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Background: Pineapple peel is a waste component of pineapple with valuable source of metabolites as
phytoactive compounds in ameliorating metabolic-related disorders. This study investigated the athe-
roprotective and neuroprotective effects of peel extract of Ananas comosus fruit (PEAC) in normal diet
(ND) and high-fat diet (HFD) fed rats.
Methods: Male Wistar rats were fed ND or HFD for 9 weeks, and beginning from the 6th week animals
were also orally treated with PEAC (200 mg/kg). Memory performance was assessed using Y-maze test
(YMT) and novel object recognition test (NORT) while anxiolytic-like effect was assessed on the elevated
plus maze (EPM). Serum cholesterol, triglycerides and HDL-C were determined, while LDL-C and
atherogenic risk calculated. Serum and brain tissue malondialdehyde, reduced glutathione, catalase were
determined. Brain acetylcholinesterase activity and interleukin-6 level were also determined.
Results: PEAC significantly attenuated HFD-induced reduction in correct alternation in YMT, and
discrimination index in NORT. Also, PEAC demonstrated anxiolytic-like activity in EPM test. PEAC
significantly improved lipid profile and decreased risk of atherogenicity in ND and HFD-fed rats. In
addition, PEAC improves serum and brain antioxidant status by decreasing malondialdehyde and
increasing GSH and catalase. PEAC significantly impaired HFD-induced brain acetylcholinesterase activity
and IL-6 levels.
Conclusion: These findings suggest that peel extract of Ananas comosus fruit may protect against diet-
induced behavioral disturbances via atheroprotective, antioxidants and anti-inflammatory activities.
© 2021 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Obesity is now well recognized as a complicated public health
disease and one of the most important reasons for reduced life
expectancy within the “modern” world [1]. According to Obesity
Medicine Association (OMA), obesity is defined as a “chronic, re-
lapsing, multi-factorial, neurobehavioral disease, wherein an in-
crease in body fat promotes adipose tissue dysfunction and
abnormal fat mass physical forces, resulting in adverse metabolic,
biomechanical, and psychosocial health consequences” [2].
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Abnormal or excess fat accumulation in adipose tissue which is
ultimately expressed as obese phenotype is determined by the
interaction of genetic, environmental and psycho-social factors
acting through the physiological mediators of energy intake and
expenditure [3,4]. Obesity-related co-morbid conditions may
include dyslipidemia, coronary artery disease, liver diseases,
reproductive disorder, hypertension, type 2 diabetes mellitus, res-
piratory disorders, cancer, and mood disorders [3,5].

Dyslipidemia is seen in approximately 60e70% of patients with
obesity. The lipid abnormalities in obesity is characterized by
elevated serum triglyceride (TG), cholesterol, apolipoprotein B and
Low-density lipoprotein cholesterol (LDL-C) and a reduced high
density lipoprotein (HDL) [6]. Elevated serum triglycerides is
caused by increased hepatic production of very low density lipo-
protein (VLDL) particles or it may be due to a reduction in the
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clearance of triglyceride rich lipoproteins [7,8]. The pathophysio-
logical changes in lipid metabolism as seen in obesity are the
elevated fasting and postprandial triglycerides [7]. Hyper-
triglyceridemia is the underlying cause of lipid abnormalities
including the small-dense LDL which enhances atherogenicity [9].
TG-rich lipoproteins and remnant cholesterol have been shown to
be present in coronary, cerebral and peripheral atherosclerosis [7].
Remnant-mediated atherogenesis mechanisms in obesity include
postprandial activation of leucocytes, generation of oxidative stress
and production of cytokines [7].

The health consequences of obesity extend to cognitive function,
with evidence for reducedmemory [10] and executive function [11]
as well as increased impulsivity [12]. Proposed mechanisms un-
derpinning reduced cognitive function in obesity include oxidative
stress, metabolic dysfunction, cardiovascular disease, and systemic
inflammation, which have been reported to alter brain structure
and volume [13]. Finally, substantial evidence exists in the litera-
ture for an association between blood fatty acids and cognitive
impairment, particularly in Alzheimer’s disease [14,15].

Obesity is a strong predictor of chronic medical conditions and
obesity-related chronic conditions could increase the risk of anxi-
ety [16e18]. Plausible biopsychosocial mechanisms linking anxiety
and obesity have also been proposed [19,20]. Several shared bio-
logical pathways in dysregulation by obesity such as immuno-
inflammatory processes, oxidative stress, neurotransmitter bal-
ance, and neuroprogression have all been associated with anxiety
[21]. Other reported mediators of the relationship between psy-
chiatric disorders and obesity are behavioral and include current
and past unhealthy dietary patterns, lower rates of physical activity,
and increased sedentary behaviors documented among obese in-
dividuals [22,23].

