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ABSTRACT 
 

Dementia encompasses a broad category of brain diseases characterized by various 

degenerative or vascular components that lead to a long-term and often gradual decline in 

cognitive abilities, significantly affecting daily functioning. Literature indicates that the 

G9a/GLP enzyme, through the upregulation of histone 3 lysine 9 dimethylation (H3K9me2), 

plays a pivotal role in vascular dementia (VD). The increase in H3K9 methylation by 

G9a/GLP during VD inhibits the expression of neuroprotective proteins and diminishes the 

expression of proteins crucial for maintaining blood-brain barrier (BBB) integrity. Using a 

model of permanent common carotid artery (CCA) occlusion, we investigated the effects of 

a G9a/GLP inhibitor (BIX01294) on VD. Following CCA occlusion, BIX01294 (22.5 

µg/kg) was administered intraperitoneally three times a week for one month. We assessed 

neuronal damage using Nissl staining, BBB permeability via the Evans blue test, and 

measured brain water content. Western blot analysis was employed to evaluate the 

hippocampal levels of Bax and Bcl2 proteins. Treatment with BIX01294 enhanced BBB 

stability (P < 0.05) and subsequently reduced brain edema compared to the VD group (P < 

0.05 for both measures). Neuronal injury in the CA1 region of the hippocampus significantly 

decreased following BIX01294 administration compared to the VD group (P < 0.05). 

Furthermore, the Bax/Bcl2 ratio markedly decreased in the treatment group (P < 0.0001). In 

summary, our research demonstrates that inhibiting H3K9 methylation can prevent the 

progression of vascular dementia by reducing cerebral edema and neuronal apoptosis in the 

hippocampus following ischemic stroke.  

  

Keywords: H3K9; Brain Edema; Blood-Brain Barrier; Vascular Dementia; 

Cerebral Ischemia  
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1. Introduction 
The term "dementia" refers to a broad category of 
neuropathologically distinct chronic brain disorders that 
share a progressive decline in cognitive functions. This 
decline inevitably results in memory loss, difficulties in 
problem-solving, disorientation, mood swings, and 
deterioration in language and communication abilities (1). 
Age-related neurological disorders, particularly vascular 
dementia (VD), link vascular conditions such as cerebral 
ischemia, hemorrhagic stroke, ischemic stroke, and hypoxia 
to cognitive deficits (2). Epigenetic alterations significantly 
impact the pathophysiology and functional recovery 
following ischemic brain injury. Histone methylation, a 
type of epigenetic modification, affects the transcriptional 
regulation of genes, often occurring on the N-terminal 
arginine or lysine residues of histones H3 and H4. 
Methylation of histone 3 at lysines 4 (H3K4), 36 (H3K36), 
and 79 (H3K79) typically associates with transcriptional 
activation, while methylation at lysines 9 (H3K9), 27 
(H3K27), and 20 (H4K20) correlates with transcriptional 
repression (3–5). 

Previous studies have shown that deacetylation of H3K9 
and increased levels of H3K9me2 are linked to the 
suppression of the glutamate receptor 2 (GluR2) gene in the 
CA1 neuronal promoter during ischemic events (6). 
Furthermore, after internal carotid artery occlusion, 
molecular investigations reveal dysregulation of various 
histone methyltransferases (HMTs) and histone lysine 
demethylases (HDMs), alongside a significant global 
reduction in transcriptional repression induced by the 
H3K9me2 epigenetic modification in the striatum (7). 
Additionally, pharmacological and genetic inhibition of 
SUV39H1 and G9a markedly promotes neuronal survival 
following oxygen and glucose deprivation (OGD) (8). 
Wilson et al. discovered that G9a regulates axon growth by 
modulating the RhoA signaling pathway in both in vitro 
and in vivo studies (9). Genome-wide chromatin 
immunoprecipitation analyses using postmortem human 
brain tissues from the lateral temporal lobes indicated a 
significant reduction in H3K122ac and H3K4me1 markers 
in Alzheimer's disease (AD) samples. These epigenetic 
modifications correlate with an enrichment of 
transcriptional patterns associated with pro-disease 
pathways, such as inflammation and cell death (10). In 
sporadic AD patients, a modest study of postmortem 
temporal cortices revealed a relationship between 
H3K9me3 and aberrant heterochromatin structures. 
Notably, in AD patients, gene expression levels negatively 
correlate with H3K9me3 occupancy in genomic regions 
(11). Another investigation indicated that while 
H3K27me3, a marker of dormant genes, remained 
unchanged, AD brains exhibited decreased levels of 
H3K4me3, which is indicative of active gene transcription. 
Nevertheless, the specific examination of histone 
methylation changes in vascular dementia remains 
relatively scarce.   Based on previous research, we 
hypothesized that inhibiting restrictive histone 

