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Abstract: Obesity is considered an important risk factor for several disorders, such as diabetes
mellitus, systemic arterial hypertension, dyslipidemia, and atherosclerosis, which are associated
with inflammation and oxidative stress as a trigger factor. Passiflora edulis contains important
bioactive compounds, such as phenolics, carotenoids, vitamin C, and polyamines in pulp, leaves,
seeds, and bark. Aim: To evaluate the effect of bark of Passiflora edulis (BPe) on body composition,
and metabolic and oxidative stress parameters in genetically obese mice. Methods: Obese male
db/db mice (n = 14 animals) received normal feeds and water ad libitum for 8 weeks. Then, animals
were randomly divided to continue either receiving standard chow (obese, n = 7 (OB)) or feed with
standard chow plus bark Passiflora edulis (BPe) (obese + BPe, n = 7 (OB + BPe)) for 8 more weeks,
totaling 16 weeks. BPe was added to chow (7 g of BPe/kg of chow corresponding to 1.5 g/kg of
body weight). The parameters evaluated in animals included food and caloric intake, body weight,
body fat, plasma glucose, triglycerides, and total cholesterol. Malondialdehyde and antioxidant
capacity were evaluated in plasma and organs. Groups were compared by Student t-test, with p < 0.05.
Results: BPe reduced visceral and subcutaneous fat deposit and adiposity index, cholesterol and
triglyceride levels, ameliorated the antioxidant capacity, and reduced malondialdehyde (MDA) levels.
Conclusion: the bark of Passiflora edulis was effective in improving body composition, and metabolic
and antioxidant parameters in obese mice.
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1. Introduction

Epidemiological studies indicate that the high consumption of fruits and vegetables, whole grains,
and fish have been associated with a lower risk of cardiovascular diseases and mortality, due to the
bioactive compounds present in these foods [1–3]. However, in a new paradigm, their insufficient
intake in the diet, as well the excessive consumption of energy, constitute an important risk factor for
the development of diseases, mainly obesity [4].
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According to the World Health Organization (WHO, (Geneva, Switzerland), obesity is defined
as the excessive or abnormal accumulation of body fat which may cause health damage [5]. It is
considered an important risk factor for several disorders, such as diabetes mellitus, systemic arterial
hypertension, dyslipidemia, atherosclerosis, non-alcoholic fatty liver disease, heart and kidney failure,
and some types of cancer [6–8]. Inflammation and oxidative stress in adipose tissue, due to adipocyte
hypertrophy, are mechanisms suggested as cause of these disorders [9]. The excessive supply of
foods increases the production of free radicals due the oxidation of these nutrients, which favors
the inflammatory cells infiltration and oxidative stress [10]. Initially, this situation is concentrated in
adipose tissue, but with a chronic period of obesity, oxidative stress and inflammation can also affect
other organs and their function [11,12].

Oxidative stress is controlled by the endogenous antioxidant defense system, which includes
antioxidant enzymes [13] and exogenous antioxidants from fruits and vegetables, such as vitamins C,
flavonoids, vitamins E, and carotenoids 14. Studies have already shown health benefits from
food antioxidants due to the action of endogenous antioxidants against free radicals [14–16].
Therefore, considering the complications caused by oxidative stress and inflammation in obese people,
the introduction of natural antioxidants in the diet and their effect on health maintenance/recovery
has become the focus of the scientific community.

There are more than 500 Passiflora species known for their edible fruits, ornamental flowers,
and pharmaceutical uses. They are extensively cultivated in tropical and subtropical regions of
the world, especially in Central and South America [17,18]. Passiflora edulis has received attention
in research due to the presence of important bioactive compounds, such as phenolics, carotenoids,
vitamin C, and polyamines in pulp, leaves, seeds, and bark [19,20]. Bark represents more than a half
of fruit (52%), but at the same time, it is the lesser used part. It is considered a functional food, since
contains bioactive compound—fibers—able to reduce the risk of diabetes and cardiovascular disease
(CVD) [21–23]. The literature has already reported that passionflower bark flour (Passiflora edulis) is
rich in pectin, a soluble fiber, able to form a gel, preventing the absorption of cholesterol and glucose
from the diet. As a positive effect, it reduces glucose intolerance in diabetic patients, and decreases
serum cholesterol and triglyceride levels [24].

However, even with the benefits from pectin and antioxidant compounds in the bark of
Passifora edulis [24–26], this fruit remains little explored in studies regarding obesity-related disorders.
Bark of Passifora edulis (BPe) could be used as treatment against obesity, since bioactive compounds
can reduce oxidative stress, delaying or preventing the manifestation of complications in target organs
such as heart, liver, and kidney. Therefore, the aim of this study was to evaluate the effect of bark
of Passiflora edulis (BPe) on body composition, and metabolic and oxidative stress parameters in
genetically obese mice.

2. Materials and Methods

2.1. Animals and Experimental Protocol

In this study, db/db mice genetically mutated in the leptin receptor were used, for being a good
rodent model for obesity and type 2 diabetes. All the animals were acquired from Universidade de
São Paulo—USP, Brazil. Obese male db/db mice (n = 14 animals) received normal feed and water ad
libitum (Presence for rats and mice, Presence Nutrição Animal, Brazil) for 8 weeks. Then, animals
were randomly divided to continue receiving standard chow (obese, n = 7 (OB)) or standard chow
plus bark Passiflora edulis (BPe) (obese + BPe, n = 7 (OB + BPe) for 8 more weeks, totaling 16 weeks.
In order to confirm obesity, lean mice of the same lineage (n = 10) and same age, fed only standard diet,
were used as the control group. For all animals, feed and water were offered ad libitum. Feed and
water consumption were by measured daily, and body weight was measured weekly. Two animals per
cage were kept in an environment with controlled temperature (24 ± 2 ◦C) and humidity (55 ± 5%)
and light–dark cycle (12–12 h). The study protocol was approved by the Ethics Committee on Animal
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Experimentation of the Botucatu Medical School, Universidade Estadual Paulista—UNESP, (1104/2017)
in São Paulo, Brazil, and followed the recommendations of the Guide for the Care and Use of Experimental
Animals [27]. At the end of the experiment, the animals were euthanized, and the organs and blood
were collected for analysis.

