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Class 1 and 2 histone deacetylase inhibitors (HDACI) have been reported 
as novel therapeutic approaches to treat neurodegenerative disorders, 
depression, anxiety, and cognitive deficits. HDACI ameliorated deficits in 
cognition and stress-related behaviors in a wide range of neurologic and 
psychiatric disorders. Preclinically, behavioral bioassay can be used to 
predict the influence of new compounds for treatment of these illnesses. 
Curcumin and its new analogues PGV-0 and PGV-1 have been reported to 
inhibit HDAC2. However, reports regarding the effect of curcumin and its 
analogues on memory and cognitive function, anxiety, and social 
interaction behavior are as yet to be examined. Mice were divided into 
control and treated groups. Brain disorder was induced by oral 
administration of 10% ethanol in sodium-CMC for 7 days. Curcumin, PGV-
0, PGV-1, and sodium butyrate (as positive control) were then given orally 
once a day for 21 days. The behavior tests of social interaction, open field, 
radial 8-arm-maze, and passive avoidance were performed on day 29. To 
increase dissolution and bioavailability of the compounds, they were 
formulated in a self-nano emulsifying drug delivery system (SNEDDS). 
Brains were isolated and analyzed using PCR to investigate the expression 
of genes related to neurobehavioral disorders hdac2, trkB, and bdnf. In 
different doses, curcumin, PGV-0, and PGV-1 increased social interaction 
capability, declined anxiety level, and improved long-term memory and 
cognitive function. The mechanism proposed is: HDACI curcumin and its 
analogues (PGV-0 and PGV-1) that keep the histone protein in acetylation 
state increase bdnf expression. The increased trkB expression is increasing 
the activation of the bdnf gene because trkB is the primary receptor of bdnf 
that supports the survival of existing neurons and encourages the growth 
and differentiation of new neurons and synapses. Thus, those mechanisms 
could improve long-term memory and cognitive function, increase social 
interaction, and reduce anxiety in ethanol-induced mice with brain 
disorders. 

 

INTRODUCTION 
Ethanol-induced adult brain damage 

resulted in a decrease in cognitive functions such 
as learning and memory disorders. It was caused 
by oxidative stress that inducted the formation of 
free radicals, causing cell damage and necrosis 
(Heaton et al., 2000). The acute application of 

ethanol in 7 days caused hippocampus CA1 
damage in mice (Adiningsih, 2013). Sodium 
butyrate was well known as a histone 
deacetylation inhibiting compound in the 
hippocampus that related to recovery of memory 
and cognitive functions (Cohen et al., 2014) and 
treating stress and anxiety by increasing the 
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balance of excitatory and inhibitory neural 
pathways in the brain (Fukuchi et al., 2009; 
Machado-Vieira et al., 2012). It was reported to 
be able to penetrate the blood-brain barrier 
(BBB) in an in vivo study (Simonini et. al., 2006). 

Up to the present time, the results of the 
studies of curcumin (Figure 1(a)) showed that 
curcumin reduced oxidative stress (Frautschy et 
al., 2001), played a role in brain-derived 
neurotrophic factor (BDNF) and ERK/P38 
signaling kinase, and increased histone 
acetylation that could induct neurogenesis (Deng 
et al., 2010; Istyastono et al., 2016; Liu et al., 
2005; Mancuso et al., 2011). Blocking HDAC 
activity during cortical development using the 
HDAC inhibitor suberoylanilide hydroxamic acid 
increased acetylation of histone that leads to 
increased neurogenesis (Yuniarti et al., 2013) 
and reduced cortical interneuron and astrocyte 
in mouse brain (Yuniarti et al., 2018). 

Pentagamavunon-0 (PGV-0) with IUPAC 
named 2,5-bis-(4’-hydroxy-3’-methoxy)-
benzylidene cyclopentanone was one of the 
modified curcumin compound structures in the 
middle chain, representing the modification of β-
diketone into cyclopentanone as illustrated in 
Figure 1(b) and also Pentagamavunon-1 (PGV-1) 
or 2,5-bis-(4'-hydroxy-3',5'-
dimethylbenzylidine)-cyclopentanone (Figure 
1(c)). They were reported to have several 
pharmacological activities such as 
antiinflammation (Sardjiman, 2000) by 

inhibiting Cox-1 and Cox-2 (Yuniarti et al., 2012), 
anticancer (Nurulita and Meiyanto, 2000), and 
antioxidants that were better than curcumin 
(Sardjiman et al., 1997). 

Curcumin, PGV-0, and PGV-1 were very 
little to dissolve in water, so their dissolubility 
and their biological availability were low (Hakim 
et al., 2006). Therefore, it was necessary to 
prepare a formulation using a proper conduction 
system to overcome the low dissolubility and 
biological availability of curcumin and PGV-0 
formulations with the self-nano emulsifying drug 
delivery system (SNEDDS) method. In vitro tests 
of cancer cells showed that curcumin 
nanoparticulation preparation was able to more 
effectively penetrate the walls of cancer cells and 
normal cells as antiinflammation (Tsai et al., 
2011). A preliminary study showed that orally 
application of curcumin nanoemulsion gave a 
higher concentration in blood plasma than 
curcumin without any nanoparticle formulation 
(Mancuso et al., 2011). Here we investigate the 
effect of curcumin and its analogues (PGV-0 and 
PGV-1) in SNEDDS and non-SNEDDS 
formulations on the memory and cognitive 
function, anxiety, and social interaction behavior 
after ethanol-induced brain disorders in mice 
and propose their mechanism based on gene 
expression related to neurobehavioral disorders 
hdac2, trkB, and bdnf. 

 
 

 

(a) (b) 
 

                                (c) 

 

Figure 1. (a) Curcumin, (b) Pentagamavunon-0, (c) Pentagamavunon-1 structure 

 

 
 
METHODS Materials 
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Curcumin (Sigma Aldrich), PGV-0 and 
PGV-1 (synthesized by Prof. Sardjiman), ethanol 
70% (CV. General Labora), sodium butyrate 
(Aldrich Chemistry), tween 20, tween 80, 
mygliol, CMC-sodium (Bratachem), mice fodder 
(Comfeed®), and aquadest (CV. General Labora). 
Adult and male Balb/c mice were bred and 
obtained from the Department of Pharmacology 
and Clinical Pharmacy, Faculty of Pharmacy, 
Universitas Gadjah Mada (UGM). 
 
Instruments 

Glasses (IWAKI and Pyrex), injection 
syringe (Thermo®), injection syringe 1 mL 
(Terumo®), intraperitoneal and oral needle 
(Thermo®), mice cage (Lion Star®), handycam 
(Sony DCR SX65E), radial 8-arm-maze test 
instrument, social interaction instrument, 
passive avoidance instrument, and open field test 
instrument (Department of Pharmacology and 
Clinical Pharmacy, Faculty of Pharmacy, UGM). 
 
