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Species of Myrcia are used by indigenous people and in traditional communities in Brazil for the treatment of Diabetes mellitus. We
investigated the hypoglycemic effect of the extract of leaves of Myrcia bella in diabetic mice. The chemical fingerprinting of the 70%
EtOH extract characterized as main constituents flavonoid aglycones, flavonoid-O-glycosides, and acylated flavonoid-O-glycosides
derivatives of quercetin and myricetin. Mice were treated with saline or extract of M. bella (300 or 600 mg/Kg b.w.) for 14 days.
Body weight and water and food intake were measured every day. Fasting blood glucose was measured weekly. At the end of the
treatment, blood insulin, triglycerides, total cholesterol, and protein were measured. Glycogen content and expression of proteins of
the insulin signaling pathway were measured in liver. The treatment with 600 mg/Kg reduced the fasting blood glucose in diabetic
mice of the 7th day as water and food intake and increased hepatic glycogen. Total cholesterol and triglycerides were reduced in
diabetic treated mice. The treatment increased the expression of IRS-1, PI3-K, and AKT in the livers of diabetic treated mice. The
results indicate that the extract of the leaves of Myrcia bella has hypoglycemic properties and possibly acts to regulate glucose uptake
by the liver.

1. Introduction

Diabetes is a metabolic disorder characterized by chronic
hyperglycemia as a result of defects in insulin action, insulin
secretion, or both. This disorder results in abnormality
in protein, lipid, and carbohydrate metabolism, leading to
long-term complications, such as neuropathy, nephropathy,
retinopathy, atherosclerosis, and peripheral vascular disease
[1]. According to the report of world health organization
(WHO), the world is now in the middle of a diabetes
epidemic. In 1985, it was estimated that there were 30
million people with diabetes worldwide, and this number
dramatically increased in the ensuing 10 years, reaching 135

million people. Estimates indicate that this number, by 2030,
should grow to 366 million people with this syndrome, of
which 90% will develop type 2 diabetes (DM2). Today, it is
estimated that there are about 12 million diabetic patients in
Brazil [2].

Current treatments for diabetes include the use of exoge-
nous insulin and the administration of allopathic drugs, such
as sulfonylureas (glibenclamide), biguanides (metformin),
and alpha-glucosidase inhibitors (acarbose and miglitol).
The oral hypoglycemic agents exert their effects in reducing
glycemia through a variety of mechanisms that include reduc-
ing hepatic glucose production, increasing insulin secretion
by pancreatic beta cells, improving insulin sensitivity, and



inhibiting digestion and intestinal absorption of glucose [3].
However, these drugs may cause side effects, decreasing
response after prolonged use, and there is also a high financial
cost to the patient [4]. Based on this information, research for
new antidiabetic agents that maintain the same therapeutic
efficacy with fewer side effects is necessary [5].

Myrcia bella is a plant belonging to the Myrtaceae family.
This family consists of 133 genera and more than 3,800
species with two main centers of development in tropical
America and Australia, although they occur in other regions
of the world [6]. Myrcia is one of the largest genera in
the Myrtaceae family with about 760 species and is well
represented throughout the Brazilian territory [7]. Species
of Myrcia have been used by indigenous and in traditional
communities in Brazil as astringents and diuretics and for the
treatment of hypertension and Diabetes mellitus 8, 9].

The plants known as “pedra-hume-cad” or insulin plants
have been used for the treatment of diabetes according to the
empirical African and indigenous knowledge that influenced
the formation of the Brazilian culture [10]. The species related
to “pedra-hume-cad” are Myrcia sphaerocarpa, Myrcia citri-
folia, Myrcia guianensis, Myrcia uniflora, Myrcia multiflora,
Myrcia salicifolia, and Myrcia speciosa [11-14]. Despite the
large number of species within the genus, there are few studies
that assess their potential hypoglycemic properties, and there
is no experimental evidence that proves the hypoglycemic
effect of Myrcia bella.

The aim of the present study was to evaluate the hypo-
glycemic effect of the extract of the leaves of Myrcia bella
through the investigation of metabolic, biochemical, and
molecular parameters. Body weight, food and water intake,
fasting glycemia, blood triglycerides, total cholesterol and
protein, basal plasma insulin, hepatic and muscular glycogen,
and the expression of some proteins of the insulin signaling
pathway in the liver of control and streptozotocin-diabetic
mice were investigated.

2. Material and Methods

2.1. Plant Material and Extraction. The leaves of M. bella were
collected in November 2010 at the Jardim Botanico Municipal
de Bauru, SP, Brazil (22°20'30” S and 49°00'30” W). Voucher
specimens were prepared, identified, and deposited at the
Herbarium of the UNESP—Univ Estadual Paulista “Julio de
Mesquita Filho™—UNBA (Bauru, SP, Brazil) under number
5508. Fresh leaves were dried at 40°C for 48 h. The separated
powdered leaves (1.3 kg) were extracted with EtOH/H,O (7:3
v/v) by percolation at room temperature. The filtrate was
concentrated to dryness under reduced pressure at 40°C
furnishing the hydroalcoholic extract (364 g).

