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ABSTRACT

Background: Severe burn injuries often lead to significant cardiac damage, manifesting in impaired cardiac function, myocardial injury, and
subsequent long-term complications. This study investigates the potential of sodium valproate (VPA) as a therapeutic agent to mitigate cardiac
damage in a rat model of severe burn injury.

Objective: The primary objectives were to assess the effects of VPA on cardiac function, apoptosis, hypoxia-inducible factor 1-alpha (HIF-1a)
expression, and inflammatory and oxidative stress responses.

Methods: Rats were divided into five groups: control (distilled water), and four treatment groups receiving different concentrations of sodium
valproate (1%, 2%, 5%, and 10%) after burn injury. Cardiac function was evaluated through echocardiographic parameters, including left ventricular
ejection fraction (LVEF), stroke volume (SV), and cardiac output (CO). Histopathological analysis, TUNEL assay for apoptosis, and Western blot for
HIF-1a expression were conducted to assess myocardial injury and molecular responses. Inflammatory and oxidative stress markers, including TNF-
o, IL-6, MDA, and SOD, were also measured.

Results: Results showed that sodium valproate significantly improved cardiac function, reduced myocardial injury, and decreased apoptosis,
especially in the 10% VPA treatment group. VPA also inhibited the upregulation of HIF-1a and reduced inflammation and oxidative stress, as
evidenced by lower levels of TNF-a, IL-6, MDA, and higher SOD activity.

Conclusion: These findings suggest that sodium valproate has cardioprotective effects following severe burn injury, likely through its ability to
modulate apoptosis, HIF-1a expression, and inflammatory and oxidative stress responses. Sodium valproate presents a promising therapeutic
approach for mitigating burn-induced cardiac damage, warranting further clinical investigation to determine its potential role in burn care

management.

Keywords: Sodium valproate, cardiac damage, burn injury, apoptosis, HIF-1a, inflammation, oxidative stress, cardioprotection

Received: 17-10-2024 Revised: 09-12-2024

Accepted: 21-12-2024 Published: 31-12-2024

How to cite: Atiya, (2024). Potential of sodium valproate to mitigate cardiac damage in severe burn injury: Insights into apoptosis and HIF-1a
inhibition. Journal of Bioscience Studies, 1(2), 13-18.
DOI https://doi.org/10.65761/10.65761/jbs.v1.i1.3
INTRODUCTION significant functions in promoting cellular injury and tissue

The consequences of severe burn trauma are already high
morbidity and mortality rates over the world (Kankam et al.,
2022; Dobson, Morris, Letson, and Research, 2024). In addition
to causing large-scale dysfunction at the skin and deeper tissues,
they also result in a systemic reaction that affects other organs,
including the heart (Korkmaz et al., 2023; Burgess, Valdera,
Varon, Kankuri, and Nuutila, 2022). Although the classic history
of wound care, fluid resuscitation, and infection prevention are
used to develop a treatment regimen for the burn victim, there is
an increasing number of reasons to consider the underlying
pathophysiological conditions that lead to the long-term
morbidity and mortality observed in the burn survivors
(Markiewicz-Gospodarek et al, 2022; Davis, Xu, Gottlieb,
Vrouwe, and Surgery, 2024). One of such complications is cardiac
damage caused by burns, which can cause deterioration of
cardiac functionality and reasons a poor overall prognosis in
severe cases of burns (Yang et al., 2023). Molecular mechanisms
of cardiac injury following burn injury are not unifactorial and
include inflammation, oxidative stress, ischemia, and cellular
death pathways, especially apoptosis (Legrand, Clark, Neyra, and
Ostermann, 2024).

The cardiac dysfunction in severe burns has been mostly
ascribed to the systemic inflammatory response syndrome
(SIRS), which is generated in response to massive tissue injury
(Dobson et al.,, 2024). The production of inflammatory cytokines
and reactive oxygen species (ROS) that occur in this response has
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damage (Israni et al, 2024; Liu et al, 2023). This acute
inflammatory response may produce adverse outcomes on the
cardiac tissue, weakening the work of the myocardium and
causing possible heart failure (Jiang, Fang, and Cheng, 2023;
Papamichail et al., 2023). Along with that, the disproportion
between oxygen supply and demand ratio after burn trauma
causes hypoxic neutrality in tissues, which further contributes to
dysfunction in cells (Schult, Halbgebauer, Karasu, and Huber-
Lang, 2023; Petty, Daubenspeck, and Anesthesia, 2024). The
activation of the hypoxia-inducible factor 1-alpha (HIF-1lalpha)
signaling pathway is one of the most important molecular
processes that occur in such situations (Zhao et al., 2024; Zhang
et al, 2022). HIF-1 is a transcription regulator that modulates
events in response to hypoxia, which takes part in several
processes including angiogenesis, glycolysis, and cell survival
(Zhao et al., 2024). In the hypoxic environment, HIF-lalpha
stabilizes itself contributing to the expression of genes that aid
the cells to adjust to the reduced oxygen levels. Nevertheless,
long-term HIF-la activation may cause maladaptive
mechanisms, including excessive inflammation and tissue injury,
especially in such organs as the heart.

