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ABSTRACT

Diabetes mellitus is known as a risk factor for nonalcoholic fatty liver disease (NAFLD) which can progress to nonalcoholic
steatohepatitis (NASH) and eventually lead to hepatocellular carcinoma (HCC) through various stages, including necro-
inflammatory fibrosis, cirrhosis, and hepatitis. M. oleifera leaves contain flavonoid antioxidants, which inhibit reactive
oxygen species (ROS) and oxidative stress in diabetes mellitus. This study aimed to investigate the potential of M. oleifera
leaf extract at a dosage of 1,000 mg/kgbw to inhibit liver tissue fibrosis in diabetic rats. This study used a true experimental
method with a post-test-only control group design. This study was conducted at the Faculty of Medicine, Universitas
Jember, Jember, Indonesia, from November 2021 to January 2022 on 27 male Wistar rats that were divided into three groups
of nine rats. The rats were induced with streptozotocin and M. oleifera leaf extract at a dosage of 1,000 mg/kgbw. Masson's
trichrome staining and the Meta-analysis of Histological Data in Viral Hepatitis (METAVIR) scoring system were used to
measure liver tissue fibrosis. Data were analyzed using the Kruskal-Wallis and Mann-Whitney tests to examine significant
differences between groups. The results showed a significant difference in the degree of liver tissue fibrosis between the
control and diabetes groups (p=0.00) as well as the diabetes and treatment groups (p=0.003). However, the results did not
show any significant differences between the control and treatment groups (p=0.270). These findings suggested that
administering M. oleifera leaf extract at a dosage of 1,000 mg/kgbw can inhibit liver tissue fibrosis. In conclusion, this
study provides evidence that administering M. oleifera leaf extract can inhibit liver tissue fibrosis in diabetic rats.
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Highlights:

1. This study examined the antioxidant flavonoid compounds derived from naturally sourced Moringa oleifera leaves.

2. Moringa oleifera leaf extract was able to prevent tissue fibrosis and liver cirrhosis in diabetic rat models through the
nonalcoholic fatty liver disease (NAFLD) pathway.

INTRODUCTION population  with  diabetes  mellitus,  with

Diabetes Mellitus denotes a hyperglycemic
condition due to a lack of insulin, insulin resistance,
or both (Hardianto 2021). The World Health
Organization (2020) reports that diabetes mellitus is
the sixth largest cause of death worldwide. It is
reported that approximately 1.3 million people die
before reaching age 70 years old due to diabetes
mellitus, while its prevalence is around 150 million
people worldwide (Nasution et al. 2021). Indonesia
is reported to be a country with the sixth-highest
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approximately 10.3 million people aged 20 to 79
years old (Minister of Health of the Republic of
Indonesia 2018).

Diabetes mellitus is a risk factor for nonalcoholic
fatty liver disease (NAFLD), which triggers
nonalcoholic  steatohepatitis (NASH) through
necroinflammatory fibrosis, and cirrhosis, and
eventually results in hepatocellular carcinoma
(HCC) (Bellentani 2017). NAFLD prevalence data
showed that more than 70% of type 2 diabetes
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mellitus patients have NAFLD, and 20% of these
NAFLD developed liver fibrosis and ended up
becoming HCC (Mitra et al. 2020). This is due to a
lack of insulin secretion which can trigger lipolysis
in adipose cells and resulting in an increase of the
amount of free fatty acids in the blood that go to the
liver and muscles (Leite 2014). In diabetes mellitus
patients, NAFLD can also activates Kupffer cells in
the liver and release hepatic inflammatory mediators
(IL-1B, TNFa, IL-6) to indicate the occurrence of
inflammation and fibrosis in the liver (Xia et al.
2019).

