
INTRODUCTION 

Moderate alcohol consumption has 
been associated with protective 

effects against certain conditions, 
1including cardiovascular diseases.    

However, excessive alcohol intake can 
lead to significant harm, affecting vital 
o r g a n s  a n d  c o n t r i b u t i n g  t o  
neurodegenerative disorders such as 
neuronal death, cognitive decline, 
behavioral disturbances, and memory 

2impairment.  Ethanol poses an even 
greater risk to the developing brain, 
where concentrations as low as 0.5 g/L 

c a n  i n d u c e  a p o p t o t i c  
3neurodegeneration.

Prenatal exposure to ethanol is a well-
established cause of fetal alcohol 
spectrum disorders (FASD), a leading 
contributor to global mortality and 

4neurodevelopmental abnormalities.  
FASD affects multiple critical brain 
regions-including the cerebellum, 
cerebral cortex, hippocampus, basal 
ganglia, amygdala, and thalamus-
resulting in significant impairments in 

5memory and learning.  To explore these 
effects further, experimental animal 

models have been used to study ethanol 
exposure during both prenatal and 
neonatal stages. Ethanol disrupts 
postnatal brain development by 
inducing apoptosis and neuronal death, 
leading to mental retardation and other 

6adverse outcomes.  Various strategies 
have been explored to mitigate the 
harmful effects of ethanol during these 
vulnerable developmental periods.

Flavonoids are essential plant pigments, 
primarily responsible for the yellow 
coloration of flower petals, which helps 
attract pollinating insects. They play key 
roles in floral pigmentation, ultraviolet 
(UV) filtration, and symbiotic nitrogen 

7fixation.  As biologically significant 
polyphenols, flavonoids are widely 
distributed in higher plants and are 
commonly present in the human diet. 
They exhibit a broad spectrum of 
pharmacologica l  and biologica l  
activities, including antioxidant, anti-
inf lammatory, anti-al lergic, and 

8anticancer properties.  Certain 
flavonoids also possess antimicrobial 
properties against plant pathogens and 
may function as cell cycle regulators and 
chemical messengers. Dietary sources 
of flavonoids include onions, black and 
green tea, parsley, dark chocolate, 

9blueberries, bananas, and citrus fruits.

Flavonoids possess a 15-carbon 
skeleton comprising a heterocyclic ring 
and two phenyl rings. Over 5,000 
naturally occurring flavonoids have been 
identified from various plant sources. 
Based on their chemical structure, 
flavonoids are categorized into several 
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ABSTRACT

Objective: To investigate the potential use of 6-Hydroxyflavone (6-HF) 
activation of phosphorylated Akt (p-Akt) to reduce neurodegeneration induced 
by Ethanol in the developing mice brain of post-natal day 7 (PND-7) mice. 

Methods: This experimental study was conducted from March to June 2023 at 
Neuro Molecular Medicines Research Center, in collaboration with Shaheed 
Benazir Bhutto Women University, Peshawar-Pakistan. Twenty postnatal day-7 
(PND-7) mice were randomly divided into four groups: control, EthOH, EthOH 
+ 6-HF, and 6-HF. Ethanol (5 mg/kg) was administered subcutaneously to the 
EthOH group. 6-HF was administered at a dose of 30 mg/kg to both the EthOH + 
6-HF and 6-HF groups. Four hours after administration, all mice were sacrificed 
for brain tissue collection and Western blot analysis. Densitometric quantification 
of protein bands was performed using ImageJ software. Statistical analysis was 
done using one-way ANOVA followed by post-hoc Tukey's test, with p≤0.05 
considered significant.

Results: Significant differences in p-Akt levels along with BAX, BCL-2, Cas-3 and 
PARP-1 protiens were observed in the brain homogenates of PND 7 mice in 
various groups. Post hoc tukey test revealed significant increase (p<0.001) in the 
p-Akt, BAX, BCL-2, Cas-3 and PARP-1  levels in EthOH group as compared to 
control group mice. However, significant increase (p<0.05) was observed in p-
Akt level along with significant retrieval (p<0.001) in BAX, BCL-2, Cas-3 and 
PARP-1expression level in EthOH+6-HF group as compared to EthOH group. 

