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ABSTRACT

PURPOSE: To evaluate the effect of the aqueous extract of the Vigna angularis, popularly known as “Azuki beans”, in rats subjected
to an experimental model of moderate chronic kidney disease.

METHODS: Thirty rats underwent two surgeries — Ormrod and Miller (1980) — to obtain Moderate Chronic Kidney Disease (CKD-M).
The animals were randomized into 3 groups. Group 1 (Control): distilled water. Group 2 (Azuki): Vigna angularis 5% aqueous extract.
Group 3 (Treatment): 10mg/kg of enalapril maleate. The rats received their respective treatments for 14 days.

RESULTS: The treatment with azuki beans produced an increase in urine output from the second day until the end of the experiment
compared to the Control groups (p<0.01) and Treatment (p<0.05). The treatment with azuki also produced significant reductions in
the levels of glucose, triglycerides, VLDL, uric acid, Alanine aminotransferase (p<0.05), urea and serum creatinine (p<0.01), besides
having produced a significant increase in the levels of HDL when compared to the Control group.

CONCLUSION: Treatment with Azuki beans produced improvements in the parameters of renal function and significantly reduced
glucose levels, triglycerides, VLDL, alanine aminostransferase, uric acid and creatinine, besides having produced a significant increase
in the levels of HDL in rats submitted to a model of moderate chronic kidney disease.
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Introduction

The chronic kidney disease (CKD) is defined as a clinical
syndrome characterized by a progressive loss of the renal function,
with a decline in glomerular filtration rate and an increase in the
nitrogenous compounds, resultant of irreversible evolutionary
morphological alterations of the renal parenchyma'.

According to the Brazilian Society of Nephrology
(SBN), in 2013, the number of patients with CKD in dialytic
treatment in Brazil was of 100.397%. SBN also indicates that the
number of available spots for patients in hemodialysis treatment
in the public healthcare system (SUS) is insufficient and that,
between years 2000 and 2014, the number of institutions offering
hemodialysis increased 42%, while the number of patients seeking
this treatment increased 134%. According to a cross-sectional
analysis of the National Health and Nutrition Examination Survey
(NHANES), conducted between 1999 and 2004, approximately
13% of the adult population of the United States of America has
CKD at different stages?.

Several clinical and epidemiological evidences suggest
an association of multiple factors responsible for the settlement
and progression of the disease. CKD might be related to a genetic
predisposition or to other diseases, namely as hypertension,
diabetes, hyperlipidemia. Additionally, factors such as obesity,
smoking, chronical use of certain drugs (paracetamol, non-
steroidal anti-inflammatories, caffeine) and low weight at birth,
are also related to the increase in the chances of developing CKD.

The progression and the establishment of CKD rely on
several risk factors and biomarkers. Hypertension is considered one
of the most important variable factors. However, diabetes mellitus,
of both types — especially if poorly controlled — accelerates the
progression of the diabetic nephropathy, leading to end stage renal
disease*. Non-variable factors include genetics, race, age and sex,
and it known that there are more evidences of CKD progression on
elder, male and black patients.

One of the proven methods to slow down the progressive
loss of the renal function is the reduction of blood pressure and
glomerular hydrostatic pressure, which can be obtained through
the use of drugs, such as the angiotensin-converting enzyme
inhibitors (ACEI). Another functional method is the use of
diuretics, substances that increase urine flux. Clinical use of
Since NaCl

is the main determinant of extracellular fluid volume, the use of

diuretics also increases Na"and CI- excretion rates.

diuretics can lead to a prolonged imbalance between the receipt

and the loss of Na*, a phenomenon that is incompatible with life.
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An alternate — and complementary — way of medical
treatment is phytotherapy: a common and ancient practice that, in
Brazil, holds a cultural aspect’. According to the Brazilian health
surveillance department, a phytotherapic drug is any technically
obtained and elaborated using exclusively plants as raw materials
for either prophylactic®, healing or diagnosis purposes that would
led to a personal benefit’.

