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Abstract:

Background:Black sugarcane contains policosanol, quercetin antioxidant and 14-3-3
protein. These compounds are proven in a pre-clinical test of their ability to reduce brain
ischemia. There are no pre-clinic test that prove the neuro-protectant act of black sugarcane
extract on ischemia-induced rats, and how its mechanism to protect brain is not yet clear.
This study’s purpose is to find the effect of ethanol extract of black sugarcane (BSEE)
towards brains’ ischemic volume and to find is there any Bax role on the BSEE’s neuro-
protectant mechanism. Methods: This study used fifteen male rats (Wistar). The rats were
divided into three groups: group A that had been induced with BCCAO and received BSSE
(group A), the rats that had been induced with BCCAO (group B), and sham group (group
C). BSEE were given for a week, before bilateral ligation of common carotid artery. The
BCCAO duration is 20 minutes, reperfusion periods of 2 hours. Rats’ head decapitation
is done two hours after ligation. Brain tissues were colored with TTC. Ischemic brain
area were analyzed using Image I software. Bax’ expression scoring was done in the
brain preparations with immonohistochemical with Anti-Bax antibody. Anti-Bax proteins
were anylized using ALLRED Score, while the statistic analyzing was done with One
Way ANOVA. Results: There is a difference of ischemia volume’s mean (p=0,018) and
bax protein expression (p=0,013) on the rats brain.Conclusion: BSEE is able to reduce

ischemia volume and Bax protein expression on the rats’ brain.
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Background

The development of rat stroke model bilateral
common carotid artery occlusion (BCCAO) is
giving scientists the possibility to induce a pre-
clinic study about any medications or herbs
that might prevent or cure the ischemic brain,
including stroke . One of the herbs used is black
sugarcane. Black sugarcane contains policosanol,
quercetin antioxidant, and protein 14-3-3. Some
studies shown that policosanol can reduce the
stroke incidences . The administration of 200 mg/
kgBBpolicosannol on stroke-induced Mongolian
gerbils can lower the cerebral ischemic ®.

Previous studies had proven that boiled water from
boiled black sugarcane can lower the ischemia
volume of the rats’ brain post-BCCAO ©. The
mechanism of the lowering of ischemia volume
itself is not yet known. The antioxidant and

protein in black sugarcane are able to rehabilitate
ischemic brain. It is known that protein 14-3-3 in
black sugarcane can regulate Bax expression in
neuron degeneration ¥,

The previous study used water from boiled
black sugarcane. Ethanol was used for extraction
because it increased policosanol concentration
in the extract’s preparation, and policosanol is
also long-chained alcohol compound. Until now,
the study related to Sugarcane Ethanol Extract’s
administration effect on the Bax expression of the
ischemic rats is not yet conducted. According to
that background, we need to induced a research
on the effect of the black sugarcane policosanol
extract on the Bax expression in the brain of Post-
BCCAQO rats.

Methods

This is an experimental study with post-test control
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group study design. This study is conducted at
GMU Laboratory of Integrated Research and
Testing (LPPT UGM) and Physiology Laboratory
FK UIL

The study subjects were maleadult wistar strain
rats (Rattus norvegicus) that are bred by Research
Laboratory Faculty of medicine Islamic University
of Indonesia (FKUII) that fulfill the inclusion and
exclusion criteria.

Inclusion criteria of this study were healthy male
rat with no disabilities, aged three months old,
weighed weight of 175-300 grams. The healthy
rats were determined according to the physical
conditions such as clean fur that are not wet
or sticky, move actively; eat, drink, and sleep
regularly according their life cycle. The exclusion
criteria of this study were sick and dead rats during
the studies. Rats sample were determined using
resource equation methods (Charan & Kantharia,
2013). E= sum of the animal — amount of group,
with E I is in the range of 10-20. Subjects were
divided into three groups and each groups consisted
of five rats. More details explained below:

1. Group A is BCCAO (Bilateral Common
Carotid Artery Occlusion) + Black Sugarcane

2. Group B is BCCAO group
3. Group C is sham operated group.
Preparation of Black Sugarcane Extract

The sugarcane taken from the same region, so that
the variety, planting-time, and demography of the
planting location are same. The making of ethanol
extract was based on Asikin Protocol (2014) ©
that had been modified described below:

Each 100 g fresh skin contained 500 mg
policosanol. The policosanol needs per rat is
200mg/kgBW/day .

