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Serum lipid profile and hepatic evaluation in mice fed diet containing pequi nut or pulp

(Caryocar brasiliense Camb.)

Perfil lipidico sérico e avaliagdo hepdtica em camundongos alimentados com dieta contendo améndoa ou
polpa de pequi (Caryocar brasiliense Camb.)
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Abstract

Caryocar brasiliense (popular name pequi) is widely consumed by the population of Brazilian Savannah. This fruit has a high concentration
of monounsaturated fatty acids that can influence positively the lipid profile. In addition, pequi also has an important concentration of
saturated fatty acids which, in turn, is associated with atherosclerosis risk. This study aimed to investigate the effect of a pequi-supplemented
diet on blood lipid and glucose levels and hepatic histology. Female Albino swiss mice were divided into three groups and fed a standard
chow diet (control group), chow diet supplemented with 33% pequi nut (nut group), and chow diet supplemented with 33% pequi pulp
(pulp group). After 6 weeks, following an overnight fast, blood and liver were collected for posterior analyses. Serum total cholesterol and
HDL-cholesterol were significantly higher in mice fed pequi-rich diets compared to the control group. Nevertheless, there was no modification
in blood triglycerides, atherogenic fraction, and glucose levels. In addition, there was development of liver microvesicular steatosis related to
pequi intake. In conclusion, the diets supplemented with pequi nut or pulp reduced the atherogenic risk by increasing the anti-atherogenic
lipoproteins without changing the pro-atherogenic fraction in mice.

Keywords: lipids; diet; atherosclerosis; monounsaturated fatty acid.

Resumo

O Caryocar brasiliense (popularmente chamado pequi) é amplamente consumido pela populagao do Cerrado. Este fruto tem alta concentragao
de dcidos graxos monoinsaturados que podem influenciar positivamente o perfil lipidico. Nao obstante, o pequi também possui uma importante
concentragio de dcidos graxos saturados, que, por sua vez, estdo relacionados com o risco de aterosclerose. Este trabalho objetivou estudar o
efeito de uma dieta suplementada com pequi sobre os niveis lipidicos e glicémicos sanguineos e histologia hepatica. Camundongos Albino swiss
fémeas foram divididos em trés grupos e alimentados com ragdo comercial (grupo controle), ragido comercial suplementada com 33% de
améndoa de pequi (grupo améndoa) e ragdo comercial suplementada com 33% de polpa de pequi (grupo polpa). Apds 6 semanas, e jejum
overnight, sangue e figados foram coletados para anilises posteriores. O colesterol total e HDL-colesterol séricos foram significativamente
maiores nos camundongos alimentados com dietas contendo pequi, quando comparado ao grupo controle. Todavia, ndo houve modificagio
nos niveis sanguineos de triglicérides, fracio aterogénica e glicose. Além disso, houve desenvolvimento de esteatose microvesicular no figado
relacionada a ingestdo de pequi. Em conclusio, as dietas suplementadas com polpa ou améndoa de pequi diminuiram o risco aterogénico
por aumentar as lipoproteinas antiaterogénicas sem mudar a fra¢io pré-aterogénica nos camundongos.

Palavras-chave: lipidios; dieta; aterosclerose; dcidos graxos monoinsaturados.

1 Introduction

ISSN 0101-2061

Consumption of fat-rich diet directly affects the serum
lipid profile and the fatty acids composition, which is an
important factor in the modulation of lipid metabolism. The
high saturated fatty acids intake increases the low-density
lipoprotein cholesterol (LDL-c) and reduces the high-density
lipoprotein cholesterol (HDL-c) in the bloodstream. This is a
known condition for the development of coronary artery disease
because the HDL-c is inversely related to risk of atherosclerosis,
while LDL-c is an important risk factor to cardiovascular

events since, when present in elevated levels in the blood, it
migrates to the arterial intimal layer triggering the development
of atherosclerosis (PUIGGROS et al., 2002; AGUILA et al.,
2002; GERMAN; DILLARD, 2004). Therefore, a balance of
unsaturated fatty acids is important when selecting food sources
and those rich in monounsaturated and polyunsaturated fatty
acids; particularly, the long-chain n-3 polyunsatured fatty acids
should be used preferentially since they reduce the risk for
atherosclerosis (BINKOSKI et al., 2005; CASOS et al., 2008).
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The high-fat diet consumption also may be associated with
accumulation of triglycerides in the liver and the consequent
development of non-alcoholic hepatic steatosis (MUSSO et al.,
2003; McCUSKEY et al., 2004; CARMIEL-HAGGALI et al,,
2005).