2.2. Preparation of Chow with Bark of Passiflora Edulis

Passiflora edulis fruits, from a rural producer in Presidente Prudente city, São Paulo, Brazil,
in maturation stage, were submitted to selection and sanitization with deionized water. The fruit
bark (exocarpium and mesocarpium) was washed, cut into small pieces, and oven-dried at 60 ◦C
for 48 h. After this process, the dried barks were crushed in a mill type (Logen Scientific, Diadema
São Paulo, Brazil). The commercial chow (Presence, Paulínea, São Paulo, Brazil) was ground, and then
7 g of Passiflora edulis bark/kg of chow was added (correspondent to 1.5 g/kg of body weight
per day) [28]. Following this, the moisture was pelleted again for consumption.

2.3. Bark of Passiflora Edulis Antioxidants Characterization

2.3.1. Carotenoids

Bark of Passiflora edulis (400 mg) was homogenized in 2.5 mL MeOH (High Performance liquid
cromatograph (HPLC) grade) for 1 min using a vortex, and then ultrasonicated for 30 min at 25 ◦C.
After centrifugation (10 min, 3800× g, Hettich Zentrifugen, Mikro220R, Tuttlingen, Germany),
the supernatant was transferred to amber tubes. The residual pellet was submitted to one more
process of extraction with 2.5 mL MeOH, and two more similar extractions with tetrahydrofuran (THF)
(2.5 mL in each extraction). The supernatants (10 mL) were completely evaporated under N2. The dry
organic solvent extract was resolubilized in 1 mL ethanol and centrifuged (5 min, 800g at 4 ◦C) and
20 µL of supernatant was injected into the HPLC/Diode array detector (DAD) system. The used
method was described by Yeum et al. (1996) [29]: briefly, the system consisted of a reversed phase
HPLC Thermo Scientific Ultimate 3000 (Thermo Scientific, San Jose, CA, USA), equipped with a diode
array detector and C30 column for carotenoids (5 µm, 150 × 4.6 mm, YMC-Yamamura Chemical
Research, Wilmington, NC, USA). HPLC mobile phase conditions consisted of methanol/methyl
tert-butyl ether/water (85:12:3, v/v/v) with 1.5% ammonium acetate in water for solvent A and
methanol/MTBE/water (8:90:2 v/v/v) with 1.0% ammonium acetate in water for solvent B. The solvent
gradient was as follows: 90% A and 10% B (2 min), 85% A and 15% B (5 min), 75% A and 25% B
(9 min), 60% A and 40% B (12 min), 17% A and 83% B (16 min), 5% A and 95% B (23 min), 5% A and
95% B (25 min), and 60% A and 40% B (28 min) at a flow rate of 0.4 mL min (10 ◦C). Carotenoids were
quantified at 450 nm by determining peak areas under the curve in the HPLC calibrated against known
amounts of standards. The results were adjusted using a standard curve for β-carotene, criptoxantin,
and lutein (Sigma-Aldrich Co., St. Louis, MO, USA) of 99.98% purity. The recovery standard average
was 97%. The results are expressed in ng/100 g, and correspond to the average of three consecutive
injections per sample (n = 3). All analyses were performed in triplicate [29].

2.3.2. Determination of 2, 2-Diphenyl-1-picrylhydrazyl radical (DPPH) Radical Scavenging Activity

The free radical scavenging hydrophilic capacity was performed. Three hundred microliters
were added to 2 mL of DPPH solution (0.004% in ethanol). All samples were conducted in
triplicate, and the readings were performed at 517 nm. Absorbance was converted to the percentage
of antioxidant activity using the following equation: % Reduced DPPH = ((blank absorbance −
sample absorbance)/blank absorbance) × 100. A calibration curve was prepared with Trolox
(6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) and the results were expressed in µM equiv
Trolox per 100 g dry weight (DW) [30].
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2.3.3. Determination of Total Phenol Content

Total phenolic content was determined using the Folin–Ciocalteu reagent Folin–Ciocalteu reagent
was diluted 10 times with distilled water. The pepper extract solution (500 µL) was mixed with 1 mL
diluted Folin–Ciocalteu reagent, 1 mL sodium bicarbonate solution (7.5%), and 1 mL distilled water.
The mixture was incubated at room temperature for 15 min. The absorbance of the solution was
determined at 730 nm using a spectrophotometer (Biowave, S2100, Cambridge, UK) and compared
with gallic acid equivalents (GAE) calibration curve. The total phenolic content was expressed as mg
gallic acid equivalents of 100 g of Passiflora edulis bark [31].

2.4. Nutritional Parameters

Nutritional profile was characterized by initial body weight (IBW), final body weight (FBW), total
body fat (TF—sum of fat deposits: epididymal, retroperitoneal, visceral, and subcutaneous), adiposity
index (AI—total body fat/final body weight × 100) and feed intake (g/day).

