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Introduction

Propolis is used as a traditional herbal medicine
in many countries. The composition of propolis varies
and depends on geographical conditions such as plant
species, climate, and environmental conditions [1].
In this study, the authors used Mount Lawu propolis
from Indonesia; the content of caffeic acid phenethyl
ester (CAPE) is 30.24 + 3.53 x 10°g and quercetin

4.42 +0.5010°g [2].

In 2000, there were about 8.4 million people
with diabetes mellitus (DM) and it is estimated that by
2030, this will increase to 21.3 million [3]. Indonesia
ranks 4" in the population with a high prevalence of
DM after India, China, and the America. According to
Riskesdas RI (in 2018), the prevalence of DM at the
age of more than 15 years is increasing, in 2013, it

Abstract

BACKGROUND: Hyperglycemia in diabetes increases oxidative stress in the body. It causes optic nerve damage
and the risk of glaucoma.

AIM: In this study, we evaluated and analyzed the effect of propolis ethanol extract on the repair of optic nerve
damage in a rat model for diabetes mellitus (DM).

STUDY DESIGN: Laboratory experimental using the post-test-only control group design was used in this study.

METHODS: A total of 28 male Wistar rats were randomly divided into the following four groups, namely, control (K1),
DM (K2), DM with propolis treatment (100 mg/kg) (P1), and DM with propolis treatment (200 mg/kg) (P2). Statistical
analysis used ANOVA and Kruskal-Wallis with a significance of p < 0.05.

RESULTS: The results showed that Gunung Lawu propolis significantly reduced serum glucose levels,
malondialdehyde levels, and C-reactive protein levels (p < 0.01). Furthermore, propolis extract significantly
decreased caspase-3 expression and TGF-f§ expression (p < 0.05) in the optic nerve. Propolis can significantly
repair optic nerve damage (optic nerve necrosis, thinning of the retinal nerve fiber layer, and retinal ganglion cell
apoptosis) (p < 0.01).

CONCLUSION: The final results showed that most of the beneficial effects of propolis were mediated by the
reduction of blood glucose levels in diabetic rats.

increased from 6.9% to 8.5% [4]. DM can cause several
complications in the body [5], [6], cause damage to the
optic nerve and can be a risk factor for glaucoma, and
can cause blindness [7], [8]. The meta-analysis study
reported that the relative risk of DM causing glaucoma
was 0.65-4.2 [7], [9]. The prevalence of glaucoma in
DM patients ranges from 6.8 to 15.6% [10], [11], [12].
In glaucoma with primary open angle glaucoma, it even
reaches 20% [13].

The hyperglycemic state of DM increases
reactive oxygen species [14], [15]. Malondialdehyde
(MDA) levels can be used as a predictor of oxidative
stress levels [16], [17], [18]. Besides this, it will activate
caspase-3, causing apoptosis and causing optic
nerve damage [19]. Glaucoma is characterized by the
gradual destruction of retinal ganglion cells (RGCs)
and their axons (axon atrophy) also thinning of the
retinal nerve fiber layer (RNFL) which will impair axon
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Figure 1: Distribution of the caspase-3 protein in the optic nerve cells
expressed by each group (a: A non-diabetic control, b: An untreated
diabetes mellitus [DM] group, c: Ethanolic extracts of propolis [EEP]
100 mg/kg treated DM group, and d: EEP 200 mg/kg treated DM
group) at x400. Caspase-3 protein expression in cells looks brown
(immunohistochemical staining; x400 — Olympus CX31, Sigma HD
Microscope Digital Camera)

transport [20], [21], [22], [23]. Several research reports
on antioxidant and anti-inflammatory supplements in
helping to optimize glaucoma treatment have been
carried out in several countries, but the results have not
been satisfactory [24], [25].

Previous findings show that the concentration of
propolis compounds is highly dependent on geographic
location, environment, and type of vegetation. Until
now, there has been no research reporting the effect of
Mount Lawu propolis on complications of DM on optic
nerve damage.

Methods

Animal

The experimental procedure has been
approved by the Ethics Committee issued by the
Faculty of Medicine, Public Health and Nursing,
Universitas Gadjah Mada, Yogyakarta, with the number
KE/FK/0560/EC/2020 on May 11, 2020, and followed
the guidelines of the Association for Research in Vision
and Ophthalmology Resolution. All procedures were
carried out in the laboratory of Pusat Studi Pangan Gizi
for Animal Care Universitas Gadjah Mada, Yogyakarta,
Indonesia.

