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Abstract £
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Background/objective: The relationship between postprandial glycaemic responses and cognitive 73]
performance, mood and satiety are inconsistent. The objective of this study is to compare the effects § ©
of different glycaemic responses, induced by beverages with different glycaemic index (Gl) {(sucrose | =)
and isomaltulose), and a non-glycaemic control (sucralose), on cognition, mood and satiety. 'g
=}
2un -
Subjects/methods: In this double-blinded, randomised crossover trial, healthy adults (n = 55) m

received sucrose (Gl 85), isomaltulose (Gl 32) and sucralose (non-caloric negative control) drinks on
separate occasions, The Complex Figure test, the Word Recall test, Trall Making Test Part B and the =+

Stroop test were administered 60 min after beverages ingestion. Mood and satiety were tested along
with cognitive performance.

o -
Results: Comparing between isomaltulose and sucrose, there were no significant differences in the 6 SICI BIO 9:0 1é0 15'0 1éﬂ
mean (95% Cl} for the f.ollowwfg: Complex Figure: immediate recall -0.6 (-1.7, 0.5), deléyed r-?call -0.5 Time (ITIiI"ILItBE)

(-1.9, 0.3); Word recall: immediate recall 0.2 (-0.7, 1.1}, delayed recall 0.5 (-0.4, 1.4); Trail Making:

completing time -2.4 {-7.5, 2.7) s: 5troop: time used for correct congruent responses -9 (-31, 14) ms —&— Sucrose — —& — - |somaltulose

and corraect incongruent responses -18 (-42, 6) ms. Mo differences among beverages were found in

the mood and satiety scores with exception that participants felt more energetic 80 min after Glycaemic response following the ingestion of sucrose- or isomaltulose-sweetened beverages (n=12) The
isamaltulose ingestion (p = 0.028 for difference with sucrose) and hungrier 30 min after isomaltulose values are medians with the vertical bars representing the range of the 25th to 75th percentiles.

ingestion {p = 0.036 for difference with sucrose; p = 0.022 for difference with sucralose).

Conclusion: Under these study conditions there is no convincing evidence for an effect of glycaemic
response on cognitive performance, mood or satiety.
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ARTICLE INFO ABSTRACT
Actiche bistory. The combination of theobromine and caffeine, methyleanthines found in chocolate, has previously been
Recriveed 26 February 2001 showm o improsve mood and cognition. However, it ks unk whether these modecules act synergitically.

Recerepd in nivesed farmn T Juse 2001
Actiptid 37 July 2011

Frymordi:

This study tested the hypothesis that 3 combination of caffeine and thecbromine has synergistic effects on
cognition, mood and blood pressure in 24 healthy female subjects. The effeas of theobromine (700 mg),
caffeine [ 120 mg] or the combination of both, or placebo were tested on mood [ the Bond -Lader visual analog

Srirrsalasas scale ], prychomoter performance | the Digit Symbol Substinution Test (DS5T)) and bicod pressure befiore and
fe—— at 1,2 and 3 h after adminisiration. Theohromine alone decreased sell-reponted calmness 3 h after ingestion
ol and lowered bicod pressure relatiee oo placeto 1 b after ingestion. Caffeine increased self-repored alermess
Cognitisn 1, 2anad 3 I after ingestion and contentzdness 1and 2 h afer ingestion, and increzeed Blood precoare relative
Wk Lhrp Leariisine: o placebo [at 1 h). The combination of caffeine + thenbromine had similar effecs as caffeine alone on mood,
Cink But with no effert on blood pressure. There was no ireaiment effect on DSST perfsmuance. Together these
Ful results suggest that thesbeomine and cafieine could have differential effens on mood and biosd pressare. [0
was fentatively concluded that caffeine may have more CHS-mediaed effects on aleriness, while

thecbramine may be acting primarily via peripheral physiological changes.
© 2011 Elsevier Inc. All rights reserved.
1. Introduction mexst aften reported behavioral effect. is usually perceived between 30

Chorolate has long been associated with happiness and improved
muodd. Although in most cases the sensory aspects of chocolate are most
likehy res ponsible for its high consumption, there is evidence that psycho-
active ingredients in chocolate may play a part as well [1-6]. OF the
warious compounds that are present in chocolate, the methybanthines
theobromine and caffeine are known to have psychoactive effects [ 1]

