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Cubiu, an Amazonian fruit, is widely used as food and popular treatment for pathologies that present an inflammatory pattern, such
as skin wound healing. However, there is still no confirmation in the scientific literature about the safety profile, as well as the anti-
inflammatory, antioxidant, and healing actions of cubiu. This study is divided into two experimental protocols using Wistar rats.
Thus, the first objective (protocol 1) of this study was to evaluate the toxicity of an oral administration of cubiu extract at different
doses for 28 days. The macroscopic and microscopic analyses of the liver and kidney were performed, and the following analysis was
determined in plasma: glutamic oxaloacetic transaminase, glutamic pyruvic transaminase, gamma-glutamyl transpeptidase, glucose,
triglycerides, total cholesterol, urea, creatinine, and uric acid. After, we conducted the second protocol aimed to establish the potential
antioxidant and anti-inflammatory capacity of cubiu and its interaction with magnetic field in skin wound healing. On days 3, 7, and
14 of treatment, skin and blood samples were collected and analyzed: the oxidative stress biomarkers (reactive substances to
thiobarbituric acid, nonprotein thiols, superoxide dismutase, catalase, and glutathione S-transferase), myeloperoxidase enzymatic
activity, and cytokines levels (interleukin 1, interleukin 6, interleukin 10, and tumor necrosis factor-alpha). The cubiu has shown to be
safe and nontoxic. Both cubiu and magnetic field promoted decreased levels of proinflammatory and prooxidant biomarkers
(interleukin 1, interleukin 6, tumor necrosis factor-alpha, and reactive substances to thiobarbituric acid), as well as increased levels of
anti-inflammatory and antioxidant biomarkers (interleukin 10, nonprotein thiols, and superoxide dismutase), with greater potential
when treatments are used in association. Thus, cubiu promotes antioxidant and anti-inflammatory action in skin wound healing,
while also improving results of the conventional treatment for skin healing (magnetic field) when used in association.

1. Introduction territory. Its fruit, called cubiu in Portuguese, also known as

“apple/peach tomato, is widely used as food, and it can be
Solanum sessiliflorum (Dunal) is a Solanaceae native of the used in numerous ways such as juices, sweets, jellies, and
Amazon Basin, currently found throughout the Brazilian, = consumed in natura [1]. Furthermore, cubiu is very nutri-
Ecuadorian, Colombian, and Venezuelan Amazonian tious and rich in iron, niacin, citric acid, and pectin. Thus,
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cubiu presents compounds considered adjuvants for health
promotion, such as fibers, minerals, and bioactive com-
pounds like phenolic acids [2].

Amazonian people commonly employ cubiu as a remedy or
cosmetic. In their traditional medicine system, cubiu is used
because of its hypoglycemic, hypolipidemic, and antioxidant
properties to treat diabetes and skin wound healing [3-5].
However, no studies have investigated the anti-inflammatory
properties of cubiu, considering the inflammatory profile of the
pathologies traditionally treated with this plant. Moreover, the in
vivo antioxidant potential of cubiu is scarcely approached in
scientific literature. Cubiu also could be a suitable alternative for
use in combination with magnetic fields. Therapy with magnetic
fields is used for skin wound healing, but its systemic perfor-
mance in the oxidative and inflammatory profile is controversial
in the scientific literature. Considering these data, an investi-
gation of magnetic fields associated with antioxidants was
suggested [6, 7]. Among these substances, there are natural
antioxidants, primarily contained in plants. As previously
mentioned, cubiu is commonly used for its antioxidant prop-
erties [8] and also popularly used for skin wound healing.
Therefore, we believe to be pertinent to elucidate the effects of
cubiu combined with magnetic field therapy.

Thus, the first objective of the present study was to
evaluate the oral toxicity of cubiu. After completing this
objective, the potential antioxidant and anti-inflammatory
capacities of cubiu and its interaction with magnetic fields in
an in vivo model of skin healing were analyzed.

2. Materials and Methods

2.1. Cubiu Extract Preparation. Cubiu samples were pur-
chased in the Municipal Market Adolfo Lisboa-Manaus city,
Amazonas, Brazil. Botanic specialist Eduardo Vellez Marin
(CRBio 09112-03) confirmed the fruits to be Solanum ses-
siliflorum Dunal. This research is part of a project previously
authorized by the Brazil Environmental Ministry to assess
the components of genetic patrimony in national territory
(no. 010547/2013-4) according to Brazilian legislation (no.
2186-16). The cubiu samples were registered in the Man-
agement of Genetic Patrimony Council, Brazil (CGEN,
process number A6723EB).

The fresh fruits of cubiu weighed 147 + 38 g. The prep-
aration of the cubiu extract included washing and peeling the
fruits, as well as grinding the pulp with small seeds in a mixer
for 5min and then extracting with 70% absolute ethanol
(neon, commercial-03467; Sdo Paulo, SP, Brazil). After
extraction, the product obtained was filtered, evaporated,
lyophilized, and was stored in a —20 degrees freezer [9].
Subsequently, the lyophilized cubiu extract was diluted daily
in saline and administered via oral gavage for oral admin-
istration. The use of fresh fruit followed institutional, na-
tional, and international guidelines and legislation. The
cubiu extract phytochemical characterization is demon-
strated in the study by Montagner et al. [9].

