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(is study aimed to evaluate the effects of the treatment with bacuri seed butter (BB) on body weight, growth, body mass index,
lipid profile, atherosclerotic indices, and liver function in dyslipidemic hamsters. Freshly weaned, male hamsters were divided into
four groups: (1) normal group (NG)—maintained with standard chow (AIN-93G); (2) dyslipidemia group (DG)—maintained
with hyperlipidemic chow (AIN-93G modified) throughout the follow-up period; (3) bacuri seed butter 25mg/kg/day (BB-25);
and (4) bacuri seed butter 50mg/kg/day (BB-50). BB groups (25 and 50mg/kg/day) were also maintained with hyperlipidemic
chow throughout the follow-up period, and the treatment started after 21 days receiving a hyperlipidemic diet to induce hy-
percholesterolemia and maintained for 28 days. No significant differences in triglycerides and total cholesterol were observed for
BB-25 and BB-50 groups when compared with NG and DG groups. On the contrary, BB-25 and BB-50 induced both increase of
HDL-c (51.40± 1.69 and 51.00± 2.34, respectively) and decrease of LDL-c (103.80± 6.87 and 100.50± 3.95, respectively) when
compared with DG (41.00± 2.94 and 132.70± 9.41, respectively). In addition, BB promoted a reduction in the risk of athero-
sclerotic disease by decreasing (p< 0.05) the atherogenic index, coronary artery risk index, and LDL/CT ratio (p< 0.05) and
increasing HDL/CTratio. On the contrary, no changes were observed in total cholesterol and triglyceride levels or in body weight,
growth, body mass index, or liver function parameters. (us, bacuri seed butter at doses of 25 and 50mg/kg/day has positive
repercussions on the lipid profile, more precisely on plasma HDL-c and LDL-c, and additionally promotes reduction in the risk of
atherosclerosis in hamsters.
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1. Introduction

Cardiovascular diseases (CVDs) continue to be a major
cause of disability and mortality in developed and devel-
oping countries. About 45% of all deaths from chronic
noncommunicable diseases (NCDs) in the world are caused
by cardiovascular diseases [1–3], and in low- and middle-
income countries, they account for 88% of premature deaths
[4]. Atherosclerotic disease is characterized by lipid accu-
mulation and formation of atheromatous plaques within the
endothelium, with consequent impairment of the elastic
capacity of the smooth muscle tissue. In this context, dys-
lipidemia, as a result of hypertriglyceridemia and hyper-
cholesterolemia [5] with elevated levels of low-density
lipoprotein cholesterol (LDL-c) and reduced levels of high-
density lipoprotein cholesterol (HDL-c), represents a key
factor for its development [6].

Pharmacological therapy for the treatment of dyslipi-
demia is based on the use of statins, resins, and ezetimibe,
among others, which help to regulate serum cholesterol
levels, reducing the synthesis of cholesterol in the liver and
its intestinal absorption [6, 7]. On the contrary, the use of
these drugs is limited because of their adverse effects, among
them, myalgia, increased hepatic transaminases, and
changes in intestinal motility, such as constipation or di-
arrhea [8, 9]. It is worth mentioning the systematic review
for the 2020 US Department of Veterans Affairs and US
Department of Defense Guidelines for the management of
dyslipidemia published in Annals of Internal Medicine by
Reston et al. [10]: even if the strength of evidence for most
interventions was low or very low, intensified patient care
and rechallenging with the same or a different statin (or a
lower dose) appear to represent favorable options for im-
proving statin adherence.

In this context, the use of medicinal plants and their
products in the treatment of dyslipidemia has been in-
creasing because natural products present a lower cost when
compared to synthetic, as well as their obtention is suitable
[11]. Generally, medicinal plants and herbs are widely being
used as sources of nutraceutical active compounds for the
management of several types of diseases [12, 13]. (e
nutraceutical approach to dyslipidemia has been described
in different papers as a possible alternative to the conven-
tional drug-based therapy and/or adjuvant therapy using
promising natural agents [13–15].

