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Abstract: Medical and folklore reports suggest that Eugenia uniflora (E. uniflora) is a
functional food that contains numerous compounds in its composition, with anti-inflammatory,
antioxidant and anti-diabetic effects. In the present study, we investigated the best solvents
(water, ethanol and methanol/acetone) for extracting bioactive compounds of E. uniflora
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leaves, assessing total phenols and the antioxidant activity of the extracts by
2,2-Diphenyl-1-picrylhydrazyl (DPPH), Ferric Reducing Antioxidant Power (FRAP),
2,2'-Azinobis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) and Oxygen Radical
Absorbance Capacity (ORAC) assays, identifying hydrolysable tannins and three phenolic
compounds (ellagic acid, gallic acid and rutin) present in the leaves. In addition, we
evaluated the incidence of diabetes, degree of insulitis, serum insulin, hepatic glutathione
and tolerance test glucose in non-obese diabetic (NOD) mice. Our results suggest that the
aqueous extract presents antioxidant activity and high total phenols, which were used as a
type 1 diabetes mellitus (DM-1) treatment in NOD mice. We verified that the chronic
consumption of aqueous extract reduces the inflammatory infiltrate index in pancreatic islets,
maintaining serum insulin levels and hepatic glutathione, and reducing serum lipid
peroxidation as well as the risk for diabetes.

Keywords: Eugenia uniflora; type 1 diabetes mellitus; NOD mice; antioxidant

1. Introduction

The Eugenia L. genus belongs to the family Myrtaceae and has more than 500 species, of which 400
are native to Brazil and are used as medicinal plants. Eugenia uniflora (E. uniflora), popularly known as
Surinam cherry, belongs to this genus and is found in regions with tropical and subtropical climates,
where it is prized for its fruit [1]. Due to the therapeutic activities of E. uniflora tea, made from its leaves,
this plant has been studied for its effectiveness in treating various diseases and its application in folk
medicine as an antioxidant, hypotensive, anti-inflammatory and hypoglycemic agent [2].

The main mechanism of action of antioxidants include radical scavengers and suppressors that
neutralize or eliminate reactive oxygen species (ROS)/nitrogen (RNS) and the binding of metal ions,
which are necessary for the production of oxidizing species [3]. Antioxidants may be classified as
endogenous (glutathione peroxidase, catalase and superoxide dismutase) and also as exogenous from
our diet, such as Vitamins A, C and E, minerals and flavonoids, among others [4]. The presence of these
endogenous or exogenous components may be essential for the complex control of oxidative stress and
cell damage. Phenolic compounds derived from plant sources are widely studied antioxidant compounds
and act in the neutralization of free radicals, helping to control the oxidative stress that occurs in the
pancreatic islets of diabetic rats [4]. These compounds are divided into: phenolic acids,
phenylpropanoids, flavonoids, condensed and hydrolyzed tannins [5,6]. Metabolic diseases, such as
diabetes mellitus, are characterized by a decrease in endogenous antioxidants in the body, leading to an
increase in free radicals. Thus, dietary supplementation with antioxidant compounds (present in
E. uniflora leaves) in diabetes may constitute a support strategy for diabetes treatment.

NOD mice are used as an experimental DM-1 model because they spontaneously develop a similar
disease to that observed in humans. Diabetes onset in NOD mice starts between the 12th and 24th weeks
of life. Polydipsia, polyuria, high glycosuria, hyperglycemia and insulin deficiency are observed in these
animals, accompanied by a rapid loss of weight [7,8]. Among mechanisms proposed to break immune
tolerance in DM-1, the genetic predisposition of an individual, together with environmental factors such
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as stress and diet, seems to contribute to the inflammatory autoimmune response. As such, researchers
continue to search for potential new drugs present in medicinal plants. Thus, the aim of the present work
was the identification of phenolic compounds with antioxidant and anti-inflammatory properties in
E. uniflora leaf extract, with a view to their use in the treatment of inflammatory diseases, such as type 1
diabetes mellitus.

2. Experimental Section
2.1. Extraction of Phenolic Compounds in the Eugenia uniflora Leaves

Samples selected to compose this project are not on the list of endangered species, according to
IBAMA-CITES (Convention on International Trade in Endangered Species of Wild Fauna and Flora).
The identification of samples was performed by the Agronomic Institute of Campinas.

E. uniflora leaves were dried in a circulating air oven at 50 °C/48 h, ground and stored under
refrigeration at 8 °C, and then submitted to a process for extracting phenolic compounds, using three
different solvents at the same concentration (0.04 mg/mL), i.e., water, ethanol and methanol/acetone.
The aqueous extract was prepared using 1 g of sample and 25 mL of water in an autoclave system for
20 min/121 °C, according to our previous study [9]. The tea made by the process of autoclaving was
filtered and stored at 8 °C. The ethanol extract was adapted from Spagolla et al. (2009) [10]. One gram
of sample was suspended in 15 mL of 60% ethanol and maintained for 1 h at 70 °C. The sample was
filtered, the supernatant suspended in 10 mL of 60% ethanol in the residue and the material was extracted
again for 1 hour. The sample was stored at 8 °C. The preparation of methanol/acetone extract was
adapted from Larrauri ef al. (1997) [11]. One gram of sample was suspended in 10 mL of 50% methanol
at room temperature (24 °C), for 60 min. The sample was then centrifuged at 9948x g for
20 min/22 °C. The supernatant was added to 10 mL of 70% acetone for another 60 min, at room
temperature, and the sample was centrifuged again. The supernatants of the three prepared extracts were
filtered and stored at 8 °C for further chemical analysis.

2.2. Chemical Analysis
2.2.1. Determination of Antioxidant Activity of Extracts

Extracts (aqueous, ethanol and methanol/acetone) of E. uniflora were submitted to four different
assays for antioxidant activity analysis at an initial concentration of 0.04 g/mL. DPPH radical
scavenging [12]; capacity to reduce metal iron FRAP [13,14]; inhibition of free radical ABTS [11,15]
and by peroxyl radical capture ORAC [16].

