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Abstract

A growing body of evidence suggests that capsaicin ingestion may lead to desirable metabolic outcomes; however, the results in humans are
equivocal. Whether or not benefits may be gained from ingestion of capsaicin via a commercially available meal has not been determined. The
objectives of this randomised, cross-over intervention study were to compare the 2 h postprandial effects of a standard commercially prepared
meal containing chilli (HOT, 5-82mg total capsaicinoids) with a similar meal with no chilli (CON, <1-0 mg total capsaicinoids) on resting
energy expenditure, plasma insulin, glucose, serum high sensitivity C-reactive protein (hs-CRP) concentrations, core body temperature and
forearm microvascular reactivity responses in overweight individuals. A total of thirty-four apparently healthy individuals (sixteen men and
eighteen women) between 18 and 50 years of age, with a BMI >25 kg/m2 and a waist circumference >94 cm (men) or 80 cm (women), were
studied. Participants had normal glucose tolerance and were accustomed, but were not regular chilli eaters. A paired ¢ test indicated that
insulin AUC was smaller following the HOT meal (P=0-002). Similarly, there was a tendency for glucose AUC to be reduced following the
HOT meal (P=0-056). No discernable effects of the HOT meal were observed on metabolic rate, core temperature, hs-CRP concentrations and
endothelial-dependent microvascular reactivity. The results from this study indicate that a standard restaurant meal containing a relatively
small dose of capsaicin delivered via African bird’s eye chilli, which is currently available to the public, results in lower postprandial insulin
concentrations in overweight individuals, compared with the same meal without chilli.

Key words: Capsaicin: Postprandial glucose: Insulin responses

Numerous studies have investigated the potential health benefits of
specific food types and culinary ingredients. These include pur-
ported improvements in markers of health following ingestion of

(1) @ cocoa®? and

foods and beverages containing caffeine
flavonoids®®. The consumption of chilli-containing foods has
also been a focus of interest. Specifically, capsaicin (8-methyl-
N-vanillyl-6-nonenamide), a member of the capsaicinoid family and

the component of chilli responsible for its spicy heat (pungency),
13)

, grains

has been investigated”

A growing body of evidence suggests that capsaicin ingestion
may lead to desirable metabolic outcomes such as increased
metabolic rate and fat oxidation, and improved digestive function.
For example, early research found that capsaicin consumption
reduced overall adiposity in rats, potentially via altered sympathetic
nervous system function™, which enhanced lipolysis and
metabolic rate™. More recently, dietary capsaicin was found to
reduce obesity-induced glucose intolerance in rats, not only by
suppressing inflammatory responses but also by enhancing fatty
acid oxidation in adipose tissue and/or the liver, both of which are

important peripheral tissues affecting insulin resistance ™. Another
study in rats found that ingestion of capsaicin reduced metabolic
dysregulation in obese/diabetic mice by reducing fasting glucose,
insulin and TAG concentrations"”.

In human studies, the metabolic effects of capsaicin
ingestion have been equivocal. Some studies have found little
to no effect of capsaicin ingestion on metabolic rate or

substrate utilisation %1820
effect291112.18,19.21-24)

, whereas others have shown an
Differences in study design, which
may partly account for these disparate findings, include method
of ingestion (i.e. capsule v. chilli in a meal), active ingredient
used (i.e. capsinoid v. capsaicinoid) and population studied
(i.e. habitual v. non-habitual chilli eaters or normal weight v.
overweight). Interestingly, the largest positive postprandial
effects of a chilli-containing meal on resting energy expenditure,
fuel oxidation and insulin response have been observed in
participants with a BMI>25 kg/m*>*'*> " Current findings
relating to the effects of chilli ingestion on metabolic rate, core
temperature and endothelial function are also controversial.

Abbreviations: ACh, acetylcholine; CON, control meal; HOT, intervention meal; hs-CRP, high sensitivity C-reactive protein; VR, endothelial-dependent

micro-vascular reactivity.
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For example, some studies have shown that capsaicin ingestion
increases metabolic rate and lipid oxidation®®1%#429 induces a
sweating response’’*??, increases satiety and reduces energy
(1427 and stimulates carbohydrate oxidation at rest

. . 22 .
and during exercise"" >, Others have failed to demonstrate these
(8,11-13,16)

and fat intake

effects

In particular, the regulation of postprandial glucose concentra-
tions may have clinical significance for overweight individuals
with early-stage insulin resistance, a symptom of the metabolic
syndrome associated with endothelial dysfunction"”*%2
precursor to diabetes®**". Whether or not potential benefits may
be gained from ingestion of capsaicin in the context of a standard
commercially prepared meal has not yet been determined.
Therefore, we set out to investigate whether a commercially
available meal containing capsaicin, specifically from the African
bird’s eye chilli, improves postprandial glucose and insulin con-
centrations in overweight and obese individuals, who are at
increased risk for insulin resistance.