2.2. Experimental Animals. Male Wistar rats (90 days of life,
weighing 150g) were obtained from the Central Animal
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Facility of the Federal University of Santa Maria (UFSM) and
were maintained during the experimental protocol at the
Animal Facility of the Physiology Department (UFSM),
under controlled environmental conditions (23°C +1), 12-
hour light/dark cycle, and food and water provided ad
libitum. This research was conducted following the Animal
Research: Reporting of In Vivo Experiments (ARRIVE
guidelines) and the internationally accepted guidelines on
animal welfare (EEC Directive 1986; 86/609/EEC) and in
agreement with national and institutional rules. The ex-
perimental protocol was approved by the Ethics Committee
on Animal Use of the Federal University of Santa Maria,
registration no. 119/2013.

2.3. Protocol 1: Toxicity Evaluation of Cubiu Extract by Dose-
Response Curve. A curve was proposed for different doses of
the cubiu extract diluted in saline and administrated by oral
gavage for 28 days (1 =3 animals per group, total =12 an-
imals). This allowed verifying the toxicity of the cubiu extract
and the most adequate or beneficial dose for protocol 2.
Tested doses of cubiu extract were 25mg/kg, 50 mg/kg,
100 mg/kg, and 150 mg/kg per rat body weight. This protocol
had a control group that received only saline. The toxicity
was performed according to OECD guideline 407 (OECD,
2008) [10] with slight modifications.

2.3.1. Biochemical Analyses. Plasma analyses of glutamic
oxaloacetic transaminase (GOT), glutamic pyruvic trans-
aminase (GPT), gamma-glutamyl transpeptidase (GGT),
glucose, triglycerides, total cholesterol, urea, creatinine, and
uric acid were performed using a commercial kit (Bioclin®),
according to manufacturer’s instructions. These analyses
were processed in an automatic biochemical analyzer
(Mindray BS-1209). The results were expressed in UI/I
(GOT, GPT), U/l (GAMA GT), mg/dl (triglycerides, total
cholesterol, urea, creatinine, and uric acid), and g/dl
(glucose).

2.3.2. Morphological Analyses. Organs were evaluated
macroscopically regarding preservation of organ archi-
tecture, presence of hemorrhage, and any aspects associ-
ated with degeneration, in addition to, shape, size, color,
and general appearance. After euthanasia, the samples were
fixed in 10% buffered formalin and embedded in histo-
logical paraffin for light microscopic examination after
removal. Sections (6 um thick) were stained using the
hematoxylin and eosin method. Two independent ob-
servers performed double-blind analysis. For liver samples,
following criteria were evaluated: presence of inflammatory
infiltrate, cellular degeneration or necrosis, congestion or
dilatation of the central vein or liver sinusoids, and
presence of sinusoidal vacuolization. For kidney samples,
evaluated criteria were dilatation of Bowman’s capsule,
dilatation of subcapsular space, dilatation of proximal and
distal convoluted tubules, and glomerular and tubular
degeneration [11].



Evidence-Based Complementary and Alternative Medicine

2.3.3. Oxidative Status. Evaluation of oxidative status was
conducted in homogenized hepatic and renal tissue. To
homogenize tissue samples, 9mL of sodium phosphate
buffer 0.3M (KCI 140 mM, pH 7.4) was used per gram of
tissue. Phenylmethylsulfonyl fluoride (PMSF) was added at
the concentration of 100 nM diluted with isopropanol, 10 ul
of PMSF per mL of buffer. Homogenization was performed
for 60 seconds in ULTRA-TURRAX at 0-4°C. Centrifuga-
tion of homogenate was carried in refrigerated equipment
for 10 minutes at 3000 rpm (1100 g).

(1) Total Protein Determination. Protein content in the
homogenate was evaluated using the method described by
Lowry et al. [12]. Results were expressed in mg/ml.

(2) Thiobarbituric Acid Reactive Substances (TBARS) De-
termination. The TBARS method was carried in accordance
with Buege and Aust [13]. Results were expressed as nmoles
of TBARS/mg of protein.

(3) Quantification of Nonprotein Sulfhydryl Groups. Quan-
tification of nonprotein sulthydryl (NPSH) was accom-
plished following Ellman [14]. Individual absorbance values
were interpolated with glutathione standard curve and
expressed as ug of glutathione/g of protein.

(4) Antioxidant Enzymatic Activities. Catalase (CAT) activity
was verified through the method described by Boveris and
Chance [15], and results were expressed as nmoles/mg of
protein. Superoxide dismutase (SOD) activity was evaluated
as described by Boveris and Cadenas [16]. Results were
expressed as units of SOD/mg of protein. Enzymatic activity
of glutathione S-transferase (GST) was performed according
to Habig et al. [17], and results were expressed in ymoles/
min per mg of protein.

2.4. Protocol 2: Experimental Wound Healing Design. At the
beginning of the experimental protocol (day 0), to induce the
wound healing process along with inflammation and oxi-
dative unbalance, a patch of the skin of 1 cm* was removed
from all animals. Each animal was anesthetized with the
association of ketamine (75 mg/kg) and xylazine (10 mg/kg)
administrated intraperitoneally [18]. After that, animals
were immobilized at a surgical table, and procedure was
conducted using surgical scissors and tweezers. Wounds
were cut circularly in the middle of the upper back of each
animal, about 20 mm from the base of the skull and nor-
malized [19]. After this surgical procedure, total animals
(n=72) were separated into four groups:

Control group: animals that did not receive any
treatment, only saline by oral gavage and simulation of
exposition to the magnetic field (n=18)

Group treated with cubiu: animals treated with the
ingestion by oral gavage of 50 mg/kg of cubiu extract
(n=18)

Group treated with magnetic field: animals treated by
the exposition to the magnetic field (n=18)

Group treated with magnetic field + cubiu: animals
treated with the ingestion by oral gavage of 50 mg/kg of
cubiu extract and exposition to the magnetic field
(n=18)

The 50 mg/kg cubiu extract dose used in the experiment
was chosen according to results of toxicity studies. The
pulsed magnetic field used in this experiment was a pulsed
one, with a flux density of 2mT, constant intervals between
pulses (1, 5s), frequency of 60 Hz, and 30 minutes of ex-
position per day, which was chosen based on the literature
[20-22]. Treatments were performed once daily. On days 3,
7, and 14 after surgery, the animals (n=6 per group) were
euthanized to proceed with the collection of blood and skin
samples [23, 24]. Figure 1 shows the experimental proce-
dures of protocols 1 and 2.