2.2.2. Determination of Total Phenolic Compounds

Total phenolic compounds in the extracts were determined by the Folin-Ciocalteu method with some
modifications [17]. Gallic acid was used to construct the standard curve for phenol analysis, varying the
concentrations from 0.016 to 0.1 mg/mL. The absorbance was read using a spectrophotometer
(Spectramax 190, Molecular Devices, Sunnyvale, CA, USA) at 725 nm, and the results were expressed
as gallic acid equivalents (GAE mg/g sample).
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2.2.3. Identification of Hydrolysable Tannins

The qualitative analysis of tannin was determined by Viana et al. (2012) [18]; 2 mL of each extract
were added in 5 mL of distilled water and 100 pL of 2% ferric chloride. The presence of tannins was
determined by the precipitate color and formation, where green precipitates indicate condensed tannins
and blue hydrolysable tannins.

The quantification of hydrolysable tannins was determined according to Brune ef al. (1992) [19] with
some modifications by Schons and Macedo et al. (2011) [20], using the ferric ammonium reagent
FAS-reagent. The standard curve was performed using tannic acid (Sigma, Aldrich, St. Louis, MO,
USA) at concentrations between 0.01 and 0.4 mg/mL; after 15 min, the absorbance of the reaction
product was read using a spectrophotometer (Spectramax 190) at 578 nm. Results were expressed as
tannic acid equivalent (mg of tannic acid/g sample).

2.3. Chromatographic Analysis (HPLC)

Validation methodology employed the external standards of the Food Analysis Laboratory,
FEA-Unicamp. The extracts were diluted in 80% methanol and additional identification of antioxidant
flavonoids-gallic acid, vanillic acid, ellagic acid, p-coumaric acid, ferulic acid, kaempferol, resveratrol,
quercetin, catechin, epicatechin and rutin, were performed using the standard stock solution
(10 mg/mL HPLC grade) to obtain a 5-point calibration curve. The HPLC system used was HPLC
(Agilent Technologies 1100, Santa Clara, CA, USA), coupled to a diode array detector (DAD) (Agilent
G1315B) with a flow rate of 0.70 mL/min, at room temperature. The chromatographic column used in
the reversed-phase was the Eclipse XBB-C18 (Agilent Technologies). Detection was performed at 210,
254, 300 and 340 nm for the identification of phenolic compounds. The mobile phase consisted of 1%
orthophosphoric acid in ultrapure water (A) and 100% acetonitrile (B). The elution gradient used was as
follows: 0 min: 95% A and 5% B, 10 min: 75% A and 25% B, 25 min: 60% A and 40% B, followed by
a linear increase of solvent A until 35 min. Phenolic compounds were identified in the chromatograms
of the injected samples and compared with the phenolic standards used, with regard to relative retention
time (RT), peak area percentage and spectral data.

2.4. Biological Assays: NOD Mice Treatment with E. uniflora Leaves
2.4.1. Experimental Design

Female NOD mice used in this study were obtained from the Multidisciplinary Center for Biological
Research, University of Campinas (Cemib-Unicamp) [21]. Procedures involving animals and their care
were conducted in accordance with guidelines and recommendations established by the Brazilian
Committee for Animal Experimentation—COBEA (protocol: 2824-1).

All animals were treated from the 4th until the 26th week of life, and body weight and fasting blood
glucose levels were monitored weekly, beginning at 10th week of life until the end of the protocol, using
glucometer strips (Medisense Optium®, Abbott Diabetes Care Inc., Alameda, CA, USA).

The experimental group consisted of 57 mice fed on a chow diet (Labina-Purina, Paulinia, Brazil)
kept under specific pathogen free (SPF) conditions, with controlled light, temperature and humidity in
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the Laboratory of Translational Immunology (LTI) facilities. The groups were divided into: Group
composed of 27 NOD mice treated with autoclaved aqueous extract of E. uniflora leaves ad libitum
(0.06 g/100mL of filtered water standards established by the IC50-DPPH analysis). Based on previous
trials of antioxidant activity and microbiological control, it was established that the aqueous extract of
exchanges would offer animals every two days. For each new leaf extract, the DPPH technique was
performed to determine the concentration to be used. The second experimental group was classified as
untreated, and composed of 30 NOD mice. Thus, from these groups, a third subgroup was designated as
the acute diabetic group, and composed of untreated and treated mice that became diabetic during the
time of protocol study. In addition to the experimental design, another 36 NOD female and 12 BALB/c
mice (healthy control mice that do not develop diabetes) [22] were used for glucose tolerance test.

2.4.2. Diagnosis of Acute Diabetes and Animal Sacrifice

At the end of 26 weeks or mice diabetes onset (blood glucose above 250 mg/dL for two consecutive
days), the animals were sacrificed by intraperitoneal anesthesia (ketamine hydrochloride: 150mg/kg and
xylazine hydrochloride: 10mg/kg, both Vetbrands, Paulinia, Brazil) and peripheral blood was collected
by cardiac puncture for serum separation. Liver was removed and homogenized in 5% trichloroacetic
acid (TCA) and frozen at —80°C to further analysis of reduced glutathione (GSH). After this procedure,
the pancreas was removed and included into capsules containing tissue freezing medium (Triangle
Biomedical Sciences, Durham, NC, USA), frozen in liquid nitrogen and stored at —80 °C for
histological analysis.

2.4.3. Histological Analysis

The fixed pancreas were submitted to cryosections (Cryostat CM 1850, Leica Biosystems, Wetzlar,
Germany) for morphological analysis of pancreatic islets and insulitis degree classification
(inflammatory cell infiltration). A series of 15 consecutive cuts of 5 um were placed on silanized slides
(Methacryl-oxypropyl-Methoxysilane, Sigma). The slide numbers 1, 15, 16, 30, 31 and 45 were stained
using hematoxylin and eosin technique (HE) and analyzed by optical microscopy (Nikon® Eclipse 80i,
Tokyo, Japan) to count pancreatic islets and for classification of the insulitis.

The analysis of the islets was carried out according to the criteria established by Signori et al. (1989) [23],
and adapted by Ventura et al. [24], where grade 0 is characterized by absence of inflammatory cell
infiltrate, grade 1 was less than 25%, grade 2 when the islet has a cell infiltration of between 25% and
80%, grade 3 represents higher than 80% and less than 100%, while islets completely overtaken by
cellular infiltration are classified as islets grade 4 (Figure 1). The insulitis index was determined
according to Leiter (2001) [25], considering 300 islets/group (5 mice/group).

2.4.4. Detection of Serum Insulin Levels

Serum insulin was determined by rat/mouse insulin ELISA kit, according to the instructions of the
manufacturer (Millipore®, Billerica, MA, USA). After four hours of fasting, mice were sacrificed and
their whole blood removed by cardiac puncture and serum separation. Absorbance was read on a
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spectrophotometer (Spectramax 190) at 450 nm and 590 nm, and the curve drawn using four
parameters analysis.

