesting Resiens hegan at 1

hour, 3 hours, and 6 hours following consumption of the day’'s treatment.  Each testing session
comprised conpoistion Of ey Bend¢adestistibtioaliodgihe semasimhdrthe CDR test battery. Statistics

B o e e ak PHEST OHA EReR e e g i fctor
planned compapigeRdaR AN bAACiRNEs R hiaaar
Subjective mood measure
10 The Bond-Lader Visual Analogue Scales (Bond and Lader 1974),
consisting of 16 100mm visual analogue scales anchored by antonyms (e.g.
Alert-Drowsy, Lethargic-Energetic, etc) were combined as recommended by
the authors to form three mood factors: alertness, calmness and contentedness.
Treatments
15 On each study day participants received two capsules that were of
identical appearance on each occasion. The individual capsules contained
either an inert placebo, 60 mg Ginkgo biloba extract, 180 mg of Ginkgo biloba
extract complexed with phosphatidylcholine (equivalent to 60 mg of Ginkgo
biloba extract, in the following referred to as “PC”), or 240 mg of Ginkgo
20  biloba extract complexed with phosphatidylserine (phospholipid containing
20% of phospatidylserine. The complex is ‘equivalent to 60 mg of Ginkgo
biloba extract and in the ‘folléwing is referred to as “PS”). Depending on the
condition to which the participant was allocated on that particuiar day the
combination of capsules corresponded to a dose of either 0 mg (placebo),
25 120 mg ginkgo, 360 mg ginkgo complexed with phosphatidylcholine, or 480
mg ginkgo complexed with phospholipid containing 20%  of
phosphatidylserine. To maintain the double blind, coded treatments were

provided by the manufacturer in identical hard gelatine capsules. A



24 Model), with terms fitted to the model for dose, visit, dose x visit and subject (Kirk 1968), was
carried out to identify main effects and interaction effects on change from baseline data for each
measure. The primary statistical analysis of the "change from baseline" data for each measure was
carried out using 5 planned comparisons, utilising t tests with the mean squares for
"Dose*Time*Subjects” from an omnibus ANOVA as an error term (Keppel 1991). At each time point (1,
2.5, 4 and 6 hours post-dose) data from the placebg condition was compared to that for each of the
three treatments (ginkgo, ginkgo + PC (ahosphatidyleholine), ginkgo PS 10 (phosphatidylserine)). To

ensure the overallfyRed LHARPIRIRG VR &l %ﬂ}f&ﬁﬂ%@e%@ﬁﬁ%ﬁﬁ%%ﬁﬁﬁ&ﬁsﬁ%@é@d with

measures that generated a significant main effect or interaction effect on the initial ANOVA are
reported. Furtienstrédy ‘slilietiingawars tWbstaield, womjmdsonbrakee unidtipisiahsiati phietlto the study,

were restricted to the number of condlgi]o S minus 150ne at eacg{ time-point, and only propabilities
associated witﬁf‘tﬂ&&wﬁﬁﬁ%a‘% tﬁgri&intsrev"\}e%e %tgl&%?el © B%@%ﬁaﬁ%%ea cs{Jsessment

Baseline scoregegPPrior to analysis of change from baseline data, mean pre-dose raw baseline scores
for all four conditions (placebo, ginkgo, ginkgo + PC, ginkgo + PS) for each outcome (single task
outcomes,cognitive Freesditxsres, and mood scale scores) were subjected to a one-way,

e e R P ST S e
pre-dose baselingdiftarénced aothe plasngshapmpartisors aPsidificient wash-out between

conditions. Testing took place, commencing at the same time on each day, in a

suite of laboratories with participants visually isolated from each other.

10 On arrival at their first session on the first day participants were
randomly allocated to a treatment regime using a Latin Square design which
counterbalanced the order of treatments across the four active days of the
study.

The first day was identical to the following four, except that no

15 treatment (active or placebo) was offered, to allow familiarisation with the test
battery and procedure. Data from the four sessions of this practice day were
not included in any analysis. Each active study day comprised four idemtical
testing sessions. The first was a pre-dose testing session which established
baseline performance for that day, and was immediately followed by the day’s

20 treatment on days 2 to 5. Further testing sessions began at 1 hour, 3 hours, and
6 hours following consumption of the day's treatment.