2.2. Chemical Profiling and Identification. The chemical com-
position of the crude extract of M. bella was investigated by
mass spectrometry using an Accela (Thermo Scientific, San
Jose, CA, USA) LCQ Fleet with Ion Trap 3D and ionization
by eletrospray (ESI) in negative ion mode. The 70% EtOH
extract was dissolved in MeOH-H,O (8:2) and diluted at
final concentration of 1 ug mL™". This solution was infused in

Evidence-Based Complementary and Alternative Medicine

the ESI source by flow injection analysis (FIA) using a syringe
pump; the flow rate was 33 uL-min~". The capillary voltage
was —20 'V, the spray voltage was 4 kV, and the tube lens offset
was —55V. The capillary temperature was 275°C. Nitrogen
was used both as drying gas at a flow rate of 60 (arbitrary
units) and as nebulising gas. The nebulizer temperature was
set at 280°C, and a potential of —4 V was used on the capillary.
Negative ion mass spectra were recorded in the range m/z
100-1050. Two scan events were prescribed to run in the LCQ
mass spectrometry. The first event was a full-scan spectrum
to acquire data on the deprotonated compounds within the
scan range. The second scan event was a MS/MS" experiment
performed using a data dependent scan on deprotonated
molecule [M-H]". The collision energy for MS/MS" was
adjusted to 10-25%. The constituents present in the 70%
EtOH extract were identified by comparison of their MS/MS"
data with data from the literature [15].

2.3. Animals. Male Swiss mice (aged 2 months, weighting
20-30g) were obtained from the Institute of Biosciences,
Sédo Paulo State University, Botucatu, SP, Brazil. The ani-
mals were kept under standard environmental conditions
(22 £ 2°C) and 12 h light/dark cycle. Water and food were
given at libitum. The animals were killed by CO, exposure,
followed by decapitation. The experimental protocol was
approved by the Animal Experimentation Ethics Committee
of UNESP/Aragatuba (Process no. 01741-2012).

2.4. Acute Toxicity Test. Male Swiss normal mice were
divided into 2 groups of 10 animals (CTL SAL and CTL
EXT) and fasted during 4 hours. After this period saline
(1mL/Kg) or the extract of Myrcia bella (2,000 mg/Kg) was
administered by gavage. The animals had their behavior
analyzed at 30, 60, 90, 120, 240, and 360 minutes after the
gavage according to the Hippocratic screening described by
Brito [16]. The mice were observed and weighted during
14 days. At the end of the observation period, the animals
were killed and liver, kidneys, lungs, heart, and spleen were
collected and weighted. This screening provides a general
estimate of the toxicity of the substance of the conscious state
and general disposal, activity, and coordination of the motor
system, reflexes, and activities of the central nervous system
(posture, exploratory movements, stereotypes, presence of
clonic, or tonic movements) and the autonomic nervous
system (respiratory pattern, piloerection, and pupil size).

2.5. Induction of Experimental Diabetes. The induction of
diabetes was performed using a single injection of 150 mg/Kg
streptozotocin (STZ—Sigma—St. Louis, MO) in mice which
fasted for 12 to 14 hours. The STZ was dissolved in citrate
buffer (pH4.5) and immediately injected intraperitoneally.
The animals kept fasting for 3 hours after injection. In the
next 24 hours the animals received a glucose solution of 3% to
drink to prevent hypoglycemia. After a period of seven days,
the mice fasted again (10 to 12 hours) and blood glucose was
measured with glucometer (One Touch, Johnson & Johnson).
The animals with fasting glucose higher than 250 mg/dL were
considered diabetic and were included in the study.
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2.6. Treatment. The mice were randomly divided into 4
groups (n = 6-10/group) of control and diabetic ani-
mals (CTL SAL—nondiabetic mice treated with saline, CTL
EXT—nondiabetic mice treated with extract, STZ SAL—
diabetic mice treated with saline, and STZ EXT—diabetic
mice treated with extract). Saline (1 mL/Kgb.w.) and extract
of the leaves of Myrcia bella (300 and 600 mg/Kgb.w.,
dissolved in saline) were administered orally by gavage once
a day during 14 consecutive days.

2.7, Fasting Blood Glucose, Body Weight, and Food and Water
Intake. The fasting blood glucose was measured weekly using
a glucometer (One Touch, Johnson & Johnson). Body weight
and water and food intake were monitored daily.

2.8. Intraperitoneal Glucose Tolerance Test (ipGTT). The ani-
mals from the 4 groups (n = 8) of control and diabetic mice
treated during 14 days with saline or extract of Myrcia bella
(600 mg/Kg) fasted (10-12h) and the fasting blood glucose
was measured before the glucose load and defined as time 0. A
glucose load (2 g/kg b.w.) was injected intraperitoneally after
30 minutes of extract or saline administrations. Blood glucose
was collected from tail tip 15, 30, 60, and 90 minutes after the
administration of the glucose and measured by commercial
kits of enzymatic glucose (Doles, Goids, Brasil).

2.9. Biochemical Parameters. At the end of treatment period,
the animals were killed and blood samples were collected
and centrifuged to obtain the serum. Total proteins, total
cholesterol, and triglycerides were measured by commercial
kits (Doles, Goias, Brazil). Basal plasma insulin was measured
using a rat/mouse insulin ELISA kit (Millipore, St. Charles,
MO) in spectrophotometer (BioTek-PowerWave XS) accord-
ing to the manufacturers.

2.10. Hepatic and Muscular Glycogen. Hepatic and muscular
glycogen content was measured as previously described by
Rafacho et al. [17]. Briefly, liver and muscle samples (300 to
500 mg) were transferred to test tubes containing 30% KOH
(Mallinckrodt Baker, Paris, France) and boiled for 1h until
they were completely homogenised. Na,SO, (Mallinckrodt
Baker, Paris, France) was then added, and glycogen was
precipitated with 100% ethanol. The samples were centrifuged
at 800 g for 10 min, the supernatants were discarded, and the
glycogen was dissolved in hot distilled water. Ethanol was
added, and pellets were obtained after a second centrifuga-
tion. The pellets were then dissolved in distilled water to a
final volume of 20 mL. The glycogen content was measured
by treating a fixed volume of samples with phenol reagent
and H,SO, and the absorbance was read at 490 nm with a
spectrophotometer (BioTek-PowerWave XS).

