‘%_) Indonesian Journal of Medicine (2021), 06(04): 412-422
Masters Program in Public Health, Universitas Sebelas Maret

Effect of Ethanolic Extract in Moringa oleifera, Lam. Leaf on Uric
Acid Levels and Body Surface Area of Kidney Glomerulus in Wistar
Rats (Rattus novergicus) Induced Metabolic Syndrome Model

Muhammad Dzaki Darmawan, Jarot Subandono, Novan Adi Setyawan,
Dyah Ratna Budiani

Study Program of Medical Doctor Education, Faculty of Medicine, Universitas Sebelas Maret

ABSTRACT

Background: There has been an increasing prevalence of metabolic syndrome (MS) caused by life
style such as sedentary behavior and western diet. Metabolic syndrome causes degeneration in
ren’s structure and processes the elimination of by product in metabolism, which is uric acid.
Moringa oleifera Lam. leaves contain antioxidant that can repair damages caused by MS. Studies
about improvement of ren’s structure and uric acid level related to Moringa oleifera Lam. leaves’
consumption has not been found yet. Therefore, this study was intended to examine the effects of
ethanolic extract in Moringa oleifera Lam. leaves to uric acid and glomerular surface area in male
wistar rat (Rattus norvegicus) with induced metabolic syndrome model.

Method: This study is an experimental laboratory study. The subjects of this study consisted of 30
rats which were divided into 5 groups with 6 in each group. K1 is control group, K2 is MS group,
and K3, K4, and K5 are MS groups given variety of ethanolic extract doses. The induction of MS
was done by giving high-fat diet in 28 days and injection of streptozotocin-nicotinamide (STZ-NA)
in the 25th day. Rats in group K3, K4, and K5 were given doses of 150, 250, and 350 mg/kgBW in
28 days.

Results: The administration of high-fat diet for 28 days and injection of STZ-NA caused MS
condition in rats. Repeated ANOVA and One-Way Anova test showed that the administration of
ethanolic extract in Moringa oleifera Lam. leaves with doses of 150, 250, and 350 mg/kgBW in 28
days decreased uric acid significantly (p= 0.001; p=0.001; p= 0.001). Another result also found
that ethanolic extract from Moringa oleifera Lam. leaves with doses of 250 and 350 mg/kgBW
increased area of glomerular surface area in rats significantly.

Conclusion: The administration of ethanolic extract from Moringa oleifera Lam. leaves with
doses of 150, 250, and 350 mg/kgBW for 28 days decreased uric acid level in rats. Ethanolic extract
of Moringa oleifera Lam. leaves 250 and 350 mg/kgBw doses increase glomerular surface area.
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BACKGROUND that occur in society. This is known as se-

Globalization and changing times have dentary behavior. People who consume tra-
caused a shift in lifestyle and eating patterns ditional food are now accustomed to con-
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suming instant and western food (Suhaema
and Masthalina, 2015). Consumption of
junk food, meat, fried food increases the
incidence of metabolic syndrome (Suhaema
and Masthalina, 2015; Czekajlo et al., 2019).
This condition occurs due to an increase in
consumption of high calories but low in
fiber, decreased physical activity, and the
development of means of transportation
(Saklaen, 2018).

Metabolic syndrome is an inter-
connected constellation of various physio-
logical, biochemical, clinical, and metabolic
factors that directly increase the risk of car-
diovascular disease and type 2 diabetes mel-
litus (Kaur, 2014). Globally, the prevalence
of metabolic syndrome is around 25% of the
world's population (Saklaen, 2018). Mean-
while, the prevalence of metabolic syndro-
me in Indonesia is 21.66%, dominated by
women and residents of urban areas
(Herningtyas and Ng, 2019).