Each testing session comprised completion of the Bond-Lader visual
analogue scales, and the CDR test battery.
Statistics

25 Scores on the individual task outcomes, the four primary factors arnnd the
two memory sub-factors were analysed as “change from baseline” using the
Minitab statistical package.

Prior to carrying out planned comparisons, an ANOVA (General Linear



ingestion of the days treatment participants in the ginkgo + PS condition performed significantly less
accurately [t (81) = 2.32, p = 0.022] and more 25 slowly [t (81) = 2.75, p = 0.007] than placebo on the
Digit vigilance task. The same condition performed significantly slower on the Word recognition task [t
(81) =2.11, p = 0.036]. No other planned comparisons proved significant for any other measure.
5Individual task outcome measures:  Effects and performance data on the individual task outcome
measures from the CDR battery are shown in Figs24, 3 and 5. Results of planned comparisons of
individual task outcomes that generated a significant result on the initial ANOVA (statistic not reported)
are described ing@dationshipetentha i aveatallfacter forvdoial) thely, cntikutizbelodvs Mganbaseline and
change from baseline scores (with standard error.s% are presented. Tasks are displayed in order of

completion, witkiakgkapRkeay ?éﬁ?él%@ﬁtaﬂb_ﬁ’éfl Jrediyetiestirr difismeiinn it e1ScRR on the initial
ANOVA and Séjk?ﬁ%%u?& légg%‘fiﬁméodyﬁaf&ofé‘fbﬂ*n%e?s&@?Tﬁe infaf statisBcaLadfRysis P =

0.0005 15 compared to placeb ognitive factor outcome measures Effects of the treatments on
the primary ous¢oiine ‘cagnity effesidsaseBrive ditaniche 5D Rbattesy wak camésdaseishmingin Figs. 2
and 4. Mean baseline and change from baseline scores (with standard errors) are presented, 20 with a

graphical %pr@%@?ﬂﬁ@ioﬁ@ﬂﬁgms ghiliginging sitfticattithreinc8ean tidwitet ANBVA and
subsequent pla@%ﬁ%ﬁ?ﬂ?@%%@r@ Roud AP onth HHOANG VA 20-09%rror 185 Q@epggmpared to

placebo). Spee Attention (Fig. I) Whilst there was no significant difference on the primary
outcome 25 fate®r] ja ginglechotipenssihtagk Quicomen(digithagiampostrdastioddimE)gentrated
significant differences on the initial ANOVA and subsequent planneg com#%isons. Both ginkgo [t

(243) = 2.45, PLaerbe stAMH R gts PeP@Ed) to Fba for 64586 I Miforied HSARRSAR faster than

placeboat  (ginkgo, ginkgo + PC  (phosphatidylcholine), ginkgo + PS
10  (phosphatidylgerine)). To ensure the overall Type I error protection level only
those planned comparisons associated with measures that generated a
significant main effect or interaction effect on the initial ANOV A are
reported. Furthermore, all testing was two-tailed, comparisons were strictly
planned prior to the study, were restricted to the number of conditions minus
15 one at each time-point, and only probabilities associated with these

pre-planned comparisons were calculated.

- RESULTS
Cognitive Assessment

Baseline scores

20 Prior to analysis of change from baseline data, mean pre-dose raw
baseline scores for all four conditions (placebo, ginkgo, ginkgo + PC, ginkgo +
}PS) for each outcome (single task outcomes, cognitive factor scores, and mood
scale scores) were subjected to a one-way, repeated-measures AINOVA
followed, for measures generating a significant result, by planned comparisons
25 as per the cognitive outcome data. Several single task outcomes generated
significant pre-dose baseline differences on the planned comparisons. Prior to
ingestion of the days treatment participants in the ginkgo + PS condition

performed significantly less accurately [t (81) = 2.32, p = 0.022] and more



26 2.5 hours post-dose with the latter condition also performing faster at 6 hours [t (243) = 2.5, p =
0.0133. Accuracy of Attention factor (Fig. 1) Whilst there was no significant difference on the primary
outcome 5 factor, two single component task outcome (digit vigilance reaction time) generated
significant differences on the initial ANOVA and subsequent planned comparisons. Accuracy of
performing the Digit vigilance task was significantly |mproved for the ginkgo + PS condition at both 1
hour [t (243) = 2.58, p = 0.011] and 4 hours [t (243) 25 14, p = 0.034 ] post-dose. In contrast 10 to this
all three doses evinced decrements in the accuracy of performing the Choice reaction time task with