The aim of this study was to measure the metabolic sequelae
following the ingestion of a commercially available chilli-
containing meal in overweight individuals. Specifically, the
objectives were to compare the postprandial effects of the inter-
vention and control meals on resting energy expenditure, plasma
insulin, glucose, serum high sensitivity C-reactive protein (hs-CRP)
concentrations, core body temperature and forearm microvascular
reactivity responses in overweight individuals. We hypothesised
that the commercially available capsaicin-containing meal would
increase postprandial energy expenditure and improve insulin
sensitivity compared with the control meal in our participants, and
that these changes would be accompanied by increased thermo-
genic and inflammatory responses.

and a

Methods
Participants

A total of forty overweight but apparently healthy individuals
(eighteen men and twenty-two women) were recruited via
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advertisements placed in the print media. Participants were
included in the study if they were between 18 and 50 years of
age, had a waist circumference >94cm (men) or 80cm
(women), together with a BMI >25kg/m? and had normal
glucose tolerance (plasma glucose value 2 h post-glucose tol-
erance test <7-8 mmol/1®%). In addition, participants needed to
be accustomed to eating chilli, but may not have consumed
chilli more than twice per week during the 3 months prior to
testing. One male was excluded because his BMI (64-2 kg/m?)
and RMR (14 133 kJ/d) were both >2 sp above the group mean.
Two participants were subsequently excluded when it became
known that they were currently under treatment for chronic
diseases. Three more women were excluded with abnormal
glucose tolerance. These six participants were excluded after
the data collected during visit 1 were analysed. The general
characteristics of the remaining thirty-four participants are
presented in Table 1.

Study design

Participants were required to visit the UCT/MRC Research Unit
for Exercise Science and Sports Medicine (University of Cape
Town) on three occasions during this randomised cross-over
intervention trial, with approximately 1 week separating each
visit. The first visit served to screen participants for eligibility
and to familiarise them with the tests to be conducted during
the subsequent two visits. The second and third visits con-
stituted the intervention trials during which each participant’s
metabolic response to two commercially available chicken
burger meals was assessed. On one occasion, they consumed a
chilli-containing meal (HOT) and on the other a control meal
(CON). The HOT meal contained capsaicin (from the African
bird’s eye chilli plant), whereas the CON meal contained only
trace amounts of capsaicin.

Participants drew a number from a container to randomly
determine the order in which the HOT and CON meals would
be served during visits 2 and 3. If an uneven number was
drawn, the CON meal was served during visit 2 (the first

Table 1. Descriptive characteristics of the participants based on data collected during the familiarisation visit

(Mean values, standard deviations and ranges)

All (n 34) Males (n 16) Females (n 18)
Mean Range SD Mean SD Mean SD P*
Age (years) 328 19-48 72 324 6-8 332 76 0-737
Height (m) 1714 148-190 10-5 180-6 5.0 1632 6-3 <0-000
Weight (kg) 91.2 61-125 14.2 95-8 11.7 871 15.2 0-075
BMI (kg/m?) 312 25-43 5.0 293 31 328 5.9 0-129
Waist circumference (cm) 971 82-118 8.7 97-8 53 96-4 11.0 0-512
Body fat (%) 34.3 17-51 91 268 4.4 41.0 6-6 <0-000
Fat-free mass (kg) 59.7 40-90 119 70-0 85 50-6 4.6 <0-000
Fasting glucose (mmol/l) 4.95 4.06-6-13 0-50 5.07 0-37 4.85 0-59 0-211
Fasting insulin (mU/l) 10-02 4.22-30-83 6-08 7-47 318 12-29 717 0-022
HOMA-IR 222 0-8-6-54 142 1.69 077 2.70 1.70 0-081
OGTT 120 min glucose (mmol/l) 590 2.99-7.75 1.27 5.65 1.20 6-12 1.33 0-298
OGTT 120 min insulin (mU/) 62-89 8:3-159-3 47-01 4771 43.67 76-38 46-87 0-067
Insulinogenic index 1.96 0-25-5-48 1.30 1.61 110 2.27 1-41 0-070

HOMA-IR, homoeostasis model of assessment — insulin resistance; OGTT, oral glucose tolerance test.
* The P value represents the comparison between the males and females determined using an independent t test or Mann—Whitney U test.
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meal-response test) and the HOT meal during visit 3 (the
second meal-response test). If an even number was drawn, the
HOT meal visit preceded the CON meal visit. The study was
also counter-balanced so that half of the participants received
the HOT meal during visit 2 and the other half during visit 3. As
the HOT meal produces a distinctive taste and burning sensa-
tion in the mouth, it was not possible to blind participants to the
type of meal being eaten. This study was conducted according
to the guidelines laid down in the Declaration of Helsinki
(October 2008, Seoul). Each participant signed an informed
consent form prior to entering the trial. The Human Research
Ethics Committee of the University of Cape Town approved the
study (UCT HREC Ref. No. 373/2011).