Figure 1. Representative image of pancreatic islets of NOD mice at different grades of cell
infiltration. (A) Grade 0 (0%); (B) Grade 1 (<25%); (C) Grade 2 (25%—80%); (D) Grade 3
(>80%) and (E) Grade 4 (100%).

2.4.5. Glucose Tolerance Test

The glucose tolerance test (GTT) was performed according to Andrikopoulos ef al. (2008) [26], with
some modifications. Mice (15-28 weeks old) were divided into the following groups: NOD mice treated
for one month with E. uniflora aqueous extract (n = 12), untreated NOD mice (n = 12), acute diabetic
NOD mice (n = 12) and BALB/c (healthy control mice), which do not develop diabetes (n = 12). The
animals were fasted for 4 hours, followed by dosing of glucose at time 0 (blood sample from the caudal
vein) using measuring strips (Medisense Optium®, Abbott Diabetes Care Inc. Alameda, CA, USA). After
measuring at time 0, 25% glucose was administered by intraperitoneal injection (1 g/kg/weight), and
blood samples were collected at 10, 30, 60, 90 and 120 min followed by the glucose quantified at
each time.

2.4.6. Reduced Glutathione Analysis

Protein concentration and reduced glutathione (GSH) of liver homogenates were determined
according to the Hartree (1972) [27] and Faure and Lafond (1995) [28], respectively. Standard curves
(2.5-500 nmol/mL), 100 pL of Tris/EDTA buffer (ImM Tris/2 mM EDTA) and 20 pL of reactive DTNB
10 mM (5,5'-Dithiobis(2-nitrobenzoic acid) were used in GSH analysis. Absorbance was read at 412 nm
in a spectrophotometer (Spectramax 190). The calculation of glutathione was made by determining the
glutathione/total protein ratio and the result was expressed as nmol GSH/mg protein.
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2.4.7. Determination of Serum Antioxidant Activity and Lipid Peroxidation Assay

Serum antioxidant activity in NOD mice was determined by the inhibition of free radical ABTS and
the results were expressed as uM trolox/g sample [11,15].

The concentration of lipid peroxidation product or thiobarbituric acid reactive substances (TBARS)
was determined in the serum of NOD mice, according to Ohkawa et al. (1979) [29] with modifications [30].
The samples were mixed with 8.1% sodium dodecyl sulphate (SDS) plus working reagent (TBA, 20%
acetic acid, and 5% sodium hydroxide). After heating at 95°C for 60 min, the samples were maintained
in an ice-bath for 10 min, and centrifuged at 10,000 g for 10 min. The supernatant was read at 532 nm
in Synergy HT, Biotek microplate reader (Winooski, VT, USA). The results are expressed as pmol MDA
equivalents mL/serum).

2.5. Statistical Analysis

The results were expressed as mean values + standard error (SE) and were analyzed using the
GraphPad software, version 6.0 (San Diego, CA, USA). All data were submitted to the normality test.
Water consumption data were analyzed by Student T-test analysis. Other comparisons were performed
by one-way ANOVA of variance with Tukey post-test and Kruskal-Wallis test with Dunn’s post-test.
The statistical differences were represented by letters; the same letters located on top of the bars
correspond to the absence of statistical difference, whereas different letters represent statistical
difference among the groups. p < 0.05 was taken as indicative of statistical significance.

3. Results
3.1. Chemical Analysis

DPPH analysis (% scavenge) shows a higher percentage of radical sequestration with statistical
difference between aqueous (39.9 = 1.9) and methanol/acetone (27.6 £ 2.0) (p = 0.0061) and no
difference with ethanol extract (34.2 + 1.5). However, in the FRAP assays (uM FeSOs/ g sample), the
aqueous extract presented a higher antioxidant activity (95.0 + 5.9) compared with ethanol (64.2 = 1.9)
(» = 0.0017), but similar to that of methanol/acetone (80.0 £ 1.9). Using the ABTS assays (uM trolox/g
sample), the aqueous extract demonstrated a higher antioxidant activity (35,792 + 1044), followed by
methanol/acetone (28,960 + 760) and ethanol extract (24,775 + 612), with statistical difference between
the aqueous and ethanol extracts (p = 0.0012). The ORAC assays (UM trolox/g sample) did not
demonstrate any statistical difference between the aqueous (1118 + 83), ethanol (1021 + 1) and
methanol/acetone (1001 £ 119) extracts. The total phenolic compound analysis (mg GAE/g sample)
showed a higher concentration in the aqueous extract (73.3 £ 1.0), compared with the ethanol extract
(44.8 £0.8) (p = 0.0005), but no difference from the methanol/acetone extract was seen (64.8 £ 1.1).

Hydrolyzed tannins were identified in the three extracts of E. uniflora leaves using the qualitative
method. The quantitative method (mg tannic acid/g sample) showed that ethanol extracted greater
amounts of hydrolysable tannins (167.7 £ 1.5), in comparison with the aqueous (154.5 + 3.2) and
methanol/acetone (154.1 £+ 4.2) extracts. There was a statistical difference only between the ethanol and
methanol/acetone extracts (p = 0.0196).
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3.2. Chromatographic Characterization (HPLC)

HPLC-DAD analysis using standard phenolic compounds (ellagic acid, gallic acid, vanillic acid,
p-coumaric acid, ferulic acid, kaempferol, resveratrol, quercetin, catechin, epicatechin and rutin) was
capable of identifying only ellagic acid, gallic acid and rutin in the extracts. However, the comparison
of the contents of the extracts did not reveal any difference in the aqueous extract, as shown in Table 1.
The phenolic compound peaks identified in the aqueous extract are shown in Figure 2A, where gallic
acid and rutin were identified at 210 nm and ellagic acid was observed at 254 nm. Figure 2B shows the
spectra of the identified compounds, comparing to the phenolic standard, with gallic acid and rutin at
RTs of 7.883 min and 17.343 min, respectively, and ellagic acid at an RT of 17.683 min.

Table 1. Determination of phenolic compounds ellagic acid, galic acid and rutin of
E. uniflora leaves by HPLC in aqueous, ethanol and methanol/acetone extracts.