Conclusion: : Administration of 6-HF significantly improved ethanol induced 
neurodegeneration in brain of the PND-7 mice, potentially through modulation 
of the p-Akt signaling pathway.
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classes, including anthocyanidins, 
anthoxanthins, flavanones, flavanonols, 

10and flavans.  One such compound, 6-
Hydroxyflavone, is a flavone derived 
from the leaves of Barleria prionitis. 
Known for its medicinal properties, it 
has demonstrated potential as a 
therapeut ic  agent  for  var ious  
neurological disorders. It exhibits 
antioxidant, anti-diabetic, and anti-
inflammatory effects and is considered a 
promising candidate for managing 
anxiety-like disorders and preventing 

11bone loss.

Alcohol consumption is known to 
impair behavior, memory, and cognitive 

1 2f u n c t i o n .  D e s p i t e  m u l t i p l e  
pharmacological efforts to counteract 
alcohol-induced neurotoxicity, there 
remains a critical need to explore novel 
therapeutic interventions. This study 
was  p l anned  to  eva lua te  the  
neuroprotective potential of 6-
Hydroxyflavone through the activation 
of p-Akt in reducing ethanol-induced 
neurodegeneration in the developing 
brains of postnatal day 7 (PND-7) mice.

METHODS

This experimental study was conducted 
between March and June 2023, at 
Neuro Molecular Medicines Research 
Center (NMMRC), Peshawar in 
collaboration with Department of 
Biochemistry, Shaheed Benazir Bhutto 
Women University, Peshawar, Pakistan. 
All procedures involving animal 
handling, housing, and grouping were 
approved by the Institutional Animal 
Ethical Committee, comprising subject 
matter experts, vide Ref#: 11/2022 
dated: 10/01/2023. A total of ten 
healthy adult albino mice (both male and 
female), aged 7-8 weeks and weighing 
approximately 32 grams, were 
procured from the Veterinary Research 
Institute, Peshawar, Pakistan.

Mice were randomly divided into five 
pairs and acclimatized to laboratory 
conditions, with access to food and 
water ad libitum and maintained on a 
12/12-hour light/dark cycle at a 
controlled temperature of 25 ± 1°C. 
Following reproduction, the pups were 
kept with their mothers until postnatal 
day 7 (PND-7). The sample size was 
determined using the resource equation 
method, resulting in 20 PND-7 mice. 

These pups were randomly allocated 
into four groups (n=5 per group): 
Control, Ethanol (EtOH), Ethanol + 6-
Hydroxyflavone (EtOH + 6-HF), and 6-
Hydroxyflavone (6-HF) groups. All 
groups were housed separately in 
labeled cages (Biobase, China) at the 
NMMRC, Peshawar. The EtOH group 
received a subcutaneous injection of 
ethanol at 5 g/kg. The EtOH + 6-HF 
and 6-HF groups were administered 6-
HF at a dose of 30 mg/kg following 
ethanol administration in the respective 
group. Four hours post-treatment, all 
PND-7 mice were sacrificed for 
laboratory analysis.

All the PND-7 mice were sacrificed at 
the end of treatment time as per 

13method reported previously.  Mice 
were decapitated and the whole brain 
was carefully extracted. Brain was 
homogenized and tissue supernatant 
was collected and stored at -20oC till 
further analysis. Bio-Rad protein assay 
solution was used to quantify the brain 
homogenates. The homogenates were 
fractionated using SDS-PAGE (Model: 
BIO-RAD Mini PROTEAN System 
Cat#1658050, USA) with 10% 
polyacrylamide gel. After transfer, the 
membranes were blocked with 5% 
skimmed milk, incubated overnight at 

o4 C with primary antibodies such as 
anti-Bcl-2 (SC-7382), anti-BAX (SC-
7480), anti-Cas-3 (SC-7272), anti-
PARP-1 (SC-8007), and anti-p-Akt (SC-
514032) of Santa Cruz Biotech, CA, 
USA. Enhanced chemiluminescence 
detection reagent was used for 
v isua l izat ion according to the 
manufacturer's instructions. ImageJ 
software was used to perform the 
densitometry analysis of the bands in 
arbitrary units (A.U.) relative to the 
untreated control.

The 3 dimensional structure of p-AKT 
was retrieved from protein data bank 
(PDB) ( ).with http://www.rcsb.org
PDBID: 6HHG. The structure of the 
l igand 6-Hydroxyf lavone (6HF) 
(PubChem CID: 72279) was retrieved 
f r o m  P u b C h e m  d a t a b a s e  
( ).    https://pubchem.ncbi.nlm.nih.gov/

Molecular docking of 6HF was 
performed with p-AKT to locate 
a p p r o p r i a t e  b i n d i n g  l o c a t i o n  
Automated dockings were performed 
to locate the appropriate binding 

14orientations using AutoDock4.2.    
AutoGrid program was used to 
generate grid around experimentally 
defined binding cavity of p-AKT.  
Resulting docked complexes were 
clustered on the basis of energy with 
RMSD tolerance of 1.0 Å.  HEX server 
( ). was used for Cross http://hex.loria.fr/
docking experiments.  Detai led 
molecular interaction analysis of docked 
p - A KT- 6 H F  c o m p l e x e s  w e r e  
performed using Chimera Discovery 

15Studio.   