2.11. Protein Expression by Western Blotting. Livers from
animals of all groups were collected and homogenized in
an ice cold cell lyses buffer (Cell Signaling, Beverly, MA).
Protein concentration was measured using the Bradford
method, according to the manufacturer (Bio-Rad, Hercules,
CA). Aliquots of total protein (100 ug) were boiled at

100°C for 4 minutes in 30% of the volume in Laemmli
buffer. The samples were fractionated on electrophoresis
system (Mini Protean II, Bio-Rad, Hercules, CA) in poly-
acrylamide gel with the appropriate pore size for each
molecular weight. After electrophoresis, the proteins were
transferred to a nitrocellulose membrane (Bio-Rad, Her-
cules, CA) in the presence of 20% methanol and 0.02%
SDS at constant voltage of 120 Volts. The membrane was
then saturated with blocking solution containing 5% BSA
basal solution (10 mM Trisma base, 150 mM NaCl, 0.05%
Tween 20) overnight. Afterwards, the membrane was washed
with basal solution at room temperature (RT). The proteins
were detected in the membrane after incubation for 3h
at 4°C with primary antibody (Santa Cruz Biotechnology,
CA, USA) specific for each protein in basal solution con-
taining 3% albumin, followed by washing and incubation
with peroxidase conjugated secondary antibody-HRP solu-
tion containing basal solution 1% skimmed milk at RT.
The membranes were washed and incubated in dark room
with luminol chemiluminescent substrate (Pierce, Rockford,
IL) and exposed to autoradiographic film (Kodak T-Mat
G/RA, Rochester, NY). The intensities of the bands were
quantified by densitometry (Epson Expression 1600, Long
Beach, CA).

2.12. Statistical Analyses. The results were expressed as
Means + SEM. For multiple comparisons ANOVA was used
followed by Tukey’s posttest and for comparison of two
groups, Student’s ¢-test was used. The level of significance
adopted was P < 0.05.

3. Results

3.1. Chemical Profiling and Identification. The FIA-ESI-
MS/MS" analysis of the 70% EtOH extract highlighted the
presence of precursor ions related to phenolic acids, flavonoid
aglycones, flavonoid-O-glycosides, and acylated flavonoid-
O-glycosides (Figure 1). The precursor ions at m/z 169 [M-
H]™, 191 [M-H]", and 197 [M-H] confirm the presence
of phenolic acids. Second-generation product ion spectra
of precursor ions at m/z 433 [M-H] ", m/z 447 [M-H] ",
m/z 463 [M-H] ", m/z 585 [M-H]", m/z 601 [M-H] ", m/z
615 [M-H]", and m/z 635 [M-H]~ confirm the presence of
flavonoid-O-glycosides and acylated flavonoid-O-glycosides.
The neutral losses of 132, 162, 146, and 152 mass units
allowed the identification of pentosides (xylose or arabinose),
hexosides (glucose or galactose), deoxyhexoside (rthamnose),
and gallic acid, respectively. The precursor ions at m/z 301
and 317 characterized aglycones as quercetin and myricetin,
respectively.

3.2. Toxicity Test. The extract of Myrcia bella administrated
to normal mice at a dose of 2,000 mg/Kg did not provoke
deaths nor changes in the behavioral parameters analyzed
(posture, secretions, and presence of convulsions) when
compared with the group who received saline. There was
no difference in body weight of the animals in both groups
(Figure 2). The kidney weights from CTL EXT animals
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FIGURE 1: Chemical profile of Myrcia bella’s extract. Typical direct flow injection analysis FIA-ESI-IT-MS fingerprint spectra obtained in
negative ion mode of the 70% EtOH from the leaves of M. bella. (®) Characteristics constituents fragmented.
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FIGURE 2: Body weight during acute toxicity test on male normo-
glycemic mice. Effect of acute administration of saline (CTL SAL)
or crude extract of M. bella (2,000 mg/Kg-CTL EXT) on the body
weight of normoglycemic mice. Data are Means + SEM, n = 10,
P < 0.05. Student’s t-test.

increased significantly (14.27 + 0.47 g/Kg) when compared
with CTL SAL animals (12.73 + 0.41 g/Kg) (Table1, P < 0.05).

TaBLE 1: Effect of the acute administration of saline (1mL/Kg) or
crude extract of M. bella (2000 mg/Kg) on organs weight of male
mice.

Organs weight (g/Kg) CTL SAL CTL EXT
Spleen 4.04 £0.32 4.71 £0.53
Heart 4.81+0.12 5.06 +0.24
Liver 55.85+1.72 58.66 + 1.29
Lung 8.94+0.92 9.67 £0.36
Kidney 12.73 £ 0.41 14.27 +0.47"

CTL SAL (control mice treated with saline), CTL EXT (control mice treated
with M. bella extract), STZ SAL (diabetic mice treated with saline), and STZ
EXT (diabetic mice treated with M. bella extract). Values are expressed as
Means + SEM. * versus CTL SAL, n = 10, P < 0.05.