Phenolic Compounds Aqueous Ethanol Methanol/Acetone
Gallic acid 6402 +222.7** 7361 +115.7° 2677 +£32.3°
Rutin 10026 £97.2° 18542 +142.6**  20210+25.2°
Ellagic acid 2462 +55.4° 4869+48.8 2 3389 +40.5 *°

Results are expressed as means + SE (mg/L) of triplicate experiments. Different letters show significant
differences among the extracts. Kruskal-Wallis test with Dunn’s post-test; statistical markers *: p < 0.05.
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Figure 2. (A) Typical chromatogram of aqueous extract of E. unmiflora leaves by
HPLC-DAD (254 nm). Compounds: (1) gallic acid; (2) rutin and (3) ellagic acid. (B) Spectra
of phenolic compounds identified in comparison with pure standards.
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3.3. Biological Assays: NOD Mice Treated with E. uniflora Leaves

3.3.1. Consumption of Water and Aqueous Extract of E. uniflora and Cumulative Frequency of
Incidence of DM-1

Aqueous extract was chosen for biological assay and in vivo treatment response of spontaneous type 1
diabetes NOD mice due to its higher antioxidant activity when compared with ethanol and
methanol/acetone.

The results of the daily water ingestion of untreated group (4.7 = 0.7 mL/animal) and aqueous extract
ingestion of treated group (5.7 + 1.1 mL/animal) did not show significant differences. The crude extract
equivalence intake was 3.3 mg/daily/animal. Moreover, from HPLC analysis, we calculated the relative
daily intake/animal of gallic acid, rutin and ellagic acid present in the extract, i.e., 0.5 mg, 0.8 mg and
0.2 mg, respectively.

The treatment of NOD mice with aqueous extract of E. uniflora reduced the manifestations of
diabetes. Thus, 40.7% of the treated animals (11/27) became diabetic in contrast to 60% of untreated
animals (18/30), with a difference of 19.3% between frequencies (Figure 3).

-e- Untreated -& Treated

80+

60- 60%

40.7%

% Diabetes
s

20+

0 L) L) I ) L) I I L) L) L) L) L}
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Weeks

Figure 3. Cumulative frequency of incidence of DM-1 in NOD mice subjected to treatment
with E. uniflora aqueous extract or in untreated mice. Sixty percent (18/30) of the untreated
group developed diabetes compared with 40.7% (11/27) in the group treated with aqueous
extract of E. uniflora, showing a difference of 19.3% between frequencies.

3.3.2. Effect of Aqueous Extract of E. uniflora on Inflammation and Infiltration Index in Islet

Morphological analysis by HE staining, followed by insulitis classification, revealed that animals
treated with E. uniflora aqueous extract have more grade 1 and 2 islets compared with the untreated
group and acute diabetic group, which had a higher number of grade 2 and 3 islets. More grade 0 insulitis
was observed in the treated (n = 16), followed by untreated (n = 4) and acute diabetic (n = 1) groups.
We also observed large amounts of insulitis grade 4 in untreated (» = 16) and acute diabetic (n = 15)
groups, compared with the treated group (n = 5) (Figure 4). From the insulitis index, treated animals
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showed a lower insulitis index (0.43 + 0.048) than untreated (0.63 £ 0.05) and acute diabetic groups
(0.65 £ 0.03) (p=0.0137).
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Figure 4. Classification of pancreatic islets, according to the degree of insulitis in untreated
NOD (n = 5), treated NOD (n = 5) and acute diabetic NOD (n = 5) mice. Total number of
islets examined in each group = 300. Each group represents 100%, where the diabetic group
showed only 1% grade 0 islets.

3.3.3. Effects of Aqueous Extract on Serum Insulin Concentration

The insulin serum concentration was significantly decreased in the diabetic group (0.85 + 0.09 ng/mL)
(p <0.05) and there was no difference between untreated (1.95 + 0.2 ng/mL) and treated (2.56 + 0.6 ng/mL)
groups (Figure 5). The damage of insulin-producing beta cells that occur in type 1 diabetes decreases
insulin availability, leading to hyperglycemic state. Our results suggest that components of Eugenia
extract favourably modulate the insulin/glucose process, decreasing the glucose intolerance.

Insulin (ng/mL)
b

L]
Untreated Acute Diabetic Treated

Figure 5. Serum insulin concentration, as determined by ELISA, in NOD mice in untreated
(n = 15), acute diabetic (n = 15) and treated (n = 15) groups. Results are expressed as
mean + SE; the different letters represent statistical difference. Kruskal-Wallis test with
Dunn’s post-test. Statistical markers a/b: p < 0.05.
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3.3.4. Glucose Tolerance Test in NOD and BALB/c Mice

GTT is an auxiliary method for diagnosing diabetes mellitus or insulin resistance. Our results showed
that blood glucose (mg/dL) versus time (min) in the group treated with E. uniflora leaves resembled that
of the group BALB/c, signifying that treatment improved insulin release and tolerance (Figure 6A). Thus,
we found statistical difference (Figure 6B) in the analysis of the area under the curve (AUC) of blood
glucose for the acute diabetic group (48,074 + 4882), compared with the other groups of untreated
(18,240 + 851.4) (p < 0.05), treated (15,206 + 1259) (p < 0.001) and BALB/c (13,241 + 4488)
(» <0.0001) mice.
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Figure 6. Blood glucose (mg/dL) (A) and area under the glucose curve (B) in NOD mice
related to diabetic, untreated, treated and BALB/c mice groups. Results are expressed as
mean = SE; the different letters represent statistical difference. Statistical test of
Kruskal-Wallis test with Dunn’s post-test, considering the diabetic group as a reference to
analysis. Statistical markers a/b: p <0.05.

3.3.5. Reduced Glutathione Analysis

Hepatic glutathione in untreated non-diabetic animals (3992 + 58.5 nmol/mg) and in the treated group
(3926 £ 109 nmol/mg) showed higher glutathione levels (p < 0.05) than the diabetic group
(3390 £+ 119 nmol/mg) (Figure 7).
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Figure 7. Concentration of glutathione present in the liver of untreated, diabetic and treated NOD mice.
Results are expressed as mean + SE; the different letters represent statistical difference between the
groups. Statistical test of Kruskal-Wallis test with Dunn’s post-test. Statistical markers a/b: p < 0.05.

3.3.6. Determination of Serum Antioxidant Activity and Lipid Peroxidation Assay

Serum antioxidant activity in the ABTS assays was significantly decreased in the acute diabetic
group (3.1 = 0.08) (p < 0.001) and there was no difference between treated (4.3 = 0.07) and
untreated (4.2 + 0.11) animals (Figure 8A).