Animal Treatments 

All mice used in this study were handled 
according to the animal experimentation 
guidelines of Integrated Research and Testing 
Laboratory UGM numbers 
00072/04/LPPT/VIII/2018 and 
00054/04/LPPT/XII/2021. All efforts were 
made to minimize the number of mice used and 
their suffering. Mice were first adapted for a 
week and housed on a 12 h light/dark cycle with 
free access to food and water. Brain disorder was 
induction by exposing mice to 25 mL/kgBW 
ethanol 10% for 7 days. Mice were orally exposed 
to curcumin, PGV-0, PGV-1 5, 10, 20, and 40 
mg/kgBW in SNEDDS formulation, and also 
sodium butyrate (as a positive control) of 1.2 
g/kgBW intraperitoneally, and the SNEDDS 
vehicle (miglyol, tween 20, tween 80, and PEG) 
orally for 21 days. Subsequently, on the day 29 
behavior tests were performed. 

 
Behavior tests 
Radial 8-arm-maze (Tarantino and Bucan, 2002) 

The radial 8-arm-maze test was in the 
form of a labyrinth with 8 arms that have an end 
for each, and there were designs for opened-
closed-door patterns in arranging fodder. No 
reward (N) meant that there was not any fodder 
(closed door), and reward (R) meant that there 
was fodder (opened door). Four patterns used in 
this test were pattern 1: NRNRNRNR; pattern 2: 
RRNNRRNN; pattern 3: NNRRNNRR; and pattern 
4: RRNNNNRR. The mice were left in a fasting 
period of 24 hours before the test. Mice were put 
in the center of the labyrinth, given 6 minutes to 

explore the field and 5 minutes to scavenge for 
fodders at the ends of each arm. Parameters 
observed include frequency of failure entering 
filled arm and entering empty arm. 
Passive avoidance test (IACUC Standard 
Procedure, 2018) 

The instrument of the passive avoidance 
test consisted of two compartments, which were 
dark and well illuminated. Mice were put in a 
well-illuminated compartment, distantly facing 
the dark compartment, and then given 10 
seconds to explore the compartment. Once mice 
came into the dark compartment, the door was 
closed and given foot-shock 0.5 mA for 2 seconds. 
Latency time started when the door was opened 
to the time when mice moved into the dark 
compartment with their four legs. The test was 
conducted twice with a 20-minute break in 4 
days. The maximal latency time was 3 minutes. 
The parameters of the passive avoidance test 
included latency time 1 (long-term memory) and 
latency time 2 (short-term memory). 
Social interaction test (Kaidanovich-Beilin et al., 
2011) 

The instrument of the social interaction 
test consisted of 3 main compartments. The 
interaction that was scored in the test was 
contacting or touching a cage containing stranger 
mice. The session of each test was 10 minutes. 
There were two tests. Session I was referred to as 
the social affiliation test and aimed at measuring 
the preference of the mice to interact with the 
cage containing stranger mice. Session II was 
referred to as a social novelty test and aimed at 
measuring the preference of the mice to interact 
with the cage containing stranger 1 or stranger 
mice 2. 
Open field test (Seo et al., 2013) 

The experimental instrument was square 
with a grid of a certain dimension at the bottom 
of it and illuminated by a 60-watt red lamp. Mice 
were first adapted to the experimental 
environment for a minute and then put in the 
center of the instrument. Subsequently, they 
were exploring the field for 5 minutes. The 
parameters observed included frequency of line 
crossing, center square entries, rearing, stretch 
attend posture, and duration of grooming, 
freezing, and center square duration as described 
in Seo et al. (2013). 

 
 

 
Tissue preparation and PCR/q-RT PCR 

Mice brains were dissected and collected 
in ice-cold phosphate buffered saline (PBS). They 
then inserted into the microtubes that contain 
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RNA stabilization solution (FavorgenTM, 1 mL 
solution for every 100 mg of samples). RNA 
isolations were performed in ± 30 mg of brain 
samples. Total RNA was isolated and quantified 
using FavorgenTM Favorprep Tissue Total RNA 
Purification Mini Kit 1 and Nanodrop 2000 
Thermo Spectrophotometer ScientificTM 
(Thermofisher), respectively. cDNA was 
synthesized from 100 ng RNA using Reverse 
Transcription Kit II 100RXN (cDNA kit, 
SMOBIO®). All electrophoretic bands were 
visualized with the GelDoc Imager (BioRad), 
followed by densitometry analysis to see the 
intensity of gene expression bands with Image J 
software. 

The expression of target genes was 
normalized to that of the housekeeping gene 
glyceraldehyde 3-phosphate dehydrogenase 
(gapdh). The gene-specific primers (Macrogen) 
were as follows: hdac2: Hdac2-S, 
CGGTGTTTGATGGACTCTTTG; Hdac2-AS, 
CCTGATGCTTCTGACTTCTTG; trkB: trkB-S, 
GTCTGGAGGGTGCTATGCT; trkB-AS, 
CTACTGCTGGCGAAGTGACG; bdnf: Bdnf-S, 
TACCTGGATGCCGCAAACAT; Bdnf-AS, 
AGTTGGCCTTTGGATACCGG; gapdh: Gapdh-S, 
GTCGGTGTGAACGGATTTGG; Gapdh-AS, 
GACTCCACGACATACTCAGC. 

Bdnf mRNA expression levels were 
determined quantitatively using real-time PCR 
based on the 2X Fast q-PCR Master Mix protocol 
(SYBR, no ROX) ExcelTaqTM (Smobio). Five 
cDNA templates were analyzed as recommended 
by the manufacturer. qRT-PCR was performed by 
a PCR T100TM Thermal Cycler (BioRad). 

 
RESULTS AND DISCUSSION  

Class 1 and 2 histone deacetylase 
inhibitors (HDACI) have been reported as novel 
therapeutic approaches to treat 
neurodegenerative disorders, depression, 
anxiety, and cognitive deficits. HDACI 
ameliorated deficit in cognition and stress-
related behaviors in a wide range of neurologic 
and psychiatric disorders. Preclinically, 
behavioral bioassay can be used to predict the 
influence of new compounds for treatment of 
these illnesses. Curcumin and its new analogues 
PGV-0 and PGV-1 have been reported to inhibit 
HDAC2. Here we reported regarding their effect 
on memory and cognitive function, anxiety, and 
social interaction behavior by using neuro-
behaviors radial 8-arm-maze, passive avoidance, 
open field, and social interaction tests. 

A radial 8-arm-maze test was used to 
investigate the presence of a brain disorder in the 
form of a deficit in learning and memory or a 

decrease in cognitive function (Tarantino and 
Bucan, 2002). There were 4 patterns used to 
improve a cognitive map in the form of spatial 
relations. The results of the observation of 
patterns 1, 2, 3, and 4 could be seen in Figure 2 
(Wulandari, 2016). Ethanol affected the cognitive 
and memory functions of mice, as indicated by 
the increase in frequency of failure as compared 
to the normal group in patterns 1, 2, and 4. It was 
clearly observed that the most effective testing 
compounds in affecting cognitive and memory 
function of ethanol-induced mice were curcumin 
40, PGV-0 5, and PGV-1 10 mg/kgBW, as 
indicated by the decrease in the frequency of the 
failure in patterns 1, 2, and 4. The higher the 
frequency of the failure the mice made, the lower 
their cognitive memory function would be. 