3.3. Effect of the Treatment with the Extract of Myrcia bella
on Fasting Blood Glucose. Diabetic mice (STZ SAL and STZ
EXT) showed a significant increase in fasting blood glucose
when compared with control groups (CTL SAL and CTL
EXT) (P < 0.001). Diabetic mice treated with the extract
of M. bella at 300 mg/Kg (STZ EXT) showed no decrease in
fasting blood glucose when compared with diabetic animals
treated with saline (STZ SAL) (Figure 3(a)). However, STZ
EXT animals treated with 600 mg/Kg of the extract of M.
bella (STZ EXT) showed a significant decrease in fasting
blood glucose from the 7th day to the last day of treatment
compared with STZ SAL; the decrease was maintained until



Evidence-Based Complementary and Alternative Medicine

600
500 ke
7] &@&@
l@ &@ &@
- il L s
s 400
Y .
g
Q
=, 300
=]
<3
o
=
)
g 200
3
=~
100
0 -
1 7 14
Days
CTL SAL ) STZSAL
CTL EXT mm STZ EXT

(a)

5
600
&@
500 | &@ & l
@
1 %@

3 1
)
b 400
£ = &@
(9]
§ 4+ &@
oo 300
-]
<)
[}
=
o0
g 200 —H
<
=~

100

0 -
1 7 14
Days
CTL SAL 3 STZSAL
CTL EXT mmm STZ EXT

(b)

FIGURE 3: Effect of Myrcia bella administration (300 and 600 mg/Kg) on fast blood glucose. Fast blood glucose (mg/dL) of control and diabetic
mice treated with saline (CTL SAL and STZ SAL), 300 mg/Kg (a) or 600 mg/Kg (b) of the crude extract of M. bella (CTL EXT and STZ EXT)
during 14 days. Data are Means + SEM. * versus STZ SAL; @ versus CTL SAL, & versus CTL EXT, n = 10, P < 0.05. ANOVA followed by

Tukey’s posttest.

the end of the treatment (Figure 3(b)) (P < 0.05). On the
7th day of treatment, there was a 36% decrease in fasting
glucose of STZ EXT animals compared with animals of the
STZ SAL group. On the 14th day, the decrease reached 41.3%
between the two groups. There was no difference in fasting
blood glucose between the control groups (CTL SAL and CTL
EXT). Because the treatment with the crude extract of Myrcia
bella was effective in lowering blood glucose at a dose of
600 mg/Kg, the dose was used for the rest of the experiments.

3.4. Effect of the Treatment with the Extract of Myrcia bella on
ipGTT. The ipGTT was performed according to the effective
hypoglycemic dose of the extract (600 mg/Kg). Diabetic ani-
mals treated with the extract (STZ EXT) showed a significant
decrease in glycemia at 30, 60, and 90 minutes (P < 0.05)
after glucose administration (2 g/Kg) compared with diabetic
animals treated with saline (STZ SAL) (Figure 4(a)). The
area under the curve (AUC) (Figure 4(b)) was increased in
both diabetic groups when compared with the control groups
(CTL SAL and CTL EXT) (P < 0.001). Nevertheless, there
was a decrease in AUC of the STZ EXT group when compared
with the STZ SAL group (P < 0.05). There was no difference
in blood glucose and AUC between the control groups.

3.5. Effect of the Treatment with the Extract of Myrcia bella on
Body Weight and Food and Water Intake. The body weight
of the diabetic animals (STZ SAL and STZ EXT) showed
a significant decrease compared with the body weight of

the control group treated with saline (CTL SAL) as of the
7th day of treatment (Figure 5) (P < 0.05). However,
there was no significant difference between body weights of
diabetic animals of the groups STZ SAL and STZ EXT. There
was a decrease of body weight of control animals treated
with the extract (CTL EXT) compared with control animals
treated with saline (CTL SAL) as of the 7th day of treatment
(P < 0.05). Diabetic animals (STZ SAL and STZ EXT)
showed a significant increase in water intake compared to
the control groups (CTL SAL and CTL EXT) (Figure 6(a))
(P < 0.001). Diabetic animals treated with the extract of
M. bella (STZ EXT) showed a decrease of 42% in water
intake when compared to diabetic mice treated with saline
(STZ SAL) (P < 0.05). There was no difference between the
control groups (CTL SAL and CTL EXT). Regarding food
intake, diabetic animals (SAL STZ and STZ EXT) showed a
significant increase compared with the control groups (CTL
SAL and CTL EXT) (Figure 6(b)) (P < 0.001). Diabetic
animals treated with a crude extract of M. bella (STZ EXT)
showed a decrease of 38.46% in food intake compared with
diabetic animals treated with saline (STZ SAL) (P < 0.001).
There was no difference between the control groups (CTL
SAL and CTL EXT).

3.6. Biochemical Parameters. Total triglycerides (T'G) and
cholesterol (TC) were increased in diabetic animals treated
with saline (STZ SAL) compared with control groups (CTL
SAL and CTL EXT) (P < 0.05). The treatment with the
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FIGURE 4: Intraperitoneal glucose tolerance test. Glycemia after intraperitoneal glucose administration (2 g/Kg) (a) and area under the curve
(AUC) (b) in control and diabetic mice treated with saline (CTL SAL and STZ SAL) or with 600 mg/Kg of the crude extract of M. bella (CTL
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EXT, n = 8, P < 0.05. ANOVA followed by Tukey’ posttest.
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FIGURE 5: Effect of Myrcia bella administration (600 mg/Kg) on the body weight. Body weight (g) of control and diabetic animals treated
with saline (CTL SAL and STZ SAL) or with 600 mg/Kg of the crude extract of M. bella during 14 days (CTL EXT and STZ EXT). Data are
Means + SEM. @ versus CTL SAL, n = 8, P < 0.05. ANOVA followed by Tukey’s posttest.

extract of Myrcia bella at 600 mg/Kg for 14 days decreased
the TG and TC levels of the animals from STZ EXT and
CTL EXT groups when compared with the animals of the
STZ SAL and CTL SAL groups, respectively (P < 0.05). The
decrease was 49.65% and 45.5% in the levels of TG of STZ
EXT and CTL EXT compared to STZ SAL and CTL SAL,
respectively, and 53.4% and 48.6% in the levels of TC of STZ
EXT and CTL EXT compared to STZ SAL and CTL SAL,
respectively. There was no difference in total blood proteins
between the groups. Basal plasma insulin decreased in STZ

SAL (0.11 + 0.005 ng/mL) and STZ EXT (0.13 + 0.01 ng/mL)
when compared with CTL SAL (0.19 + 0.02 ng/mL) and CTL
EXT (0.19 £ 0.01 ng/mL) (P < 0.05). There was no difference
between basal insulin of STZ SAL and STZ EXT (Table 2).

