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ABSTRACT: Cardiovascular diseases are the leading cause of mortality and morbidity worldwide. In this study we com-
pared the effects of oral treatment with red pepper ethereal extracts or simvastatin on dyslipidemia, left ventricle remod-
eling, and atherosclerotic lesions of low-density lipoprotein (LDL) receptor knockout mice (LDLr /") fed a hyperlipidic
diet. Forty 3-month-old male mice were distributed into four groups: control (C; animals fed a standard diet), HL (ani-
mals fed a hyperlipidic diet), and HL+P or HL+S (animals fed a hyperlipidic diet plus red pepper ethereal extracts or sim-
vastatin, respectively). After 60 days, treatment with both red pepper ethereal extracts and simvastatin prevented dyslipi-
demia, atherosclerotic lesion progression, and left ventricle hypertrophy. Our results suggest a cardioprotective effect of

red pepper ethereal extracts in LDLr / mice, which is comparable to the well-known effects of simvastatin.
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INTRODUCTION

Cardiovascular diseases (CVD) are a leading causes of
mortality and morbidity in the world, despite the phar-
maceutical industry’s progress in producing new drugs
against these diseases. Dyslipidemia represents an im-
portant risk factor for CVD (Yusuf et al., 2004). Primary
or non-apparent dyslipidemias are classified into geno-
types or phenotypes by biochemical analyzes. In the gen-
otype classification, dyslipidemias are classified as mono-
genic, caused by mutations in unique genes, or polygenic,
caused by multiple mutations that would not be of great
repercussion alone. Phenotypic or biochemical classifica-
tion considers the values of total cholesterol (TC), low-

density lipoprotein cholesterol (LDLc), triglycerides (TG),
and high-density lipoprotein cholesterol (HDLc), and
comprises four main well defined types: isolated hyper-
cholesterolemia, isolated hypertriglyceridemia, mixed hy-
perlipidemia, and low HDLc (Faludi et al., 2017).

Dyslipidemia is associated with oxidative stress, and
its relationship with atherosclerotic coronary disease, left
ventricular hypertrophy (LVH), and insulin resistance has
been demonstrated in multiple studies (Madamanchi et
al., 2005; Garcia et al., 2008; Gulasova et al., 2020). In-
teractions between lifestyle, environment, and genetics
reflect the complex pathological process, in which oxida-
tive stress caused by reactive oxygen species (ROS) plays
a key role (Haslam and James, 2005).
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The reduction of morbimortality due to cardiovascular
diseases through interruption, regression, and prevention
of atherosclerotic disease and LVH by plasma cholester-
ol-lowering drugs has also been reported by numerous
studies (Garcia et al., 2008; Baigent et al., 2011; Garcia et
al., 2011). The reduction of LDLc by hydroxymethylglu-
taryl coenzyme A reductase inhibitors (statins), remain
the most validated therapy in clinical studies to reduce the
incidence of cardiovascular events (Xavier et al., 2013).
However, long-term statin treatment is associated to skel-
etal muscle complaints, including myositis, rhabdomyol-
ysis, serum creatine kinase increase, myalgia, and muscu-
lar weakness. An association of statins with several con-
ditions, such as renal and hepatic compromising, hypo-
thyroidism, diabetes, polyneuropathy, and other side ef-
fects, has been reported (Thompson et al., 2003; Ram-
kumar et al., 2016).

Peppers of the Capsicum genus belong to the Solanaceae
family and comprise of more than 200 species, and are
native to the humid tropical zones of Central and South
America (Govindarajan, 1986). Several studies have
shown that the genus Capsicum has a wide variety of phy-
totherapies with antioxidant properties, such as carote-
noids (Deli et al., 2001), capsaicinoids (Pino et al.,
2007), and phenolic compounds, including flavonoids,
quercetin, and luteolin (Marin et al., 2004; Materska and
Perucka, 2005; Kappel et al., 2008). Specifically, studies
have shown the presence of compounds with antioxidant
and anti-inflammatory activity in the Capsicum baccatum
var. pendulum (Kappel et al., 2008; Kollmannsberger et
al,, 2011).