Detailed testing procedures

Visit 1 (familiarisation). The volunteers reported to the
laboratory between 07.00 and 09.00 hours following an over-
night fast (10-12h). The investigator measured the height,
weight and waist circumference®® of the participants, and their
body composition (fat mass, lean mass and total body water)
was determined in the supine position using bioelectrical
impedance (Quantum II body composition analyser; RJL
System). Participants were then familiarised with the equipment
and procedures to be used for the RMR (using an indirect
calorimetry ventilated hood technique) and the endothelial
microvascular reactivity (VR, using laser Doppler imaging and
iontophoresis) tests to be conducted during subsequent visits.
Lastly, participants underwent a 75 g oral glucose tolerance test
(OGTD) for which fasting (0 min), 30, 60, 90 and 120 min
venous blood samples were drawn for the determination of
plasma glucose and serum insulin concentrations. Before
leaving, the investigator gave the volunteers a CorTemp™
capsule to be ingested 11 h prior to visit 2.

Visits 2 and 3. Visits 2 and 3 took place in a randomised,
counter-balanced order and were identical except for the fact
that on one occasion the participants ate the HOT meal,
whereas on the other they ate the CON meal. Testing began
between 07.00 and 09.00 hours, and the start time for visit 3 was
matched to that of visit 2. Prior to each visit, participants were
asked to avoid alcohol, fried food and vigorous exercise for
24h, to fast for 10-12h (i.e. overnight) and to ingest the
CorTemp™ capsule at approximately 22.00 hours the preceding
night. The order of testing is illustrated in Fig. 1. The investigator
measured the weight of the participants, who then rested in the
supine position for 10 min. Baseline core body temperature,
RMR (20 min in length) and VR (30 min in length) measure-
ments were taken, following which an in-dwelling cannula was

inserted into either an antecubital or a hand vein. Venous blood
samples were drawn to measure fasting baseline glucose and
insulin concentrations, as well as the anti-inflammatory marker,
hs-CRP. Participants then had 10 min in which to consume
either the HOT or the CON meal and were permitted to drink
250 ml of water after the meal.

Participants underwent two postprandial RMR tests (0-40 and
80-120 min post-meal) and a postprandial VR test (45-75 min
post-meal) in the 2 h period following the meals. Blood samples
were drawn at 20, 40, 60, 90 and 120 min following the meal
and analysed for plasma glucose, serum insulin, and serum
hs-CRP concentrations. Core body temperature was measured
continuously for 120 min following the meal. The ingested
CoreTemp™ sensor telemetrically transmitted a signal to a
portable data logger, which recorded and stored the tempera-
ture data (CorTemp™; CT2000). At the end of visit 2, partici-
pants were issued a second CorTemp™ capsule to be ingested
prior to visit 3.

Meals. The chicken burger meals used in this study were
provided by one restaurant belonging to a South African chain.
Both meals (HOT and CON) are commercially available and
were cooked by the restaurant according to standard operating
procedures, as they would for members of the public. As such,
the HOT meal is available to the public as the ‘Extra Hot’
chicken burger option, and the CON meal is the ‘Chilli-Free’
option, where the standardised franchise recipe determines the
capsaicin content in the meals. Both meals (HOT and CON)
consisted of a chicken breast (+127-5g) served on a white
bread roll, with lettuce and tomato garnish. The nutritional
composition of both meals, as determined by Microchem
Laboratory Services (Pty) Ltd, a South African National
Accreditation System (SANAS)-accredited laboratory, is pre-
sented in Table 2. Although the meals were similar with regard
to carbohydrate and protein content, the HOT meal contained
more fat and as a result had a higher energy content.

Prior to cooking, all chicken breasts (HOT and CON meals)
were infused with marinade (lemon, garlic and spice) contain-
ing a small amount of capsicum oleoresin (+0-86 pg capsaicin/
breast). The chicken for both meals (HOT and CON) was also
marinated in a sauce for 24 h prior to cooking, which contained
capsicum oleoresin, cayenne pepper and African bird’s eye
chilli, estimated to deliver +0-3 mg capsaicin per meal. The
chicken was then basted in 20ml of a Prego sauce, which
contained +0-1 mg capsaicin (from cayenne pepper). Finally,
the HOT meal was cooked in 60 ml of the restaurant’s extra hot
sauce, and the CON meal was cooked in 20 ml of tomato sauce
(ingredients for both sauces in Appendix 1). Thus, the key

Weight Baseline Baseline Baseline Meal Post Post Post
rest RMR VR bloods RMR 1 VR RMR 2
‘_P'l A . A ‘I_L!_Ll A Y A ¥ A . ¥
| ® ° ) 0 . D)
I T T T T T T T 1 L T T
-80 -70 -50 -20 -10 O 20 40 60 80 90 120

Time (min)

Fig. 1. Data collection timeline for visits 2 and 3. VR, endothelial-dependent microvascular reactivity test. @ Time points at which blood was drawn to measure

glucose, insulin and high sensitivity C-reactive protein concentrations.
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Table 2. Nutritional composition of the intervention (HOT) and control
(CON) meals (per 280 g serving)