2.5. Metabolic Parameters

After 8 h fasting, serum levels of glucose, triglycerides, and cholesterol (kits from BioClin®,
Belo Horizonte, MG, Brazil) were determined by an automatic enzymatic analyzer system (Chemistry
Analyzer BS-200, Mindray Medical International Limited, Shenzhen, China).

2.6. Preparation of Tissues for Oxidative Stress Analysis

Increased reactive oxygen species (ROS) lead to oxidative stress, which is responsible for the
oxidation of biomolecules and affecting antioxidant capacity. For this reason, we analyzed, in this study,
both malondialdehyde levels (MDA), an important lipid peroxidation biomarker and antioxidant
capacity in serum and tissues (adipose, hepatic, cardiac, and renal).

Tissues (100 mg) were homogenized in 1 mL of cold phosphate saline buffer (PBS), pH = 7.4,
and centrifuged (800× g, 4 ◦C, 10 min). The supernatant was used in the following analyses.

2.6.1. Malondialdehyde (MDA)

Homogenate (100 µL) was used for MDA analysis. Briefly, 700 µL of 1% orthophosphoric
acid and 200 µL of thiobarbituric acid (42 mM) were added to the sample. Then, the sample was
boiled for 60 min in a water bath, and afterwards, it was immediately cooled on ice. Two hundred
microliters was transferred to a 2 mL tube containing 200 µL sodium hydroxide/methanol (1:12 v/v).
The sample was vortex-mixed for 10 s, and centrifuged for 3 min at 13,000× g. The supernatant
(200 µL) was transferred to a 300 µL glass vial and 50 µL injected onto the column. The HPLC was
a Shimadzu LC-10AD system (Kyoto, Japan) equipped with a C18 Luna column (5 µm, 150 × 4.60 mm,
Phenomenex Inc., Torrance, CA, USA), a Shimadzu RF-535 fluorescence detector (excitation 525 nm,
emission 551 nm), and 0.5 mL/min flow of phosphate buffer (KH2PO4 1mM, pH 6.8) [32]. MDA was
quantified by determination of the peak area in the chromatograms relative to a standard curve of
known concentrations.

2.6.2. Antioxidant Capacity

The hydrophilic antioxidant capacity was determined fluorometrically, as described by
Beretta et al. (2006) [33] using VICTOR X2 reader (Perkin Elmer-Boston, MA, USA).
The antioxidant capacity was quantified by the comparison between the areas on the curve
relative to the oxidation kinetics of the phosphatidylcholine (PC) suspension, which was used
as a reference for biological matrix. 2,2′-Azobis (2-aminopropano)-dihydrochloride (AAPH) was
used as the peroxyl radical initiator. The results represent the percentage of inhibition of
4,4-difluoro-5-(4-phenyl-1,3-butadienyl)-4-bora-3a,4a-diaza-s-indacene-3-undecanoic acid) (BODIPY,
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581/591) in plasma relative to that occurring in the control sample of BODIPY 581/591 in PC liposome.
All analyses were performed in triplicate, and the results represent the percent protection.

3. Statistical Analysis

Data were analyzed by Student t-test or Mann–Whitney, and the results are presented as
means± standard deviation (SD), or medians (interquartile range). Statistical analyses were performed
using Sigma Stat for Windows Version 3.5. (Systat Software, Inc., San Jose, CA, USA), and a p value of
0.05 was considered as statistically significant.

4. Results

4.1. Bark of Passiflora Edulis Antioxidants Characterization

Table 1 presents the antioxidants characterization. It was possible to verify the presence of some
carotenoids—β-carotene, lutein, cryptoxanthin, and also the amount of total phenolic. The table also
presents the antioxidant capacity (DHPP).

Table 1. Bark of Passiflora edulis antioxidant characterization.

Parameters Content/Activity

β-carotene 0.321 mg/100 mg DW
Lutein 57.53 mg/100 mg DW

Cryptoxanthin 2.23 mg/100 mg DW
Total phenolic 248.9 mg gallic acid equivalents/100 g DW

DHPP 1.1 µM equiv Trolox/100 g DW

DW—dry weight. DHPP: 2,2-Diphenyl-1-picrylhydrazyl radical.

4.2. Bark of Passiflora Edulis Reduced Visceral and Subcutaneous Fat Deposit and Adiposity Index

The treatment with BPe promoted a significant reduction of 34.5% in the visceral fat, 27.2%
in subcutaneous and 16.1% in adiposity index when compared to the untreated group (Table 2).
This positive effect happened even with a higher feed intake by the supplemented group.

Table 2. Nutritional status parameters.

Variables Obese Obese + BPe

Feed intake (g/day) 6.50 ± 0.15 10.8 ± 0.16 *
IBW (g) 17.6 ± 4.4 18.9 ± 4.4
FBW (g) 53.9 (0.6) 52.7 (18.5)
RAT (g) 1.87 (0.36) 1.43 (1.24)
EAT (g) 2.80 ± 0.33 2.85 ± 0.80
VAT (g) 1.80 ± 0.14 1.18 ± 0.51 *
SAT (g) 9.11 ± 1.19 6.58 ± 2.95 *
TF (g) 15.8 (2.0) 14.2 (7.9)
AI (%) 29.3 ± 2.5 24.66 ± 6.08 *

BPe—bark of Passiflora edulis; IBW—initial body weight; FBW—final body weight; RAT—retroperitoneal
adipose tissue; EAT—epididymal adipose tissue; VAT—visceral adipose tissue; SAT—subcutaneous adipose tissue;
TF—total fat; AI—adiposity index. Data are expressed in mean ± standard deviation, or median and interquartile
range (FBW, RAT, TF, AI). * indicates p < 0.05.

