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L has been reported that green tes has o thermogenic effect, due w ity caffeine content and probably alsa 1o 1he catechin, epigallocsiechin-3-gallate [EGCG),
The main aim of the preseat study was Lo compare the effect of @ mixture of green tea and Guarana excracts containing a hxed dosc of catfeine and variable
doses of EGCG on 24 h energy expenditure aned fat oxidatipn, Fourteen subjecis rook part 1o this randomized, placebn-congrolled, double-blind, cross-over
study. Lach subject wis wested five tinwes in g merabolic chamber 10 measure 24 h energy expendire, sabstrate oxidation and blood pressure. During each
stuy, the subjects ingested o capsule of plucebo or capsules conlaining 200 my calteine and a variable dose of EGCG (90, 200, 3K or 400 mg) three times
daily, 30 min before standardized meals. Twenty-four hour energy expeaditare inereased sigrificantly by about 750k] with all EGCG-caffeine mixmres

campured with placebo. No effect of the EGCG--catfeine mixture was observed for lipid oxidation. Systolic and diastolic blood pressure increased by
abuut 7 oand donuTly, respectively, with the BEGOG- caffeine mixtures compared with placebu. This increase was siguilicant onfy fur 24 b diastohic

hiood pressure. The main hinding of the study was the mcrease i 24 h energy expenditure with the EGCG-caffeme mixtures. However, this increase

wus similur with a1 doses of FGOG m the mixnwes,

Green tea: Body weight: Encrgy balance

Green tea s one of the most widely consumed beverages in the
world and is currenty perceived ay a healthy drink. Green tea
comiaing o large amount of cateching (30 to 42 9% dry weight), a
group of very active flavenoids (Yang & Landau, 2000, Duslresne
& Furmworth, 2001y, The catechins, which are antioxidants, have
been attributed beneficial health properties such as protection
agamst CVD and certain types of cancer. Also, some attention
has recently been given to the possible beneficial effects of
green tea on the wearment of obesily.

The cateching epicatechin, epicatechin-3-gallate, epigatlocate-
chin and eprgatlocatechin-3-gatlate (EGCG) are the major com-
ponents of green lea leaves. EGCG is the most abundant
calechin and has received the moest attenton {Yung & Landau,
2000y, Caffeine represents approximately 3 1o 5% of the dry
weight of green tea {Yang & Landau, 2000; Dusiresne & Fam-
worth, 2001). Catfeme consumption hus been related to an
increase in enerpy expenditure (Asuup er ¢l 1990; Dulloo et all
1989y, which explains why the thenmogenic effect ol green tea 15
penerally altribuled o ity calleine content. However, Dulloo ef af.
(2000) reported that, in rats, a green tea extract stimulates brown
adipose tissuc thermogeuesis to a much greater exient than that
which can be attributed 10 ds caffeine contenl per se. In another
study, ten healthy men were assigned (o three roatments: greea
tea extract containing 50mg cafleine and 90mg EGCG,
caffeine (S0mg) or placebo, A capsule of green tea extract, caf-
feine or placebo was taken with cach meal. Ingestion of green
tea extract increased 24 b energy expenditure by 4% (328kT),

reflecting its stimulatory effect on thenmogenesis. The swudy
also found a reduction in RQ during the green tea exiract treal-
ment, suggesting an increase in fal oxidation (Dulloo er ol
19993, On the other hand, the cuffeine reatrnent did not produce
any effect on these variables,

In addition, the thermogenesis and fai oxidation stimulation
oblained in that study was not accompanied by an increase in
heat rate that iy be seen when patients are treated with sym-
pathomimetic anti-ebesity drugs. Since vbese individuals are al
greater risk of developing cardine problems, the increase in
heart rate and blood pressure frequently observed when weated
with sympathomimelic agents is 4 maiter of concern for heaith
professionals. In this context, he green lfea cxtract and catfeine
mixture seems (o have potential as an effective alternative 1o
these antt-obesity drugs.