Table 3. Capsaicinoid analysis of the intervention (HOT) and control
(CON) meals (absolute values)*

HOT* CON+t

Energy (kJ) 2295 1974
Protein (g) 47-4 47-0
Carbohydrate (g) 462 45.4
Of which total sugar (g) 85 101
Total fat (g) 20 107
Of which saturated fat (g) 4.7 33
Of which trans fat (g) 0-0 0-0
Of which MUFA (g) 5.5 34
Of which PUFA (g) 9.7 39

Cholesterol (mg) 73 70
Dietary fibre (g) 31 31

Na* (mg) 1080 912

* Plain chicken burger with 60 ml hot sauce.
1 Plain chicken burger with 20 ml tangy tomato sauce.

difference between the two meals was the sauce in which the
chicken was cooked, and, by design, the amount of African
bird’s eye chilli delivered via each meal (Table 3).

As a means to determine the precise amount of capsaicin
present in the HOT and CON meals and to monitor the con-
sistency of the meal preparation during the study, capsaicin and
total capsaicinoid levels from sample meals were analysed at an
independent commercial laboratory using HPLC at the begin-
ning and end of the study. The results of these analyses are
presented in Table 3. On the basis of data averaged from the
start and end analyses, there was approximately 5-82 and
<1-0mg of total capsaicinoids present in the HOT and CON
meals, respectively, with capsaicin being the major component
(HOT: +3-39 mg and CON: <0-69 mg).

Laboratory analyses. Venous blood samples were drawn prior
to and 20, 40, 60, 90 and 120 min after ingesting the meal. Blood
samples were collected into potassium oxalate and sodium
fluoride vacutainer tubes for the determination of plasma glucose
concentrations, lithium heparin vacutainer tubes for serum insulin
concentrations and serum-separating vacutainer tubes containing
a clot activator for hs-CRP serum concentration. All samples were
kept on ice until centrifuged at 3200 g at 4°C for 10 min upon
completion of the test. Plasma samples were stored at —20°C
(glucose) or —80°C (insulin and hs-CRP) until subsequent analyses.
Plasma glucose concentrations were determined using the glucose
oxidase method (YSI 2300 STAT PLUS). The intra-assay and
interassay coefficients of variation for plasma glucose were 1-4 and
2:5 %, respectively. Serum insulin concentrations were determined
using an automated chemiluminescence system (ACS-Centaur;
Siemens Healthcare Diagnostics Inc.) with insulin reagent Kkits,
calibrators and controls bought from the company. Intra-assay and
interassay coefficients of variation for serum insulin were 2-4 and
4-1%, respectively. Serum hs-CRP was determined using rapid
immunodiffusion at a medical diagnostic laboratory. The intra-
assay and interassay coefficients of variation for serum hs-CRP
were 1-0 and 5-3 %, respectively.

Indirect calorimetry. Metabolic rates at rest and post-meal
were determined using the ventilated hood technique with a

HOT CON
Start End Start End
Nordihydrocapsaicin (mg/kg) <10 <15 <05 <15
Capsaicin (mg/kg) 14.7 13.0 51 <15
Dihydrocapsaicin (mg/kg) 9-6 8.0 <05 <15
Total capsaicinoids (mg/kg) 24.3 230 51 <4.5
Scoville heat index 432 387 92 <67

Start and end, beginning and end of the data collection phase of the study,
respectively.

* Values approximated as ‘ <’ are lower than the limit of quantification for the method
employed.

paramagnetic O, analyser and infrared digital CO, analyser
(Cosmed CPET; Cosmed). RMR was calculated using Weir’s
formulae (Weir, 1949). The RMR test conducted during visit 1
served as a familiarisation test. Baseline RMR for each partici-
pant was taken as the measurement obtained prior to each meal
during visits 2 and 3. Metabolic rate was measured with parti-
cipants sitting quietly in a semi-recumbent position, whereas
oxygen uptake and carbon dioxide production were recorded
at 5s intervals for either a 20 min period (baseline RMR) or two
40 min periods (post-meal metabolic rate). Data were averaged
over 60s intervals, and baseline RMR was taken as the mean
value over the last 10 min of the baseline test, whereas post-
meal metabolic rate was determined for 10 min intervals from
immediately after until 2 h after the meal. The effect of the meal
on metabolic rate was determined by comparing baseline
RMR with metabolic rate measured after the meal (0-40 and
80-120 min).

To ensure accuracy, the gas analysers were calibrated before
each trial was undertaken with a 3L syringe and standard gas
mixtures of oxygen and carbon dioxide (4% CO,, 16 % O, and
the balance nitrogen) (BOC Special Gas; Afrox) according to the
manufacturer’s instructions. On separate occasions once a
month, the accuracy of the gas analysers was also validated
against the combustion of 5ml of pure ethanol (97 %) for the
duration of the research trial (7 months). The ethanol burns
revealed mean errors of 0-7 (sp 0-5) % for RQ measurement and
0-6 (sp 0-5) % for CO, recovery®?.