4.3. Bark of Passiflora Edulis Reduced Cholesterol and Triglycerides Levels

The treatment with BPe was effective in reducing total cholesterol and triglyceride evels.
No change in glucose level was observed (Figure 1).
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Figure 1. Plasma biochemical parameters for (A) total cholesterol; (B) triglycerides; (C) glucose.
Data are expressed in mean ± standard deviation, or median. Dotted line represents mean value of
control group. BPe—bark of Passiflora edulis.

4.4. Bark of Passiflora Edulis Ameliorates the Antioxidant Capacity and Reduces MDA Levels

The treatment with bark of Passiflora edulis increased the antioxidant capacity in plasma, kidney,
liver, and adipose tissue compared to the group without the compound (Figure 2). Regarding MDA
levels, the bark was effective in reducing lipid oxidation in kidney and liver (Figure 3).
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5. Discussion

Obesity is a serious health problem around the world. However, the most commonly used
strategies for prevention or treatment of obesity (diet, exercise, drugs, and surgery) have some
restrictions and side effects. Therefore, investigating new therapies for its prevention and treatment is
very urgent [34]. In this study, we evaluated the effect of bark of Passiflora edulis on body composition,
and metabolic and oxidative stress parameters in genetically obese mice. This animal model presents
leptin receptor deficiency, and has served as a rodent model for obesity and type 2 diabetes for more
than 40 years [35].

More important than the extent of body fat accumulation, the severity of obesity-related diseases
is associated to body fat distribution. Visceral fat correlates significantly with glucose area after
oral glucose tolerance test, with cholesterol and triglyceride levels, and increased risk for cardiac
disease [36,37]. Regarding obesity parameters, the bark showed a positive effect in reducing visceral
and subcutaneous adipose tissues and adiposity index. We did not find studies about BPe to compare
the results, but Su (2016) [38] studying acetylshikonin, and Zhang (2012) [39] working with rhein,
found similar results. Some research, regarding adipose tissue and bioactive compounds, showed
that the body fat reduction is associated, in part, with an increase of the mitochondrial uncoupling
protein-1 (UCP-1) in white adipose tissue, which is able to increase the metabolic energy heat [40,41].

Dyslipidemia and hyperglycemia are metabolic disorders associated with an increase of
cardiovascular risk [42]. Regarding these parameters, the group treated with bark of Passiflora edulis
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presented a reduction in cholesterol and triglycerides levels, even in this animal model. Since db/db
mice have the highest plasma triglyceride and cholesterol due to genetic mutation, the decrease of
these parameters represents a relevant effect of BPe. One explanation for this positive effect is that
Passiflora edulis, one of the various species of Passiflora genus plants [43], is rich in pectin, a soluble
fiber with benefits to health [28,44,45]. Soluble fiber may increase short-chain fatty acid synthesis,
thereby reducing endogenous cholesterol production, and a diet low in cholesterol and saturated fat
can reduce blood levels of cholesterol and triacylglycerol [42,46].

Oxidative stress is a condition associated with development of many complications and
comorbidities in obesity [16,47]. The bark of Passiflora edulis used in this study was effective in
improving antioxidant defense in plasma, liver, kidney, and adipose tissue of db/db mice, in addition to
a reduction of MDA in liver and kidneys. In this case, the increase of antioxidant defense and decrease
in lipid peroxidation are relevant facts, since these conditions may avoid the manifestation of oxidative
stress associated diseases, such as hepatic and renal failure. These findings can be associated with
the bioactive compounds, as carotenoids and phenolic compounds present in the bark used in this
study [28].

Carotenoids are pigments responsible for pigmentation in animals, plants, and microorganisms,
but also with an important role in biological systems, especially as antioxidants [48].
The most important carotenoids include β-carotene, α-carotene, lycopene, lutein, zeaxanthin,
and β-cryptoxanthin. Together with their metabolites, these substances are the most efficient
physical and chemical scavengers of singlet oxygen and other reactive oxygen species
(ROS) [49]. Considering that ROS are related to many disorders—cardiovascular disease, cancer,
and neurodegenerative—the consumption of fruits and vegetables rich in carotenoids, such as
Passiflora edulis, is important to reduce the risk for disorders.

Phenolic compounds are a class of compounds which contain an aromatic ring bearing one or
more hydroxy substituent [50,51]. Fruits (grapes, apple, pear, cherries, and berries), vegetables,
cereals, chocolate, and beverages (red wine, tea and coffee) are examples of dietary compounds
containing polyphenols. Antioxidant activities from these substances includes suppression of
ROS formation by the inhibition of enzymes involved in their production, scavenging of ROS,
and upregulation or protection of antioxidant defenses [52]. Therefore, the daily intake of food
rich in polyphenols may exhibit benefic effects to health.

6. Conclusions

In summary, this study presented benefits from bark of Passiflora edulis towards the health of
genetic obese animals, reducing body fat and malondialdehyde, and improving dyslipidemia and
antioxidant capacity. Hence, it is possible to conclude that the bark of Passiflora edulis is effective to
improve body composition, and metabolic and antioxidant parameters in obese mice.