A passive avoidance test was commonly 
used to test various memory functions of 
experimental animals (usually rats and mice) 
and consisted of short-term and long-term 
working memory (Adiningsih, 2013). In the 
passive avoidance test, mice would be exposed to 
the stressor of repeated foot-shock so they would 
memorize and learn something from what they 
had experienced. The parameters observed in 
this test were latency time 1 and latency time 2. 
The latency time 1 represented long-term 
memory, while the latency time 2 represented 
short-term memory. It showed that the longer 
the latency, the better the memory and learning 
function of mice. 

The results of the passive avoidance test 
could be seen in Figure 3. It was clearly observed 
that ethanol caused a decrease in memory 
function, as evidenced by the shorter latency 
time, opposite of sodium butyrate. It was proven 
that sodium butyrate, as a positive control of 
histone deacetylation inhibitor (HDACI), could 
improve learning capability and memory 
(Chuang et al., 2009; Fischer et al., 2007). The 
SNEDDS vehicle (consisting of miglyol, tween 20, 
tween 80, and PEG) did not have any significant 
effect from the control. Therefore, the most 
effective active compounds in improving 
memory and cognitive functions of mice were 
curcumin 20 and 40 and PGV-0 40 mg/kgBW. 
Curcumin was naturally neuroprotective 
because it had high antioxidant content, and PGV-
0 also had high antioxidant content (Sardjiman, 
1997; Sardjiman 2000), as evidenced by the 
capability to improve memory and cognitive 
functions in ethanol-induced mice's brains. 

A social interaction test was conducted to 
find out characteristic neuropsychiatric 
disorders in social behavioral disorders and 
social adaptation processes, including 
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depression, autism spectrum disorders (ASD), 
bipolar disorders, obsessive-compulsive 
disorders, and schizophrenia (Kaidanovich-
Beilin et al., 2011). The results were illustrated in 
Figure 4. In session 1, contact duration of mice 
with cage containing stranger mice 1 (Figure 
4(a)) was indicative by significant difference 
between ethanol group and sodium butyrate, 
curcumin 5, 10, 20 mg/kgBW, PGV-0 5 
mg/kgBW, and PGV-1 5, 10, 20 mg/kgBW based 
on post-hoc LSD test. It is suggested that the use 
of sodium butyrate for 21 days was able to 
alleviate social adaptation interaction disorder in 
ethanol-induced mice brains and prolonged 
social adaptation interaction duration in normal 
mice. 

The second session results could be seen 
in Figure 4(b). There was a significant 
difference among the ethanol group and 
curcumin 20, PGV-1 20, 40, and PGV-1 10 

mg/kgBW. Interaction with the cage containing 
stranger mice 2 lasted longer than that with the 
cage containing stranger mice 1, and it 
indicated the social interaction behavior 
tended to like the new environment more than 
the prior environment (in which there were 
stranger mice 1 that had been known before). 
Kaidanovich-Beilin et al. (2011) used control 
mice of wild type and GSK-α mutant on their 
study, and the results showed that the wild 
type was more likely to interact with cage-
containing stranger mice 2 than with cage-
containing stranger mice 1, and it was 
indicative of normal social behavior in social 
interaction with new subjects. Mice are more 
likely to interact with the cage containing 
stranger mice 1, and it indicated the presence 
of anxiety and fear in interacting with stranger 
mice 1 that has been known before. 

 

 

 
 
 

Figure 2. Histogram of frequency of failure made by mice on radial 8-arm-maze test in patterns 
1 (a), 2 (b), 3 (c), and 4 (d) (X±SD) among treatment group, n=10. (*) sig. p<0.05, significant 

difference between ethanol group and treatment group. 
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Figure 3.  Histogram of latency time (X±SD) in short-term memory (latency time 1, a) 

and long-term memory (latency time 2, b) among the treatment groups, n=10. (*) sig. 
p<0.05, significant difference between ethanol groups and treatment group. 

An open field test was used to know the 
phenotype brain disorders of anxiety (Bailey 
and Crawley, 2009; Tarantino and Bucan, 
2002). The results could be seen in Figure 5. 
The anxiety of ethanol-induced mice was 
indicated by all parameters as compared to the 
normal group. Sodium butyrate had a 
significant impact on mice, as indicated by 
grooming in comparison between the sodium 
butyrate and ethanol groups. Curcumin 20 
mg/kgBW-influenced anxiety, as indicated by 
an increase in frequency of line crossing, 
decreases in frequency of stretch-attend 
posture, and decreases in duration of 
grooming and freezing. PGV-0 10 mg/kgBW 

effected anxiety as indicated by increase in 
frequency of line crossing and decrease in 
grooming duration, while PGV-0 20 mg/kgBW 
influenced anxiety of mice as indicated by a 
decrease in frequency of stretch attend posture 
and grooming duration. PGV-1 40 mg/kgBW 
influenced anxiety by increasing the frequency 
of line crossing, grooming, and freezing 
durations.  

Hippocampus was a part of the brain 
situated in the temporal medial lobe directly 
connected to learning and memory processes, 
mood, and anxiety disorder (Gruart, 2006; 
Onksen, 2011; Saladin, 2006). Kushner et al. 
2000 and Bouayed et al. 2009 suggested that 
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the acute consumption of ethanol could cause 
abnormality of GABA receptor function that 
played an important role in anxiety. 
Meanwhile, Sethi et al. (2009) reported that 
curcumin in nanoparticle form could pass BBB 
into brain tissue with passive diffusion. This 
allows for curcumin to have an effect on 
improving memory deficits related to aging 
and oxidative stress through BDNF, ERK/P38 

signaling kinases, and increasing histone 
acetylation of the hippocampus that could 
induct neurogenesis. The increase in 
neurogenesis in the hippocampus could 
improve the function of the hippocampus, 

which plays an important role in cognitive 
memory function and anxiety (Deng et al., 
2010; Liu et al., 2005; Mancuso et al., 2011). 
Anxiety is one of the symptoms of depression. 
Additionally, Kim et al. (2008) reported that 
curcumin had pharmacological activity as an 
antidepressant through BDNF activation. 
BDNF is a gene regulated by the epigenetic 
mechanism by which histones are modified to 

histone acetylation, which involves enzyme 
activity in the transfer of acetyl histone 
transferase and histone deacetylase 
(Ellenbroek and Youn, 2016). 