In addition, it is noteworthy that dietary interventions,
especially those that provide a large intake of foods with
functional properties, can delay or reduce the risk of the
development and progression of chronic diseases by mod-
ulation of body physiological functions [16]. Studies have
shown that plant foods and their derived extracts, for ex-
ample, can act on a variety of intermediate markers of
cardiometabolic risk, including blood pressure, glucose-
insulin homeostasis, blood lipids and lipoproteins, endo-
thelial function, inflammation, and oxidative stress. (ese
products have gained increasing notoriety in the last decade
due to emerging evidence of their role in important path-
ways, modulating responses capable of promoting cardio-
vascular health benefits [3, 17].

“Bacurizeiro” (Platonia insignisMart.) is a plant typical
of Cerrado, belonging to the family Clusiaceae and to the
genus Platonia [18, 19], and has been used in folk medicine
in the treatment of diarrhea [20], wounds, and other skin
conditions [21]. Some studies have investigated different
biological activities of bacuri, and they are identified as
antioxidant [22, 23], anti-inflammatory [24], wound
healing [25, 26], anticonvulsant [27, 28], antileishmanial
[18, 29, 30], and immunomodulatory [31], among other
effects. Moreover, formulation of bacuri-based functional
products is being investigated [24, 26, 32].

(ere have been no studies to date on the effects of
bacuri seed butter (Platonia insignis Mart.) on experimental
dyslipidemia, and then considering its wide pharmacological
and nutraceutical potentials, the present work aimed to
investigate its effects in hamsters with diet-induced
hypercholesterolemia.

2. Materials and Methods

2.1. Materials. Bacuri seed butter (Platonia insignis Mart.)
was supplied by Amazon Oil Indústria e Comércio Ltda
(Ananindeua, PA, Brazil). (is butter is cold extracted from
wild species that grow naturally in the Amazon rainforest,
sustainably extracted without using pesticides and fertilizers.
No preservatives, additives, or any other chemical sub-
stances are added (see https://www.amazonoil.com.br/pt/
perfil/).

2.2. Animals and Diets. Freshly weaned, male hamsters
(Mesocricetus auratus) were obtained from AniLab Lab-
oratory Animals Ltd. (Pauĺınia, SP, Brazil). Hamsters were
kept in individual cages under controlled conditions:
temperature 24 ± 2°C; 12 h light/dark cycle; humidity
(55%); water and chow ad libitum. After twenty days of
adaptation, the animals were divided into four groups: (1)
normal group (NG; n � 8)—maintained with standard
chow (AIN-93G); (2) dyslipidemia group (DG; n � 8)—
maintained with hyperlipidemic chow (AIN-93G modi-
fied) throughout the follow-up period; (3) bacuri seed
butter 25mg/kg/day (BB-25; n � 10); and (4) bacuri seed
butter 50mg/kg/day (BB-50; n � 10). BB groups (25 and
50mg/kg/day) were also maintained with hyperlipidemic
chow throughout the follow-up period, and the treatment
started after 21 days receiving a hyperlipidemic diet to
induce hypercholesterolemia. (e animals were kept with
standard or experimental (modified) chows produced
according to the American Institute of Nutrition (AIN)
93G [33].(e composition of experimental diets is listed in
Table 1.

Bacuri butter (25 or 50mg/kg/day) was administered
orally once daily, dissolved in 0.1% Tween 80 in distilled
water (5ml/kg volume). Normal and dyslipidemia groups
received daily vehicle volume (0.1% Tween 80 in distilled
water). After 28 days of treatment, the animals were eu-
thanized by an overdose of sodium thiopental (100mg/kg)
mixed with lidocaine (10mg/mL) i.p., and blood samples
were collected.
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Food intake was monitored every two days and body
weight every three days. (e nasoanal length was determined
on the first day of induction of hypercholesterolemia, on the
first day of treatment, and on the day of euthanasia. From
these data, the Lee index was calculated by the following
formula: Lee � (

������
weight3


÷NL) × 10, 000, where “NL” stands

for nasoanal length, while the body mass index (BMI) was
obtained dividing weight by the square of nasoanal length.