The animals treated with aqueous extracts of E. uniflora leaves (12.8 + 1.1) (p < 0.01) significantly
decreased lipid peroxidation compared to the untreated (50.1 £ 6.4) and acute diabetic (38.8 £ 8.3)
animals (Figure 8B).

o
]

uM trolox/g sample
LS L b

>

Untréated Acute Diabetic Treated

B
80
T 604 a
a I
= a
s
E a
(2]
-
@
F 20- b
0 . T
Untreated Acute Diabetic Treated

Figure 8. (A) Antioxidant activity of ABTS in serum of untreated, acute diabetic and treated
NOD mice (a/b: p <0.001). (B) Concentration of TBARS in the serum of untreated, acute
diabetic and treated NOD mice (a/b: p < 0.01). Results are expressed as mean + SE; the
different letters represent statistical difference between the groups. Statistical test of
Kruskal-Wallis test with Dunn’s post-test.
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4. Discussion

Phenolic compounds present in foods (fruits and vegetables) may prevent or control some diseases
due to their antioxidant, anti-inflammatory, anticancer and antimicrobial properties [31,32].

In this study, we evaluated the extraction efficiency of three different solvents (aqueous, ethanol and
methanol/acetone), considering the amounts of phenolic compounds in dried of E. uniflora leaves.
Although solvent ethanol and methanol are used and very effective for the extraction of phenolic
compounds [33], our results demonstrated that boiling water (autoclaving) is the best extraction solvent.
Our previous study reported that Passilfora alata leaves (sweet passion fruit), when subjected to aqueous
extraction at high temperature, yields components with anti-inflammatory properties that reduce the
infiltration of inflammatory cells in pancreatic islets, consequently reducing the incidence of diabetes in
NOD mice [9].

The antioxidant activity of the extracts was evaluated by four methods (DPPH, FRAP, ABTS and
ORAC), where differences in results may have occurred due to the interaction of the solvents used,
chemical structure, pH and solvent polarity. The presence of non-antioxidant food components (amino
acids and uronic acids) may interfere in the quantification of antioxidant activity in food [34].
Pérez-Jiménez and Calixto (2006) [34], studying the antioxidant capacity of catechin and gallic acid,
using DPPH, ABTS, FRAP and ORAC with different solvents (water, methanol/water, methanol,
acetone/water), found differences among the methods. ORAC showed a higher affinity for a nonpolar
solvent, in contrast to ABTS with affinity for the polar solvent. However, the DPPH and FRAP assays
did not demonstrate any interference due to solvent polarity. Bagetti et al. (2011) [35] quantified the
antioxidant activity of three E. uniflora pulps (purple, red and orange), which showed high antioxidant
activity for the DPPH and FRAP methods, as demonstrated for the leaf extracts.

Total phenols have antioxidant activity, acting in the neutralization of free radicals, and contributing
to the control of oxidative stress in pancreatic islets of diabetic mice [36]. Our results regarding the
quantification of total phenols show that aqueous extract of E. uniflora has strong antioxidant activity
suggesting anti-inflammatory properties, as demonstrated by the in vivo model studies group [9].

Some factors, such as location, seasonality and the collection season, can influence the concentration
of bioactive compounds present in plants and the biosynthesis of secondary metabolites (flavonoids),
influencing their antioxidant potential and their biological effects [37,38].

Santos et al. (2011) [39] studied phenolic compounds from E. uniflora leaves at different times of the
year; the leaves were dried, ground and, after using acetone as the solvent extractor, the material was
lyophilized. Our results, regarding total phenolic content and hydrolysable tannins, were similar for the
leaves collected in September, i.e., 82.61 mg/g and 112.21 mg/g samples, respectively.

Tannins have antioxidant and anti-inflammatory properties, and for the three extracts tested (aqueous,
ethanol and methanol/acetone), the presence of hydrolysable tannins was detected (gallic acid and ellagic
acid). Some studies have reported the presence of hydrolyzed tannins in ethanolic and methanolic
extracts of E. uniflora leaves, but they did not assess the aqueous extract [18,40].

Component analysis of the three extracts by HPLC-DAD chromatography showed the presence of
three phenolic compounds (gallic acid, ellagic acid and rutin). Oliveira et al. (2014) [41] analyzing seeds
of E. uniflora, identified the presence of ellagic acid, quercetin and kaempferol in the ethanol extract.
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Al-Salih (2010) [42], studying the synergistic action of two hydrolysable tannins (tannic and gallic
acids), found that the mixed components had a higher antioxidant activity and antidiabetic action than
the isolated compounds. Kamalakkannan and Stanley (2006) [43], studying the action of rutin in diabetic
rats verified a decrease in the oxidative stress (liver, kidney and brain), supporting the hypothesis of
pancreatic B cell protection, i.e., improvement in insulin secretion and decrease in hyperglycemia.
The study of the properties of antioxidant phenolic compounds in the diseases related to oxidative stress
(such as diabetes, obesity, cardiovascular disease, metabolic syndrome, neurodegenerative diseases,
cancer, among others) is attractive due to the growing popularity of herbal medicines, resulting from
their bioactive characteristics that help prevent these diseases [44]. The development of diabetes is the
result of B-cell destruction (insulin-production) in the pancreatic islets by an inflammatory process that
can be generated by oxidative stress. Colomeu et al. (2014) [9] showed that NOD mice treated with
antioxidants (present in the aqueous extract of Passiflora alata leaves) showed a decrease in the
oxidative stress of pancreatic islets.

NOD mice were submitted to chronic treatment (26 weeks) with aqueous extract of E. uniflora leaves
(the best antioxidant extract). It was found difference of 19.3% in diabetes expression. This difference
can be represented by subpopulations more susceptible to treatment, which could be compared with the
different genotypes in response to treatment of human disease. However, the possibility of
dose-dependent effects on diabetes is not ruled out.

Insulitis in NOD mice starts at the 4th week of life with progression of infiltrating inflammatory cells,
which occurs in parallel with B-cell destruction [45]. As such, insulitis significantly decreased in the
treated group, possibly due to the presence of phenolic compounds in the leaves of E. uniflora.

The highest concentration of insulin in the treated group support the hypothesis of a reduction in the
inflammatory infiltrate, since the effect of the aqueous extract may be related to the preservation of the
pancreatic islet and, therefore, insulin-producing f cells.

