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Abstract

Brown adipose tissue (BAT) is responsible for cold- and diet-induced thermogenesis, and thereby contributes to the control of whole-body

energy expenditure (EE) and body fat content. BAT activity can be assessed by fluoro-2-deoxyglucose (FDG)-positron emission tomo-

graphy (PET) in human subjects. Grains of paradise (GP, Aframomum melegueta), a species of the ginger family, contain pungent, aromatic

ketones such as 6-paradol, 6-gingerol and 6-shogaol. An alcohol extract of GP seeds and 6-paradol are known to activate BAT thermo-

genesis in small rodents. The present study aimed to examine the effects of the GP extract on whole-body EE and to analyse its relation

to BAT activity in men. A total of nineteen healthy male volunteers aged 20–32 years underwent FDG-PET after 2 h of exposure to cold at

198C with light clothing. A total of twelve subjects showed marked FDG uptake into the adipose tissue of the supraclavicular and paraspinal

regions (BAT positive). The remaining seven showed no detectable uptake (BAT negative). Within 4 weeks after the FDG-PET examination,

whole-body EE was measured at 278C before and after oral ingestion of GP extract (40 mg) in a single-blind, randomised, placebo-

controlled, crossover design. The resting EE of the BAT-positive group did not differ from that of the BAT-negative group. After GP extract

ingestion, the EE of the BAT-positive group increased within 2 h to a significantly greater (P,0·01) level than that of the BAT-negative

group. Placebo ingestion produced no significant change in EE. These results suggest that oral ingestion of GP extract increases whole-

body EE through the activation of BAT in human subjects.
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Brown adipose tissue (BAT) is the major site for sympatheti-

cally activated thermogenesis during cold exposure and

spontaneous overfeeding, at least in small rodents(1). Recent

studies using fluoro-2-deoxyglucose (FDG)-positron emission

tomography (PET) combined with computed tomography

(CT) have revealed the existence of metabolically active BAT

in adult human subjects(2–4). It is now established that, in

healthy adults, BAT is activated by acute cold exposure and

significantly contributes to cold-induced thermogenesis(2–5).

It has also been demonstrated that the prevalence and activity

of BAT are lower in subjects with higher adiposity, being

negatively correlated with BMI, body fat content and visceral

fat(2,3). Moreover we found that the prevalence of BAT

decreased with age, being more than 50 % in the twenties,

but less than 10 % in the fifties and sixties, and that decreased

BAT activity is associated with age-related accumulation of

body fat(6). It is thus likely that BAT, based on its thermogenic

activity, contributes to the control of whole-body energy

expenditure (EE) and body fat metabolism in human subjects,

as established in small rodents, and thereby is a promising

target for interventions to prevent and treat obesity.

A number of food ingredients have been proposed as tools

for increasing EE and decreasing body fat. One of these is cap-

saicin, the pungent ingredient of hot pepper, which activates

the adreno-sympathetic nervous system and BAT, increases

EE and fat oxidation and reduces body fat(7–11). Recently,

we reported that non-pungent capsaicin analogues (capsi-

noids) increase EE through the activation of BAT in human

subjects(12), as they do in mice(13). As the effects of capsaicin

and capsinoids are much attenuated in mice deficient in
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transient receptor potential vanilloid 1 (TRPV1)(14), a receptor

for capsaicin, the thermic and fat-reducing effects of these

compounds would be attributable to the activation of the

pathway of TRPV1, the sympathetic nervous system and BAT.

The species known as ‘grains of paradise’ (Aframomum

melegueta (Rosco) K. Schum.) (GP), also called Guinea

pepper or Alligator pepper, is a member of the Zingiberaceae

family native to West Africa. GP seeds are used as a spice for

flavouring food and have a wide range of ethnobotanical uses,

for example, as a remedy for treating stomach ache, diarrhoea

and snake bite(15). It has also been shown that aqueous

seed extract has anti-inflammatory and peripheral analgesic

activities(16). GP seeds are very rich in non-volatile pungent

compounds such as 6-paradol, 6-gingerol, 6-shogaol and

other related compounds(17–19). Like capsaicin, these com-

pounds contain a vanilloid moiety and activate TRPV1(20).

Recently, Iwami et al.(21) reported in rats that intragastric

administration of an alcohol extract of GP and 6-paradol

results in enhanced efferent discharges of sympathetic

nerves to BAT and a significant rise in BAT temperature.

