
MOST of us accept that the
c apacity for exe rcise can be
enhanced by increasing the

d e l ive ry of glucose or ox y gen to mu s cl e s .
Could the same principles be applied to
b rain function? At the Human Cog n i t ive
N e u roscience Unit (HCNU) we have been
i nve s t i gating the possibility that cog n i t ive
p e r fo rmance can be improved by
i n c reasing the ava i l ability and delive ry 
of the bra i n ’s basic fuels.

The human brain is ex c e s s ive ly 
gre e dy. Contri buting only 2 per cent 
to the ave rage pers o n ’s we i g h t , it is
c o n s t a n t ly bu rning away some 20 per cent
of the body ’s calori e s , making it easily 
the most energetic organ. The energy
s u p p ly of the body ori gi n ates from ox y ge n
( b re athed in from the air) and glucose
( f rom food). These circ u l ate in the bl o o d
until they are delive re d, s u s h i - l i ke,

to active tissue for immediate use or
s t o rage. 

U n fo rt u n at e ly the brain has a fa i rly
s e rious design fault. Despite re q u i ri n g
m o re than its fair share of energy, it cannot
s t o re glucose. This means that it relies on 
a constant supply of glucose through its
ri ch blood supply.

Fast and slow burn
M a ny biological textbooks will tell yo u
t h at if the bra i n ’s supply of ox y gen is cut
o ff for a matter of minutes then its cells –
n e u rons – start to die. It turns out that eve n
s e c o n d - by-second fl u c t u ations in the leve l s
of glucose and ox y gen can impact on bra i n
function. Two common brain imagi n g
t e ch n i q u e s , p o s i t ron emission tomograp hy
and functional magnetic resonance imagi n g
exploit the fact that more active bra i n
regions ‘ bu rn ’m o re glucose and ox y ge n

re s p e c t ive ly depending on the mental task
being perfo rm e d. 

So as with other orga n s , the bra i n ’s
‘ p e r fo rm a n c e ’ can be measured dire c t ly.
This usually invo l ves ex p e n s ive and
p a rt i a l ly inva s ive measures of neuro n a l
a c t iv i t y. But of course we also ga u ge the
l evel and integrity of brain function via its
c apacity to make decisions, to concentrat e,
and to ge n e rate memori e s , t h o u g h t s ,
p e rc eptions and emotions.

So wh at happens to cog n i t ive perfo rm a n c e
if the ava i l ability of glucose and ox y gen is
re s t ricted? Individuals with diabetes (an
i n ability to utilise glucose) rep o rt diffi c u l t i e s
with concentration and memory when they
a re ‘ hy p o ’( i . e. hy p og lycaemic or in a stat e
of low blood glucose). Likew i s e, c og n i t ive
d e ficits are evident at altitude wh e re, ow i n g
to decreased at m o s p h e ric pre s s u re, l e s s
ox y gen is carried in the bl o o d.
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S u ch effects are not due to the pat h o l ogy
of diab e t e s , nor to being at the top of 
a mountain. Lab o rat o ry studies have show n
t h at inducing low blood glucose leve l s
p roduces similar psych o l ogical effects to
d i abetes. Similarly the cog n i t ive defi c i t s
seen at altitude can be mimicked by
reducing the amount of ox y gen in the 
air from its usual 20 per cent.

The day - t o - d ay lapses in concentrat i o n
and memory that occur with ageing have
also been at t ri buted by some re s e a rch e rs to
p ro blems with the delive ry of these energy
s o u rces to the brain. Such processes may
even contri bute to the neuro p at h o l ogy of
A l z h e i m e r ’s disease.

A dding fuel to the fire
This begs the question of wh e t h e r
i n c re a s i n g the levels of these essential
n e u ral fuels could have beneficial cog n i t ive

consequences. The cog n i t i o n - e n h a n c i n g
e ffects of glucose are well documented.
G e n e ra l ly speaking, i n d ividuals given a
d rink containing 25 or 50 grams of glucose
p e r fo rm better on tasks of cog n i t ive
function than those given a placebo. Th e
e ffect seems most pronounced wh e re there
is ‘ room for improve m e n t ’ – for example 
in the elderly. But similar, less dra m at i c,
results have been demonstrated in so-called
‘ h e a l t hy young adults’( u s u a l ly psych o l ogy
u n d e rgra d u at e s ) .