methyltransferases would lead to gene activation and 
neuroprotection in ischemic conditions. Thus, the objective 
of this study was to evaluate the advantages of 
pharmacologically inhibiting H3K9 methylation in VD.    

 
2. Materials and Methods 
2.1. Experimental Design 
Fifty-six male Wistar rats weighing 250-270 g were 
randomly divided into four groups: 
1-Sham Group (n=14) 
After anesthesia with ketamine (70 mg/kg) and xylazine 
(10 mg/kg), the common carotid artery (CCA) was 
exposed, and the neck wound was closed without carotid 
ligation. Rats received 5 µl of normal saline, the solvent for 
BIX01294, via intraventricular (ICV) injection three times 
a week for one month. 
2-BIX01294 Group (n=14) 
Surgery was performed in the neck midline without carotid 
ligation, and animals received BIX01294 (22.5 µg/kg 
dissolved in normal saline) via ICV injection three times a 
week (12). 
3-Vascular Dementia (VD) Group (n=14) 
Animals underwent permanent occlusion of the bilateral 
common carotid arteries to induce the VD model. Rats 
received 5 µl of normal saline via ICV injection three times 
a week for one month. Laser Doppler flowmetry confirmed 
the induction of cerebral hypoperfusion. 
4-VD + BIX01294 Group (n=14) 
VD was induced as previously described, followed by ICV 
injection of BIX01294 for one month (three times a week at 
a dosage of 22.5 µg/kg dissolved in normal saline). The 
mortality rate across all groups was 10-15%, and 
ultimately, 14 surviving rats were assigned to each group. 
2.2. Stereotaxy and Cannula Implantation 
The animals were placed in a stereotaxic device and 
anesthetized with an intraperitoneal injection of ketamine 
hydrochloride and xylazine. A 23-gauge guide cannula was 
positioned 1 mm above the intended injection site 
according to Paxinos and Franklin's atlas (2001). The 
stereotaxic coordinates for the right lateral ventricle were 
DV: 2.9 mm from the skull surface, ML: 1.4 mm from the 
sagittal suture, and AP: -0.9 mm from the bregma. Dental 
acrylic was used to secure the cannula, and 27-gauge 
stainless steel stylets were inserted to keep the guiding 
cannula free of debris. Each animal was allowed one week 
to recover from the anesthesia and surgery (13). 
2.3. Induction of VD model (common carotid artery 
occlusion) 
One week following stereotaxic surgery, rats were 
anesthetized with xylazine (10 mg/kg) and ketamine 
hydrochloride (70 mg/kg). A ventral midline incision was 
made in the neck region to carefully separate the left and 
right CCAs from the adjacent vagus nerve, which were 
then permanently ligated with a 6-0 silk suture. 
2.4. Nissl staining 
Nissl staining was performed following the protocol 
described by Ooigawa et al. (2006) (14). Briefly, coronal 
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sections (7 microns thick) of paraffin-embedded fixed 
samples were prepared using a rotary microtome and 
placed on albumin-coated slides. Following hydration and 
clarification, the slides were stained with 1% cresyl violet, 
and sections were mounted with a cover slip. The number 
of dark neurons in the right hemisphere slices was counted 
to assess neuronal damage in the hippocampal region. 
2.5. Evaluating the hippocampal Bax, and Bcl2 protein 
levels by Western Blotting 
The prefrontal tissue was stored at -80°C after being frozen 
in liquid nitrogen. All samples were homogenized in the 
appropriate lysis solution and centrifuged at 15,000 rpm for 
5 minutes to extract total protein. The protein concentration 
in the supernatants was measured using the Bradford 
method. Standardized lysates corresponding to 30 µg of 
protein were loaded onto SDS-PAGE (12.5% 
polyacrylamide gel) and transferred to a PVDF membrane 
(Abcam, UK). The membranes were then blocked with 2% 
electrochemiluminescence blocking reagent from the 
Advanced Kit (Sigma Aldrich, USA) and probed overnight 
with primary antibodies. Subsequently, membranes were 
treated with rabbit IgG-horseradish peroxidase-conjugated 
secondary antibodies, which were detected using the 
reagent from the chemiluminescence kit. For detection of β-
actin as an internal control, blots were stripped with 
stripping buffer (pH 6.7) and then probed with an anti-β-
actin antibody. All antibodies were sourced from Cell 
Signaling Technology, USA. 
2.6. Evans Blue Test 
To evaluate the permeability of the blood-brain barrier 
(BBB), the animals received an intravenous injection of 
Evans blue (2%, 2 ml/kg; Sigma 206334). Two hours later, 
the rats were anesthetized and perfused with saline through 
the left ventricle. Following euthanasia, the brains were 
removed, and the cerebellum was separated. The brain was 
weighed and homogenized in 2 ml of 50% trichloroacetic 
acid, then subjected to centrifugation at 10,000 rpm for 20 
minutes. The supernatant was diluted 1:3 with ethanol, and 
the absorbance of Evans blue was measured using a 
spectrophotometer at 620 nm. The absorbance values were 
compared against a standard curve (Figure 2C), and data 
were reported as micrograms of Evans blue per gram of 
tissue. 
2.7. Brain Water Content 
On the thirtieth day, the animals were deeply anesthetized 
with ketamine (100 mg/kg) and xylazine (20 mg/kg) until 
death. Their brains were then removed and transferred to 
pre-weighed vials. The wet brain vials were measured 
meticulously before undergoing a controlled incubation 
period of 48 hours at 100°C. After incubation, the vials 
were reweighed to determine the dry weight of the brain. 
The brain water content was calculated using the following 
formula: 
 