Feeding rodents with High-fat diet for a prolonged period is
shown to be associated with neurobehavioral and neuro-
immunological changes associated with obesity [24]. Peripheral
inflammation which is capable of signaling brain-based disorders
has been reported in HFD [24]. Also, HFD enhances formation of
reactive oxygen species in the peripheral which causes oxidative
stress and brain dysfunction resulting in impaired learning and
memory [25]. Chronic feeding with HFD for 3e6 weeks duration
was shown to induce alterations in spatial memory and hippo-
campal expression of JNK, P38, ERK and Akt [26]. Herbs, spices and
fruits with rich sources of polyphenols that have shown anti-
oxidative and anti-inflammatory properties are being investigated
to ameliorating the oxido-inflammatory consequences of HFD
models of obesity [25,27].

Ananas comosus, popularly known as pineapple is one of the
herbaceous perennial plant of bromeliaceae family native to tropic
and sub-tropic countries [28]. A. comosus is rich in nutrients
including calcium, potassium as well as vitamin C and vitamin A
[29]. It is reported that the solvent extracts of the various parts of
A. comosus exhibit antibacterial, antiviral, antifungal, antiparasitic,
antiobesity, uterotonic, and anti-inflammatory properties [30e32].
Fresh pineapple is rich in bromelain, a mixture of different thiol
endopeptidases and other components like phosphatase, glucosi-
dase, peroxidase, cellulase, and several protease inhibitors [33]. The
fruit is becoming a favorable fruit in dyslipidemia and obesity with
potential in diminishing the severity of cardiovascular syndromes
as a result of potent anti-inflammatory bromelain content [32,34].
Pineapple peel is a waste component of pineapple with source of
metabolites for therapeutics, including antioxidant, anti-
inflammatory and anti-microbial properties [34] and also cosme-
ceutical applications [35]. In this study, Ananas comosus fruit peel
extract was evaluated for memory impairment, anxiety-like
behavior, and oxidative stress-induced by High-Fat diet feeding in
rats.
2

2. Materials and methods

2.1. Reagents

50, 50-Dithiobis 2-nitrobenzoate (DTNB), Trichloroacetic acid
(TCA), Thiobarbituric acid (TBA), Griess reagent ((sulfanilamide and
N-(1-naphthyl) ethylenediamine dihydrochloride), were all prod-
ucts of Sigma-Aldrich St. Louis, USA. Interleukin�6 Biolegend ELISA
kits (San Diego, USA). All other solvents and reagents were
analytical grade reagents.

2.2. Preparation of Ananas comosus fruit peel extract

Ananas comosus (pineapple) was bought from Oje Market, Iba-
dan, the Oyo State capital, Nigeria. A. comosuswas peeled in the lab
using a sterile knife, the peel was chopped into smaller pieces, and
then oven dried at 40 �C for 72 h. Dried peel were ground using a
mechanical grinder. 200 g of the powdered peel was soaked in 80%
methanol for 48 h. The extract was filtered using a muslin cloth and
doubly filtered with whatmann filter paper. The filtrate was
concentrated under reduced pressure in rotary evaporator and
dried further in vacuum over to a constant weight. The extract was
greenish brown semi solid, tagged Peel Extract of A. comosus
(PEAC).

2.3. Experimental animals

Animals used were 28 male Wistar rats of about 70e90 g after
one week acclimatization in the experimental animal house,
Department of Pharmacology and Therapeutics, University of Iba-
dan. The animals were kept in good hygienic conditions in poly-
propylene plastic cages with wood shavings as bedding. All animals
were allowed free access to water and fed with standard com-
mercial rat chow pellets (Vital feeds Ltd, Ibadan, Nigeria) for ani-
mals on basal diet or formulated high-fat diet for the other
experimental groups. All experiments were carried out with strict
compliance to The “Principle of Laboratory Animal Care” (NIH
Publication No. 85e23) and approved institutional protocols on
animal handling.

2.4. Basal diet and experimental high fat diet composition

Basal diet was composed of normal rat chow diet obtained from
Vital feeds Ltd (Ibadan, Nigeria) with the following composition:
Crude protein (13%), Fat (8%), Crude fibre (15%), Calcium (0.9%),
phosphorus (0.35%), metabolisable energy (2600 kcal/kg). The high
fat diet was made up of the commercial animal feed supplemented
with 44% animal fat (lard) and methionine (0.3%).