Under normal conditions the bre a k d ow n
of glucose relies on a constant supply of
ox y gen. The two are used together to
p rovide the energy for eve ry cell in the
b o dy. The cellular uptake of ox y gen and the
b re a k d own of glucose to provide energy are
i n t ri n s i c a l ly linke d. The two processes are
l i ke interl o cking cogs in a machine turn i n g
t ogether to provide energy. The rate at
wh i ch the mach i n e ry of energy pro d u c t i o n
wo rks is dictated by the amount of energy
re q u i red at any given moment. 

It seems plausible then that , as with
g l u c o s e, the provision of ox y gen should
enhance cog n i t ive function. Despite rep o rt s
of reve rsal of altitude- and age - re l at e d
m e m o ry impairments by ox y gen bre at h i n g,
until re c e n t ly no one had looked at the
possibility that increasing the body ’s leve l s
of the gas could improve cog n i t ive function
in otherwise healthy individuals in norm a l
s i t u at i o n s .

A few year ago Mark Moss, a bri g h t
u n d e rgra d u ate on the psych o l ogy degree 
at the Unive rsity of Nort h u m b ri a , had seen
A m e rican fo o t b a l l e rs bre athing ox y gen to
help their ga m e. He came to me with the
idea that ox y gen might have a similar effe c t
on psych o l ogical perfo rm a n c e. A e rosols of
c o m p ressed ox y gen with a fa c e m a s k
at t a ched are ava i l able from some ch e m i s t s .
M a rk ’s convictions we re given furt h e r
impetus when he bought one of these
c a n i s t e rs and found that a good blast of
ox y gen helped to clear a hangove r.

We designed a simple ex p e riment to test
the possibility that ox y gen might improve
c og n i t ive function. Th e re we re thre e
ex p e rimental groups. All of them heard 

a list of wo rd s , p e r fo rmed a distractor task
for 10 minu t e s , and then had a recall test.
Pa rticipants inhaled ox y gen from the
a e rosol for a minute either immediat e ly
p rior to hearing the wo rd s , i m m e d i at e ly
p rior to re c a l l , or not at all. Oxygen did
i m p rove memory – but only for the gro u p
who inhaled the gas immediat e ly prior to
l e a rn i n g.

We went on to increase the learn i n g -
d e l ay interval to 24 hours and found the
same effect. At this point ex p e c t a n cy effe c t s
c o u l d n ’t be ruled out, so we attempted to
set up a placebo condition. In these early
ex p e riments this invo l ved feeding air fro m
an aquarium aerator along a tube and into
the facemask for our vo l u n t e e rs to inhale. 
It wo rked – ox y ge n , but not air,
a d m i n i s t e red immediat e ly prior to 
l e a rning signifi c a n t ly enhanced memory
p e r fo rmance (Moss & Sch o l ey, 1996). 

L ater ex p e riments used more ri go ro u s
d o u bl e - bl i n d, p l a c eb o - c o n t rolled methods
often with concurrent measurement of
blood ox y gen levels. These incl u d e d
assessment of ox y ge n ’s impact on a ra n ge
of tasks using the Cog n i t ive Drug Research
(CDR) computerised test bat t e ry deve l o p e d
by our close collab o rator Keith We s n e s .
The bat t e ry allows ex q u i s i t e ly sensitive
m e a s u rement of fundamental aspects of
c og n i t ive perfo rm a n c e.

The ge n e ral finding was that ox y ge n
i n h a l ation improved cog n i t ive perfo rm a n c e
on most measures of memory and at t e n t i o n
in a ‘ d o s e - d ep e n d e n t ’ manner (‘dose’h e re
re fe rs to the length of time ox y gen is
inhaled). Like many pharm a c o l ogi c a l
agents the dose-response curve fo l l owed an
i nve rted-U shape wh e re the optimum dose
was typically 30 seconds or a minute (Moss
et al., 1998). We also confi rmed the re s u l t s
of the ori ginal study. Consolidation (or
‘ l aying down’) of memory could be
i m p roved by ox y gen inspirat i o n , but it did
not affect re t ri eval (i.e. access to mat e ri a l
a l re a dy stored) (Sch o l ey et al., 1 9 9 8 ) .

H aving a gas?
A round the same time as the HCNU 
we re examining the effects of ox y gen on
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m e m o ry, ‘ ox y gen bars ’s t a rted spri n ging up
in North A m e rica and in the UK. Pe r h ap s
t h e re was something in the air that made
ox y gen interesting! People who use these
b a rs rep o rt that inhaling pure ox y ge n
i m p roves their mood and energy leve l s .