Endothelial-dependent microvascular reactivity. VR was
measured non-invasively on the forearm, using laser Doppler
imaging and iontophoresis of acetylcholine (ACh). Measure-
ments were taken in a quiet, temperature-controlled room
(22-24°C), following 10 min of acclimatisation during baseline
measurements, in the supine position. Briefly, the forearm was
cleaned with an alcohol swab and excess alcohol removed with
de-ionised water. Thereafter, an indifferent electrode was placed
on the wrist, and adjacent to this an iontophoresis chamber was
placed on the volar aspect of the same arm, using a double-sided
adhesive ring. Three sites were used for the procedure: one site
for the ACh vehicle (0-45 % saline) and two neighbouring sites for
the ACh drug (1% ACh, endothelium-dependent vasodilator).
After filling the chamber with a solution, a battery-powered
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iontophoresis controller (MIC 2; Moor Instruments) provided a
direct current for drug iontophoresis. Both ACh and ACh vehicle
were delivered using an anodal current: 7 min of scanning time
consisting of five 20 s pulses of 0-1 mA current, with a 60's rest
period between each pulse (total charge of 10 mC). To record
erythrocyte flux, the laser Doppler imager (Moor LDI2; Moor
Instruments Ltd; time constant 0-1 s, bandwidth 22 kHz) scanned
the region of interest in twenty-one scans.

Data and statistical analyses

Data are presented as mean values and standard deviations.
The homoeostasis model of assessment — insulin resistance
was used to quantify insulin resistance and the Insulinogenic
early-phase AUC
was determined using the trapezoidal method (GraphPad
Prism, version 6.0b; GraphPad Software Inc.). Specifically,
the AUC with respect to the ground method was employed®” .
The Shapiro-Wilks test was used to determine whether
data were normally distributed. Sex comparisons were made
using an independent ¢ test or the Mann-Whitney U test.
Baseline characteristics before the HOT and CON meals were
compared using paired ¢ tests or Wilcoxon signed rank
sum tests. Participant responses to each of the two meals
were compared during the 2h postprandial period using a
two-way ANOVA with repeated measures for time and
condition. A paired ¢ test was used to compare AUC data
for variables measured after the HOT and CON meals.
Statistical analyses were performed using STATA version 12
(StataCorp LP). Significance was accepted at P<0-05.

index to evaluate insulin  secretion.

@) 11000
T 10000
2
S 9000 P=0-064
S 8000
°
S 7000
[o]
3 6000
=
5000
_|_| L L L L L L L ]
@ O O O RIS
U NP SIS\
NN S /
Q
P S
Time (min)
©) 377
&S 375
o 873 TTTT
E
g 871 [ P=0-954
Qo
£ 36-9 1 | J
F 367 s
365
4
Pre0O 20 40 60 80 100 120

Time (min)

Results
Participants

All participants were overweight, by design, and had normal
fasting glucose and insulin concentrations, although the women
had higher resting insulin levels compared with the men
(P=0-022, Table 1). On the basis of their OGTT responses,
all but three could be described as having normal glucose
tolerance (i.e. fasting plasma glucose <5-6 mmol/l and 2h
post-OGTT glucose <7-8 mmol/D®?. Three participants (two
females and one male) could be classified as having isolated
abnormal fasting glucose concentrations (i.e. fasting plasma
glucose between 5-6 and 7-0mmol/l and 2h post-OGTT
glucose <7-8 mmol/D. The derived insulinogenic and Matsuda
indices of the group were normal (Table 1).

Baseline variables

Participants weighed the same prior to eating the HOT and
CON meals (HOT: 91-2 (sp 14-3) kg, CON: 91-3 (sp 14-3) kg,
P=0-284) and had fasted for the same length of time (HOT:
12-9 (sp 1-5) h, CON: 13-2 (sp 1-5) h, P=0-146). As can be seen
from Fig. 2 and 3 and Table 3 (time point ‘Pre”), there were also
no differences in the baseline levels of RMR (P=0-421), core
temperature (P=0-480), fasting glucose (P=0-946), fasting
insulin (P=9-516), fasting hs-CRP (P=0-973) and maximum VR
(P=0-398) measured prior to the HOT and CON meals.
Although all but one participant had normal fasting glucose
concentrations prior to both meals, mean fasting insulin
concentrations were higher than normal (>8-64 mU/1) prior to
both meals.

