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ABSTRACT

Background: One of the etiologies of stroke is intracerebral hemorrhage and the demand for
potential therapeutic agents to alleviate symptoms and improve quality of life in patients with
ICH is growing. Several phytocompounds capable of such potency with minimal adverse effects
can replace drugs in market. This requires high throughput screening and in vivo experimental
demonstration of the potency in ICH models that simulate mammalian pathophysiology.
We aimed to study the neuroprotective activity of Asiaticoside using an adult zebrafish ICH
model. Materials and Methods: Atorvastatin-induced ICH models were treated with non-toxic
concentrations of Asiaticoside. Behavioural, biochemical, and cellular assays were performed
to validate the developed model. Antioxidant potency was identified by testing the levels of
lipid peroxidation, superoxide dismutase and xanthine oxidase in the brain homogenate. Iron
chelating potency was assessed in Perl’s-stained brain tissue sections. The anti-inflammatory
potency was observed by measuring fold change in the expression of inflammatory gene
IL-1( in brain homogenates by RT-PCR method and by immunohistochemistry techniques. The
neuroprotective role of the compound was studied by fluorescent staining of the brain whole cell
suspension to check apoptotic and necrotic population post-treatment. Results and Discussion:
The iron accumulation in tissue sections and brain homogenates reduced 3-fold post treatment.
With 600 pg/mL concentration of Asiaticoside, the malondialdehyde and xanthine levels reduced
3-fold, and scavenging activity was found to increase after 24 hr, indicating antioxidant potency.
This concentration also resulted in one third reduction in the expression of pro-inflammatory
cytokine IL-1f and reduced inflammatory cell infiltration showing anti-inflammatory properties.
The compound was found to be neuroprotective by reducing the apoptotic cell population
from 84% to 20% in comparison to untreated control. In addition, post-treatment the nitric
oxide levels were restored better than the untreated control indicating modulation in cellular
signalling mechanisms. Conclusion: The adult Zebrafish ICH model was developed to present
the multifaceted mammalian pathophysiology of ICH in one system. The phytocompound
Asiaticoside is shown to modulate neuroinflammation through a cycle of biological properties
thus being neuroprotective, opening avenues for further pre-clinical testing.
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Intracerebral Hemorrhage (ICH) is a pathological condition of
leakage of blood from the vessels resulting in accumulation and
hematoma formation that may further progress into stroke'?
The two etiologies of ICH are trauma and hypertension based
on which they are classified as traumatic ICH and spontaneous
ICH respectively. This form of stroke caused by spontaneous
Intracerebral Hemorrhage (ICH) is more fatal than the other
resulting in over 50% mortality in Western population and
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20% mortality in the Asian population.’ The other causes of
spontaneous ICH may include Cerebral Amyloid Angiopathy
(CAA), vasculitis and arterio-venous malformation. Even with
all the data that we have today, there is still a lag in knowledge on
diagnostic and prognostic markers in case of ICH.** Majority of
the patients post-ICH experience a high functional dependence
and many secondary inflammatory consequences like brain
oedema, psychosis and seizures”®

ICH-induced Secondary Inflammation

Initially, there is leakage of blood from the vessels due to chronic
hypertension, followed by the formation of hematoma around
the site of haemorrhage. Secondly, an increase in the size of the
hematoma leads to increased intracranial pressure and mechanical
obstruction of neurotransmitter release. This aggravates neuronal
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injury and triggers inflammation in perihematomal regions,
leading to secondary inflammatory responses.’

Secondary inflammation results in the activation of the
coagulation cascade and further stimulates the release of
thrombin in the perihematomal region; this thrombin exhibits its
action through PAR 1 receptor binding which activates microglial
cells and complementary system. Additionally, hemolysis at the
perihematomal region leads to the breakdown of haemoglobin
into heme and globin. This heme is converted into ferric iron and

stimulates cell death by ferroptosis.'*'?