Stnee it was shown that o total daily dose of 270mg
(3 x90mg) EGCG combined with a total daily dose of
150mg (3% 50mg) caffeine has the potential o produce an
increase i energy expenditure. gugmenting the amount ol cal-
feine in the blend could possibly accentuate this increasc.
Morcover, augmentng the amount of EGCG in the green tea
exlract mixmre may produce a grealer increase in energy
expenditure. If so, the most effective level of BGUG Lo use
in combination with caffeine to produce 2 significant increase
in energy expenditure and fat oxidation without producing
negative cardio-sthmalatory side-effects would deserve specific
investigation.

Anbreviation: TGCG, epigallocaiechin-3-gallaw
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Therefore, the first aim of the present stidy was (o assess the
impact of four mixtures of green tea and Guarana (a plant that
contains caffeine) extracis contwining a fixed 600mp daily
(3% 200mg) dose of caffeing und different amowns of EGCG
(270mgld: 3 x90mg;  600mg/d: 3 X 200mg Yhing/d:
3 300mg; 1200 medd: 3 X 4 mg) on 24 h energy expenditure,
RQ and subsiraie oxidation in comparison with o placebo. The
second aim of the study was to determine whether there is a
dose-related effeet of EGCG, and il so, which dose prodoces a
greater increase in energy oxpenditure and fat oxidution without
inducing significant cardio-stimulatory effects when combined
with cuftemne.

Materials and methods
Subjects

Heulthy, non-smoking and sedentary men {n 14}, from 20 10 50
years o age and with BMI berween 20 and 27 kglmz, were
selected to participate in the study {Table 1) Subjeets on a par-
ticular diet (vegetarian), subjects consuming a diet rich in capsai-
cin (e.g. red pepper), subjects using anorcetic or related
compounds (sympathomimetic compounds), athletes or regularly
active individuals (> 30min ol intense physical activity three
tmes weckly) and subjects with a cuifeine intake 2200 mg/d
(about two small cups of coffec daily) were all excluded from
the study. In addition, all fonreen participunts had 4 stable
weight (=3 kg) Tor at least 3 months betore the protocol and no
history of weight loss (=4-5kg). They gave their written consent
to participale in this study, which received approval of the Laval
University Medical Ethies Comunittee.

Studly design and randomizafion

The present study has & randomized, placebo-contrelled, doubte-
blind, cross-over design. Subjects came to the laboratory Tora fivst
visil during which anthropometric and metabolic rate measure-
ments were performaed. Fach subject then spent 24 b in u meta-
balic chamiber on five separalc occasions and was randomly
assigned to receive one of the following five treatments, three
times daily:

(1) Mixture of green tes and CGuarana extracts: 200mg caffeine
(600 mg/d) + 90mg EGCG (270mpg/d):

(2) Mixture of green tea and Guarana extracts: 200 mg caffeine
(600 mg/d) + 200 mg EGCG (600 mg/d):

13y Mixture af green tea and Guarana cxUracts: 200 mg caffeine
(600 mg/d) + 300 mg BEGCG (900 mg/d).

Tabte 1. Characteristics of the subjects

(Mean values with their standard deviation
tfor tourieen subjects)

Mean i)
Age (years) 347 8.0
Waeight (kg} 788 128
BMI (kgim?) 25.7 27
% Body fat 18-9 7.8
Fat mass (kg} 16-0 70
Fal-free mass (kg) 62-7 10-0

(4) Mixwre ol green tea and Guarana cxtracrs: 200 mg caffeine
(OO0 mg/d) + 400 g EGCG (1200 mg/d);
(51 Placebo: inert [iHer of cellulose.

The capsules of the four pre-exisfing mixmres and placebo were
developed and standardized by Iovate Health Sciences Rescarch
[re, (previously known as Muscle Tech Research and Develop-
ment; Mississauga, Ontario, Conada). The four mixnues con-
tained a green tea extract in which EGCG represented 45 % dry
weight. Thercfore these mixlures also contained unknown
amounts of other cateching und possibly caffeine. The mixtures
were also composed of a Guarana extract that contained caffeine
and other possibly unknown components. The amounts of green
tea and Guarana extracts were adjusted to obtain the desired
dose of BGCG (90, 200, 300 and 400 mg/mixture) snd caffeine
(fixed dose of 200mg for each mixture).