®) 20000 P=0-500
S :
< = 60000
g€
oD 40000
ISl
£ 20000
=
0
L L
HOT CON
(d) 20 P=0-935
(6]
I 30
c
5 : 20
©
3P
gL
£ 10
=
0
L L
HOT CON

Fig. 2. Metabolic rate (a, b) and core temperature (c, d) responses to the intervention (HOT) and control (CON) meals. (a, ¢c) Mean and standard deviation values
measured at each time point from prior to (Pre) until the end of the 2 h postprandial period. (b, d) AUC values calculated for each variable measured during the same
2 h time period. Values are means and standard deviations. The P values represent the time-by-condition interaction effect as determined using a two-way ANOVA with
repeated measures for time and condition (a, ¢) and a paired ¢ test (b, d). —e—: (a, ¢) HOT; —O0—: (a, c) CON.
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Meal effects

The participants perceived the intervention meal to be hotter
than the control meal (HOT: 8-3 (sp 1-7), CON: 0-4 (sp 0-8),
P<0-00D). Fig. 2 shows the metabolic rate and core tempera-
ture responses of all participants to the HOT and CON meals.
A two-way ANOVA with repeated measures for both time
and condition time-by-condition interaction
effects in metabolic rate (a, P=0-064) and core temperature
(b, P=0:954), but both the HOT and CON meals did produce
the expected thermic effect of feeding, as indicated by
significant time effects (RMR: P<0-001, core temperature:
P<0:00D). A paired ¢ test found no differences in calculated
AUC for both RMR (b) and core temperature (d) in the 2h
postprandial period for both meals. In addition, the peak core
temperature reached was similar following both meals (HOT:
37-16 (sp 0-29)°C, CON: 37-18 (sp 0-29)°C, P=0-633).

The glucose and insulin responses of the participants to the
two meals are shown in Fig. 3. Although there were no time-by-
condition interaction effects for glucose (P=0-298) and insulin
(P=0-855) following the HOT and CON meals (a, ¢), both
variables displayed significant time effects (glucose: P < 0-001
and insulin: P<0-001). Further, a paired ¢ test found that the

showed no
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overall insulin AUC was lower when participants ate the HOT
meal compared with the CON meal (d, P=0-002), and there
was a tendency for glucose AUC to be lower following the HOT
meal (b, P =0-056).

There was no time-by-condition interaction effect for hs-CRP,
and the related AUC was not different between the hot
and control meals (Fig. 3(e) and (). Finally, there were no
differences in any of the VR variables measured in response to
the HOT and CON meals (Table 3). Given the differences in
percentage body fat, fatfree mass and resting
concentrations between males and females (Table 1), the same
analyses were repeated for males and females separately.
However, the results were not different (data not shown).

insulin

Discussion

The main finding of this study was that 2 h postprandial insulin
AUC was significantly lower in this group of overweight but
non-diabetic individuals following the consumption of a com-
mercially available meal containing chilli, in comparison with
an otherwise similar meal with only trace amounts of capsaicin.
Thus, despite the fact that the pattern of postprandial insulin
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<
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Fig. 3. Glucose (a, b), insulin (c, d) and high sensitivity C-reactive protein (hs-CRP) responses to the intervention (HOT) and control (CON) meals. (a, ¢, €) Mean and
standard deviation values measured at each time point from prior to (Pre) until the end of the 2 h postprandial period. (b, d, f) AUC values calculated for each variable
measured during the same 2 h time period. Values are means and standard deviations. The P values represent the time-by-condition interaction effect as determined
using a two-way ANOVA with repeated measures for time and condition (a, c, e) and a paired t test (b, d, f). —e—: (a, ¢, ) HOT; —6—: (a, ¢, e) CON.
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increase was similar following both meals, slightly less insulin
was measured in the blood during this 2 h period following the
HOT meal. These results support the work of Ahuja et al ™'V,
who demonstrated attenuated increases in insulin following the
consumption of a standardised meal seasoned with cayenne
pepper. As the plasma glucose concentrations, measured for 2 h
after ingestion of the meals, were not significantly different, the
authors suggest that glucose disposal occurred similarly with
lower insulin concentrations, implying increased insulin sensi-
tivity after consumption of the HOT meal™". This finding is also
in agreement with the earlier work of Chaiyata et al.®%,
found that the ingestion of 5 g of fresh chilli pepper (Capsicum

who

Jfrutesens) attenuated the rise in plasma glucose for 30 min after

the ingestion of a glucose-containing drink. What makes this
study unique, however, is that the meal provided is a standard
restaurant meal available to the public, containing a relatively
small amount of chilli: 3-39 mg of capsaicin, compared with an
estimated 33 mg capsaicin from 30g cayenne chilli mix by
Ahuja et al™” and approximately 37 mg capsaicin from 5g
fresh chilli by Chaiyata et al.*®. The results are, however, in
contrast to those of Domotor et ﬂl.(‘%), who found no difference
in plasma insulin concentrations, but reduced serum glucose
and glucagon concentrations, when either capsaicin or a
placebo was administrated prior to glucose loading. It should be
noted, however, that the dosage of capsaicin administered in
this study was very low (0-4 mg).