Microglia cells which are activated by the thrombin exhibit M1
and M2 phenotypes. The former serves as a pro-inflammatory
cell and activates neuroinflammation via various mechanisms.
This phenotype is the one that is responsible for the secondary
inflammation in ICH. The latter is anti-inflammatory and
phagocytic in nature, resolving the inflammation that was
initially caused by the pro-inflammatory microglial cells.">'* The
infiltration of the immune cells and the released cytokines are
eliminated by these cells.”*"”

Natural Compounds to Manage ICH and the Need for
a Model

Currently used drugs in therapy for ICH like levetiracetam,
mannitol, frusemide citicoline and calcium channel blockers
are associated with some serious side effects like anaphylactic
reactions, rebound brain edema and electrolyte imbalance which
may be fatal to the patients.>'®* For the aforementioned reasons,
the use of phytocompounds which are naturally extracted from
the plants seems to be fruitful. Asiaticoside, is a triterpenoid
extracted from the plant Centella asiatica. The compound has been
reported with anti-inflammatory and anti-oxidant properties.?*-**

An effective model is the prerequisite to identifying the biological
properties of such phytocompounds. It is evident that Zebrafish
brain development occurs in sequential developmental stages.
While the larval model has the limitation of an underdeveloped
cranium and blood-brain barrier, the adult supports the
establishment of ICH and portrays the secondary inflammation
complications similartohumans.***Atorvastatin,ahypolipidemic
drug acts by inhibiting the enzyme HMG CoA reductase. This
drug at certain concentrations is understood to disrupt the tight
junctions between the endothelial cells and produce significant
haemorrhage in Zebrafish embryos and larvae.”” The study has
established atorvastatin-induced ICH in adult Zebrafish.

MATERIALS AND METHODS
Maintenance of Adult Zebrafish

Adult Zebrafish (Danio rerio) was maintained at 28-30°C under
standard conditions. All the procedures were performed according
to the OECD guidelines with approval from the Institutional
Ethics (IAEC/66/SRIHER/766/2022).%

Animal Committee
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Wildtype adult Zebrafish of age 3-6 months were used for
the study. The fish were fed with multinutrient micro pellets
and freeze-dried worms. The tanks were maintained in 10 hr
light-dark cycle with sufficient aeration using motor-powered
pumps.

Toxicity Assessments

The Zebrafish were treated with 600, 800, 1000 upg/mL
concentrations of Asiaticoside (Merck 16830-15-2) through
oral pool administration. After 24 hr, the fish were observed for
behavioral and phenotypic changes. Distribution parameters like
schooling/shoaling behaviour and surface/bottom distribution
was observed and noted. Spiral swimming, hyperactivity,
hypoactivity, aggression, convulsions and avoidance behaviour
were observed as a part of behavioural analysis.®® Changes in
appearance like irritated skin, Edema, skin colour (darkening/
lightening), ~ hemorrhage  (petechias/haematomas)  and
exophthalmia were also noted for assessing the toxicity of the

compound. Genotoxicity was assessed by Comet assay.

Comet Assay

The assay was performed according to the protocol by Jarvis et al.
(2003).% Brietfly, caudal vein blood of 50 pL was added with low
melting agarose. Then the content was layered on a pre-coated
slide and soaked in a lysis buffer. Electrophoresis was done and
comets were observed, if any.

ICH Induction

The fish were exposed to atorvastatin for 8 hr in tank water and
observed for indications of haemorrhage. The brain dissected
from the fish was observed as whole or slices under a stereo zoom
microscope for haemorrhage.

Assessing the Therapeutic Effects of Asiaticoside on
Intracerebral Hemorrhage

The fish were grouped into three groups one healthy control
group without ICH and one untreated control group with ICH
(negative control) and the 3" experimental group with ICH and
Asiaticoside treatment each with thirty fish. The experimental
groups were treated with 600, 800, and 1000 pg/mL concentrations
of Asiaticoside after the induction period. The iron chelation,
anti-oxidant and anti-inflammatory potency of the compound
were measured in the experimental and control groups.

Iron accumulation and Iron Chelation

Iron accumulation in the brain tissue was observed in all the
groups by Prussian blue staining performed following the
standard protocol.® The brain tissue sections fixed on a glass
slide were stained with potassium ferrocyanide solution and
counter-stained with nuclear fast red. The resultant pictures were
quantified for the intensity of blue color using NIH software
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Image]. The iron chelating activity of Asiaticoside was also
investigated by the ferrozine assay using brain homogenates.*!

Histopathology and Immunohistochemistry

The tissue sectioning was performed and the slides were
stained with hematoxylin and eosin stains following standard
protocol.”? To specifically identify microglial cell infiltration
immunohistochemistry of the tissue sections was done using
microglia-specific marker CD68.** The brown regions in the
sections were determined to be an indicator of microglial cell
accumulation.