In 2017, our group published an article showing sim-
ilar protective cardiovascular effects of soy milk and sim-
vastatin (Santos et al., 2017). Therefore, the aim of the
present study was to study the effects of red pepper ethe-
real extracts on dyslipidemia, cardiac remodeling, and
atherosclerotic injury in LDLr /~ mice fed a hyperlipidic
diet. Our results suggest that red pepper ethereal extracts
induces cardiovascular protective effects in LDLr /~ mice
similar to those induced by simvastatin treatment.

MATERIALS AND METHODS

Animals

Experiments were performed in homozygotic 3-month
age male LDLr /~ mice generated from C57BL6/J (weight:
22+3 g). Mice were acquired from The Jackson Labora-
tory (Bar Harbor, ME, USA) and bred in the José do
Rosério Vellano University (UNIFENAS) Biotery (Alfe-
nas, MG, Brazil) with temperature controlled and a 12-h
light/dark cycle environment. LDLr /~ mice (n=10/
group) were either fed a standard diet [Nuvital Nutrien-
tes S.A., Colombo, Parand, Brazil; control group (C)], or

a hyperlipidic diet (HL group; 20% total fat with 70.25%
coconut fat and 23.75% soy oil, 1.25% cholesterol, and
0.5% cholic acid), with water and food ad libitum. HL fed
animals received water (vehicle), ethereal extract of red
pepper (the Capsicum baccatum var. pendulum, 2 g/kg; HL
+P group), or simvastatin (Medley Farmacéutica, Campi-
nas, SP, Brazil, 20 mg/kg/d; HL+S group) daily per gav-
age for 60 days. The peppers used in our study was culti-
vated at the Federal Institute of Southern Minas Gerais
in the city of Muzambinho, MG, Brazil. Red pepper ethe-
real extracts were supplied by the Laboratory of Broma-
tology of the Federal Institute of Southern Minas Gerais.
Physicochemical analysis was carried out to analyze the
moisture content and presence of ash, lipids, proteins,
and carbohydrates in the peppers. The moisture content
was obtained by drying in an oven at 105°C; the percent-
age of ash was obtained by heating to 550°C; the amount
of crude protein was calculated by the Kjeldahl method,
adopting the correction factor of 6.25. All analyses were
performed according to the methodology described by
Pregnolatto and Pascuet (1985).

The Bligh and Dyer technique was used to analyze the
total lipids content (Bligh and Dyer, 1959). Analysis of
total phenolic content was carried out at the Agricultural
Research Company of Minas Gerais (EPAMIG) in Caldas,
MG, Brazil, using the Folin-Ciocalteau method with gal-
lic acid as the reference standard (Lowry et al., 1951). All
analyses were conducted in triplicate. Experimental pro-
cedures were performed in accordance with the guide-
lines established by the National Council for Animal Ex-
periments Control (CONCEA) and were approved by the
Animals Ethics Committee of the Federal Institute of
South Minas Gerais (registered at no. 03A/2014).

Blood sample was obtained by retro-orbital venous
plexus puncture in anesthetized animals (xylazine/keta-
mine, 6/40 mg/kg, respectively; Parke-Davis & Co., De-
troit, MI, USA) for analysis of glucose, insulin, TG, TC,
and HDLc serum fractions. After subsequent thoracoto-
my, hearts and aorta were perfused in situ with 1.34 mM
KClI followed by 10% phosphate buffered saline (PBS)-
buffered formaldehyde. The hearts were then removed
and left ventricles (LV) were isolated. The LV weight
(mg)/body weight (g) ratio was used as the LVH index.
LVs and thoracic aortas were fixed for 24 h in 10% form-
aldehyde.

Serum analysis

Serum was obtained by centrifugation of blood samples
(1,200 g, 4°C, and 10 min). Glucose serum levels were
measured using a colorimetric enzymatic method. Insulin
serum levels was determined using commercial enzyme-
linked immunosorbent assay kits (DAKO Ltd., High
Wycombe, Bucks, UK). Homeostatic model assessment
(HOMA) indexes [HOMA-insulin resistance (IR)] were
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calculated using the following formula: HOMA-IR=[{fast
insulinemia (mU/L) xfast glycemia (mmol/L)}/22.5] to
determine insulin resistance. Enzymatic trials were used
to measure TG, TC, and HDLc, as described by Hedrick
et al. (2001).