We have examined the effects of
ox y gen on mood and found no diffe re n c e
b e t ween ox y ge n - b re athing and air-
b re athing groups. Indeed fo l l owing 
d o u bl e - blind ex p e riments we ro u t i n e ly ask
p a rticipants to indicate whether they think
t h ey re c e ived ox y gen or air. Pe o p l e ’s
responses indicate that they re a l ly can’t 
tell (Sch o l ey et al., 1999). It seems that the
i n d ividuals who frequent ox y gen bars are
ex p e riencing a placebo effe c t , as was Mark
himself during the ori ginal hangover that
helped to start the re s e a rch .

Why you can’t think stra i g h t
The notion that ox y gen (and glucose) can
i m p rove cog n i t ive perfo rmance raises an
i n t riguing possibility. It seems that under
c e rtain conditions, b rain function is ‘ f u e l -
limited’. Th e re ap p e a rs to be a ‘ c e i l i n g ’o n
c og n i t ive perfo rmance wh i ch can be ra i s e d
by simply adding more fuel.

This notion flies in the face of the give n
wisdom that the brain has evo l ved to
function optimally. Pe r h aps this is not
s u rp rising – it does seem ridiculous and
a rrogant to assume that , in the human
b ra i n , evolution has somehow ‘ a rrived’. 

As the early ox y gen results started to 
be released into the public domain, I wa s
ap p ro a ched by a Califo rnian ga m e s
c o m p a ny. Th ey we re interested in
d eveloping an arcade game wh e re five 
or six playe rs played against each other,
p o s s i bly in some sort of ‘ s h o o t - e m - u p ’
s c e n a rio. Such games often include aspects
of attention and memory. After accruing 
a certain number of points, instead of
getting a bigger and better gun, p l aye rs
would be given the opportunity of a 
‘ t i m e - o u t ’ while ox y ge n - e n ri ched air 
was pumped into their face mask befo re 
t h ey went into the next bat t l e.

The idea sounded like fun, not to
mention potentially lucrat ive. Th e
c o m p a ny, h oweve r, went bust. Luck i ly not
b e fo re they had sponsored some re s e a rch
into the effects of ox y gen on game play.
We used the computer game Te t ri s , wh i ch
was popular in the Division at the time. 

Te t ris invo l ves the manipulation of
falling ge o m e t ric shapes – simple bl o ck s ,
Ts and Ls – wh i ch the player attempts to 
fit together snu g ly as they pile up at the
bottom of the screen. As the ga m e
p rogresses this becomes more difficult as
the bl o cks start to fall fa s t e r. Te t ris invo l ve s
aspects of reaction time, p l a n n i n g, m e n t a l
ro t ation and motor programme execution 
– at least some of these should be affe c t e d
by ox y ge n .

The effects of ox y gen on Te t ris we re
c rystal clear – it improved perfo rmance at
the highest game levels only (Sch o l ey e t
a l ., 1999). A similar picture has since
e m e rged from a number of ex p e ri m e n t s
using va rious measure s .

As a ge n e ral rule (though not an
i m mu t able one) it ap p e a rs to be those tasks
i nvolving the gre atest amount of ‘ m e n t a l
e ffo rt ’t h at are most affected by ox y gen and
g l u c o s e. Mental effo rt , or ‘ c og n i t ive
d e m a n d ’ , i nvo l ves aspects of memory load,
intensity of processing and other fe at u re s
t h at make a task more difficult to perfo rm .
D e finitions aside, it is possible to compare
tasks and say that one is more or less
c og n i t ive ly demanding than the other.
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In the HCNU we moved from computer
games to tasks such as ‘ s e rial subtra c t i o n ’
to inve s t i gate the re l ationship betwe e n
c og n i t ive demand and task perfo rm a n c e.
S e rial subtraction invo l ves a part i c i p a n t
being presented with a random nu m b e r
b e t ween 800 and 1000. Th ey are then
a s ked to rep e at e d ly subtract a fi xed sum
( u s u a l ly three or seven). Given a start i n g
number of 923 the correct responses duri n g
s e rial sevens would be ‘ 9 1 6 , 9 0 9 , 9 0 2 , 8 9 5 ,
…’. For serial threes they would be ‘ 9 2 0 ,
9 1 7 , 9 1 4 , 9 1 1 , …’. The task can be score d
both for erro rs and for the number of
responses made.