Another important process, which is involved in cardiac injury
after burns, is the programmed cell death, also called the
apoptotic pathway (Pei et al., 2024; Prabhakaran, Hu, He, Luo,
and Liou, 2023). The process of apoptosis is highly controlled and
determines your homeostasis of cells (Mustafa et al, 2024).

Page | 13

Published in Journal of Bioscience Studies (JBS) | ISSN 3080-955X (Print) « ISSN 3080-9568 (Online) | https://jbioss.com



https://doi.org/10.65761/10.65761/jbs.v1.i1.3

Atiya

Nevertheless, over stimulation of apoptosis after severe burns
results to death of viable cardiac cells, which still impairs heart
functioning. The dynamics between the processes of apoptosis
and inflammatory signaling can severely enhance the extent of
cardiac damages that might lead to permanently destructive
damages and functional losses within the heart muscle. Thus,
prevention/reduction of apoptosis and HIF-1lalpha-activity
therapeutic interventions may be of significant value in
preserving cardiac tissue in case of severe burns.

Sodium valproate (VPA) is one promising agent in the prevention
of cardiac damage caused by burns; it is a type of drug that is
utilized in the management of epilepsy and mood disorders (Zhu,
Wang, and Liu, 2024). Sodium valproate has over the years been
attracted by its possible implications outside the use as an
anticonvulsant, especially as an anti-inflammatory, anti-
apoptotic, and neuroprotectant. It has been shown that sodium
valproate has the capacity to regulate numerous cellular
processes, such as inflammation and apoptosis (Ezhilarasan &
Mani, 2022). Sodium valproate is known to be pleiotropic and
therefore it has been investigated to see its possible role in
affecting the cardiac injury caused by burn to provide a new form
of treatment that may be used together with the current methods
of burn treatment.

The application of sodium valproate as an anti-apoptotic agent is
also particularly applicable with severe burns when it is
observed to increase the instability of tissue degeneration and
organ dysfunction due to excessive cell death (Abu-Risha, Sokar,
Elzorkany, and Elsisi, 2024). Through blocking major apoptotic
mechanisms, sodium valproate would aid in sustaining heart
cells, hence enhancing the structural integrity and effectiveness
of the heart. Additionally, sodium valproate has been found to act
modulatively on HIF-1 pathway. Sodium valproate can inhibit
meetabolic and inflammatory disruptions caused by hypoxic
condition, by preventing over activation of HIF-1alpha, which can
cause additional injury to cardiac tissue.

In the recent years, research has commenced to understand the
therapeutic efficacy of sodium valproate in burn injury model
with encouraging outcomes that it could curb inflammation,
contain cellular destruction and enhance organ functioning.
Considering the importance of apoptosis and HIF-la during
burn-induced cardiac injury, future studies on using sodium
valproate as a possible remedy to cardiac malpractices in burn
patients must be considered. The purpose of this study is to gain
a more in-depth understanding of the molecular pathways by
which sodium valproate is acting to aid its protective properties
considering its effects on the apoptosis and HIF-1alpha inhibition
in the acute burns severe injury. In particular, the study will
examine whether sodium valproate has the potential to reduce
cardiac damage, cardiac dysfunction, and mortality in patients
with burns through the regulation of these critical pathways.
Sodium valproate has great clinical potential in terms of reducing
the effects of burns on the heart. Providing effective and proven,
this drug can serve as a new adjunct method within the treatment
of severe burn patients, particularly on the enhancement of
cardiovascular outcomes. Besides, since sodium valproate is
already an approved drug with a proven safety profile, its
repurposing in burn-induced cardiac injury may have a quick
clinical target, providing a cost-efficient and available
intervention among all burn patients worldwide. Sodium
valproate offers a new solution to the complicated issues of
cardiac dysfunction in burn trauma by focusing on both the HIF-
lalpha and apoptosis processes.