Diets high in carbohydrates and fats
can induce metabolic syndrome, cardio-
vascular remodeling, hypertension, ventri-
cular hypertrophy, conduction changes,
endothelial dysfunction, degeneration of
renal structures and an increase in the area
of the islets of Langerhans (Panchal et al.,
2011). Studies in wistar rats induced by a
diet or high fat intake showed hypercho-
lesterolemia which can reduce renal blood
flow, glomerular filtration and ultrafiltra-
tion, and impair tubular excretion (Salim et
al., 2018). Damage to the kidneys affects the
process of eliminating the end product of
metabolism in the form of uric acid
(Sherwood, 2013).

Uric acid is the product of purine
nucleotide degradation and has the ability
to remove oxygen free radicals and protect
erythrocyte membranes from lipid oxidation
(Li, Hsieh and Chang, 2013). Metabolic
syndrome is associated with an increased
risk of hyperuricemia (Singh and Kari,
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2013). Both of these, both the metabolic
syndrome and hyperuricemia are closely
related to hyperinsulinemia. Metabolic syn-
drome and hyperuricemia are associated
with insulin resistance (Li et al., 2013). In a
study with rats, it was found that reducing
uric acid levels in obese rats could reduce
insulin resistance (Baldwin et al., 2011). The
imbalance of Reactive Oxygen Species
(ROS) is referred to as oxidative stress
which leads to many pathological conditions
such as hypertension, ischemia, diabetes,
obstructive pulmonary disease, and asthma
(Birben et al., 2012).

There is an increase in the use of
herbal remedies in the community which
are considered non-toxic and have very few
side effects (Gupta et al., 2012). Moringa
plant is one of the plants used as herbal
medicine. This plant is known to be rich in
beneficial substances such as -carotene,
protein, vitamin C, calcium, potassium, and
acts as a natural source of antioxidants from
ingredients such as ascorbic acid, flavo-
noids, phenolics, tannins, saponins and
carotenoids (Toma and Deyno, 2014;
Vergara-Jimenez et al., 2017). Substances
that are nutritious for health are found in
almost all components of the Moringa plant,
including Moringa leaves.

Seeing the potential of this Moringa
leaf, a study was carried out to determine
the effect of the ethanolic extract of Moringa
leaf (Moringa oleifera, Lam.) on uric acid
levels and changes in the histopathological
picture of the glomerular cross-sectional
area of the kidney of Wistar rats (Rattus
norvegicus) induced by STZ-NA and diet
administration. high fat to achieve metabolic
syndrome state.

SUBJECT AND METHOD

1. Study Design
This research was carried out in the form of
an experimental laboratory study with a
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pretest-posttest control group design and
post-test only control group design because
the blood uric acid levels were measured
before and after being treated, while the
measurement of the renal glomerular cross-
sectional area was only carried out after the
subject was given treatment. In this study,
the induction of metabolic syndrome condi-
tions and administration of Moringa leaf
ethanolic extract was carried out at the Food
and Nutrition Laboratory of the Center for
Food and Nutrition Studies (PSPG) Gadjah
Mada University Yogyakarta. Meanwhile,
the painting and histopathological obser-
vations of kidney tissue were carried out at
the Anatomical Pathology Laboratory, Fa-
culty of Medicine, Sebelas Maret University,
Surakarta.

2. Population and Sample

The research population was 30 Wistar rats
(Rattus norvegicus) which were selected by
purposive sampling. Inclusion criteria were
male Wistar rats aged 2-3 months with a
body weight of 150-200 grams.

3. Study Variables

The independent variable was the dose of
the ethanolic extract of Moringa leaves
(Moringa oleifera, Lam.). Dependent varia-
ble is uric acid level and renal glomerular
cross-sectional area.

4. Variable Operational Definition

The independent variable was the dose of
Moringa leaf ethanolic extract (Moringa
oleifera, Lam.) using Moringa leaves obtai-
ned in dry conditions from Kalasan,
Sleman, Yogyakarta. Simplicia making and
extraction process were carried out at the
Food and Nutrition Laboratory of PSPG
UGM Yogyakarta. The ethanolic extract of
Moringa leaves was extracted by maceration
method using 70% ethanol solvent and then
filtered into the filtrate. The extract was
administered orally using a gastric probe at
a dose of 150 mg/kgBW/day, 250
mg/kgBW/day, and 350mg/kgBW/day with
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CMC-Na solvent 2ml/200grBW from the
28th to the 56th day.