Caffeine, a non-specific adenasine receptor antagonist, is 2 well-
kmown peychostimulaint which peaks in the blood 30-40 min after
ingestion of 2 72 mg dose [ 7]. Moderate doses of caffeine ( 100-150 mg)
increase subjective alertness, sttmulation and vigar, improve reaction
time in psychomotor tasks and also increase blood pressure [89].
However, reparted mood and cognition effects from caffeine may be due
to withdrawal, since subjects whose daily intake of caffeine was over
10 mg repart mare negative mood after prolonged deprivation | 10]. On
the ather hand, light caffeine users, who exhibit few withdrawal effects,
display improved mood and inoreased alertness after consumption of
caffeine [89,11,12] Enhanced subjective alertness from caffeine, the

® Cormiuponding athor ai: Ursbever RAD VisSngen, Olivies van Nooris 133,
303 AT Viedingen, Retherbomdi Tel: + 31 104605578, Lo = 31 10 4605093,
E-mail addni Siobian mewchelWundevs com [E5 Mitchel).

D1 0384 S - g el muater © 20010 Elsrwier Ine AN Fightt nesifnnd.
i 10106 kb 2001 0700 T

and 60 min for 2 moderate dose of 150 mg, alenness plabeaus for 1-2 h
and then dissipates by 4 b, usually no negative symptoms are reparted
ata 150 mg dose= [9,11,12].

Theobromine i a caffeine derivative and metabolite found primanily
in chocolate; it is highly fat soluble; peaking in the plasma 1-2 b after
ingestion |7]. An adenosine receptor antagonist, theohromine appears
o have equal affinity for A1 comparned to AZA receptors, while caffeine
shows a shightly lower affinity for A1 receptors | 13]. Theobromine has
ane fifth the stimulant effect of caffeine, but with a longer balf-life in the
body [7

E'I:rryl- few studies have imvestigated the behavioral effects of
theobromine, and thus no clear condusions can yet be made about
its psychoactive profile. Although two early reports found null mood
effects from theobromine | 14,15], a more recent study by Mumibnd et
al [16] showed that 5 out of 7 subjects were able to discriminate a
high dose of theobromine (560 mg) from a placebo or caffeine dose.
The combination of caffeine (19 mg) and theobromine (250 mg) in
capsules increased the self-reported mood onstrud “energetic
arousal”, and improved cognitive function 2 measured with a simple
reaction time test [ 1| compared to placebo capsules. Farthermare, the
combination of theobromine and caffeine added to nowel-flavored
drinks increased liking over time in healthy volunteers, indicating that
the psychopharmacclogical effects of these methylxanthines may play

E5 Mirchedl e ol | Piysislogy & Sebavdor 104 (2011) S16-822 821

p=00122, 3 h F{1,56)=7.91, p=0.0068] and a decrease in trembling
1 h after consumption F(1,56=11.21, p=0.0{15] (data not shown).
There was one significant interaction between theobromine and
caffeine [F{1,56 =440, p=0.0405], resulting in decreased trembling
as compared to either methylxanthine alone at the 1 h time peint (data
not shown). The SUM of caffeine symptoms (head-ache, jitteriness,
weakness, light-headedness, warmth, fearfulness and trembling hands))
revealed significant differences between caffeine vs. placebo during all
sessions [1 h F{1,56) =907, p=0.0039, 2 h F{1,56) = 9.58, p=00031,
3h F1.56) =255, p=0.005] (Fig. 4B).

Blood pressure and heart rate were taken to assess whether
treatment-induced cardiovascular changes had noticeable effects on
perceived physiological symptoms. Blood pressure is a well-charac-
terized indicator of autonomic system activation. In all intervention
groups there was a tendency to an increase in BP over time, possibly
related to the moming surge, as baseline measurements were done
early in the moming. Compared to placebo caffeine significantly
increased diastolic blood pressure 1 h [F[1,56)=1993, p=0.0001]
and 3h after consumption [F(1,56) =430, p=00424,] (Fig. 54).
Systolic blood pressure decreased 1 h after theobromine treatment |F
{1,56) =737, p=0.008T) and increased with caffeine treatment 1 h
later |F{1,56)=7.01, p=0.0104] (Fig. 58). Conversely, at all time
points theobromine increased heart rate [1h F(1.56)=11.17,
p=00015; 3 h F[1,56) =12.75, p=0.0007] while caffeine decreased
it [F(1,56) = 1823, p=0.0001] 1 h after consumption (Fig. 5C).