This research was an experimental laboratory
with the post-test-only control group design. This
study used male Wistar rats aged 8-10 weeks with
a bodyweight of 200-250 g. Another alternative is
using male Sprague Dawley rats aged 8-10 weeks
with a bodyweight of 200-250 g. The use of this type
of animal aims to determine the effect in vivo which is
similar to the human condition because mice have DNA
that is more than 90% similar to humans. If propolis is
proven to have benefits, it will be used for humans. At

present, Wistar rats or Dawley Sprague are the types
most often used in diabetic models. Male Wistar rats are
used because they are more stable, are not affected by
hormones, and do not interfere with animal reproduction
or reproduction. Age 8-10 weeks is the age of adult rats
and bodyweight 200-250 is the ideal or normal weight
at that age. Euthanasia was performed by administering
an ether mask for a few minutes until the animal was
unconscious, then, the eye tissue was taken and killed.
Euthanasia was carried out at the UGM PAU Lab. PAU
UGM laboratory assistants are very experienced in this
matter. Animal tissue is not shared with other researchers.
Wistar rats were put into cages with room temperatures
ranging from 25 to 28°C. Types of food and beverages
in the form of standard pellet food and beverages come
from the Drinking Water Company (PAM) ad libitum.
Rats were adapted for 1 week.

Experimental design and induction of DM

A total of 28 rats were randomly divided into four
groups (seven rats per group), namely, non-diabetic control
(K1), untreated DM group (K2), propolis ethanol extract
(EEP) 100 mg/kg diabetes-treated DM group (P1), and
200 mg/kg EEP in the DM group (P2). Rat received carrier
propolis (10% ethanol) and EEP at dose levels of 100
and 200 mg/kg body weight administered orally by gastric
examination, daily for 14 days, starting after 14 days of
being declared post-diabetic. For drug therapy purposes,
diabetic and control animals were matched for age.

DM in animals was induced by intraperitoneal
injection of a single dose of streptozotocin 45 mg/kg
dissolved in 0.1 mol/L citrate buffer. Fifteen minutes
before injecting STZ, we injected nicotinamide
110 mg/kg to prevent pancreas [26], [27]. Hyperglycemia
was confirmed 72 h after that by measuring ocular venous
blood glucose by the Glucose-oxidase-peroxidase
aminoantipyrine (GOD-PAP) method. Only animals
with average plasma glucose levels > 250 mg/dL were
accepted as DM (diabetes status) [28], [29], [30], [31].

Measurement of blood glucose level, MDA
level, and CRP level

A total of 24 h after EEP treatment, all rats were
anesthetized with ketamine administration. Blood samples
were taken from the ophthalmic vein after fasting for 10 h,
to measure blood glucose, MDA, and CRP levels. Blood
glucose levels were measured by GOD-PAP, MDA levels
with thiobarbituric acid reagent, and CRP levels with
enzyme-linked immunosorbent assay.

Examination of histopathological changes

The orbits were removed, washed with
physiological saline, cleaned of fat, and the optic nerves
were examined for caspase-3 expression, TGF-
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expression, and optic nerve damage (optic nerve necrosis,
thinning RNFL, and RGC apoptosis). Caspase-3 and
TGF-p expression and RGC apoptosis were examined
by IHC, optic nerve necrosis, and RNFL by HE.

Statistical analysis

The ratio scale of numerical data (level of GDP,
MDA, CRP thickness, and RNFL) was tested using
the ANOVA F test and an ordinal scale (caspase-3
expression, TGF-f expression, optic nerve necrosis,
and RGC apoptosis) was carried out with a different
test using the Kruskal-Wallis test. The test results
are considered significant if p < 0.05. Data analysis
was carried out with Statistical Product and Service
Solutions version 24.0 for Windows.

Results

Effect of propolis on blood glucose level
(GDP level), MDA level, and CRP level

Figure 1 shows the distribution of the Caspase-3
protein in the optic nerve cells expressed by each group
then after H28 or 14 days after propolis administration,
the report is shown in Table 1. The ANOVA test on
H-28 showed that the levels of GDP, MDA, and CRP
has a significant difference in all sample groups with a
significance level of 0.001 (p < 0.01), and after being
continued with the post hoc LSD test, the results also
showed a significant difference between the group.

Table 1: Effect of EEP on GDP level (mg/dL), MDA level
(nmol/dL), and CRP level (ng/dL) at H28 (14 days after propolis
administration)

S. No. Parameter Unit N group Mean + SD p

1. GDP mg/dL K1 75.41+2.23 0.001*
K2 272.09 +3.23
P1 115.87 £5.11
P2 98.27 +4.68

2. MDA nmol/dL K1 1.627 + 0.286 0.001*
K2 9.886 + 0.486
P1 4.886 £ 0.495
P2 3.539+0.310

3. CRP ng/dL K1 3.0556 + 0.089 0.001*
K2 18.030 £ 0.613
P1 6.309 + 0.424
P2 4.547 + 0.084

Effect of propolis on caspase-3 expression
and TGF-Bexpression

The data then were analyzed using the
Kruskal-Wallis test. It can be seen from Table 2.
Kruskal-Wallis test at H28 showed that the results of
caspase-3 expression and TGF-B expression levels
showed significant differences in all sample groups with
a significance level of 0.001 (caspase-3) and 0.002
(TGF-B expression) and after being continued with the
post hoc test LSD also showed significant differences