this effect beings&ndEHE 16 gimdd a5 heif thapadzcebon the Bigitbvighlaseriapkolas = 2.66,p =
0.009] and 6 ho ]Mﬁlg[ %%ﬁﬁ ot B@rfBercfﬁ% %&ﬁg%%é@&%@#&%“w% %iorg‘ﬁgﬁﬁﬁ?ﬁkdose [t (243)

2.86, p = 0.005], and for ginkgo + PS at 3.45,15p 001 ours [t (243) =
2.46, p = 0.015][p@st-Hese.1Speed OfI8IEMdIY fﬂhbnr;(]’ang&:c?. amipayisonbhe dvitidlsidd@édnshowed that
there was a significant main effect of the treatment on the Speed of Memory factor [F (3, 405) = 15.76,
p <0.001]. PlanARtBnEHsBas8htwed that performance was enhanced at all time 20 points

following gigkgo + PS {1 RO (24 sitcat @ med Ay, 2.5 hours [t (243) = 3.19, p = 0.002 3, 4
hours [t (243) = 3, p = 0.003] and 6 hours [t (243) = 4, p < 0.001] post-dose). In contrast to this,

performance was S|gnE|ffac(Hyaskb\pexfcfmnmegddtg@& A€ ipdididonl dask houcspesndaseds (243) =
performance wek St HEA ST o VB PSS Rraindocm B th'é?ei%}é’ée%ﬁ';’ﬂiﬁotﬂ?ﬁg
\E/]vllrt]ltfgo + PS pelfgnapRevasTt iRaters an heiSpaliahiae mens task.ed & hais fictd 3bsuid 88, p < 0.027],
the initial ANOVA (statistic not reported) are described in relationship to the
10  overall factor to which they contribute below. Mean baseline and change from
baseline scores (with standard errors) are presented. Tasks are displayed in
order of completion, with a graphical representation of measures generating
significant differences on the initial ANOVA and subsequent planned
comparisons (¥, p = 0.05; **, p = 0.01; ***, p = 0.005, ***** p = 0,0005
15 compared to placebo).
Cognitive factor outcome measures
Effects of the treatments on the primary outcome cognitive factors
derived from the CDR battery outcomes are shown in Figs. 2 and 4. Mean
baseline and change from baseline scores (with standard errors) are presented,
20 with a graphical representation of the faétors generating significant
differences on the initial ANOVA and subsequent planned comparisons (*, p =
0.05; ** p=0.01; *** p=0.005, **** p=0.001 compared to placebo).
Speed of Attention factor (Fig. 1)
Whilst there was no significant difference on the primary outcome
25 factor, a single component task outcome (digit vigilance reaction time)
generated significant differences on the initial ANOVA and subsequent
planned comparisons. Both ginkgo [t (243) = 2.45, p = 0.015 ] and ginkgo +PS
[t (243) = 2.25, p = 0.026 ] performed significantly faster than placebo at



27 trends towards the same at 2.5 hours [t (243) = 1.8, p = 0.071],) and 4 hours [t (243) = 1.92, p =
0.056]; the Numeric working memory task at 4 hours Ft (243) = 3.29, p = 0.0011 and 6 hours [t (243) =
2.944, p = 0.004]; the Word recognition task at 1 hour [t (243) = 2.2, p = 0.028], 2.5 hours [t (243) =
2.75,5p =0.006], and 4 hours [t (243) = 2.77, p = 0.006], with a trend towards the same at 6 hours
post-dose [t (243) = 1.91, p = 0.057]; and the Picture recognition task at 6 hours [t (243) =3.12, p =
0.002], with trends towards the same at 1 hour [t (24%) - 1.75, p = 0.082] and 2.5 hours [t (243) = 1.82,
p = 0.071]. 10In contrast to these marked improvements both of the other conditions were associated

with the occasiodd bewreptshiiosengthkhe Wilstieepditwe@lserrsiivantiam st Spateisemory task

at 6 hours [t (24@1)0@?%%@,535: O.QJO' 13 d the Picture recognition task at 4 hours [t (243) = 2.25, p =