2.5. Animal design

The rats were initially fed for five weeks with either normal diet
(ND) for groups 1 and 2 or HFD for groups 3 and 4. The body weight
were takenweekly. At the sixth week, there was weight differences
in ND and HFD groups, and also behavioral symptoms were
beginning to appear as described by Wu et al. (2018). Treatment
commenced at the beginning of the 6th week with vehicle (10 mL/
kg) for groups 1 and 3 or PEAC (200 mg/kg, p.o) for groups 2 and 4,
respectively. The dose of PEAC was selected based on the acute
toxicity test (data not shown). As shown in Fig. 1, the rats were fed
for nineweeks and treatedwith PEAC between 09 and 11 h daily for
four weeks altogether. Four hours after the last administration of
PEAC, the animals were subjected to behavioral procedure to test
for memory performance and anxiety-like behaviors.



Fig. 1. Experimental design and treatment.
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2.6. Behavioral procedure

2.6.1. Test for memory performance using Y-maze paradigm
The effect of peel extract of Ananas comosus (PEAC) on spatial

working memory of normal diet and high fat diet-fed rats were
assessed using the Y-maze paradigm as previously described [36].
They were placed individually at arm A of the Y-maze and allowed
to explore all the three arms freely for 5 min. The number and
sequence of arm entries were recorded and the apparatus was
cleaned after each test with 70% ethanol to remove animal clue. An
entry was scored when the four paws of the animals were
completely in the arm of the Y-maze. The percentage alternation,
which is a measure of memory function, and was calculated by
dividing the total number of alternations by the total number of
arm entries, subtracted by two, and then multiplied by 100 [36].

2.6.2. Test for spatial memory using novel object recognition test
(NORT)

This test was carried out as earlier described [37]. The NORT
consists of two phases: the trial phase and the test phase. NORT
trial phase started 4 h after the last administration of PEAC and test
phase was conducted after an interval of 4 h. The trial phase was
carried out by placing each rat in themiddle of two identical objects
(A and B) on opposite sides (at a distance of 8 cm from thewalls and
34 cm from each other) of the open-field chamber for 5 min.
Thereafter, the animals were returned to their cages for an interval
of 4 h. In the test phase, object B was replaced with object C, which
was novel to the animals and different from either object A or B. The
ratwas then left to explore objects A and C for a period of 5min. The
apparatus was cleaned after each test and the time spent (in sec-
onds) in exploring each of the objects was recorded in both phases.
The discrimination index (DI) was calculated as the difference in
time of exploration of the novel and familiar object divided by the
total amount of time spent with both objects [37].

2.6.3. Elevated plus-maze (EPM) test for anxiety
The EPM test was used to assess the anxiety-like behavior in

rats, 4 h after the last administration of PEAC according to the
procedure described by Lister [38]. The animals were placed
3

individually at the center of the maze with its head facing an open
arm and allowed to explore the maze for 5 min. The parameters
measured were frequency and duration of arm entries. An entry
was scored when the four paws of the animals was completely be
into one arm of the EPM. Ethanol solution (10%) was used to clean
the plus maze after each test [38].

2.7. Biochemical assays

The rats were sacrificed 24 h after the last administration of
PEAC after an overnight fast. The animals were sacrificed through
cervical dislocation after the collection of blood samples from the
retro-orbital plexus and the brain was excised and rinsed in cold
Tris-KCl buffer. The brain, liver, heart, kidneys and spleen were
harvested and weighed. The blood was centrifuged at 4000 rpm for
15 min at room temperature, serum was obtained and aliquots for
determination of lipid profile and oxidative stress parameters. The
whole brain was homogenized in 0.1 M cold sodium phosphate
buffer (pH 7.4) using the Teflon homogenizer. The homogenate was
centrifuged at 4 �C for 10 min at 10,000 rpm. The supernatant were
kept in aliquots for later determination of oxidative stress param-
eters, acetylcholinesterase and interleukin-6.

2.7.1. Estimation of serum lipid profile
Serum total cholesterol, triglyceride and HDL were estimated

using Randox diagnostic kits (Randox Laboratories Limited, Antrim,
United Kingdom). Low density lipoprotein (LDL) was calculated as
LDL ¼ (TC-HDL)-(TG/5) [39].

2.7.2. Evaluation of the risk of atherogenicity
The risk of atherogenicity was determined by calculating the

atherogenic index [40], HDL/LDL ratio [42] and coronary risk index
[41].

2.7.3. Estimation of oxidative stress parameters in serum and brain
supernatant

The LPO end product malondialdehyde (MDA) concentration
was measured in serum and brain supernatant using the thio-
barbituric reacting substance (TBARS) assay [43]. Reduced



Table 1
Effect of PEAC on body weight and organ weights.