When diabetes mellitus occurs, the liver will find
difficulties to export triglycerides in the form of
Very Low-Density Lipoprotein (VLDL). As aresult,
there will be an accumulation of fat in the liver
which encourages fatty liver and inflammation of
hepatocytes due to free radicals resulting from the
oxidation of fatty acids by mitochondria and
lysosomes (Hazlehurst et al. 2016). Diabetes
mellitus may cause oxidative stress through the
increased production of reactive oxygen species
(ROS). The continuous release of ROS might cause
an imbalance between prooxidant and antioxidant,
stimulating proinflammatory mediators. Increased
ROS leads to excessive oxidative stress and
eventually results in NAFLD, NASH, fibrosis, and
HCC (Safithri 2018).- Addressing this condition,
external antioxidant compounds like flavonoids,
vitamin C, E, and pro-vitamin A are required to
balance or inhibit ROS (Tukiran et al. 2020).

Previous study showed that flavonoid content (i.e.,
quercetin) in M. oleifera leaves can potentially serve
as hepatoprotectives, hypocholesterolemia, hypo-
lipidemia, and anti atheroschlerotics with anti-
inflammatory and antioxidant effects (Lin et al.
2018). Flavonoid was also reported to inhibit ROS
release, thus reducing the severity of NAFLD in
diabetes mellitus (Akhlaghi 2016). The result of this
study is expected to provide a reference for further
study on the benefits of M. oleifera leaves in
preventing fibrosis in patients with diabetes
mellitus.

MATERIALS AND METHODS

This study was categorized as a true experimental
study with a post-test-only control group design.
The experimental unit in this study was male Wistar
rats (Rattus norvegicus) induced with streptozotocin
(STZ) and received a 1,000 mg/kgbw M. oleifera
leaf extract. The M. oleifera leaf extract was
obtained from the pharmacology laboratory of
Faculty of Medicine, University Jember, Jember,
Indonesia, and the leaf extract was made using
maceration technique with 96% ethanol solvent. The
use of 96% ethanol can produce the highest number
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of flavonoids in the leaf extract. The manufacturing
process began with 5 kg of leaves washed clean with
running water and then dried in an oven at a
temperature of 60°C. The leaves, which have been
dried, were then smoothed using a blender to obtain
600 grams of fine M. oleifera leaves powder. Then,
the powder was filtered to obtain the exact smooth
level. The subsequently thin powdered leaves were
processed in a glass cup with 6,000 mL of 96%
ethanol under tightly closed conditions and not
exposed to sunlight. A 72-hour maceration was
performed, with stirring every 24 hours. The
processed leaves were then filtered using Whatman
filter paper, and then they were evaporated to obtain
thick extract preparation using a water bath at a
temperature of 70°C (Nortjie et al. 2022). The
extract was then dissolved using sodium
carboxymethyl cellulose to obtain extract
suspension that would be given to the rats. The liver
histopathology preparation was made in the
biomedical laboratory of Faculty of Dentistry,
University of Jember. The histopathological
preparations began with the process of fixation,
dehydration, and impregnation, continued with
deparaffination, and finally the staining using
Masson's trichrome was carried out. The use of
Masson’s trichrome coloring has become a preferred
method for identifying and detecting
histopathological morphological changes from
fibrosis in patient biopsies and animal models of
fibrose (van de Vlekkert et al. 2020). The liver
fibrosis reading was performed by a medical
specialist in Anatomic Pathology Laboratory of Dr.
Soebandi Regional Hospital, Jember, Indonesia.
The reading of the preparation was done at one field
of view using a light microscope with a 100x
magnification. The results of the observations were
then viewed and interpreted based on the criteria of
the Meta-analysis of Histological Data in Viral
Hepatitis (METAVIR) scoring system. This study
was conducted for three months, from November
2021 to January 2022.