4. Discussion

This study has demonstrated behavioral and cardiovasoular effects
aof two methylxanthines found in chocolate, theobromine and caffeine.
Similar to previous reports, caffeine increased aleriness and bBlood
pressure. Contrary to our expectations, theohromine in a relatively
high dose does not have stimulating properties or caffeine-associated
physiological symptoms such as light-headedness. Theobromine has
often been described as a stimulant, with one fifth the potency of
caffeine on adenosine receptors [13]. However, theobromine had no
effect on alermess at any time, although it did decrease blood
pressure. Thus it is possible that theobromine affects peripheral
physiology, but lacks the strong CNS-activating properties of caffeine.
Furthermore, there were no interactions of caffeine and theobromine
on mood or blood pressure.

4.1, Explicit moad

A= expected, caffeine increased subjective alertness in subjects,
however, theobromine did not. There was also no interaction of the
two methylxanthines on mood. These results are similar to thiose found in
Murmnfiord et al. [16], where 5 out of 7 subjects reported strong energizing
effects of caffeine where only 1 subject did for theobromine. However,
since almost all subjects could discriminate doses of 580 mg theobromine,
some psychoadive effects were felt Indeed, a later study demonstrated
that 19 mg caffeine + 250 mg of theobromine inoeased self-reported
alertness |1]. Since few studies have shown self-reported alerting effects
at doses of caffeine lower than 30 mg the Smit findings suggested a
possible stimulating contribution of theobromine. However, the present
study shows conclusively for the first time that theobromine does not act
a5 a stimulant alone or in combination with caffeine.

Although theobromine had noalerting effects it did decrease feelings
of calmness in subjects during the last session (3 h after ingestion ),
which indicates a tension-raising effect compared to placebo. This
contradiction may be due to the novel sensations of theobromine, which
may have stronger action on peripheral adenosine receptors and less in
the central nervous systemn. Theobromine has been reported to have
several peripheral activities, such as anti-tussive, diuretic, hypotensive
and muscle relaant properties | 18,30]. Animal studies have shown that
theobromine has negligible effects on cerebral blood flow and glucose

use | 31], belying alack of direct CNS activity. However, animals give high
doses of theobromine do show increases in modor activity [32).

Caffeine increased contentedness, possibly due to alleviation of
fatigue effects. Alternatively, caffeine has been shown to modulate
dopamine signaling in animals, which may bring on feelings of
contentedness |33]. Specifically, central adenosine A2A blockade
regulates DARPP-32 phosphorylation and subsequent reward- and
maotor-related behawiors [34]. & factor which undoubtedly affected
the results was the choice and timing of dose. The dose for
theobromine is five times that of caffeine dose chosen. Since
theobromine's pharmacological activity is one fifth that of caffeine
|13]. the doses of theobromine and caffeine were expected to show
comparable effects on some parameters. However, theobromine had
negligible effects on mood and caffeine appeared to have similar
mood effects as the combination of methylxanthines. Given that
theobromine reaches peak blood levels 3 h after consumption while
caffeine peaks 1 h after consumption, it may be that psychoactive
effects are not reported earlier due to low brain availability, and that
psychoactive effects may be more pronounced at later time points.

Another consideration is the possibility that the explict mood
measure Bond-Lader VAS, which is commonly wsed for assessing
caffeine effects [26,27] may not be as appropriate for theobromine,
which seems to have a quite different physiological and psychoactive
profile. It is also possible that an implicit mood measure may be more
sensitive to its effects.

4.2, Implicit mood

It has lomg been observed that many subjects have difficulty
assessing their intemal mood state. Therefore it is of interest to
explore possible methods which indirectly measure mood. Such
measurement can be done via guestionnaires on task engagement and
maotivation, which often reflect the level of a subject's positive
emotion. For instance, subjects in good moods often rate tasks as more
interesting and pleasant.