Vigna angularis is presented as a phytotherapic new
treatment option. Known as Azuki bean, it is a small and red
bean originated from China. This legume is rich in dietary fibers,
showing an elevated percentage of proteins and minerals such as
calcium, phosphorus and magnesium, and containing vitamin A,
vitamin B9 and folate. Due to its biochemical components, it has
been commonly used to treat renal dysfunctions, hypertension
and diabetes®. Being a potential phytotherapeutical representative,
and the fact that its benefits and possible side effects have
yet to be scientifically researched, studies that investigate its
pharmacological properties in the treatment of CKD can be
considered relevant’.

The objective of this study is to evaluate the effect of the
aqueous extract of the Vigna angularis legume in rats subjected to

an experimental model of moderate chronic kidney disease.

Methods

The research was approved by the Ethical Committee for
Animal Utilization (ECAU) of Medical School of Itajuba (FMIt)
under the protocol number 07/13. The study obeyed the Federal
Law 11.794 and the guidelines of the Brazilian Code of Animal
Experimentation (BCAE).

Collection and preparation of the Vigna angularis

aqueous extract

The Vigna angularis exsiccatum — whose flowers were
collected in city of Virginia, Minas Gerais state, Brazil — can be
found in the herbarium of the Faculdade de Ensino e Pesquisa de
Itajubéd (FEPI) under the register F.214. The flowers were identified
and catalogued by Professor Liliana Auxiliadora Avelar Pereira
Pasin (PhD in Agronomy by the Federal University of Lavras -
UFLA) through comparison of authentication methods.

One hundred grams of the Vigna angularis legume were
toasted and, afterwards, the grains were placed in 1L of previously
heated distilled water. The mixture was boiled on a Bunsen burner

until the volume was reduced to half its original volume.
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In the experiment, 30 young, adult and male rats of the
Wistar lineage were utilized!?, weighing between 200 and 250g
and between 60 and 90 days of age, coming from the vivarium
of the Medical School of Itajuba. The animals went through an
adaptation period consisting of a minimal permanence of 3 days in
each environment — before initiating the experimental procedures
— and were kept in a bright-dark cycle of 12 hours during all of the

experimental.

Development of the experimental model of moderate

chronic kidney disease

The experimental model of moderate chronic kidney
disease developed in this study is based on the methodology
described by Ormrod and Miller'.

The surgical procedures were performed after anesthesia
by intraperitoneal (IP) with a Ketamine (50mg/Kg) / Xylazine
(25mg/Kg) solution. Analgesia was performed orally (VO) with a
Tramadol (2mg/Kg) solution, once a day, during 3 days.

After the cited anesthetic procedure, the surgical

procedure described below was performed:

Surgery to obtain Moderate Chronic Kidney Dis-
ease (CKD-M)

After adequate trichotomy and asepsis, the following
procedures were performed, all on the left side: incision on the
flank and exposure of the kidney — with dissection of the adherent
fat, the renal capsule and the adrenal gland. Next, the superior
and inferior poles of the kidney were removed, along with 1/3 of
the cortical tissue remaining on the external lateral portion of this
same kidney. This technique preserved 40% of the left renal tissue
and, once the procedure had ended, the incision was sutured.

After seven days, the animals were once again submitted
to the same protocol so that the following procedures, all on the
right side, could be made: incision on the flank and removal of
the kidney — after ligature of the right renal artery, right renal vein
and right ureter. The right adrenal gland was preserved. Once this

procedure ended, the incision was sutured.

Experimental design

After the

procedures, the animals were allocated in metabolic cages and

aforementioned experimental surgical
randomized in three distinct experimental groups, each containing

10 animals (n=10). The rats received water or Vigna angularis

model of moderate chronic kidney disease

aqueous extract and animal food “ad libitum ” for 14 days.

Group 1 — Control: CKD-M rats treated with distilled
water — VO,

Group 2 — Azuki: CKD-M rats treated with 5% Vigna
angularis aqueous extract — VO'?;

Group 3 — Treatment: CKD-M rats treated with 10mg/Kg
of Enalapril Maleate — VO (Gavage)''.