Wistar rats obtained in this study were divided into
three treatment groups, each consisting of nine rats.
The rats in the normal control group were given
normal saline intraperitoneally followed by per-oral
normal saline once per day for four weeks.
Meanwhile, those in the diabetic control group were
induced by 45 mg/kgbw of STZ, which was
dissolved  with citrate buffer once via
intraperitoneally and followed by per-oral normal
saline once per day for four weeks. The treatment
group received 45 mg/kgbw intraperitoneal and
1,000 mg/kgbw per-oral once a day for four weeks.
After 28 days of treatment, the rats were euthanized
using sodium pentobarbital in a dose of 50 mg/kgbw
intraperitoneally (American Veterinary Medical
Association 2020).
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The inclusion criteria for the experimental unit were
2-3 months old male Wistar rats (Rattus
norvegicus), weighed 200-300 grams and had a
fasting blood sugar level of >126-400 mg/dL three
days after being induced by streptozotocin (Gheibi
et al. 2017). The drop-out criterion was the dead rats
after being induced with STZ during the experiment.
Liver fibrosis was assessed using the METAVIR
scoring system, as it is believed to be more sensitive
to fibrotic activities (Chengxi et al. 2018). The
METAVIR scoring system is semi-quantitative in
evaluating fibrosis grade (Choo et al. 2022). The
fibrosis assessment results were analyzed using IBM
SPSS Statistics for Windows, version 25.0 (IBM
Corp., Armonk, N.Y., USA). Kruskal-Wallis test
with significant results of p<0.05 was followed up
with post-hoc Mann-Whitney test.

RESULTS

The blood sugar test of fasting rats was performed
on the third day after being induced using STZ and
the rats became diabetic (Saputra 2018). The rats
were first fasted for six to eight hours before their
blood was taken (Furman 2021). The blood of rats
in the diabetic control and treatment groups was
taken through the lateral veins of the tail using a
glucometer. After the STZ-induced developed
hyperglycemia with an average fasting blood sugar
level of 405 mg/dL, the following normal saline
induction produced a normal fasting average blood
glucose level of 105 mg/dL as the normal fasting
blood glucose is <126 mg/dL.

Table 1. The METAVIR scoring results.

Groups No. of Experiments Liver
samples fibrosis
scoring
median
(IQR)
Normal 9 Normal 1(0)
control
Diabetic 9 STZ and 2(1)
control normal saline
Treatment 9 STZ and 1(1)
1,000 mg/kgbw
of M. oleifera

leaf extract

Male Wistar rats in this study were divided into three
groups, normal control group, diabetic control
group, and treatment group. Liver fibrosis was
assessed using the METAVIR scoring system. This
system currently serves as the most acceptable
system for liver fibrosis and necroinflammation
assessment. Staging fibrosis using the METAVIR
score to assign a score ranging from FO (no fibrosis)
to F4 (cirrhosis) is the gold standard in liver biopsy
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(Chengxi et al. 2018). The METAVIR scoring
results of rats’ liver fibrosis in normal control group,
diabetic control group, and treatment group are
presented in Table 1.

Table 1 displays the average result of liver fibrosis
using the METAVIR scoring system. The highest
liver fibrosis mean score was found in diabetic
control group, followed by the treatment group, and
the normal control group. The highest average (2.22)
was found in the diabetic group, whereas the lowest
average (1.11) was found in the normal control
group.

Table 2. Kruskall Wallis test result.

Stages
Kruskal-Wallis H 15.658
Degrees of freedom (df) 2
Asymptotic significance  0.000
Notes: p=0.000

The Kruskal-Wallis test result, as shown in Table 2,
showed a significance value of p=0.000, indicating
a significant difference among the three groups. The
analysis was continued using post-hoc Mann-
Whitney test to compare groups showing significant
results. The result of post hoc Mann-Whitney test is
presented in Figure 1.

Metavir Score

p=0.270
—
_ 'p=0.0007p=0.003
I 7“ 1 3 Normal Control Group
B3 Diabetic Control Group

2+ =3 Treatment Group

Group

Figure 1. Post-hoc Mann-Whitney test result.
*p<0.05.

The post-hoc Mann-Whitney test result (p<0.05)
indicates a significant difference in rat liver fibrosis
assessment among study groups. The normal control
group showed a significant fibrosis development
compared to the diabetic control group (0.000), but
not significant compared to the treatment group
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(0.270).

Figure 2 displays the histopathology of rats’ liver
fibrosis in normal control (A), diabetic control (B),
and treatment (C) groups.

Figure 2. Histopathological liver by Masson’s
trichrome staining at 100X microscopic
magnification of rats’ liver fibrosis. (A) Liver
fibrosis stage F1 with portal area expansion
(normal control); (B) F2 fibrosis with expansion of
portal area and marked bridging (treatment group);
(C) F3 fibrosis with expansion of portal area and
marked bridging, nodules were also noticed
(diabetic control).

