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Abstract
High-sucrose high-fat diets are one of the causes of malnutrition, and may induce metabolic alterations such as dyslipidemia,
insulin resistance, and adipogenesis. The objective of this work was to investigate the possible protective effect of traditionally
edible avocado creole peel (Persea americana Mill var. drymifolia) when consuming a high-sucrose and fat diet (HSFD). The
experimental animal model included 21 male Wistar rats divided in three groups: the control group received a standard diet of
purina®, the HSFD group received a high fat diet plus 30% sucrose in drinking water, and finally the HSFD +AP group received
the HSFD diet supplemented with 200 mg/kg of avocado peel for 14 weeks. It was observed that alterations included higher
cholesterol, glucose, insulin, fatty acids and TNF-α levels as well as lower HDL, and adiponectin. The addition of avocado peel
reverted some of these effects, resulting in normal values of triglicerides, insulin and adiponectin, while attenuated the levels of
total cholesterol. Liver weight of the group added with avocado peel was similar to the control group. The neuronal density in the
hippocampal areas CA1 and dentate gyrus DC were lower in the high glucose fat group, while the ingestion of the avocado peel
showed a neuroprotective effect. The avocado creole ingestion reverted or attenuated most of the metabolic effects caused by a
high-sucrose fat diet which was attributed to the compounds detected by HPLC-MS and GC-MS that included bioactive
polyphenols such as flavanol quercetin, flavanone naringenin, flavan 3-ol catechin, cyanidin 3-glucoside, pelargonidin 3-gluco-
side, pelargonidin 3-rhamnoside, hydroxydelphinidin, eugenol and estragole.
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Introduction

Excess intake of fat and/or carbohydrates increases plasma
triglycerides, induces metabolic alterations and is a risk factor

for chronic diseases as obesity, diabetes and cardiovascular
disorders provoking metabolic abnormalities that may include
insulin resistance, hyperglicemia, and hyperlipidemia [1]. In
addition, alterations in the hippocampus may be provoked by
an insulin signalling dysfuntion associated with cognitive im-
pairment and reduction of adult hippocampal neurogenesis
[2]. Avocado consumption has been associated with the pre-
vention and treatment of some ailments such as inflammatory,
diabetes and cardiovascular diseases. These effects are attrib-
uted to bioactive compounds both lipophilic and hydrophilic
present in pulp, but also has been found in extracts of leaves,
peels, and stones. The following classes of bioactive com-
pounds of avocado include phenolic compounds, phytos-
terols, fatty alcohols, furan derivatives, diterpenoids, caroten-
oids, tocopherols, particularly the phenolic acids, flavonoids
and anthocyanidins which have been associated to antioxi-
dant, cardioprotective and neuroprotective activities. On the
other hand, extracts of leafs, peels and stones have shown
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greater antioxidant capacity compared to that of the pulp and
more studies are needed to investigate the bioavailability of
these bioactive compounds and their potential toxicity [3].
Avocado (Persea americana Mill) var. drymifolia is charac-
terized for its smooth and thin peel which is traditionally con-
sumed by the Mexican population, which supports the idea
that does not contain toxic compounds and may be used in
preclinical and clinical studies. Additionally, thin-skinned va-
rieties like Drymifolia contain lower amounts of stone-cell
masses than thick-skinned varieties [4], which cause their ac-
ceptable texture. The methanolic extracts of this avocado peel
showed high antioxidant values that may be attributed to phe-
nolic acids and anthocyanins [5]. In consequence, the proba-
ble beneficial effect of consuming the peel is worth investi-
gating. Therefore, the aim of this study was to analyze the
chemical composition and the effect of avocado peel
(Persea americana Mill var. drymifolia) in metabolic disor-
ders and hippocampus morphology inWistar rats, caused by a
high-sucrose fat diet.