Caryocar brasiliense Camb., popularly known as pequi tree
or just pequi, is a still little-studied species from the Brazilian
Savannah (Cerrado biome). It has high oil content in the pulp
and nut, especially unsaturated fatty acids. The oleic fatty acid
accounts for around 55 and 44% and the palmitic fatty acid
accounts for 35 and 44% of the composition of the pulp and
nut oil, respectively. High amounts of alimentary fiber and
antioxidant compounds (phenolic acids and carotenoids) are
present, mainly in the pulp (ALMEIDA etal., 1998; LIMA et al,,
2007). These compounds give to the pequi antioxidant properties
that have been shown in several studies (PAULA-JUNIOR et al.,
2006; KHOURI et al., 2007; ROESLER et al., 2008).

Pequi is a traditional fruit in the culture of the inhabitants
of the Brazilian Savannah. It has great economic importance,
and is widely used in regional cooking (ALMEIDA et al,,
1998). Although it is a food with high lipid content, there
are no reported studies about its effects on the lipid profile of
the organism. The aim of the present study was, therefore, to
investigate the effect of a pequi-rich diet on serum lipid profile,
glycemia, and hepatic histology in mice.

2 Materials and methods

2.1 Animals and diets

Fresh C. brasiliense fruits were purchased from a local
market in the city of Montes Claros, Minas Gerais state. The
fruits were firstly sanitized with sodium hypochlorite and
then cut to remove the stones. The pulp and nut used in the
preparation of the diets were extracted from the stones.

Thirty-six female Albino swiss mice from 6-8 weeks-old and
initial weight of 27.75 + 3.3 g were randomly divided into three
groups of 12 animals each and fed ad libitum on standard chow
diet (control group - CG), chow diet supplemented with 33%
pequinut (nut group - NG), and chow diet with 33% pequi pulp
(pulp group - PG). The animals were housed in collective cages
(five animals per cage) under a 12 hours light/dark cycle and a
temperature of 23 £ 1 °C. The experiment lasted 6 weeks. The
body weight and food intake were recorded weekly throughout
the study. The body weight gain was determined as the difference
between final and initial weight.

The experiment received the approval from the ethics
committee of the State University of Montes Claros (N° 225).

2.2 Plasma analysis

After 6 weeks, the mice were fasted overnight and
anesthetized using ethyl ether, and blood samples were collected
by cardiac puncture. Serum concentration of total cholesterol
(TC), HDL-cholesterol (HDL-c), triglyceride (TG), and plasma
glucose were measured by enzyme-assay using commercial
kits (Bioclin-Quibasa, Brasil). Atherogenic fraction (AF) was
calculated as the difference between TC and HDL-C.

2.3 Histological analysis

After sacrifice, the liver was removed and weighed. Liver
samples were fixed with 10% formalin and embedded in paraffin.
The sections were cut (6 um) and stained with hematoxylin and
eosin and were microscopically evaluated for steatosis.

2.4 Statistical analysis

The Grubb’s test was used to detect outliers. In order to
identify significant differences in the effects of the diets, a
one-way ANOVA was used when a Kolmogorov smirnov test
indicated that the variable was normally distributed. When the
variables did not exhibit a Gaussian distribution, the groups
were compared using the Kruskal-Wallis test. The differences
among the three treated groups were analyzed using Tukey’s
Multiple Comparison test. Values of p < 0.05 were considered
statistically significant. All analyses were performed using the
GraphPad Prism 5.0 (GraphPad Software, San Diego California
- USA) software. The results are expressed as mean + S.E.

3 Results

The macronutrients composition of the pequi pulp and nut
and the diets offered are presented in Table 1.

To evaluate the food consumption of animals during the
experimental period, food intake, energy intake, and energetic
density were measured. The food intake was significantly
different among the groups; it was higher in the control group,
while the energy intake and caloric density were significantly
higher in the pequi groups (Table 2). All mice gained weight
throughout the study, either on control or experimental diet,
although the weight gain was significantly higher in groups fed
pequi-enriched diet (Table 2).

In order to characterize the serum lipid profile of mice,
the total cholesterol, HDL-c and triglycerides were measured
at the end of the experiment, and the atherogenic fraction was
calculated. Serum lipid profile was significantly modified in the
groups fed a diet containing either pequi pulp or nut (Table 3)
compared to the control group. Total cholesterol and HDL-

Table 1. Macronutrient composition (wet basis) of the pequi pulp and nut and the diets offered (per 100 g).