Thus, it might be expected that GP extract, like capsaicin

and capsinoids, activates BAT thermogenesis and increases

EE in human subjects. To test this idea, in the present study,

we examined the effects of GP-extract ingestion on EE

by indirect calorimetry in healthy human volunteers and

analysed its relation to BAT activity assessed by FDG-PET.

Methods

Subjects

A total of nineteen healthy male volunteers aged 20–32 years

were recruited and carefully instructed regarding the study,

and gave their informed consent to participate in it. Each

subject underwent a standardised health examination and

FDG-PET/CT. The study was conducted according to the

guidelines laid down in the Declaration of Helsinki and all

the procedures were approved by the institutional review

boards of Tenshi College. Written informed consent was

obtained from all the subjects.

Test substances

Seeds of A. melegueta, commercially available as a spice

produced in Côte d’Ivoire, were purchased from the

Thiercelin Company. A single batch of dry GP seeds was

soaked for extraction in five times volume of 95 % ethanol

for 24 h at reflux condition, with continuous agitation by a

magnetic stirrer. The resulting ethanolic extract was filtrated

and the solvent was removed under vacuum, yielding 4·2 %

of the GP seeds in weight. HPLC analysis of the extract

revealed four major peaks, identified as 6-gingerol (15·2 %),

6-paradol (12·5 %), 6-shogaol (1·7 %) and 6-gingeredione

(4·0 %). Other components included in the GP extract

were caryophyllene and a-humulene (5 %), TAG (20 %) and

palmitic and oleic acids (3·2 %). A measure of 10 mg of GP

extract was mixed with 190 mg of a mixture of rapeseed oil

(158 mg) and beeswax (32 mg) in a capsule, which consisted

of gelatin (97·9 mg), glycerol (34·3 mg) and caramel (7·8 mg).

The placebo capsule contained no GP extract. Preliminary

experiments confirmed that daily oral ingestion of the test

capsules (four capsules after breakfast, three capsules after

lunch and three capsules after dinner) for 4 weeks caused

no noticeable symptoms or adverse events.

Fluoro-2-deoxyglucose-positron emission tomography/
computed tomography

FDG-PET/CT examination was performed as described

previously(5). Briefly, after fasting overnight, the subjects

entered an air-conditioned room at 198C with light clothing

(usually a T-shirt with underwear), and put their feet on an

ice block wrapped in cloth intermittently (usually for 4 min

after every 5 min). After 1 h in these cold conditions, they

were given an intravenous injection of 18F-FDG at doses of

1·66–5·18 MBq/kg body weight and continued under the

same cold conditions. After 1 h of the 18F-FDG injection,

PET/CT scans were performed employing a PET/CT system

(Aquiduo; Toshiba Medical Systems) in a room at 248C.

PET and CT images were co-registered and analysed using

a VOX-BASE workstation (J-MAC Systems). Two experienced,

blinded observers assessed the FDG uptake, particularly on

both sides of the neck and paravertebral regions, by visually

judging the presence of radioactivity greater than that of the

background. BAT activity in the neck region was quantified

by calculating the maximal standardised uptake value, defined

as the radioactivity per ml within the region of interest divided

by the injected dose in MBq per g of body weight. For dividing

subjects into BAT-positive and BAT-negative groups, a cutoff

value of 2·0 was applied(6).

Anthropometric and body fat measurement

BMI was calculated as the body weight in kg divided by the

square of height in m (kg/m2), and the percentage body fat

was estimated by the multi-frequency bioelectric impedance

method (InBody 320 Body Composition Analyzer; Biospace).

The lean body mass was calculated as the difference between

body weight and body fat mass.

Indirect calorimetry

Within 4 weeks after the FDG-PET/CT examination, the

responses of whole-body EE to oral ingestion of either GP

extract or placebo were tested in a single-blind, randomised

crossover design with the BAT-positive and BAT-negative

groups. The two tests were conducted 1–3 weeks apart.

Whole-body EE was estimated by the means of respiratory

gas analyser connected to a ventilated hood (O-Jiro; Alko

Systems). In brief, after fasting for 6–12 h, the subjects were

asked to relax on a bed with light clothing in a room at

278C, and O2 consumption and CO2 production were continu-

ously recorded for 30 min. The stable value of the final 10-min

period was used to calculate the resting EE and respiratory

quotient. The subjects were then given four capsules of GP

extract or placebo (a total dose of 40 or 0 mg, respectively)
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with 100 ml water within the duration of 1 min. After 15, 45,

75 and 105 min, respiratory gas parameters were recorded

for 20 min each, and the EE and respiratory quotient were

calculated for the final 10-min period.