The effects on the Motivation and Workload Questionnaire (rating
things as more interestingdess dull) and ERTT (increased rating
negative words) suggest theobromine has an effect on mood that is
not apparent via the direct mood questionnaires. The decrease in
calmness may indeed be explained by the subjects expenencing an
unfamiliar sensation that perhaps is not unpleasant, but more difficult
to describe. The positive findings of theobromine on implicit mood
measures also adds to the discussion in the above section that tests
which are sensitive to caffeine effects such as alertness may not be as
useful for detecting theobromine effects. In conclusion, implicit mood
measurement development needs to be explored further before it can
be used as a corollary to more direct mood questionnaires such as the
Bond-Lader VAS.

4.3, Cognition

The DSST is a measure of psychomotor speed and working
memory. While some labs have shown a performance-improving
effect from caffeine [23.24] others have reported null effects [19,20],
and these differences may be related to dosage, subject selection
criteria and environmental manipulations. In this study caffeine had
no effect on the DAST performance, nor did theobromine. However the
combination of these methylxanthines decreased reacion time for
COITect responses as compare to caffeine alone and increased it as
compared to theobromine alone. Originally we hypothesized that
130 mg of caffeine may act as a threshold dose for DSST performance
enhancement and that theobromine may act synergistically with
caffeine to lift performance above threshold. The results suggest that
theobromine and caffeine tended to have opposite effects on response
time. Howewver, since the DSST is more commonly scored as the



e ————
CLINICAL

Pediatric
Emergency
Medicine

Energy Drinks: The New Eye-Opener For Adolescents

Kavita M. Babu, MD,” Richard James Church, MD,” William Lewander, MD+{

The availability of caffeine-containing energy beverages. combined with aggressive
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B)' promising immediate energy and decreased fatigue,
energy drink brands have created a $3.5 billion yearly
industry [1]. Aggressive marketing campaigns featuring
celebrities and athletes targer adolescents and young
adults. A culure of blogs, urban legends, and “under-
ground” chic has further increased their appeal. In 2006,
more than 30% of adolescents reported using energy
drinks, an increase of more than 3 million teens in 3 years
[2]. The wide availability of the beverages, from grocery
stores, convenience stores and school bookstores makes
them readily accessible for purchase by adolescents, even
though the products often retall for more than wice the
price of “wraditional” soft drinks. Although the media has
clearly idenuified the rend toward increasing adolescent
energy drink use, linle medical lierature describes this
phenomenon. The goals of this article include identifying
major ingredients of energy drinks, as well as a discussion
of the pharmacology and 1oxicology of caffeine.
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Caffeine

The key ingredient in most energy drinks is caffeine,
supplemented by a wide variety of amino acids, B vitamins,
and herbal supplements [3]. Cafleine is lound in a wide
variety of beverages and pharmaceuticals, and has been
called the most commonly used psychoactive substance in
the world [4]. Major sources in the North American diet
include coffee and tea for adults, and carbonated sodas,
energy drinks, and chocolate for children and adolescents.
A range of calfeine concentrations are found in brewed
coffee (56-100 mg/100 ml), instant coffee and tea (20-
73 mg/100 mL), and colas (9-19 myg/100 mL) [5]. Smaller
amounts can be found in chocolate (5-20 mg/100 g) and
cocoa (7 mg/5 oz cup) [6]. In addition, over-the-counter
medications such as NoDoz and Midol contain between
100 and 200 mg of cafleine per 1ablet [6].

Average calfeine consumption in the United States and
Canada ranges from approximately 1 mg/kg per day in
children 10 3 mg/kg per day in adults [7,8]. Intake has been
known 1o be much higher in certain European countries
such as Denmark, where consumption reaches 7 mg/kg per
day [3]. Canadian recommendations for daily caffeine are
no more than 85 mg for children aged 10 10 12 years, no
more than 300 mg in women of childbearing age, and
no more than 400 1w 450 my in the remaining aduli
population [9].

