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Abstract

The metabolic syndrome (MetS) is associated with an increased risk of cardiac mortality, as it is characterised by the clustering of
multiple cardiovascular risk factors. Studies have shown that capsaicin (red pepper) may be useful as a nutraceutical, ameliorating
metabolic profile and cardiovascular function. The aim of the present study was to investigate the cardiovascular and metabolic effects
of orally administered capsaicin in rats with the MetS. Neonate spontaneously hypertensive rats were injected with monosodium glutamate
and subjected to one of the following three treatments by oral administration for 14 d, between 27 and 30 weeks: low-dose capsaicin
(CAPO5, n 18, synthetic capsaicin powder diluted in a vehicle (10% ethyl alcohoD) plus 0-5mg/kg body weight (BW) of capsaicin);
high-dose capsaicin (CAP1, 7 19, synthetic capsaicin powder diluted in a vehicle (10 % ethyl alcohoD) plus 1 mg/kg BW of capsaicin); con-
trol (C, n 18, vehicle). Lee’s index, lipid/metabolic profile, and cardiovascular parameters with the rats being conscious, including arterial
pressure (AP) and heart rate (HR) variability, as well as aortic wall thickness (haematoxylin and eosin staining) and CDG68 (cluster of
differentiation 68) antibody levels (monocyte/macrophage immunostaining) were evaluated. Weight, Lee’s index, and lipid and metabolic
parameters, as well as AP and HR and aortic wall thickness, were similar between the groups. Capsaicin determined HR variability
improvement (16:0 (sEM 9:0), 31-0 (sEM 28-2) and 313 (sem 19-0) ms for the C, CAP05 and CAP1 groups, respectively, P=0-003), increased
vascular sympathetic drive (low-frequency component of systolic AP variability: 3-3 (sem 2:8), 82 (sem 7-7) and 121 (sem 8:8) mmHg? for
the C, CAPO5 and CAP1 groups, respectively, P<0-001) and increased a-index (spontaneous baroreflex sensitivity). The present data show
that capsaicin did not improve lipid and glucose abnormalities in rats with the MetS. However, beneficial cardiovascular effects were
observed with this nutraceutical.
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The metabolic syndrome (MetS) is a highly prevalent con- of the MetS. Furthermore, reduced GLUT4 content in

dition where multiple cardiovascular risk factors aggregate,
which is associated with increases in cardiovascular morbidity
and mortality”. Studies in animal models can be relevant as
they mimic the aspects of the human disease regarding the
development and maintenance of the characteristics of the
MetS, particularly obesity, type 2 diabetes, dyslipidaemia
and hypertension. Experimental models of the MetS may be
genetic, chemically induced or diet induced®. The neonate
spontaneously hypertensive rat (SHR) subcutaneously admin-
istered monosodium glutamate is an animal model that
presents a phenotype similar to that of the MetS that occurs
in humans, making it useful for its study, as has been recently
shown in our laboratory. SHR present several characteristics
(obesity, hyperglycaemia, insulin resistance, hypertriacyl-
glycerolaemia, reduced HDL-cholesterol levels and hypertension)

insulin-sensitive tissues and increased plasma concentration
of inflammatory markers have been reported®.

Due to the lack of a single drug for the treatment of the
MetS, there is growing interest in the study of alternative sub-
stances, such as nutraceuticals. Green tea” and curcumin®
are among some of the phytochemicals introduced in the diet
as interventions that had been tested and had shown
some benefits in the MetS. Capsaicin (8-methyl-N-vanillyl-6-
nonenamide) is one of the most abundant capsaicinoid types
present in red pepper fruit from the genus Capsicum, which
belongs to the family Solanaceae’®. Capsaicin
responsible for the pungency of hot red pepper and other
Capsicum plants and has shown multiple health-related benefits
(protection against LDL oxidation by lowering oxidative
stress and increases in diet-induced thermogenesis and lipid