Author Contributions: Conceptualization, C.R.C. and M.F.P., D.T.P.; Methodology, D.T.P., M.F.P., S.L.B.d.S.
and K.C.d.S.; Software, A.J.T.F.; Validation, C.R.C. and F.V.F. and I.O.M.; Formal Analysis, M.G.B., J.L.G., M.F.P.,
S.L.B.d.S., K.C.d.S.; Investigation, A.C.C., C.R.C.; Resources, G.P.P.L., C.R.C.; Data Curation, A.J.T.F., F.V.F.,
I.O.M.; Writing—Original Draft Preparation, F.V.F. and M.F.P.; Writing—Review & Editing, F.V.F., A.J.T.F., C.R.C.
and M.F.P.; Visualization, S.L.B.d.S., F.V.F., C.R.C.; Supervision, C.R.C., A.C.C. and D.T.P.; Project Administration,
A.C.C., D.T.P.; Funding Acquisition, C.R.C., A.C.C., G.P.P.L.

Funding: Fundação de Amparo à Pesquisa do Estado de São Paulo—FAPESP (2015/09292-0).

Conflicts of Interest: The authors declare no conflict of interest.



Antioxidants 2018, 7, 120 9 of 11

References

1. Zhan, J.; Liu, Y.-J.; Cai, L.-B.; Xu, F.-R.; Xie, T.; He, Q.-Q. Fruit and vegetable consumption and risk of
cardiovascular disease: A meta-analysis of prospective cohort studies. Crit. Rev. Food Sci. Nutr. 2017, 57,
1650–1663. [CrossRef] [PubMed]

2. Saita, E.; Kondo, K.; Momiyama, Y. Anti-inflammatory diet for atherosclerosis and coronary artery disease:
Antioxidant foods. Clin. Med. Insights Cardiol. 2014, 8 (Suppl. 3), 61–65. [CrossRef] [PubMed]

3. Mori, T.A. Marine OMEGA-3 fatty acids in the prevention of cardiovascular disease. Fitoterapia 2017, 123,
51–58. [CrossRef] [PubMed]

4. Drewnowski, A.; Darmon, N. The economics of obesity: Dietary energy density and energy cost. Am. J.
Clin. Nutr. 2005, 82, 265–273. [CrossRef] [PubMed]

5. WHO. World Health Organisation Obesity and Overweight Fact Sheet; WHO: Geneva, Switzerland, 2016.
6. Glass, C.K.; Olefsky, J.M. Inflammation and lipid signaling in the etiology of insulin resistance. Cell Metab.

2012, 15, 635–645. [CrossRef] [PubMed]
7. Hirabara, S.M.; Gorjão, R.; Vinolo, M.A.; Rodrigues, A.C.; Nachbar, R.T.; Curi, R. Molecular targets related to

inflammation and insulin resistance and potential interventions. J. Biomed. Biotechnol. 2012, 2012, 379024.
[CrossRef] [PubMed]

8. Van de Woestijne, A.P.; Monajemi, H.; Kalkhoven, E.; Visseren, F.L.J. Adipose tissue dysfunction and
hypertriglyceridemia: Mechanisms and management. Obes. Rev. 2011, 12, 829–840. [CrossRef] [PubMed]

9. Klöting, N.; Blüher, M. Adipocyte dysfunction, inflammation and metabolic syndrome. Rev. Endocr.
Metab. Disord. 2014, 15, 277–287. [CrossRef] [PubMed]

10. Forbes, J.M.; Coughlan, M.T.; Cooper, M.E. Oxidative stress as a major culprit in kidney disease in diabetes.
Diabetes 2008, 57, 1446–1454. [CrossRef] [PubMed]

11. Manna, P.; Jain, S.K. Obesity, Oxidative Stress, Adipose Tissue Dysfunction, and the Associated Health Risks:
Causes and Therapeutic Strategies. Metab. Syndr. Relat. Disord. 2015, 13, 423–444. [CrossRef] [PubMed]

12. Santilli, F.; D’Ardes, D.; Davì, G. Oxidative stress in chronic vascular disease: From prediction to prevention.
Vasc. Pharmacol. 2015, 74, 23–37. [CrossRef] [PubMed]

13. Poljsak, B.; Šuput, D.; Milisav, I. Achieving the balance between ROS and antioxidants: When to use the
synthetic antioxidants. Oxid. Med. Cell. Longev. 2013, 2013, 956792. [CrossRef] [PubMed]

14. Montezano, A.C.; Dulak-Lis, M.; Tsiropoulou, S.; Harvey, A.; Briones, A.M.; Touyz, R.M. Oxidative stress
and human hypertension: Vascular mechanisms, biomarkers, and novel therapies. Can. J. Cardiol. 2015, 31,
631–641. [CrossRef] [PubMed]

15. Mangge, H. Antioxidants, inflammation and cardiovascular disease. World J. Cardiol. 2014, 6, 462. [CrossRef]
[PubMed]

16. Pham-Huy, L.A.; He, H.; Pham-Huy, C. Free radicals, antioxidants in disease and health. Int. J. Biomed. Sci.
2008, 4, 89–96. [PubMed]

17. Ulmer, T.; MacDougal, J.M. Passiflora: Passionflowers of the World; Timber Press: Portland, OR, USA, 2004.
18. Martin, F.; Nakasone, H. The edible species of Passiflora. Econ. Bot. 1970, 24, 333–343. [CrossRef]
19. Medina, S.; Collado-González, J.; Ferreres, F.; Londoño-Londoño, J.; Jiménez-Cartagena, C.; Guy, A.;

Durand, T.; Galano, J.M.; Gil-Izquierdo, A. Quantification of phytoprostanes–bioactive oxylipins–and
phenolic compounds of Passiflora edulis Sims shell using UHPLC-QqQ-MS/MS and LC-IT-DAD-MS/MS.
Food Chem. 2017, 229, 1–8. [CrossRef] [PubMed]