Determination of Antioxidant Potency

Lipid Peroxidation Assay

Lipid peroxidation was measured following Ohkawa et al.
(1979).* Briefly, 20 pL of brain homogenate and 40 pL of TBA/
TCA/HCl reaction mixture were added. After centrifugation, the
supernatant was read at 540 nm in a spectrophotometer.

Superoxide Dismutase Assay

Superoxide dismutase levels were measured following Xu et al.
(2013).% Briefly, 50 uL of the homogenate was added to the wells.
The same volume of the pyrogallol; Tris-HCl; EDTA mixture
was added. The absorbance of the solutions was measured in a
spectrophotometer at 420 nm.

Xanthine Oxidase Assay

Xanthine oxidase was measured following Litwack et al. (1953).%
Briefly, the homogenate and the xanthine mixture were incubated
at 37°C for 10 min. After the incubation sodium potassium buffer
and sodium tungstate along with 2N Sulphuric acid were added
sequentially to the homogenate. This mixture was spun at 5000
rpm for 10 min. Folin’s reagent was added to the supernatant and
the absorbance was measured at 660 nm.

Apoptosis Assay

Suspension of intact brain cells with 90% viability was prepared
and stained with acridine orange and ethidium bromide
following the standard protocol.*” The stained cells were observed
for fluorescence under the inverted microscope (Nikon Eclipse
Ti-U).

Gene Expression Analysis

The level of pro-inflammatory cytokine IL-1p was measured
using RT-PCR of the brain tissues from the experimental and

control groups.”

Estimation of Nitrite Levels

Nitrite estimation was done according to the standard protocol.*
Briefly, 20 uL of homogenate was added with 40 uL of Griess
reagent and read at 540 nm spectrophotometrically.

RESULTS

The fish showed no signs of toxicity up to exposure concentrations
of 1000 pg/mL of Asiaticoside. The physical, behavioral and
genotoxic observations showed no toxicity (Figure 1A and Table

1).

ICH in Adult Zebrafish

ICH was successfully induced in adult Zebrafish using the drug
Atorvastatin at the dosage of 1000 pM. After 6 hr of exposure,
atorvastatin at 1000 uM induced multiple hemorrhage in the

brain as shown in Figure 1B and 1D.

Validation of ICH Induction

Zebrafish brain was visualized under stereomicroscope (Nikon
SMZ-745) and regions of haemorrhage were observed in whole
brain and brain slices (Figure 1B).

Accumulation of iron was visualized under microscope using
Perl’s staining. The extracellular ferrous content can indicate the

presence of hemorrhage and following hemolysis.

When cell viability staining was performed by using AO/EB we
observed that a significant number of cells were red or orange 6
hr post induction indicating the presence of ICH.

Asiaticoside Chelates Iron Accumulation Following
Haemorrhage

Iron chelating activity of Asiaticoside was measured by estimating
the amount of iron present in the brain homogenate. With time
of exposure to Asiaticoside, the iron content was found to reduce
3-fold after 30 hr of exposure at 600 pg/mL (Figure 1F).

Table 1: Toxicity assessment of Asiaticoside: Physical, behavioral and genotoxic observations.

Toxicity Assessments 500 pg/mL

Normal behavior (Schooling Normal behavior was
and Shoaling) maintained.
Hyperactivity None observed.
Appearance No visible changes.

Genotoxic changes No comets observed.
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750 pg/mL 1000 pg/mL
Normal behavior was Normal behavior was
maintained. maintained.

Observed in negligible level. Observed in negligible level.

No visible changes. No visible changes.

No comets observed. No comets observed.

International Journal of Pharmaceutical Investigation, Vol 14, Issue 4, Oct-Dec, 2024



Srinivasan, et al.: Asiaticoside as a Neuroprotective Agent in Zebrafish Intracerebral Hemorrhage

Prussian blue staining done in the tissue sections showed
reduction in the iron accumulation 1.1 folds when compared
with the untreated groups (Figure 1C and 1E).

Asiaticoside treatment curtails secondary
inflammation following haemorrhage

The number of elongated active microglial cells was recorded.
The infiltration of inflammatory cells in the brain tissue sections
was observed to reduce in the fish treated with 600 ug/mL of
Asiaticoside (Figure 2A). The inflammatory cell count was
reduced 1.2 fold after treatment with 600 pg/mL of Asiaticoside
(Figure 2C).