Determination of LDLc and VLDLc

LDLc was determined according to the formula described
by Friedewald et al. (1972): LDLc (mg/dL)=TC—HDLc
—TG/5.0. VLDLc was determined according to the for-
mula described by Tian et al. (2006): VLDLc (mg/dL)=
TG/5.0.

Measurement of superoxide anion levels in aortas
Superoxide anion levels were assessed in thoracic aortic
homogenates by using lucigenin (5 pmol/L) chemilumi-
nescence, as described by Laurindo et al. (2002). Results
were expressed as counts per min (cpm)/mg protein,
quantified by the Bradford method.

Histological analysis

Hearts were sequentially embedded in 5, 10, and 25% gel-
atin. Oil red staining was performed in aortic roots ac-
cording to Paigen et al. (1987), and blind quantified as
previously described (Krieger et al., 2006) using Image
Pro Plus software (version 3.0) for image analysis (Media
Cybernetics, Inc., Rockville, MD, USA).

For morphometric analyses of cardiomyocyte diameters
and collagen deposition, 4 pm-width sections from LVs
embedded in paraffin were stained with hematoxylin-eo-
sin and picrosirius red, respectively. Photomicrographs
were taken from the same prefixed point of LV cross sec-
tions of each mouse using a digital camera coupled to a
Leica IM50 (Leica Camera AG, Wetzlar, Germany). Car-
diomyocyte diameters of 8 to 12 cells were measured in
each section per animal (Armstrong et al., 1998). Picro-
sirius red stained sections were subjected to a polarized
light, and each photomicrograph was analyzed using
LGMC-image software (Lafayette General Medical Center,

USA) (Shirani et al., 2000).

Immunohistochemistry

LV and abdominal aorta histological sections were treat-
ed with 3% hydrogen peroxide to block endogenous per-
oxidase activity. Nonspecific sites were blocked with 2%
skimmed milk diluted in phosphate-buffered saline (10
mM PBS, pH=7.4). Glass slides containing tissue sec-
tions were incubated for 12 h in a humid chamber at 4°C
with polyclonal anti-CD40L antibodies (1:50, Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, USA). Sections were
then washed with PBS and incubated with a biotinylated
secondary antibodies (Dako Denmark A/S, Glostrup,
Denmark) in a humid chamber for 1 h at 37°C. In order
to visualize immunoreactive areas, glass slides were in-
cubated with conjugate complexes with peroxidase (Dako
Denmark A/S) for 45 min at 37°C, and incubated in a
chromogenic solution (50 mg diaminobenzidine in 50 mL
PBS with 3 mL 10% oxygen water) for 3 min. After count-
erstaining with Harris hematoxylin (Sigma-Aldrich Co.,
St. Louis, MO, USA) for 25 s, glass slides were mounted
and analyzed by optical microscopy. Photomicrographs
were analyzed by LGMC-image software (Garcia et al.,
2008).

Statistical analyses

Data are expressed as mean=standard error of the mean
(SEM). Differences between means were compared by
using one-way analyses of variance (ANOVA) followed by
Tukey’s post-hoc test. Differences were considered sig-
nificant at P<0.05 level.

RESULTS

In the present study, pepper ethereal extract had an av-
erage total phenolic concentration of 0.034+0.007 mg/g,
and an average humidity of 79.90=0.41. The percentages
of moisture, ash, lipids, proteins, and carbohydrates were

Table 1. Effects of red pepper ethereal extract and simvastatin on serum triglycerides, cholesterol fractions, glucose, and insulin

in LDLr™’™ mice fed with a hyperlipidic diet

Groups C HL HL+P HL+S
TC (mg/dL) 222418 685+36*" 424430 328+31*#1
LDLc (mg/dL) 139.8+7.0 613.6£34.0*" 338.4+28.6* 259.0+31.2**
VLDLc (mg/dL) 242410 46 4+1 5+ 34.6+0.8** 31+1.5*
HDLc (mg/dL) 58+2 25+3* 51+8" 3g£2*#1
TG (mg/dL) 12245 23246 17345 155+6*#
Glucose (mmol/L) 5.4%0.1 5.4+0.2 5.540.2 5.140.1
Insulin (mU/mL) 2.840.1 5.7+0.6*" 3.7+0.2*" 3.1+0.2%
HOMA-IR 0.740.1 1.4+0.2*™ 0.9+0.1** 0.7+0.1%

Values are meanxSEM (n=10).