Materials and Methods

Mature avocados (Persea americana Mill var. drymifolia)
were purchased at a local market in Mexico City. The
ripeness of the avocados was confirmed by using a color-
imeter Konica Minol ta CR-10, Konica Minol ta
Sensing (New Jersey, USA). The media of CIELAB pa-
rameters were L = 17.6, a*=33.4 and b*= -7.2 and
corresponded to purplish-black [4]. The peel was then
separated, washed, and dried for 3 h at 55 ° C in a labo-
ratory oven. The dehydrated peel was grounded to obtain
the powder to be used in all the experiments. Total phe-
nols were determined in this avocado peel powder by
extracting the phenols with 70% methanol:water accord-
ing to a method previously described [6]. Results were
expressed as mg gallic acid equivalents (GAE/g).

Chemical Composition of the Avocado Peel and
Obtention of the Extracts

Five grams of avocado peel (dried powder) were treated with
200 mL of n-hexane at 70 °C for 4 h, to obtain a lipophilic
extract, to be analyzed by gas chromatography-MS. The res-
idue was then extracted with a 70% methanol:water solution
to obtain the hydrophilic extract to be analyzed by Direct
Ionization-MS.

DIESI-MS and GC-MS Analysis

The methanolic extract of the avocado peel was analyzed by
Direct Ionization analysis (DIESI-MS) in a Bruker
MicrOTOF-QII system, using an electrospray ionization

(ESI) interface (Bruker Daltonics, Biellerica, MA, USA).
The spectrometer was calibrated with an ESI-TOF tuning
mix calibrant (Sigma-Aldrich, Toluca, Estado de México,
México). MS/MS analysis was performed by using positive
and negative electrospray ionization (ESI+/-), and the obtain-
ed fragments were analyzed by a Bruker Compass Data
Analysis 4.0 (Bruker Daltonics, Technical Note 008, 2004).
An accuracy threshold of 5 ppm was established to confirm
the elemental compositions. The lipophilic extract of avocado
peel obtained with hexane, was analyzed by gas chromatog-
raphy in a Bruker SCION 456 gas chromatograph (Biellerica,
MA, USA) coupled to a TQ Bruker mass spectrometer. A
RESTEK column (Rtx-20, 30 m × 0.32 mm × 0.20 µm) was
used. Full scan data was acquired in the mass range of m/z 30–
500 amu and the EI voltage adjusted at 70 V. The temperature
of the transfer line was 250 °C.

Animal Model and Experimental Design

For the animal model, 21 male Wistar rats (Harlan Teklab) 21
days old and newly weaned were selected. Animal mainte-
nance was in accordance to the laboratory animal specifica-
tions provided by the National Institute of Health “Guide for
the Care and Use of Laboratory Animals” [7]. Rats were
housed in individual cages at room temperature, with 12-h
light/12-h dark cycle. The animals were divided in three
groups: (1) Control group (CG) (n = 7) that received a stan-
dard diet of Roden Lab Chow 5001 purina (St. Louis, MO,
USA) and water ad libitum, (2) High-sucrose fat diet group
(HSFG) (n = 7) was fed with a high-sucrose and high-fat pellet
diet (containing 68% standard feed, 20% sugar, 0.5% choles-
terol from Sigma Aldrich) and (3) a group feed with HSFG +
avocado peel containing 11.5% vegetable shortening plus
30% sucrose solution ad libitum, and high-sucrose fat
Diet + avocado peel (n = 7) were fed with a high-sucrose and
high-fat pellet diet plus 30% sucrose solution ad libitum sup-
plemented with 200 mg/kg of body weight of avocado peel
(Persea americana Mill var. Drymifolia) for 14 weeks.
Administration of avocado peel was carried out with an
orogastric tube. After 14 weeks of administering the experi-
mental diets, the adipose tissues, brains, and livers were col-
lected, weighed and frozen until further analysis. Glucose,
triglicerides, total cholesterol, and HDL cholesterol levels in
the blood were determined as described [8]. The concentration
of insulin was measured by the kit Rat Ins1/insulin ELISA kit,
adiponectin kit ELISA adiponectin RAB1136-1KT from and
RAT tumor necrosis factor alfa-ELISA kit RAB0479-1KT
from Sigma-Aldrich (St. Louis, USA).