2.4.1. Inflammatory Cytokines. Skin and plasma determi-
nation of interleukin 1 (IL-1), interleukin 6 (IL-6), inter-
leukin 10 (IL-10), and tumor necrosis factor-alpha (TNF-«)
were evaluated using the ELISA kit (eBioscience, San Diego,
EUA), according to the manufacturer’s instructions.
Hemocysteine levels were assayed using an IMMULITE
analyzer (Diagnostic Products Corporation, Los Angeles,
California). Results are expressed in pg/ml.

2.4.2. Leukocyte Infiltration Marker. Skin samples were
collected to evaluate the myeloperoxidase activity (MPO) to
estimate inflammatory cell infiltration in the skin after in-
jury. The activity of this enzyme was used as a marker of
neutrophil infiltration [25, 26]. First, tissue samples were
homogenized with a motor-driven homogenizer in 300 ul of
acetate buffer (8 mM, pH 5.4) containing 0.5% HTAB (45 s at
0°C). The homogenate was then centrifuged at 11000 xg at
4°C for 20 min, and supernatants were stored at —4°C. To
evaluate MPO activity, 10 ul of supernatant was incubated
with 200 ul of acetate buffer (8 mM, pH 5.4) and 20yl of
TMB (18.4 mM) at 37°C for 3 min. The reaction was stopped
with 30 ul of acetic acid in a cold bath, and the enzyme
activity value was assessed colorimetrically at 630 nm using a
microplate reader. Results were expressed as optical density
(OD)/mg of protein.

2.4.3. Determination of Oxidative Status. Fresh homoge-
nized hepatic and dermal tissues (skin). TBARS and NPSH
levels and SOD, CAT, and GST activities were determined as
described in Sections 2.3.3

2.5. Statistical Analysis. For the first protocol, homogeneity
of variances among different tested concentrations was
verified with Levene’s test and one-way ANOVA, followed
by Tukey’s post hoc test. For the second protocol, homo-
geneity of variances was evaluated in the same way, and a
three-way ANOVA was performed followed by Tukey. The
software used for this analysis was software Statistica® 7.0.
The significance level («) adopted was <0.05.
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F1GURE 1: Schematic demonstration of the experimental procedures of protocols 1 and 2.
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3. Results

3.1. Oral Toxicity Evaluation of Cubiu Extract. Initially,
cubiu extract daily oral administration toxicity was evalu-
ated through a dose-response curve for 28 days. No changes
in GOT, GPT, GGT, glucose, triglycerides, total cholesterol,
urea, and uric acid levels were observed between the groups
that received different doses of cubiu extract in comparison
to the control group (Table 1). Regarding creatinine levels,
animals treated with cubiu extract at a dose of 100 mg/kg had
their levels increased when compared to the animals treated
with 25 mg/kg of cubiu extract.

The second objective of the experiments conducted in
protocol 1 was to determine, among the studied doses, the
one with the greatest beneficial potential in the face of
oxidative status. Table 2 provides the oxidative/antioxi-
dant biomarkers in the liver, in which no change was
observed in levels of TBARS, NPSH, and GST between the
groups that received the different doses of cubiu extract
compared to the control group. As for the enzymatic
activity of SOD, an increase was observed in the groups
treated with 25 mg/kg, 50 mg/kg, and 150 mg/kg of cubiu
extract compared to the control group. In addition, the
group treated with 100 mg/kg of cubiu extract presented
reduced SOD activity compared to the groups treated with
25mg/kg and 150 mg/kg of cubiu extract. The enzymatic
activity of CAT was increased in the group treated with
25 mg/kg of cubiu extract compared to the control group
and compared to the groups treated with 100 mg/kg and
150 mg/kg of cubiu extract.

For the renal biomarkers of oxidative stress (Table 2), it
was evident that enzymatic activity of SOD was increased in
the groups treated with 25 mg/kg, 50 mg/kg, and 100 mg/kg
of cubiu extract compared to the control group. Further-
more, the enzymatic activity of CAT was increased in the
group treated with 50 mg/kg of cubiu extract compared to
the control group.

The morphological analysis showed no macroscopic or
histological changes in hepatic and renal structures between
the groups that received different doses of cubiu extract (25,
50, 100, and 150 mg/kg) compared to the control group
(Figure 2).

Following the presented data, the dose of cubiu extract
chosen for continuity of the other experimental protocols
was 50 mg/kg.