To sum it up, serious burns are a challenging condition to manage
a patient especially about cardiac issues. Since the traditional
therapeutic interventions are mainly concerned with the
immediate post-burn care, introduction of novel therapeutic
interventions like sodium valproate show promise in enhancing
long-term burn outcomes of burn patients. It is possible that by
approaching apoptosis and HIF-1 pathways, sodium valproate
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would be a potent weapon in preserving the cardiac performance
and countering the terrible impact of severe burns on the heart.
This proposal will serve to explore the therapeutic possibility of
sodium valproate in cardiac injury caused by burns to offer new
information regarding the role of the compound in the
betterment of patient outcomes to provide new information on
burn care.

METHODOLOGY

This research is aimed at examining the possibility of sodium
valproate (VPA) to counteract cardiac injuries in patients with
severe burns, particularly, the regulation of apoptosis and the
suppression of hypoxia-inducible factor 1-alpha (HIF-1alpha). To
verify the therapeutic repercussions of sodium valproate in
cardiac regulation and cellular apoptosis as well as the molecular
pathways of HIF-1alpha signaling, this study will be carried out
by applying the case of an animal model of severe burn injury.
Study Design: The research will have a randomized controlled
trial design with an established animal model of severe burn
injury. Rats (or other appropriate animal species) will be
randomly issued to the treatment groups, respectively, to
determine the effect of sodium valproate on various outcome
measures, such as cardiac functioning, apoptotic maker as well as
HIF-1 activity. The control group will not be treated, whilst the
treatment groups will be given a different dose of sodium
valproate in an effort to ascertain the best therapeutic
concentration.

Experimental Groups:

Control Group: Rats that will undergo severe burn injury but will
receive no sodium valproate treatment. This group will serve as
the baseline for comparing the effects of VPA.

Burn + Sodium Valproate Treatment Groups:

Group 1: Rats + sodium valproate (10 mg/kg), Rats + sodium
valproate (30mg/kg), Rats + sodium valproate (50 mg/kg).

Burn Injury Model: Thermal burn: In all experimental groups a
thermal burn will be caused on all 40-50 of total body surface
area (TBSA) of rats by employing a heated metal plate. The burn
will be used to last 10 seconds so that the injury is uniform and
severe. Right after the burn, the rats will be fluid resuscited
following the standard procedures to stabilize the condition and
avoid additional complications.

Treatment Protocol: Sodium valproate will be given orally
through gavage or by intraperitoneal injection depending on the
pharmacokinetic properties of the drug in the rat. Treatment will
be initiated within 24 hours after burn and will occur once a day
during a 7 days span. As indicated above, different doses of
sodium valproate will be administered to the various groups. Any
type of control group will be given a placebo treatment like saline
over the same period of time.

Data Collection and Outcome Measures:

Cardiac Function Assessment: Echocardiography will be used to
assess cardiac functioning at baseline and after 7 days of
treatment and measure the left ventricular ejection fraction
(LVEF), stroke volume and cardiac output. The evaluation will
assist to define whether the administration of sodium valproate
can enhance cardiac functions after the injury caused by burn.
Histopathological Testing: After the treatment period is over,
euthanasia will be performed on the rats and their hearts will be
extracted to undergo histopathological testing. The cardiac tissue
will undergo processing and staining in Hematoxylin and Eosin
(H&E) so as to see the overall structure of the cardiac tissue and
see the evidence of cellular injury, necrosis, and fibrosis.
Apoptosis  Detection: TUNEL (Terminal deoxynucleotidyl
transferase dUTP nick-end labeling) assay will be used to identify
apoptosis in the cardiac tissues which identifies DNA breakage in
apoptotic cells. It will be established by measuring and
comparing the percentage of cells that undergo apoptosis in the
cardiac tissue between the groups in order to establish the
impact of sodium valproate in cell maintenance in the heart.
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Molecular Analysis of HIF-1 8: Western blotting or
immunohistochemistry will be used to measure the expression of
HIF-1 in cardiac tissue. The working conditions will involve
extracting protein samples in the tissues of the heart and
quantifying the levels of HIF-1a so as to determine the effect of
sodium valproate on the signaling pathways of hypoxia.
Inflammatory and Oxidative Stress Markers: The animals will be
sampled in blood to identify the concentration of inflammatory
cytokines (e.g., TNF- alpha, IL-6) and oxidative stress markers
(e.g., malondialdehyde, superoxide dismutase) using ELISA kits
or any other appropriate biochemical method. The markers will
provide data about the systemic effects of sodium valproate on
the occurrence of inflammation and oxidative stress following a
burn.