Data analysis

Data are expressed as means with their standard errors and

analysed by either t test or three-factor ANOVA for repeated

measures on two within-subject factors (time and GP/placebo)

and one between-subject factor (BAT-positive/negative) with

post hoc testing by Tukey’s test using IBM SPSS Statistics

18.0 (IBM Japan). Values were considered to be statistically

significant if P , 0·05.

Results

Before the measurement of EE, all nineteen subjects had

fasted overnight and were given an FDG-PET/CT examination

after being in cold conditions at 198C for 2 h. Some subjects

showed a clear and intense FDG uptake in adipose tissues

in the supraclavicular and paraspinal regions, the maximal

standardised uptake value being 3·2–31·4 (11·0 (SEM 2·6),

whereas other subjects showed no detectable FDG uptake

into the adipose tissues (Fig. 1). Based on these results, they

were divided into BAT-positive (n 12) and BAT-negative

(n 7) groups. No significant difference between the two

groups was found in terms of age, resting EE or anthropo-

metric parameters such as BMI, body fat content and fat-free

mass (Table 1).

Within 4 weeks after the FDG-PET/CT examination, subjects

were asked to fast overnight and then underwent respiratory

gas analysis (Fig. 2). In resting conditions before ingestion of

the GP extract, the mean EE calculated from O2 consumption

and CO2 production was 6163 (SEM 242) kJ/d for the

BAT-positive group, not notably different from that for the

BAT-negative group (6439 (SEM 209) kJ/d). In the BAT-positive

group, EE increased at 0·5–1·5 h after ingestion of the GP extract

(40 mg), showing a maximal increase of 361 (SEM 86) kJ/d

at 0·5 h, while it changed little after placebo ingestion (Fig. 2).

By contrast, in the BAT-negative group, no notable change

was observed after ingestion of either the GP extract or placebo

for at least 2 h. The effects of GP extract and BAT on EE were

analysed by three-factor ANOVA for repeated measures on

two within-subject factors (time and GP/placebo) and one

between-subject factor (BAT-positive/negative). Significant

effects of time (P , 0·05), GP £ BAT (P,0·01) and time £ GP £

BAT (P , 0·01) were found. The significant interaction of

time £ GP £ BAT implied that the difference in EE responses

to GP and placebo was larger for the BAT-positive than for the

BAT-negative group. Collectively, the EE response to GP extract

in the BAT-positive group was significantly higher than that

to the placebo group (0·5 and 1·5 h) and also than to those

in the BAT-negative group (1·0 and 1·5 h). Fig. 3 shows the

EE response to GP extract during the 2 h period expressed as

AUC. It was 24·7 (SEM 6·1) kJ/h in the BAT-positive group,

which was significantly greater than that in the BAT-negative

group (23·2 (SEM 10·1) kJ/h, P,0·05) and also that following

placebo ingestion (3·0 (SEM 5·3) kJ/h, P,0·01). Similar effects

of GP extract ingestion were also confirmed when EE was

calculated per kg fat-free mass (Figs. 2 and 3). Thus, the EE

response to the GP extract was dependent on the presence of

metabolically active BAT.

(a) (b)
H

Fig. 1. Brown adipose tissue (BAT) detected by fluoro-2-deoxyglucose (FDG)-positron emission tomography (PET)/computed tomography (CT). FDG-PET/CT

was conducted after 2 h cold exposure at 198C. In (a) (BAT positive), a marked uptake of FDG was noted in the adipose tissue in the supraclavicular and

paraspinal regions, while in (b) (BAT-negative) no FDG uptake was detected in the same regions.

Table 1. Subjects’ profiles

(Mean values with their standard errors)

BAT positive
(n 12)

BAT negative
(n 7)

Mean SEM Mean SEM

Age (years) 23·8 1·1 21·3 0·3
BMI (kg/m2) 21·6 0·7 21·0 0·4
Body fat content (%) 15·9 1·5 14·7 1·0
Fat-free mass (kg) 52·4 1·9 54·1 2·0
REE (kJ/d) 6163 242 6493 209

BAT, brown adipose tissue; REE, resting energy expenditure.
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The respiratory quotient was also calculated from O2

consumption and CO2 production (Fig. 4), and found not to

be changed after GP extract and placebo ingestion at least

during the 2 h period.