is also

Abbreviations: BW, body weight; HF, high frequency; LF, low frequency; MetS, metabolic syndrome; SAP, systolic arterial pressure; SAPV, systolic arterial

pressure variability; SHR, spontaneously hypertensive rats.
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oxidation) in both animal studies and human trials”®. These
benefits could account for its anti-inflammatory properties
and effects on diet-induced thermogenesis® and lipid pro-
file"”. The daily intake of capsaicinoids has been estimated as
25-200 mg/person per d'”. However, the acute and chronic
effects of capsaicin on glycaemia and insulin resistance, main
characteristics of the MetS, have not been studied yet. Blood
pressure reduction has been reported to be related to its
use"?, but some studies have observed high blood pressure
effects’®. The use of capsaicin in an animal model that clusters
many of the features of the MetS, as is SHR treated with mono-
sodium glutamate, could throw light on these inconsistencies.

Considering these controversies and that most studies have
evaluated the effects of capsaicin after acute administration,
it is not possible to recommend the use of capsaicin. The
aim of the present study was to investigate metabolic and
cardiovascular changes induced by chronic oral administration
of capsaicin in an animal model of the MetS.

Experimental methods

The investigation followed the ethical rules established by the
Guide for the Care and Use of Laboratory Animals"* and the
ARRIVE (Animal Research: Reporting In vivo Experiments)
guidelines on animal research?®. The present study was
approved by the Research Ethics Committee of our institution.

Animals

Neonate male SHR (n 55) were subjected to the subcutaneous
administration of monosodium glutamate (5mg/g per d;
Sigma Chemical Company) diluted in a saline solution (0-9%
NaCD for nine consecutive days; after 21d, the rats were
weaned and placed into plastic boxes, four rats per box.
The rats were bred and kept under standard laboratory
animal housing conditions at the Animal Production and
Research Unit at our institution, receiving standard laboratory
chow and tap water ad libitum. They were exposed to a 12h
light and 12h dark cycle (06.00 hours/18.00 hours).

At 6 months of age, the rats were randomised into controls,
which received a regular diet (C, n 18); a low-dose capsaicin
group, which received a regular diet plus 0-5mg/kg body
weight (BW) of capsaicin (CAPO5, n 18); and a high-dose
capsaicin group, which received a regular diet plus 1 mg/kg
BW of capsaicin (CAP1, n 19). The capsaicin used was
synthetic N-vanillylnonanamide, with a chemical structure
similar to that of pure capsaicin (Sigma Chemical Company),
diluted in 10% ethyl alcohol (20ml of ethyl alcohol in
200ml of water) and administered daily (2ml/kg BW) at a
concentration of 0:25 or 0-5% for 14d via orogastric adminis-
tration. The controls received the same amount of an alcohol
vehicle solution during the same period.

Metabolic evaluation

Weight and Lee’s index (cube root of BW in g divided by nose-

)(16)

to-anus length in cm were evaluated before and after the

protocols.

At the end of the treatment with capsaicin or vehicle, all the
rats were placed into individual metabolism cages for 24h. An
insulin tolerance test was performed the next morning using
commercially available regular insulin (Biohulin; Biobrds).
The rats were anaesthetised (sodium thiopental, intraperito-
neally) after 3h of food deprivation, and then insulin
(0-75U/kg; 54 pmol/kg) was administered into the penile
vein. Later, six blood glucose measurements (Accu-Chek
Advantage; Roche) were taken: at baseline and 4, 8, 12, 16
and 20min after insulin administration. Glycaemias were
then converted into the natural logarithm (Ln); the slope
was calculated using linear regression (time X Ln (glucose))
and multiplied by 100 to obtain the glucose decay constant
rate during the insulin tolerance test per min (%/min)(m .

The rats were anaesthetised (90mg/kg ketamine and
10 mg/kg xylazine, intraperitoneally) on the next day to
implant a catheter filled with heparinised saline into the
femoral artery for the direct measurements of arterial pressure.
The end of the catheter was tunnelled subcutaneously and
exteriorised at the top of the head. Cardiovascular evaluation
was performed 24 h after the placement of the catheter.