The glucose tolerance test can be used to determine whether mice submitted to high concentrations
of glucose are diabetic. Parameters that may interfere with the glucose tolerance test include the fasting
time, glucose dose and route of administration and mice consciousness [26]. Thus, these properties could
have altered the glucose tolerance test in these mice, causing blood glucose levels to be lower in the
treated group than in the acute diabetic group.

Antioxidant defenses can be classified as endogenous (GSH, SOD and CAT) and exogenous (dietary)
that can act direct or indirectly on many biological processes including protein synthesis, metabolism
and cell protection [4,46]. Kalkan and Suher (2013) [47] analyzed GTT in three groups of patients by
fasting glucose analysis: diabetics, individuals with impaired glucose tolerance (IGT) and normal
patients. They concluded that there is a reduction in GSH levels in diabetic patients compared with IGT
patients. Sekhar ef al. (2011) [48] studying human type 2 diabetes with dietary supplementation of
cysteine and glycine (precursor amino acids) verified high levels of intracellular GSH and the reduction
of oxidative damage markers and oxidative stress in these patients. These findings enforce our GSH
results, showing that chronic treatment using E. uniflora aqueous extract increases hepatic GSH levels
when compared with acute diabetic animals.

TBARS is a marker of oxidative stress, formed from the degradation of oxidation products of
unsaturated fatty acids by ROS, and plays an important role in complications of diabetes [49]. Dave and
Kalia (2007) [50] showed high levels of TBARS in plasma from diabetic patients compared to the control
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group [51]. Nakhaee ef al. [52] also showed a significant increase in TBARS in the plasma and liver of
diabetic rats, compared to the control group. Jelenik et al. (2014) [53] studying the lipid peroxidation in
liver and muscle of NOD mice verified a high level of ROS associated to oxidative stress in the liver of
chronic diabetes. However, in contrast to these findings the level of ROS associated with oxidative stress
in the muscle was not different for the non-diabetic, acute diabetic and chronic diabetic models.
Thus, these data are in agreement with our results obtained by TBARS, when comparing untreated
with acute diabetic mice, reinforcing the ability of chronic treatment with aqueous extract
Eugenia uniflora to reduce lipid peroxidation in NOD mice. Serum antioxidant activity (ABTS) were
higher in the treated and untreated groups, compared to the acute diabetic group. As such, the acute
diabetic animals showed a greater imbalance in serum antioxidant activity and increased concentrations
of oxidative stress markers [54].

5. Conclusions

The analysis of antioxidant activity among aqueous, ethanol and methanol-acetone extracts show that
the aqueous extract has a higher antioxidant activity. It is possible that the presence of major compounds
found in these three extracts (ellagic acid, gallic acid and rutin) contribute to the anti-inflammatory and
antidiabetic effects of the extracts.

This is the first report to look at the effects of chronic treatment of aqueous extract of dried leaves of
E. uniflora on the expression of markers of diabetes in NOD mice. The treatment reduced the incidence
of DM-1, decreased inflammatory cell infiltration and the oxidative stress, and increased hepatic
glutathione levels and serum insulin, which may suggest preservation of insulin-producing pancreatic
B cells. Overall, results are very promising and may demonstrate the action of phenolic compounds
present in E. uniflora leaves, which have antioxidant and anti-inflammatory properties. However, despite
the anti-inflammatory properties found during this study, further studies are necessary to determine the
dose/response of aqueous extract and the anti-inflammatory signalling process of immune response in
pancreas islets, aiming to consolidate these results and justify clinical trial development.

Acknowledgments

This project was partially supported in association with the State of Sdo Paulo Research Foundation:
2011/06559-4 and Faepex/Unicamp: 121212/2013 and 26013/2014.

Author Contributions

Laura Maria Molina Meletti, for identifying and characterizing the Eugenia uniflora leaves;
Marcelo Alexandre Prado for his availability in characterizing Eugenia uniflora leaf extracts in
HPLC; Gabriela Alves Macedo and Fabiola Lima, for standardizing the hydrolysable tannins.
Talita Cristina Colomeu, Daniella de Figueiredo and Cinthia Batl Betim Cazarin for characterization of
the anti-inflammatory properties of aqueous extract, and Virginia de Campos Carvalho for the support
in the quantification of serum in the antioxidant activity.



Antioxidants 2015, 4 677

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

1. Lorenzi, H.; Matos, F.J.A. Plantas Medicinais no Brasil Nativas e Exoticas, 2nd ed.; Instituto
Plantarum de Estudos da Flora Ltda: Nova Odessa-SP, Brazil, 2002; p. 512. (In Portuguese)

2. Auricchio, M.T.; Bacchi, E.M. Folhas de Eugenia uniflora L. (pitanga): Propriedades
farmacobotanicas, quimicas e farmacologicas. Rev. Inst. Adolfo. Lutz. 2003, 62, 55-61.
(In Portuguese)

3. Temple, N.J. Antioxidants and Disease: More Question than Answers. Nutr. Res. 200, 20, 449-459.

4. Maritim, A.C.; Sanders, R.A.; Watkins, J.B. Diabetes, oxidative stress, and antioxidants: A review.
J. Biochem. Mol. Toxicol. 2003, 17, 24-38.

5. Aherne, S.A.; Obrien, N.M. Dietery flavonols: Chemistry, food content, and, metabolism. Nutr.
Res. 2002, 18, 75-81.

6. Burns, J.; Gardner, P.T.; Matthews, D.; Duthie, G.C.; Lean, M.E.; Crozler, A. Extraction of
Phenolics and Changes in Antioxidant Activity of Red Wines during Vinification. J Agric. Food
Chem. 2001, 49, 5797-5808.

7. Vieira, K.P.; Zollner, A.R.A.S.L.; Malaguti, C.; Vilella, C.A.; Zollner, R.L. Ganglioside GM1
effects on the expression of nerve growth factor (NGF), Trk-A receptor, proinflammatory cytokines
and on autoimmune diabetes onset in non-obese diabetic (NOD) mice. Cytokine 2008, 42, 92—104.

8. Makino, S.; Kunimoto, K.; Muraoka, Y.; Mizushima, Y.; Katagiri, K.; Tochino, Y. Breeding of a
non-obese, diabetic strain of mice. Jikken Dobutsu. 1980, 29, 1-13.