Weight (g) ND PEAC HFD HFD þ PEAC

Initial body weight 88.2 ± 8.6 72.8 ± 7.2 72.4 ± 10.6 92.6 ± 3.9
Final body weight 191.8 ± 8.8 181.6 ± 6.4 184.8 ± 4.2 203.2 ± 11.5
Weight gain 103.6 ± 19.2 108.8 ± 15.0 112.4 ± 9.9 110.6 ± 9.4
Brain 1.69 ± 0.03 1.58 ± 0.05 1.66 ± 0.03 1.63 ± 0.06
Liver 5.82 ± 0.27 5.76 ± 0.32 6.39 ± 0.18 6.01 ± 0.32
Heart 0.58 ± 0.02 0.59 ± 0.02 0.58 ± 0.03 0.66 ± 0.09
Kidneys 1.0 ± 0.03 0.93 ± 0.03 1.08 ± 0.03 1.10 ± 0.05
Spleen 0.94 ± 0.05 0.74 ± 0.07 0.76 ± 0.04 0.72 ± 0.03

Values are expressed as mean ± SEM (n ¼ 6).
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glutathione (GSH) concentration in the serum and brain superna-
tant was determined using the Ellman’s reagent [44]. Assay for
catalase enzyme activity in serum and brain supernatants of was
determined using the colorimetric assay based on the yellow
complex formation with H2O2 and molybdate [45].

2.7.4. Estimation of acetyl-cholinesterase activity
The procedure described by Ellman et al. [46] was used to es-

timate AChE activity in the supernatant of the brain tissues. Briefly,
50 mL aliquots of brain supernatant was diluted 50 mL of phosphate
buffer (0.1 M, pH 7.4) followed by addition of 50 mL of DTNB
(0.0001 M) in a 96-well plate. The initial absorbance was first
measured after 5 min of incubation with DTNB. Thereafter, 50 mL of
acetylthiocholine iodide (0.028 M) was added to the mixture for
3 min and the absorbance again measured at 405 nm in a micro-
plate reader (Micro READ 1000, Belgium). The rate of acetyl-
cholinesterase activity (mmol/min/mg tissue) was calculated as
described below [46]:

R ¼ 5.74 � 10�4 x A/Co

Where.
R Rate in moles of substrate hydrolyzed/min/g tissue.
A Change in absorbance/min.
Co ¼ Original concentration of the tissue.

2.7.5. Estimation of Interleukin-6 (IL-6)
The concentration of IL-6 (BioLegend, USA) in the brain super-

natant was determined according to the manufacturer’s instruc-
tion. IL-6 ELISA (BioLegend ELISA MAX™ Deluxe kit, USA) with
sensitivity limit of 4 pg/mL. All the measurements were done at
room temperature in accordancewith BioLegend instructions using
microplate reader with 450 nm filter(Micro READ 1000, Belgium).
The concentration of IL-6 from the tissuewas extrapolated from the
standard curve of IL-6 standards included in the assay kits. The level
of IL-6 in the brain was expressed as pg/mg protein.

2.8. Data analysis

All datawere presented asmean± standard error of mean (SEM)
and statistical significance was taken for p < 0.05. Data were
analyzed using one-way analysis of variance (ANOVA), significant
main effects were further analyzed by Newman-Keuls post hoc test
for multiple comparison of treatment groups with GraphPad
Prism® software version 5.01 (GraphPad Software, Inc. La Jolla, CA
92037 USA).

3. Results

3.1. The effect of PEAC on body weight and organ weights

Following administration of HFD for 9weeks, HFD group had the
highest body weight gain, although not significantly different from
ND group only (Table 1). Treatment with PEAC did not significantly
reduced body weight gained in HFD-fed rats. As shown in Table 1,
no statistical significant differences could be found in the brain,
liver, heart or spleen among treatment groups.

3.2. Effect of PEAC on memory performance in normal diet and high
fat diet-fed rats

The effect of PEAC on spatial working memory of normal diet
and high fat diet-fed rats is presented in Fig. 2A. The high fat diet-
fed group significantly impaired spatial working memory perfor-
mance as evidenced by decreased % correct alternation in the Y-
4

maze test when compared with the vehicle [F (3, 20) ¼ 22.84,
p < 0.0001]. However, treatment with PEAC (200 mg/kg, p.o) daily
for 4 weeks significantly attenuated spatial memory impairment
caused by HFD in rats. PEAC (200 mg/kg) also significantly
(p < 0.05) increased the percentage of correct alternation in basal
diet-fed rats when compared with animals that received basal
diet alone.