The Enalapril Maleate utilized was from Royton Quimica
Farmacéutica and the studied doses were determined after proper

revision of the literature'?.

Final weight, water and meal feedings

The animals were weighed on a scaled provided by the
vivarium of the Medical School of Itajuba at the beginning of the
experiment — that is, after the surgical procedures — and at the
end of the experiment — after being subjected to the treatments.
Regarding the liquid feeding, the animals received either distilled
water or Vigna angularis aqueous extract, as well as animal food
“ad libitum”.

Urine sampling

Urine samples were collected and measured during all 14

days of the experiment.

Blood sampling and dosage

At the end of the experimental period, the animals
were submitted to anesthesia by intraperitoneal (IP) with
Ketamine (50mg/Kg) / Xylazine (25mg/Kg) and aspiration of
the left ventricle for blood collection. The collected blood was
centrifuged in a clinical centrifuge (Excelsa, Fanen) at 2000 rpm
during 10 minutes and the serum obtained (2 ml/rat) was kept
in closed tubes, frozen to -20°C, for the following laboratorial
dosages: urea, creatinine, uric acid, AST, ALT, glucose, total
cholesterol, triglycerides, HDL, LDL and VLDL (Kits Labtest).
The concentration of the referred parameters was measured using
a Digital Visible Spectrophotometer (Quimis Q-108 Drd).

Statistical analysis
The statistical analysis of the data was conducting using
the Bioestat 5.0 software. The data between two independent groups

were compared by the ANOVA Test, and the data analysis between
the three studied groups studied was obtained through a Tukey
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Test. The differences were considered statistically significant —
when the p-value is less than 0.05 — or highly significant — when

the value is less than 0.01.

Results

The data obtained, under the experimental conditions
utilized in this study, show that, regarding renal function, the
Azuki bean treatment produced an increase on the urinary debit,
from the second day to the end of the experiment, when compared
to the Control (p<0.01) and Treatment (p<<0.05) groups (Figure 1).

The treatment also produced reductions on the serum
levels of uric acid (p<0.05), creatinine and urea (p<0.01) —
important markers of the glomerular function — when compared
to the Control group (Figure 2). The Azuki bean and Enalapril
Maleate treatments did not generate significant alterations on the
water and meal feedings (p>0.05).

In the analysis of hepatic function, a reduction on the
serum levels of ALT were observed, when compared to the Control
group (p<0.05). However, regarding the serum dosage of AST, no
significant results were found (Figure 3).

In the study of the lipid profile, there were no alterations
on the serum levels of the total cholesterol and the LDL (p>0.05),
however there was an important increase on the HDL levels
(p<0.05) and a significant reduction on the triglycerides and
VLDL levels when compared to the Control group (<0.05) (Figure
4). Regarding glucose — important metabolic marker — a reduction
on its serum levels was also found (p<0.05) (Figure 5). The Azuki
bean treatment did not make significant alterations on the animal
weight (before and after the experimental period) and on the water
and meal feedings (p>0.05).
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FIGURE 1 - Urinary output of the Control, Azuki and Treatment groups
during the 14 days of the experiment. *p<0.05; #p<0.01.
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FIGURE 2 - Serum concentrations of urea, creatinine and uric acid from
the Control, Azuki and Treatment groups. *p<0.05; #p<0.01.
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FIGURE 3 - Serum activity of AST and ALT of Control, Azuki and
Treatment groups. *p<0.05.
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FIGURE 4 - Serum concentrations of total cholesterol, triglycerides,
HDL, LDL and VLDL of Control, Azuki and Treatment groups. *p<0.05.
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FIGURE 5 - Serum glucose of Control, Azuki and Treatment groups.
*
p<0.05.

Discussion

The Vigna angularis legume, common in Asian cuisine
and popular medicine, has been used to treat renal dysfunctions,
hypertension and diabetes — not only as a treatment option, but
also as supporting therapy. Countless therapeutic methods to the
aforementioned pathologies have been studied, and given that the
number of diagnostics — especially the late ones — is exorbitantly
growing every year, the range of effective treatment options has
not accompanied this growth.