9. Colomeu, T.C.; Figueiredo, D.; Cazarin, C.B.; Schumacher, N.S.G.; Marostica, M.R., Jr.;
Meletti, L.M.; Zoller, R.L. Antioxidant and anti-diabetic potential of Passiflora alata Curtis aqueous
leaves extract in type 1 diabetes mellitus (NOD-mice). Int. Immunopharmacol. 2013, 18, 106—115.

10. Spagolla, L.C.; Santos, M.M.; Passos, L.M.L.; Aguiar, C.L. Extracdo alcéolica de fenolicos e
flavonoides totais de mirtilo Rabbiteye (Vaccinium ashei) e sua atividade antioxidante. Rev. Ciénc.
Farm. Basica Apl. 2009, 30, 59—64. ( In Portuguese)

11. Larrauri, J.A.; Ruperez, P.; Saura Calixto, F. Mango peel fibres with antioxidant activity.
Z. Lebensm. Unters. Forsch. 1997, 205, 39-42.

12. Brand-Willians, W.; Cuverlier, M.E.; Berset, C. Use of a free radical method to evaluated
antioxidant activity. Food Sci. Technol. 1995, 28, 25-30.

13. Benzie, S.E.; Strain, J.J. The ferric reducing ability of plasma (FRAP) as a measure of “antioxidant
power”: The FRAP assay. Anal. Biochem. 1996, 239, 70-76.

14. Pulido, R.; Bravo, L.; Saura-Calixto, F. Antioxidant activity of dietary as determined by a modified
ferric reducing/abtioxidant power assay. J. Agric. Food Chem. 2000, 48, 3396-3402.

15. Nenadis, N.; Wang, L.F.; Tsimidou, M.; Zhang, H.Y. Estimation of scavenging activity of phenolic
compounds using the ABTS assay. J. Agric. Food Chem. 2004, 52, 4669—4674.



Antioxidants 2015, 4 678

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Prior, R.L.; Hoang, H.; Gu, L.; Wu, X.; Bacchiocca, M.; Howard, L.; Hampsch-Woodill, M.;
Huang, D.; Ou, B.; Jacob, R. Assays for hydrophilic and lipophilic antioxidant capacity (oxygen
radical absorbance capacity (ORAC(FL)) of plasma and other biological and food samples. J. Agric.
Food Chem. 2003, 51, 3273-3279.

Siger, A.; Nogala-Kalucka, M.; Lampart-Szczpa, E. The content and antioxidant activity of phenolic
compounds in cold-pressed plant oils. J. Food Lipids 2007, 15, 137-149.

Viana, F.C.; Santana, A.C.M.; Moura R.M.X. Identificagdo fitoquimica de flavonoides e taninos
em folhas de pitanga (Eugenia uniflora L.) utilizadas tradicionalmente na regido sul da Bahia.
Interfaces Pharm. Ciénc. Saude 2012, 1, 28-37. (In Portuguese)

Brune, M.; Rossander-Hultén, L.; Hallberg, L.; Gleerup, A.; Sandberg, A.S. Iron Absorption from
Bread in Humans: Inhibitng Efects of Cereal Fiber, Phytate and Inositol Phosphates with Diferent
Numbers of Phosphate Groupsl. Hum. Clin. Nutr. 1992, 122, 442449,

Schons, P.F.; Edi, F.R.; Battestin, V.; Macedo, G.A. Effect of enzymatic treatment on tannins and
phytate in sorghum (Sorghum bicolor) and its nutritional study in rats. Food Sci. Technol. 2011, 46,
1253-1258.

Pavin, E.J.; Zollner, R.L. Implantacio da linhagem NOD mice (camundongos diabéticos
nao-obesos) no Brasil: Contribuicdo deste modelo animal ao estudo do diabetes mellitus
insulino-dependente e outras doencgas autoimunes. Arq. Bras. Endocrinol. Metab. 1994, 38,
105-108. (In Portuguese)

Suarez-Pinzon, W.L.; Szabo, C.; Rabinovitch, A. Development of autoimmune diabetes in NOD
mice is associated with the formation of peroxynitrite in pancreatic islet beta-cells. Diabetes 1997,
46,907-911.

Signore, A.; Pozzilli, P.; Gale, E.A.; Andreani, D.; Beverley, P.C. The natural history of lymphocyte
subsets infiltrating the pancreas of NOD mice. Diabetologia 1989, 32, 282-289.

Ventura-Oliveira, D.; Vilella, C.A.; Zanin, M.E.; Castro, G.M.; Moreira-Filho, D.C.; Zollner, R.L.
Kinetics of TNF-alpha and IFN-gamma mRNA expression in islets and spleen of NOD mice.
Braz. J. Med. Biol. Res. 2002, 35, 1347—-1355. (In Portuguese)

Leiter, E.H. The NOD mouse: A model for insulin-dependent diabetes mellitus. Curr. Protoc.
Immunol. 2001, doi:10.1002/0471142735.im1509s24.

Andrikopoulos, S.; Blair, A.R.; Deluca, N.; Fam, B.C.; Proietto, J. Evaluating the glucose tolerance
test in mice. Am. J. Physiol. Endocrinol. Metab. 2008, 295, E1323-E1332.

Hartree, E.F. Determination of the lowry method that gives a linear photometric response. Anal.
Biochem. 1972, 48, 422-427.

Faure, P.; Lafond, J.L. Measurement of plasma sulthydryl and carbonyl groups as a possible
indicator of protein oxidation. In Analysis of Free Radicals in Biological Systems, 1st ed.;
Birkhauser: Basel, Switzerland, 1995; pp. 237-248.

Ohkawa, H.; Ohishi, N.; Yagi, K. Assay for lipid peroxides in animal tissues by thiobarbituric acid
reaction. Anal. Biochem. 1979, 95, 351-358.

Cazarin, B.B.C.; de Silva, J K.; Colomeu, T.C.; Batista, A,G.; Meletti, L.M.M.; Paschoal, J.A.R.;
Junoir, S.B.; Braga, P.A.C.; Reyes, F.G.R.; ef al. Intake of passiflora edulis leaf extract improves
antioxidant and anti-inflammatory status in rats with 2,4,6-trinitrobenzenesulphonic acid induced
colitis. J. Funct. Foods 2015, 17, 576-586.



Antioxidants 2015, 4 679

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Sucupira, N.R.; Silva, A.B.; Pereira, G.; Costa, J.N. Methods for Measuring Antioxidant Activity
of Fruits. UNOPAR Cient. Ciénc. Biol. Saude 2012, 14, 263-2609.