The precise mechanisms through which capsaicin may
attenuate postprandial hyperinsulinaemia are unclear. One
potential mechanism may be through the effect of capsaicin on
adiponectin, a hormone secreted by adipose tissue and thought
to impact insulin sensitivity and glucose regulation. In mice
given dietary capsaicin, higher concentrations of plasma
adiponectin, adiponectin mRNA in adipose tissue and the
adiponectin receptor were observed in parallel with lower
resting concentrations of glucose, insulin and TAG"”. Similar
studies are yet to be conducted in humans. A second
mechanism may be related to the influence that capsaicin may
have on the gastrointestinal tract (GIT), given that the GIT is
innervated with capsaicin-sensitive primary afferent sensory
nerves®”. Chilli ingestion may affect postprandial blood insulin
concentrations via rate of gastric emptying, as Horowitz
et al.®® have shown that insulin response and gastric-emptying
time are inversely related. The studies that have measured
the rate of gastric emptying following chilli ingestion have,
however, produced opposing results. Some have shown that
chilli ingestion delays gastric-emptying time and quickens
whole-gut transit time®”, whereas others have shown an
increase in gastric-emptying time after the ingestion of chilli®”.
The equivocal results from studies on insulin response
and gastric emptying may be attributed to different methodo-
logical approaches in time, quantity and method of capsaicin
administration. Finally, Ahuja er al "V speculate that a third
potential mechanism may be through chilli increasing the
number or affinity of hepatic insulin receptors, thereby
increasing insulin clearance.
to understand the possible mechanisms at molecular and/
or receptor levels that may explain the beneficial effects of
capsaicin on insulin metabolism in humans.

Further research is needed

The second finding of this study was that, although both the
HOT and CON meals generated the expected thermic effect of
feeding for the 2 h after ingestion, repeated-measures analyses
revealed no quantifiable increase in either postprandial energy
expenditure or core temperature attributable to the chilli-
containing meal. These findings are in contrast to other
studies® and in particular to the earlier work of Chaiyata
et al’*®, who showed that RMR immediately increased and
remained elevated for 30 min after ingestion of 5 g of fresh chilli
pepper. A recent review suggests that elevations in RMR may
only occur at higher doses of capsaicin®®. This would make
sense in our case where the capsaicin content of the meal was
only one-tenth of that administered by Chaiyata et al.*®, further
motivating a dose-response effect. Another point to consider
would be the extent to which the participants habitually eat
chilli. Ludy e al.*® suggest that habitual chilli consumers may
become desensitised to the effects of chilli and as such show
different metabolic rate responses compared with non-
accustomed chilli eaters.

The third finding of this study was that the chilli meal did not
produce an effect on the VR response of the participants.
Although the topical application of capsaicin has been shown to
induce vasodilation”, there are limited studies investigating its
consumption and relationship with microvascular function. One
group has compared the effects of a 4-week chilli-free (bland) v.
chilli-supplemented (hot) diet on endothelium-independent and
endothelium-dependent vasodilation in non-obese individuals,
but found no differences in vascular responses between the two
diets™®. Our study differed as it measured the acute effect of
capsaicin consumption on the microcirculation of overweight
and obese individuals as opposed to vascular (arterial) changes
in a non-obese group. We may have missed a postprandial
effect on microvascular reactivity because of the small sample
size; however, the sub-study within the Ahuja et al*? study
had a comparable sample size and similarly found no
endothelial-dependent vascular effect of capsaicin. Another
possible explanation for our findings was the time frame in
which measurements for microvascular reactivity were taken.
Postprandial differences may have occurred at a later time point
to that chosen for this study. In a number of studies measuring
the acute postprandial effect of a testing ingredient such as dark
chocolate™?) tea®349 (45)
function continued for at least 1 h after consumption. In contrast,
our protocol only allowed for a single postprandial measurement
40 min after meal consumption. George et al“®, who measured
microvascular function using a similar technique, found the
greatest effect on microvascular function 7-5 h after consumption
of a fruit and vegetable puree-based drink. This suggests that it is
very likely that our postprandial testing time may have been
insufficient to observe any effect.

A number of explanations exist for the discrepancies
between this study and others. One may be the method of
ingestion. Some studies have provided capsaicin in capsule®
form, whereas others have used chilli-containing meals*''#%?,
There are benefits and limitations to both forms. Using capsule
ingestion allows participants to be blinded in a controlled
placebo trial. However, there is reason to believe that the
burning sensation in the mouth experienced by eating chilli in

, or beer ™, measurement of endothelial
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Table 4. Endothelial-dependent microvascular reactivity (VR) parameters in response to the intervention (HOT) and control (CON) meals*

(Mean values and standard deviations)

HOT CON
Pre (n 17) Post (n 14) Pre (n 13) Post (n 13)
Mean SD Mean sD Mean SD Mean SD Pt
VR maximumz 3707 153-5 380-1 154.2 3635 104-2 345.9 109-9 0610
VR % change 504-0 251-3 514.0 2412 5335 2210 505-0 2436 0-692
VR AUC 68 858 40274 76404 44107 64 467 26 371 58739 27 691 0-348

* The pre values represent the baseline measurement prior to eating the meals and the post values represent the measurement taken in the period 30-60 min after eating the meal.
1 The P value represents significance as determined by a two-way ANOVA with repeated measures for time and condition.