All procedures performed were approved by the Ethics
Committee on the Use of Animals of the Federal University
of Piauı́ (CEUA/UFPI) (authorization no. 197/16).

For analyses of the centesimal composition of the
standard and hypercholesterolemic diets (Table 2), the
moisture, ash, lipid, and protein contents were determined
according to the method described by the Association of
Official Analytical Chemists (AOAC) [34]. (e total car-
bohydrate content of the samples was estimated by differ-
ence: [100− (moisture + ash + protein + lipids)]. Data were
expressed in g/100 g of dry matter (energy conversion fac-
tors: protein 17 kJ/g; fat 37 kJ/g; total carbohydrates 17 kJ).

2.3. Lipid Profile and Liver Function. Triglyceride (TG), total
cholesterol (TC), high-density lipoprotein cholesterol (HDL-
c), alanine transaminase (ALT), aspartate aminotransferase
(AST), and alkaline phosphatase (ALK) levels were analyzed
using diagnostic kits, purchased from Labtest (São Paulo,
BR), according to the manufacturer’s specifications and
Labmax Plenno Automated Chemistry Analyzer. Low-den-
sity lipoprotein cholesterol (LDL-c) values were obtained
from the Friedewald formula: LDL − c � total cholesterol−
(HDLcholesterol + triglyceride÷5) [35].

2.4. Atherosclerosis Indices. (e coronary artery risk index
(CRI) was calculated by dividing plasma levels of LDL-c by
the HDL-c levels, according to Draper et al. [36]. Athero-
genic index (AI) was calculated according to Roth et al. [1]
by dividing the triglyceride levels by the HDL-c levels.

(e HDL/TC ratio was calculated by the following
formula: HDL − c/TC ratio � HDL − c÷TC, while the LDL-
c/TC ratio was calculated by LDL − c/TC ratio � LDL
−c÷TC, according to Lee et al. [37].

2.5. Statistical Analyses. (e values were represented as
mean± standard deviation of the mean. Statistical analysis
was performed by one-way ANOVA followed by Tukey’s
posttest for multiple comparisons. (e level of significance
was set at p< 0.05.

3. Results and Discussion

Here, main findings are highlighted and contextualized as
follows: (i) food consumption, body weight, growth, and
body mass index; (ii) lipid profile of hamsters with diet-
induced hypercholesterolemia; (iii) cardiovascular risk in-
dexes of hamsters with diet-induced hypercholesterolemia;
(iv) liver function of hamsters with diet-induced
hypercholesterolemia.

3.1. FoodConsumption, BodyWeight, Growth, andBodyMass
Index. Hyperlipidemic diet has caused a significant re-
duction (p< 0.05) in food intake in dyslipidemic animals
when compared to normal animals receiving standard chow
(Table 3). Despite this, hypercholesterolemic hamsters did
not differ (p> 0.05) in relation to body weight, length, and
body mass indices (BMI and Lee) at the end of the exper-
imental period. According to Kretschmer et al. [38], animals
fed a diet high in fat/carbohydrates and were able to detect
the energy content of the food and compensate for this with
a lower intake, which may explain the lower consumption
observed in groups BB and DG. Although there is a dis-
crepancy between the results reported in the literature
[39–41], there is a consensus that this difference in con-
sumption may be strongly related to the duration of the
animals’ maintenance on that diet and the time of initiation
of treatment [38, 41].

(ese results can be attributed to the duration of the
experimental period since the total time of the hyper-
lipidemic diet was only 7 weeks and other studies used
protocols of longer duration to induce obesity in hamsters,
with 12 to 16 weeks, and despite this, there were no dif-
ferences in relation to weight gain among groups, probably
due to the higher amount of kcal/g in hyperlipidemic diet
[42–44].

3.2. Lipid Profile of Hamsters with Diet-Induced
Hypercholesterolemia. Hyperlipidemia induced by high-fat
diet in rodents is a widely used model for the evaluation of

Table 2: Centesimal composition of rations (g/100 g dry matter).