Pequi nut! Pequi pulp! Chow diet? Nut diet Pulp diet
Carbohydrate (g) 8.33 11.45 38.75 24.56 29.62
Protein (g) 25.27 3.0 23.0 24.28 23.68
Lipids (g) 51.51 334 4.0 30.84 18.25
Total caloric (kcal) 358.4 598.3 283.0 472.5 377.5

'Lima et al. (2007). *Ragdo comercial Labina®.
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cholesterol were significantly increased in the experimental
groups. However, no differences were detected in serum
atherogenic fraction and triglycerides. Similarly, the plasma
glucose concentrations were not different among groups.

In order to evaluate possible effects of diets containing
pequi on the liver, the livers were weighed and processed for
histological examination. Although no significant changes in
liver weight among the groups were noticed (Table 3), it was
observed that mice fed pequi nut or pulp supplemented diet
had hepatic parenchymal cells filled with multivesicular fat
(microvesicular steatosis), mainly localized in the periportal
area (Figure 1).

4 Discussion

Thisstudyassessed the potential effects of pequi-supplemented
diets on the body weight gain, blood lipid and glucose profile,
and hepatic histology since this fruit contains oleic acid-rich
oil and also because several studies suggest that a diet rich in
monounsaturated fatty acids is associated with a low rate of
cardiovascular diseases (De LORGERIL et al., 1994).

Supplementation based on pequi contributed to increase the
lipids content in the diet, and consequently the energetic density,
compared to the control diet since the both the nut and pulp
of pequi fruit have high oil content. Although the experimental
animals ingested a lower amount of diet (in grams), the energy
intake was higher than that of the control group due to the
higher energetic density in the experimental diet provided by the
high lipid content of pequi since lipids have higher caloric value
than the other macronutrients. Therefore, the highest energetic
intake resulted in the greater rate of weight gain observed in
animals fed a diet containing pequi (CHARRONDIERE et al,,
2004; LIMA et al., 2007; STRIJBOSCH et al., 2008). Moreover,
the intake of a high-fat diet has been associated with overweight
in mice, thus the higher weight gain in the animals in the
experimental groups can be the result of high lipid content of
pequi added to diet (KIM et al., 2008; HONG et al., 2009).

Dietary fat is one of the most important environmental
factors associated with the incidence of cardiovascular diseases
showing a positive influence when food has low saturated and

high monounsaturated fatty acids content, while a high intake
of saturated fat is highly prejudicial to health (MATTSON, 1989;
GORINSTEIN et al., 2003). This study sought to evaluate a lipid
source with a very heterogeneous composition in saturated and
unsaturated fatty acids with predominance of monounsaturated
fatty acids. The increase in serum total cholesterol levels in
mice fed pequi-supplemented diets can be justified by the
increase in HDL cholesterol since the atherogenic fraction
was not modified by the experimental diets. This beneficial
increase in the antiathrerogenic fraction probably resulted
from the monounsaturated oleic fatty acid content in pequi
pulp and nut. Nevertheless, this effect of monounsaturated
fat on HDL cholesterol is yet controversial since some studies
have reported no effect on serum HDL-c levels due to the
ingestion of monounsaturated fatty acids (GRUNDY; DENKE,
1990; PUIGGROS et al., 2002). However, many other studies
have shown an increase in HDL-c (MATA et al., 1992; PEREZ-
JIMENEZ et al., 1995) corroborating the results of this study.
In addition, Gardner and Kraemer (1995) in a meta-analytical
study showed no significant difference in the effect of
monounsaturated fatty acids compared to polyunsaturated
fatty acids, which have potent hypocholesterolemic activity,
thereby supporting our results. Although some studies have
showed no effect of monounsaturated fatty acids on levels of
HDL cholesterol, specifically, it is quite clear that these fatty
acids are able to modulate the serum lipid profile beneficially,
especially in situations of hypercholesterolemia, reducing the
risk of atherosclerosis and coronary artery disease (MORENO;
MITJAVILA, 2003).