 
 

Figure 4. Histogram of session 1 (social affiliation, a) and session 2 (social novelty, b) in social 
interaction test (X±SD) among the treatment groups (n=10). (*) sig. p<0.05, significant difference 
between ethanol group and treatment group 
 
 
 



 
 
Journal of Pharmaceutical Sciences and Community  

Exposure of Histone Deacetylase-2... 
Research Article 

 

235 

 
Yuniarti et al. J. Pharm. Sci. Community, 2024, 21(2), 228-243 

 
 

Figure 5. Histogram of parameters in open field test include freezing, grooming, center square 
duration (a) and line crossing, center square entries, rearing, stretch attend posture (b) (X±SD) 

among the treatment groups, n=10. (*) sig. p<0.05, significant difference between ethanol group 
and treatment group. 

 

 
Histone deacetylase inhibitor 

compounds that keep the histone protein in 

acetylation state are reported to be able to 
increase BDNF expression through the 

activation of CREB-mediated transcription 
(Volmar and Wahlestedt, 2015). Curcumin 

increases BDNF levels and activates TrkB 
(Wang et al., 2008). This study is in line with 

the research from Wang et al. (2008) and 
Volmar and Wahlestedt (2015), which 

reported that curcumin and PGV-0 were potent 
ligands of HDAC2 in silico (Istyastono et al., 

2016) and inhibit HDAC2 in vitro (Yuniarti et 

al., 2017). Moreover, this study shows that in 
different doses, curcumin, PGV-0, and PGV-1 

increased social interaction, reduced 
depression in an open field test, and increased 

long-term memory and cognitive function in 
ethanol-induced mouse brains (Table 1). These 

phenotypes were followed by suppression of 
hdac2 (Figure 6, Table 2) and increased trkB 

(Figure 7, Table 2) gene expressions (Azizah, 
2019) and bdnf upregulation in vivo (Figure 8). 

TrkB is a gene associated with learning and 
memory and anxiety. Increased TrkB 

expression is suspected through activation of 
the BDNF gene because it is known that TrkB is 

the primary receptor of BDNF (Kozisek et al., 
2008). The results of our research on curcumin 

and its analogues PGV-0 were in line with that 

study, and also Kim et al. (2008) reported that 
the pharmacological activity of curcumin as an 

antidepressant increased BDNF expression, 
thus increasing the expression of TrkB. Overall, 
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here we propose a mechanism that HDACI 

curcumin and its analogues (PGV-0 and PGV-1) 
that keep the histone protein in acetylation 

state (Yuniarti et al., 2013) increase bdnf 
expression. The increased trkB expression is 

increasing the activation of the bdnf gene due 
to trkB being the primary receptor of bdnf that 

supports the survival of existing neurons and 
encourages the growth and differentiation of 

new neurons and synapses. Thus, those 
mechanisms could improve long-term memory 

and cognitive function, increase social 
interaction capability, and reduce anxiety 

(Figure 9; Kim et al., 2017 with modification). 

PGV-0 and PGV-1 were curcumin analog 
compounds with higher lipophilicity 

(Sardjiman, 2000) that enabled them to pass 
BBB. To improve their solubility and 

bioavailability in biological fluids, here in this 
study we formulate curcumin and its analogues 

into nanoemulsions that have SNEDDS 
mechanisms. One of the pharmacological 

activities of curcumin, PGV-0, and PGV-1 was 
antioxidant (Sardjiman 1997, Sardjiman 2000). 

Generally, the antioxidant played a role in the 
neurogenesis process of the hippocampus 

through balancing regulation of mitosis 

activity, cell cycle arrest, differentiation, and 
cell apoptosis (Casadesus et al., 2004). It was 

possible that the pharmacological activity of 
curcumin, PGV-0, and PGV-1 as an antioxidant 

could influence learning and memory through 
the formation of new neurons in the 

hippocampus. Sodium butyrate was known as 
an HDAC inhibitor that could improve learning 

and memory (Govindarajan et al., 2011). 
Ethanol-induced non-permanent and 

reversible cortex abnormality that plays a role 
in histone acetylation through the HDAC 

enzyme and influences chromatin structure 

and gene-specificity that contributes to 
homeostasis. Peterson and Laniel (2004) also 

suggested that histone modification was 
dynamic and reversible in nature. 

The behavioral test method (Tarantino 
and Bucan, 2002) used in this study had several 

weaknesses, such as the lack of a calculation of 
the duration of mice in freezing conditions in 

the center of the instrument. The time mice 
took in the center of the instrument could be 

used to predict their thinking capability. 

 

 
 

Table 1. Summary of doses affecting neuro-behavior tests. 
 

 
Compound 

Memory and cognitive function Social interaction 

Radial 8-arm-maze    Passive avoidance Social interaction Open field 

Curcumin 40 mg/kgBW 

 
5 mg/kgBW 

 
10 mg/kgBW 

     20, 40 mg/kgBW 

 
40 mg/kgBW 

 
-­­ 

5, 10, 20 mg/kgBW 20 mg/kgBW 

PGV-0 5, 20, 40 mg/kgBW 10, 20 
mg/kgBW 

PGV-1 5, 10, 20 mg/kgBW 40 mg/kgBW 

 

Different doses of curcumin, PGV-0, and PGV-1: (1) increased social interaction capability, (2) 
reduced depression in open field test, and (3) increased long term memory and cognitive function 

in passive avoidance and radial 8-arm-maze test. 
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Table 2. Quantification of hdac2 and trkB expression level relative to normal group (n=5). 

 

 
Group 

hdac2 trkB 

 

hdac2 expression 

level (Mean±SEM) 

 

Decreased of hdac2 

expression level (%) 

trkB expression level 

(Mean±SEM) 

Increased of trkB 

expression level 

(%) 

Normal 1.114±0.106 - 0.908±0.042 - 

Ethanol 0.734±0.007* -38±0.112 0.867±0.031 -4.1±0.047 

Butyrate 0.327±0.018* -78.7±0.018 1.393±0.044** 48.5±0.044 

Curc20 0.619±0.026* -49.5±0.026 1.002±0.034** 9.4±0.034 

Curc40 0.673±0.012* -44.1±0.012 1.042±0.021** 13.4±0.021 

PGV-0 20 0.592±0.036* -52.2±0.063 1.083±0.028** 17.5±0.059 

PGV-0 40 0.542±0.028* -57.2±0.075 1.231±0.043** 32.3±0.086 

 
(*) sig. p<0.1, significant difference between normal group and treatment group 

(**) sig. p<0.1, significant difference between ethanol group and treatment group 
(-) and (+) values indicate decreased and increased gene expression, respectively. 

 

 

 

 

Figure 6. Curcumin and its analog PGV-0 suppressed hdac2 gene expressions. 

The hdac2 electrophoretic band appeared at 175 bp (n=5). 
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Figure 7. Curcumin and its analog PGV-0 increased trkB gene expressions. 

The trkB gene electrophoretic band appeared at 144 bp (n=5). 
 

Figure 8. qRT-PCR of bdnf gene expressions. Results were expressed as mean ± SEM (n=5). The 
results were analyzed by ANOVA/Kruskall-Wallis and Independent sample t-test/Mann-Whitney. 