Immunohistochemistry of the sectioned brain tissues also showed
the presence of microglial cells. The microglial population reduced
to half of its initial count after treatment with Asiaticoside (Figure
2D).

Asiaticoside Exhibits Antioxidant Activity Following
Haemorrhage

The results indicated a considerable increase in SOD activity
8 hr post induction in both 600 pg/mL and 1000 pg/mL
concentrations of Asiaticoside treatment. 24 hr post induction
there is a significant increase in SOD activity in all the three
concentrations (Figure 3D).

.

Healthy control 500 pg/L Asiaticoside treated

750 pg/L Asiaticoside treated 1000 pg/L Asiaticoside treated

Prussian blue staining

Malondialdehyde (MDA) was found to reduce by 6-folds in
600 pg/mL treatment while with 800 pg/mL and 1000 pg/mL
the decrease was 2 and 3-fold respectively. This is indicative of
significant reduction in the lipid peroxidation at 600 ug/mL of
Asiaticoside when compared to the other two concentrations
(Figure 3B).

Xanthine oxidase enzyme activity was measured by estimating the
amount of xanthine present in the brain homogenate. Asiaticoside
concentration of 600 pg/mL showed significant decrease of 3-fold
in the xanthine concentration between 24-30 hr compared to the
other two concentrations (Figure 3C).

Gene Expression Analysis

There was 1.7-fold decrease in the levels of IL-1p after treatment
with 600 uM concentration of Asiaticoside. In comparison to
the negative control, the Asiaticoside treatment was found to
regulate the expression of the inflammatory cytokine. The levels
of the cytokine in the treated sample were found to be the same
as the healthy control 6 hr post treatment and remained the same
30 hr post treatment (Figure 2B). This indicated the potency
of Asiaticoside to resolve secondary inflammation following
haemorrhage and bring back healthy physiological conditions in
the brain tissue.

-
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o
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Figure 1: A) Different concentrations of Asiaticoside showing no genotoxic changes. B) Induction of Intracerebral hemorrhage validated by stereomicroscope

showing hemorrhagic regions (rounded regions) in both brain slices (D) and whole brain (B).

E) Iron accumulation seen in Prussian blue staining over different

groups. C) Graph showing the intensity of iron accumulation in the slides across the groups (analysed through ImageJ software). F) Mean+SD graph showing iron
content in the brain homogenate observed after 6 hr and 30 hr of exposure to Asiaticoside.
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Asiaticoside Exhibits Neuroprotective Activity by Acridine orange/ethidium bromide staining was performed by

Preventing Apoptosis

Nitric oxide levels in the homogenate were measured to investigate

the normal homeostatic signalling. The results showed increased

(Figure 3A).

Fold change

6 hrs 30 hrs
Time (post induction)

preparing a cell suspension from the zebrafish brain tissue. The
apoptosis is measured in terms of a number of dead cells per unit
area which is 80-100 in the first 8 hr and >130 in the next 16 hr

in the untreated samples. The results displayed a 2-fold reduction
nitrite levels in almost all the concentrations of Asiaticoside in the number of dead cells in treated samples when compared to

the untreated samples (Figure 4).

C
B negative control H&E staining

O healthy
[ 600 pg/ml

FEiid

.8

Treated Untreated

Figure 2: Anti-inflammatory potency of Asiaticoside validated through histopathological sectioning and gene expression analysis. A-microglial cell infiltration
(long elongated cells) seen through histopathological sectioning (left-negative control group; right-600 pg/mL treated). B-Mean+SD graph showing expression
of IL-1P levels in the brain homogenate observed after 6 hr and 30 hr of exposure to Asiaticoside. C- Mean+SD Graph showing microglial cell count (cells/unit
area) between treated and untreated tissue sections. D-lmmunohistochemistry done with CD68 marker showing accumulation of microglial cells (left-negative
control; right-600ug/mL).

Class of drug-uses
Osmotic diuretics
Anti-convulsant

Diuretics

Calcium channel blockers
B-blockers
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Table 2: Drugs used in ICH therapy and their possible adverse effects.

Uses
Edema
Convulsions

Edema

Vasodilation

Reduce hypertension.