3.2. Inflammatory Biomarkers in the Skin and Plasma.
The results of inflammatory markers in the skin are given in
Table 3 and in the plasma are given in Table 4. Levels of
proinflammatory cytokines IL-1 and IL-6, in the skin and
plasma, were decreased in all experimental groups on the 3"
day in comparison to the control group of the respective
time. Also, on 3" day, the TNE-a levels decreased in the skin
and plasma in groups treated with magnetic field and with
magnetic field + cubiu. On days 7 and 14, the group treated
with magnetic field and the group treated with magnetic
field + cubiu had decreased IL-1, IL-6, and TNF-« skin and
plasma levels when compared to the control group. Addi-
tionally, on the 14™ day, the group treated with cubiu had
decreased IL-6 plasma levels when compared to the control
group.

Furthermore, among the treatments, it was observed that
in the skin, on day 3, the group treated with magnetic field
and cubiu combination significantly reduced IL-1, IL-6, and
TNF-« levels when compared to the group treated with
cubiu or magnetic field separately. On the 7 day, the group
treated with magnetic field + cubiu presented a reduction in
IL-1 levels when compared to the group treated only with
cubiu. On day 14, the group treated with the magnetic field
and cubiu combination had reduced levels of IL-1 when
compared to the groups treated with cubiu or magnetic field
separately, and the group treated with magnetic field + cubiu
presented a decrease in IL-6 and TNF-a levels when
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TaBLE 1: Biochemical parameters of rats after 28-day treatment with cubiu extract.

Control 25mg/kg 50 mg/kg 100 mg/kg 150 mg/kg
GOT (UI/1) 151.02 + 36.00 179.83 £16.72 159.75 £ 31.11 151.90 +15.14 172.27 £11.71
GPT (UI/]) 132.98 £9.04 108.83 +£12.30 147.82+7.63 117.26 £17.12 123.96 £ 16.06
GAMA GT (U/l) 28.73+3.19 25.14+1.56 34.83+£5.97 34.47 +£3.29 24.77 £5.53
Glucose (g/dl) 100.54 + 12.64 140.35+17.12 121.79 +8.91 141.43 +9.01 105.22 £20.75
Triglycerides (mg/dl) 125.92 +14.37 108.33 £28.09 110.18 +21.35 108.33 £23.29 78.70 £2.44
Total cholesterol (mg/dl) 87.61 +21.96 88.57 +24.41 58.09+11.23 116.18 £9.94 73.33 £20.88
Urea (mg/dl) 52.06 +3.07 4495+ 3.69 43.24+4.93 46.37 +2.05 44,38 +3.84
Creatinine (mg/dl) 0.57 +0.004 0.53+0.06" 0.55+0.02 0.73 +0.05° 0.60 +0.01
Uric acid (mg/dl) 1.43+0.31 0.79+0.13 1.17 £0.40 1.46 +0.40 0.95+0.24

Values are represented as the mean + standard error. Different capital letters indicate significant differences between treatments (p < 0.05). The capital letters
“B” corresponds to the group 50 mg/kg and letter “D” corresponds to the group 150 mg/kg. GOT, glutamic oxaloacetic transaminase; GPT, glutamic pyruvic

transaminase; GAMA GT, gamma-glutamyl transpeptidase.

compared to the group treated only with cubiu. Addition-
ally, IL-6 levels reduced in the group treated with magnetic
field compared to the group treated with cubiu.

In plasma, among the treatments, it was observed that,
on the 3 day, the group treated with the magnetic field and
cubiu combination had decreased levels of IL-1, IL-6, and
TNF-a when compared to the group treated with cubiu or
with magnetic field separately. On days 7 and 14, the group
treated with magnetic field + cubiu presented a decrease in
IL-1 and I1-6 levels compared to the group treated only with
cubiu. Also, on the 14™ day, TNF-a levels decreased in the
group treated with magnetic field + cubiu compared to the
group treated only with cubiu.

IL-10 anti-inflammatory cytokine levels in the skin and
plasma were increased in the group treated with magnetic
field and the group treated with magnetic field + cubiu on the
3" day in comparison to the control group of the respective
time. On the 7™ day, the group treated with magnetic
field + cubiu presented increased levels of IL-10 in com-
parison to the control group. On day 14, all treatments
(cubiu, magnetic field, and magnetic field + cubiu) had
higher levels of IL-10 when compared to the control group.
Furthermore, among the treatments, it was observed that in
the skin and plasma, on day 3, the group treated with
magnetic field + cubiu had increased IL-10 levels in com-
parison to the group treated only with cubiu. On day 7, the
group treated with the magnetic field and cubiu combination
had increased IL-10 levels compared to the group treated
with cubiu or with magnetic field separately.

Regarding the changes in IL-1, IL-6, and TNF-«
proinflammatory cytokines skin and plasma levels over time,
reductions were generally observed in all experimental
groups. In relation to IL-10 anti-inflammatory cytokine skin
and plasma levels over time, increases were generally ob-
served in all experimental groups, corresponding to what
was physiologically expected.

3.3. Leukocyte Infiltration Markers in the Skin. Results in
myeloperoxidase activity are shown in Figure 3. On the 3™
day, it was evident that all treatments (cubiu, magnetic field,
and magnetic field + cubiu) decreased the myeloperoxidase
enzymatic activity in comparison to the control group. In
addition, over time, a decrease in enzymatic activity of

myeloperoxidase was observed in the control group. The group
treated with cubiu, and the group treated with magnetic
field + cubiu presented a decrease in myeloperoxidase activity
on the 14™ day compared to the 3™ day. Also, the magnetic
field group demonstrated a reduction in myeloperoxidase
activity on the 14™ day compared to the 7 day.

3.4. Oxidative Status in the Skin. Table 5 provides the results
concerning oxidative status biomarkers in the skin. It was
observed that the levels of TBARS were reduced in all
treatments (cubiu, magnetic field, and magnetic
field + cubiu) compared to the control group on the 3™ day
of treatment. On the 14™ day, the group treated with
magnetic field had reduced TBARS levels when compared to
the control group.