Significant results were marked with the notation *p<0.05; **p<0.01. (NOR = normal group; K- = 
negative control (10% ethanol v/v p.o); K+ = positive control (sodium butyrate 1.2 g/kgBW i.p); 

S20 = PGV-0 suspension 20 mg/kgBW p.o; N20 = SNEDDS PGV-0 20 mg/kgBW p.o; S40 = PGV-0 

suspension 40 mg/kgBW p.o; N40 = SNEDDS PGV-0 40 mg/kgBW p.o). 
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Figure 9. HDACI curcumin and its analogues (PGV-0 and PGV-1) that keep the histone protein in 
acetylation state increase bdnf expression. The increased trkB expression is increased the 

activation of the bdnf gene because trkB is primary receptor of bdnf that supports the survival of 
existing neurons and encourages the growth and differentiation of new neurons and synapses. Thus, 

those mechanisms could increase social interaction capability, decline anxiety level, and improve 
long-term memory and cognitive function in ethanol-induced mice brain disorder. 

 

It could be correlated to the learning process 

and cognitive aspects. Also, in the radial 8-arm-
maze test, Kaidanovich-Beilin et al. (2011) had 

several weaknesses, such as the lack of the 
calculation of the duration of the mice in the 

center of the instrument. The time mice took in 
the center of the instrument could be used to 

predict their anxiety and doubt in interaction. 

Additionally, the Additionally, the 
results of the behavioral test could be 

influenced by controlled and uncontrolled 

variables, such as noise and light and the 
metabolism condition of each animal, 

respectively. It was necessary to conduct 
histological tests to observe improvement of 

the hippocampus after the exposure to 
curcumin, PGV-0, and PGV-1.  

Examination of post-mortem samples of 

Alzheimer's disease patients shows that the 
abundance of HDAC2 increases even in the 
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early stages of Alzheimer's disease. The 

abundance of HDAC2 is a cause of decreased 
cognitive function in Alzheimer’s disease. 

Curcumin and its analogues can inhibit HDAC2 
in silico and in vitro selectively. In vivo, they 

alleviated social adaptation interaction 
disorders, declined the anxiety levels in the 

open field test, and improved memory and 
cognitive function in ethanol-induced mice 

brains after tested on radial 8-arm-maze and 
passive avoidance. These phenotypes were 

followed by suppression of hdac2 and 
increased trkB gene expressions by 

upregulating bdnf, a neurotrophin that 

supports the survival of existing neurons and 
encourages the growth and differentiation of 

new neurons and synapses. Taken together, 
these findings are providing insights into drug 

discovery to the field of neuropharmacology 
for potential treatments in cognitive and 

memory disorders on the target of HDAC2, 
such as Parkinson's disease, stroke, anxiety, 

schizophrenia, and alcohol-drug abuse, 
including Alzheimer's disease. Fifteen 

heterocyclic curcumin analogues that are 
modified on the keto-enol group, especially 

with the pyrazole group, enhance their 
permeability into the brain, thus exhibiting 

promise efficacy in preclinical studies and are 
suitable for anti-Alzheimer's candidates (Liu et 

al., 2008; Anas et al., 2022; Annisa et al., 2023). 
 

CONCLUSIONS 

In different doses, curcumin, PGV-0, and 
PGV-1 increased social interaction capability, 

declined anxiety level, and improved long-term 
memory and cognitive function. These 

phenotypes were followed by suppression of 
hdac2 and up-regulation of bdnf and trkB. The 

mechanism proposed is: HDACI curcumin and 
its analogues (PGV-0 and PGV-1) that keep the 

histone protein in acetylation state increase 
bdnf expression. The increased trkB 

expression is increasing the activation of the 
bdnf gene because trkB is the primary receptor 

of bdnf that supports the survival of existing 
neurons and encourages the growth and 

differentiation of new neurons and synapses. 
Thus, those mechanisms could improve long-

term memory and cognitive function, increase 
social interaction, and reduce anxiety in 

ethanol-induced mice with brain disorders. 

 
 

ACKNOWLEDGEMENTS 
The authors are gratefully 

acknowledging the funds support of this 
research by (1) Faculty of Pharmacy UGM 
through Hibah Kompetitif Unggulan 
Departemen Program (Grant number 
47.05.04/UN1/FFA1/SET.PIM/PT/2019) and 
(2) Final Project Recognition Grant UGM 
(number 3143/UN1.P.III/DIT-LIT/PT/2021). 
We wish to express our sincere thanks to Dr. 
Ronny Martien for the SNEDDS formulation, 
Prof. Sardjiman and Prof. Sugiyanto for the 
supervision and invaluable discussions in the 
synthesis and pharmacological activity test. 
 
CONFLICT OF INTEREST 
There are no conflicts of interest. 
 
REFERENCES 
Adiningsih, P., 2013. Efek Fraksi Etil Asetat 

Batang Brotowali Terhadap 
Peningkatan Memori dan Fungsi 
Kognitif Pada Mencit Galur Balb/c 
Berdasarkan Passive Avoidance Test 
[Bachelor Thesis]. Undergraduate 
Program, Faculty of Pharmacy, 
Universitas Gadjah Mada, Yogyakarta. 

Anas, Y., Susidarti, R.A., Yuniarti, N., Martien, 
R., 2022. Curcumin Analogues as Novel 
Anti-Alzheimer’s Candidates: Synthesis 
Development Strategy, In Vitro, Cell-
Based and In Vivo Studies. Indonesian 
Journal of Pharmacy, 33(4), 493-514.  

Annisa, Y.N., Samor, V.A., Ikawati, M., Yuniarti, 
N., 2023. Beneficial Fruit-Derived 
Phytochemicals in Treating Alzheimer’s 
Disease–A Review. Jurnal Farmasi Sains 
dan Komunitas (Journal of 
Pharmaceutical Sciences and 
Community), 20(2), 210-219.  

Azizah, U.L., 2019. Pengaruh Nanoemulsi 
Kurkumin Terhadap Ekspresi Gen Histon 
Deasetilase 2, Tropomyosin Receptor 
Kinase B dan 5-Hydroxytryptamine 
Receptor 1B [Bachelor Thesis]. 
Undergraduate Program, Faculty of 
Pharmacy, Universitas Gadjah Mada, 
Yogyakarta. 

Bailey, K. R., Crawley, J. N., 2009. Anxiety-
related behaviors in mice. In J. J. 
Buccafusco (Ed.), Methods of Behavior 
Analysis in Neuroscience (2nd ed.). CRC 
Press/Taylor & Francis. 

Bouayed, J., Rammal, H., Soulimani, R., 2009. 
Oxidative stress and anxiety: 
Relationship and cellular pathways. 



 
 
Journal of Pharmaceutical Sciences and Community  

Exposure of Histone Deacetylase-2... 
Research Article 

 

241 

 
Yuniarti et al. J. Pharm. Sci. Community, 2024, 21(2), 228-243 

Oxidative Medicine and Cellular 
Longevity, 2(2), 63–67.  