Discussion

As reported previously(2), the metabolic activity of BAT can be

assessed by FDG-PET/CT performed after acute cold exposure.

In the present study, we applied this method for the detection

of BAT in young male volunteers and divided them into two

groups showing undetectable BAT (BAT negative) and metabo-

lically active BAT (BAT positive). Consistent with our previous

results(5,6), cold-activated BAT was detected in more than half

the subjects. When compared with the BAT-negative group,

the BAT-positive group showed comparable anthropometric

parameters, including adiposity and resting EE. This allowed

comparison of EE responses without consideration of the

possible effects of adiposity on the responses.

The present results show that the oral ingestion of GP

extract elicits a significant increase in EE in the BAT-positive

group, while placebo ingestion shows no notable change.

By contrast, neither GP extract, nor placebo ingestion changes

EE in the BAT-negative group. Moreover, the effect of GP

extract is stronger in the BAT-positive group than in the

BAT-negative group. These results indicate that BAT is
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Fig. 2. Energy expenditure change (DEE) after oral ingestion of grains of paradise (GP) extract and placebo. DEE before (0 h) and after oral ingestion of

40 mg GP extract (X) or placebo (W). (a), (b) D EE, (c), (d) DEE adjusted for fat-free mass (FFM), (a), (c) brown adipose tissue (BAT)-positive group (n 12), (b), (d)

BAT-negative group (n 7). Values are means with their standard errors represented by vertical bars. Mean values were significantly different compared with 0 h:

*P,0·05 and **P,0·01. Mean values were significantly different compared with placebo: †P,0·05 and ††P,0·01. ANOVA showed significant effects of time

(P,0·05), GP £ BAT (P,0·01) and time £ GP £ BAT (P,0·01).
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involved in the GP-induced increase in EE. This seems

consistent with a previous report on rats, in which GP extract

activates BAT thermogenesis(21).

As the test sample is an ethanol extract of GP seeds,

the compounds responsible for the observed effect of GP

extract are not known at present. The GP extract contained

various compounds with a vanilloid moiety such as 6-paradol,

6-gingerol and 6-shogaol. All these compounds are capable

of activating TRPV1, which is involved in the thermic effects

of capsaicin and capsinoids. Potency in terms of activating

TRPV1 is half-maximal effective concentration (EC50) ¼ 0·2mM

for 6-shogaol and EC50 ¼ 0·7mM for 6-paradol, which are

comparable with that of capsaicin and capsinoids and stronger

than that of 6-gingerol (EC50 ¼ 3·3mM)(20,22). However, the

content of 6-shogaol (1·7 %) in the extract was much lower

than that of 6-gingerol (15·2 %) and 6-paradol (12·5 %). Taken

together, 6-paradol seems to be the most likely candidate

responsible for the effects of GP extract observed in the present

study. In fact, Iwami et al.(21) reported that 5 mg of 6-paradol

activated sympathetic nerve activity in rats to a similar extent

as 30 mg of GP extract. In the present study, we used 40 mg of

GP extract which contained 5·0 mg of 6-paradol. In addition

to the vanilloid compounds, the GP extract also contained

TAG and fatty acids, which may also activate BAT thermo-

genesis(23) and be responsible for the observed effects of

GP extract. However, this is unlikely because the contents of

TAG and fatty acids were almost similar in the GP and placebo

capsules used in the present study.

The present results suggest that GP extract, like capsaicin

and capsinoids, may be a potential tool for increasing BAT

thermogenesis and decreasing body fat. In fact, based on pre-

liminary experiments, we have observed that mice that were

given either GP extract or 6-paradol showed lower body fat

contents than those given placebo, without notable changes

in food intake. Moreover, in human subjects, daily ingestion

of GP extract for 4 weeks resulted in a slight but significant

reduction in visceral fat. The present results support the

hypothesis that the anti-obesity effect of GP extract depends

on its stimulatory effect on BAT thermogenesis. In summary,

GP extract can potentially increase EE through the activation

of BAT in healthy men, and may, therefore, be useful for

reducing body fat.
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