NPSH levels were increased in the group treated with
magnetic field + cubiu on the 14™ day compared to the
control group. In addition, changes over time were observed;
the control group and the group treated with cubiu had
reduced NPSH levels on day 7 when compared to the re-
spective group on days 3 and 14. The group treated with
magnetic field and the group treated with magnetic
field + cubiu increased NPSH levels on the 14™ day com-
pared to the 3" day and 7™ day.

As for SOD activity, it was observed that the group treated
with magnetic field + cubiu had its activity increased on the 14
day in relation to the control group. Also, changes were ob-
served over time. In the control group, there was a reduction in
SOD activity on day 7 compared to day 3, a reduction in the
group treated with magnetic field on day 7 in comparison to
days 3 and 14, and an increase in the group treated with
magnetic field + cubiu on the 14™ day compared to the 7" day.

CAT activity increased in the group treated with cubiu
and the group treated with magnetic field + cubiu on the 14™
day compared to the 7 day. Enzyme GST activity dem-
onstrated an increase on the 14™ day compared to the 3
and 7" days in all treated groups (cubiu, magnetic field, and
magnetic field + cubiu), as well as in the control group.

4. Discussion

Cubiu is widely used for food and traditional medicine [1, 2].
Therefore, it is important to check the safety of cubiu



Evidence-Based Complementary and Alternative Medicine

*(ureyord Swryuru
/1ouwrd) asexdysuern-g auorgieings (1,50 ‘(urajoxd Swr/jowd) aserejes <1y ¢(urjoxd Swy/syrun (OS) asenwstp aprxoradns ‘qOS ‘(uraroxd Swy/jowru) sjory) urajorduou Hsds ¢(urejord Sur/jourr) saoueisqns aAT}OLI
proe oumyiqreqory) ‘SYv a1, “8y/8w o1 dnoid ayy 03 spuodsariod (1, 101391 pue Sy/3w o1 dnoi ayy 0y spuodsarros H Byy/Sw o5 dnoid ayy 0y spuodsarrod g, Sy/Sw 6z dnoid oy 03 spuodsariod v, 19119]
Teades ayy, *(50°0 > d) S1uaUILAT) U2IM]AQ SIOUIIYIP JUBdYIUSIS 2)edIpul s10)39] [e3ded Juatoyi *(50°0 > d) dnoid [onuod oy} woay saduatohIp Juedyrudig, *I0LId pIepue)s F UBdUI Y st pajuasardar are sanfep

POOFLTT YCOF¥ET Cro+80°1 CT0+ST1 60'0+9T'1 €6'C+599'8 00'T+499 0€'T+90°6 CCTF0STI CI'T+¥69 LSO
0T0FI¢'T 10+ 491 OT0F8LT 0T0FLT1 LOOFVI'L vCC0+96C VSV 0FLYE 190+ 19°¢ an+18'0+99°S CCOFPIE LVO
0+ L¥9 «LL'0FC0'8 STOFLTL +£9°0F69°L 10+ ¥¢'S 590 T+8L°6 av6€0+¥9°9 +£90F€0'8 5+1€0F 676 I7'0+8S¥ aos
6T0F 191 9T0F¢8'1 9T°0F90°C 170+ 40T 0CT0FI8'T 65°0F0T¥ 9T'0+48'C YO0+ CEE 1L°0F66'¢ FT0+90% HSdAN
800 F¥L°0 LEOFOCT LEOFOV'T 10+ 121 ¥0'0F2L0 cT0+0CT CIro+080 ¢TI0+ 180 10+ €80 YO0+ 160 SUvdL
0sI 00T 0S °r4 [onuo) 0ST 00T 0s 14 [onuo)
Koupny I9ATT

“JORIIXd NIQND IIM Juaunjear) Aep-gg I9)Je AoUpD| pue ISAT[ S} UT SNJB)S ATJEPIXO JO SIONIBWOIY 7 414V],



Evidence-Based Complementary and Alternative Medicine 7

Control 50 mg/kg 100 mg/kg

- . o

150 mg/kg

F1GURE 2: Photomicrography of the liver (L
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) and photomicrography of the kidney (K) of the Wistar rats in the control group, groups treated

with 25 mg/kg of cubiu extract, 50 mg/kg of cubiu extract, 100 mg/kg of cubiu extract, and 150 mg/kg of cubiu extract. Bar = 20 micrometers
in the liver’s photomicrography and 100 micrometers in the kidney’s photomicrography.

TaBLE 3: Inflammatory biomarkers in the skin.

Time Treatments IL-1 IL-6 TNF-«a IL-10
Control 90.67 +0.84"+ T+ 99.17 +1.14"F **+ 105.33+1.69" *** 20.25+1.22%F
3 da Cubiu 84.00 +0.36*>C 89.67 +0.67*>C 101.67 + 1.26"C 26.70 +1.65°¢
Y Magnetic field 82.83 +0.60*>C 89.00 + 1.39*>C 95.67 +1.28*>C 30.28 +2.05*¢
Magnetic field + cubiu 71.33 +0.88* A 75.83 + 1.40*AP° 82.83 +1.58*P¢ 36.01 + 1.64*A¢