Casadesus, G., Shukitt-Hale, B., Stellwagen, 
H.M., Zhu, X., Lee, H.G., Smith, M.A., 
Joseph, J.A., 2004. Modulation of 
hippocampal plasticity and cognitive 
behavior by short-term blueberry 
supplementation in aged rats. 
Nutritional Neuroscience, 7(5–6), 309–
316. 

Chuang, D.M., Leng, Y., Marinova, Z., Kim, H.J., 
Chiu, C.T., 2009. Multiple roles of HDAC 
inhibition in neurodegenerative 
conditions. Trends in Neurosciences, 
32(11), 591–601.  

Cohen, O.S., Varlinskaya, E.I., Wilson, C.A., Glatt, 
S.J., Mooney, S.M., 2013. Acute Prenatal 
Exposure to a Moderate Dose of Valproic 
Acid Increases Social Behavior and 
Alters Gene Expression In Rats. 
International Journal of 
Developmental Neuroscience, 31(8), 
1–27.  

Deng, W., Aimone, J.B., Gage, F.H., 2010. New 
neurons and new memories: how does 
adult hippocampal neurogenesis affect 
learning and memory?. Nature Reviews 
Neuroscience, 11(5), 339–350.  

Ellenbroek, B., Youn, J., 2016. Environment 
Challenges and the Brain. In Gene-
Environment Interactions in Psychiatry. 
107-139.  

Fischer, A., Sananbenesi, F., Wang, X., Dobbin, 
M., Tsai, L.H., 2007. Recovery of learning 
and memory is associated with 
chromatin remodelling. Nature, 
447(7141), 178–182.  

Frautschy, S.A., Hu, W., Kim, P., Miller, S.A., Chu, 
T., Cole, G.M., 2001. Phenolic anti-
inflammatory antioxidant reversal of 
Abeta-induced cognitive deficits and 
neuropathology. Neurobiology of Aging, 
22, 993–1005. 

Fukuchi, M., Nii, T., Ishimaru, N., Minamino, A., 
Hara, D., Takasaki, I., Tabuchi, A., Tsuda, 
M., 2009. Valproic acid induces up-or 
down-regulation of gene expression 
responsible for the neuronal excitation 
and inhibition in rat cortical neurons 
through its epigenetic actions. 
Neuroscience Research, 65(1), 35–43.  

Govindarajan, N., Agis-Balboa, R.C., Walter, J., 
Sananbenesi, F., Fischer, A., 2011. 
Sodium butyrate improves memory 
function in an alzheimer’s disease 
mouse model when administered at an 
advanced stage of disease progression. 

Journal of Alzheimer’s Disease, 26(1), 
187–197.  

Gruart, A., 2006. Involvement of the CA3-CA1 
Synapse in the Acquisition of 
Associative Learning in Behaving Mice. 
The Journal of Neuroscience, 
26(4), 1077–1087.  

Hakim, A.R., Nugroho, A.E., Hakim, L., 2006. 
Pharmacokinetics profile of 
pentagamavunon-0 after potassium 
pentagamavunonat-0 oral 
administration in rats. Majalah Farmasi 
Indonesia, 17(4), 204–211. 

Heaton, M.B., Mitchell, J.J., Paiva, M., 2000. 
Amelioration of ethanol-induced 
neurotoxicity in the neonatal rat central 
nervous system by antioxidant therapy. 
Alcoholism: Clinical and Experimental 
Research, 24(4), 512–518.  

IACUC Standard Procedure, 2018. Passive 
avoidance test. Office of Ethics and 
Compliance Institutional Animal Care 
and Use Program. Retrieved from 
https://www.panlab.com/en/tests-
solutions/passive-avoidance-test. 

Istyastono, E.P., Nurrochmad, A., Yuniarti, N., 
2016. Structure-based virtual screening 
campaigns on curcuminoids as potent 
ligands for histone deacetylase-2. 
Oriental Journal of Chemistry, 32(1), 
275–282.  

Kaidanovich-Beilin, O., Lipina, T., 
Vukobradovic, I., Roder, J., Woodgett, 
J.R., 2011. Assessment of Social 
Interaction Behaviors. Journal of 
Visualized Experiments, 0(48), 1–6.  

Kim, J., Lee, S., Choi, B.R., Yang, H., Hwang, Y., 
Park, J.H.Y., LaFerla, F.M., Han, J.S., Lee, 
K.W., Kim, J., 2017. Sulforaphane 
epigenetically enhances neuronal BDNF 
expression and TrkB signaling 
pathways. Molecular Nutrition Food 
Research, 61(2), 1600194. 

Kim, S.J., Tae, G.S., Hee, R.P., Park, M., Kim, M.S., 
Hyung, S.K., Hae, Y.C., Mark, P.M., Lee, J., 
2008. Curcumin stimulates 
proliferation of embryonic neural 
progenitor cells and neurogenesis in 
the adult hippocampus. Journal of 
Biological Chemistry, 283(21), 14497–
14505.  

Kozisek, M.E., Middlemas, D., Bylund, D.B., 
2008. Brain-derived neurotrophic factor 
and its receptor tropomyosin-related 
kinase B in the mechanism of action of 
antidepressant therapies. Pharmacology

https://www.panlab.com/en/tests-solutions/passive-avoidance-test
https://www.panlab.com/en/tests-solutions/passive-avoidance-test


 
 

Research Article 
Journal of Pharmaceutical Sciences and Community  

Exposure of Histone Deacetylase-2... 

 

242 

 
Yuniarti et al. J. Pharm. Sci. Community, 2024, 21(2), xx J. Pharm. Sci. Community, 2024, 21(2), 228-243 

 and Therapeutics, 117(1), 30–
51.  

Kushner, M.G., Abrams, K., Borchardt, C., 2000. 
The relationship between anxiety 
disorders and alcohol use disorders: A 
review of major perspectives and findings. 
Clinical Psychology Review, 20(2), 149–
171.  

Liu, H.L., Chen, Y., Cui, G.H., Zhou, J.F., 2005. 
Curcumin, a potent anti-tumor reagent, 
is a novel histone deacetylase inhibitor 
regulating B-NHL cell line Raji 
proliferation. Acta Pharmacologica 
Sinica, 26(5), 603–609.  

Liu, Y., Dargusch, R., Maher, P., Schubert, D., 2008. 
A broadly neuroprotective derivative of 
curcumin. Journal of Neurochemistry, 
105(4), 1336–1345.  

Machado-Vieira, R., Ibrahim, L., Zarate, Jr., C.A., 
2011. Histone Deacetylases and Mood 
Disorders: Epigenetic Programming in 
Gene-Environment Interactions. CNS 
Neuroscience Therapy, 17(6), 699–704.  

Mancuso, C., Siciliano, R., Barone, E., 2011. 
Curcumin and Alzheimer Disease: This 
Marriage Is Not to Be Performed. The 
Journal of Biological Chemistry, 
286(3), le3.  