S e rial subtraction tests aspects of
c o n c e n t ration and wo rking memory. Fo r
our purposes howeve r, it is enough that
fewer responses and more erro rs are made
d u ring serial sevens than during seri a l
t h rees – suggesting that the fo rmer is more
c og n i t ive ly demanding. 

M o re intense cog n i t ive processing is
a s s o c i ated with a number of phy s i o l ogi c a l
re s p o n s e s , p a rt i c u l a rly with an increase in 
a pers o n ’s arousal levels. Phy s i o l ogi c a l
a rousal includes most of the bodily ch a n ge s
a s s o c i ated with the ‘ fi g h t - o r- fl i g h t ’
re s p o n s e. This makes perfect sense in term s
of the ex c e s s ive energy demands of the
b rain. The ch a n ges include the liberation 
of glucose, faster bre at h i n g, i n c re a s i n g
h e a rt rate and widening of blood ve s s e l s .
M a ny of them would increase the

ava i l ability and delive ry of glucose and
ox y gen to the brain. 

These examples provide a neat
i l l u s t ration of nat u re ’s pars i m o ny. On 
the one hand, the processes occur duri n g
intense cog n i t ive processing to mobilise
e n e rgy re s e rves and feed the brain as it
c ries out for more glucose and ox y gen. 
On the other hand, when they occur d u ri n g
s t re s s , as well as toning up the body fo r
fi g h t - o r- fl i g h t , t h ey may help ‘thinking on
your fe e t ’ and fa c i l i t ate laying down the
m e m o ry of a stressful stimulus. 

But only up to a point. If these effe c t s
occur to ex t remes then effe c t ive cog n i t ive
p rocessing may be drowned out by the
resulting neural noise. This may contri bu t e
to the phenomenon of ‘not being able to
think stra i g h t ’a s s o c i ated with higher
amounts of stre s s , as well as the inve rted 
U of ox y ge n ’s dose-response curve.

Pe r fo rming a task like serial sevens fo r
a couple of minutes results in heart rat e
a c c e l e ration – typically resulting in a ri s e
f rom about 70 beats per minute to ab o u t
80. This response may be invo l ved in
i n c reasing the bl o o d - b o rne tra n s p o rt of
glucose and ox y ge n , wh i ch are then sucke d
out of the blood by the bra i n , fuelling the
n e u ral mechanisms invo l ved in intense
c og n i t ive pro c e s s i n g.

It turns out that people whose heart rat e
reacts more during cog n i t ive pro c e s s i n g
a c t u a l ly perfo rm better on the task. Similar

p hy s i o l ogical individual diffe re n c e s
i d e n t i fied in people’s ability to use glucose
h ave been ex t e n s ive ly inve s t i gated by
D avid Benton’s group in Swansea (e. g.
Donohoe & Benton, 1 9 9 9 ) .

Another way of ga u ging mental effo rt 
is to ask people. In a recent glucose
ex p e ri m e n t , as well as measuring heart
rates during tasks, we asked our
p a rticipants to place a mark on a 10
c e n t i m e t re line indicating how mentally
demanding they had found each task
( Ke n n e dy & Sch o l ey, 2 0 0 0 ) .

S e rial sevens was the only task wh o s e
p e r fo rmance was signifi c a n t ly enhanced 
by a glucose drink. It was also rated as the
most mentally demanding, fo l l owed by
S e rial Th re e s , then counting upwa rds in
ones in time to a metro n o m e, wh i ch in turn
was rated as more demanding than sitting
a round re l a x i n g. Heart rate ch a n ges duri n g
the tasks fo l l owed a stri k i n g ly similar
p at t e rn to these subjective ratings (see
Fi g u re 1).

Fi g u re 1 illustrates that there is a pre t t y
good correspondence between people’s
ratings of the mental effo rt associated with
a task and their phy s i o l ogical response to
it. Such results suggest that there may be
tantalising similarities between such
p hy s i o l ogical processes and mental states. 

When the going gets tough
Because of the fundamental nat u re 
of ox y gen and glucose in medicine,
t e chniques to measure them are re a d i ly
ava i l abl e. Blood glucose levels can be
d e t e rmined by taking tiny fi n ge rp ri ck 
blood samples. The concentration of bl o o d
ox y gen can be measure d, o n l i n e, using 
a non-inva s ive fi n ger cuff.