The effect of PEAC on non-spatial workingmemory performance
of normal diet and high fat diet-fed rats is presented in Fig. 2B. The
high fat diet-fed group significantly impaired non-spatial working
memory performance as shown by decreased discrimination in the
novel object recognition test when compared with vehicle [F (3,
20) ¼ 54.60, p < 0.0001]. However, treatment with PEAC (200 mg/
kg, p.o) daily for 4 weeks significantly attenuated non-spatial
memory impairment caused by HFD in rats.
3.3. Anxiolytic-like effect of PEAC in normal diet and high fat diet-
fed rats

The open arms duration percentage [F(3,20) ¼ 41.43, p < 0.001;
Fig. 3A] was significantly decreased by HFD group when compared
with the vehicle (ND) while the HFD treated with PEAC group
increased this parameter compared with the HFD group. The open
arms entries percentage [F(3,20) ¼ 23.10, p < 0.0001; Fig. 3B] was
significantly increased and decreased by PEAC and HFD groups
respectively compared to the normal diet group but no significant
change by HFD treated with PEAC (p > 0.05 vs HFD). With regard to
the index open arms avoidance [F(3,20) ¼ 29.33, p < 0.0001;
Fig. 3C] there was significant decrease and increase in PEAC and
HFD groups respectively compared to the normal diet group while
HFD treatedwith PEAC group significantly decreased the parameter
as compared with the HFD group.
3.4. Effect of PEAC on lipid profile in normal diet and high fat diet-
fed rats

The effect of PEAC on serum lipid profiles is shown in Fig. 4 (A-
D). Total cholesterol (TC) [F(3,19) ¼ 4.623, p ¼ 0.0164; Fig. 4A] and
Low density lipoprotein (LDL) [F(3,19) ¼ 9.727, p ¼ 0.0007; Fig. 4D]
were significantly elevated in HFD-fed rats compared to normal
diet fed rats. No significant effect was observed in the triglycerides
level [F(3,19)¼ 0.2967, p¼ 0.8272; Fig. 4B]. HDL-C was significantly
[F(3,19) ¼ 7.135, p ¼ 0.0029; Fig. 4C] reduced in HFD-fed rats
compared with normal diet fed rats (Fig. 4C). However, treatment
with PEAC significantly improves HDL levels in normal diet and
HFD-fed animals. Also PEAC administration to HFD-fed rats
significantly reversed the elevated LDL in HFD-fed rats (Fig. 4D).



Fig. 2. Effect of Peel extract of Ananas comosus (PEAC) on (A) spatial (B) non-spatial working memory of normal diet and high fat diet-fed rats measured in YMT and NORT,
respectively. Values are expressed as mean ± SEM (n ¼ 6). #p < 0.05 compared to ND group, *p < 0.05 compared with HFD group (One-way ANOVA, NewMann Keuls).

Fig. 3. Elevated plus maze test on anxiolytic effect of peel extract of Ananas comosus (PEAC) on normal diet and high fat diet-fed rats. (A) OADP, open arms duration percentage; (B)
OAEP, open arms entries percentage; (C) IOAA, index open arms avoidance; Values are expressed as mean ± SEM (n ¼ 6). #p < 0.05 compared to ND group, *p < 0.05 compared with
HFD group (One-way ANOVA, NewMann Keuls).
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3.5. Effect of PEAC on risk of atherogenicity in normal diet and high
fat diet-fed rats

The HFD group showed a significantly (p < 0.05) decreased HDL/
LDL ratio when compared to the normal diet group (Fig. 5A). PEAC
significantly [F(3,19) ¼ 4.579, p ¼ 0.0169; Fig. 5A] increased the
HDL/LDL ratio both in the normal diet and high fat diet-fed rats.
HFD feeding of rats significantly increased the atherogenic index of
the animals [F(3,19)¼ 12.75, p¼ 0.0002; Fig. 5B]. Treatment of both
normal diet fed and HFD-fed rats with PEAC significantly reduced
the atherogenic indices (Fig. 5B). As shown in Fig. 5C, the HFD group
showed a significantly [F(3,19) ¼ 4.502, p ¼ 0.0179; Fig. 5C]
increased coronary risk index when compared to the normal diet
group. However, PEAC significantly decreased the coronary risk
index in both the normal diet and high-fat diet-fed rats (Fig. 5C).
5