Subjects received all of the treatments bul in o different order
depending on the vandomization to which they were assigned.
The first dose was given at 08.00 hours, followed by the standar-
dized breakfast 30 min later. The second dose was al 12.00 hours,
foliowed by a standardized lunch 30 min later, The third dose was
at 18.00 hours, followed by a standardized dinner 30min luter.
Before cach standardized meal, immediately after and every
hour until the next weal, levels of hunger and saticty were eval-
uated with visual analogue seales. At cach metaholic chamber
visit, the 24 h ambulatory blood pressure moniter was installed.
The 24 urine collection was also performed at these visits. It
is to he noted that subjects did not change their diet or activity
pattem during the stody. The various sessions in the inefabolic
chamher were adminisiercd within an interval of 3-10d of
each other for each subject,

Measuremells

Anthropomeiric measurements.  Body weight was taken with a
standargl beam scale. Waist and hip circumferences were taken
according to Harrison ¢r al. (1988}, Body density was detestaned
by hydrodensitometry (Behnke & Wilmore, 1974). The closed-
circuit He dilution method (Mencely & Kaltreider, 1949) was
used to assess residual lung volume. The Siri Tformula (Sin,
1936) wus then used to estimate the percentage of body [at
frony body densirty, while fut mass and fat-free mass were calcu-
jated [rom the derived percentage ol body fat and total body
weight.

Measurement of resting metabolic rate and subyirate oxidation.
Resting energy expenditure (RMR) was measured by indirect
calorimetry after a 12h overmght fasi. After resting for 15 min,
expircd gas collection was performed through a mouthpiece for
15 min while the nose was clipped during the whole measurcment.
Oy und CO; concentrations were detevmined by nondispersive TR
analysis (Uras 10 E; [Hartmanno & Braan, Frankfurt, Genmany)
whereas pulmonary ventilation deterrminstion was assessed with
an S430A mcaswrement system (KL Enginecring, Ventra, CA,
LISA). The Weir formula (Wetr, 1949) was used to delermine the
energy equivaleni of O, volume. The determination of substrate oxi-
dation was assessed through the calculations previously described
by Frayn (1933) while ussuming that protein oxidation contribuies
10 % of total eoergy expenditure measured under these conditions.

Measurement of 24h energy expendifire and  substiale
oxidation,  Tweniy-four hour fotal energy expenditure was
measured with a whole-body indircet calormmeter, which has
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been shown to provide highly reproducible data in our laboratory
(White et al. 1996). Subjects entered the calorimeter at aboul
0730 hours after an overnight fast (12 h). During this stay, sub-
jecls were muintained In energy balance by using the resting
energy expenditure performed ut the initial visit and by exuapo-
lating this value over a 24h period and rthen multiplying this
value by an activity factor of 1:32 (White er al. 1997} The
same energy intake was maintained for the five measurements
of 24 h energy capenditure, Moreaver, the nutrient composition
of the diet (daily food quodent 85}, the sedentary lile-style pat-
tern {watching lelevision, computer, reading, ete.) and the meal
pattern. as well as the period of sleep were also standardized in
cach scssion, I was not permitied o eat or drink any other
fuads than those provided and therefore no {vods or beverages
containing caffeine were allowed during the metabolic chamber
stay. Befare each metabolic chanber visit, subjects were asked
o refrain from exercise and eliminate consumprion of Toods or
heveruges containing calieine for 24 h prior to the measuraments.

