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Abstract

AIM: The rate of pancreatic cell regeneration after avocado leaf extract intervention in a diabetic animal model
induced by streptozotocin (STZ) was investigated in this study.

METHODS: Experimental study was conducted on 18 male white rats as subjects, which were divided into six
groups, three animals of each. Preparing diabetic animal models: First, the animals had been fasting a whole night;
they were induced with STZ and 10% sucrose. The primary data included the histopathology of the pancreas of
white male rats in the form of histopathological scoring: Score 0: Normal, Score 1: 1-25% pancreatic damage,
Score 2: 25-50% pancreatic damage, Score 3: 50-75% pancreatic damage, and Score 4: 70-100% pancreatic
damage.

RESULTS: A dosage of 100 mg/kg b.w. of the ethanolic avocado leaf extract impacted pancreatic cells regeneration
in white male rats, with a score of 1.67. However, improvement in pancreatic cell regeneration appears to increase
align with the dose, score 1.00 in dosage of 150 mg/kg b.w. and score 0.33 in dosage of 200 mg/kg. The score of 0.33
was also seen in G5 (obtained glibenclamide) and G6 (normal healthy animal). However, the most damage was in
G4 who obtained only 0.5% Na-CMC.

CONCLUSION: The dose of 200 mg/kg b.w. of the avocado leaf extract contributed the most significant recovery of
pancreatic cell of diabetic animal induced with STZ, equivalent to glibenclamide.

Open Access: This is an open-access article distributed
under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (CC BY-NC 4.0)

Introduction

Diabetes mellitus (DM) is a metabolic
syndrome of failure in carbohydrate, fat, and protein
metabolism caused by insulin deficiency or decreased
tissue sensitivity to insulin [1]. This metabolic disease
is characterized by hyperglycemia and disorders of
carbohydrate, fat, and protein metabolism caused by
abnormal insulin secretion and action results in blood
glucose levels exceeding normal. DM is classified into
two, type 1 diabetes that is dependent on insulin, and
type 2 diabetes that is not dependent on insulin [2].

According to the International Diabetes
Federation, DM prevalence globally is 1.9% and
become the seventh cause of death. In 2012, the
incidence of DM in the world was 371 million people,
where the proportion of the incidence of type 2 DM
95% of the world’s population suffers from DM. The
Indonesian Basic Health Research (In Indonesian:

Riset Kesehatan Dasar) in 2008 showed that the
prevalence of DM in Indonesia had grown to 57% [3].
The high prevalence of type 2 DM is caused by several
unchangeable risk factors, such as gender, age, genetic
factors, body, waist circumference, and age [4], [5], [6].
This silent killer disease affects all organs and cause
several complaints, including kidney disease, cataracts,
impaired vision, heart disease, sexual impotence,
gangrene, stroke, and others [7].

The state of diabetes or hyperglycemia
will worsen and exacerbate ROS formation through
several mechanisms in oxidative stress due to free
radicals [8]. Oxidative stress and oxidative damage to
tissues usually end up with chronic diseases including
atherosclerosis, diabetes, and rheumatoid arthritis. It
may increase glycosidation and lipoxidation in plasma
and protein tissue due to the elevation of oxidative stress
in DM [9], [10]. Diabetic ingredients such as alloxan can
cause oxidative stress on cells and diabetic patients
often experience oxidative stress. Complications of
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diabetes are related to oxidative stress, especially the
formation of superoxide free radicals [11]. Sources of
oxidative stress in diabetes include shifting the balance
of redox reactions due to changes in carbohydrate
and lipid metabolism which will increase the formation
of ROS from glycation reactions and lipid oxidation,
thereby reducing antioxidant defense systems including
GSH [12]. Reducing oxidative stress is the most
appropriate step by suppressing free radicals along
with optimizing antioxidant intake [13]. Research shows
that the use of dolichandrone atrovirens leaf and bark
extract has blood glucose lowering potential action in
diabetic conditions [2].

Antioxidants agents are needed in protecting
and preventing cells against oxidative stress [14].
Medicinal plants are considered a source of various
oxidative stress-related diseases [15], consisting
of phenolic compounds, mainly in phenolic acids,
flavonoids, and tannins. These compounds have a wide
range of antioxidant activities [16]. Avocado leaves
showed a potent in chelating free radicals related to
antioxidant activities.