One rat needs 40g/kgBW/day fresh black
sugarcane skin. The amount of extracted black
sugarcane is adjusted with daily needs.

Preparation of The Animal

On the day-1 to the day-7, the animals were placed
in 40X 30X 20cm? cage, one cage per animal with
room temperature. The lightning was regulated
with dark-light cycle started from 18.00 WIB.
Pellets were given everyday from 06.00 WIB.
Drinking waters were given ad libitum.

Bilateral Common Carotid Artery Ligation

Arteries ligations were done on the day-8.
During the operation, the rats were anesthetized
with kethamine 8-0-100mg/kgBW IM. The rats

were placed in a sterile platform and the rectal
temperature of 37+1°C was maintained. Next step
was disinfection in order to prevent infection using
alcohol and betadine solution in the rats’ anterior
neck surface. Incision is done vertically in anterior
median neck. Neck exploration was done without
cutting submandibular gland and phrenicus nerve.
When the common carotid arteries are seen,
the ligation was performed using micro-clamp
for artery. After ligation, the rats were given an
analgesic therapy (bupivacaine 0,25% 0,1 mL
local) once per day (Analgetic suggested for rat
stroke model). The incision is sutured with silk
thread, while the area nearby the incision placed
was disinfected by betadine.

Sham Operated Group’s Treatment

On the day-8, sham group are given the operation
treatment like the control group, but without
bilateral common carotid artery ligation.

Tube-Feeding of the Black Sugarcane’s Ethanol
Extract

The administration of the ethanol extract from
black sugarcane were done for seven days before
ligation

Euthanasia and Brain-Taking

Euthanasia was done on the day-8, two hours after
BCCAO, by taking out the blood until it ran out
with trans-cardiac perfusion technique. Before the
draining, rats were anesthetized with ketamine
80-100mg/kgBW IM. After the rats entered the
anesthetized state, the incision of the median line
on abdominal wall, continued by incision of the
axillary line until the thorax wall was opened and
the heart can be seen. Left ventricle was incised
then the cannula was inserted until it reached
ascending aorta. Cannula was fixated with artery
clamp. Right atrium was incised to take the blood
out. Perfusion liquid PBS (Phosphate Buffer) was
drained through the cannula. In order to keep the
brain fully perfused, the clipping of the descending
aorta was performed. PBS perfusion was continued
until the right that came out from right atrium
looked clear and internal mammary artery around
the sternum was white because it was filled with
clear liquid. Then, a fixative liquid was entered.
A proper fixation can be seen through some signs
such as stiffness of the superior extremities, clear-
colored mammary artery, and changes in eye color
from red to white. Next step was decapitation, and
the brain tissues were removed and colored with
TTC staining.
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2,3,5 Triphenyltetrazholium Chloride (TTC)
Staining

The tools used for the making of 0,05% TTC
solution is analytic scales (Metler Toledo AL54),
10mL Measurement glass, spatula, 20 mL plastic
pots, pH meter, wet cloth, Aluminum foil, and
refrigerator. The material used was TTC. The
storage was done under 4-8°C temperature in the
refrigerator.