Twenty-four howr blond pressure and heari rale monitoring.
To deternine the 24 h meuns {overnight 4 daily) for systolie and
diastolic blood pressure and hearl rake, sabjects were asked (0
wear an ambulatory blood pressure menitor in the metabolic
chamber. The ambulatery blood pressure device (model #90 207,
Space Labs Medical, Redmond, WA, USA), which was installed
by the investigator. consists of a programmed console that is worn
on the belt with an appropriate size cuff (depending on arm circam-
ference) worn on the non-dominant arm and a cable connecting the
console to the cuff. Data were recorded at frequent inlervals
throughout the day (every 30 min from 08.00 to 22.00 hours) and
ar night {every hour from 22.00 to 08.00 hours) and were then ana-
lysed wirth a computerized system (FT1000A).

Twenry-four hour wrine cellection (urinary aftrogen and
catecholaming  excretion).  While in the metabolic chamber
(five wvisils}), patients were asked to collect urine for a 24h
period and a sample was taken for analysis 10 measure utinacy
N and calecholumine excretion. The cxiraction and sepurztion
of urtnary catecholamines was done using Ciy solid-phase extrac-
tion sorbent and HPLC (Tatwar et al. 2002).

Tabie 2. Effect of treatment on the variables measured in the metabolic chamber

(Mean values with their standard deviation for fourteen subjects)

Levels of hunger and satiery.  The levels ol hunger and satiety
were evaluated with visual analogue scales, Before the standar-
dized breakfust. levels of hunger and satiety were evaluated and
the measures were repeatet immediarely afier and 60, 120 and
180 min afler the breakfast, The same pattern was used for the
standardized luncly und dinner,

Steristical analysis

JUMP Software 3.1.6,2 (SAS Institute Tne., Cary, NC, USA) was
used for all analyses. ANOVA for repeated measures was per-
formed to determine if there were differences between the effects
ol the five weatments on 24 h energy expenditure, sleeping meta-
bolic rate, RQ, carbohydrate oxidation, lipid oxidaton, heart rate,
systolic and diastolic blood pressure (24 h, duy and night), and
noradrenaline,  adrenslme  and  dopamine  excretion.  When
ANOVA was significant {P=2(-05). paired 1 tests were performed
w compare euch pair of weatments in order 1o detect the (reat-
ments between which there were the differences. As there were
multiple comparisons. Bonferonnt correction was applied and
results of the paired 7 tests were considered statistically significant
at P<<(-005 (ten comparizons). The effects of the five treatments
on visual analogue scale ratings were also delermined by an
ANOVA for repeated measures, Fasting ratings (belove break-
fust), area under the curve for the entire day (from after breakfast
(o 240min after dinoer) and mean raling for the three hours fol-
lowing each meal were compared. Resulls are presented s
means with their standard cdeviation.

Results

Within all the variables measured, the ANOVA for repeared
measures revealed that the BGCG-—caffeine mixtures had an
etfect on 24 h energy expenditure, 24 h diastolic blood pressure
and varbohydrate oxidation (Tabie 2). Paired 1 tests were then
performed on these three variables to determine between which
treatments there were differences. Tabie 2 also indicates that
the BEGCG-calfeine mixtures favoured an increase in sleeping
metabolic rute and 24h systolic blood pressare bur the effect

270mg EGCG/I

6G0mg EGCGA Q00my EGCGH 1200my EGCGE/

Placebo {3 % 8O mg) (3 = 200 ma) {3 % 300 my) (3% 400mg)

Variable Mean SO Mearn s0 Mean 80 Mean 50 Mean s0
24 h energy expenditure (kJfd)™* 9421 1446 10081 1988 10134 1435 10200 1705 10243 1716
Sleeping metabolic rate (KJ) 7136 1161 7321 1084 7464 1156 7542 1195 7827 1330
24h RQ -89 0.03 0-87 Q.05 Q.81 0.05 0-90 0-08 0-88 0-04
Carbohydrate oxidation (g/d)* 352.9 59.9 334.2 1004 4045 87.2 396-4 1483 3273 104-5
Linid oxidation (g/d} G63-2 34-3 83-6 48.5 592 45-8 65-8 707 94.3 43-4
24 h heart rate (beats/min} 63 g 53 a g2 7 83 10 65 10
24 h systolic blood pressure 16 6 122 B 123 g 123 8 123 7