Table 2: Effect of EEP on caspase-3 and TGF-3 expression in
optic nerves

S. No. Parameter Group N Median (minimum-maximum) p
1. Caspase-3 K1 7 1(1-1) 0.001*
expression K2 7 3(2-3)
P1 7 2 (2-3)
P2 7 2(1-3)
2. TGF beta K1 7 1(1-1) 0.002**
expression K2 7 3(2-3)
P1 7 2 (1-3)
P2 7 2 (1-3)

K1: Non-diabetic control, K2: An untreated diabetes mellitus group, P1: EEP 100 mg/kg treated diabetes
mellitus group, P2: EEP 200 mg/kg treated diabetes mellitus group. Data are median (min-max) of the
median. *Significance differences 1%.

between groups. This indicates that propolis doses
of 100 mg/kg and 200 mg/kg can significantly reduce
caspase-3 expression and TGF- expression in the
diabetic rat (Figures 2 and 3).

[ o]

Figure 2: Distribution of optic nerve TGF-B protein expressed by
cells in each group (a: A non-diabetic control, b: An untreated
diabetes mellitus [DM] group, c: Ethanolic extracts of propolis [EEP]
100 mg/kg treated DM group, and d: EEP 200 mg/kg treated DM
group) at x400. Expression of TGF- protein in cells looks brown
(immunohistochemical staining; x400 — Olympus CX31, Sigma HD
Microscope Digital Camera)

Effect of propolis on optic nerve damage
Optic nerve necrosis

Kruskal-Wallis test at H28 is shown in Table 3,
which showed a significant difference in optic nerves

c d

Figure 3: Comparison of retinal nerve fiber layer (RNFL) thickness of
each group (a: Anon-diabetic control, b: An untreated diabetes mellitus
[DM)] group, c: Ethanolic extracts of propolis [EEP] 100 mg/kg treated
DM group, and d: EEP 200 mg/kg treated DM group) at x400. RNFL
thickness was measured from the inner edge of the retina to the RGC
layer (hematoxylin-eosin staining; x400 — Olympus CX31, Sigma HD
Microscope Digital Camera)
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Table 3: Differences in mean optic nerve necrosis variables
according to the sample group

Table 5: Variable mean differences in caspase-3 expression
levels in RGC (apoptotic RGC) according to the sample group.

Group N Median (minimum-maximum) p Group N Median (minimum-maximum) p

K1 7 1(0-1) 0.001* K1 7 1(1-1) 0.001*
K2 7 3(2-3) K2 7 3(3-3)

P1 7 2(0-2) P1 7 3(2-3)

P2 7 2 (0-2) P2 7 2 (2-3)

K1: Non-diabetic control, K2: An untreated diabetes mellitus group, P1: EEP 100 mg/kg treated diabetes
mellitus group, P2: EEP 200 mg/kg treated diabetes mellitus group. Expression level: 0=No necrosis,
1=Necrosis in one place, 2=Necrosis in some places, 3=Necrosis in all places. *Significance differences
1%. Significant at 1% significance degree.

in all sample groups with a significance level of
0.001. After continuing with the LSD post hoc test,
the results also showed significant differences
between groups. This shows that propolis doses of
100 mg/kg and 200 mg/kg can significantly reduce
optic nerve necrosis in the diabetic rat as shown in
Figure 4.

© d

Figure 4: Comparison of caspase-3 expression distribution in RGC
(apoptotic RGC) expressed by cells of each group (a: A non-diabetic
control, b: An untreated diabetes mellitus [DM] group, c: Ethanolic
extracts of propolis [EEP] 100 mg/kg treated DM group and d: EEP
200 mg/kg treated DM group) at x400. Caspase 3 RGC (apoptotic
RGC) expression in cells appears brown, (immunohistochemical
staining;, x400 — Olympus CX31, Sigma HD Microscope Digital
Camera)

Thinning RNFL

The ANOVA test at H28, Table 4, showed a
significant difference in RNFL for all sample groups with
a significance level of 0.001 (p < 0.01), as well as the
post hoc LSD test. The mean RNFL in K2 decreased
significantly (p <0.01) compared to K1 (41.010 + 7.342—
125.667 + 37.283) and after being treated with propolis
ethanol extract 100 mg/kg and 200 mg/kg, RNFL in
Group P1 80.330 + 17.378 and P2 125.337 + 21.381
showed a significant increase (p < 0.01) compared to
with K2. This shows that propolis doses of 100 mg/
kg and 200 mg/kg can significantly increase RNFL in
diabetic rats.