This study aims to analyze the effects of
avocado leaf extracts on the pancreatic cell regeneration
of people with diabetes.

Methods

Material

It was an in vivo experimental study through
18 white male rats (Rattus norvegicus) as subjects,
conducted in the Pharmacology Laboratory of Pelita
Mas Palu (STIFA) and Balai Besar Veteriner Maros.
This study used avocado (Persea americana Mill.)
leaves as the main materials.

Extraction

The collected avocado leaves were cleaned
and sorted. The avocado leaves were then dried and
crushed. The extract was prepared by maceration
of crushed dried avocado leaves in 70% ethanol for
7 days. The extract obtained was concentrated by a
rotary vacuum evaporator at 45°C and dried.

Intervention

There were six groups of animal experiments
which consisted of three white rats in each group. The
five rat’s group rats had been diabetic animal models
using (STZ), while one group was left as healthy
normal rats. Preparing diabetic animal models: First,
the animals had been fasting a whole night; they were
induced with STZ and 10% sucrose. After considering

diabetes, they were ready to be diabetic animal models.
Each intervention of those groups was as follows:

1. G1: Feed + STZ + 10% Sucrose + 100 mg/kg
b.w of extract + 0.5% NaCMC

2. G2: Feed + STZ + 10% Sucrose + 150 mg/kg
b.w of extract + 0.5% NaCMC

3. G3: Feed + STZ + 10% Sucrose + 200 mg/kg
b.w of extract + 0.5% NaCMC

4. G4:Feed + STZ + 10% sucrose + 0.5%
Na-CMC

5. G5: Feed + STZ + 10% sucrose + Glibenclamid
+0.5% Na-CMC

6. G6: Normal healthy animal + regular feed.

The surgical process was performed on the
abdominothoracal part, followed by necropsy of the
pancreas. The pancreas was then rinsed with 0.9% of
physiological liquid of NaCl to separate it from the blood
or fats attached to the organ.

Data analysis

The primary data included the histopathology
of the pancreas of white male rats in the form of
histopathological scoring: Score 0: Normal, Score
1: 1-25% pancreatic damage, Score 2: 25-50%
pancreatic damage, Score 3: 50-75% pancreatic
damage, and Score 4: 70-100% pancreatic damage.

Ethical agreement

The study approved by Health Research Ethics
Committee of the Faculty of Medicine, Hasanuddin
University Hospital, and Pulmonary General Hospital
Dr. Wahidin Sudirohusodo, Makassar, with an ethical
agreementNumber: 546/H4.8.4.31/PP36-KOMETIK/2018.

Results

The results showed that the pancreatic
sell damage in animal experimental was G1 = 1.67
(moderate cell damage); G2 = 1.00 (mild cell damage);
G3=0.33 (nodamage); G4 = 3.00 (severe cell damage);
G5 = 0.33 (no damage); and G6 = 0.33 (no damage)
(Table 1 and Figure 1).

A dosage of 100 mg/kg b.w. of the ethanolic

extract of avocado impacted pancreatic cells

Table 1: Scoring pancreas histology damage

Treatment groups The score of pancreatic cell damage*

Animal 1 Animal 2 Animal 3 Average
G1 2 2 1 1.67
G2 1 1 1 1.00
G3 0 0 1 0.33
G4 4 2 3 3.00
G5 0 0 1 0.33
G6 0 1 0 0.33

*=0: No damage, 1: Mild pancreatic cell damage (1/3 cell part), 2: Moderate pancreatic cell damage
(2/3 cell parts), 3: Severe pancreatic cell damage (>2/3 cell parts).
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Figure 1: The level of damage of pancreatic cells

regeneration in white male rats, with a score of 1.67.
However, improvement in pancreatic cell regeneration
appears to increase align with the dose, score 1.00 in
dosage of 150 mg/kg b.w. and score 0.33 in dosage
of 200 mg/kg. The score of 0.33 was also seen in
G5 (obtained glibenclamide) and G6 (normal healthy
animal). However, the most damage was in G4 who
obtained only 0.5% Na-CMC.