The dependent variable of uric acid
level is blood uric acid level obtained
through retroorbital vein puncture and then
measured four times, namely on day o (after
the adaptation process), day 25 (before the
STZ-NA induction process), day 28 ( after
the STZ-NA induction process and high-fat
diet), day 57 (before the termination pro-
cess). The dependent variable of the renal
glomerular cross-sectional area was the
average glomerular cross-sectional area in
the microscopic preparation of induced
metabolic syndrome kidney tissue observed
with an Olympus CX 22 light microscope.
The preparations were stained with Hema-
toxylin-Eosin (H&E stain) and observed in
nine fields of view with a magnification of
100x. and 400x in each kidney.

5. Data Analysis

Uric acid level data were tested using the
Repeated ANOVA test with Bonferroni post-
hoc and also One-way ANOVA with post-
hoc Tukey HSD to see the difference in uric
acid levels on day o, day 25, day 28, and
57th day. Analysis of the glomerular cross-
sectional area data was carried out using the
Kruskal Wallis test with post-hoc Mann-
Whitney to determine the effect of giving
Moringa leaf ethanolic extract on the renal
glomerular cross-sectional area.

6. Ethical Eligibility

This research has passed the ethical feasi-
bility of the health research ethics commiss-
ion of RSUD Dr. Moewardi Number: 1.039/-
XI/HREC/2021 and Number: 10/I/-
HREC/2021

RESULTS

1. Achievement of Metabolic
Syndrome

Clinical parameters in this study showed an

increase in body weight >8% from the initial

condition, an increase in fasting blood sugar
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(GDP) > 200mg/dL, an increase in blood
sugar while (GDS) > 200 mg/dL, an increase
in triglycerides > 150 mg/dL, low high-den-
sity lipoprotein (HDL) levels, and increased
low-density lipoprotein (LDL) levels. Some
of these parameters indicate the achie-
vement of metabolic syndrome conditions.
2, Differences in Uric Acid Levels

Data on differences in uric acid levels from
each group on day 28 (after high-fat diet and

Table 1. Average Uric Acid Levels in Rats

STZ-NA induction) and day 57 (after admi-
nistration of Moringa leaf ethanolic extract)
are shown in Table 1.

The Saphiro-Wilk normality test
showed p>0.05 in all groups and the
Repeated ANOVA test showed significant
differences (p<0.005) in the treatment

groups, namely groups K2, K3, K4, and Ks5.
Post Hoc Bonferroni test results in table 2.

Grou N Day-28 (mg/dL) Day-57 (mg/dL)

P Mean SD Mean SD
K1 6 1.80 0.10 1.84 0.08
K2 6 9.07 0.38 8.23 0.24
K3 6 8.97 0.49 5.29 0.35
K4 6 9.00 0.30 3.17 0.26
K5 6 8.94 0.19 2.06 0.08

Table 2. Bonferroni . Post Hoc Test Results
Group P Note
K1 <0.001 Significant
K2 <0.001 Significant
K3 <0.001 Significant
K4 <0.001 Significant
K5 <0.001 Significant
Table 3. Tukey HSD . Post Hoc Test Results
Group P Difference
K1 with K2 <0.001 Significant
K1 with K3 <0.001 Significant
K1 with K4 <0.001 Significant
K1 with K5 0.499 Non- Significant
K2 with K3 <0.001 Significant
K2 with K4 <0.001 Significant
K2 with K5 <0.001 Significant
K3 with K4 <0.001 Significant
K3 with K5 <0.001 Significant
K4 with K5 <0.001 Significant