PBS solution was made properly based on SOP
P-001 Histology Laboratory, Medical Faculty
UGM. TTC 0,05% Solution was done in reagent
preparation room, the table were cleaned with
wet cloth before the solution was made, the
measurement glass were prepared, 5 mg TTC was
scaled in closed an alumunium foil-sealed plastic
pot that matched the Analytic scale (SOP No.
A-001 Histology Laboratory, Medical Faculty,
UGM), 10 mL PBS were added to the plastic pot,
shaked well. After the TTC was properly mixed,
the label contained information such as name,
making date, and the maker’s name can be given
and the solution can be used. Solution was placed
in 4-8°C after used, with maximum storage time
of three days.

The brain that had been taken out from rats’ head
were sliced with tissue slicer on 2 mm thickness
from frontal to caudal part of the brain. The
tissue incissions were inserted in the TTC 0,05%
solution for 20 minutes in 37°C degrees (inside
an incubator). After 20 minutes incubation, the
brain were put inside the PBS formalin 10%. Next
step was recording and documentation of the TTC
coloring using camera. After this step, the sliced
brain was saved inside PBS formalin 10% for one
night, ®

IHC Staining

Brain tissues were made into paraffin blocks, then
sliced Smcm thick using rotary microtome. One
slice was taken, then continued by IHC staining
with anti-bax antibody.

IHC staining was started with deparaffinization
using xylol and alcohol with reduced concentration.
Next, the tissue was incubated with H O, 3% in
10% methanol for 20 minutes, continued by three
times washing with distilled water and PBS for
the same repetition. The next step was antigen
retrieval with pH 6 citrate buffer in a microwave.
Sliced block was heated under a high temperature
(100°C) for 10 minutes then continued with the
moderate-low temperature for 20 minutes. Then,
let cool the sliced block, and washed it three times

with PBS.

The next step was blocking with background
snipper protein for 10 minutes. After this step, a
primary antibody (Ab) activate caspase-3 was
dropped then the sliced block was incubated for
one night under the temperature of 4°C before
being washed three times with PBS. After that, the
sliced block was incubated with Trekki Universal
Link for 10 minutes and re-washed with PBS for
three times. Continued by incubation process with
horseradish peroxidase conjugated Streptavidin
(SA-HRP complex) for 10 minutes and re-washed
in PBS for three times.

The introduction of labelled-Bax cell was
performed with 3-3’-diaminobenzidin (1:100) for
five minutes. The tissue further then washed five
times using distilled water and the counterstained
was continued using hematoxylin Meyers for one
minutes, then washed with running water/tap water
for two minutes. The next step was dehydration
with stratified ethanol, from 70%, 80%, 90%,
95%, and 100%; one minutes each. After that, it
was cleaned with xylene and cover-slipped with
Canada balsam

Sample Observation

Histologic samples were observed under 1000x
magnification in Olympus CX21 light microscope
with optilab camera that connected to computer.
The computer has optilab viewer software to
record the picture.

Bax expressions were scored with Allred scoring
that considers the proportion of the positive cells
on the scale of 0 to 5 and color intensity on the
scale of 0 to 3. The sum of the result from both
parameters would be used to interpret Bax
expression. If the result was 0-2 then the Bax
expression was considered negative, while the
result of 3-8 considered positive (Picture 1).
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Result

The ethical clearancefor this study is registered
number 19/Ka.Kom.Et/70/KE/VIII/2017.
From Ethics Committee Faculty of Medicine
Universitas Islam Indonesia. This study used 15
male wistarstrain rats that fulfilled inclusion and
exclusion criteria. There are three group: group A
contained of BCCAO-induced rats that received
black sugarcane’s ethanol extract from the feed
tube; group B consisted of BCCAO-induced rats
that were not received black sugarcane’s ethanol
extract from the feed tube; group C consisted of
sham-operated rats.