3.7 Hepatic and Muscular Glycogen. The hepatic and mus-
cular glycogen contents in diabetic mice treated with saline
(STZ SAL) decreased compared to the control groups (CTL
SAL and CTL EXT) (P < 0.05). The treatment with Myrcia
bella increased hepatic glycogen content in diabetic mice
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FIGURE 6: Effect of Myrcia bella administration (600 mg/Kg) on water and food intake. Water intake (mL/animal) (A) and food intake (B) of
control and diabetic mice treated with saline (CTL SAL and STZ SAL) or with 600 mg/Kg of the crude extract of M. bella (CTL EXT and STZ
EXT) during 14 days. Data are Means + SEM. # versus STZ SAL; @ versus CTL SAL, & versus CTL EXT, n = 8, P < 0.05. ANOVA followed

by Tukey’s posttest.

TABLE 2: Biochemical parameters and glycogen levels of control and diabetic mice treated during 14 days with saline or crude extract of M.

bella (600 mg/Kg).

Parameters CTL SAL CTL EXT STZ SAL STZ EXT
Triglycerides (mg/dL) 105.1+12.5 79 +17.88€ 139.4 + 12.6%% 70.2 + 8.18*
Total cholesterol (mg/dL) 1429 + 12 83.6 + 14.8° 190 + 13.8%% 88.5 + 11.3%*
Total protein (mg/dL) 4.89 +1.37 3.9+0.94 2.7 +0.47 3.59 +£0.37
Basal insulin (ng/mL) 0.19 + 0.02 0.19 +0.01 0.11 + 0.005%% 0.13 +0.01%%
Hepatic glycogen (mg%) 0.33+0.07 0.33+0.05 0.11 +0.03%% 0.28 +0.06"
Muscular glycogen (mg%) 0.21 +0.01 0.21 +0.02 0.15 +0.01%% 0.17 +0.01%%

CTL SAL (control mice treated with saline), CTL EXT (control mice treated with M. bella extract), STZ SAL (diabetic mice treated with saline), and STZ EXT
(diabetic mice treated with M. bella extract). Values are expressed as Means + SEM. * versus STZ SAL, @ versus CTL SAL, ¥ versus CTL EXT, n = 8, P < 0.05.

ANOVA followed by Tukey’s posttest.

(0.28 + 0.06 mg%) when compared with the diabetic animals
treated with saline (0.11+0.03 mg%) (P < 0.05). There was no
difference between control groups (CTL SAL and CTL EXT).
There was no difference in the muscular glycogen content of
diabetic STZ EXT and STZ SAL and between control groups
(Table 2).

3.8. Protein Expression by Western Blotting. The expression
of total and phosphorylated levels of IRS-1, PI3-K, and AKT
in the livers of the animals of all groups was measured.
The relative expression of p-IRS-1/IRS-1 (Figure 7(a)), p-PI3-
K/PI3-K (Figure 7(b)), and p-AKT/AKT (Figure 7(c)) showed
a significant increase in STZ EXT (1.04 + 0.3; 0.95 + 0.16;
1.5+0.23, resp.) when compared with animals of the STZ SAL
group (0.25 + 0.1; 0.55 + 0.1; 0.88 + 0.07, resp.) (P < 0.05).
There was no difference between the control groups.

4. Discussion

In this study, we investigated the hypoglycemic activity
of the extract of leaves of Myrcia bella administered to

streptozotocin-induced diabetic mice. The selected dose for
the treatment of animals was chosen according to the effec-
tiveness of the tested doses. The treatment with the crude
extract of Myrica bella using 300 mg/Kgb.w. for 14 days did
not reduce the hyperglycemia of the diabetic animals. Once
the treatment with the extract of Myrcia bella was effective in
lowering blood glucose at the dose of 600 mg/Kg for 14 days,
this dose was chosen to carry out the proposed experiments.

The popular use of species of Myrcia is well known.
Myrcia multiflora, known as “pedra-hume-de cad,” is used
in folk medicine for the treatment of diabetes, diarrhea,
enteritis, and hemorrhages [10, 11, 13]. Myrcia bella is a species
belonging to the Myrtaceae family that occurs in the Brazilian
cerrado, and its hypoglycemic effects have not previously
been investigated.

Hyperglycemia resulting from DM is a consequence of
defects or a lack of insulin secretion and/or action [1]. The
studies with experimental models of diabetes in rodents
have been widely used with the intent to reproduce the
symptoms of diabetes. The most common substances used
to induce diabetes in rodents are alloxan and streptozotocin
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FIGURE 7: Protein expression in liver. Western blot analysis of IRS-1 (a), PI3-K(b), and AKT (c) from liver of control and diabetic mice treated
with saline (CTL SAL and STZ SAL) or with 600 mg/Kg of the crude extract of M. bella during 14 days (CTL EXT and STZ EXT). p-IRS-1,
p-PI3-K, and P-AKT are the phosphorylated forms of the respective proteins. Data are Means + SEM. * versus STZ SAL, @ versus CTL SAL,
& versus CTL EXT, n = 6, P < 0.05. ANOVA followed by Tukey’s posttest.