The original X-ray films from the 
Western blot analysis were scanned, 
and densitometric analysis of protein 
bands was conducted using ImageJ 
software. The integral optical density 
(IOD) of the protein bands was 
expressed in arbitrary units (A.Us) as 
mean ± standard error of the mean 
(SEM). Statistical significance was 
assessed using one-way analysis of 
variance (ANOVA), followed by Tukey's 
post hoc test. A p-value of less than 0.05 
(p < 0.05) was considered statistically 
significant.                              

RESULTS

6-HF activated p-Akt to reduce 
neurodegeneration against ethanol 
in PND-7 mice brain: Ethanol is the 
most common cause of inhibition of p-
Akt protein activation. In the current 
study, significant differences (p<0.001) 
were observed in p-Akt protein 
expression in various experimental 
groups. Post hoc-tukey test revealed 
that ethanol significantly decreased 
(p<0.001) p-Akt protein in the brain 
homogenates of the EthOH group 
PND-7 mice. 6-HF administration, 
however s ign i f icant ly  restored 
(p<0.05) p-Akt level in EthOH + 6-HF 
group mice as compared to EthOH 
group mice (Figure 1).

6-HF demonstrated successful 
amelioration of ethanol-induced 
apoptotic neurodegeneration in 
PND-7 mice: One way ANOVA 
showed significant differences in the 
expression levels of various apoptotic 
markers in the brain homogenates of 
PND-7 mice brain. Post-hoc tukey 
analysis revealed that ethanol caused 
significant increase (p<0.001) in the 
BAX, Caspase-3 and PARP-1 protein 
expression along with significant 

6-Hydroxy flavone rescue ethanol-induced apoptotic neurodegeneration via activation of p-Akt signaling pathway in the developing mice brain 

KMUJ 2025, Vol. 17 No. 1 95

http://www.rcsb.org
https://pubchem.ncbi.nlm.nih.gov/
https://orcid.org/0009-0006-1013-7678


decrease (p<0.001) in the  BCL-2
expression levels in EthOH group mice 
brain. However, 6-HF administration to 
the Ethanol group mice successfully 
retrieved the damage by significantly 
rectified (p<0.001) the BAX (Figure 2), 
Bcl-2 (Figure 3), Caspase-3 (Figure 4) 
and PARP-1 protein expression (Figure 
5) in the brain homogenates of EthOH 
+6-HF group PND-7 mice as 
compared to the EthOH group mice.

Molecular docking: To understand the 

binding interaction of 6HF with p-AKT 

detailed interaction analysis was 

performed to analyze the critical 

residues of p-AKT involved in binding 

with 6HF. Trp80 of p-AKT made pi-

s t a k i n g  i n t e r a c t i o n s  w i t h  6 -

hydroxyphenyl group of 6HF. While 

Asn53 made hydrogen bond with 6-

hydroxy moiety of 6HF. Leu210, 

Leu264, Lys268, Val270 and Asp292 of 

p-AKT were involved in hydrophobic 

interaction with 6-hydroxyphenyl and 

benzopyrone group of 6HF to keep well 

within the binding cavity (Figure 6).   

DISCUSSION

This study evaluated the neuroprot-

ective role of 6-HF in ethanol-induced 

neurodegeneration in PND-7 mice, foc-

using on p-Akt activation. Ethanol 

exposure significantly elevated p-Akt, 

BAX, BCL-2, Caspase-3, and PARP-1 

levels (p<0.001), indicating increased 

apoptotic activity. However, co-

administration of 6-HF significantly 
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Figure 1: 6-HF demonstrated substantial amelioration in the 
expression level of p-Akt protein in the PND-7 mice brains of 
the EthOH+6-HF group.  Shown are the Western blot results
of p-Akt expression level, along with their bar-chart representation
in various experimental mice groups respectively. β-Actin was used 
as a loading control’The results were determined using Image J 
software and bar-chart indicate mean in A.U ± SEM. Significance 
of one way ANOVA is expressed as α, significance of control vs 
EthOH is expressed as #, while significance of EthOH vs 
EthOH+6-HF is expressedas*.  Significance: ***, ###p<0.001.