20. De Santana, F.C.; de Oliveira Torres, L.R.; Shinagawa, F.B.; e Silva, A.M.; Yoshime, L.T.; de Melo, I.L.P.;
Marcellini, P.S.; Mancini-Filho, J. Optimization of the antioxidant polyphenolic compounds extraction of
yellow passion fruit seeds (Passiflora edulis Sims) by response surface methodology. J. Food Sci. Technol.
2017, 54, 3552–3561. [CrossRef] [PubMed]

21. Correa, E.; Medina, L.; Barros-Monteiro, J.; Valle, N.; Sales, R.; Magalaes, A. The Intake of Fiber Mesocarp
Passionfruit (Passiflora Edulis) Lowers Levels of Triglyceride and Cholesterol Decreasing Principally Insulin
and Leptin. J. Aging Res. Clin. Pract. 2014, 3, 31–35. [PubMed]

22. Wong, Y.; Sia, C.; Khoo, H.; Ang, Y.; Chang, S.; Uim, H. Influence of extraction conditions on antioxidant
properties of passion fruit (Passiflora edulis) peel. Acta Sci. Pol. Technol. Aliment. 2014, 13, 257–265.
[CrossRef] [PubMed]

http://dx.doi.org/10.1080/10408398.2015.1008980
http://www.ncbi.nlm.nih.gov/pubmed/26114864
http://dx.doi.org/10.4137/CMC.S17071
http://www.ncbi.nlm.nih.gov/pubmed/26279633
http://dx.doi.org/10.1016/j.fitote.2017.09.015
http://www.ncbi.nlm.nih.gov/pubmed/28964873
http://dx.doi.org/10.1093/ajcn/82.1.265S
http://www.ncbi.nlm.nih.gov/pubmed/16002835
http://dx.doi.org/10.1016/j.cmet.2012.04.001
http://www.ncbi.nlm.nih.gov/pubmed/22560216
http://dx.doi.org/10.1155/2012/379024
http://www.ncbi.nlm.nih.gov/pubmed/23049242
http://dx.doi.org/10.1111/j.1467-789X.2011.00900.x
http://www.ncbi.nlm.nih.gov/pubmed/21749607
http://dx.doi.org/10.1007/s11154-014-9301-0
http://www.ncbi.nlm.nih.gov/pubmed/25344447
http://dx.doi.org/10.2337/db08-0057
http://www.ncbi.nlm.nih.gov/pubmed/18511445
http://dx.doi.org/10.1089/met.2015.0095
http://www.ncbi.nlm.nih.gov/pubmed/26569333
http://dx.doi.org/10.1016/j.vph.2015.09.003
http://www.ncbi.nlm.nih.gov/pubmed/26363473
http://dx.doi.org/10.1155/2013/956792
http://www.ncbi.nlm.nih.gov/pubmed/23738047
http://dx.doi.org/10.1016/j.cjca.2015.02.008
http://www.ncbi.nlm.nih.gov/pubmed/25936489
http://dx.doi.org/10.4330/wjc.v6.i6.462
http://www.ncbi.nlm.nih.gov/pubmed/24976919
http://www.ncbi.nlm.nih.gov/pubmed/23675073
http://dx.doi.org/10.1007/BF02860668
http://dx.doi.org/10.1016/j.foodchem.2017.02.049
http://www.ncbi.nlm.nih.gov/pubmed/28372151
http://dx.doi.org/10.1007/s13197-017-2813-3
http://www.ncbi.nlm.nih.gov/pubmed/29051650
http://www.ncbi.nlm.nih.gov/pubmed/25346913
http://dx.doi.org/10.17306/J.AFS.2014.3.4
http://www.ncbi.nlm.nih.gov/pubmed/24887941


Antioxidants 2018, 7, 120 10 of 11

23. Galisteo, M.; Duarte, J.; Zarzuelo, A. Effects of dietary fibers on disturbances clustered in the
metabolic syndrome. J. Nutr. Biochem. 2008, 19, 71–84. [CrossRef] [PubMed]

24. Silva, D.; Freitas, A.; Pessoa, C.; Paula, R.; Mesquita, J.; Leal, L.; Brito, G.A.; Gonçalves, D.O.;
Viana, G.S. Pectin from Passiflora edulis shows anti-inflammatory action as well as hypoglycemic and
hypotriglyceridemic properties in diabetic rats. J. Med. Food 2011, 14, 1118–1126. [CrossRef] [PubMed]

25. Baú Betim Cazarin, C.; da Silva, J.K.; Colomeu, T.C.; de Lima Zollner, R.; Maróstica Junior, M.R.
Capacidade antioxidante e composição química da casca de maracujá (Passiflora edulis). Ciênc. Rural
2014, 44, 1699–1704. [CrossRef]

26. De Queiroz, M.D.; Janebro, D.I.; da Cunha, M.A.; dos Santos Medeiros, J.; Sabaa-Srur, A.U.;
Margareth de Fatima, F.M.; Dos Santos, S.C. Effect of the yellow passion fruit peel flour (Passiflora edulis f.
flavicarpa deg.) in insulin sensitivity in type 2 diabetes mellitus patients. Nutr. J. 2012, 11, 89. [CrossRef]
[PubMed]

27. Olfert, E.D.; Cross, B.M.; McWilliam, A.A. Guide to the Care and Use of Experimental Animals; Canadian Council
on Animal Care: Ottawa, ON, Canada, 1993; Volume 1.