3.6. Effect of PEAC on serum and brain oxidative stress parameters
in normal diet and high fat diet-fed rats

As shown in Fig. 6A&B, there was significant increase in the
index of lipid peroxidation (malondialdehyde) in the serum
[F(3,19) ¼ 16.85, p < 0.0001; Fig. 6A] and brain [F(3,19) ¼ 58.15, p <
0.0001; Fig. 6B] of HFD-fed rats. Administration of PEAC signifi-
cantly increased the serum malondialdehyde levels (Fig. 6A) in
normal diet-fed rats but significantly attenuated the HFD-induced
lipid peroxidation in serum and brain. GSH concentration was
significantly reduced in the serum [F(3,19) ¼ 8.366, p ¼ 0.0014;
Fig. 6C] and brain [F(3,19) ¼ 19.25, p < 0.0001; Fig. 6D] of HFD-fed
rats. PEAC significantly increased GSH level in brain of ND rats
(Fig. 6D) and attenuated GSH depletion in serum and brain tissues
of HFD-fed rats (p < 0.05; Fig. 6C&D). Catalase enzymes activities



Fig. 4. Antihyperlipidemic effect of peel extract of Ananas comosus (PEAC) on normal diet and high fat diet-fed rats. (A) Total cholesterol; (B) Triglycerides; (C) High density li-
poprotein; (D) Low density lipoprotein. Values are expressed as mean ± SEM (n ¼ 5). #p < 0.05 compared to ND group, *p < 0.05 compared with HFD group (One-way ANOVA,
NewMann Keuls).

Fig. 5. Antiatherogenic effect of peel extract of Ananas comosus (PEAC) on normal diet and high fat diet-fed rats. (A) HDL/LDL ratio; (B) Atherogenic index; (C) Coronary risk index.
Values are expressed as mean ± SEM (n ¼ 5). #p < 0.05 compared to ND group, *p < 0.05 compared with HFD group (One-way ANOVA, NewMann Keuls).
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were significantly reduced in serum [F(3,18) ¼ 94.20, p < 0.0001;
Fig. 6E] and brain [F(3,19) ¼ 17.81, p < 0.0001; Fig. 6F] of HFD-fed
rats. In ND-fed rats that received PEAC, catalase activity was
6

increased in the brain tissue (Fig. 6F). Also PEAC reversed the effect
of HFD-induced reduction of catalase activities in serum and brain
tissues of HFD-fed rats (Fig. 6 E&F).



Fig. 6. Effect of peel extract of Ananas comosus (PEAC) on oxidative stress parameters in normal diet and high fat diet-fed rats. (A) Serum malondialdehyde; (B) Brain malondialdehyde; (C) Serum reduced glutathione; (D) Brain reduced
glutathione; (E) Serum catalase; (F) Brain catalase. Values are expressed as mean ± SEM (n ¼ 5). #p < 0.05 compared to ND group, *p < 0.05 compared with HFD group (One-way ANOVA, NewMann Keuls).
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3.7. Effect of PEAC on brain acetylcholinesterase level in normal diet
and high fat diet-fed rats

The effect of PEAC on the activity of acetyl-cholinesterase in the
brain of normal diet and high fat diet fed rats is presented in Fig. 7.
There was significant increase [F(3,19)¼ 13.97, p < 0.0001; Fig. 7] in
brain acetylcholinesterase enzyme activities in HFD group
compared to the normal diet. However, treatment with PEAC
significantly decreased the AChE in HFD-fed rats as compared with
the HFD group. PEAC did not alter AChE levels in ND-fed rats.
Fig. 8. Effect of peel extract of Ananas comosus (PEAC) on brain interleukin-6 (IL-6) in
normal diet and high fat diet-fed rats. Values are expressed as mean ± SEM (n ¼ 5).
#p < 0.05 compared to ND group, *p < 0.05 compared with HFD group (One-way
3.8. Effect of PEAC on brain interleukin-6 (IL-6) level in normal diet
and high fat diet-fed rats

IL-6 level was significantly [F(3,23) ¼ 11.22, p ¼ 0.0002; Fig. 8]
elevated in the HFD-fed rats. No significant elevation in ND-fed rats.
Treatment with PEAC significantly (p < 0.05) reduced elevated IL-6
in brains of HFD-fed rats.
ANOVA, NewMann Keuls).
4. Discussion

Recent evidence shows an association between obesity and
cognitive decline [10]. Consumption of diets with increased sugar
and fats have demonstrated some impairment in spatial and
working memory in rodents [47]. The long-term consumption of a
HFD impairs brain function through inflammation, oxidative stress,
and induction of insulin resistance [48]. Oxidative stress and sys-
temic inflammation contributes to the underlying complications of
obesity [49]. This study reported the antiatherogenic, antiamnesic,
anxiolytic-like, and antioxidant effects of peel extract of Ananas
comosus fruit in normal diet and high-fat diet-fed rats. High-fat diet
represents an important model to demonstrate the effect of obesity
on cognition and anxiety-like effect in rodents [50,51]. Diet-
induced obesity in rodents is characterized by hyperlipidemia,
oxidative stress and systemic inflammation [52].