Control 76.40 + 1.50* *** 81.33+£0.84" **+ 88.17 +0.48" ** 33.15+0.90" **+
7 day Cubiu 7433+ 1.11%¢ 79.33 + 1.65% 85.00 + 1.15% 31.89 +0.82°¢
Magnetic field 70.50 + 0.84*2¢ 73.50 + 1.34*% 79.67 +0.84*2¢ 31.35+ 1.05C

Magnetic field + cubiu 68.20+1.77*4¢ 73.17 + 1.60*¢ 80.67 +1.58*¢ 40.49 +1.77*48¢

Control 58.80+ 1.24% ** 70.50 +0.72+ ** 77.00 £ 1.24% +* 47124137 *F

14 da Cubiu 55.20 + 1.24%°¢ 64.75 + 2.50%°PC 72.17 +1.74%¢ 55.54 +1.26*%
Y Magnetic field 53.00 +0.51**°¢ 57.20 + 1.46**A° 67.17 + 1.64*™ 60.20+0.73*%°
Magnetic field + cubiu 46.50 +1.19**A*B 53.17 +1.01**4° 62.83 +1.64"*4° 60.92+0.95%

Values are represented as the mean + standard error. *Significant differences from the control group at the same time (p <0.05). Different capital letters
indicate significant differences between treatments at the same time (p < 0.05). Different lowercase letters indicate significant differences between times at the
same treatment (p < 0.05). The capital letters “A” corresponds to the group cubiu, “B” corresponds to the group MF, and “C” corresponds to the group

« »

MEF + cubiu. The lowercase letters “a

« »

*control 3 day, **control 7™ day, and ***control 14" day.

TaBLE 4: Inflammatory biomarkers in plasma.

corresponds to the time 3" day of the respective group, “b” corresponds to the time 7 day of the respective group, and
¢” corresponds to the time 14 day of the respective group. To demonstrate the significant difference between the control groups of different times are used:

Time Treatments

IL-1 IL-6 TNF-« IL-10
Control 150.33 +1.43"* ** 165.50 +2.08"* 175.67 +2.88"" *** 18.83 +1.14%" ***
3 day Cubiu 139.33 £0.71*><C 149.33 +1.23*>C 170.00 +2.07°¢ 24.83 +1.54C

Magnetic field
Magnetic field + cubiu

137.17 + 1.01*>¢
117.67 + 1.89*AB¢

148.00 + 1.98*P<C
128.60 + 1.69*AB¢

159.50 + 2.39%P<C
139.17 +2.50*AB¢

28.17 +1.90*¢
33.50 + 1.52*2¢

Control 127.50 +2.17° *** 135.83+1.40" *** 147.50+0.76" *** 30.83+0.83"
7 day Cubiu 123.00 + 1.57*¢ 132.00 +2.76™¢ 141.67 +1.54* 29.67 +0.76°C
Magnetic field 115.33+1.80** 124.60 +1.72** 133.50 +1.73** 29.17 +0.98°€

Magnetic field + cubiu 112,50 +2.95*A¢ 121.67 +2.69* 134.67 +2.64*° 37.67 +1.65* ">

Control 99.50 +2.26" ** 117.83+ 1117 ** 128.17 £1.94" ** 43.83+128" **
14 da Cubiu 91.50 + 1.84°°¢ 106.00 + 3.99**°¢ 120.50 + 2.88%°¢ 51.67 +1.17*%°
Y Magnetic field 87.83+1.01** 95.40 +2.52*%° 112.00 + 2.65** 56.00 +0.68**"
Magnetic field + cubiu 80.17 +2.85**4° 88.67 +1.73**4° 105.00 + 2.65**A° 56.67 +0.88"*"

Values are represented as the mean + standard error. *Significant differences from the control group at the same time (p <0.05). Different capital letters
indicate significant differences between treatments at the same time (p < 0.05). Different lowercase letters indicate significant differences between times at the
same treatment (p < 0.05). The capital letters “A” corresponds to the group cubiu, “B” corresponds to the group MF, and “C” corresponds to the group

« »

MF + cubiu. The lowercase letters “a” corresponds to the time 3rd day of the respective group, “b” corresponds to the time 7th day of the respective group, and

« »

¢” corresponds to the time 14th day of the respective group. To demonstrate a significant difference between the control groups of different times are used:
*control 3rd day, "*control 7th day, and ***control 14th day.
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FIGURE 3: Graphical representation of myeloperoxidase activity. The results were expressed as optical density (OD)/mg of protein.
*Significant differences from the control group at the same time. Lowercase letters indicate significant differences between times at the same
treatment. The letters “a” corresponds to the group cubiu, “b” corresponds to the group MF, and “c” corresponds to the group MF + cubiu.
To demonstrate a significant difference between the control groups of different times are used * for the control 3™ day, ** for the control 7"

day, and *** for the control 14" day.

TABLE 5: Biomarkers of oxidative stress in the skin.