Nurulita, N.A., Meiyanto, E., 2006, The Anticancer 
Effect of Pentagamavunon-0 (PGV-0) to 
T47D Cell Line Induced by 17-b-Estradiol 
Through Apoptosis Induction and 
Angiogenesis Suppression Mechanism, 
Sains Kesehatan, 19(1), 109-125. 

Onksen, J.L., 2011. Role of Hippocampal 
Neurogenesis in The Etiology and 
Treatment of Mood & Anxiety Disorders 
[Dissertation]. University of 
Pennsylvania. 

Peterson, C.L., Laniel, M., 2004. Histones and 
histone modifications. Current Biology, 
14(14), 546–551.  

Saladin, K.S., 2006. Anatomy and Physiology: 
The Unity of Form and Function (4th ed.). 
McGraw-Hill, New York. 

Sardjiman, 2000. Synthesis of Some New Series 
of Curcumin Analogues, Anti-oxidative, 
Anti-inflammatory, Antibacterial 
Activities and Qualitative Structure-
Activity Relationship [Dissertation]. 
Universitas Gadjah Mada, Yogyakarta. 

Sardjiman, S.S., Reksohadiprodjo, M.S., Hakim, 
L., Van Der Goot, H., Timmerman, H., 
1997. 1,5-Diphenyl-1,4-pentadiene-3-

ones and cyclic analogues as 
antioxidative agents. Synthesis and 
structure-activity relationship. 
European Journal of Medicinal Chemistry, 
32(7-8), 625-630.  

Seo, T.B., Cho, H.S., Shin, M.S., Kim, C.J., Ji, E.S., 
Baek, S.S., 2013. Treadmill exercise 
improves behavioral outcomes and 
spatial learning memory through up-
regulation of reelin signaling pathway in 
autistic rats. Journal of Exercise 
Rehabilitation, 9(2), 220–229.  

Sethi, P., Jyoti, A., Hussain, E., Sharma, D., 2009. 
Curcumin attenuates aluminium-
induced functional neurotoxicity in rats. 
Pharmacology Biochemistry and 
Behavior, 93(1), 31–39.  

Simonini, M.V., Camargo, L.M., Dong, E., 
Maloku, E., Veldic, M., Costa, E., Guidotti, 
A., 2006. The benzamide MS-275 is a 
potent, long-lasting brain region-­­
selective inhibitor of histone 
deacetylases. Proceedings of the 
National Academy of Sciences, 103(5), 
1587–1592.  

Tarantino, L.M., Bucan, M., 2000. Dissection of 
behavior and psychiatric disorders 
using the mouse as a model. Human 
Molecular Genetics, 9(6), 953–965.  

Tsai, Y.M., Chien, C.F., Lin, L.C., Tsai, T.H., 2011. 
Curcumin and its nano-formulation: The 
kinetics of tissue distribution and blood-
brain barrier penetration. International 
Journal of Pharmaceutics, 416(1), 331–
338.  

Volmar, C.H., Wahlestedt, C., 2014. Histone 
deacetylases (HDACs) and brain 
function. Neuroepigenetics, 1 (December 
2014), 20–27.  

Wang, R., Li, Y.B., Li, Y.H., Xu, Y., Wu, H.L, Li, X.J., 
2008. Curcumin protects against 
glutamate excitotoxicity in rat cerebral 
cortical neurons by increasing brain-
derived neurotrophic factor level and 
activating TrkB. Brain 
Research, 1210, 84–91.  

Wulandari, F., 2016. Pengaruh Pemberian 
Nanokitosan Kurkumin dan PGV-1 
Terhadap Fungsi Kognitif dan Gangguan 
Interaksi Sosial pada Mencit Jantan yang 
Diinduksi Etanol [Bachelor Thesis]. 
Undergraduate Program, Faculty of 
Pharmacy, Universitas Gadjah Mada, 
Yogyakarta. 

Yuniarti, N., Nugroho, P.A., Asyhar, A., Sardjiman, 



 
 
Journal of Pharmaceutical Sciences and Community  

Exposure of Histone Deacetylase-2... 
Research Article 

 

243 

 
Yuniarti et al. J. Pharm. Sci. Community, 2024, 21(2), 228-243 

Ikawati, Z., Istyastono, E.P., 2012. In vitro 
and In Silico Studies on Curcumin and Its 
Analogues as Dual Inhibitors for 
cyclooxygenase-1 (COX-1) and 
cyclooxygenase-2 (COX-2). Journal of 
Mathematical and Fundamental Sciences 
ITB, 44(1), 51-56. 

Yuniarti, N., Juliandi, B., MuhChyi, C., Noguchi, H., 
Sanosaka, T., Nakashima, K., 2013. 
Prenatal exposure to suberoylanilide 
hydroxamic acid perturbs corticogenesis. 
Neuroscience Research, 77, 42-49.  

Yuniarti, N., Nurrochmad, A.N., Istyastono, E.P., 
2017. Elusidasi Mekanisme Molekular 
Kurkumin dan Dietary Compounds Lain 

sebagai Brain Disorder Treatment Agents 
Baru melalui Uji Aktivitas In silico, In 
vitro, dan In vivo pada Target Enzim 
Histon Deasetilase [Research report]. 
Hibah Kompetensi 3rd year Research 
Grant, Ristek Dikti, Government of the 
Republik Indonesia. 

Yuniarti, N.,   Juliandi, B.,   Sanosaka,   T.,   
Nakashima,   K.,   2017.   Mid-gestational   
exposure   to   histone deacetylase 
inhibitor suberoylanilide hydroxamic 
acid influence cortical interneuron and 
astrocyte in mouse brain. Indonesian 
Journal of Biotechnology, 22 (1), 31-38. 

 