C, control group: HL, hyperlipidic diet-fed group: HL+P, hyperlipidic diet-fed group treated with ethereal extract of red pepper;
HL+S, hyperlipidic diet-fed group treated with simvastatin; TC, total cholesterol: TG, triacylglycerol.
*P<0.05 vs C, #P<0.05 vs HL, 'P<0.05 vs HL+P, and 'P<0.05 vs HL+S (two-way ANOVA).
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4.10+0.03, 1.00=0.09, 3.50+0.05, and 11.60+0.08, re-
spectively (data not shown).

Serum biochemistry profiles of each group are shown
in Table 1. The HL group exhibited severe dyslipidemia
compared with the C group, shown by an increase in se-
rum TG and TC. In addition, the HL group exhibited a
marked decrease in the HDLc fraction and marked in-
creases in the LDLc and VLDLc fractions compared with
the C group. The red pepper ethereal extracts and sim-
vastatin both prevented increases in TG, TC, LDLc, and
VLD, and the decrease in HDLc. However, the red pep-
per ethereal extract was more effective than simvastatin
in preventing decreases in HDLc caused by the hyper-
lipidic diet. However, there were no differences in serum
glucose levels among groups. Moreover, the HL group

Table 2. Aortic and left ventricle (LV) parameters

showed increased insulinemia compared with the C group,
with increased HOMA-IR. These changes were partially
prevented in the HL+P group, and completely prevented
in the HL+S group. There were no significant differences
in body weight among groups (C: 23.0+2.0 g; HL: 23.3=
1.8 g; HL+P: 23.4+1.6 g; HL+S: 23.6%1.7 g, data not
shown).

Both the red pepper ethereal extracts and simvastatin
prevented the increase in insulin resistance; the increase
in insulin resistance was completely prevented by sim-
vastatin but only partially prevented by red pepper ethe-
real extracts (Table 1).

Aorta of mice from the HL group exhibited increased
superoxide anion levels compared with the C group. In
addition, aorta of mice from the HL group exhibited

Groups C HL HL+P HL+S
Aorta
CD40L (%) 21402 8.8+0.7*" 4.1+04** 3.8+0.3*"
Superoxide anion (cpm*10%/mg protein) 69+1.1 14.0+1.8*" 8.0+2.20% 62+1.6"
Atheroma plaque’s area (um?) 2345 5,567+1,443*" 1,498+417** 1,590+358**
LV
Cardiomyocytes diameter (um) 161 261%™ 20+1** 18+1%
Collagen (%) 47404 11.3+0.6*™ 42+0.1" 43+05"
LV weight (mg)/body weight (g) 33400 4.140.1*" 3.4+0.1% 3.3+0.1%
CD40L (%) 1.3+0.2 5.9+0.4*" 3.0+0.3*" 3.3+0.4*"

Values are mean£SEM (n=10).

C, control group; HL, hyperlipidic diet-fed group:; HL+P, hyperlipidic diet-fed group treated with ethereal extract of red pepper:

HL+S, hyperlipidic diet-fed group treated with simvastatin.

*P<0.05 vs C #*P<0.05 vs HL; "P<0.05 vs HL+P; P<0.05 vs HL+S (two-way ANOVA).

CD40L
expression Atheroma Cardiomyocytes
in aorta plaque

HL+P .

HL+S

diameter

Collagen LV

ER ,,_\ -

Fig. 1. Photomicrographs of aorta
and left ventricles (LV). Expression
of CD40L in aorta and hematoxylin
and eosin (HE) staining of atherom-
atous plaques in the left ventricles,
showing the diameter of the cardio-
myocytes, stained with HE. Photo-
micrographs showing the distribu-
tion of interstitial and perivascular
staining with red collagen (marked
in red by the dye) in the left ventric-
ular myocardium of mice stained
with picrosirius. C, control group:
HL, hyperlipidic diet-fed group; HL+
P, hyperlipidic diet-fed group treat-
ed with ethereal extract of red pep-
per; HL+S, hyperlipidic diet-fed
group treated with simvastatin.
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greater CD40L-immunoreactive and plaque areas com-
pared with aortas from mice in the C group. These alter-
ations in aorta tissue were prevents to a similar extent
by red pepper ethereal extracts and simvastatin (Table 2
and Fig. 1).