Figure 2: 6-HF successfully ameliorated the expression level of 
BAX protein in the PND-7 mice brains of the EthOH+6-HF 
group. Shown are the Western blot results of BAX expression 
level, along with their bar-chart representation in various 
experimental mice groups respectively. β-Actin was used as 
a loading control. The results were determined using Image J 
software and bar-chart indicate mean in A.U±SEM. 
Significance of one way ANOVA is expressed as α, 
significance of control vs EthOH is expressed as #, 
while signif icance of EthOH vs EthOH+6-HF is 
expressed as*.  Significance: ***, ###p<0.001.



enhanced p-Akt expression (p<0.05) 

and markedly reduced pro-apoptotic 

markers (p<0.001) compared to the 

ethanol group, suggesting that 6-HF 

mitigates ethanol-induced neuronal 

damage through p-Akt–mediated 

survival signaling.

The use of animal models has become 
indispensable for investigating the 
pathological and clinical outcomes of 
various diseases, designing therapeutic 
interventions, and translating them 

16from bench to bed.  The central 
nervous system is extremely sensitive to 
alcohol during development and the 
periods of vulnerability are temporally 
well defined. The time frames of 
vulnerability are different for different 
neuronal populations. Previous studies 
revealed that phosphorylated Akt play a 

17major role against apoptosis.   Ethanol 
is a well-known agent to induce an 
increase in BAX proteins,  BCL-2
protein inhibition and ultimately 
BAX/  ratio upregulation in PND-BCL-2

187 pup's brain.  Bax-knockout mice 

showed ethanol-induced apoptosis in 
the  deve lop ing  bra in  through 
upregulation of BAX/  ratio. A BCL-2
decrease in the  level in cells leads BCL-2
to translocation of Bax to mitochondria, 
disruption of their membranes, release 
of cytochrome C and activation of 
caspase-3. All these events indicate that 
alcohol induces apoptosis in the 
deve lop ing  bra in  v ia  in t r ins ic  
(mitochondrial-mediated) apoptotic 

19pathways.   

The findings of the current study align 
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Figure 3: 6-HF significantly rectified the expression level of BCL-2 
protein in the  PND-7 mice brains of the EthOH+6-HF group. Shown 
are the Western blotresults of BCL-2 expression level, along with their 
bar-chart representation in various experimental mice groups respe-
ctively. β-Actin was used as a loadingcontrol. The results were 
determined using Image J software and bar-chart indicate mean 
in A.U ± SEM. Significance of oneway ANOVA is expressed as α, 
significance of control vsEthOH is expressed as #, while significance 
of EthOH vs EthOH+6-HF is expressed as*.  Significance: ***,
###p<0.001.

Figure 4: 6-HF demonstrated substantial amelioration in 
the expressionlevel of Caspase-3 protein in the PND-7 mice
brains of the EthOH+6-HFgroup. Shown are the Western 
blot results of Caspase-3 expression level, along with their 
bar-chart representation in various experimental mice groups
respectively. β-Actin was used as a loading control. The results 
were determined using Image J softwareand bar-chart indicate 
mean in A.U ± SEM. Significance of one way ANOVA is 
expressed as α, significance of control vs EthOH is expressed as 
#, while significance of EthOH vs EthOH+6-HF is expressed as*. 
Significance: ***, ###p<0.001.



with previously published literature, 
which demonstrates that ethanol 
exposure leads to upregulation of BAX, 
suppression of , and an elevated BCL-2
BAX/Bc l -2  ra t io - ind ica t ing  i t s  
neurotoxic effects on the immature 

20brain.  Furthermore, studies show that 
taurine can restore  levels and BCL-2

21protect against apoptosis.   Given that 
ethanol-induced apoptosis is largely 
Bax-dependent ,  the  observed  
restoration of  in our study BCL-2
suggests a potential mechanism through 
which apoptosis was mitigated.

Caspase-3 is one of the important 
22executioners of apoptosis.  The 

activation of caspase-3 plays an 
important part in the induction of 
apoptosis. Elegant studies reveal that 
inhibiting caspase-3 with an agent can 
reduce the deleterious effects of 

23ethanol on the immature brain.  These 
authors have observed that by using 
Anthocyanins, melatonin and even 
glycine can exerts neuroprotection 
a g a i n s t  e t h a n o l - i n d u c e d  
neurodegeneration via caspase-3 

24inhibition respectively.   Our western 

blot results reveal that a single injection 
of ethanol after four hours significantly 
induced an increase in the expression 
of capase-3 protein. The treatment 
wi th  6-HF s l i gh t l y  a f ter  the  
administration of ethanol significantly 
inhibited the caspase-3 protein 
expressions.