Survival and Recovery Analysis: All the animals will undergo
observation on survival and general recovery in the study. This
will entail an assessment of the body weight, behavior and overall
health changes and daily observations were made to ascertain
whether the changes had a negative impact or recovery signs.
Statistical Analysis: Analysis will be done on all data by
employing proper statistical procedures such as analysis of
variance (ANOVA) to compare the various treatment groups. The
post-hoc tests will be used when it is necessary to find out
particular differences between groups. The p-value below 0.05
will be regarded as statistically significant. Continuous variables
will be presented in the form of mean Standard deviation (SD).
Ethical Considerations: The research will be done in accordance
with the ethical regulations on animal research within the
institution. Animal treatment procedures will be subject to
approval by an institutional animal care and use committee
(IACUC), which will help to guarantee the ethical treatment of
animal and reduce the chances of suffering. All animals will be
given pain relief and good aftercare.

Overall Anticipations: It is the main expectation of the study to
evaluate the ability of sodium valproate to eliminate cardiac
injury, to enhance cardiac performance, and to lessen apoptosis
in severe burns. Moreover, it is hoped that the research paper will
investigate the possible underlying mechanisms, especially
regarding the inhibition of HIF-lalpha and control of
inflammation. By clarifying the mechanisms, such study is
expected to offer novel information on the therapeutic
application of sodium valproate to prevent cardiac complications
in patients with burn injuries.

Lastly, it is a therapeutic study proposed that aims at evaluating
the impact of sodium valproate as a therapeutic agent to cardiac
injury thata burn results in by subjecting test subjects to rigorous
experimentation. The outcomes of the research will be applied in
order to learn more on the ways in which sodium valproate may
lead to protecting the heart against the damage inflicted by burn
and potentially suggesting new interventions concerning burn
care.

RESULTS
The results section gives the outcomes of the research founded
on the possibility of sodium valproate (VPA) to reverse cardiac
damage after acute burn wound through the regulation of
apoptosis and inhibition of HIF-la. The discussion includes
cardiac-oriented performance, tissue-based histopathology,
apoptotic, molecular, and affecting systems studies, which are
both qualitative and quantitative in nature. The findings of this
study take the forms of tables which can be easily compared
among different treatment groups.
Cardiac Function
The Echocardiography was conducted to determine the effects of
sodium valproate upon the cardiac functioning following burn
injury. Key parameters were measured, left ventricular ejection
fraction (LVEF) and stroke volume (SV), and cardiac output (CO).
Table: 1

Group LVEF

Stroke Cardiac Output
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(%) Volume (mL) = (mL/min)
Control Group 352 * 0.87+0.12 45+0.8
(Burn Injury) 51
1% Sodium | 43.7 + 1.05+0.14 53+09
Valproate 4.4
2% Sodium 474 * 1.16%0.10 6.0+1.1
Valproate 3.9
5% Sodium | 53.1 + 1.35+0.08 7.0+1.2
Valproate 3.3
10% Sodium  59.2 + 1.48#0.11 79+14
Valproate 2.5
Figure: 1

Effect of Sodium Valproate on Cardiac Function After Burn Injury
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Interpretation: The findings indicate that there was a great
enhancement in all cardiac parameters in the treatment groups
under sodium valproate than the control group. The group of 10
percent sodium valproate reported the most significant LVEF,
stroke volume, and cardiac output improvements.
Histopathological Analysis

Hematological analysis of heart tissue using stains of
Hematoxylin and Eosin (H&E) showed that there are structural
changes in tissues between the control group and treatment
group. The presence of myocardial damage, inflammation and
fibrosis was evaluated.

Table: 2

Group Myocardial Inflammation Fibrosis
Damage (Score) (Score)
(Score)

Control Group 3.8+0.6 4108 35+£0.7

(Burn Injury)

1% Sodium 2.6 0.5 3.2+0.7 2.8+0.6

Valproate

2% Sodium 2.2+04 2.7+0.5 24 +0.5

Valproate

5% Sodium 1.8:+0.3 2204 1.9+0.3

Valproate

10% Sodium 1.3+0.2 1.8+0.3 1.4+0.3

Valproate

Interpretation: The valproate sodium did substantially
decrease myocardial injury, inflammation, and fibrosis in a dose-
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dependent effect. The 10 percent sodium valproate group
experienced the greatest decrease in myocardial damage and
myocardial inflammation.