This has allowed the usual question of
human psych o p h a rm a c o l ogy to be turn e d
on its head. As well as asking ‘ wh at is the
e ffect of glucose or ox y gen on this task?’;
we can now ask ‘ wh at is the effect of this
task on to the levels of glucose and
ox y ge n ? ’ .

To inve s t i gate this we need to know
wh at happens without any cog n i t ive
t e s t i n g. Give someone a glucose drink and
their blood glucose levels will ri s e, p e a k
b e t ween 30 minutes and an hour lat e r, t h e n
fall back to baseline. 

A similar response occurs with ox y ge n ,
albeit with a mu ch shorter timescale of 
a few minutes. When the gas is inhaled 
for 30 seconds or a minu t e, blood ox y ge n
l evels rise from 97–98 per cent sat u rat i o n
to 100 per cent (actually, far more ox y ge n
than this ex t ra 2 or 3 per cent becomes
ava i l able to tissue such as the brain – bu t
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FIGURE 1 Ratings of mental effo rt and changes in heart rate during tasks
with differing cog n i t i ve loads (means and standard errors are show n )
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t h at ’s a sep a rate story). Like glucose, t h e
rise in blood ox y gen concentrations is
fo l l owed by an inev i t able decline back to
baseline leve l s .

We can time the perfo rmance of
c og n i t ive tasks in re l ation to diffe rent 
p a rts of the ab s o rption curves that fo l l ow 
a glucose drink or a blast of ox y gen. When 
a task such as serial sevens occurs after the
peak of the curve, i n c re d i bly, t h e re is an
i n c rease in the rate of decay. Th e
d ow n wa rd slope in Fi g u re 2 is steep e r
d u ring intense cog n i t ive processing (as
i l l u s t rated by the bro ken line and shaded
panel) than when perfo rming a non-
demanding control task such as counting
u p wa rds in ones. Obv i o u s ly something is
using up glucose and ox y gen more quick ly
d u ring a period of cog n i t ive demand.

Could it re a l ly be that by measuring the
l evels of glucose and ox y gen in the fi n ge r,
we can detect increases in their uptake by
the brain? Unfo rt u n at e ly the picture is not
as clear as we would like. As mentioned
e a rlier those tasks re q u i ring higher amounts
of mental effo rt also cause an increase in
h e a rt rat e. The increase in cardiac activ i t y
will inev i t ably use up some of the glucose
and ox y gen circ u l ating in the bl o o d.

We are curre n t ly conducting
ex p e riments using glucose, ox y ge n ,
exe rcise bike s , m e n t a l ly demanding tasks
and tasks that actually decrease heart rat e.
With these we hope to tease ap a rt the
re l at ive contri butions of cardiac and bra i n
a c t ivity to the accelerated fall in bl o o d
glucose and ox y gen during intense
c og n i t ive pro c e s s i n g.

Inside the engine
The underlying mechanisms of the 
e ffects described ab ove are not known. 
One possibility is that the provision of
ox y gen and glucose targets one or more 
of the 50 or so chemical tra n s m i t t e rs in 
the brain. A like ly candidate is the
n e u ro t ransmitter acetylch o l i n e, fo rmed as 
a by - p roduct of the cellular production line
i nvolving the use of ox y gen and glucose to
p roduce energy. 

A c e t y l choline is known to be cru c i a l ly
i nvo l ved in the neural mach i n e ry of
attention and memory. It is plausible that
ox y gen and glucose are having their effe c t s
by increasing acetylcholine levels. One
way of stimu l ating the ch o l i n e rgic system
is to get smoke rs to have a ciga re t t e
(nicotine mimics the effects of
a c e t y l choline). Early results suggest that
the effects of consuming ox y gen or glucose
a re not like those observed fo l l ow i n g
n i c o t i n e. 

Th e re is another possibility. Wi t h i n
c e l l s , i n cluding neuro n s , glucose and
ox y gen are bro ken down into a usable 
fo rm for energetic processes. This unive rs a l
e n e rgy ‘ c u rre n cy ’ (called adenosine
t ri p h o s p h ate or ATP) acts like the
t rave l l e rs ’ cheques of nat u re and is ‘ c a s h e d
i n ’ wh e rever and wh e n ever there is a need
for energy. This tiny molecule is
c o n t i nu a l ly being made and bro ken dow n .
In fact an ave rage adult makes between 
50 and 100 kilograms of ATP eve ry day !