Relevant and satisfactory results have been observed in
this research, starting from the rectification of the renal function,
observed by a reduction of the serum levels of uric acid, urea and
creatinine — important glomerular function markers. Although
no guidelines were found in the literature regarding those renal
dosages, it is known that the analyzed parameters are elevated
with the progression of CKD.

Maruyama and collaborators obtained similar results to
the ones found on this research regarding the lipid profile — on
the triglycerides, total cholesterol and LDL dosages. On the HDL
analysis, however, their work did not present significant results,
unlike this study, that demonstrated an important increase on its
serum levels — a result that can be explained by the soluble fibers
found in the legume, that have the function of stabilizing total
cholesterol levels and toxins'.

In two other researches, whose focuses are the effects
of macrobiotic diets — in which the Azuki bean is utilized — the
authors found similar results to the triglycerides, LDL and
glucose dosages. Along with the soluble fibers, the Azuki bean
contains — according to recent studies — antidiabetic properties.
This characteristic is given by the inhibition of the a-glucosidase

enzyme, that is involved in the process of carbohydrate digestion,

model of moderate chronic kidney disease

which would explain the reduction of serum glucose levels'.

In contrast, a disagreeing result was found regarding total
cholesterol — parameter in which a significant reduction was found
—andregarding the HDL dosage —in which no significant difference
was found between the groups studied by Maury e collaborators.
In the cited research, the studied sample took another approach:
the authors analyzed the effect of the legume in patients with type
2 diabetes — main cause of CKD —, and concluded that, beyond
the decrease in insulin consumption, the legume was capable of
decreasing the global cardiovascular risk in that particular group".

For the results regarding hepatic function, it is known
that ALT (Alanine Transaminase) is found almost exclusively in
liver cells, unlike AST (Aspartate Transaminase), that can be found
inside many different cell of the body. In this way, ALT — a more
specific enzyme — is responsible for metabolization of proteins,
and the reduced levels obtained in this study point to infections of
the urinary tract and renal insufficiency.

Still regarding the several properties of Vigna angularis,
it has been observed that the administration of the bean has
a therapeutic effect on collagen and that this is related to the
inhibitor activity of the IL-6/STAT3 signal. These results suggest
that the extract or the compounds of the plant could be a useful
treatment to illnesses related to IL — 6'¢. Furthermore, in studies
with hypertensive and hyperglycemic animal, it has been observed
that this kind of treatment plays an important role in suppressing
increases of oxidative stress and macrophage infiltration on
kidneys!'’.

Pharmacologic activities of the legume also point to the
inhibition of the development of skin lesions in a dose-dependent
way. In animals treated with Vigna angularis extract, the number
of mast cells in the skin, the ratio of eosinophils to peripheral
leukocytes, the expression of mRNA relative to inflammatory
cytokines in the spleen, and the levels of IgE in the serum were
significantly reduced. The results suggest that the bean extract can
be an effective therapeutic alternative to atopic dermatitis'®,

Others studies point even to favorable effects of the
legume on Systemic Arterial Hypertension (SAH) and also on
cancer prevention and immunotherapy® — parameters that have
not been targeted by this study. Although there are not many
researches that approach the pharmacological activities of the
legume, current studies — including this one — point to a great
therapeutic potential of the plant.

The Azuki bean, object of this study, arises as a viable
alternative for the CKD treatment considering the obtained results,
legume’s low cost and great availability. The ideal dose of the

aqueous extract is not yet consensual and its possible toxic effects
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are stil unknown, which justifies new scientific studies to obtain

such data.

Conclusion

Azuki bean treatment was able to produce a satisfactory

improvement on the renal function parameters, significantly

decreasing glucose, triglycerides, VLDL, uric acid, ALT, urea, and

creatinine levels, as well as significantly increasing HDL levels in
rats submitted to a model of CKD-M.
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