It has long been shown that a high fat diet increase LDL and total
cholesterol in plasma, while HDL is reduced [53]. The observation is
similar in this study as HFD feeding to rats induced hyperlipidemia
that is evidenced by elevated total cholesterol, triglycerides, and low
density lipoprotein and low high density lipoprotein. However, PEAC
administration significantly reduced the cholesterol and LDL and
increased HDL in the HFD-fed rats. Hypercholesteronemia has been
shown to be associated with increased risk of developing later life
Fig. 7. Effect of peel extract of Ananas comosus (PEAC) on acetylcholinesterase (AChE)
in normal diet and high fat diet-fed rats. Values are expressed as mean ± SEM (n ¼ 5).
#p < 0.05 compared to ND group, *p < 0.05 compared with HFD group (One-way
ANOVA, NewMann Keuls).
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dementia [54], it then appears that PEAC may be beneficial for
treating patients with hypercholesterolemia. Some earlier studies
have demonstrated the anti-hyperlipidemic effects of the pineapple
juice [32,55,56] or the peel extract [56]. Bromelain and phenolic
compounds found in pineapple peel has been reportedly shown to
decrease cholesterol in obesity by breakdown of cholesterol plaques
[57]. Alsopresence of high amountof solublefibres inpineapple peels
can also lower cholesterol by binding to cholesterol in the stomach
and small intestine, ultimately reducing its absorption [58,59].

High Density Lipoprotein reverses cholesterol transport by
scavenging excess cholesterol from peripheral tissues to the liver
for its metabolism and excretion [60]. In addition, HDL can reduce
or neutralize the atherogenic effects of oxidized LDL in artery walls
[61]. A major component of the negative effects of a high fat diet is
the HDL/LDL profile [62]. Treatment with PEAC significantly
improved the HDL/LDL ratio in both normal diet and HFD-fed rats.
Oxidative modification of LDL plays an immense role in the initial
development of atherosclerosis and promotes further accumulation
of free radicals in the arterial wall. LowHDL/LDL ratio indicates high
LDL concentration in the plasma and can be proatherogenic [63].

Furthermore, PEAC improved the lipid profile of animals fed
with the HFD diet and lowered their atherogenic index closer to the
levels of the control animals. A decrease in atherogenic index is a
positive physiological effect. Atherogenic index normally provides
evidence for possible deposition of foam cells or plaque or fatty
infiltration into important organs such as the heart, coronary ves-
sels, aorta, liver and kidneys [64]. The higher the atherogenic index,
the higher is the risk of the above organs for oxidative damage [65].
PEAC reduced the atherogenic index and coronary risk index which
are often considered more important than individual lipoprotein as
indicators of coronary heart disease risk [41,42]. Hence, it is plau-
sible to suggest that PEAC has atheroprotective property, possibly
partly due to the presence of bromelain and other phenolic com-
pounds [32,34].

In this study, rats fed HFD for nine weeks displayed behavioral
impairment on Y-maze test, NORT and EPM platforms. HFD-fed rats
showed reduced correct alternation and discrimination index on
the YMT and NORT, respectively. High-fat diets have been previ-
ously shown to impair spatial learning on the Y-maze paradigm
[66,67] and non-spatial memory measured on the NORT paradigm
[68]. Four weeks administration of PEAC reversed the HFD-induced
memory impairment in rats. Previous study had reported the
cognitive enhancing activity of pineapple juice in scopolamine-
induced amnesia model [69].
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The EPM, which is one of themost widely usedmodels of animal
anxiety, is based on the observation that rats avoid open elevated
alleys and the assumption that this avoidance is generated by fear.
Our results showed that a HFD increased the levels of anxiety in the
tested animals, and oral administration of the PEAC significantly
decreased the index of open arm avoidance and increased the %
amount of open-arm exploration exhibited by the HFD-treated rats,
which suggested anxiolytic effects. It has been reported that HFD
exacerbates behavioral anomalies in various animal models of
anxiety-like behaviors [51]. Neurobehavioral changes, including
anxiety, may be mediated by oxido-inflammatory stress damage to
the brain [70]. The mechanism(s) of how a HFD produces memory
impairments is still under much scrutiny. Spatial memory is of
course reliant on a functioning hippocampus and we suggest that
the diets are having degenerative effects on this region. Our find-
ings of changes in brain AChE levels suggests that high fat in the
diet for a period of 9 weeks disrupted the cholinergic system. The
administration of PEAC to HFD-fed rats decreased acetylcholines-
terase activity in the brain. Increased acetylcholinesterase activity
is associated with rapid breakdown of acetylcholine and subse-
quent memory deficits and oxidative stress [71,72]. Prolonged HFD
feeding can induce upregulation of AChE expression and conse-
quent assembly and stimulation of Ca2þ influx-mediated release of
prooxidant amyloid beta peptides [73,74].