The HL group developed cardiac hypertrophy, as dem-
onstrated by a 38% increase in cardiomyocyte diameters
and a 24% increase in LV weight/body weight ratios,
and fibrosis, as demonstrated by a 140% increase in the
collagen fraction compared with the C group. Treatment
with simvastatin completely prevented the increase in
cardiomyocyte diameter, whereas it was only partially
prevented by red pepper ethereal extracts. However, both
simvastatin and red pepper ethereal extracts prevented
the collagen deposition. Furthermore, the LV weight
(mg)/body weight (g) ratio and the CD40L-immunore-
active area in LV were similar between mice treated with
both simvastatin and red pepper ethereal extracts and the
HL group (Table 2 and Fig. 1).

DISCUSSION

Previous studies by our group have shown that severe
dyslipidemia triggered by a high cholesterol diet is the
main factor associated with arterial oxidative stress, ac-
celeration of atherosclerotic plaque development, and
ventricular hypertrophy in LDLr /~ mice (Krieger et al.,
2006; Santos et al., 2017). The HL diet induces increases
in the area of CD40L immunoreactivity, indicating ag-
gravation of the inflammatory response, which is an im-
portant risk factor for worsening atherosclerosis (Garcia
et al., 2011). In addition, previous studies have demon-
strated increases in the production of superoxide anions
in the aortas and hearts in LDLr /~ mice fed the HL diet
(Krieger et al., 2006; Garcia et al., 2008; Santos et al.,
2017).

Oxidative stress induced by the HL diet decreases the
bioavailability of nitric oxide, an important vasodilator
and antithrombotic factor (Verma et al., 2002; Krieger et
al., 2006). Furthermore, it leads to peroxidation of HDLc
(Barter et al., 2004) and is protects cardiovascular func-
tion, by exhibiting antioxidant and anti-inflammatory ac-
tivity. In addition, the proinflammatory framework, oxi-
dative stress, and hyperinsulinemia favors remodeling of
the LV, characterized by hypertrophy and myocardial fib-
rosis (Garcia et al., 2011), and accelerates progression of
atherosclerotic disease (Krieger et al., 2006; Madonna and
De Caterina, 2012).

The association between insulin resistance and oxida-
tive stress, and the inflammatory response has been well
established. In our study, mice fed the HL diet showed
increased serum insulin levels. A previous study demon-
strated increased insulin and TC secretion in LDLr /™

mice fed a high fat diet, associated with hyperglycemia
and decreased glucose tolerance (d Oliveira et al., 2014).
Interestingly, there was no differences in glycemia be-
tween groups in the present study. The differing compo-
sitions of the hyperlipidic diet used in the previous study
(d Oliveira et al., 2014) and our study may be respon-
sible for the non-glycemic variation. Oxidative stress
and inflammatory factors [such as tumor necrosis factor
(TNF)-a] induce activation of serine/threonine kinases
that phosphorylate insulin receptor substrate 1 in serine,
inhibiting its ability to activate phosphoinositide 3-kin-
ases/Akt and stimulate signaling via mitogen-activated
protein kinase (Sykiotis and Papavassiliou, 2001). De-
creased insulin sensitivity accompanied by a compensa-
tory increase in insulin secretion represents additional
overload on pancreatic-p cells. Insulin resistance in adi-
pocytes leads to increased intracellular hydrolysis of TG
and release of fatty acids into the circulation (Ginsberg,
2000).

The novelty in this study concerns the protective cardio-
vascular role of red pepper (Capsicum Baccatum var. pendu-
lum) ethereal extracts. The hypolipidemic effects observed
in the HC+P group are in agreement with previous data,
showing hamsters treated with capsaicinoids had reduc-
tions in TC, TG, and LDL, and decreased atherosclerotic
plaques compared with the untreated control group
(Liang et al., 2013). In addition, supplementation with
red pepper increased fecal excretion of TG in hypercho-
lesterolemic rabbits, and attenuated atherosclerosis and
cholesterol ester transfer protein (CETP) activity (Kwon
et al., 2003).