Side effects Examples
Rebound edema. Mannitol.
CNS depression, psychosis. Levetiracetam, diazepam.
Electrolyte imbalance. Torsemide

Frusemide.
Palpitation, dizziness. Nimodipine, Amlodipine.
Bradycardia, hypotensionn. Atenolol,

Metoprolol.
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Figure 3: Antioxidant potency validated through estimation of different oxidative markers. A) Mean+SD graph showing Nitrite

concentration in the brain homogenate from 6 hr post induction to 56 hr of exposure of Asiaticoside at different dosages.

B) Mean+ SD graph showing MDA concentration in the brain homogenate from 6 hr post induction to 48 hr of exposure of

Asiaticoside at different dosages. C) Mean=SD graph showing Xanthine concentration in the brain homogenate from 6 hr post

induction to 48 hr of exposure of Asiaticoside at different dosages. D) Mean+SD graph showing scavenging activity of SOD from
6 hr post induction to 24 hr of exposure of Asiaticoside at different dosages.

DISCUSSION

like
benzodiazepine, coagulation factors and diuretics may precipitate

Commonly used drugs mannitol, levetiracetam,

many adverse effects like rebound edema, hypersensitivity,
electrolyte
commonly used drugs and their adverse effects are mentioned in

imbalance and CNS depression.'®***  Some
Table 2. It is clear that a multidrug regimen is needed to alleviate
the symptoms of ICH.

The ICH pathology was successfully developed in adult
Zebrafish models using Atorvastatin concentration of 1000
uM. Atorvastatin is a hypolipidemic drug, which inhibits the
enzyme HMG-CoA reductase, thereby reducing the synthesis of
cholesterol. Crilly (2019) repurposed the drug to create a model
for ICH in Zebrafish larvae. The same procedure was adopted in
adult fish in the current study for the first time. This established
model of ICH was further used to study the neuroprotective
effects of Asiaticoside.

Previously, mouse models of ICH were established using
collagenase injection directly in the brain which degraded
the extracellular matrix proteins and disrupted the vessel wall
integrity, finally leading to the ICH.* This induction is described
to be traumatic as it causes injury at the region of injection.

International Journal of Pharmaceutical Investigation, Vol 14, Issue 4, Oct-Dec, 2024

Ischemic stroke models are developed by occluding the cerebral
artery of the mouse leading to cessation of blood to certain parts
of the brain. Direct stabbing of the brain of adult Zebrafish also
provides a model of a traumatic brain haemorrhage. In another
study, the hemorrhage pathology was considered as a “blood
in brain” consequence hence autologous blood was injected
inside the brain to investigate the pathological consequences.*
Amidst the existing ethical constraints in using higher animal
models, Zebrafish provides a valuable and cheap tool to study
neuroinflammation.”” The limitation mentioned before can be
overcome in our current study by chemically inducing the ICH
which leaves the brain pathology intact.

Larval models of ICH possess limitations like underdeveloped
neural systems, BBB and cranium which makes the investigation
of cognitive functions and infiltration of inflammatory cells
challenging.®® Larval studies required whole organism staining
to see the apoptotic regions. Current study addresses all these
limitations by using an adult Zebrafish model in which behavioral
studies and tissue sections showing infiltration of microglial cells
are seen. Multisystem involvement and a well-developed nervous
system in the current model are translatable to humans.

Natural phytocompounds can provide a multifaceted therapy
with very minimal or no adverse effects. Asiaticoside from
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(9]

Number of dead cells

2HPT

® Untreated

8HPT
Time
Treated

AO/EB Assay

24HPT

Figure 4: Neuroprotective activity of the Asiaticoside assessed through AO/EB cell viability assay. Dead cells (red) and viable cells (green)

are shown in treated (D,E,F) and untreated (A,B,C) samples in the time frame of 2,8 and 24 hr post induction. (G) Graph showing number

of dead cells (cells/unit area) between treated and untreated samples in the time frame of 2, 8 and 24 hr post induction (analysed through
ImagelJ software).

Centella asiatica showed a neuroprotective role in adult Zebrafish
intracerebral haemorrhage model.*” Reduction in inflammation,
chelation of the accumulated iron, reduction in brain cell death
rate, hampered ROS production, modulation of proinflammatory
cytokine levels were observed in the treated groups.