Cardiovascular evaluation

The rats were conscious in their cages and allowed to move
freely during the experiments. The catheter was connected
to a transducer (P23Db; Gould-Statham), and arterial pressure
signals were recorded for a 30min period using a micro-
computer equipped with an analogue-to-digital converter
(CODAS, 2Kz; DATAQ Instruments). The recorded data were
analysed on a beat-to-beat basis to quantify changes in systolic
arterial pressure (SAP), diastolic arterial pressure and mean
arterial pressure and heart rate.

Assessment of autonomic control — spectral analysis

The time series of pulse intervals (tachograms) and SAP (systo-
grams) were obtained from arterial pressure records through
the beat-to-beat pulse intervals and SAP values, respectively.
Stationary fragments with about 300 beats, coincident in
tachograms and systograms, were selected and a spectral
analysis was performed using an autoregressive model. The
spectral bands for rats (very low frequency (LF): 0-0—0-2 Hz; LF:
0-2—0-75Hz; high frequency (HF): 0-75-3-0Hz) were defined
as described previously"®. Tachogram and systogram spectra
for each stationary fragment were evaluated quantitatively,
obtaining the values of heart rate variability and SAP variability
(SAPV). The spectral components of pulse intervals and SAP
are expressed in both absolute (ms® and mmng, respectively)
and normalised units. These normalised units were obtained by
calculating the power of LF and HF components and correlating
them to the total power without the very-LF component'®'?,
Spectral decomposition estimates the centre frequency and
power of each band associated with sympathetic/parasympa-
thetic systems in the cardiovascular control. The ratio of LF:HF
components was related to cardiac sympathovagal balance.
Very-LF and LF components from SAPV were associated
with renin—angiotensin and vascular sympathetic modulations,
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respectively. The a-index was obtained from the square root of
the ratio of the R—R interval to the SAPV within the LF band,
calculated only when the coherence of the LF band exceeded
0-5. This index was used to estimate the spontaneous baroreflex
sensitivity '® 2",

The rats were again anaesthetised with the same amounts of
anaesthetics mentioned above. Blood samples were drawn by
cardiac puncture after 5 h of food deprivation. After centrifugation,
the sera were aliquoted and frozen until assayed for glycaemia
and TAG, cholesterol and HDL-cholesterol concentrations
(enzymatic method; commercial kit Labtest); LDL-cholesterol
concentration was calculated using the Friedewald formula‘®®.

Immunohistochemistry

Rats were killed by exsanguination; the thoracic aorta was
removed, dissected and fixed in formalin and embedded in
paraffin. Later, 4 wm sections were stained with haematoxylin
and eosin. CD68 monoclonal antibodies were used to
immunostain monocytes/macrophages (Millipore) at a dilution
of 1:200. Staining was performed in the Experimental Pathology
Unit, Hospital de Clinicas de Porto Alegre, following a routine
protocol (deparaffinisation, rehydration, antigen retrieval,
inactivation of endogenous peroxidase and blocking of
non-specific reactions). The sections were incubated with
primary antibodies for 12h at 4°C, followed by application
of the streptavidin—biotin—peroxidase complex (labelled
streptavidin—biotin (LSAB), Dako Corporation) and staining
with diaminobenzidine (DAB kit; Dako Corporation).

The thickness of the aorta was evaluated using the haema-
toxylin and eosin-stained sections, with a computerised image
analysis (Image-Pro Express version 6.0 for Windows; Media
Cybernetics, Inc.). The thickness of the intima and media of
the wall assembly of the aorta was measured in pixels for
each rat. The SHR (n 4) and Wistar—Kyoto (normotensive
and non-obese, n 5) groups were also included for compari-
son with rats with the MetS (72 9).