[18]. The animals induced to diabetes by STZ show symptoms
such as polyphagia, polydipsia, polyuria, and weight loss, as
seen in our streptozotocin-injected animals. Water and food
intake decreased in animals of the STZ EXT group when
compared with the animals of the STZ SAL group. Pepato et
al. [19] showed that the extract of Myrcia uniflora decreased
polyphagia and polydipsia and reduced the hyperglycemia in
streptozotocin-induced diabetic animals. Our present results
are in agreement with this report. Body weight was decreased
in diabetic animals, and the treatment with the extract did not

alter weight loss. An interesting finding was the effect of the
extract in the control mice. There was a significant decrease
in the weight of those animals, as well as in triglycerides
and total cholesterol. Since weight loss is desirable in many
situations, particularly in preventing the development of
type 2 diabetes, this effect should be investigated further.
According to Table 1 and to the behavioral analysis, the extract
seems to be nontoxic to the animals, although the ratio of
kidney weight to body weight had an increase of 12.1% with
the administration of high dose of the extract (2,000 mg/kg),
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indicating a possible degree of toxicity of the extract when
in excess. However, the urinary rate was not affected in this
situation.

After 14 days of treatment with the extract of M. bella
at 600 mg/Kg, we observed a significant reduction of the
hyperglycemia in the treated diabetic mice (STZ EXT) when
compared with diabetic mice treated with saline (STZ SAL).
The reduction began at the 7th day of the treatment and
remained until the end, proving the hypoglycemic effect
of the treatment. The ipGTT showed a significant increase
in glucose tolerance of STZ EXT animals when compared
with STZ SAL animals, which indicates a better handling of
glucose.

The chemical fingerprinting of the 70% EtOH leaves
extract by FIA-ESI-IT-MS confirmed the presence of the
main characteristic constituents of Myrcia bella as phenolic
acids and flavonoids [15]. Flavonoids present a variety of
biochemical and pharmacological actions that may affect the
function of various mammalian cell systems [20]. Several
studies have shown that flavonoids, which are naturally
occurring phenolic compounds that are widely distributed
in plants, can act in lowering blood glucose in experimental
models of diabetes. Such studies using isolated flavonoids,
such as quercetin and myricetin, showed a reduction in
the fasting blood glucose of diabetic rats induced by strep-
tozotocin [21-23]. Vassal et al. [22] showed that isolated
quercetin administered at 10 and 15mg in streptozotocin-
induced diabetic rats reduced fasting blood glucose, total
cholesterol, and triglycerides as it regenerates the pancreatic
islet. Ong and Khoo [21] found that myricetin administered
for 2 days at 3 mg/12h reduced glycemia in 50% of diabetic
rats as hepatic glycogen increased, indicating that myricetin
should have an effect on glycogen metabolism. Accordingly,
the flavonoids present in the crude extract obtained from
leaves of M. bella should assist in the reduction of blood
glucose through mechanisms that involve the reduction of
hepatic glucose production and/or that promote the storage
of glucose in the liver. The presence of phenolic acids was also
detected in the extract of M. bella. This group of substances
is characterized by their antioxidant properties. Also, it
was demonstrated that caffeic acid and chlorogenic acid
increased glucose uptake in L6 muscular cells and stimulate
insulin secretion from the INS-1E insulin-secreting cell line
and rat islets of Langerhans [24]. Phenolic acids also have
the capacity to inhibit enzymes like a-glucosidase [25] and
protein tyrosine phosphatase 1B (PTPIB) [26]. In this study,
the increase in p-IRS-1 expression, discussed below, arises
the possibility for the participation of phenolic acids in the
observed effects of the extract of M. bella.

Glycogen is the form in which some tissues store glucose.
Insulin stimulates the accumulation of glycogen by increasing
glucose transport in muscle and glycogen synthesis in the
liver and in muscle [27]. In diseases such as diabetes, hepatic
and muscular glycogen is decreased, as seen in diabetic
mice treated with saline in this study (STZ SAL). The
treatment with the extract of M. bella augmented the content
of the glycogen in the liver of STZ EXT animals when
compared with STZ SAL. This increase may occur through
the activation of glycogenesis and/or inhibition of processes

such as glycogenolysis and gluconeogenesis, all of which
are regulated by insulin [27]. The glycogen content in the
muscles of diabetic animal treated with the extract was not
affected by the treatments, suggesting that muscle tissue is not
significantly involved in glucose handling in this situation.

Dyslipidemia is frequently found among the complica-
tions in diabetic patients and represents a serious risk for
cardiovascular disease. The most common lipid abnormali-
ties found in patients with diabetes are hypertriglyceridemia
and hypercholesterolemia [28]. The levels of total cholesterol
and triglycerides increased in the diabetic animals of the
STZ SAL group. The treatment with the extract of M.
bella reduced the levels of TC and TG in animals in the
STZ EXT and CTL EXT groups when compared with STZ
SAL and CTL SAL, respectively. These results indicate a
possible beneficial hypolipidemic activity of M. bella extract.
The intake of flavonoids and other phenolic compounds is
associated with a decreased risk of cardiovascular diseases,
since these compounds are involved in lowering lipid levels
and decreasing LDL oxidation [20]. Among the multiple
effects of flavonoids, they have antioxidant properties as free
radical scavengers by chelating metal ions, thereby protecting
cells from free radicals and therefore lipid peroxidation [29].
Flavonoids may also reduce the oxidation of excess lipids in
blood circulation by ROS that can generate cardiovascular
problems [30, 31]. It can be suggested, therefore, that the
presence of flavonoids in the extract administered to the mice
may have affected lipid metabolism by lowering the levels of
triglycerides and cholesterol.