The result indicates that the administration of 1,000
mg/kgbw M. oleifera leaf extract could inhibit liver
fibrosis. Figure 2 displays the liver fibrosis
observation using the METAVIR scoring system.
The normal control group showed a fibrosis
expansion in the portal area and collagen deposition,
while the diabetic control group showed a fibrosis
expansion in the portal area, marked bridging, and a
nodule surrounded by collagen deposition. The
treatment group exhibited fibrosis with expansion in
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the portal area, marked bridging and clearly visible
collagen deposition. This group also exhibited better
results than the diabetic control group.

DISCUSSION

The average score of rats in diabetic control group
was found to be higher than in normal control group.
The observation showed that diabetic rats exhibited
stages F2 and F3 of fibrosis. Similar condition was
also reported in the study by Aseer et al. (2015), that
14 days after being induced by STZ, the rats showed
damaged liver histopathology associated with
fibrosis. This fibrosis was caused by the increase in
inflammatory mediators such as TNF-o, TGF-1,
and IL-6, which leads to increased ECM and
collagen. In another study, liver steatosis and
fibrosis began with the increase in free fatty acid due
to insulin resistance induced by STZ (Ramadan et al.
2022).

Diabetes mellitus could increase ROS production.
The imbalance between production and elimination
of ROS can cause oxidative stress that change the
structure and functions of protein, nucleic acid, and
even damage the DNA (Moreli et al. 2014).
Excessive ROS may induce the increased
concentration of proinflammatory mediators such as
TNF, IL-6, IL-1B, IL-13, TGF- B1, and Galectin-3
(Fulton et al. 2019). Liver fibrosis process is
initiated by HSC activation. Various factors like
inflammation and cytokine, especially TGF-B1, may
prevent HSCs from maintaining balance between
ECM production and degradation. An excessive
ECM production is known to serve as pathogenesis
of organ fibrosis (Heydarpour et al. 2020, Kim et al.
2020).

In this study, rats in normal control group exhibited
the lowest liver fibrosis score. In normal group, all
rats exhibited stage-1 liver fibrosis, while it should
not have occurred. Adeyemi et al. (2014) stated that
administering normal saline to rats with normal
fasting blood glucose level for four weeks did not
result in liver fibrosis, as identified using HE
staining method. Another study by Salih et al. (2014)
added that rats in control group with normal saline
did not exhibit histological or anatomical
differences from those induced by STZ for two, four,
and six weeks.

Fibrosis in normal control group may be accounted
for several reasons. In this study, liver fibrosis
histopathology was identified using Masson's
trichrome staining, a staining method sensitive to
collagen as the fibrosis marker. Thus, when
compared to HE staining, fibrosis may be
unidentified. Furthermore, seemingly healthy rats
possibly have liver disorders. In this regard, Yang et
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al. (2019) reported that during rats’ embryogenesis
process, mesothelial cells (MCs) derived from
septum transversum mesenchyme (STM) induce
hepatic stellate cells and mesenchymal perivascular
cells. Thus, rats in the normal group could
potentially experience cell differentiation from
hepatic stellate cells and mesenchymal perivascular
to myofibroblast that turn into fibrosis over time.
Another study from Zhao et al. (2016) added that
MCs form hepatic stellate cells and myofibroblas
through epithelial mesenchymal transition (EMT).
EMT refers to a process in which epithelial cells lose
their polarity and obtain migration capacity during
embryogenesis, tissue recovery, organ fibrosis, and
tumor metastasis.

Strength and limitations

This study is the initial and first study that discusses
the benefits of Moringa oleifera extract against liver
fibrosis in model diabetic rats. However, this study
cannot be directly implemented in humans, and
further studies on the effective dosage in human
beings are needed.

CONCLUSION

The treatment group receiving M. oleifera leaf
extract did not exhibit significant results compared
to the normal control group but showed significant
results when compared to the diabetic control group.
Thus, it could be concluded that administering M.
oleifera leaf extract can inhibit liver tissue fibrosis
in diabetic rats. Further research can measure
malondialdehyde (MDA) as an indicator of
oxidative stress, which is the mechanism of hepatic
fibrosis occurrence.
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