The measuring of the rats’ ischemic brain volume
was performed using TTC staining. The result of
the staining can be seen below:

Picture 2. TTC staining result a. BCCAO
rats+Black sugarcane, b. BCCAO rats, c. Sham
group

The ischemic part of the brain would be white-
colored, while the non-ishcemic were red colored.
The ischemic areas from each group were
analyzed using Software Image J program. The
result of the mean test of the brain ischemia’s
volume was analyzed with One Way Anova and
post-hoc (table 1)

Table 1. ANNOVA test

Post Hoc

BCCAO +
sugarcane

P Value
ANOVA

Group (1\:1?;) SD

BCCAO sham

BCCAO +
sugarcane

BCCAO
Sham

2,86 2,44 0,016% 0,848

*
9,40 523 0,018 0,016*

2,40 2,702 0,011 0,848

This result shown that there are differences of
the mean of the rats’ ischemic brain between
the sham group (2,40 mm?), BCCAO group

0,011

(9,40mm?), and BCCAO + black sugarcane group
(2,86 mm?) (p value 0,018). Post-hoc test shown
that there is no difference of the percentage of
the ischemic area between the sham group and
BCCAO+black sugarcane groups. In other hand,
there are significant differences on BCCAO group
compared to other groups.

Picture 3. Bax Expression in Hippocampal

neurons. A. Ischemia-inducted with black
sugarcane treatment B. ischemia-inducted without
black sugarcane treatment. C. sham operated
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Table 2. Statistic Test for Bax expression

Allred Post hoc
Group scored SD P value
A B C
mean
A 4,66 0,58 0,004* 0,417
B 6,54 1,11 0,013* 0,004* 0,043*
C 519 0,42 0,417 0,043*
Discussion

Sugarcane contains carbohydrates, fiber and
minerals, often used as additional nutrients.
Phytochemical compounds contained in sugar
cane include alkaloids, saponins, flavonoids,
magnesium minerals, potassium and calcium
(11). The policosanol compound is a long chain
alcohol compound. This compound is found in
several kinds of plants, including rice, olives,
and sugarcane. The sugarcane plant (Saccharum
officinarum L.) has various varieties. One of
the differentiating varieties is the color of sugar
cane. There are green, yellow, purple to blackish-
looking cane. Asikin’s research (2014) states that
the content of policosanol in sugar cane is affected
by cane varieties, structure, extraction techniques,
harvest age and demography of the place where
the sugarcane is growing®. A study conducted
in Japan on policosanol content in various cane
varieties showed that the Ni-22 variety has the
highest policosanol content of 500 mg / 100 g
fresh skin weight. Sugarcane skin has the highest
level of policosanol (500 mg / 100 g fresh leather
weight) compared to other parts such as leaves,
flowers and the cane (355mg / kg stem). The
cane skin coating resembles a candle, the highest
source of policosanol. The technique of peeling
the skin manually will have higher policosanol
content than using a machine. Sugarcane that is 12
months old contains more policosanol compared
to sugarcane which is 9 months old (2.

Sugarcane is also a source of antioxidant. This is
caused by the high concentration of phenolic (381
mcg/ g drops) in each drops. Inside the sugarcane’s
phenolic compound, there are cathecin(16,42 pg/g
drops) and gquercet in 3-O-glucosyl-xyloxide
(25,27 pg/g drops). Cathecin acts as antioxidant,
and quercetin is known of its anti-tumor, anti
thrombotic, anti-inflammation, and anti-apoptosis.
Quercetin plays active role in cellular mechanism;
it inhibits phosphatidylinositol- 3 kinase, C
protein kinase, xanthine oxidase and NADPH
diaphorase, and it can be said that quercetin has
neuro-protective effect ¥, The depletion of ROS
level will affect the Bax invasions to mitochondria
so apoptosis process can be reduced 419,

High concentration of phenolic in sugarcane allows
the use of such compounds in prevention and
therapy of the disease caused by oxidative stress
because sugarcane drops can protect cell, even
more protective compared to oa-tocopherol©,
Antioxidant activity of phenol compound on
the sugarcane process can block an enzyme
called lipoperoxidase in rats brain; hence, black
sugarcane can be used as neuro-protectant @V,