Components Standard Hypercholesterolemic
Moisture (%) 10.20± 0.10 6.85± 0.20∗
Ash (%) 7.80± 0.10 4.80± 0.20∗
Lipids (%) 3.30± 0.10 14.61± 0.10∗
Protein (%) 20.90± 0.40 19.06± 1.00
Total carbohydrate (%) 57.80± 0.30# 54.68± 0.80#
TEV (kJ·g−1) 14.42 17.85
Mean± standard deviation. TEV: total energy value. #Carbohydrate cal-
culated by difference, including fibers. ∗p< 0.05 when compared with
normolipidemic feed, Student’s t-test.

Table 1: Composition of experimental diets (g/kg).

Ingredients AIN-93G AIN-93G modified
Casein 200.0 221.0
L-cystine 3.0 3.0
Corn starch 397.5 427.5
Dextrinized corn starch 132.0 —
Sucrose 100.0 50.0
Fiber 50.0 100.0
Soybean oil 70.0 20.0
Coconut oil — 130.0
Cholesterol — 1.0
tert-Butylhydroquinone 0.014 0.024
Mineral mix (S10022G) 35.0 35.0
Vitamin mix (V10037) 10.0 10.0
Choline bitartrate 2.5 2.5
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compounds with alleged hypolipidemic effect [45]. In this
context, coconut oil and cholesterol were used as sources of
lipids for induction of hypercholesterolemia in this study.
Coconut oil is rich in saturated fatty acids and produces
elevation of triglyceride, total cholesterol, and LDL cho-
lesterol levels [46, 47]. Similarly, cholesterol intake promotes
elevation of total cholesterol (TC) levels, contributing for
induction of dyslipidemia [48, 49].

(e lipid metabolism ofMesocricetus auratusmakes this
species one of the best models for the study of dyslipidemia
due to the similarity to that of humans, in which the
transport of cholesterol in blood occurs mainly in the form
of LDL cholesterol; and the elevation of dietary lipid intake is
followed by an increase in triglyceride levels, unlike other
rodents [50–53].

(us, the effects of bacuri butter on the lipid profile of
hypercholesterolemic hamsters were evaluated (Figure 1). It
was observed that hyperlipidemic diet promoted a signifi-
cant increase (p< 0.05) in the levels of triglycerides, total
cholesterol, HDL-c, and LDL-c. In addition, BB was shown
to have an atheroprotective effect by increasing (p< 0.05)

HDL-c levels and reducing (p< 0.05) LDL-c levels in BB-
treated animals when compared to the dyslipidemic group.

HDL cholesterol is initially synthesized in the liver in the
form of apolipoprotein A1 and transferred to the blood-
stream where it binds to phospholipids and cholesterol, as
well as promotes efflux of cholesterol stored in cells and
subsequently carries cholesterol to the liver to be excreted in
the feces [54]. (e reduction of LDL cholesterol is associated
with the reduction of cardiovascular risk due to its ability to
cross the vascular endothelium and accumulate, undergoing
oxidation and initiating the formation of atherosclerotic
lesions [55]. In this sense, the risk of atherogenicity was
assessed using cardiovascular risk indices of animals treated
with bacuri seed butter.

(e oil extracted from the bacuri seed predominantly
contains saturated fatty acids, such as palmitic acid, and
monounsaturated acids, such as oleic and palmitoleic acids
[56]. Saturated fatty acids’ intake leads to an increase in total
cholesterol and LDL cholesterol levels by increasing the
synthesis of hepatic cholesterol and by reducing the activity
of LDL receptors, while unsaturated (poly- or monoun-
saturated) acids promote the increase in the activity and in

the amount of LDL receptors, as well as in its mRNA, thus
increasing its turnover [57]. In this sense, it was suggested
that the effects of BB on the lipid profile were at least in part
due to its content of unsaturated fatty acids.

Bacuri is rich in secondary metabolites, especially xan-
thones and chemical precursors thereof, such as poly-
isoprenylated benzophenones [22, 29]. Miura et al. [58]
investigated the effects of mangiferin, a xanthone, on mice
with hypercholesterolemia induced by high cholesterol in-
take and observed a reduction in total cholesterol levels in
treated animals. In another study, Bao et al. [59] demon-
strated that dimethoxyxanthone and trimethoxyxanthone
improved lipid metabolism in obese rats induced by a high-
fructose diet by reducing total cholesterol, triglyceride, and
LDL cholesterol levels and raising HDL cholesterol levels. In
this context, xanthones may have contributed to BB effects
on the lipid profile of hypercholesterolemic hamsters.