The Food and Drug Administration has limited the
caffeine content of sodas 10 65 mg per 12 oz (18 my/
100 mL); however, energy drinks are not currently subject

KM, Babu et al.

Table 1  Energy drink products with caffeine content, selected additional ingredients and calories per container.

Caffeine Container  Caffeine per Calories per
Product content size container Also Contains container
Full Throttle (Originall 300 mg/L 16 ounces 144 mg Guarana, taurine, carnitine, ginseng 200
Monster (Original)l - 16 ounces Guarana, taurine, carnitine, ginseng, 200
inositol, glucuronolactone
Mountain Dew Amp 2058 mg/L B4 ounces 71 mg Guarana, taurine, ginsang 120
Energy
Dist Pepsi Max 1845 mg/L 12 ounces 46 myg Ginseng o
Fed Bull 320 mg/L 8.4 ounces B0 mg Taurine, inosital, glucuronolactone 110
Rockstar Energy 3333 mg/L 16 ounces 160 mg Guarana, taurine, carnitine, ginseng, i)
Dirink inositol, ginke, milk thistle
SoBe Mo Fear 362.5 mg/L 16 ounces 174 mg Guarana, taurine, carnitine, ginseng, 260
inositol, grape seed extract
Coffes (Brawed) 420 mg/L B ounces 100 mg MUAA o5
Coca-Cola B5 mg/L B ounces 34 myg INUA a7
* All product information derived from szt bsites or product label ** Listed as “enengy blend” = caffeine content unknown.

1 the same Food and Drug Administration regulations
[10]. Energy drinks such as Red Bull and SoBe Mo Fear
often contain berween 14 and 31 mg of cafleine per
100 ml [10]. Although their calleine concentration (in
milligrams per millilicer) may be similar w coflee, energy
drinks are aften packaged in significanty higher volumes,
resulting in increased calfeine imake. SoBe Mo Fear
containg 141 mg of caffeine per 16 oz (473 mL) boule,
the equivalent of 1 12 cups of brewed colfee, or 4 cans of
regular Coca-Cola {Table 1).

Guarana and Other
Caffeine-Containing Ingredients

Guarana i derived from the seeds of Pawllinia cupana, a
South American plant known for s stimulant properties.
Guarana contains large amounts of caffeine (4%-8%],
theobromine, theophylline, and a high concentration of
tannins [11]. Although calfeine concentration may vary
widely in guarana preparations, 3 w 5 g of guarana
provides approximately 250 mg of caffeine [12]. The
elfects of guarana ingestion are necessarily similar o
calfeine; however, the duration of action may be much
longer with guarana because of the presence of saponins
and 1annins |13].

Besides guarana, other calfeine-containing herbal ingre-
dients found in energy drinks include kola nut, 1ea, yerba
mate, and cocoa [14]. Inclusion of these ingredients does
not necessitate calleine labeling, and their presence may
ot be included in caleulatons of caffeine content. They
nonetheless contribute 1o the overall caffeine content of
a beverage.

Taurine

Taurine, the most abundant amino achd in animal ssue, is
produced by the metabolism of methionine and cysteine

[15]. Taurine plays a robe in muliple metabolic processes,
ranging from csmoregulation o antioxidation w ghyeolysis
[16]. Dietary sources include meat, dairy products, and
fish; an average diet provides 20 w 200 mg of 1aurine daily
[16]. In addition, the belief that taurine is essential during
neonatal development led to iz supplementation of infam
formula in the early 19805, even though this practice has
never been rigorously studied [17]. Taurine s an essential
amino ackd in cats where s deficiency leads 1o retinal
degeneration [18]. As a dietary supplement, taurine is
marketed for promotion of biliary health, eye healih, and
prevention and treatment of congestive heart Bailure. Lintle
5 known regarding the elfects of high-dose or long-term
taurine wie in children and adolescents.