28. Lima, E.S.; Schwertz, M.C.; Sobreira, C.R.C.; Borras, M.R.L. Efeito hipoglicemiante da farinha do fruto de
maracujá-do-mato (Passiflora nitida Kunth) em ratos normais e diabéticos. Rev. Bras. Plantas Med. 2012, 14,
383–388. [CrossRef]

29. Yeum, K.; Booth, S.L.; Sadowski, J.A.; Chun, L.; Tang, G.; Krinsky, N.I.; Russell, R.M. Human plasma
carotenoid response to the ingestion of controlled diets high in fruits and vegetables. Am. J. Clin. Nutr. 1996,
64, 594–602. [CrossRef] [PubMed]

30. Brand-Williams, W.; Cuvelier, M.E.; Berset, C. Use of a free radical method to evaluate antioxidant activity.
LWT-Food Sci. Technol. 1995, 28, 25–30. [CrossRef]

31. Horwitz, W. Official Methods of Analysis of the Association of Official analytical Chemists, 14th ed.;
Chemists AOOA, Organizador: Washington, DC, USA, 1984.

32. Pierine, D.T.; Navarro, M.E.L.; Minatel, I.O.; Luvizotto, R.A.M.; Nascimento, A.F.; Ferreira, A.L.A.; Yeum, K.J.;
Corrêa, C.R. Lycopene supplementation reduces TNF-α via RAGE in the kidney of obese rats. Nutr. Diabetes
2014, 4, 1–6. [CrossRef] [PubMed]

33. Beretta, G.; Aldini, G.; Facino, R.M.; Russell, R.M.; Krinsky, N.I.; Yeum, K.J. Total antioxidant performance:
A validated fluorescence assay for the measurement of plasma oxidizability. Anal. Biochem. 2006, 354,
290–298. [CrossRef] [PubMed]

34. Pan, M.-H.; Tung, Y.-C.; Yang, G.; Li, S.; Ho, C.-T. Molecular mechanisms of the anti-obesity effect of bioactive
compounds in tea and coffee. Food Funct. 2016, 7, 4481–4491. [CrossRef] [PubMed]

35. Belke, D.D.; Severson, D.L. Diabetes in Mice with Monogenic Obesity: The db/db Mouse and Its Use in the
Study of Cardiac Consequences. In Animal Models in Diabetes Research; Humana Press: Totowa, NJ, USA,
2012; pp. 47–57.

36. Després, J.P.; Nadeau, A.; Tremblay, A.; Ferland, M.; Moorjani, S.; Lupien, P.J.; Thériault, G.; Pinault, S.;
Bouchard, C. Role of deep abdominal fat in the association between regional adipose tissue distribution and
glucose tolerance in obese women. Diabetes 1989, 38, 304–309. [CrossRef] [PubMed]

37. Matsuzawa, Y. Establishment of a concept of visceral fat syndrome and discovery of adiponectin. Proc. Jpn.
Acad. Ser. B 2010, 86, 131–141. [CrossRef]

38. Su, M.L.; He, Y.; Li, Q.S.; Zhu, B.H. Efficacy of acetylshikonin in preventing obesity and hepatic steatosis in
db/db mice. Molecules 2016, 21, 976. [CrossRef] [PubMed]

39. Zhang, Y.; Fan, S.; Hu, N.; Gu, M.; Chu, C.; Li, Y.; Lu, X.; Huang, C. Rhein reduces fat weight in db/db mouse
and prevents diet-induced obesity in C57Bl/6 mouse through the inhibition of PPAR γ signaling. PPAR Res.
2012, 2012, 374936. [CrossRef] [PubMed]

40. Leal-Díaz, A.M.; Noriega, L.G.; Torre-Villalvazo, I.; Torres, N.; Alemán-Escondrillas, G.; López-Romero, P.;
Sánchez-Tapia, M.; Aguilar-López, M.; Furuzawa-Carballeda, J.; Velázquez-Villegas, L.A.; et al.
Aguamiel concentrate from Agave salmiana and its extracted saponins attenuated obesity and hepatic
steatosis and increased Akkermansia muciniphila in C57BL6 mice. Sci. Rep. 2016, 6, 1–15. [CrossRef]
[PubMed]

41. Lee, S.G.; Parks, J.S.; Kang, H.W. Quercetin, a functional compound of onion peel, remodels white adipocytes
to brown-like adipocytes. J. Nutr. Biochem. 2017, 42, 62–71. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.jnutbio.2007.02.009
http://www.ncbi.nlm.nih.gov/pubmed/17618108
http://dx.doi.org/10.1089/jmf.2010.0220
http://www.ncbi.nlm.nih.gov/pubmed/21554121
http://dx.doi.org/10.1590/0103-8478cr20131437
http://dx.doi.org/10.1186/1475-2891-11-89
http://www.ncbi.nlm.nih.gov/pubmed/23088514
http://dx.doi.org/10.1590/S1516-05722012000200020
http://dx.doi.org/10.1093/ajcn/64.4.594
http://www.ncbi.nlm.nih.gov/pubmed/8839505
http://dx.doi.org/10.1016/S0023-6438(95)80008-5
http://dx.doi.org/10.1038/nutd.2014.39
http://www.ncbi.nlm.nih.gov/pubmed/25383746
http://dx.doi.org/10.1016/j.ab.2006.04.001
http://www.ncbi.nlm.nih.gov/pubmed/16729959
http://dx.doi.org/10.1039/C6FO01168C
http://www.ncbi.nlm.nih.gov/pubmed/27722362
http://dx.doi.org/10.2337/diab.38.3.304
http://www.ncbi.nlm.nih.gov/pubmed/2645187
http://dx.doi.org/10.2183/pjab.86.131
http://dx.doi.org/10.3390/molecules21080976
http://www.ncbi.nlm.nih.gov/pubmed/27483220
http://dx.doi.org/10.1155/2012/374936
http://www.ncbi.nlm.nih.gov/pubmed/23049539
http://dx.doi.org/10.1038/srep34242
http://www.ncbi.nlm.nih.gov/pubmed/27678062
http://dx.doi.org/10.1016/j.jnutbio.2016.12.018
http://www.ncbi.nlm.nih.gov/pubmed/28131896