To determine the difference in uric acid
levels after administration of the ethanolic
extract of Moringa leaves, a One-Way
ANOVA test was carried out on the 57th day
of uric acid levels in each group. The
Saphiro-Wilk normality test showed p>0.05.
There was a significant difference (p<0.05)
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between each group except for the K1 group
and the K5 group. The results of the Post
Hoc Tukey HSD test are in table 3.
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3. Effect of Moringa Leaf Ethanolic average glomerular cross-sectional area in
Extract on Glomerulus Cross- each group is shown in table 5.
sectional Area

An overview of the renal glomerular cross-
sectional area is shown in table 4 and the
Table 4. Overview of Glomerulus Cross-sectional Area with HE Painting at 100x and
400x . Magnifications
K 100X 400x

K1

K2

Table 5. Data on the Mean Cross-sectional Area of the Glomerulus of the Rat Kidney

Group Cross-sectional Area of the Glomerulus of the Kidney (um2)

Mean SD

K1 3.88 0.87

K2 2.87 0.77

K3 3.60 1.00

K4 3.74 0.76

K5 3.74 0.76
The Kolmogorov Smirnov normality test carried out to see the effect of the ethanolic
showed p<0.005 in the K3 and K4 groups. extract of Moringa leaves on the cross-
Therefore, the Kruskal Wallis test was sectional area of the kidney glomerulus. The
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p value <0.05 with a significance value of
0.029 means that there is a significant diffe-
rence in each group. The results of the

Table 6. Mann-Whitney Analysis Test Results

Mann-Whitney analysis test can be seen in
table 6.

Group P Difference
K1 with K2 0.016 Significant
K1 with K3 0.337 Non- Significant
K1 with K4 0.630 Non- Significant
K1 with K5 0.631 Non- Significant
K2 with K3 0.055 Non- Significant
K2 with K4 0.004 Significant
K2 with K5 0.006 Significant
K3 with K4 0.936 Non- Significant
K3 with K5 0.873 Non- Significant
K4 with K5 1.000 Non- Significant

It was concluded that there was a decrease
in the glomerular cross-sectional area on the
administration of a high-fat diet and STZ-
NA injection. This is evidenced by the
significant difference between the K1 nega-
tive control group and the K2 group with
metabolic syndrome.

There was an increase in the glome-
rular cross-sectional area when given the
ethanolic extract of Moringa leaves at a dose
of 150 mg/kgBW, but this increase was
considered less significant when compared
to the K2 metabolic syndrome group (p=
0.055). Meanwhile, in group K4 (adminis-
tration of ethanolic extract dose of 250 mg/

kgBW) and group K5 (administration of
ethanolic extract dose of 350 mg/kgBW),
there was a significant increase with p =
0.004 and p = 0.006 respectively.

4. Relationship of Glomerulus Cross-

sectional Area with Uric Acid Level

To determine the relationship between glo-
merular cross-sectional area and uric acid
levels, the Pearson correlation test was
performed because both data on the mean
glomerular cross-sectional area and uric acid
levels on the 57th day were normally dis-
tributed on the Saphiro Wilk-test (p>0.05).
The results of the Pearson correlation test
can be seen in table 7.

Table 7. Pearson Correlation Test Results relationship between Glomerulus Cross-
sectional Area and Uric Acid Levels on 57th Day Post Administration of Moringa Leaf

Ethanolic Extract
Independent variable r P
Glomerulus cross-sectional area -0.59 0.001

DISCUSSION

1. Achievement of Metabolic
Syndrome
Achievement of metabolic syndrome condi-
tions in accordance with the guidelines of
the NCEP ATP-II (National Cholesterol
Education Program-Third Adult Treatment
Panel). Metabolic syndrome is defined when
at least 3 of the 5 criteria are met, namely
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abdominal obesity, hyperglycemia, dyslipi-
demia, hypertension, and insulin resistance.
It can be concluded that the K2, K3, K4, and
K5 groups have reached a metabolic syn-
drome condition with hyperglycemia (GDP
and GDS >200 mg/dL, dyslipidemia (trigly-
cerides >150 mg/dL, elevated LDL, and
HDL <35 mg/dL), as well as an increase in
body weight >8% from its original condition.
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2, Differences in Uric Acid Levels