Ethanol has been shown to elevate the 
25expression of PARP-1 protein,  and 

several studies have confirmed that 
ethanol intoxication induces DNA 
fragmentation in the brains of PND-7 

26,27mice.  Moreover, some natural 
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Figure 5: 6-HF successfully ameliorated the expression level of PARP-1 
protein in the PND-7 mice brains of the EthOH+6-HF group. Shown 
are the Western blot results of PARP-1 expression level, along with 
their bar-chart representation in various experimental mice groups 
respectively. β-Actin was used as a loading control. The results were 
determined using Image J software and bar-chart indicate mean in 
A.U±SEM. Significance of one way ANOVA is expressed as α, 
significance of control vs EthOH is expressed as #, while significance 
of EthOH vs EthOH+6-HF is expressed as*.  Significance: ***, 
###p<0.001.

Figure 6: Docking conformation of 6-Hydroxy Flavone on phospho-Akt 
(A) 3D binding mode and interaction of 6-Hydroxy Flavone with p-Akt. 
Hydrophobic representation of p-Akt protein with bound 6-HF 
shown in zoom view. (B) 3D binding mode of p-Akt protein 
residues with 6-HF (shown in yellow) in stick model.



compounds have demonstrated 
neuroprotective effects against ethanol-

27induced DNA damage.  Consistent 
with these findings, our study observed 
a significant increase in PARP-1 protein 
e x p r e s s i o n  f o l l o w i n g  e t h a n o l  
administration, while treatment with 6-
HF effectively reduced PARP-1 levels in 
the brain homogenates of PND-7 mice.

CONCLUSION 

This study demonstrated that 6-HF 
significantly attenuates ethanol-induced 
apoptotic neurodegeneration in the 
developing brain of PND-7 mice, likely 
through activation of the p-Akt signaling 
pathway. The treatment with 6-HF 
modulated key apoptotic markers 
including BAX, , Caspase-3, and BCL-2
PARP-1, indicating its neuroprotective 
potential. These findings suggest that 6-
HF may serve as a promising 
therapeutic candidate for mitigating 
ethanol - induced neurotox ic i ty.  
However, further in-depth studies are 
required to elucidate the precise 
molecular mechanisms and to explore 
its efficacy in other models of neurode-
velopmental and neurodegenerative 
disorders.

REFERENCES 

1.  Mattioli AV, Sciomer S, Cocchi C, 
Maffei S, Gallina S. Quarantine 
during COVID-19 Outbreak: 
Changes in Diet and Physical 
Activity Increase the Risk of 
Cardiovascular Disease. Nutr 
M e t a b  C a r d i o v a s c  D i s  
2 0 2 0 ; 3 0 ( 9 ) : 1 4 0 9 - 1 7 .  
https://doi.org/10.1016/j.numecd.2
020.05.020

2.  Spagnuolo C, Moccia S, Russo GL. 
Anti-Inflammatory Effects of 
Flavonoids in Neurodegenerative 
Disorders. Eur J Med Chem 
2 0 1 8 ; 1 5 3 : 1 0 5 - 1 5 .  
https://doi.org/10.1016/j.ejmech.20
17.09.001

3. Mitoma H, Manto M, Shaikh AG. 
Mechanisms of Ethanol-Induced 
Cerebellar Ataxia: Underpinnings of 
Neuronal Death in the Cerebellum. 
Int J Environ Res Public Health 
2021;18(16):8678.https://doi.org/1
0.3390/ijerph18168678

4.  Pascual M, Montesinos J, Montagud-

Romero S, Forteza J, Rodríguez-
Arias M, Miñarro J, et al. TLR4 
Response Mediates Ethanol-
Induced Neurodevelopment  
Alterations in a Model of Fetal 
Alcohol Spectrum Disorders. J 
Neuroinflammation 2017;14(1):1-
15. https://doi.org/10.1186/s12974-
017-0918-2

5.   Aguilar LS. Morphometric Analysis 
of Subcortical Structures in Adults 
with Fetal Alcohol Spectrum 
Disorders. PhD Thesis, San Diego 
State University, 2023. Accessed on: 
March 03, 2024. Available from 
URL:https://35.160.219.228/do/43
6 1 d b f d - b c 0 3 - 4 5 0 7 - 8 3 5 2 -
a230e29c9856 