209

The metabolic and haemodynamic/variability parameters
and CD68 in monocytes blinded
researchers.

were evaluated by

Statistical analysis

All data are expressed as means with their standard errors.
Statistical analysis was carried out using the Kolmogorov—
Smirnov test to assess the normal distribution of variables.
Data were compared using one-way ANOVA or Kruskal—
Wallis test for comparisons of normal or non-normal
continuous variables, respectively. Tukey’s post hoc test or
Dunn’s method was used to detect whether differences existed.
The differences between the groups were accepted to be
significant at P<0-05.

Results

Weight, Lee’s index and metabolic parameters were not
significantly changed by capsaicin treatment. These data are
given in Table 1.

Haemodynamic parameters and spectral analysis results are
shown in Fig. 1 and Table 2. Mean arterial pressure, SAP and
diastolic arterial pressure did not change by capsaicin treatment,
but it led to an improvement in heart rate variability, which was
higher in the group receiving the lower dose of capsaicin
(CAPO05; Fig. 1(d)). High-dose treatment with capsaicin (CAP1)
was associated with an increase in the LF component of SAPV,
indicating an increment of the vascular sympathetic drive
(Fig. 1(f)); this was similar for the HF component of SAPV
(synchronous with respiratory rate) (Table 2). Both groups
receiving capsaicin had an increased a-index (spontaneous
baroreflex sensitivity), which was more pronounced at higher
doses (C: 0:69 (sEm 0-12), CAPO5: 1-54 (sEm 0-26) and CAP1:
223 (sem 0-59) s/mmHg) (Fig. 1(e)).

Fig. 2 shows representative examples of the histological
and immunohistochemical analyses of Wistar—Kyoto rats

Table 1. Metabolic parameters of the rats studied after oral administration of capsaicin (CAP05 and CAP1) or alcohol for 14 d*

(Mean values and standard deviations; medians and 25th and 75th percentiles; number of rats in each analysis)

C CAPO5 CAP1
Mean SD n Mean SD n Mean SD n P

Food intake (g/24 h) 19-9 4.7 13 22.5 74 17 22.7 76 17 0-494
Water intake (ml/24 h) 42.5 12-1 13 388 10-1 16 38-8 10-9 16 0-581
Diuresis (ml/24 h) 18-6 71 13 19.2 5.2 17 20-6 75 17 0-718
Weight (g) 292.0 30-2 18 2939 317 18 296-8 31-6 19 0-888
Lee’s index (g/cm) 0-30 0-02 14 0-30 0-02 18 0-30 0-02 18 0-554
Glycaemia (mmol/l) 6-5 1.5 13 6-6 1.5 16 7-4 1.8 16 0-852
KITT (%/min) 518 1.97 13 5.01 212 16 5-14 2.01 16 0-970
Total cholesterol (mmol/l) 1.4 0-5 12 1.3 0-3 16 1.2 0-5 15 0-433
LDL-cholesterol (mmol/l) 0-6 0-5 12 0-4 0-3 15 0-5 0-3 14 0-435
HDL-cholesterol (mmol/l) 0-5 0-3 12 0-6 0-3 16 0-5 0-2 15 0-179
TAG (mmol/l) 0-435

n 12 16 15

Median 0.7 0-6 0-6

25th—75th percentile 0-5-0-9 0-6-0-8 0-4-0-9

C (controls), regular diet plus 10 % ethyl alcohol given orally (2ml/kg body weight (BW)); CAP05 (low-dose capsaicin), regular diet plus 0-5mg/kg BW of
capsaicin diluted in 10 % ethyl alcohol given orally (2ml’kg BW); CAP1 (high-dose capsaicin), regular diet plus 1 mg/kg BW of capsaicin diluted in 10 %
ethyl alcohol given orally (2 ml/kg BW); kITT, glucose decay constant rate during the insulin tolerance test.