Degéspari, C.M.; Waszczynskyj, N. Antioxidants properties of phenolic compounds. Visdo Acad.
Curitiba. 2004, 5, 35-40.

Siddhuraju, P.; Becker, K. Antioxidant Properties of Various Solvent Extracts of Total Phenolic
Constituents from Three Different Agroclimatic Origins of Drumstick Tree (Moringa oleifera Lam.)
Leaves. J. Agric. Food Chem. 2003, 51, 2144-2155.

Perez-Jimenez, J.; Calixto, F.S. Effect of solvent and certain food constituents on different
antioxidant capacity assays. Food Res. Int. 2006, 39, 791-800.

Bagetti, M.; Facco, EMM.P.; Piccolo, J.; Hirsch, G.E.; Rodriguez-Amaya, D.; Kobori, C.N;
Vizzotto, M.; Emanuelli, T. Physicochemical characterization and antioxidant capacity of pitanga.
Ciénc. Tecnol. Aliment. 2011, 31, 147—-154. (In Portuguese)

Sousa, C.M.M.; Silva, H.R.; Vierira, G.M., Jr.; Ayres, M.C.C.; da Costa, L.S.; Aratjo, D.S.;
Cavalcante, L.C.D.; Barros, E.D.S.; Aragjo, P.B.M.; Brandao, M.S.; Chaves, M.H. Fendis totais e
atividade antioxidante de cinco plantas medicinais. Quim. Nova. 2007, 30,351-355. (In Portuguese)
Jaakola, L.; Hohtola, A. Effect of latitude on flavonoid biosynthesis in plants. Plant Cell Environ.
2010, 33, 1239-1247.

Kumazawa, S.; Hamasaka, T.; Nakayama, T. Antioxidant activity of propolis of various geographic
origins. Food Chem. 2004, 84, 329-339.

Santos, R.M.; Fortes, G.A.C.; Ferri, P.H.; Santos, S.C. Influence of foliar nutrients on phenol levels
in leaves of Eugenia uniflora. Rev. Bras. Farmacogn. 2011, 21, 581-586.

Lee, M.H.; Nishimoto, S.; Yang, L.L.; Yen, K.Y.; Hatano, T.; Yoshida, T.; Okuda, T.
Two macrocyclic hydrolysable tannin dimers from Eugenia uniflora. Phytochemistry 1997, 44,
1343—-1349.

Oliveira, A.L.; Destandau, E.; Fougere, L.; Lafosse, M. Isolation by pressurised fluid extraction
(PFE) and identification using CPC and HPLC/ESI/MS of phenolic compounds from Brazilian
cherry seeds (Eugenia uniflora L.). Food Chem. 2014, 145, 522-529.

Al-Salih, R.M. Clinical Experimental Evidence: Synergistic Effect of Gallic Acid and Tannic Acid
as Antidiabetic and Antioxidant Agents. Med. J. 2010, 4, 109-119.

Kamalakkannan, N.; Stanely, M.P.P. Rutin improves glucose homeostasis in streptozotocin diabetic
tissues by altering glycolytic and gluconeogenic enzymes. J. Biochem. Molecul. Toxicol. 2006, 20,
96-102.

Gottlieb, M.G.V.; Morassutti, A.L.; Cruz, .B.M. Transi¢do epidemiolégica, estresse oxidativo e
doengas cronicas ndo transmissiveis sob uma perspectiva evolutiva. Sci. Med. 2011, 21, 69-80.
(In Portuguese)

Anderson, M.S.; Bluestone, J.A. The NOD mouse: A model of immune dysregulation. Annu. Rev.
Immunol. 2005, 23, 447-485.

Halliwell, B.; Aeschbach, R.; Loliger, J.; Aruoma, O.1. The characterization of Antioxidants. Food
Chem. Toxicol. 1995, 33, 601-617.

Kalkan, I.H.; Suher, M. The relationship between the level of glutathione, impairment of glucose
metabolism and complications of diabetes mellitus. Pak. J. Med. Sci. 2013, 29, 938-942.



Antioxidants 2015, 4 680

48.

49.

50.

51.

52.

53.

54.

Sekhar, R.V.; McKay, S.V.; Patel, S.G.; Guthikonda, A.P.; Reddy, V.T.; Balasubramanyam, A.;
Jahoor, F. Glutathione synthesis is diminished in patients with uncontrolled diabetes and restored
by dietary supplementation with cysteine and glycine. Diabetes Care 2011, 34, 162—167.
Seghrouchni, 1.; Drai, J.; Bannier, E.; Riviere, J.; Calmard, P.; Garcia, 1.; Orgiazzi, A. Oxidative
stress parameters in type I, type II and insulin-treated type 2 diabetes mellitus insulin treatment
efficiency. Clin. Chim. Acta 2002, 321, 89-96.

Dave, G.S.; Kalia, K. Hyperglycemia induced oxidative stress in type-1 and type-2 diabetic patients
with and without nephropathy. Cell. Mol. Biol. 2007, 53, 68-78.

Turk, H.M.; Sevinc, A.; Camci, C.; Cigli, A.; Buyukberber, S.; Savli, H.; Bayrakatar, N. Plasma
lipid peroxidation products and antioxidant enzyme activities in patients with type 2 diabetes
mellitus. Acta Diabetol. 2002, 39, 117-122.

Nakhaee, A.; Bokaeian, M.; Saravani, M.; Farhangi, A.; Akbarzadeh, A. Attenuation of oxidative
stress in streptozotocin-induced diabetic rats by Eucalyptus globulus. Indian J. Clin. Biochem. 2009,
24,419-425.

Jelenik, T.; Sequaris, G.; Kaul, K.; Ouwens, D.M.; Phielix, E.; Kotzka, J.; Knebel, B.; WeiB, J.;
Reinbeck, A.L.; Janke, L.; et al. Tissue-specific differences in the development of insulin resistance
in a mouse model for type 1 diabetes. Diabetes 2014, 63, 3856-3867.

Zujko, ML.E.; Witkowska, A.M.; Gorska, M.; Wilk, J.; Kretowski, A. Reduced intake of dietary
antioxidants can impair antioxidant status in type 2 diabetes patients. Pol. Arch. Med. Wewn. 2014,
124, 599-607.

© 2015 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 license

(http://creativecommons.org/licenses/by/4.0/)