In addition to the beneficial increase in the levels of HDL-c,
the lack of evidence of increased serum atherogenic fraction
and triglycerides was an important result because high levels
of atherogenic LDL-cholesterol in the blood are considered as
major factor in atherosclerosis development. In particular, the
oxidation of LDL is an important factor in this disease because
it increases the expression of adhesion molecules that bind to
circulating monocytes triggering the subsequent steps for the
formation of lesions (CASOS et al., 2008; ISHIGAKI et al., 2008;
KATO et al., 2009). Therefore, the present study demonstrated
that the diets containing pequi did not exert pro-atherogenic
effect under these experimental conditions.

Table 2. Mean daily food intake, energy intake, and energetic density per animal during the experimental period, and mean weight gain in mice
fed control diet (GC), nut pequi diet (NG), or pulp pequi diet (PG) at 6 weeks.

Groups Food intake (g/animal) Energy intake (kcal/animal) Energetic density (kcal.g™") Gain body weight (g)
CG 7.75+£0.12% 21.9 £0.35* 2.83* 12.81 +0.8°
NG 5.52+0.07° 23.2+0.2° 4.72° 16.19 £ 0.9"

PG 6.9 +0.13° 25.9 +0.35° 3.78¢ 16.2 £ 0.7

Values are expressed as the mean + S.E. (Different letter express statistical difference, p < 0.05).

Table 3. Serum total cholesterol (TC), HDL-cholesterol (HDL-c), atherogenic fraction (AF), triglycerides (TG), plasma glucose, and liver weight
in mice fed control diet (GC), nut pequi diet (NG), or pulp pequi diet (PG) at 6 weeks.

Groups TC (mg.dL™) HDL-c(mg.dL™") AF (mg.dL™) TG (mg.dL™) Glucose (mg.dL™") Liver weight (g)
CG 82.1+5.9 41.8+6.4 429+1.9 94.0 + 15.5 100.8 £ 10.3 1.83 £ 0.09
NG 116.6 £ 7.3¢ 734 £ 8.5 432 +5.6 89.0£6.3 974+ 6.6 1.91 +0.08
PG 109.5 + 4.7° 67.9 £6.7* 41.6 +4.2 99.1 +13.7 97.5+8.3 1.81 £0.08
Values are expressed as the mean + S.E. (°p < 0.05; ®p < 0.01; °p < 0.001, vs. control).
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Figure 1. Hepatic photomicrographs of female mice after 6 weeks on the control or experimental diet. a) Normal liver with no lipid deposits
in the control group magnification x40. b) Liver tissue with steatosis showing microvesicular fat around the periportal zone in the nut group,
magnification x4. ¢) Microvesicular steatosis in the nut group with magnification of x40. d) Microvesicular steatosis in the pulp group with
magnification of x40. Samples of liver stained with hematoxylin-eosin.

Although lipid-rich diet is associated with elevated levels
of plasma glucose (GUO; HALL, 2009), this effect was not
promoted by pequi in this experiment. This result may also be
related to the high fiber content of this fruit because a high intake
of fibers is associated with improvement in blood glucose level
since they may promote a reduction in intestinal absorption of
glucose (ALARCON-AGUILAR et al., 2003).

Ithasbeen proposed that a high-fat diet may play an important
role in the pathogenesis of fatty liver disease (MUSSO et al.,
2003; McCUSKEY et al., 2004; CARMIEL-HAGGALI et al,,
2005). The highest concentration of fat in the diet enriched
with pequi was able to increase the hepatic triglycerides
accumulation in animals in the experimental groups. Moreover,
this finding could be related to the not increased serum
triglycerides rate in mice, thus confirming fat accumulation in
liver cells. It has been reported that the fatty acid composition
of the lipid diet is an important factor capable of modulating
the liver lipid metabolism. A diet rich in oleic acid plays an
important role in increasing the hepatic triglycerides content

882

(FERRAMOSCA et al., 2008), in accordance, therefore, with
the effect of diets containing pequi found in this study since
this fruit has a high oleic acid composition.

5 Conclusions

This is the first study on the effect of a diet containing
either pequi pulp or nut on the lipid profile and hepatic
histology in mice. The results demonstrated that a pequi pulp
or nut-supplemented diet did not modified blood glucose
or triglycerides levels in mice. Nevertheless, it was able to
increase the serum HDL-cholesterol without changing the
serum atherogenic fraction in this animal model. Triglycerides
accumulation in the liver was also caused by higher fat intake
corresponding to intake of pequi. Therefore, these findings
suggest that further studies should be conducted on the effect
of C. brasiliense fruit on dyslipidemia and atherosclerosis, as
well as on oxidative stress due to its high content of antioxidant
compounds.
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