3.3. Cardiovascular Risk Indexes of Hamsters with Diet-In-
duced Hypercholesterolemia. Additionally, BB was found to
reduce the risk of cardiovascular disease by promoting re-
duction (p< 0.05) in atherogenic and coronary artery risks
(Table 4).(ese results are worth noting since high AI values
correlate with elevated blood pressure and metabolic dys-
functions and diseases, such as hyperinsulinemia [60].

Furthermore, untreated hypercholesterolemic hamsters
were found to have lower HDL/TC and higher LDL/TC
ratios, which indicate a higher risk of atherosclerosis severity
in the dyslipidemia group when compared to the groups
treated with BB. Similarly, but using different animal species,
Basu et al. [61] observed thatHippophae rhamnoides seed oil,
popularly known as common sea buckthorn, promoted an
increase in the HDL/TC ratio and reduced the risk of
atherosclerosis in hypercholesterolemic rabbits after 30 days
of supplementation with 1% cholesterol.

3.4. Liver Function of Hamsters with Diet-Induced
Hypercholesterolemia. Afterwards, it was verified that the
ingestion of hyperlipidemic diet did not cause change of the
levels of AST, ALT, and ALK at the end of the experimental
period (Table 5). Likewise, BB did not produce changes in
liver function, which indicates that its administration does

Table 3: Food intake, body weight, and nasoanal length indices in hamsters (Mesocricetus auratus) after 28 days of treatment with bacuri
seed butter (25 or 50mg/kg/day).

Parameters
Groups (mean± SEM)

NG DG BB-25 BB-50
Daily food intake (g) 9.42± 0.21 7.49± 0.18a 7.47± 0.38a 7.44± 0.26a
Initial body weight (g) 114.37± 4.08 113.25± 6.43 112.44± 5.24 112.87± 4.14
Final body weight (g) 132.12± 4.52 134.87± 4.41 132± 5.36 129.25± 5.60
Weight gain (g) 83.57± 4.67 74.29± 3.83 73.71± 2.61 79.11± 4.46
Initial nasoanal length (cm) 15.24± 0.26 15.00± 0.35 14.66± 0.88 15.70± 0.25
Final nasoanal length (cm) 16.75± 0.43 17.12± 0.41 17.2± 0.33 17.35± 0.14
Lee index 3,073.00± 33.33 3,020.00± 102.70 3,016.00± 32.15 2,970.00± 37.87
BMI 0.48± 0.01 0.46± 0.02 0.46± 0.01 0.43± 0.01
NG: normal group; DG: dyslipidemia group; BB-25: bacuri seed butter 25mg/kg/day; BB-50: bacuri seed butter 50mg/kg/day; ap< 0.05 in relation to NG
according to Tukey’s post hoc test.
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not produce systemic toxicity. Similarly, however, using a
hypercholesterolemic diet composed of a standard diet plus
1% cholesterol, Martinello et al. [62] observed that high-fat
intake, for 10 weeks, did not promote an increase on levels of
AST and ALT in hamsters fed by a high-fat diet. On the
contrary, Lai et al. [63], using a hypercholesterolemic diet
composed of standard diet supplemented with 11.5% co-
conut oil, 11.5% corn oil, and 1% cholesterol, observed that

hypercholesterolemic hamsters with dyslipidemia induced
for 12 weeks presented increased levels of AST and ALT
compared to the normal group. Also, in a different way,
Yang et al. [64] found that hamsters fed by a high-fat diet of
94.9% of standard feed, 5% of Ching-Shan oil, and 0.1% of
cholesterol showed a significant increase in serum levels of
AST and ALT.