After giving a high-fat diet and STZ-NA
induction, there was a significant increase in
uric acid levels in the K2-K5 treatment
groups. This significant increase in uric acid
levels proves that the administration of a
high-fat diet and STZ-NA induction can
cause a decrease in kidney function in the
form of a decrease in the glomerular filtra-
tion rate (GFR) which leads to an increase in
blood uric acid levels or hyperuricemia (Sah
and Qing, 2015).

Measurement of uric acid levels on day
57 showed significant results in that the
administration of Moringa leaf ethanolic
extract could significantly reduce uric acid
levels in experimental animals. In the K3
group, the average decrease in uric acid
levels showed Mean= 5.29; SD= 0.35 (p<
0.001), the K4 group showed Mean= 3.17;
SD= 0.26 (p< 0.001), and the K5 group
showed Mean= 2.06; SD= 0.08 (p<0.001).
The significance value of these three groups
<0.05 indicates that there is a significant
difference in uric acid levels before and after
administration of Moringa leaf ethanolic
extract.

From these results, it can be concluded
that the ethanolic extract of Moringa leaves
is able to significantly reduce uric acid levels.
Giving Moringa leaf ethanolic extract at a
dose of 150 mg/kgBW, 250 mg/kgBW, and
350 mg/kgBW can reduce uric acid levels.

Moringa leaf ethanolic extract can
reduce uric acid levels through several
mechanisms. The content of flavonoids in
this case quercetin and kaempferol, alka-
loids, tannins, and saponins can inhibit the
synthesis of xanthine oxidase resulting in a
decrease in uric acid levels (Pribadi and
Widiartini, 2019). The most common
mechanism of inhibition is through the n-
hexane pathway. If this pathway is inhibited,
then xanthine oxidase cannot convert hypo-
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xanthine into uric acid so that uric acid
levels decrease (Yumita et al., 2013).

In addition, flavonoids (quercetin and
kaempferol) are nephroprotectors because
of their ability to inhibit oxidative stress and
inflammatory reactions in renal tubular
cells. This protection from kidney function
triggers the kidneys to excrete excess uric
acid so that uric acid levels are in the normal
range (Verzola et al., 2014). The content of
vitamin C in Moringa leaves also increases
the ability of kidney uric acid excretion
(Anandagiri, Manuaba and Suastuti, 2014).
3. Effect of Moringa Leaf Ethanolic

Extract on Glomerulus Cross-

sectional Area
In the measurement of the glomerular cross-
sectional area of experimental animals, the
average result in group Ki was 3.88+0.87
m2, group K2 was 2.87+0.77 m2, group K3
was 3.60+1.00 m2, group K4 was 3.74+0.76
m2, and the K5 group was 3.71+0.85 m2.
The cross-sectional area of the glomerulus in
the K2 group decreased significantly when
compared to the K1 group (p= 0.016).

Giving Moringa leaf ethanolic extract
at a dose of 150 mg/kgBW (K3 group), 250
mg/kgBW (K4), and 350 mg/kgBW (K5)
was able to increase the glomerular cross-
sectional area when compared to the K2
group which was not given ethanolic leaf
extract. moringa. In the K3 group with a
dose of ethanolic extract of Moringa leaves
at a dose of 150 mg/kgBW, there was an
increase in glomerular area but not signi-
ficantly. This is evidenced by the significance
value of the K3 group when compared to the
K2 group (p = 0.055). While in groups K4
and K5 given a dose of ethanolic extract of
Moringa leaves at a dose of 250 mg/kgBW
and 350 mg/kgBW, there was a significant
increase with a significance value of p=
0.004 and p=0.006, respectively, when
compared to the K2 group. The increase that
occurred in the K3, K4, and K5 groups was
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close to normal in the original condition in
the negative control group (K1 group). This
is evidenced by the absence of a significant
difference with a significance value of
p>0.05 in the K3 group (p= 0.337), the K4
group (p= 0.630), and the K5 group (p=
0.631) when compared to the negative
control group (the negative control group).
K1).