0.026], and gink e\ilricl?n_g slowed performance on the Numeric working memory 15task at 4

hours [t (243) = 2.15, pizcaRR3laskihRBicwaseepgnitipn task at 4 hours post-dose [t (243) = 3.8, p
<0.001]. Quality of Memory measure (Figs. 4 and 5) The initial ANOVA showed that there was a
significant main effect Bfttishtihert orathasieairsalind dforaer)in Bt a3 ogpeymes 33, 20 p =

0.04 Planneg co is ) d ' + eq jn.i h or eline
performance§| at ?‘%} ﬁ%u?‘g%t 5%8;%&%@59%%{%@% %3%[%?(12%%@95%4 , p?éé(gx.g%ngﬁith atrend
towards the samgsatrhtbdusig(@@dnt Hifferpnedd.04Y] thesthtione. RM@YManed wabselpeeathanced for

ginkgo + PC at 2.5 hours Ft (243) = 2.67, p = 0.008]. 25Reference to the contributing single task
outcomes showURAIHIdnEPRIRFARRIS WAS SRR i hiRELINI iR® io e P8t orig ARG dasl (398 outcome

sk, with 9o R OUIRSTRIEIG sl i bhovs Gk P08 D RARIAGAUS 1 (243) =
24, p =0.027] and 4 hours [t (243) = 2.43, 28 ‘
2.58, p=0.011] and 4 hours [t (243) = 2.14, p = 0.034 ] post-dose. In contrast
10  to this all three doses evinced decrements in the accuracy of performing the
Choice reaction time task with this effect being evident for ginkgo at 2.5 hours .
[t (243) = 2.46, p = 0.015 ], 4 hours [t (243) = 2.66,p = 0.009] and 6 hours
[t (243) = 2.56, p = 0.011 ] post-dose, for ginkgo + PC at 4 hours post-dose
[t (243) = 2.86, p = 0.005], and for ginkgo + PS at 4 hours [t (243) = 3.45,
15 p=0.001]and 6 hours [t (243) = 2.46, p=0.015 ] post-dose.
Speed of Memory factor (Figs. 2 and 3)
The initial ANOVA showed that there was a significant main effect of
the treatment on the Speed of Memory factor [F (3, 405) = 15.76, p < 0.001].
Planned comparisons showed that performance was enhanced at all time
20 points following ginkgo + PS (1 hour [t (243) = 2.58, p = 0.011 ], 2.5 hours
[t (243) = 3.19, p = 0.002 ], 4 hours [t (243) = 3, p = 0.003] and 6 hours
[t (243) = 4, p < 0.001] post-dose). In contrast to this, performance was
significantly slowed for the ginkgo + PC condition at 4 hours post-dose
[t (243) =3, p < 0.003].
25 Reference to the ANOVAS of the single outcomes contributing to this
factor showed that performancs was significantly modulated on all four tasks.
Planned comparisons showed that following ginkgo + PS performance was

faster on: the Spatial memory task at 6 hours [t (243) = 2.23, p < 0.027], with



p = 0.016] on the Picture recognition task. Secondary Memory factor  The initial ANOVA suggested
that this factor was not significantly affected by the treatment. 5Working Memory factor ~ The initial
ANOVA suggested that this factor was not significantly affected by the treatment. Serial 7s and Serial
3s subtraction tasks The initial ANOVA suggested that these tasks were not significantly 10
affected by the treatments. Mood assessment  The changes from baseline scores for the three
mood factors (alert, content, calm) are evaluated. Fig. 5 illustrates the effects of the treatments on the
mood factor 'calm’ derived from the Bond-Lader mo0d scales. Mean baseline 15 and change from

baseline scores (with standard grrors) are presente ith.a graphical entation of the factor that
generated signiff%%’ﬁgsdfﬁg%aﬂr%é@eosﬁ e ié?g?i%fﬁ g@éﬁ%)sﬁk}é%q%é“n(ﬁ%% e %o%n}boélﬁséons 4,p-=
0.05; **, p = 0.0t "t74» =010025, 5= 0.5 RQhe" NupnefbOROB aaMpatestfotpircabo)h&Eerd-Lader