6.   Ieraci A, Herrera DG. Nicotinamide 
Inhibits Ethanol-Induced Caspase-3 
and PARP-1 over-Activation and 
Subsequent Neurodegeneration in 
the Developing Mouse Cerebellum. 
Cerebel lum 2018;17(3):326-
35.https://doi.org/10.1007/s12311-
017-0916-z

7.   Jyotirmayee B, Mahalik G. A Review 
on Selected Pharmacological 
Activities of Curcuma Longa L. Int J 
Food Prop 2022;25(1):1377-98. 
https://doi.org/10.1080/10942912.
2022.2082464

8.  Elessawy FM, Hughes J, Khazaei H, 
Vandenberg A, El-Aneed A, Purves 
RW. A Comparative Metabolomics 
Investigation of Flavonoid Variation 
i n  F a b a  B e a n  F l o w e r s .  
Metabolomics 2023;19(6):52. 
https://doi.org/10.1007/s11306-
023-02014-w

9.   Rakha A, Umar N, Rabail R, Butt MS, 
Kieliszek M, Hassoun A, et al. Anti-
Inflammatory and Anti-Allergic 
Potential of Dietary Flavonoids: A 
Review. Biomed Pharmacother 
2022;156:113945.https://doi.org/1
0.1016/j.biopha.2022.113945

10. Kapoor B, Gulati M, Gupta R, Singh 
SK, Gupta M, Nabi A, et al. A Review 
on Plant Flavonoids as Potential 
Anticancer Agents. Curr Org Chem 
2 0 2 1 ; 2 5 ( 6 ) : 7 3 7 - 4 7 .  
https://doi.org/10.2174/138527282
4999201126214150

11.Calis Z, Mogulkoc R, Baltaci AK. The 
Roles of Flavonols/Flavonoids in 

N e u r o d e g e n e r a t i o n  a n d  
Neuroinflammation. Mini Rev Med 
C h e m  2 0 2 0 ; 2 0 ( 1 5 ) : 1 4 7 5 -
88.https://doi.org/10.2174/138955
7519666190617150051

12.Suresh S, Deshmukh AS, Praharaj 
SK. Efficacy of Covert Sensitization 
for a Patient with Alcohol Use 
D i s o r d e r  w i t h  M e m o r y  
Impairment: A Case Report. J Addict 
D i s 2 0 2 2 ; 1 - 7 .  
https://doi.org/10.1080/10550887.
2022.2108363

13.Shah SA, Khan M, Jo M-H, Jo MG, 
Amin FU, Kim MO. Melatonin 
Stimulates the SIRT 1/Nrf2 Signaling 
P a t h w a y  C o u n t e r a c t i n g  
Lipopolysaccharide (LPS)-Induced 
Oxidat ive Stress to Rescue 
Postnatal Rat Brain. CNS Neurosci 
T h e r  2 0 1 7 ; 2 3 ( 1 ) : 3 3 - 4 4 .  
https://doi.org/10.1111/cns.12588

14.Hou X, Du J, Zhang J, Du L, Fang H, 
Li M. How to Improve Docking 
Accuracy of AutoDock4. 2: A Case 
Study Using Different Electrostatic 
Potentials. J Chem Inf Model 
2 0 1 3 ; 5 3 ( 1 ) : 1 8 8 - 2 0 0 .  
https://doi.org/10.1021/ci300417y

15.Fakih TM, Dewi ML. In Silico 
Identification of Characteristics 
Spike Glycoprotein of SARS-CoV-2 
in  the Development Novel  
C a n d i d a t e s  f o r  C OV I D - 1 9  
Infectious Diseases. J Biomed Transl 
R e s  2 0 2 0 ; 6 ( 2 ) : 4 8 - 5 2 .  
https://doi.org/10.14710/jbtr.v6i2.7
590

16. Diteepeng T, Del Monte F, Luciani M. 
The Long and Winding Road to 
Target Protein Misfolding in 
Cardiovascular Diseases. Eur J Clin 
I n v e s t  2 0 2 1 ; 5 1 ( 5 ) : e 1 3 5 0 4 .  
https://doi.org/10.1111/eci.13504