 
 
 

2.8. Statistical Analysis 
All data were evaluated using one-way analysis of variance 
(ANOVA), with multiple comparisons performed using 
Tukey's HSD test. Data are presented as mean ± S.E.M., 
with a p-value of less than 0.05 indicating a significant 
difference between groups. 
 
3. Results 
3.1. BIX01294 Injection Reduced Neural Damage in 
Vascular Dementia 
Chronic vascular dementia (VD) induction significantly 
increased the rate of neuronal death in the hippocampus, as 
determined by Nissl staining (P<0.001). However, one 
month of BIX01294 treatment prevented hippocampal 
injury and decreased neuronal death, as shown in Figure 1 
(P<0.05). 
3.2. Treatment with BIX01294 Decreased Brain Edema 
in Vascular Dementia 
As illustrated in Figure 2A, VD induction led to significant 
cerebellar edema. The brain water content in the VD group 
was significantly higher than in the sham group (P < 0.01). 
In contrast, BIX01294 treatment in the treatment group 
significantly reduced cerebral edema (P<0.05). 
3.3. BIX01294 Treatment Recovered BBB Integrity in 
Vascular Dementia 
We assessed BBB disruption during VD using Evans blue 
dye. Leakage of Evans blue, indicative of BBB injury, was 
significantly higher in the VD group than in the sham group 
(P<0.01). BIX01294 treatment significantly decreased 
Evans blue levels and improved BBB permeability 
(P<0.05) (Figure 2B). 
3.4. The Bax/Bcl2 Ratio in Vascular Dementia Was 
Reduced by BIX01294 Treatment 
Compared to the sham group, the expression of the pro-
apoptotic protein Bax increased during the experimental 
period, while the anti-apoptotic protein Bcl2 significantly 
decreased in the VD group (P<0.0001). Consequently, the 
Bax/Bcl2 ratio was elevated in the VD group compared to 
the sham group, indicating the activation of apoptotic 
pathways. However, the administration of BIX01294 in the 
treatment group significantly lowered the Bax/Bcl2 ratio 
(P<0.0001) (Figure 3). 