Zimmer et al. (2012) demonstrated that red pepper
ethereal extracts had anti-inflammatory properties corre-
lated with highest amount of phenolic compounds and
flavonoids, as well as high amount of capsaicin and high
antioxidant activity compared with other Capsicum spe-
cies. These differences may be attributed to the botanical
variety, maturity of the plant, extraction methods, and
geographical origins of the plants. Accordingly, in the
present study, the use of red pepper ethereal extracts sig-
nificantly attenuated the oxidative stress present in the
aortas of LDLr /™ mice fed a hyperlipidic diet. The pro-
tective effect of the extracts was similar to the effect of
simvastatin, reinforcing its antioxidant potential in the
cardiovascular system under severe dyslipidemia.

In the present study, red pepper ethereal extracts effec-
tively prevented inflammation in the cardiovascular sys-
tem, indicated by a smaller area of immunoreactivity for
CDA40L in the aorta and the LV compared with the HL
group. Interestingly, red pepper ethereal extracts were
more effective at increasing serum HDL levels than sim-
vastatin. The mechanism associated with this effect has
not yet been elucidated, and requires studies investigat-
ing the extract in pathways stimulating apo Al synthesis,
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in inhibition of CETP synthesis, and as a substrate for
exchanging triglycerides by cholesterol ester via CETP.

Studies have shown that HDL can suppress transcrip-
tion of molecules involved in cellular adhesion, such as
CD11b/CD18, E-selectin, vascular cell adhesion mole-
cule 1, and intercellular adhesion molecule 1 (ICAM-1)
(Clay et al., 2001), decreases production of cytokines and
chemokines such as TNF-a, interleukin (IL)-6, IL-10, and
monocyte chemoattractant protein- 1 (Kleemann et al.,
2008), and inhibit activation of activator protein 1 and
nuclear factor (NF)-«B (Park et al., 2003). Thus, prevent-
ing decreases in HDL levels induced by red pepper ethe-
real extracts may be related to the anti-inflammatory ef-
fect of these foods, as evidenced by the decrease in im-
munoreactivity for CD40L inflammatory markers in the
aorta and the LV.

Simvastatin also prevented lipid profile changes, hyper-
insulinemia, LVH, and changes in atheroma plaque areas
induced by the hyperlipidic diet. These metabolic and car-
diovascular effects may be related to antioxidant and an-
ti-inflammatory responses in the LV and aorta, as dem-
onstrated by the reduced size of the CD40L immunore-
activity area and reduced superoxide anion production.
By reducing mevalonate and isoprenyl radical formation,
statins attenuate activation of inflammatory molecules,
such as ICAM-1, NF-«xB, and CD40L (Sposito and
Chapman, 2002). Statins also reduce ROS generation by
vascular nicotinamide adenine dinucleotide phosphate
hydrate-oxidase and may have a direct anti-inflammatory
effect on eliminating free radicals, thereby contributing to
increased synthesis of the vasodilatory and anti-throm-
botic factor nitric oxide (Beltowski, 2005).

In conclusion, red pepper ethereal extracts showed ben-
eficial metabolic and cardiovascular activity in prevent-
ing severe dyslipidemia, IR, atherosclerotic lesions, and
cardiac remodeling in LDLr /" mice fed a hyperlipidic di-
et. These protective effects were quantitatively compara-
ble to the effects of simvastatin, and were associated with
an improved redox balance and reduction of the system-
ic and cardiovascular inflammatory factor (CD40L). Our
study suggests that the cardioprotective effect of red pep-
per ethereal extracts is due to the presence of phenolic
compounds, mainly capsaicinoids, which exhibit anti-in-
flammatory and antioxidant activity (Ahuja et al., 2006;
Liang et al., 2013). Thus, our study contributes to the
literature by emphasizing the potential role of natural
products in preventing dyslipidemia, atherogenesis, car-
diovascular remodeling and insulin resistance. Further-
more, we showed that red pepper ethereal extract exhib-
it cardioprotective effects similar to the well-known ef-
fects of simvastatin.
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