mood scales (cf. Fé%lb% 20The initial ANOVA suggested that there was only a main effect of treatment
on the "Calm" fakk v o) 0ikLignd Adeoptsel seafél TP 3440502 e4); the 8V053). Planned

companisons reveRinthinel alliuee H&i‘%‘%@%ﬁsﬁ!ﬂéﬁ g{d}%g,%.@ 'Mfggggﬁwgm&%@aﬂson to

placebo. This effect Was evident for ginkgo at 1 hour [t .05, p=0 ] and 4 hours [t (243) =
3.02, p = 2506.008]=ghiKifd, R aiduttoltr @421 3) 272,87 /=00 4J0 5vithandrgik yovarsthe 1 hour [t

(243)= 2.1, p = 0.0301 30! RNV SLAER) T3P = 918! Postislpss, Sy aanpl g effects
k recognition task at 6 hours [t (243) = 3.12, p = 0.002], with trends towards the
same at 1 hour [t (243) = 1.75, p = 0.082] and 2.5 hours [t (243) = 1.82,
p=0.071].

10 In contrast to these marked improvements both of the other conditions
were associated With the occasional decrement, with ginkgo evincing slowed
performance on the Spatial memory task at 6 hours [t (243) = 2.56, p = 0.011]
,and the Picture recognition task at 4 hours [t (243) = 2.25, p = 0.026], and
ginkgo + PC evincing slowed performance on the Numeric working memory

15 task at 4 hours [t (243) = 2.15, p = 0.033] and the Picture recognition task at 4
hours post-dose [t (243) = 3.8, p < 0.001].

Quality of Memory measure (Figs. 4 and 5)
The initial ANOVA showed that there was a significant main effect of
treatment on the global Quality of Memory measure [F (3, 405) = 3.33,

20 p= 0.02]. Planned comparisons showed that ginkgo-F PS resulted in improved
change from baseline perforrﬁance at 2.5 hours [t (243) = 2.35, p=0.02] and 4
hours [t (243) = 2.46, p = 0.015] with a trend towards the same at 1 hour
[t (243) = 1.78, p = 0.077] post-dose. Performance was also enhanced for
ginkgo + PC at 2.5 hours [t (243) = 2.67, p = 0.008].

25 Reference to the contributing ‘single task outcomes showed that
performance was only significantly improved on one individual task outcome
task, with giﬁkgo + PS outperforming placebo at 1-hour {t (243) = 2.39,
p = 0.018], 2.5 hours [t (243) = 2.24, p = 0.027] and 4 hours [t (243) = 2.43,



It has been found that the ginkgo phosphatidylserine complex used 29 according to the present
invention has an outstanding higher effectivity compared with the other tested species, i.e. not
complexed ginkgo or ginkgo phosphatidylcholine complex, regarding Quality of Memory, Picture
Recognition Accuracy, Speed of Memory, Timed Memory Tasks and the 5 majority of the tasks
concerning attention. MCSLLP 30 CLAIMS 1.Use of lipophile complexes soluble in non-polar and
aprotic solvents, which complexes consist of: - a Ginkgo biloba extract containing at least

20% Ginkgo biloba flavone Sglycosides and 2 to, 10% terpene lactones and - a phospholipid containing
from 10 to 50% BFphrdFh edriRBE A asagRiintRtkre of a medicament for the treatment and