The extract of Myrcia bella did not alter the plasma
insulin levels of treated diabetic mice. These results indicate
a possible extrapancreatic action of the extract, as there was
no difference in basal insulin levels between diabetic mice
treated with saline and the extract.

In order to further investigate the mechanisms involved
in the reduction of blood glucose levels of diabetic animals
and in the increase in storage of glucose in the liver, the
expressions of some key proteins at the insulin signaling
pathway were analyzed. The PI3-K/AKT pathway is the
primary pathway activated by insulin through its receptor
(IR). Upon its activation, a cascade of events mediated by
protein-protein interactions takes place, which leads to the
metabolic actions of insulin. The PI3-K activated by insulin is
responsible, among other functions, for the phosphorylation
and activation of AKT, which, in phosphorylated form, is
responsible for both storing and preventing the degradation
of glucose in the liver [27]. The treatment with M. bella
in diabetic animals (STZ EXT) leads to an increase in the
expressions of IRS-1, PI3-K, and AKT in comparison with
the diabetic animals treated with saline (SAL STZ), indicating
that the hypoglycemic action of the extract, at least in
part, involves the activation of the insulin signaling pathway
involving PI3-K/AKT proteins. The molecular mechanisms
by which flavonoids and phenolic acids stimulate the expres-
sion of proteins are unknown, but this is a current found effect
described in the literature.

The data showed in this study indicates that the improve-
ment of glucose metabolism in STZ EXT should occur
through an increase in the expression of key proteins of the
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insulin pathway that activate the process of glycogenesis and
inhibit the processes of gluconeogenesis and glycogenolysis.
Moreover, the extract can act as a hypolipidemic agent, given
the decreased levels of serum lipids. The characterization of
the extract of Myrcia bella as a hipoglicemic and hypolipi-
demic agent opens an interesting field of investigation,
requiring further studies about the mechanisms involved.

Conflict of Interests

The authors declare that they have no conflict of interests
regarding the publication of this paper.

Acknowledgment

The authors are grateful to the Sdo Paulo Research Founda-
tion (FAPESP) for the financial support.

References

[1] American Diabetes Association, “Diagnosis and classification
of Diabetes mellitus;” Diabetes Care, vol. 34, supplement 1, pp.
S$62-S69, 2011.

[2] Sociedade Brasileira de Diabetes (SBD), Diretrizes da
Sociedade Brasileira de Diabetes, 2009, http://www.diabetes.
org.br/attachments/diretrizes09_final.pdf.

[3] A.Y. Y. Cheng and L. G. Fantus, “Oral antihyperglycemic ther-
apy for type 2 Diabetes mellitus,” Canadian Medical Association
Journal, vol. 172, no. 2, pp. 213-226, 2005.

[4] J. K. Grover, S. Yadav, and V. Vats, “Medicinal plants of India
with anti-diabetic potential,” Journal of Ethnopharmacology, vol.
81, no. 1, pp. 81-100, 2002.

[5] A. Kumar, R. Ilavarasan, T. Jayachandra et al., “Anti-diabetic
activity of Syzygium cumini and its isolated compound against
streptozotocin-induced diabetic rats;” Journal of Medicinal
Plants Research, vol. 2, no. 9, pp. 246-249, 2008.

[6] P. G. Wilson, M. M. O’Brien, P. A. Gadek, and C. J. Quinn,
“Myrtaceae revisited: a reassessment of infrafamilial groups,
American Journal of Botany, vol. 88, no. 11, pp. 2013-2025, 2001.

[7] M. D. De Cerqueira, E. ]. De Marques, D. Martins, N. E. Roque,
E G. Cruz, and M. L. D. S. Guedes, “Seasonal variation of
the composition of essential oil from Myrcia salzmannii berg.
(myrtaceae),” Quimica Nova, vol. 32, no. 6, pp. 1544-1548, 2009.

[8] E. M. Russo, A. A. Reichelt, J. R. De-Sa et al., “Clinical
trial of Myrcia uniflora and Bauhinia forficata leaf extracts in
normal and diabetic patients,” Brazilian Journal of Medical and
Biological Research, vol. 23, no. 1, pp. 11-20, 1990.

[9] G. Hashimoto, Illustrated Cyclopedia of Brazilian Medicinal
Plants, Aboc-Sha, Kamakura, Japan, 1996.

[10] L. I. E Jorge, J. P. L. Aguiar, and M. L. Silva, “Anatomia foliar
de pedra-hume-cad (Myrcia sphaerocarpa, Myrcia guianensis,
Eugia punicifolia-Myrtaceae),” Acta Amazonica, vol. 30, pp. 49—
57, 2000.

[11] M. Yoshikawa, H. Shimada, N. Nishida et al., “Antidiabetic
principles of natural medicines. 1I. Aldose reductase and «-
glucosidase inhibitors from brazilian natural medicine, the
leaves of Myrcia multiflora DC. (Myrtaceae): structures of
myrciacitrins I and I and myrciaphenones A and B,” Chemical
and Pharmaceutical Bulletin, vol. 46, no. 1, pp. 113-119, 1998.

Evidence-Based Complementary and Alternative Medicine

[12] R. P. Limberger, M. Sobral, A. T. Henriques, C. Menut, and
J. Bessiere, “Essential oils from Myrcia species native to Rio
Grande do Sul,” Quimica Nova, vol. 27, no. 6, pp. 916-919, 2004.

[13] H.Matsuda, T. Morikawa, and M. Yoshikawa, “Antidiabetogenic
constituents from several natural medicines,” Pure and Applied
Chemistry, vol. 74, no. 7, pp. 1301-1308, 2002.