*Numbers of rats are not the same because of dropouts.
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Fig. 1. Cardiovascular autonomic evaluation by spectral analysis. (a) Systolic arterial pressure, (b) heart rate, (c) systolic arterial pressure variability, (d) heart rate
variability, (e) spontaneous baroreflex sensibility, related to « low-frequency (LF) index (square root of the ratio of the absolute LF components of heart rate
variability and systolic arterial pressure variability), and (f) LF component of systolic arterial pressure. C, control (O0), n 17; CAP05, capsaicin 0-5mg/kg body
weight (BW) daily (m), n 18; CAP1, capsaicin 1-0mg/kg BW daily (m), n 16. Values are means, with their standard errors represented by vertical bars. * Mean
value was significantly different from that of the control group (P<0-05; one-way ANOVA and Dunn’s post hoc test). bpm, Beats per min.

(Fig. 2(a2) and (b)), SHR (Fig. 2(¢) and (d)) and rats with the
MetS (Fig. 2(e) and (). Fig. 2(a), (¢) and (e) shows
representative examples for each group of the haematoxylin
and eosin-stained thoracic aorta tissue sections. Fig. 2(b), (d)
and (D) shows the immunohistochemical expression of CD68
in the same tissue of representative examples from each
group. The comparison between the groups indicated higher
aortic wall thickness in the SHR (358-8 (sem 40-3) pixels) and
rats with the MetS (4015 (sEm 29-7) pixels) v. Wistar—Kyoto
rats (251+4 (seM 31-4) pixels) (P<0-001). The number of stained
cells with CD68 was not different between the groups (number
of positive cells/twenty fields: SHR, 21-0 (11-5—28-2); rats with
the MetS, 20-0 (8:0-30:0); Wistar—Kyoto rats, 5:0 (4:0-6-0),
P=0-188). There were no differences in aortic wall thickness
(3588 (sEM 40-3), 365-1 (sEm 40-0) and 3744 (sEm 40-8) pixels
for the C, CAPO5 and CAP1 groups, respectively, P=0-718)

and the number of stained cells with CD68 in immunohisto-
chemical staining (number of positive cells/twenty fields: 20-0
(8:0-30-0), 17-0 (8:0-23:0) and 80 (45-25-0) for the C,
CAP05 and CAP1 groups, respectively, P=0-692) between the
groups of MetS rats that received capsaicin.

Discussion

Capsaicin has potential beneficial cardiovascular™®!® and

metabolic”® effects, which could be interesting for the man-
agement of the MetS, but the present results indicated that
there was no benefit from using it for a short period of time
with regard to the metabolic parameters evaluated. However,
capsaicin promoted global improvement of cardiovascular
autonomic control, which has a well-known role in better
cardiovascular prognosis®>*®.
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Table 2. Haemodynamic parameters and spectral analysis results of the rats studied after
oral administration of capsaicin (CAP05 and CAP1) or alcohol for 14 dt

(Mean values and standard deviations)

C (n17) CAPO5 (n 18) CAP1 (n 16)
Mean SD Mean SD Mean SD P

MAP (mmHg) 1525 28.2 165-2 24-6 147-6 26-2 0-123
DAP (mmHg) 124.9 289 135.7 24.0 1187 255 0-149
HRV

LF absolute (ms?) 31 2.9 12.2 269 6-2 7-6 0-235

LF (NU) 21.3 14-0 334 20-2 26-7 14.4 0-251

HF absolute (ms?) 8-6 5.2 124 82 14-9 139 0-173

HF (NU) 772 12.9 65-3 198 719 141 0-164

LF:HF ratio 0-4 0-3 0-8 0-9 0-4 0-4 0-397
SAPV 9-5 9.0 16-6 17.7 71 10-3 0-104

VLF (mmHg?)