Ginseng

Ginseng, or Panax ginseng, s an East Asian herb that has
been used for centuries 1o improve memory and stamina
[19]. Although linle medical liverature suppons these uses,
ginseng has been incorporated into a variety of energy
drinks. Although adverse effects associated with ginseng
use tend o be mild, more serious complications have been
reported, including diarrhea, vaginal bleeding, severe
headache, and Stevens-Johnson syndrome [20.21]. Many
of these effecis may be awributed w0 comaminants;
agranulocytosis in 4 patients aking ginseng had been
linked 1o unreported phenyibuazone and aminopyrine
contained in the preparation [22]. Herb-drug imeractions
in ginseng use include decreased inernational normalized
ratly when concomitantly used with wararin and the
theoretical risk of hypoglycemia when used with antidia-
betic agents [23,24]. A ginseng abuse syndrome has also
been reported, characterized by morning diarrhea, hyper-
tension, rashes, insommnia, and irriabiliy [25]. Linde i
known regarding the effects of ginseng in children and
adolescents [26].
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bstract

Thee aimm of this suchy was w investigave the effecas of guamna supplementation on cognitive peformance before and after a bout of maximal
imtensiy cycling and to compare this io an equivalens caffeine dose. Twentyfive participants completed the randomised double-blind crossover
mal by performuing cognitive tests with one of thoee supplemenis, on theee diffenent days: guarana (125 mg'kgh, caffeine (5 mgkgh or placebo
065 meg kg prestesing poccder ). After 50 min of rest, pamicipants pediomed smple (SET) and choice reaction time (CET) tests, an immesdiase word
recall test and Bond-Lader mood scale. This was followed by a cyding V0, test, and cognitive teses were then immediasely repeated. Guarana
supplemeniation decreased CRT before exercise (607 (o 450 ms) in comparison wash placebo (421 (e 46k ms, 2= 040300 bt not caffeine (417 (o
420 msh. SHT after exercise decreased following guaana supplementation (3 G 280 ms) in comparnson with placebo (323 (s 520 ms,
P= K13} bui not caffeine (515 (50 520 ms). Intra-individual varabilicy on CRT significanshy impeoved from before (11104 {0 60-5) ms)i o afoer
exercine (5185 (ax 4310 me) following guanna supplemenotion, and no diferences were obsenved for caffeine and placebo (P > 0-050.
Alenmness soores significantly improved following guarana supplementation (653 (sp 13810 in comparson with placebo (57-4 G 153-4),
P= 014k bui not caffeine (61-2 (so 12830 There wepe no changes io Wy, irmesdiase woormd necall or any other Bond=Lader mood scales.
Guarana supplemenation ppears wo mpact severl pammeters of cognition. These resulis suppon the use of guamna supplementatiaon o
possibly mainiain speed of agention mmediately ollowing o maximal inensity exercse best ).

Key words: Paullinia cupana: Reaction time: Alenness: Cognitive performance: Nutrition

Guarana {Paullinia cupana) is o native it of the Amazonian
basin which has been used as a mdibona] medicine for centures
b insdigeneows populations’ . The: purported biological effects of
supplementation are extersive. Bepons demonsiraie guamana o
possess peychonctve and diuretic propertics, as well as exhibit-
ing antioxicant and anti-fungal effeds'. Positive stimulating amd
cognitive effects of guarana have also been reported, with the
high caffeine content of s seed (up o 6% dry weight) being
ther predominant suggested mechanism of action’". Indeed, caf-
Feine supplementation possesses a sirong efficacy bor amproves
ments in a varicty of cognitive™' and physical pefformances’™ .
The ubiquibmes peychostimulant is predominantly metabolesed
in the liver by the oytochrome PGS0 eneyme  system' .
Cytochrome PAS0 isoform 1AZ (CRPLAZ) mediates the main caf-
Feine: demethylation reaction of N-3 demethylation o paraxan-
thine, which equates up to 90% of ciffeine demethy lation’™*.
The antagonism of adenosine receplors also meochelates the mpsd
movenment across the blood=ban barmer which consequenthy
augments dopamne concentratons in the beain'™, resulting
m heighied alertness, vigilhinee, attention and reaction Hme' .
However, iter thes ible er effects dernved from

the caffeine content in guarina, repots suggest that the caffeine
oontent & small in typically consumed doses, and in some
cases kywer than the pharmacological threshold regquired  For
humans' ™. Assuch, some studies indicate that additional compo-
nents may  alss be the  comtributing  mechangsm’ ™,
Consequently, guamna has become increasmgly popular in
commiercial markets wordwile, paticularly i the soft drink
and supplementation industng .