Histology of Hippocampus and Liver

The collected brains were fixed by using formaldehyde
(10%) for one month. The brains were dehydrated with
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ethanol as described in [9]. The brain blocks were cutted
using a microtome (Leica model 820) to a thickness of
10 µm and attached to gelatin-coated slides and Nissl’s
staining was used to determine the pyramidal neurons.
The hippocampus DG; dentate gyrus, CA1, CA2, CA3:
cornu ammonis were observed using a light microscope
(Leica model DM750) at a magnification of 40x. Using
the rat brain atlas, coronal sections from interaural
5.70 mm to bregma − 3.30 were selected for analysis
[10]. A total of five sections were assessed in each brain
for the histological study. The quantification of the num-
ber of cells in the hippocampus was calculated by using
the software ImageJ v.1.5f (National Institutes of Health,
Bethesda, USA). The liver was fixed in 10% (v/v) form-
aldehyde, by successive dehydration by ethanol inmersion
and embedded in paraffin. Serial sections were cut in
slices 10 µm thick and stained with hematoxylin-eosin
(HE) and observed in a light microscope (Leica model
DM750) at a magnification of 40x.

Statistical Analysis

A one-way ANOVA followed by a Tukey test for multiple
mean comparison were carried out to analyze all experimental
results which were expressed as means ± standard error. The
significance was set at p ≤ 0.05. Data were analyzed using
MINITAB 17 statistical software.

Results and Discussion

The high-sucrose fat diet was designed to provoke metabolic
disorders in rats. The control group was fed with a diet con-
taining 3% fat, 55% carbohydrates, 23% of proteins with wa-
ter ad libitum. The model groups were provided with a diet
having 17% fat, 62% carbohydrates, 15% proteins and 30%
sucrose in water as the only source of liquid. The third group
ingested this last diet added with avocado peel (200 mg/kg
animal weight). The chemical characterization of the avocado
peel included the total phenolics content for avocado peel and
was 155 mg/g. The DIESI-MS analysis revealed the presence
of compounds recognized by its biologically activity such as

flavanon naringenin, flavan 3-ol catechin, phenolic acid
chlorogenic acid, flavonols quercetin, anthocyanins: cyanidin
3-glucoside, pelargonidin 3-glucoside, hydroxydelphinidin 3-
glucoside as well as the volatile compounds eugenol and
estragole, determined by GC-MS. Given the above, it was
concluded that avocado creolle peel represents a good source
of polyphenols. The benefical effects of the consumption of
diets rich in polyphenols as well as their benefits against cer-
tain chronic diseases such as cardiovascular disorders, type 2
diabetes, osteoporosis, pancreatitis, lung damage, and neuro-
degenerative diseases have been reported [11].

Food and Liquid Intake; Body and Adipose Tissues
Weights

It was observed that the average of the food intake was lower
for the HSFD diet group (14 ± 2.9 g/day), and HSFD added
with avocado peel group (12 ± 2.4 g/day), showing a signifi-
cant decrease (p ≤ 0.05) as compared to the control group
(CG) (20 ± 2.06 g/day) throughout the experiment. Liquid in-
take of the HSFD and HSFD +AP groups (30 ± 8.0 and 30 ±
9.8 mL/day, respectively) administered with a solution of 30%
sucrose was significantly (p ≤ 0.05) lower as compared to the
control group (38 ± 5.4 mL/day). These results may be attrib-
uted to the high concentration of sucrose 30% in the liquid
given to the rats in the model groups. On the other hand, no
significant differences were found in body weights between
the control and the hypercaloric feed groups which may be
attributed to a reduced ingestion of liquid and solid food by the
rats and explained by the fact that an excess of sugars in the
drinking water is less acceptable and induces satiety [12] but
also, to the fact that adipose tissue density is smaller than the
corresponding to other tissues. It has been reported [13] that
the administration of high-sucrose diet induced increased vis-
ceral adipose tissue without increasing body weight in
Sprague-Dawley rats, which coincided with our results.