Egzvar;t:]ophg: ; disgasggcedggﬂfyvmmgrgpﬁ&ypn of cognitive function and mental fatigue.
. - peutic use of a dietary supplement comprising lipophile complexes soluble in non-polar
and aprotic solvents, WhiehixiiapléXéd ¥ansisggésied that this factor was not significantly
affected by the treatment. |
5 Working Memory factor
The initial ANOVA suggested that this factor was not significantly
affected by the treatment.
Serial 7s and Serial 3s subtraction tasks
The initial ANOVA suggested that these tasks were not significantly
10 affected by the treatments.
Mood assessment
The changes from baseline scores for the three mood factors (alert,
content, calm) are evaluated. Fig. 5 illustrates the effects of the treatments on the
moéd factor “calm’ derived from the Bond-Lader mood scales. Mean baseline
15 and change from baseline scores (with standard errors) are presented, with a
graphical representation of the factor that generated significant differences on the
initial ANOVA and subsequent planned comparisons (¥, p = 0.05; **, p = 0.01;
#hk p=(0,005, **** p=0,001,***** p=0.0005 compared to placebo).
Bond-Lader mood scales (cf. Fig. 5)
20 The initial ANOVA suggested that there was only a main effect of treatment
on the “Calm” factor derived from the visual analogue scales [F (3, 405) =2.95, p
< 0.032]. Planned comparisons revealed that all three treatments resulted in
enhanced “calmness” in comparison to placebo. This effect was evident for
ginkgo at 1 hour [t (243) = 3.05, p = 0.003] and 4 hours [t (243) = 3.02, p =
25 0.003], ginkgo + PC at 1 hour [t (243) = 2.87, p = 0.005], and ginkgo + PS at 1
hour [t (243) = 2.1, p = 0.036] and 6 hours [t (243) = 1.99, p= 0.048] post-dose.
Summary of the effects

It has been found that the ginkgo phosphatidylserine complex used



- a Ginkgo biloba extract containing at least 20% Ginkgo biloba flavone glycosides and 2 to 10%
terpene lactones and - a phospholipid containing from 10 to 50% of phosphatidylserine for
the 15enhancement of cognitive function. 3. Use according to claim 1 or 2 wherein the phospholipid
contains from 20 to 40% of phosphatidylserine. 4. Use according to claim 3 wherein the phospholipid
contains 20% of phospatidylscrine, 205.Use according to any one of claims Ito 4 wherein the ratio
between the Ginkgo biloba extract and the phospha&@lylscrine used to prepare the complex is
0.5-1:2-5. 6.Use according to claim 5, wherein the ratio between the Ginkgo biloba extract and the
phosphatidylseriecuding tdpriisarerehent oinyteiion 113s MC Sutsapding Usehescsfipgwidyany one of
claims 1 to 6, wherein tI'Clie m d'{fﬁam nt or d[ie&asrﬁ/ syéoplleénenrgtisgrg g;{ig&er?dkinoth? f%ﬁp 8f tablets,
granules, powdSP&%%’ﬁsuT&x, syreu8 4 ﬁ?ﬁlgns, s?ﬁspsén*smns, ﬁragges, ge%s, n%ec%o%s or drops. 8.
Use according tgraRypatastims Ldamplud)eredadhidpedipament ofdigkm sy ppiRmest is
formulated for oral administration. 9. Use according to any one of claims 1 to 8, wherein the Ginkgo

biloba extract catAphERédonith prBsphatfigrbrife medliimed Meaoimdrmsks distareupplement
is to be adnginis}relgje(grf'{g’ %[3 &rp?al.g&ts%foggeli%igéoa%t@gﬁ.day, particularly 60 to 120 mg per day.



1010.Use according to any one of claims 1 to 9, wherein the medicament or dietary supplement
additionally contains a pharmaceutically acceptable amount of at least one additive selected from the
group comprising minerals, vitamins, sweeteners, flavors, pharmaceutically acceptabld&drkie?s,
auxiliary and binder agents, excipients and mixtures tpgreof. 1511.Use according to claim 10, wherein
the additive is selected from vitamins, minerals and miixtures thereof, particularly selected from
calcium, quoriQ:eL Q]@?horus, copper, potassium, manganese, magnesium selenium, zinc and iron,
vitamin A, vita > B2 and B12, vitamin C, vitamin D2, nicotinamide, calcium pantotenate, rutoside
and vitamin £.12012.Ugg geqaigiigdoamopie.olalaisd aad i BB e dispasg foared with
a decrease of the cognitive fuhction and mental fatigue is emgntla, USe according to chaum 12
wherein the dié@ﬁi?e&%@é%ﬁsmtgf?‘ decrease of the cognitive function and mental fatigue is Alzheimer's
Disease. 14. Use according to any of the preceding claims 1 and 3 to 13 in combination with a