Discussion

The results of pancreatic histology proven that
multilevel dosages of avocado leaf extract effectively
regenerate the kidney tissue of white male rats whose
pancreas has been damaged by STZ induction,
resulting in diabetes. It was seen that the higher
dosage contributed more quickly to the regeneration of
pancreatic cells in the STZ-induced DM animal model.

This recovery was seen to be most significant at a
dose of 200 mg/kg b.w. (score 0.33) compared to the
other two lower doses and had an effect equivalent to
glibenclamide (0.33). However, cell regeneration was
shown at doses of 100 mg/kg b.w. and 150 mg/ kg b.w.
(scores 1.67 and 1.00, respectively) compared to
diabetic animal models receiving only NaCMC (3.00),
the results did not match the effectiveness of
glibenclamide.

Based on the observation of histopathological
slides of the pancreas, there were cell degeneration
and inflammation in pancreatic cells. The degeneration
was occurred in the cytoplasm but did not harm the
nucleus so that it may be recovered. The prolonged
cell degeneration causes the cell inability to lead to
improper metabolism, an initial reaction to acute cell
damage caused by ischemia or toxin. The cell can
regenerate and return its proper function when the toxic
is neutralized or removed in a degenerative state. Cell
degeneration is caused by the accumulation of toxic
substances and other metabolites [17], [18].

The normal group (G6) of Langerhans islets
did not show significant damage, and the shape was
normal. Cell damage was seen in the negative control
group (G4), which was indicated by the islets of
Langerhans cells that looked empty, the small size of
the Langerhans islets. The damage was caused by STZ
induction, resulting in cell degeneration and pancreatic
cell damage [19], [20].

Islets of Langerhans dominated by a cell
compared to B cell are caused by chronic hyperglycemic
conditions that result in a decrease in insulin-producing
cells and an increase in the activity of glucagon-
producing cells [21]. The increase in insulin secretion
previously described stated that the administration of
glibenclamide in the positive control group could increase
insulin secretion. This correlates with histopathological
results that show the large Langerhans islets that can
induce insulin secretion, although cell regeneration
has not occurred in its entirety, and islet conditions are
dominated by cells. The use of glibenclamide can inhibit
oxidative stress and cell damage in the pancreas [22].

Administration of glibenclamide in experimental
animals with diabetes can also prevent a decrease in
insulin secretion and maintain or increase the number of
glucagon-producing cells. In addition, the effectiveness
of using glibenclamide is higher in stabilizing blood
glucose levels than insulin therapy and can normalize
cell damage that occurs in pancreatic islets [21].

The G3 group did not show any significant
abnormalities and almost resembled the normal
group. It indicated that the administration of water
extract of Surian leaf at a dose of 200 mg/kg b.w.
is more effective in inducing cell regeneration and
inhibiting oxidative stress and pancreatic cell damage.
Phytochemical compounds contained in avocado
leaf extract have a role as a protective agent for
pancreatic cells. The phytochemical screening test
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shows these compounds in avocado leaf extract [23].
Flavonoid is a phytochemical compound that effectively
repairs and protects cell structures and is an anti-
inflammatory [24], [25]. Dembinska-Kiec et al. stated
that flavonoid compounds’ antioxidant activity in various
plants could act as protective agents by reducing lipid
peroxidation activity, increasing insulin secretion, and
increasing glutathione and beta-carotene levels in the
plasma of diabetic rats [26], [27]. The results of the
study are in line with the previous studies which showed
that the treatment of G3 with a dose of 200 mg/kg body
weight avocado leaf extract gives a relatively effective
influence on regenerating STZ induced renal cell rats,
compared to other doses [28].

Other research shows that among the two
phytoisolates of Swertia alata, the compound SA-4
has high anti-inflammatory potential and offers less
ulcerogenic and less gastric irritant effect [29]. The
results of this study imply that avocado leaf extract can
be used and developed as a source of antioxidants that
play a role in the regeneration of pancreas cells that
degenerate due to high blood glucose levels.

Conclusion

The dose of 200 mg/kg body weight of the
ethanolic avocado leaf extract contributed the most
significant recovery of the pancreatic cell of diabetic
white rats induced with STZ, which was equivalent to
glibenclamide.
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