The unruly infiltration of inflammatory cells and activation
of microglial cells cause hemolysis, apoptosis and increased
ROS generation in the brain.!***** The microglial cells
in the H&E-stained (Figure 2C) and CD68
immunohistochemistry observation were low in the treated
group. Asiaticoside treatment reduced the proinflammatory

cytokine release, proving its anti-inflammatory nature.

sections

Microglial activation triggers the complement system and induces
apoptosis in cells; they can induce erythrocyte destruction
or hemolysis in the extravasated blood and precipitate the
complication of iron accumulation,
iron-mediated apoptosis.'”? Perl’s staining of the brain sections
showed a reduction in iron accumulation of 1.1-fold following
treatment (Figure 1C).

which may induce

Asiaticoside proved to be anti-apoptotic, preventing expansion
of neurodegeneration during secondary inflammation after
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ICH.” Brain cell suspension is reported for the first time in
adult Zebrafish which provided >95% viable cells. The AO/EB
double staining of the untreated group cell suspension showed
a significant increase in the number of dead cells indicating the
induction of ICH and apoptosis. After treatment with 600 g/
mL of Asiaticoside, the number of dead cells decreased by 2-fold
(Figure 4G). The number of dead cells increases with time in
untreated samples due to increased accumulation of iron and
initiation of ferroptosis. Previously viability testing has been
performed in higher animal models and neural cell line in which
there is a 2-fold decrease of apoptosis in the treated group when

54,55

compared to an untreated group.®** The current study results are

comparable with these data.

Oxidative stress contributes to myelin degradation and neuronal
injury in ICH.>**” There was a maximum of up to 12-fold increase
in scavenging ratio in treatment groups with the least being 9-fold.
Xanthine is a compound which when broken down by xanthine
oxidase produces uric acid and ROS which in ICH can lead to
disruption of vessels and cause further hemorrhage increasing
hematoma volume.*® Estimation of xanthine in the samples can
predict the level of antioxidant potency of Asiaticoside. The
results indicate a 3-fold decrease of xanthine in the 600 pug/mL

International Journal of Pharmaceutical Investigation, Vol 14, Issue 4, Oct-Dec, 2024
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treated group within 24 hr. which is higher compared to 800 pg/
mL and 1000 pg/mL which results in a 1.6- and 1.8-fold decrease
respectively (Figure 3C). Lipid peroxidation is another major
indicator of oxidative damage to the cells.!! Malondialdehyde
(MDA) was found to reduce by 6-fold in 600 pg/mL treatment
while with 800 ug/mL and 1000 pg/mL, the decrease was 2- and
3-fold respectively (Figure 3B). The reactive oxygen species
release and rate of apoptosis in ICH fall into a vicious cycle,
contributing to each other. In previous studies, Asiaticoside was
proven to exhibit antioxidant properties both in vitro and in vivo
using brine shrimp model and neural cell line.>>*

Nitric oxide is another important molecule for cell signaling and
reduction of oxidative stress thereby being neuroprotective.®
Exponential increases in nitric oxide levels serve to mediate the
inflammatory process. The nitrite level in the treated groups was
found to increase 3-, 1.4- and 2.2-fold in 600, 800 and 1000 pg/
mL respectively (Figure 3A).

The aforementioned observations were between 6-30 hr after
induction of ICH; the inflammation and cell death seem to be
resolving after that, owing to the complexity level and regenerative
capacity of the animal. But this short-time pathology of ICH in
Zebrafish can be compared to the long-term illness in higher
animal models and humans. Though the proposed model proves
promising in ICH, there are some limitations like having fragile
and non-calcified bones which cannot withstand the increase of
intracranial pressure, the water environment being different from
that of humans, the immediate mortality that is more common
in humans with ICH not seen in the fish. To overcome these
limitations more relevant higher animal models could be used for
pre-clinical testing.

CONCLUSION

The adult Zebrafish intracerebral haemorrhage model was
developed and validated to present the multifaceted mammalian
pathophysiology of the condition. Asiaticoside is shown to
modulate neuroinflammation through a spectrum of biological
properties thus being neuroprotective, opening avenues for
further pre-clinical testing.
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ABBREVIATIONS

ICH: Intracerebral Hemorrhage; IL-1: Interleukin 1p; RT-PCR:
Reverse transcriptase-polymerase chain reaction; CAA: Cerebral
amyloid angiopathy; HMG CoA: Hydroxy methyl glutaryl
Coenzyme A; ROCK: Rho-associated coiled-coil containing
protein kinase; AO/EB: Acridine orange/Ethidium bromide;
TBA: Thiobarbituric acid; TCA: Trichloroacetic acid: CD68:
Cluster of differentiation.
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