(is study has a pioneering character in relation to the
use of bacuri butter in dyslipidemia models, and although
bacuri is a monotype fruit of Amazonian origin, the

Table 4: Effects of bacuri seed butter (25 or 50mg/kg/day) on the
atherogenic index (AI), coronary artery risk index (CRI), HDL/TC
ratio, and LDL/TC ratio in hamsters (Mesocricetus auratus) with
diet-induced hypercholesterolemia.

Groups
Parameters (mean± SEM)

AI CRI HDL/TC
ratio

LDL/TC
ratio

NG 1.47± 0.16 2.42± 0.19 0.238± 0.01 0.578± 0.04
DG 2.14± 0.16a 3.14± 0.19a 0.219± 0.02 0.691± 0.07a
BB-25 1.4± 0.16b 2.01± 0.11b 0.285± 0.01a.b 0.576± 0.03b
BB-50 1.4± 0.15b 1.88± 0.09a.b 0.300± 0.01a.b 0.568± 0.01b

NG: normal group; DG: dyslipidemia group; BB-25: bacuri seed butter
25mg/kg/day; BB-50: bacuri seed butter 50mg/kg/day; AI: atherogenic
index; CRI: coronary artery risk index. ap< 0.05 in relation to NG. bp< 0.05
in relation to DG according to Tukey’s post hoc test.

Table 5: Serum levels of AST, ALT, and ALP (U/L) in hamsters
(Mesocricetus auratus) after 28 days of treatment with bacuri seed
butter (25 or 50mg/kg/day).

Groups
Parameters (mean± SEM)

AST (U/L) ALT (U/L) ALP (U/L)
NG 61.42± 5.69 73.66± 6.95 267.66± 41.97
DG 69.85± 14.36 65.50± 7.93 363.6± 78.83
BB-25 71.87± 5.11 68.16± 4.94 353.66± 53.53
BB-50 80.28± 6.28 83.28± 4.8 320.62± 13.25
NG: normal group; DG: dyslipidemia group; BB-25: bacuri seed butter
25mg/kg/day; BB-50: bacuri seed butter 50mg/kg/day; AST: aspartate
transaminase; ALT: alanine aminotransferase; ALP: alkaline phosphatase.
No significant differences were observed according to Tukey’s post hoc test.
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Figure 1: Triglycerides, total cholesterol, HDL-c, and LDL-c serum levels in hamsters (Mesocricetus auratus) after 28 days of treatment with
bacuri seed butter (25 or 50mg/kg/day). NG: normal group; DG: dyslipidemia group; BB-25: bacuri seed butter 25mg/kg/day; BB-50: bacuri
seed butter 50mg/kg/day. ap< 0.01 in relation to NG; bp< 0.05 in relation to DG; cp< 0.01 in relation to DG according to Tukey’s post hoc
test.
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Clusiaceae family encompasses approximately 1000 species
belonging to 47 genera [65, 66], which leads to the possibility
of further research being conducted with different species
distributed in the most diverse parts of the world.

Bacuri butter is industrially obtained through cold pressing
of the fruit seeds, and it is worth noting that, although pre- and
postharvest factors can influence the composition of the fruits,
the compositional analyses available in the literature show that
no important nutritional variations occur as a result of these
factors, although the physical-chemical characteristics may be
influenced by the industrial treatment received during the
process of obtaining the final product, which may originate
virgin or clarified butter [67–69].

Furthermore, future research using longer clinical trial
protocols will be needed for a better understanding of
outcomes related to cardiovascular health in order to de-
velop safe guidelines for an effective indication as a pre-
ventive or auxiliary agent in the treatment of dyslipidemia in
humans.

4. Conclusion

Bacuri seed butter, at the doses and schedule used in this
study, has positive repercussions on the lipid profile, more
precisely on the fractions of HDL-c and LDL-c, and addi-
tionally promotes reduction in the risk of atherosclerosis in
hamsters. Furthermore, BB did not produce deleterious
effects on liver enzyme activity, weight gain, growth, body
mass indices, or food intake in hamsters fed by a high-fat
diet. Future directions could be the application of nano-
technologies to an improvement of functional properties of
the bacuri component in the perspective of nano-
nutraceutical science [70].
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