1 Absolute perfusion given in perfusion units.

food may be a necessary catalyst for subsequent responses.
A study by Ludy et al®® showed that the change in
energy expenditure was higher following ingestion of a meal
containing red pepper than when the pepper was ingested in a
capsule. Therefore, it is possible that the subsequent metabolic
effects of capsaicin ingestion rely on signals induced in part
by the initial burning experienced in the mouth, and that a
capsule may blunt these responses. Potentially, this signalling
may be mediated through inflammation. Capsaicin is an irritant
that elicits a burning sensation when it comes into contact
with mammalian tissue. It binds to the transient receptor
potential variant 1 in sensory nerve fibre endings, resulting in
the release of inflammatory neuropeptides®”’. This study found
no evidence of systemic inflammation following ingestion of the
chilli meal, because no differences in plasma C-reactive protein
concentrations were observed between the HOT and
CON meals. Alternatively, capsaicin stimulation of receptors
in the mouth may trigger an anticipatory response in the
brain, capable of modifying cortical nociceptive network
activation, because a study by Porro et al.“®® has shown the
involvement of both the sensory and affective components of
pain, even in the absence of actual noxious input. Although
branches of the glossopharyngeal and vagus nerves that
innervate the pharynx, and perhaps the larynx, appear to
respond more strongly to ingested capsaicin than do the
branches of the trigeminal nerve that innervate the oral
mucosa™® | further research is warranted to fully understand the
brain’s response to capsaicin ingestion.

Studies have also differed with respect to the active ingredient
used. Some have provided capsiate — a capsinoid®” — whereas
others use the more active capsaicin — a capsaicinoid™!'?,
Capsinoids, which are also found in chillies, are structurally similar
to capsaicinoids, but are only about one-thousandth as pungent.
Another difference may be the dosage of capsaicin delivered. Of
the studies that have assessed the effects of capsaicin specifically,
the reported capsaicin values ingested varied from 1 to
140 mg71321"2¥_ A final difference to be considered is the study
population. For example, the extent to which participants
habitually eat chilli may also influence the outcome, as regular
chilli users may become desensitised to the effects of capsaicin®.

One potential limitation of this study is that of sample size.
As this study was similar in design to that of Ahuja et al™'?, we
based our sample size on their data, which showed that for their

thirty-six participants a significant difference (+20%) in post-
prandial insulin AUC between hot and control meals was
observed. On the basis of this study and that of Ahuja ef al*?, it
seems that this sample size is adequate to detect differences in 2 h
postprandial insulin AUC. Looking more closely at the repeated-
measures data for metabolic rate (Fig. 2(a)), temperature (Fig. 2
(0)), glucose (Fig. 3(a), insulin (Fig. 3(c)) and VR (Table 4),
however, one observes large differences in inter-individual var-
iation, as indicated by the large standard deviations. Retrospective
power analyses indicated that power was very low for all these
variables (data not shown). Therefore, it is recommended that, in
the future, larger sample sizes might be better able to detect
potential time-by-treatment interactions for these variables.

A second limitation is that the total energy and fat content of
the HOT meal was higher than that of the CON meal (Table 2).
Although one cannot exclude this as a factor potentially
explaining the lower 2 h postprandial insulin response for the
HOT meal, it seems unlikely. Rather, there is evidence to
suggest that, although fat alters the gastric-emptying rate, it does
not reduce the postprandial insulin response®”. Finally, as the
potential interactions between capsaicin and fat are unknown,
this could be addressed in the future.

Conclusion

The results from this study indicate that a standard restaurant
meal containing a relatively small dose of capsaicin delivered
via African bird’s eye chilli, which is currently available to the
public, results in lower postprandial insulin concentrations in
overweight individuals, compared with the same meal without
chilli. This is the first such study to show this effect with a small
and arguably palatable dose of chilli. Therefore, we cautiously
speculate that there may be potential health benefits related to
chilli consumption on postprandial glucose control, and that
this may be of particular relevance to pre-diabetic and/or dia-
betic individuals. However, it is premature to make definite
claims along these lines, and future research is needed to
address the following issues — for example, do the acute effects
observed in this study persist with chronic use of chilli? Or is the
effect dampened or lost in accustomed chilli eaters? How long
do the effects last for, and how often would chilli need to be
consumed? Are similar effects observed in normal weight
individuals? And what about the diabetic population?
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Appendix 1: Sauce ingredients

HOT meal ‘extra hot sauce’

Water, vinegar, salt, lemon, African bird's eye chilli, onion,
cayenne pepper, vegetable oil, dehydrated green pepper,
paprika, garlic, thickener and stabilisers.

CON meal ‘tangy tomato sauce’

Water, tomato paste, garlic purée, onion purée, sugar, lemon
concentrate, lime concentrate, molasses, cayenne pepper,
African bird’s eye chilli and stabilisers.
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