 
4. Discussion 
Age-related diseases, including neurodegeneration, are 
more likely to develop as epigenetic machinery errors 
accumulate over time. Many brain diseases affecting the 
elderly lead to dementia by impairing synaptic plasticity, 
which in turn affects memory and learning. In this study, 
we demonstrate that inhibition of transcriptional repressors 
at the histone methylation level can effectively enhance 
neuronal survival in an in vivo model of vascular dementia. 
Previous studies have shown that histone methylation 
significantly impacts neuronal survival under various 
disease conditions. 
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Figure. 1. Histological change of hippocampus CA1 area cells in Nissl staining. Data are presented as Mean ± S.E.M. *indicates significant 

differences with vascular dementia (VD) group. *P < 0.05 and ***P< 0.001. 
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Figure. 2. A) Brain water content (n=3). B) Evans blue test (n=3). Data are presented as Mean ± S.E.M. * indicates significant differences 

with vascular dementia (VD) group. *P < 0.05, **P< 0.01. C) Evans blue standard curve, OD= optical density. 
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For instance, G9a enzyme transfection in a rat model of 
hypoxia led to an increase in apoptotic cells, while 
sevoflurane treatment reduced apoptosis by inhibiting G9a 
expression. Elevated levels of two H3K9me2-specific 
enzymes, SUV39H1 and G9a, have been observed 
following strokes. Furthermore, G9a-specific inhibitors A-
366 and BIX01294 have been reported to prevent the 
degeneration of neurons and astrocytes while decreasing 
the volume of brain infarcts caused by strokes. In another 
study, administration of docosahexaenoic acid (DHA) 
was found to increase H3 and Bcl2 acetylation while 
decreasing H3 methylation and caspase-3, suggesting that 
positive regulation of histone modifications can reduce 
neuronal damage. Conversely, some studies report that 
G9a enzyme activity decreases neural death in renal 
carcinoma cells, with its inhibition by BIX01294 
preventing tumor growth through increased apoptosis. 
Our findings support the theory that G9a/GLP complex 
inhibition reduces Bax protein levels and increases Bcl2, 
thereby preventing neuronal death in vascular dementia. 
Nissl staining also indicates that BIX01294 significantly 
reduces brain injury compared to the VD group. Histone 
methylation and G9a enzyme activity are known to be 
beneficial, even essential, for numerous physiological 
processes. However, unlike neurological diseases, the 
pathological conditions underlying cancer are distinct, 
characterized by uncontrolled cell division, where 
upregulating G9a expression aids in tumor growth 
regulation. Additionally, our study demonstrates that 
BIX01294-inhibited H3K9 methylation enhances BBB 
integrity and reduces cerebral edema. The BBB regulates 
molecular exchange between the blood and brain, thus 
maintaining the brain's environment for essential 
processes. However, components of the BBB can be  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
altered, and its function compromised in certain 
conditions, such as aging, hypertension, and cerebral 
ischemia. In recent years, numerous attempts have been 
made to repair epigenetic modifications to mitigate BBB 
damage. For example, a study utilizing valproic acid and 
sodium as histone deacetylase (HDAC) inhibitors in a rat 
model of ischemic stroke reported benefits in reducing 
tight junction (TJ) protein degradation, such as Claudin-5 
and ZO-1. In another study, HDAC inhibitor treatment in 
rats subjected to cerebral ischemia/reperfusion injury 
resulted in increased expression of TJ proteins, including 
ZO-1, Occludin, and Claudin-5, thus stabilizing the BBB. 
Imakito et al. (2019) investigated cerebral edema and 
BBB dysfunction in a mouse model of viral 
encephalopathy, finding that the influenza virus caused 
BBB breakdown by degrading TJ proteins. Their 
assessment of 84 enzymes controlling histone structure 
during viral encephalopathy revealed a significant 
increase in the expression of the H3K9 methyltransferase 
Setdb2 compared to the control group. Moreover, 
immunoprecipitation on chromatin demonstrated that the 
Caveolin-1 promoter exhibited heightened H3K9 
methylation, leading to decreased Caveolin-1 expression 
and compromised BBB integrity. In conclusion, 
H3K9me2 inhibitors may reduce neural damage in 
vascular dementia by improving BBB integrity and 
preventing cerebral edema formation. 
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Figure. 3. A) Represented blot of Bax/Bcl2 (n=3). B) The density of Bax, Bcl2 and β-Actin proteins band which measured in the 

hippocampus area (n=3). Data are presented as Mean ± S.E.M. * indicates significant differences with vascular dementia (VD) group. 
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