Dyslipidemia, insulin resistance, obe-
sity and hypertension can increase the
expression of adipositokines, angiotensin,
and also pro-inflammatory cytokines that
can cause kidney fibrosis (Singh and Kari,
2013). Obesity and metabolic syndrome will
increase Angiotensin II which will activate
NADPH oxidase (NOX) and increase ROS.
These ROS will later cause damage to the
endothelium (Rochlani et al., 2017). Insulin
resistance can trigger pro-inflammatory
cytokines in the kidney which results in
mesangial expansion, basement membrane
thickening, podocytopathy, and also loss of
slit pore diaphragm integrity (Singh and
Kari, 2013).

The state of the metabolic syndrome
can also activate the renin-angiotensin-
aldosterone system (RAAS) which can cause
glomerular damage. There is an increase in
glomerular pressure caused by an increase
in renal arterial blood pressure. This results
in an increase in glomerular hydrostatic
pressure. To prevent excessive capillary dila-
tion, the kidneys compensate by depositing
the mesangial matrix, thickening the base-
ment membrane, and causing renal fibrosis.
These structural changes result in a decrease
in the filtration area in the kidney (Hall et
al., 2014).

The antioxidant content of Moringa
leaves can eliminate free radicals by accep-
ting or donating electrons so as to produce
new molecules that are non-reactive and
harmless so as to reduce damage to kidney
cells. In addition, the flavonoid content in
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Moringa leaves can increase the speed of
glomerular filtration. Increased glomerular
filtration rate can cause the release of
substances that have accumulated in the
kidneys more quickly so that urinary activity
increases and reduces the accumulation in
the kidneys. The content of quercetin can
also improve inflammation and fat in the

kidneys of rats (Wicaksana, 2017).

The results of this study are different
from similar studies conducted in 2019,
giving Moringa root ethanolic extract at a
dose of 150 mg/kgBW and 350 mg/kgBW
decreased the cross-sectional area of the
glomerulus when compared to mice that
were not given Moringa root ethanolic
extract. At a dose of 250 mg/kgBW there
was a non-significant increase in glomerular
area (Azzahra, 2019). Chronic kidney disea-
se is characterized by the deposition of the
pathological matrix in the interstitial spaces
and in the walls of the glomerular capil-
laries. This is a process of fibrogenesis which
is believed to be a wound healing process
from tissue damage that does not improve.
As chronic kidney disease progresses, the
fibrotic matrix expands and the nephrons
and their supporting capillaries are lost,
resulting in reduced kidney volume and
impaired perfusion (Duffield, 2014).

4. Relationship between Glomerulus
Cross-sectional Area and Uric Acid
Level

The results of this study indicate that an

increase in glomerular area reduces uric acid

levels. In the early phase after STZ-NA
induction, there is glomerular hypertrophy,
an increase in the glomerular filtration rate,
an increase in intraglomerular pressure and
microalbuminuria which can cause hyperfil-
tration in the glomerulus (Maric and Hall,

2011). Hyperfiltration conditions can affect

uric acid levels. In the advanced phase,

structural changes in the glomerulus such as
expansion of the mesangial matrix, thick-
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ening of the basement membrane, and renal
fibrosis can reduce the area and also the
glomerular filtration rate. This can lead to an
increase in uric acid levels (Hall et al., 2014;
Storhaug et al., 2015).

Giving Moringa leaf ethanolic extract
was able to reduce uric acid levels and
increase the glomerular cross-sectional area
of the kidneys of Wistar rats model of indu-
ced metabolic syndrome. Moringa leaves
have good potential as a nephro-protector
agent, preventing hyperuricemia and pre-
venting chronic kidney disease depending
on the dose given.
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