A balance between free radical production and antioxidant ca-
pacity is critical, as oxidative stress results from the upregulation
and accumulation of oxidative products and downregulation of
antioxidant enzymes in obese subjects [75,76]. Oxidative stress
markers and antioxidant concentrations have been evaluated in
HFD studies to consider the role of oxidative stress in anxiety-like
behavior [21]. The brain is very susceptible to damage from
oxidative stress because of its oxygen consumption, relatively low
antioxidant defenses, and high fat contents [77]. The present study
demonstrated a significant increase in lipid peroxidation and
decreased levels of antioxidants in rats fed HFD for nine weeks.
Treatment with PEAC for four weeks ameliorated the oxidative
stress in blood, suggesting that polyphenolic compounds may
scavenge and inhibit ROS overproduction to overcome the adverse
consequences of a HFD. In our study, the HFD significantly
decreased serum GSH, while oral administration of the PEAC
extract significantly increased GSH. GSH is important in the elim-
ination of free radicals, and it acts as substrate for glutathione
peroxidase (GPx) to neutralize hydrogen peroxide and organic hy-
droperoxides in lipid cellular membranes against oxidative dam-
age. The PEAC may have upregulated GSH content via improving
glutathione reductase (GR) activity. The current study showed that
measurements of MDA levels in serum and brain were increased in
the HFD group, whereas oral administration with the PEAC
decreased the MDA levels. Concurrent treatment with PEAC pro-
duced higher activity of CAT in the serum and brain of HFD-fed rats,
which indicates the ability of PEAC to scavenge ROS or protect the
SOD/CAT system that eliminates superoxide radicals. Extract of
pineapple peel have shown presence of phenolic compounds like
ferulic acid, gallic acid, epicatechin, catechin, syringic acid [33]. The
protection observed after PEAC treatment of HFD-fed rats sug-
gested a therapeutic impact on HFD-induced metabolic disruption
via the normalization of ROS.

Moreover, HFD-induced obesity is associated with chronic low-
grade inflammation, which is characterized by increased inflam-
matory cytokines, such as interleukin-6, interleukin-1b, and tumor
necrosis factor-a [77]. A high fat diet can act as an inflammatory
insult to the body triggering synthesis and secretion of pro-
inflammatory cytokines which will lead to even more cytokine
production as well as increased reactive oxygen species (ROS) and
nitrogen species. One of the pro-inflammatory cytokines,
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interleukin-6 (IL-6), controls hepatic C-reactive protein (CRP) pro-
duction, a commonly used marker for inflammation, especially for
obesity issues and cardiovascular disease [78]. IL-1b, IL-6, and TNF-
a are pro-inflammatory cytokines which orchestrate the inflam-
matory response to many stimuli, both systemically and in the
brain. IL-1b and IL-6 receptors are located all over the brain,
especially in the hippocampus, a brain region involved in the
anxiogenic/depressive phenotype [79]. The HFD significantly
increased brain levels of IL-6 while orally administered PEAC
significantly decreased the levels of IL-6 in HFD-fed rats. These anti-
inflammatory properties of PEAC might probably be as a result of
the presence of bromelain and flavonoids in the peels of A. comosus
fruits [32,34]. The limitation of this study is our inability to inves-
tigate the phenolic and flavonoid composition of the ethanol
extract of peels of A. comosus, however, some earlier reports have
shown the presence of important phenolic compounds in the peel.
Further investigation is needed to elucidate the anti-inflammatory
effects of the peel and its bioactive constituents in adipocytes.

Taken together, the present study demonstrated memory
impairment and anxiogenic effects of a high-fat diet in rat and
beneficial atheroprotective, memory enhancing, anxiolytic-like,
antioxidant and anti-inflammatory effects of peel extract of Ana-
nas comosus fruit (pineapple). Hence, we identified pineapple peel
as a potential natural source of functional food ingredients that may
be useful in preventing obesity-related complications.
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