HF (mmHg?) 3.6 61 31 2.4 7.2* 75 0-032

C (controls), regular diet plus 10 % ethyl alcohol given orally (2ml/kg body weight (BW)); CAP05 (low-dose
capsaicin), regular diet plus 0-5mg/kg BW of capsaicin diluted in 10 % ethyl alcohol given orally (2 mi/kg
BW); CAP1 (high-dose capsaicin), regular diet plus 1 mg/kg BW of capsaicin diluted in 10 % ethyl alcohol
given orally (2ml/kg BW); MAP, mean arterial pressure; DAP, diastolic arterial pressure; HRV, heart rate
variability; LF, low-frequency component; NU, normalised units; HF, high-frequency component; SAPV,
systolic arterial pressure variability; VLF, very-low-frequency component.

*Mean value was significantly different from that of the control group (P<0-05; one-way ANOVA and

Dunn’s method).

1t n 16-19 for each group, except for the analysis of MAP and DAP. The numbers of rats evaluated for
MAP and DAP were eighteen (C), eighteen (CAPO5) and nineteen (CAP1). The spectral parameters of
heart rate (tachograms) and systolic arterial pressure (systograms) were calculated from the time series

using an autoregressive model.

The doses of capsaicin used did not influence food/water
intake and weight during the short period of the experiments,
showing that in 2 weeks the rats exhibited good acceptance
of the substance, which did not affect their welfare. These
results are consistent with previous findings*®”, which
showed that even when the supplement was added to the
diet, its pungent flavour did not affect its palatability. However,
mice fed a high-fat diet had reduced BW with no change in food

(26)

intake ™, suggesting that capsaicin can increase diet-induced

thermogenesis, as has been shown with acute administration® .

The lipid profile also did not change by capsaicin use.
Studies in dyslipidaemic’® or obese mice®® fed a high-fat
diet supplemented with capsaicin showed reductions in
serum TAG levels. However, no decrease in plasma choles-
terol levels was observed®”, as has also been shown in the
present study. In longer-period treatments”'”,
added to a hypercholesterolaemic or high-fat diet led to a

reduction in serum cholesterol levels. We presume that there

capsaicin

is thermogenic inefficiency in the animal model of the MetS,
in which capsaicin does not have the same effect on the
lipid profile as has been shown successfully in other studies.
It is possible that in the combination of obesity® and hyper-
tension””, an impaired metabolism occurs because of
reduced amounts of brown adipose tissue, responsible for
thermogenic activity. Moreover, it is known that the amounts
of this specialised tissue decrease with age, and other
authors”*>*” have used animals younger than those used
in the present study. Although the amounts of brown adipose
tissue in humans are low, this tissue is, in fact, very active.
Defined regions of functionally active brown adipose tissue
have been reported to be present in adult humans. Its

amount is inversely correlated with BMI, suggesting a role of
brown adipose tissue in the metabolism of adult humans®®3".

No changes in blood glucose levels and insulin resistance
were induced by capsaicin. Other authors have shown that
capsaicin increased glycaemia regardless of insulin levels,
but evaluations have been performed acutely during the
course of the oral glucose tolerance test in healthy subjects®® .
Similar to our findings, it has been reported that regular
consumption of chilies did not change glycaemia in human
subjects®?.

Recently, in the same animal model of the MetS, we have
shown that autonomic dysfunction occurred over time, as
we observed increased sympathovagal imbalance in MetS
rats, as well as changes in SAPV. Autonomic dysfunction
accompanied increased visceral fat and insulin resistance
in these rats, providing information that cardiovascular
autonomic modulation dysfunction evolves over time and is
associated with higher amounts of visceral fat and insulin
resistance, as observed in humans. Since cardiovascular auto-
nomic dysfunction is associated with a high risk of incident
cardiovascular events and death, these data support the use
of this animal model in investigations into the pathophysiol-
ogy of the MetS, especially that related to the cardiovascular
system and its neural control®?.