Time Treatments TBARS NPSH SOD CAT GST
Control 2.80+0.16 16.7+£1.55™ 4.93+0.25%" 4.48 +0.46 2194023
3 day Cubiu 1.78 +0.07* 16.1 +1.09° 419+0.29 4.56+0.62 1.82 +0.44°
Magnetic field 1.73+0.16* 14.7 +0.94° 4.42+0.37° 4.43+0.53 0.85+0.06°
Magnetic field + cubiu 1.81 +0.12* 15.8 +1.23% 3.93 +0.40 3.34+0.37 117 +0.38°
Control 2.17+0.11 10.9 +0.44" 7 2.91+0.10" 2.84+0.21 1.79 015"
7 day Cubiu 2.02+0.12 10.7 +0.79% 3.40+0.25 2.90+0.24° 2.35+0.52°
Magnetic field 1.52+0.12 10.4 +0.32° 2.86+0.23* 3.13+0.40 1.57 +0.25°
Magnetic field + cubiu 1.93+0.15 10.7 +0.70% 2.76+0.24° 3.16 +0.30° 1.55+0.07°
Control 2.81+0.07 1724110 3.77+0.24 3.95+0.32 525+044" *F
14 da Cubiu 2.36+0.08 18.1+1.28" 3.92+0.14 4.77£0.31° 4.70 +0.35%
Y Magnetic field 1.52+0.12* 21.3+1.70% 4.88+0.39 3.93+0.42 4144019
Magnetic field + cubiu 2.39+0.17 23.0+1.24* 5.43+0.42*° 5.00 +0.43" 5.31+0.26"

Values are represented as the mean + standard error. *Significant differences from the control group at the same time (p < 0.05). Different capital letters
indicate significant differences between treatments at the same time (p < 0.05). Different lowercase letters indicate significant differences between times at the
same treatment (p <0.05). The capital letters “A” corresponds to the group cubiu, “B” corresponds to the group MR, and “C” corresponds to the group
MR + cubiu. The lowercase letters “a” corresponds to the time 3 day of the respective group, “b” corresponds to the time 7% day of the respective group, and “c”
corresponds to the time 14™ day of the respective group. To demonstrate a significant difference between the control groups of different times are used: *control
3™ day, "*control 7" day, and "**control 14™ day. TBARS, thiobarbituric acid reactive substances (#mol/mg protein); SPSH, nonprotein thiols (nmol/mg
protein); SOD, superoxide dismutase (SOD units/mg protein); CAT, catalase (pmol/mg protein); GST, glutathione S-transferase (pmol/min/mg protein).

toxicity. Experimental results regarding the toxicity of daily
oral administration of cubiu extract evaluated through a
dose-response curve for 28 days demonstrated the safety of
cubiu extract. Biochemical parameters indicated that the
extract did not present toxicity at any dose evaluated in this
study. Furthermore, macroscopic and microscopic

(histology) assessments of the liver and kidney, considered
indispensable for toxicological analysis, evidenced that
tested doses preserved the normal structure of these organs.
In agreement with our results, Hernandes et al. [27] reported
safe use of cubiu due to the absence of genotoxic and cy-
totoxic effects.
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The dose of 50 mg/kg was chosen for the second protocol
in this study; it did not present toxicity, and it revealed
benefits to oxidative status, increasing the enzymatic activity
of SOD in the liver and increasing enzymatic activity of SOD
and CAT in the kidney.

After choosing cubiu extract dose, we followed a stan-
dardized wound healing model in the second protocol, also
operating as an induction model for inflammatory and
oxidative unbalance in the second protocol. This choice finds
legitimacy in literature [19]. Magnetic fields have testified
wound healing effects [28, 29], and Solanum sessiliflorum has
its popular use as a wound healing, but there is no scientific
confirmation [30].

In a wound healing model, it is important to conduct
evaluations at the 3", 7, and 14" day of treatment after
injury induction. This strategy is very important to esti-
mate the effect of treatments at each of the different phases
of the wound healing process, divided into three distin-
guished but overlapping stages [31]. The first phase is the
inflammatory phase, marked by the presence of inflam-
matory cells and mediators, occurring 0-3 days after
initial injury. The next phase is known as proliferation,
characterized by the presence of fibroblasts and synthesis
of the extracellular matrix. This phase takes place from 3™
to 7 day. The last phase is tissue remodeling, marked by
the reorganization of the extracellular matrix and mat-
uration of collagen fibers. Didactically, remodeling hap-
pens from 7" to 14" days, but it can persist for months
(31, 32].

It is well known that wound healing treatments operate
mainly at the first stage of healing, the inflammatory phase,
contributing to repair due to anti-inflammatory and anti-
oxidant properties of drugs [29]. Eventhough magnetic fields
are described in the literature as a treatment for skin wound
healing, their contribution to systemic inflammatory and
oxidant profile is still controversial. Depending on the ap-
plication parameters such as time and intensity, magnetic
fields can be prooxidant or antioxidant, as well as be anti-
inflammatory or promote inflammation in other tissues
[33-36]. Considering that, it has been suggested that the
systemic use of antioxidant substances along with magnetic
fields should be investigated [6, 7]. Therefore, we analyzed
the action of these treatments not only on the skin but also
on plasma to evaluate the response towards the systemic
inflammatory profile.

Observing the results from all treatments proposed on
the inflammatory profile, it was evidenced that all treat-
ments, isolated (cubiu or magnetic field) and combined
(magnetic field + cubiu), demonstrated anti-inflammatory
activity, and the anti-inflammatory action is increased with
the combination of cubiu and magnetic field. Treatments
were able to reduce the levels of proinflammatory cytokines
and increase the levels of anti-inflammatory cytokine (IL-
10), both on the skin and plasma. Inflammatory cytokines
are mediators present during the wound healing process.
They can act by increasing the spread of the inflammatory
process, as is the case of IL-1, IL-6, and TNF-q, and they can
also act by reducing and controlling the inflammatory
process, as is the case of IL-10 [32].

Thus, an increase in the levels of proinflammatory cy-
tokines during healing ends up delaying this healing process,
in addition to causing damage at the systemic level, as is the
case of serious injuries or infections, in which there may be
hemodynamic and metabolic changes, organ damage, and
even compromised life. In this context, anti-inflammatory
cytokines act by containing and controlling the inflamma-
tory process [37].