It seems possible that ava i l ability of
ox y gen and glucose may increase the
ava i l ability of this energy curre n cy. Th i s
m ay ‘ t u rn up the vo l u m e ’ of the synap t i c
Chinese wh i s p e rs wh i ch underl i e
c o m mu n i c ation between brain cells. 
The consequence would be that neura l
p rocessing and cog n i t ive perfo rm a n c e
would improve. But only up to a point:
p re s u m ably, when there is too mu ch fuel
a ro u n d, the signal of efficient pro c e s s i n g
gets lost in the back ground ch atter of
n e u ronal signalling. Another contri bu t i o n
to the inve rted-U dose-response curve.

Putting the machine to wo r k
One obvious question is whether these
findings have any practical ap p l i c at i o n s .
The answer is ‘ yes and no’. Wo rk carri e d
out elsewh e re has found that measures of
eve ry d ay cog n i t ive functioning such as
putting names to faces or re m e m b e ring 

a shopping list, can be improved by bri e f
i n h a l ation of ox y gen (Winder & Borri l l ,
1 9 9 8 ) .

In the HCNU we have evidence that 
a dose of ox y gen can tempora ri ly reve rs e
some of the deficits associated with age i n g.
Other wo rk (carried out at the HCNU by
Pat McCue and others) suggests that bri e f
doses of ox y gen appear to prov i d e
t e m p o ra ry relief from the pro fo u n d
c og n i t ive deficits associated with ch ro n i c
fatigue syndro m e. 

U n fo rt u n at e ly the emphasis must fall 
on the ‘ t e m p o ra ry’. Clearly it is neither
p ractical nor desirable to carry ox y ge n
cy l i n d e rs and to attempt to coincide
i n h a l ation of the gas with cog n i t ive
re q u i rements! Is it possible that this effe c t
could be ach i eved through other means? 
In the 1970s the popular ch i l d re n ’s cart o o n
ch a racter Marine Boy could bre at h e
u n d e r water by ch ewing ‘ O x y g u m ’ .
P re s u m ably Oxygum increased the amount
of ava i l able ox y gen in the blood – could 
a similar product help cog n i t ive
functioning on dry land?

One answer to this may come fro m
recent studies by David Ke n n e dy (HCNU)
into the cog n i t ive effects of herbal ex t ra c t s .
Th e re is fa i rly good evidence that some of
these improve cog n i t ive function fo l l ow i n g
l o n g - t e rm tre atment. Some of the know n
m e chanisms of the ex t racts have para l l e l s
with the phy s i o l ogical effects of ox y ge n
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FIGURE 2 The impact of a cog n i t i ve load on the level of glucose and ox y ge n
in the bl o o d
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and glucose. This raises the possibility 
of acute cog n i t ive effects – measurabl e
d i ffe rences in the immediate afterm ath 
of a single dose.

The fi rst set of ex p e riments tested the
e ffects of ex t racts from the leaves of the
gi n k go tree (G i n k go biloba). If you eve r
h ave to name a fa s c i n ating tre e, gi n k go
would be a good bet: it is the only liv i n g
member of a group of trees that fl o u ri s h e d
over 300 million ye a rs ago; and the
‘ H i roshima tre e ’ is a gi n k go still grow i n g
less than a kilometre from the ep i c e n t re 
of the wa rtime atom bomb blast (wh i ch it
s u rv ived). 

In our tests into cog n i t ive ch a n ge s
fo l l owing gi n k go ex t ra c t s , we exploited 
the parallel fo rms of the CDR test bat t e ry,
since the participants (20 Unive rsity of
N o rt h u m b ria psych o l ogy undergra d u at e s )
we re tested 25 times in all. 

E a ch visit consisted of the student
coming to the lab and having baseline
m e a s u res of cog n i t ive perfo rmance take n .
Th ey then swa l l owed a handful of pills
containing all placeb o , all gi n k go , or a dose
in betwe e n .

Pa rticipants underwent the same set of
c og n i t ive tests (using diffe rent stimuli) one
h o u r, t wo-and -a-half hours , four hours and
six hours after their pills. Fo l l owing a
wash-out period of a we e k , t h ey underwe n t
the same pro c e d u re with a diffe rent amount
of gi n k go. This was rep e ated a week lat e r,
and so on until all doses had been
completed (the order in wh i ch each dose
was taken va ried across participants). 