	The authors are gratefully acknowledging the funds support of this research by (1) Faculty of Pharmacy UGM through Hibah Kompetitif Unggulan Departemen Program (Grant number 47.05.04/UN1/FFA1/SET.PIM/PT/2019) and (2) Final Project Recognition Grant UG...
	CONFLICT OF INTEREST
	There are no conflicts of interest.
	REFERENCES
	Bailey, K. R., Crawley, J. N., 2009. Anxiety-related behaviors in mice. In J. J. Buccafusco (Ed.), Methods of Behavior Analysis in Neuroscience (2nd ed.). CRC Press/Taylor & Francis.
	Bouayed, J., Rammal, H., Soulimani, R., 2009. Oxidative stress and anxiety: Relationship and cellular pathways. Oxidative Medicine and Cellular Longevity, 2(2), 63–67.
	Casadesus, G., Shukitt-Hale, B., Stellwagen, H.M., Zhu, X., Lee, H.G., Smith, M.A., Joseph, J.A., 2004. Modulation of hippocampal plasticity and cognitive behavior by short-term blueberry supplementation in aged rats. Nutritional Neuroscience, 7(5–6),...
	Chuang, D.M., Leng, Y., Marinova, Z., Kim, H.J., Chiu, C.T., 2009. Multiple roles of HDAC inhibition in neurodegenerative conditions. Trends in Neurosciences, 32(11), 591–601.
	Cohen, O.S., Varlinskaya, E.I., Wilson, C.A., Glatt, S.J., Mooney, S.M., 2013. Acute Prenatal Exposure to a Moderate Dose of Valproic Acid Increases Social Behavior and Alters Gene Expression In Rats. International Journal of Developmental Neuroscienc...
	Deng, W., Aimone, J.B., Gage, F.H., 2010. New neurons and new memories: how does adult hippocampal neurogenesis affect learning and memory?. Nature Reviews Neuroscience, 11(5), 339–350.
	Ellenbroek, B., Youn, J., 2016. Environment Challenges and the Brain. In Gene-Environment Interactions in Psychiatry. 107-139.
	Fischer, A., Sananbenesi, F., Wang, X., Dobbin, M., Tsai, L.H., 2007. Recovery of learning and memory is associated with chromatin remodelling. Nature, 447(7141), 178–182.
	Frautschy, S.A., Hu, W., Kim, P., Miller, S.A., Chu, T., Cole, G.M., 2001. Phenolic anti-inflammatory antioxidant reversal of Abeta-induced cognitive deficits and neuropathology. Neurobiology of Aging, 22, 993–1005.
	Fukuchi, M., Nii, T., Ishimaru, N., Minamino, A., Hara, D., Takasaki, I., Tabuchi, A., Tsuda, M., 2009. Valproic acid induces up-or down-regulation of gene expression responsible for the neuronal excitation and inhibition in rat cortical neurons throu...
	Govindarajan, N., Agis-Balboa, R.C., Walter, J., Sananbenesi, F., Fischer, A., 2011. Sodium butyrate improves memory function in an alzheimer’s disease mouse model when administered at an advanced stage of disease progression. Journal of Alzheimer’s D...
	Gruart, A., 2006. Involvement of the CA3-CA1 Synapse in the Acquisition of Associative Learning in Behaving Mice. The Journal of Neuroscience, 26(4), 1077–1087.
	Hakim, A.R., Nugroho, A.E., Hakim, L., 2006. Pharmacokinetics profile of pentagamavunon-0 after potassium pentagamavunonat-0 oral administration in rats. Majalah Farmasi Indonesia, 17(4), 204–211.
	Heaton, M.B., Mitchell, J.J., Paiva, M., 2000. Amelioration of ethanol-induced neurotoxicity in the neonatal rat central nervous system by antioxidant therapy. Alcoholism: Clinical and Experimental Research, 24(4), 512–518.
	IACUC Standard Procedure, 2018. Passive avoidance test. Office of Ethics and Compliance Institutional Animal Care and Use Program. Retrieved from https://www.panlab.com/en/tests-solutions/passive-avoidance-test.
	Istyastono, E.P., Nurrochmad, A., Yuniarti, N., 2016. Structure-based virtual screening campaigns on curcuminoids as potent ligands for histone deacetylase-2. Oriental Journal of Chemistry, 32(1), 275–282.
	Kaidanovich-Beilin, O., Lipina, T., Vukobradovic, I., Roder, J., Woodgett, J.R., 2011. Assessment of Social Interaction Behaviors. Journal of Visualized Experiments, 0(48), 1–6.
	Kim, J., Lee, S., Choi, B.R., Yang, H., Hwang, Y., Park, J.H.Y., LaFerla, F.M., Han, J.S., Lee, K.W., Kim, J., 2017. Sulforaphane epigenetically enhances neuronal BDNF expression and TrkB signaling pathways. Molecular Nutrition Food Research, 61(2), 1...
	Kim, S.J., Tae, G.S., Hee, R.P., Park, M., Kim, M.S., Hyung, S.K., Hae, Y.C., Mark, P.M., Lee, J., 2008. Curcumin stimulates proliferation of embryonic neural progenitor cells and neurogenesis in the adult hippocampus. Journal of Biological Chemistry,...
	Kozisek, M.E., Middlemas, D., Bylund, D.B., 2008. Brain-derived neurotrophic factor and its receptor tropomyosin-related kinase B in the mechanism of action of antidepressant therapies. Pharmacology and Therapeutics, 117(1), 30–51.
	Kushner, M.G., Abrams, K., Borchardt, C., 2000. The relationship between anxiety disorders and alcohol use disorders: A review of major perspectives and findings. Clinical Psychology Review, 20(2), 149–171.
	Liu, H.L., Chen, Y., Cui, G.H., Zhou, J.F., 2005. Curcumin, a potent anti-tumor reagent, is a novel histone deacetylase inhibitor regulating B-NHL cell line Raji proliferation. Acta Pharmacologica Sinica, 26(5), 603–609.
	Liu, Y., Dargusch, R., Maher, P., Schubert, D., 2008. A broadly neuroprotective derivative of curcumin. Journal of Neurochemistry, 105(4), 1336–1345.
	Machado-Vieira, R., Ibrahim, L., Zarate, Jr., C.A., 2011. Histone Deacetylases and Mood Disorders: Epigenetic Programming in Gene-Environment Interactions. CNS Neuroscience Therapy, 17(6), 699–704.
	Mancuso, C., Siciliano, R., Barone, E., 2011. Curcumin and Alzheimer Disease: This Marriage Is Not to Be Performed. The Journal of Biological Chemistry, 286(3), le3.
	Nurulita, N.A., Meiyanto, E., 2006, The Anticancer Effect of Pentagamavunon-0 (PGV-0) to T47D Cell Line Induced by 17-b-Estradiol Through Apoptosis Induction and Angiogenesis Suppression Mechanism, Sains Kesehatan, 19(1), 109-125.
	Onksen, J.L., 2011. Role of Hippocampal Neurogenesis in The Etiology and Treatment of Mood & Anxiety Disorders [Dissertation]. University of Pennsylvania.
	Peterson, C.L., Laniel, M., 2004. Histones and histone modifications. Current Biology, 14(14), 546–551.
	Saladin, K.S., 2006. Anatomy and Physiology: The Unity of Form and Function (4th ed.). McGraw-Hill, New York.
	Sardjiman, 2000. Synthesis of Some New Series of Curcumin Analogues, Anti-oxidative, Anti-inflammatory, Antibacterial Activities and Qualitative Structure-Activity Relationship [Dissertation]. Universitas Gadjah Mada, Yogyakarta.
	Sardjiman, S.S., Reksohadiprodjo, M.S., Hakim, L., Van Der Goot, H., Timmerman, H., 1997. 1,5-Diphenyl-1,4-pentadiene-3-ones and cyclic analogues as antioxidative agents. Synthesis and structure-activity relationship. European Journal of Medicinal Che...
	Seo, T.B., Cho, H.S., Shin, M.S., Kim, C.J., Ji, E.S., Baek, S.S., 2013. Treadmill exercise improves behavioral outcomes and spatial learning memory through up-regulation of reelin signaling pathway in autistic rats. Journal of Exercise Rehabilitation...