Sanchez et al (2013) stated that oxidative stress
is main key that takes part of causing brain
reperfusion injury, after stroke. After the attack,
the elevation of reactive oxygen species (ROS)
inside the brain is occurred, and so do the damage
of the oxidative respiration chain inside the
neuron’s mitochondria, and the activation of neural
cytoplasm’s oxidation. This ‘mechanism chain’
can not be handled by endogenous antioxidant
solo, so the administration of exogenous
antioxidant is necessary. Administration of neuro-
protective agent vitamin C (500 mg/day, iv) since
day one of the ischemic stroke attack can increase
the antioxidant in blood, but it fails to improve the
stroke patients’ neurologic functions @,

Another study indicates that sugarcane contains
14-3-3 like proteins. These proteins are similar to
protein 14-3-3s that found in neurons’ cytoplasm
and mammals’ brain synapse membrane *¥. In
cytoplasm, protein 14-3-3s binds with Bax. This
stimulation of apoptosis will cause the release of the
bindings, so that Bax protein will be translocated
to mitochondria. Besides, caspase can cause the
release of the bindings between 14-3-3s and Bax.
In other hands, the over-increasing of the will
block apoptosis process because Bax binds with
protein 14-3-3s @Y. The increase of protein 14-3-
3c can protect brain’s neural cortex when ischemia
occurred through Bax-reducing pathway from the
interaction of 14-3-3c/p-b-catenin Ser37 inside the
neuron’s nucleus ©. The binding of protein 14-3-3
and pro-apoptotis protein Bax, ASK1, BAD, and
FOXO03, can prevent neural apoptosis®), Protein
14-3-3 plays rol in neurogenesis and neuronal
migration®”,

The apoptosis-inhibiting activity performed by
protein 14-3-3s happens in nucleus and neural
mitochondria. Protein 14-3-3s’ cytoplasm will
bind SRPK?2 and FOXO1 so that the concentration
of’both compound will be low inside the nucleus. In
other hands, Protein 14-3-3’s nucleus will induce
the excitation of Cdc 25 to the cytoplasm and the
binding of protein 14-3-3 and Cdc. This resulted
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in lowered concentration of SRPK2, FOXO1, and
Cdc 25 inside the nucleus, so that the apoptosis
process is blocked. Protein 14-3-3 binds Bax in
cytoplasma, so mitochondrial Bax is lowered and
apoptosis process will be blocked again ®,

This result shows that black sugarcane can act
as neuro-protectant through the blocking of Bax
protein pathway. Bax expression is regulated
with p53 protein that also a transcription factors
when activated as part of the cell response on
stress and it also regulates plenty of gene targets,
one of them is Bax. In other words, p53 can
induces apoptosis; in this case it takes role in
independent transcription of theapoptosis itself,
so that specifically it interacts with Bax, and then
promotes activation inside mitochondria, and it
increase Bax expression.

The depletion of the bax protein expression on
hippocampal part of the rats’ brain with black
sugarcane administration is also followed by the
depletion of the volume of the brain ischemia
as well. This result matches previous study,
where the lower number of the brain ischemia
was also found in the post-tBCCAOrats’s brain
that received boiled sugarcane water @. The
observation of the ischemia volume of the rat brain
is performed with TTC staining. This compound
will bind with the dehydrogenase and NAD co-
factor in mitochondria ©®. The necrotic cells
swell, intra-cell organelles and plasmic membrane
break and come out toward plasma, and one of
them is Lactate dehydrogenase (LDH) . This
enzyme will go to the plasma so the measuring of
the plasma-enzyme level can be performed. LDH
is more sensitive for ischemic brain incident. This

enzyme can be used to grade stroke incident as
well .

Conclusion

There is an effect of black sugarcane extract on
ischemia volume and Bax expression of rat’s brain
post-tBCCAO.
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