Pharmaceutical compound used: /ot iaptURRIANARIEYRDISIALBAIAAREI BB AR LCIated

with the reduction of cognitive function and mental fatigue. Use according to claim 14, wherein the

pharmaceyitical compound ig;ar,9Re8 iaholinestsrass. ihiRiighe 16, dse according to claim 14,

wherein the additionally active compound is complexed grape seed extract. 17. Use according to any

one of claims 1-16 wherein the,GigkRoIpHIRB XA iFoseTPIE RANILARBRSRIAULIREINGHT
formula CH-20R |
manufacture of a medicament for the treatment and prevention of a
disease related with the reduction of cognitive function and mental
fatigue.
10 2. Non-therapeutic use of a dietary supplement comprising lipophile complexes
soluble in non-polar and aprotic solvents, which complexes consist of:
- a Ginkgo biloba extract containing at least 20% Ginkgo biloba flavone

glycosides and 2 to 10% terpene lactones and

- a phospholipid containing from 10 to 50% of phosphatidylserine for the

15 enhancement of cognitive function.
3. Use according to claim 1 or 2 wherein the phospholipid contains from 20 to 40%
of phosphatidylserine.
4, Use according to claim 3 wherein the phospholipid contains 20% of
phospatidylserine.

20 5. Use according to any one of claims 1 to 4 wherein the ratio between the Ginkgo

biloba extract and the phosphatidylserine used to prepare the complex is 0.5-1:2-5.
6. Use according to claim 5, wherein the ratio between the Ginkgo biloba extract

and the phosphatidylserine used to prepare the complex is 1:3.



CH-OR" OH CH2-0-P- OR2 10 in which R and RI each independently represent an acyl moiety
comprising from 15 to 25% of saturated fatty acids, from 5 to 15% of mono-unsaturated fatty acids and
from 60 to 80% of polyunsaturated fatty acids, based on the total acids and 15R2 represefit€ $hé P
residue of serine. 21

7. Use according to any one of claims 1 to 6, wherein the medicament or dietary
supplement is administered in the form of tablets, granules, powders, capsules, syrups,
solutions, suspensions, dragees, gels, injections or drops.

8. Use according to any one of claims 1 to 7, wherein the medicament or dietary

5 supplement is formulated for oral administration.

9. Use according to any one of claims 1 to 8, wherein the Ginkgo biloba extract
complexed with phosphatidylserine contained in the medicament or dietary supplement
is to be administered in an amount of 20 to 240 mg per day, particularly 60 to 120 mg
per day.

10 10.  Use according to any one of claims 1 to 9, wherein the medicament or dietary
supplement additionally contains a pharmaceutically acceptable amount of at least one
additive selected from the group comprising minerals, vitamins, sweeteners, flavors,
pharmaceutically acceptable carriers, auxiliary and binder agents, excipients and
mixtures thereof.

15 11.  Use according to claim 10, wherein the additive is selected from vitamins,
minerals and mixtures thereof, particularly selected from calcium, fluorine, phosphorus,
copper, potassium, manganese, magnesium selenium, zinc and iron, vitamin A, vitamins
Bl, B2 and B12, vitamin C, vitamin D2, nicotinamide, calcium pantotenate, rutoside and
vitamin E.

20 12.  Use according to any one of claims 1 and 3 to 11 wherein the disease related
with a decrease of the cognitive function and mental fatigue is Dementia.

13. Use according to claim 12 wherein the disease related with a decrease of the

cognitive function and mental fatigue is Alzheimer's Disease.
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14.  Use according to any of the preceding claims 1 and 3 to 13 in combination with
a pharmaceutical compound used for the treatment and prevention of the disease to be
treated related with the reduction of cognitive function and mental fatigue.
15.  Use according to claim 14, wherein the pharmaceutical compound is an
acetylcholinesterase inhibitor.
16.  Use according to claim 14, wherein the additionally active compound is
complexed grape seed extract.
17. Use according to any one of claims 1-16 wherein the Ginkgo biloba extract is
complexed with a phosphatidylserine of formula

CH;-OR

(l:H—-OR‘ OH

CH;-o—mﬁ——OR2

O

in which
R and R! each independently represent an acyl moiety comprising from 15 to 25% of
saturated fatty acids, from 5 to 15% of mono-unsaturated fatty acids and from 60 to
80% of polyunsaturated fatty acids, based on the total acids and

R? represents the residue of serine.