Regarding the adipose tissue weight (Table 1), it could be
observed that high-sucrose-fat diet caused a significant in-
crease (p ≤ 0.05) in the weigth of abdominal (121%),
epidymal (77%), and pericardial (97%) adiposse tissues, when
compared to those values of the control group. Meanwhile, in
the rats supplemented with the avocado peel, the increase in

Table 1 Adipose tissue weight in
control and experimental groups Adipose

tissue
Control group
(g)

High-sucrose and fat diet
group (g)

High-sucrose and fat diet + avocado peel
group (g)

Abdominal 5.2 ± 0.6a 11.5 ± 0.4b 9.5 ± 0.9b

Epididymal 4.9 ± 0.3d 8.7 ± 0.4e 7.7 ± 0.7e

Pericardial 0.7 ± 0.9 g 1.4 ± 0.6h 1.2 ± 0.9h

Values are mean of seven rats of each group. Different letters mean statistical difference between groups of each
type adipose tissue
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the weigth of the adipose tissue was less pronounced: abdom-
inal (82%), epidymal (57%), and pericardial (71%). These
effects may be attributed to the polyphenols present in the
avocado peel such as quercetin, anthocyanins and other phe-
nolic compounds which have been reported to inhibit the ef-
fects on adipocyte differentiation. In this respect, quercetin is
involved in the down-regulation of adipogenesis-related en-
zymes including on CCAAT/enhancer binding protein
(C/EBPα), peroxisome proliferator-activated receptors
(PPAR), and sterol regulatory element-binding proteins
(SREBP)-1. Additionally, cyanidin-glucoside and peonidin-
glucoside have effects on lipid accumulation via down-
regulation of PPARγ expression as reported in a study with
purple corn silk [14].

Weigth and Histology of the Liver

The weigth of the liver of rats in the control group was in
average 10.1 ± 0.4 g and significantly increased (p ≤ 0.05) to
12.0 ± 0.2 g in the high-sucrose fat group, while in the group
administered with avocado peel it was observed an intermedi-
ate value of 10.9 ± 0.5 g. Histological examination of the liver
sections revealed normal morphology and architecture in the
control group (Fig. 1 CG). It was observed that a high-sucrose
fat diet produced an increase of fat accumulation within hepa-
tocytes and sinusoids of the rats (Fig. 1-HSFD). However, the
avocado peel intake decreased the accumulation of the hepa-
tocytes in the liver (Fig. 1-HSFD +AP) which supports the
idea of the potential use of avocado peel to prevent accumu-
lation of lipids in the liver (Fig. 1) which may be attributed to

polyphenols. It has been reported that naringin may enhance
hepatic AMP activated protein kinase, since it stimulates the
expression of SREBP-1c and PPAR-α that regulates lipid me-
tabolism through lipid synthesis and fatty acid oxidation [15].

Biochemical Lipid Markers and Effect of Avocado Peel
Addition to Hypercaloric Diet

In Table 2 it is possible o observe that because of the inges-
tion of high-sucrose fat diet on the alteration of lipid metab-
olism biomarkers of the model group, significantly higher
(p ≤ 0.05) levels of total cholesterol, triglycerides, and re-
duced values of high-density lipoproteins HDL-C were de-
tected when compared to the control group. The ingestion of
avocado peel as well as the high-sucrose fat diet were very
efficient in lowering the levels of total cholesterol and tri-
glycerides to the observed normal values of the control
group for which the high-density lipoproteins remained
lower than normal and close to the values of the high-
sucrose fat diet group. Nevertheless, the administration of
avocado peel reduced the atherogenic index in the HSFD +
AP group when compared to the HSFD group. The obtained
results suggested that avocado peel consumption could con-
tribute to prevent some lipid metabolic alterations due to the
content of polyphenols. Significant improvements in dys-
lipidemia by the addition of purple maize pericarp extract to
a high fat diet, was attributed to the modulation of genes
related to adipogenesis, which have been shown to enhance
liver β-oxidation, increasing the utilization of fatty acids as
an energy source by the phenolic acids, catechin, naringenin

Table 2 Plasma lipid profiles in
Wistar rats Parameters Control group High-sucrose and fat diet (HSFD) HSFD + avocado peel