Initial studies conducted by Gakuréz and colleagues™ '™
evaluated the acute (1 g/d bor 3 d) and chronic (1 g/d For
150 d} cognitive effects of guarana supplementation in young
aned elderhy individuals but found no changes o cognition, deep
o anxiety in either group. Mo further studies have asesed the
long-term effects, but several studies have since reporied signifi-
camt acule cognitive changes following guamna supplementa-
tion' L Kenmedy e al' found both speed of attention
aned seconcdary memony woere imiproved by a 75 myg dose of guar-
ana. The increase inspeed of attention is reflected inoa decrease
of reaction time observed in several other sudies™'H 149
Haskell e af'™ comoborated that secondary memory was
mmproved with both 75 and 37-3 mg of guarana. Notably, the: kower

Ablweviationi: CHRT, cloace feadliod @ik ES, cffect size; V-1, v mdivedal vanaliBy- inconsislency; SHT, saiple sesclion e,
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die contamed less than 9 mg of caffeine, which = consadered less
than the threshold for pharmscological activity in humans' " lris
therefore speculited tar other phamacokinetic companents of
guarim {lannins, saponins and flavoncids swch as catechins
and epi h thiybeanihy such as theobh and the-
aphylline) may e working synergistically with caffeine 10
enhance the psychoactive effecs of the supplement! 710
Comparing the effects of guarana 1o caffeine alone may terefone
help elucidare the contribation of the other components within
the supplement.

Successful performance in many modem spons necesstates
an athlete’s capacity 1o simultznecusly control a vanety of
physiclogical and cognitive loads. Such spoas include moden
pentathlon wherehy optimal cognitive functioning = essenizl
during combined events (laser-mun)™ or team spons where
many relevant external anentional cues demand quick and acou-
e decisons. Though it s recognised that modenite exercise
improves cogaitive performance, highes/maximal intensaties
are said 1o worsen cognitive performance’”. Yet w the best
of our knowledge, only four studies so Br have consdesed
how physical activity may aler the cognaive effects of guarana
supplementation, all of which have wsed modere intensity
exercise (60 % VO sme/peak power and/or rating of perceived
exertion (RPE) 13/20) for 30—40 min®51350 An interaction
herween physical scuvity amd guarana supplementation was
reported in only one of the sudies, whese nwean reacton Hme
decreased following guarana supplementaton in pentathletes
afier running at an KPE of 13 on the Borg scake'"". Moreover,
only one study reported any signaficant changes 1o cognation Fol-
lowing guarana supplementaton alone, and both a decreased
reaction timse and sable automomic rervouws system (hean e
variabalay) were reported ™. It is therefore difficult 1o determine
whether the absence of significant changes was the result of
combining physical scriviry amd guasana, o due oo other extenu-
ating factoss.

It is apparent thar guarana supplementatson affects several
aneas of cogaation which could be highly appealing 1o athletes
who compete in spons that rely heavily on accurate and effi-
cient decision-making processes for swccessful performmnoe.
However, thus far, evidence on how guarna supplementation
affects cognitive perfommance during physical activiry is equivo-
cal and limited, particulardy as all previous sudses have only con-
sidered moderate ntensities. Increasing the intensity of physical
activity is likely to aher the associated faigee and may therefore
interact differemtly with supplementatson compared with moder-
ate mtensites of exercise. Therefore, the am of thas snedy was o
evaluate the effects of guarana supplementation on cognitive
performunce, before and after a bout of maximal intensity exer-
cise. It was hypothesised that guarana supplementation would
improve cognitive performance i comparison with caffeine
and placebo fallowing a bowt of maximal ntensay exercise.