Antioxidants 2018, 7, 120 11 of 11

42. Marques, S.D.; Libonati, R.M.; Sabaa-Srur, A.U.; Luo, R.; Shejwalkar, P.; Hara, K.; Dobbs, T.; Smith, R.E.
Evaluation of the effects of passion fruit peel flour (Passiflora edulis fo.flavicarpa) on metabolic changes in
HIV patients with lipodystrophy syndrome secondary to antiretroviral therapy. Braz. J. Pharmacogn. 2016,
26, 420–426. [CrossRef]

43. Zeraik, M.L.; Pereira, C.A.M.; Zuin, V.G.; Yariwake, J.H. Maracujá: Um alimento functional?
Braz. J. Pharmacogn. 2010, 20, 459–471. [CrossRef]

44. Samout, N.; Bouzenna, H.; Dhibi, S.; Ncib, S.; Elfeki, A. ScienceDirect Therapeutic effect of apple pectin in
obese rats. Biomed. Pharmacother. 2016, 83, 1233–1238. [CrossRef] [PubMed]

45. Brouns, F.; Theuwissen, E.; Adam, A.; Bell, M.; Berger, A.; Mensink, R.P. Cholesterol-lowering properties of
different pectin types in mildly hyper-cholesterolemic men and women. Eur. J. Clin. Nutr. 2012, 66, 591–599.
[CrossRef] [PubMed]

46. Solà, R.; Godàs, G.; Richard, J.L.; Heras, M.; Olivé, S.; Anguera, A.; Salas, J.; Masana, L. Effects of soluble fiber
(Ispaghula Husk) on plasma lipids, lipoproteins and apolipoproteins in men with ischemic heart disease.
Atheroscler. Suppl. 2001, 2, 88–89. [CrossRef]

47. Francisqueti, F.V.; Chiaverini, L.C.T.; Santos, K.C.; Minatel, I.O.; Berchieri Ronchi, C.; Ferron, A.J.T.;
Ferreira, A.L.; Corrêa, C.R. The role of oxidative stress on the pathophysiology of metabolic syndrome.
Rev. Assoc. Med. Bras. 2017, 63, 85–91. [CrossRef] [PubMed]

48. Young, A.; Lowe, G. Carotenoids—Antioxidant Properties. Antioxidants 2018, 7, 28. [CrossRef] [PubMed]
49. Fiedor, J.; Burda, K. Potential role of carotenoids as antioxidants in human health and disease. Nutrients

2014, 6, 466–488. [CrossRef] [PubMed]
50. Ho, C.-T. Phenolic compounds in food. In Phenolic Compounds in Food and Their Effects on Health;

ACS Publications: Washington, DC, USA, 1992; pp. 1–45.
51. Rice-Evans, C.; Miller, N.; Paganga, G. Antioxidant properties of phenolic compounds. Trends Plant Sci. 1997,

2, 152–159. [CrossRef]
52. Hussain, T.; Tan, B.; Yin, Y.; Blachier, F.; Tossou, M.C.B.; Rahu, N. Oxidative Stress and Inflammation:

What Polyphenols Can Do for Us? Oxid. Med. Cell. Longev. 2016, 2016, 7432797. [CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.bjp.2016.03.002
http://dx.doi.org/10.1590/S0102-695X2010000300026
http://dx.doi.org/10.1016/j.biopha.2016.08.038
http://www.ncbi.nlm.nih.gov/pubmed/27565845
http://dx.doi.org/10.1038/ejcn.2011.208
http://www.ncbi.nlm.nih.gov/pubmed/22190137
http://dx.doi.org/10.1016/S1567-5688(01)80220-8
http://dx.doi.org/10.1590/1806-9282.63.01.85
http://www.ncbi.nlm.nih.gov/pubmed/28225880
http://dx.doi.org/10.3390/antiox7020028
http://www.ncbi.nlm.nih.gov/pubmed/29439455
http://dx.doi.org/10.3390/nu6020466
http://www.ncbi.nlm.nih.gov/pubmed/24473231
http://dx.doi.org/10.1016/S1360-1385(97)01018-2
http://dx.doi.org/10.1155/2016/7432797
http://www.ncbi.nlm.nih.gov/pubmed/27738491
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Animals and Experimental Protocol 
	Preparation of Chow with Bark of Passiflora Edulis 
	Bark of Passiflora Edulis Antioxidants Characterization 
	Carotenoids 
	Determination of 2, 2-Diphenyl-1-picrylhydrazyl radical (DPPH) Radical Scavenging Activity 
	Determination of Total Phenol Content 

	Nutritional Parameters 
	Metabolic Parameters 
	Preparation of Tissues for Oxidative Stress Analysis 
	Malondialdehyde (MDA) 
	Antioxidant Capacity 


	Statistical Analysis 
	Results 
	Bark of Passiflora Edulis Antioxidants Characterization 
	Bark of Passiflora Edulis Reduced Visceral and Subcutaneous Fat Deposit and Adiposity Index 
	Bark of Passiflora Edulis Reduced Cholesterol and Triglycerides Levels 
	Bark of Passiflora Edulis Ameliorates the Antioxidant Capacity and Reduces MDA Levels 

	Discussion 
	Conclusions 
	References