Total cholesterol mg/dL 90 ± 3.2a 120 ± 5.5b 94 ± 5.7a

Triglycerides mg/dL 70 ± 6.9d 160 ± 15e 77 ± 5.4d

HDL-C mg/dL 50 ± 2.6 g 34 ± 1.5h 39 ± 1.6h

Atherogenic index (TC/HDL) 1.8 ± 0.3j 3.5 ± 1.8k 2.4 ± 0.4j

*Values are mean ± SE. Different letters mean statistical difference between groups. HDL High density lipopro-
teins level

Fig. 1 Histology of liver the experimental groups H&E. Magnification 40 X. CH: cell hepatic, DH: degenerated hepatocyte, LV: lipid vacuole, S:
sinusoid and V: vein

15Plant Foods Hum Nutr  (2021) 76:12–19



and anthocyanins present in the extract [16]. Catechin pro-
motes the expression of proteins that play a key role in
thermogenesis and β-oxidation and may inhibit pancreatic
and gastric lipases, attenuating fat emulsification [16].
Additionally, a beneficial effect when blue maize was added
to the diet has been reported [8] since anthocyanins bioac-
tivity includes the regulation and expression of key en-
zymes such as lipoprotein lipase (LPL) fatty acid synthase
and ATP-binding cassette transporter 1 (ABCA1), which
are involved in TG and cholesterol metabolism [17].
Another compound identified in the peel was chlorogenic
acid, to which a hypolipidemic effect has been attributed
due to the activation of PPAR-α, which modulates the tran-
scription of the proteins involved in the synthesis, transpor-
tation and enhancement of the ß-oxidation of free fatty acids
(FFA). PPAR-α activation also elevates fatty acid combus-
tion which leads to a reduction of hepatic triglyceride con-
tent, thus increasing insulin sensitivity [18]. Therefore, it is
likely that the benefical effect of avocado peel on
dyslipedemia is due to the presence of polyphenols.

The model group, that was feed with the high-sucrose
fat diet, showed alterations in serum glucose metabolism
biomarkers, noting that glucose increased by 30%, and
insulin by 40% and therefore, the homeostasis model as-
sessment of insulin resistance (HOMA-IR) index showed
a significant difference (p ≤ 0.05) with that of the control
group. In addition, the levels of adiponectin decreased by
59% and levels of TNF-α where higher than the values
obtained for the control group. Higher intake of sucrose
and fat is related with proinnflamatory factors such as
TNF-α. Table 3 shows a significant (p ≤ 0.05) increase
of this factor in HSFD group as compared to the control
group (12%). The addition of avocado peel to the
HSFD + AP group did not change glucose levels, neither
the proinnflamatory factors such as TNF-α. However, the
addition of avocado peel was able to revert insulin levels
in serum until they were statistically equal to those of the
CG group (p ≤ 0.05). The HOMA-IR index was also calcu-
lated and in HSFD + AP group showed lower levels of
HOMA-IR index (20%) as compared to HSFD group. It was
observed that the levels of glucose and insulin may be atten-
uated by modifying the type of sugar and fatty acids in the diet

[1]. In this regard, oleic and linoleic acids contained in the
avocado peel may also help to reduce the damage produced
by the consumption of the high-sucrose fat diet.

Concerning the effect of the administration of avocado peel
on adiponectin, it was observed that resulted in a significant
(p ≤ 0.05) increase of serum adiponectin as compared to
HSFD group. It was also noted that the concentration of
adiponectin in HSFD +AP group was statistical equal to the
corresponding to the control group. Adiponectin is the most
abundant plasma adipokine and is important in the regulation
of glucose and lipid metabolism. In addition, low levels of
serum adiponectin have been correlated with metabolic dys-
functions as well as with various central nervious system dis-
orders such as Alzheimer, Parkinson, anxiety, and depression
[19]. In this regard, a previous work showed that (HFD)
HOMA-IR significantly reduced adiponectin levels in mice
fed with a high-fat diet added with blueberry and mulberry
juice, [20].