(mmtg)
24 h diastolic blood pressure 70 4 74 4 75 5 75 5 75 5

{(mmtg)”
Noradrenaline excration (nmol/d) 216 17 241 87 211 g8 231 98 222 23
Adrenaline excration (nmoifd) <190 37 =104 28 <124 32 <110 36 <94 33
Dopamine excretion (hrnol/d) 1950 871 1937 615 1856 586 1810 660 1674 583

EGCG, epigallocatechin-3-gallate

Statistically significant sffeut of treatment {ANOVA for repeated measures for difference hatweoh groupsy: *P< 0-05, “*P<0.001
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didd not reach standard statistical significance. Thus, no o paster-
iori comparison was performed for these two variables,

The BGCG-catfeine mixtures increased 24 h energy expenditure
by about 750kJ (8 %) compared with placebo (Fig. 1. Increasing
the dose of EGCG in the mixtwres induced a mild fncrease in 24
energy expenditure, but these dilfercnces were not significant,
even between the jowest (270 mg/d; 3 x 90 mg) and the highest
{(12001mg/d: 3 X 300mg) doses. On the other hand, the paired ¢
tests [or carbohydrate oxidation did not reveal an a posteriori sig-
nificunt difference {or any pair of treatments. Contrary to what
was expected, the intake of BGCG-caffeine mixwres had no
cffect on RQ, lipid oxidation or catecholamine exeretion.

As the different doses of EGCG induced the same increase in
Blood pressure for the duy, the night and for the entire 24 h period,
onty the 24h results are presented. Twenty-four hour sysiolic
blood pressure was imcreased by about 7mmHg, independenty of
rhe dose of FGCG (Fig. 2a). However, the effect of the BGUG-
citffeine mixtures on 24 h systolic blooad pressure did not reach sig-
nificance. Twenty-four hour diastolic blood pressure was increased
by aboul 3 mmHg by the EGCG-caffeine mixtures compured with
placebo (Fig. 2(b)). The patred est revealed asignificant difterence
between placebo and the 270, 600 and 900 g daily doses ol EGCG,
hut there was no difference belwecen placebo and the 1200 mg daily
dose of EGCG or between the different doses.

Fasting visual analogue scale ratings did not ditfer beiween the
tive visits of the subjects in the metabolic chamber. The intake of
EGCG-caficine mixtures did not modify the response levels of
hunger or satlety of the visual analogue scale, cither for the entire
duy or for cach meal analysed separately (results not shown),

Diseussion

The objective of the present study was Lo investigate the impact of
the mixture of green tea and Guarana eXiracts on encrgy metabolism
with a design focused on a ¢linical outcome, but not intended ro dis-
eriminate the independent effect of cach extract. In [acl. the main
preoccupation in this study was to verily Lhe possibility that
inereasing the BGCG content of & compound containing o fixed
dose of caffeine (Guarana extracts) and EGCG {green tea extracts}
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Fig. 1. Twenty-four four snargy expenditure with the placebo and the epigal-
locatechin-3-gallale (EGCG)-caffeins mixtures containing 200my caffeing
(600 me/d) and different daily doses of EGCG. Values are means with their
slandard deviation shown by vertical bars. Mean values were significantly
diffaroni from placebo (paired # test with Bonferonni correction): *P<0-005.

h

a)
136

Systolic blood pressure (mmHg)

Plagebo 270mg B00mg B8500mg 1200 mg
EGCG duse

z

82

Diastolic blood pressure {mmHg}

Ptacebe 270mg 600mg 200 mg 1200 mg
EGOG dose

Fig. 2. Twenty-four hour systolic (a) and diastolic {b) blood pressure with the
placeho and the epigaliocatechin-3-pallate (FGCG)-caffeine mixtures con-
taining 200mg caffeine (600my/d) and different daily doses of EGCG.
Values are means with thelr standard deviation shown by vertical bars. Mean
valuas were significantly different from placebo (palred ftest with Bonferonni
correction): *P= 0-005.