Table 4: Differences in average variable thickness retinal nerve
fiber layer (pixels) according to sample group

Group N Mean + SD p

K1 7 125.667 + 37.283 0.001*
K2 7 41.010 £ 7.342

P1 7 80.330 + 17.378

P2 7 125.337 + 21.381

K1: Non-diabetic control, K2: An untreated diabetes mellitus group, P1: EEP 100 mg/kg treated diabetes
mellitus group, P2: EEP 200 mg/kg treated diabetes mellitus group. Expression level 1=1-30%, 2=31-70%,
and 3 = >70%. *Significance differences 1%. RGC: Retinal ganglion cells.

Apoptosis RGC

Kruskal-Wallis test at H28 (Table 5) showed
that there were differences in the results of RGC
apoptosis in all sample groups with a significance level
of 0.001, as well as the post hoc test but not significant.
This possibility occurs because the propolis dose of
100 mg/kg BW is not sufficient to repair optic nerve
damage or the observation time is not long enough.
This shows that the propolis dose of 200 mg/kg can
significantly reduce RGC apoptosis in diabetic rats.

Discussion

In this study, it was proven that the
administration of Mount Lawu propolis ethanol extract
in the treatment group significantly reduce blood
glucose, MDA and CRP levels, caspase-3, and TGF-3
expression improved optic nerve damage (optic nerve
necrosis, thinning RNFL, and RGC apoptosis).

The results of this study are by the findings
reported from several countries in the world such as
Morocco, Iran, and Chihuahua. They reported that
the results of the study of propolis can reduce blood
glucose levels [18], [32], [33]. Propolis has lowered
blood glucose levels. It has been suggested that the
glycemic control achieved may be as a result of reduced
absorption of carbohydrates in the gut, increased
rates of glycolysis, and glucose utilization in the liver,
triggering glucose uptake by peripheral tissues such
as skeletal muscle cells by activating insulin-sensitive
glucose transporters, and inhibition of their release
into the circulation from the liver. Propolis extract has a
much stronger inhibitory effect on intestinal glycosidase
and sucrase than synthetic glycosidase inhibitors such
as acarbose. In addition, propolis inhibits the production
of glucose from dietary carbohydrates and strongly
recommends the use of propolis to control or delay
postprandial glucose increases and improves insulin
resistance [33].

The current results are in agreement with the
findings reported from Iran and Malaysia. They say that
propolis can lower MDA levels in diabetic rats. This is
related to the antioxidant activity and hypoglycemic
effect of propolis. Some evidence suggests that
research reports of propolis can significantly lower
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CRP levels in diabetic rats. Decreased glucose
levels due to propolis administration can reduce
oxidative stress, reduce inflammation, and further
reduce CRP levels as a biomarker of systemic
inflammation [33], [34], [35], [36]. Several research
reports the role of propolis as an antioxidant so that
oxidative stress decreases and caspase-3 and TGF-3
expression decreases [33], [37], [38], [39], [40].

Propolis can repair optic nerve damage in
diabetic rats. Green propolis from Brasilia can repair
optic nerve damage as seen from the repair of RGC
apoptosis and increased retinal thickness in the deep
plexiform layer [41]. Several studies reported that CAPE
compounds may protect against RGC death. CAPE
is a phenolic compound found in propolis, is a strong
antioxidant and strong anti-inflammatory, and works
by suppressing NF-kB, through several mechanisms
to repair optic nerve damage. The antiapoptotic effect
of CAPE on neurons works by reperfusion ischemia
or lowering potassium levels by preventing ROS
production and inhibiting caspase activity [42]. The
novelty of this study is that the administration of Mount
Lawu propolis can be a new solution as an alternative
therapy in the treatment of optic nerve damage or
glaucoma due to DM.

Conclusion

It can be concluded that the ethanolic extract
of Gunung Lawu propolis significantly reduced blood
glucose, MDA and CRP levels, caspase-3 and TGF-3
expression, and repaired optic nerve damage (optic
nerve necrosis, thinning RNFL, and RGC apoptosis).
However, the limitation of the study needs to be
considered. The only used rats were male Wistar, the
limited of time (28 days), and propolis administration only
14 days. The glaucoma can be diagnosed by seeing RGC
both apoptosis and RNFL depletion. Other observations
such as damage to the trabecular meshwork, cup of
disk ratio of the optic nerve, and examination of IOP
have not been performed. In measuring optic nerve
damage, semiquantitative methods used, namely,
hematoxylin-eosin and immunohistochemistry staining,
but quantitative methods such as RGC counting can be
considered.
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