The action of the magnetic field in the reduction of
proinflammatory cytokines is justified by its action mech-
anism that acts on the modulation of adenosine and its
receptors A, and A;ARs, increasing the expression of these,
which are capable of suppressing high levels of proin-
flammatory cytokines [38]. Also, the anti-inflammatory
activity of cubiu can be based on the bioactive compounds
present in its composition. The cubiu extract used in this
study had its phytochemical characterization previously
published in [9], evidencing the presence of phenolic
compounds in its composition.

In agreement, Rodrigues et al. [39] demonstrated
through HPLC-MS that cubiu extract constituted mainly of
phenolic compounds, such as chlorogenic acid, specially 5-
caffeoylquinic acid. Also, other species of Solanum, such as
Solanum lycocarpum, has phenolic compounds, including
caffeoylquinic acids in its composition, to which antioxidant
and anti-inflammatory capacities exerted by Solanaceae
were attributed [40]. The anti-inflammatory activity exerted
by phenolic compounds has as its mechanism of action the
ability to inhibit enzymes that are related to inflammation,
such as prostaglandin synthetase, lipoxygenase, and cyclo-
oxygenase [41]. In addition, chlorogenic acid interferes with
the leukocyte response to chemokines, preventing their
interaction with the adhesion molecules involved in cell
migration, thus inhibiting cell adhesion and controlling and
reducing the inflammatory process [42].

In relation to cell migration, this research also explored
the effect of treatment towards the enzymatic activity of
myeloperoxidase. This enzyme is known as a biomarker for
neutrophil infiltrations [43]. Our results demonstrated that
all treatments reduced the activity of myeloperoxidase on the
3™ day, which corresponds to the inflammatory phase of the
wound healing process. It indicates that treatments pro-
moted a reduction in neutrophilic infiltration, reinforcing
anti-inflammatory properties of magnetic field and cubiu.
This corroborates previous results of the present study re-
garding the determination of cytokines, which demonstrated
reduced levels of proinflammatory cytokines and increased
levels of anti-inflammatory cytokines for treated groups.

During the wound healing process, intimately related to
inflammation, reactive oxygen species (ROS) and reactive
nitrogen species (RNS) are released, which play a defensive
role, especially against potential microbial invasion, and act
on cell signaling in the healing process. However, when the
excessive formation of reactive species overcomes the body’s
antioxidant capacity, a condition known as oxidative stress is
generated. Oxidative stress can lead to damage on the cell
membrane, lipids, proteins, and DNA and may culminate in
cellular death [44-46]. Also, oxidative stress acts on the
propagation of the inflammatory response because the
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production of inflammatory enzymes such as cyclo-
oxygenase (COX) and lipoxygenase is stimulated from lipid
peroxidation and induces leukocytes to release proin-
flammatory cytokines [47]. Thus, it is well described how
oxidative stress is closely related to the pathogenesis of
nonhealing wounds. Therefore, excess in reactive species
must be avoided because it slows down the healing process
[48, 49].

Results demonstrate that treatments proved to maintain
oxidative balance with safety, manifesting a clear antioxidant
potential. That becomes evident with the reduction of
TBARS (biomarker for lipoperoxidation) in the skin, pro-
moted by all treatments on day 3. The decrease of these
substances in inflammatory phase is very positive, consid-
ering the great influence of reactive species in this period
[49]. Thus, all treatments showed protection against
lipoperoxidation.

On day 14, treatment with magnetic field reduced
TBARS and treatment with magnetic field + cubiu in-
creased NPSH and SOD levels in the skin. Therefore,
treatments positively improved the antioxidant defense
system. Differences throughout time are expected as part of
the natural wound healing process, both for oxidative and
inflammatory profile, as the quantification of analyses
oscillates towards balance. Again, the combination of
magnetic field + cubiu revealed positive results. It is known
that magnetic fields promote exchanges with the bio-
magnetic potential of the organism, thus being able to
activate enzymatic reactions [50, 51]. The action of mag-
netic fields in oxidative balance can occur through the
cellular signaling mechanism, such as the extracellular
signal-regulated kinase pathways [52]. Also, the antioxi-
dant activity of cubiu can be attributed to the presence of
phenolic compounds in its composition, which are known
for their antioxidant and chelant properties [53].

Thereby, the results from this study allow us to affirm
that cubiu can be used safely, not demonstrating toxicity at
the researched doses and during the period of administra-
tion. We evidenced that isolated (only magnetic field or
cubiu) or combined treatments (magnetic field + cubiu)
manifested anti-inflammatory and antioxidant properties,
improving all stages of the wound healing process, especially
the inflammatory phase. The association of the treatments
has better results than when used alone.

5. Conclusion

This research revealed that cubiu extract demonstrated
safety and absence of toxicity at the administrated doses
during the time of treatment adopted in our protocol. It also
enlightened that the proposed treatments provided de-
creased levels of proinflammatory cytokines, increased levels
of anti-inflammatory cytokines, and reduced activity of
myeloperoxidase. Concerning stress biomarkers, treatments
reduced TBARS levels and increased enzymatic activity of
SOD and NPSH levels. Therefore, cubiu promotes antiox-
idant and anti-inflammatory actions in skin wound healing
and increases the results of conventional treatment for skin
healing (magnetic field) when used in association.
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Data Availability

The data generated or analyzed during this study are in-
cluded within this article.

Additional Points

After the conclusions obtained in this study, we now intend
to develop a nanostructured topical application of the cubiu
and thus test its performance in skin wound healing.
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