17. Duan Q, Wang G, Wang M, Chen C, 
Zhang M, Liu M, et al. LncRNA RP6-
65G23. 1 Accelerates Proliferation 
and Inhibits Apoptosis via p-
ERK1/2/p-AKT Signaling Pathway 
on Keratinocytes. J Cell Biochem 
2 0 2 0 ; 1 2 1 ( 1 1 ) : 4 5 8 0 - 9 .  
https://doi.org/10.1002/jcb.29685

18. Farooq U, Khan T, Shah SA, Hossain 
MS, Ali Y, Ullah R, et al. Isolation, 
Characterization and Neuroprot-
ective Activity of Folecitin: An in 

KMUJ 2025, Vol. 17 No. 1

6-Hydroxy flavone rescue ethanol-induced apoptotic neurodegeneration via activation of p-Akt signaling pathway in the developing mice brain 

99

https://doi.org/10.1016/j.numecd.2020.05.020
https://doi.org/10.1016/j.numecd.2020.05.020
https://doi.org/10.1016/j.numecd.2020.05.020
https://doi.org/10.1016/j.ejmech.2017.09.001
https://doi.org/10.1016/j.ejmech.2017.09.001
https://doi.org/10.3390/ijerph18168678
https://doi.org/10.3390/ijerph18168678
https://doi.org/10.1186/s12974-017-0918-2
https://doi.org/10.1186/s12974-017-0918-2
https://35.160.219.228/do/4361dbfd-bc03-4507-8352-a230e29c9856
https://35.160.219.228/do/4361dbfd-bc03-4507-8352-a230e29c9856
https://35.160.219.228/do/4361dbfd-bc03-4507-8352-a230e29c9856
https://doi.org/10.1007/s12311-017-0916-z
https://doi.org/10.1007/s12311-017-0916-z
https://doi.org/10.1080/10942912.2022.2082464
https://doi.org/10.1080/10942912.2022.2082464
https://doi.org/10.1007/s11306-023-02014-w
https://doi.org/10.1007/s11306-023-02014-w
https://doi.org/10.1016/j.biopha.2022.113945
https://doi.org/10.1016/j.biopha.2022.113945
https://doi.org/10.2174/1385272824999201126214150
https://doi.org/10.2174/1385272824999201126214150
https://doi.org/10.2174/1389557519666190617150051
https://doi.org/10.2174/1389557519666190617150051
https://doi.org/10.1080/10550887.2022.2108363
https://doi.org/10.1080/10550887.2022.2108363
https://doi.org/10.1111/cns.12588
https://doi.org/10.1021/ci300417y
https://doi.org/10.14710/jbtr.v6i2.7590
https://doi.org/10.14710/jbtr.v6i2.7590
https://doi.org/10.1111/eci.13504
https://doi.org/10.1002/jcb.29685


Mol  Sc i  2022 ;23 (15) :8202 .  
https://doi.org/10.3390/ijms231582
02

22. Ieraci A, Herrera DG. Nicotinamide 
Inhibits Ethanol-Induced Caspase-3 
and PARP-1 over-Activation and 
Subsequent Neurodegeneration in 
the Developing Mouse Cerebellum. 
Cerebellum 2018;17(3):326-35. 
https://doi.org/10.1007/s12311-
017-0916-z 

23. Hatziagapiou K, Kakouri E, Lambrou 
GI, Bethanis K, Tarantilis PA. 
Antioxidant Properties of Crocus 
Sativus L. and Its Constituents and 
Relevance to Neurodegenerative 
Diseases; Focus on Alzheimer's and 
Pa r k i n s o n ' s  D i s e a s e .  C u r r  
Neuropharmacol 2019;17(4):377-
402.https://doi.org/10.2174/15701
59X16666180321095705

24. Xu S-J, Wang X, Wang T-Y, Lin Z-Z, 
Hu Y-J, Huang Z-L, et al. Flavonoids 
from Rosa Roxburghii Tratt Prevent 
Reactive Oxygen Species-Mediated 
DNA Damage in Thymus Cells Both 
Combined with and without PARP-1 

Expression after Exposure to 
R a d i a t i o n  i n  V i v o .  A g i n g  
2020;12(16):16368.https://doi.org/
10.18632/aging.103688

25. Almeida L, Andreu-Fernández V, 
Navarro-Tapia E, Aras-López R, 
Serra-Delgado M, Martínez L, et al. 
Murine Models for the Study of Fetal 
Alcohol Spectrum Disorders: An 
O v e r v i e w.  F r o n t  P e d i a t r  
2020;8:359.https://doi.org/10.3389
/fped.2020.00359 