The results we re unequivocal. Single
doses of gi n k go improved ability to sustain
attention over the day (Ke n n e dy et al.,
2000). Pa rticipants who took a single dose
of gi n k go at 9am had signifi c a n t ly fa s t e r
responses on attentional measures by
11.30; this effect was still there at 3pm,
though we had ori gi n a l ly chosen the six-
hour testing point believing that any effe c t
would have wo rn off by then!

We have used similar designs to test the
e ffects of root ex t racts from ginseng plants
(Pa n a x spp.). This time the effect wa s
s p e c i fic to memory rather than at t e n t i o n .
A gain we found a dose-specifi c
enhancement of cog n i t ive perfo rm a n c e. 
In fact a diffe rent dose of ginseng actually
d e c reased the speed of attention and self-
rated alertness (Ke n n e dy et al., in pre s s ) .
This is bad news for people who take
ginseng for its purp o rted stimu l a n t
p ro p e rt i e s .

So by wh at mechanism might these
plants affect cog n i t ive function?
I n t ri g u i n g ly, as well as affe c t i n g

n e u ro t ransmitter systems, gi n g ko and, to 
a lesser ex t e n t , ginseng improve aspects 
of blood fl ow, ox y ge n ation and glucose
m e t abolism. Wo rk by our collab o rator in
N ew c a s t l e, Elaine Pe rry, has shown that
b i o ch e m i c a l ly isolated fractions fro m
whole medicinal plant ex t racts have puny
n e u ro chemical activity indiv i d u a l ly – the
e ffect of the whole is gre ater than the sum
of its parts. One possibility is that these
ex t racts are so effe c t ive because they
s y n e rgi s t i c a l ly target specifi c
n e u ro t ransmitter systems fuelling these
e ffects further by increasing the delive ry 
of ox y gen and glucose. 

The effects of gi n k go and ginseng have
also been tested on tasks of low and high
c og n i t ive load (serial threes and seri a l
s evens). The findings on these simple
a rithmetic tasks we re pretty mu ch wh at
you would expect from the more
c o m p re h e n s ive CDR data. Ginkgo speeded
responses and ginseng improved accura cy
(though the cost of this was that re s p o n s e s
s l owed slightly). 

It was when we tested a combination of
gi n k go and ginseng that we found the most
d ra m atic results. On the serial sevens task
the gi n k go / ginseng combination resulted in
p a rticipants making more responses and
fewer erro rs. In fa c t , at one dose
p a rticipants we re ge n e rating 10 to 15 per
cent more responses during subtractions of
s evens compared with the placebo group. 
It was if the tre atment was making the
a rithmetic easier!

While such startling perfo rm a n c e
enhancement is of interest in itself, in 
the longer term such effects may have
i m p o rtant ap p l i c ations. We are curre n t ly
i nve s t i gating the possibility that these and

other herbal ex t racts may have benefi c i a l
e ffects both acutely and fo l l owing longe r-
t e rm regimes. In fact G i n k go biloba i s
a l re a dy the tre atment of choice fo r
A l z h e i m e r ’s disease in some Euro p e a n
c o u n t ri e s .

C o n c l u s i o n s
The results of these studies carried out at
the HCNU suggest a beautiful symmetry 
in the re c i p rocal re l ationship betwe e n
c og n i t ive processing and the use of
p hy s i o l ogical re s o u rces. On the one hand,
the body ap p e a rs to mobilise such
re s o u rces as and when necessary. On the
other hand, d i re c t ly or indire c t ly incre a s i n g
the ava i l ability of ox y gen or glucose can
i m p rove cog n i t ive perfo rmance –
p a rt i c u l a rly under conditions of cog n i t ive
‘ s t rain’. More over it ap p e a rs that the
p hy s i o l ogical responses to a cog n i t ive load
and a pers o n ’s ex p e rience of mental effo rt
a re cl o s e ly integrat e d.

As well as using these principles to 
fuel the fi res of neural function in the short
t e rm , in certain circumstances it may be
p o s s i ble to turn up the temperat u re of the
s m o u l d e ring ‘ s l ow bu rn ’ of neural and
c og n i t ive activ i t y. It remains to be seen
whether this phenomenon can be used
wh e re it is re a l ly needed.
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