enhunces the impact of the compound on 24 b energy expendilure.
As expected, the Tour different BGUG--calTeine mixtures tested in
the study induced a significant increase in 24 h energy expenditure
compared with the placebo. There were no statistically differences
amung the BGCG - caffeine mixtures with the different amounts of
BGCG. Indeed, the difference between the highest (1200 mg/d:
I X 400mg) and lowest (270mgid: 3 X 90mg) doses reached a
difference of only about 168 kI. In rins vegard. our results arc
clear and innovative in that they demonstrate thut, beyond a certain
threshold, the EGCG content of a compound only produces a small
non-significant additional increase in 24 h energy expenditure.
Therefore. from a clinical standpoint it does not appear relevant o
increase the EGCG conlent of the reference mixiure in order 1o pro-
duce u substantial increase in daily energy expenditure.

Nao effeets ol the FGOG-caffeine mixtures on R(Q and macrotu-
trient oxidation were observed. This is possibly related to the high
varinbility observed In the results with the different doses of
ECGCG. This absence of effect of the EGCG--catfeine mixture on
RQ is concordant with the results obtained by Kovacs ef al
(2004) during weight maintenance with green tea (323 mg/d:
about 108 mg EGCG three times daily: 104 mg/d: abour 35mg



436 5. Béruhé-Parent er af.

catteine three times daily) afler weight toss, However, when com-
paring the BEGCG-—caffeine niixture with the lowest dose of
EGCEG (90mg) with the placebo, there appears to be a decrease in
RO and an ingrease in lipid oxidation. This is in accordance with
results obiained with the same EGCG dose in the study by Dulloo
et al. (19993, Therefore, it conld be hypothesized that the 90 mg
(270 mg/d) FGCG dose is the optimal comncentration to produce an
effect on macronutrient axidation, 1t is to be noted that substantial
{luctuations in RQ were observed in the present study, which is con-
cordunt with the fact that RQ is a less stable variable than energy
expenditure and is characierized by a lower reproducibility than
24 energy expenditure (White er af. 1996). In this regard, we
cannot exclude the possibility that increased fluctuation in 24 h
RO might have prevented the demonstration ol a significant
EGCG effect.

The BGUG-caffeine mixtures didd not produce significant
increases in heart rate as was observed in the Thalloo e wl. (1999)
stiudy. However, a non-significant increase in 24 h sysiolic blood
pressure accompanicd by a significant increase i 24 h diastolic
blood pressure was observed. 1Uis possible that the EGCG —calfeine
reanment used hy Dulloo er o/ (1999) produced 4 slight increase in
blood pressure even if there was ne change in heart rate. However,
bloud pressure measurements were nol tested and/or presented in
that study. Since regular physical activity resulis in a decrease in
resting hearr rate and blood pressure (Seals & Hagberg, 1984;
McArdle ez al. 1996), we can suppose that adding regular exercise
when taking the EGCG-calleine mixinre conld be helpiul 1o pre-
vent the slight cardio-stimntatory effects produced by this mixture.
This bencticial effect has been observed with the weight-loss medi-
cation Meridia™. which 15 known t produce increases in blood
pressure and heart rate. Indeed, it wus shown that combining physi-
cal activity with Meridia™ prevented the cardio-stimulatory effects
thut were observed when the drug was combrned with diet alonc
(Bérubd-Parent er ¢l 2001 ).

The EGCG-catfeine mixture should be considered as a good
complement in a weight-loss programme. Indeed, this RGCG--caf-

fetne mixture appears 1o have potentiul benefits in the treatment of

obesity and should be further tested in u clinical context where nutri-
tion counselling and supervision are oflered with regular physicut
activity participation. Such an approach weuld be expected to
attenuaic the decrease in encrgy expenditure related o body-
weight loss while preventing cardio-stimulating effects,
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