26. Walters JL, Paule MG. Review of 
Preclinical Studies on Pediatric 
Genera l  Anesthes ia- Induced 
Developmental Neurotoxicity. 
Neurotoxicol Teratol 2017;60:2-23. 
https://doi.org/10.3389/fped.2020.
00359

27.Gi l -Mohapel  J ,  B ianco CD, 
Cesconetto PA, Zamoner A, 
Brocardo PS. Ethanol Exposure 
during Development, and Brain 
Oxidative Stress. In Neuroscience 
of Alcohol; Elsevier, 2019; pp: 493-
503. https://doi.org/10.1016/B978-
0-12-813125-1.00051-9

Vivo Study. Life 2021;11(8):825. 
https://doi.org/10.3390/life110808
25

19. Zhang Y, Zhang XX, Yuan RY, Ren T, 
Shao ZY, Wang HF, et al. Cordycepin 
Induces Apoptosis in Human 
Pancreatic Cancer Cells via the 
Mitochondrial-Mediated Intrinsic 
Pathway and Suppresses Tumor 
Growth in Vivo. OncoTargets Ther 
2 0 1 8 ; 2 0 1 8 : 4 4 7 9 - 9 0 .  
https://doi.org/10.2147/OTT.S1646
70

20. Lee W, Han EJ, Oh S-J, Shin E-J, Han 
H-J, Jung K et al. An Aqueous 
Extract of Octopus Ocellatus Meat 
Protects Hepatocytes Against 
H2O2-Induced Oxidative Stress via 
the Regulation of Bcl-2/Bax 
Signaling. Adv Exp Med Biol 
2 0 1 9 : 1 1 5 5 ; 5 9 7 - 6 1 0 .  
https://doi.org/10.1007/978-981-
13-8023-5_54 

21. Li X, Liu Y, Liu X, Du J, Bhawal UK, 
Xu J, et al. Advances in the 
Therapeutic Effects of Apoptotic 
Bodies on Systemic Diseases. Int J 

KMUJ 2025, Vol. 17 No. 1

Following authors have made substantial contributions to the manuscript as under:

MT: Acquisition, analysis and interpretation of data, drafting the manuscript, approval of the final version to be published

RJ & SAS: Conception and study design, acquisition, analysis and interpretation of data, critical review, approval of the final 
version to be published

NB: Acquisition, analysis and interpretation of data, critical review, approval of the final version to be published

HN: Analysis and interpretation of data, critical review, approval of the final version to be published

AJ: Acquisition, analysis and interpretation of data, drafting the manuscript, approval of the final version to be published

Authors agree to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of 
the work are appropriately investigated and resolved.

CONFLICT OF INTEREST
Authors declared no conflict of interest, whether financial or otherwise, that could influence the integrity, objectivity, or 

validity of their research work.

GRANT SUPPORT AND FINANCIAL DISCLOSURE
Authors declared no specific grant for this research from any funding agency in the public, commercial or non-profit sectors 

DATA SHARING STATEMENT
The data that support the findings of this study are available from the corresponding author upon reasonable request

This  is an Open Access article distributed under the terms of the Creative Commons 
Attribution 4.0 International License.

AUTHORS' CONTRIBUTION

6-Hydroxy flavone rescue ethanol-induced apoptotic neurodegeneration via activation of p-Akt signaling pathway in the developing mice brain 

100

https://doi.org/10.3390/ijms23158202
https://doi.org/10.3390/ijms23158202
https://doi.org/10.1007/s12311-017-0916-z
https://doi.org/10.1007/s12311-017-0916-z
https://doi.org/10.2174/1570159X16666180321095705
https://doi.org/10.2174/1570159X16666180321095705
https://doi.org/10.18632/aging.103688
https://doi.org/10.18632/aging.103688
https://doi.org/10.3389/fped.2020.00359
https://doi.org/10.3389/fped.2020.00359
https://doi.org/10.3389/fped.2020.00359
https://doi.org/10.3389/fped.2020.00359
https://doi.org/10.1016/B978-0-12-813125-1.00051-9
https://doi.org/10.1016/B978-0-12-813125-1.00051-9
https://doi.org/10.3390/life11080825
https://doi.org/10.3390/life11080825
https://doi.org/10.3390/life11080825
https://doi.org/10.2147/OTT.S164670
https://doi.org/10.2147/OTT.S164670
https://doi.org/10.2147/OTT.S164670
https://doi.org/10.1007/978-981-13-8023-5_54
https://doi.org/10.1007/978-981-13-8023-5_54
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