Methods
Subjects
Twenry-seven physacally active pamicipants wene recriited from
the local universay and cvcling clubs and two dropped o due
10 injury of personal extenuating ciroumstances leaving rwenty-

fiane Cage- 21 (an 1) years, height: 172-4 {50 15-3) cm, mikass: 083 (50
1260 kg). The panicipants comprised eighteen males and seven
females. Pamcipants wene considered physically actuve if they
met the UK recommended physical actvity gusdelines (ar least
30 min of moderate imensity activity five tmes per week).
The mean daily caffeine inake of pamicipants was 122 (s
104p g, All pamicipants completed both informed consent
and physical activity readiness guestionnaire fonms prios o par-
ticipation. This study was approved by the UCL Research Ethics
Commirtee in line with the Decliration of Helsinki

Supplemeniation

Employing a double-blind mndomised crossover design, panic-
ipants anended the exercise laboratony on 3-separate days, each
1-week apar. Pamscipants were asked not woeat in the 2-h before
testing and not i consume caffeine or akeohol inthe 24-h prioe
1o testing. Diuirisg the interventson, paticipants wede also asked to
mainizin their regulbir dset and mo 1o consume any supplements.
O each visit, participants drank a different supplement ina rmd-
ormased onder: caffeine (5 mg/kgh{ Caffeine, Loughbosough, Fisher
Scientific), guarana (1235 mg/kg) (Gumrana Powder, Braghtomn,
The Guarana Company Lid) or placebo (65 mg/kg) {protein
powder containing undenanmed whey protein isolate amd
instantising agenth. The caffeine dose in both caffemne amnd guar-
ana supplement is i line with the suggested protocol of use
by the Intemational Olympic Commaree'™. Supplements wene
diluted in 250 ml of room emperature water and placed nto
opague wites bottles by an independent member of saff. To
roininyise olfactory and taste input, pamicipants were instoscted
tor hsld theis nose while danking. To enhance the blinding amd
reduce bias further, paticipants were initially informed of the
bromd soope of the sudy Cinvestigating the influesces of differemt
supplements on exercise and cognitive function’s b wene not
informed abow the specific supplements and their purposed
effects. HPLC was performed 1o determine the caffeine content
of the guarna supplement. This was found o be 399 % The
guarana dose was then calouksed 1o march the caffeime content
of the caffeine supplement given. Afier drinking the supplement,
panicigants relaxed quietly for 30 man. Following this, pamicigants
completed the fisst set of cognitive tests (see below for protocal ).

A VO, test was then completed on a cyele ergometer
(CareFusion, Vyaire Medical) using a ramp peatocol of 2540
W oper minute based on the pamicipants seported level of physi-
cal activiry. First, 2 3-min warm up with no resistance (0 W was
completed. Thereafler, pamicipants stared ar 0W and continued
until valiional faigue. The criteria forachieving VW, were (11
10 arzin an respiniory exchange o (RER) above 1-1, (20
achieve a plateau i VOw and (3) heart mte reading (so 100
Iears/min of the age-predicted maxt % The VO, was deter-
mined by the highest VO, value thar was recorded from the 15-5
averages, at this pomnt the peak power outpul was also secorded.
After a S-min cool down Coonsssting of unlosded cvcling), cog-
nitive tests were repeated.

Cogriitive tests

All cogrative tests were completed on the Computerised Mental
Performance  Assessmbent  System  (OOMPASS)  (Nosthumbria
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Placebo Guarana Caffeine

Before Exgrcise

Placeho Guarana affeine
After Exercise

Fig. 1. Mean and individual simple reaction time (SAT) before and afler exencise. *Signifefla significant diflerence (P < 0.08) betw upplemnents and SAT.
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Placebo ‘Guarana Caffeine
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Fig. 2 Mean and individual choice reaction time (CRT) before and after exerisa. *Signifies a sgnificant diference (P < 00%) betwean supplements and CAT.

Bond-Lader mood scales

Paramelfic assumplions were sol mel foor alen scores; thenefone.
Friedman's was employed. Friedman's reported a significant
increase in alem scores following guarana supplementation
(633 (5o 1380 when compared with placebao (574 (a 410 fod-
lowing exercise only (F= 0-014). Kendall's W repomed 0047

indicating a small ES. No differences were repomed herween
caffeine (61-2 (so 1260 ¢ plcebo and caffeine o0 guar-
ana (P H05)

There was mo significant main effect, mme effect or supple-
ment Xime intersction (P> 005 for all other Bond-Lader

mood seale variables (eontent and calm) berween supplements.