Neuronal Density on Different Regions of
Hippocampus

The adult hippocampal neurogenesis is affected by aging
and stress conditions [21] which include metabolic disor-
ders due to malnutrition, high fat diets, and diabetes,
among others [22]. In our study, a neuronal density (py-
ramidal cells) measurement was done in the DG, CA1,
CA2 and CA3 regions of the hippocampus of experimen-
tal groups (Fig. 2). Regarding the effect of high-sucrose
and high-fat diet on cell density, it was observed a sig-
nificant (p ≤ 0.05) reduction of the number of cells of the
DG and CA1 regions of the HSFD group as compared to
the control group (Fig. 3). However, in CA2 and CA3
regions, there were not found any statistically significant
changes. The avocado peel improved neuronal density in
the DG to the normal values of the control group. The
cell density in the CA1 region slightly increased in the
group supplemented with avocado peel compared with
control group (Fig. 3). The CA1 region is a hippocampal
section, having the essential role in new memory con-
struction and strength. The addition of Ocimum sanctum
extract to the diet of rats reverted the effect of aging in

Table 3 Glucose metabolism
biomarkers and inflammation Parameters Control group High-sucrose and fat diet (HSFD) HSFD + avocado peel

Glucose mg/dL 156 ± 5.5a 204 ± 11b 207 ± 6.6b

Insulin IU/mL 30 ± 2.5d 42 ± 2.3e 33 ± 8.8d

HOMA-IR 7 ± 5.2g 17 ± 3.1h 9 ± 5.3g

Adiponectin ng/mL 0.48 ± 0.07j 0.20 ± 0.03k 0.43 ± 0.04j

TNF-∝Pg/mL 311 ± 4.5m 350 ± 20.4o 350 ± 20.4o

*Values are mean ± SE. Different letters mean statistical difference between groups
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the reduction of pyramidal cells in regions CA1 and CA3
[9]. On the other hand, dentate gyrus is a structure with a
critical role in the consolidation of information from

short-term memory to long-term memory, besides that
most of adult neurogenesis occurs in the dentate gyrus
[2]. It was observed that a high-fat diet caused a deficient
execution in memory and learning tasks associated with
structural and physiological neuronal changes such as a
reduced number and complexity of dendritic spines in
CA1 and long-term depression, as well as diminished
DG neurogenesis [22].

Some studies have shown that the consumption of a diet
rich in antioxidants can reduce the incidence of neurodegen-
erative disorders, and in this regard, the protective effect is
most likely due to the presence of phenolic compounds as
flavonoids, anthocyanins, and phenolic acids, as in the case
of polyphenols of wine [23] which are potential agents in
neuroprotection. Furthermore, it has been observed that most
of red wine varieties induced neuroprotection through their
antioxidant ability in astrocytes [24]. Anthocyanins exert neu-
roprotective actions through their potential to protect neurons
against injury induced by neurotoxins as well as an ability to
suppress neuroinflammation, and the potential to promote
memory, learning, and cognitive function [25]. Additionally,
the flavonoids catechin and epicatechin gallate have also

Fig. 2 Hippocampus dentate
gyrus of rat model groups.
Magnification 40×,
scale bar 100 μm
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shown an ability to suppress neuroinflammation and can at-
tenuate and inhibit activation of microglia and/or astrocytes
associated with the release of the mediators linked to the ap-
optotic death of neurons [26]. Another biomarker related to
the regulation of neurogenesis and central nervous system
disorders [2] is adiponectin which is a protein hormone in-
volved in fatty acid breakdown and regulation of glucose
levels. Adiponectin has shown neuroprotective properties reg-
ulating neurogenesis and synaptic plasticity. In this work re-
duced levels of adiponectin were found in rats that consumed
high-sucrose fat diet, but this effect was attenuated in the
group administrated with avocado peel.

According to our results and to the published evidence
by other authors, it could be concluded that the ingestion
of avocado creole peel showed a beneficial effect in mal-
nutrition conditions such as high-sucrose and fat diets,
probably due to its content of flavonoids, anthocyanins
and phenolic acids.
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