An overall improvement in the autonomic control of SAP
with increased heart rate variability and spontaneous barore-
flex sensitivity was shown by the spectral analysis. Previous
data indicated contrary results, but the animals studied were
healthy and assessed after an acute oral administration of
capsaicin, showing increases in heart rate and LF:HF ratio,
supporting an increase in the sympathetic drive®”. Other
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Fig. 2. Histology and immunohistochemistry (Wistar—Kyoto (WKY, 0O) rats, n 5; spontaneously hypertensive rats (SHR, m), n 4; SHR injected with monosodium
glutamate (MSG, m), n 9). Values are means, with their standard errors represented by horizontal bars. *** Mean value was significantly different from that of the
WKY rats (P<0-001). (a) WKY rats, (c) SHR and (e) SHR injected with MSG: haematoxylin and eosin-stained thoracic aorta tissue sections of representative
examples from each group. Red line marks the thickness of the aorta, which was not significantly different among the groups. Original magnification 400x.
(9) A scale bar comparing the aortic wall thickness among the groups. (b) WKY rats, (d) SHR and (f) SHR injected with MSG: immunohistochemical expression of
CD68 in the same tissue of representative examples from each group. The arrows indicate the macrophages, the number of which was not significantly different

among the groups. Original magnification 1000 .

acute experiments, performed in healthy women, have shown
an increased LF:HF ratio after red pepper ingestion®. Despite
the beneficial effects of chronic treatment with capsaicin on
cardiac autonomic control first shown by us, the sympathova-
gal balance did not change, as both groups that received
capsaicin showed increased sympathetic modulation of the
vascular tone, which was different only when capsaicin was
administered in high doses.

Although paradoxical effects of improved autonomic modu-
lation and increased sympathetic vascular modulation were
observed, these did not influence arterial pressure and heart
rate levels, results that are consistent with those reported
earlier for humans who consumed red pepper for 4
weeks®®. However, after long periods of capsaicin treatment,
decreased arterial pressure was observed in hypertensive
patients"'®. These contradictory effects have been reported,
and they are supported by the ability of capsaicin to activate
an ion channel, a transient potential vanilloid type 1 channel,
which controls the endothelial expression of neuropeptides
involved in NO release®”. These imbalances in the expression
of neuropeptides possibly explain why capsaicin through its
effects on blood pressure led to vasorelaxation in some
studies®® | but to vasoconstriction in others®”.

Rats with the MetS had higher aortic wall thickness when
compared with non-obese and normotensive controls, but
capsaicin did not induce these structural changes or cause a
reduction in inflammation. This negative result is probably

related to the short period of treatment, as other authors
have reported benefits in mice fed a high-fat diet with
capsaicin supplementation for 10 weeks . Moreover, capsai-
cin could be less potent in reducing inflammatory processes,
as atorvastatin has previously been reported to cause
reduction in macrophage infiltration in diabetic rats“®.

Capsaicinoids are powerful irritants, causing burning and
pain at low concentrations on the skin and mucous mem-
branes, and this could be a reason for the limitation of their
use in daily practice. Given orally, they induce an increase
in salivation and gastric secretion, a rapid change in sensation,
and warm-to-intolerable burning, which is variably tolerated,
depending on the individual“".

One important difference of the present study when com-
pared with other studies was that capsaicin was orogastrically
administered to the rats, adding strength to this part of the pro-
tocol. We were able to provide precise doses to the rats studied.
We believe that in this way we excluded biases such as
ad libitum intake and palatability and evaluated the effect of
the 0-5 and 1-0mg/kg BW doses for 14d. Clearly, longer-
duration studies could possibly contribute other information
not provided here. Furthermore, to our knowledge, this is the
first study in the literature to evaluate the effect of synthetic
capsaicin in an animal model of the MetS.

We conclude that capsaicin cannot improve lipid and glu-
cose abnormalities in an animal model of the MetS, but that
this nutraceutical can exert beneficial cardiovascular effects.
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It is possible that the cardiovascular system is adapted to offset
the acute increase in the sympathetic drive shown in other
studies. This information opens an avenue to be explored,
in future work, considering evaluation of the autonomic
system in humans with the MetS given diets enriched with
capsaicin.
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