[14] H. Matsuda, N. Nishida, and M. Yoshikawa, “Antidiabetic
principles of natural medicines. V. Aldose reductase inhibitors
from Myrcia multiflora DC. (2): structures of myrciacitrins ITI,
IV, and V;” Chemical and Pharmaceutical Bulletin, vol. 50, no. 3,
pp. 429-431, 2002.

[15] L. L. Saldanha, W. Vilegas, and A. L. Dokkedal, “Characteriza-
tion of flavonoids and phenolic acids in Myrcia bella Cambess.
Using FIA-ESI-IT-MSn and HPLC-PAD-ESI-IT-MS combined
with NMR,” Molecules, vol. 18, no. 7, pp. 8402-8416, 2013.

[16] A.S. Brito, Manual de Ensaios Toxicolégicos, Ciéncias Médicas,
Campinas, Brazil, 1995.

(17] A. Rafacho, L. P. Roma, S. R. Taboga, A. C. Boschero, and
J. R. Bosqueiro, “Dexamethasone-induced insulin resistance
is associated with increased connexin 36 mRNA and protein
expression in pancreatic rat islets,” Canadian Journal of Physi-
ology and Pharmacology, vol. 85, no. 5, pp. 536-545, 2007.

[18] T. Szkudelski, “The mechanism of alloxan and streptozotocin
action in B cells of the rat pancreas,” Physiological Research, vol.
50, no. 6, pp. 537-546, 2001.

[19] M.T. Pepato, J. R. Oliveira, I. C. Kettelhut, and R. H. Migliorini,
“Assessment of the antidiabetic activity of Myrcia uniflora
extracts in streptozotocin diabetic rats,” Diabetes Research, vol.
22, no. 2, pp. 49-57,1993.

[20] E. Middleton Jr., C. Kandaswami, and T. C. Theoharides, “The
effects of plant flavonoids on mammalian cells: implications
for inflammation, heart disease, and cancer;” Pharmacological
Reviews, vol. 52, no. 4, pp. 673-751, 2000.

[21] K. C. Ongand H. Khoo, “Effects of myricetin on glycemia and
glycogen metabolism in diabetic rats,” Life Sciences, vol. 67, no.
14, pp. 1695-1705, 2000.

[22] M. Vessal, M. Hemmati, and M. Vasei, “Antidiabetic effects of
quercetin in streptozocin-induced diabetic rats,” Comparative
Biochemistry and Physiology-C Toxicology and Pharmacology,
vol. 135, no. 3, pp. 357-364, 2003.

[23] I.-M. Liu, S. Liou, T. Lan, E Hsu, and J. Cheng, “Myricetin as
the active principle of Abelmoschus moschatus to lower plasma
glucose in streptozotocin-induced diabetic rats,” Planta Medica,
vol. 71, no. 7, pp. 617-621, 2005.

[24] L. W. Qi, E.-H. Liu, C. Chu, Y. Peng, H. Cai, and P. Li, “Anti-
diabetic agents from natural products-an update from 2004 to
2009, Current Topics in Medicinal Chemistry, vol. 10, no. 4, pp.
434-457, 2010.

[25] M. Jung, M. Park, H. C. Lee, Y. Kan, E. S. Kang, and S. K. Kim,
“Antidiabetic agents from medicinal plants,” Current Medicinal
Chemistry, vol. 13, no. 10, pp. 1203-1218, 2006.

[26] C. S. Jiang, L. F. Liang, and Y. W. Guo, “Natural products
possessing protein tyrosine phosphatase 1B (PTP1B) inhibitory
activity found in the last decades,” Acta Pharmacologica Sinica,
vol. 33, pp. 1217-1245, 2012.

[27] J. B. C. Carvalheira, H. G. Zecchin, and M. J. A. Saad, “Insulin
signaling pathways,” Arquivos Brasileiros de Endocrinologia &
Metabologia, vol. 46, no. 4, pp. 419-425, 2002.

[28] S. Lehto, T. Ronnemaa, S. M. Haffner, K. Pyorild, V. Kallio, and
M. Laakso, “Dyslipidemia and hyperglycemia predict coronary
heart disease events in middle-aged patients with NIDDM,
Diabetes, vol. 46, no. 8, pp. 1354-1359, 1997.



Evidence-Based Complementary and Alternative Medicine

[29] K. Rahman, “Studies on free radicals, antioxidants, and co-
factors,” Clinical Interventions in Aging, vol. 2, no. 2, pp. 219-236,
2007.

[30] W. C. Dornas, T. T. Oliveira, R. G. Rodrigues-das-Dores, A.
E Santos, and T. J. Nagem, “Flavonoids: therapeutic potential
against oxidative stress,” Revista de Ciencias Farmaceuticas
Basica e Aplicada, vol. 28, no. 3, pp. 241-249, 2007.

[31] C. G. Wang, S. R. Mehendale, T. Calway, and C. S. Yuan,
“Botanical flavonoids on coronary heart disease,” American
Journal of Chinese Medicine, vol. 39, no. 4, pp. 661-671, 2011.

1



MEDIATORS

INFLAMMATION

The Scientific Gastroenterology Fou Journal of .
World Journal Research and Practice Diabetes Research Disease Markers

et
International Journal of

Endocrinology

Journal of
Immunology Research

Hindawi

Submit your manuscripts at
http://www.hindawi.com

BioMed
PPAR Research Research International

Journal u,f
Obesity

Evidence-Based p : _ {:

Journal of Stem Ce”S Complementary and 8 ' 1 3 Journal of
Ophthalmology International Alternative Medicine < ) Oncology

Parkinson’s
BINEENE

Computational and . z
Mathematical Methods Behavioural AI DS C dicine and

in Medicine Neurology Research and Treatment