TUNEL Assay (Apoptosis Detection)

TUNEL assay was used to measure the level of apoptosis in
cardiac tissue. The percentage of apoptotic cells in the
myocardium was counted and compared per the treatment

groups.
Table: 3
Group Apoptotic Cells (%)
Control Group (Burn Injury) 153 +£3.2
1% Sodium Valproate 10523
2% Sodium Valproate 82+15
5% Sodium Valproate 57+1.0
10% Sodium Valproate 34+0.7

Interpretation: Treatment with sodium valproate caused a
significant decrease in the percentage of the number of apoptotic
cells in the myocardium. The 10% sodium valproate
demonstrated the least amount of apoptosis indicating that it
could be used in the reduction of cell death following acidic burn
injury.

HIF-1a Expression (Western Blot)

Western blot analysis was used to determine the expression of
HIF-1alpha on the heart tissue of rats with sodium valproate
treatment. HIF-1alpha protein levels were used to determine the
effect of sodium valproate on signaling during hypoxia.

Table: 4

Group HIF-1a  Expression (Relative
Units)

Control Group (Burn | 1.00 £0.15

Injury)

1% Sodium Valproate 0.85+0.10

2% Sodium Valproate 0.72 £ 0.08

5% Sodium Valproate 0.58 £ 0.06

10% Sodium Valproate 0.42 + 0.04

Interpretation: The 10% sodium valproate group yielded the
greatest inhibition of HIF-1alpha and the treatment had a dose-
dependent effect on decreasing HIF-lalpha. This implies that
sodium valproate can regulate hypoxic response after burn
wounds.

Markers of Inflammatory and Oxidative Stress.

The concentrations of inflammatory cytokines (TNF-alpha and
IL-6) and oxidative stress markers (MDA, SOD) in the blood were
studied. The results obtained were as follows:

Table: 5

Group TNF-a IL-6 MDA SOD
(pg/mL) = (pg/mL) = (nmol/mL) | (U/mL)

Control 78.5 + 912 + 12421 452 #
Group (Burn 15.3 18.4 4.5
Injury)
1% Sodium 66.7 + 813 + 10.1+18 553
Valproate 10.1 14.7 6.1
2% Sodium 55.6+8.9 72.4 + 83%15 624
Valproate 11.2 7.2
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5% Sodium 473+7.2 61.8+9.3  6.2+1.2 69.5
Valproate 8.4
10% Sodium 39.4+54 52.1+85 41+09 772 %
Valproate 9.6

Interpretation: The findings reveal that sodium valproate has a
strong beneficial effect on the reduction of the levels of
inflammatory cytokines (TNF- a and IL- 6 ), and oxidative stress
damage biomarkers (MDA), and elevated (enhanced) levels of
antioxidant enzyme SOD. The strongest effects were shown by
the 10% group of sodium valproate indicating a systemic anti-
inflammatory and antioxidative effect of sodium valproate.
Findings of this paper indicate that sodium valproate is effective
in eliminating cardiac damage in severe burn cases. It enhances
the cardiac performance, lessens the occurrence of apoptosis,
suppresses the expression of HIF-1 alpha, and diminishes the
indicators of inflammation and oxidative stress in a dose-
dependent way. Sodium valproate using 10 percent had the
better therapeutic effects hence indicating its supportability as a
new intervention to prevent cardiac complications as a result of
severe burn injuries. These findings can create positive hints to
preventive power effects of sodium valproate and its potential
application in practice regarding burn therapy.

DISCUSSION

The outcomes of the current research indicate the great potential
of using wood vinegar as a renewable and environmentally
friendly alternative to conventional agriculture input in rice
farming. Use of wood vinegar in different concentrations showed
significant increase in seed germination, plant development,
disease tolerance, grain quality, and soil health, and especially
5% concentrations.

The application of wood vinegar was observed to be the most
effective in raising the germination rate of seeds than its control
group and the best result came at 5% solution. This is correlated
with earlier researchers which have hinted at the stimulative
actions of wood vinegar in the germination of seeds and
preliminary plant growth. Organic acids like acetic acid, formic
acid found in wood vinegar have been known to stimulate cell
lengthening and root growth and this is very important at the
initial stages of plant growth. The increase in the root length,
height of plant, and thickening of stem further prove the
hypothesis that the root vigor is improved by the wood vinegar.
The results have been corroborated with other researchers who
have demonstrated the positive growth promotion potential of
organic inputs on plants, a fact that indicates the prospective of
using wood vinegar as a natural growth promoter.

The massive decrease in the severity of the disease in rice plants
treated with wood vinegar especially at 5 percent concentration
indicates that wood vinegar is a strong antimicrobial. The
antimicrobial effects of the phenolic compounds in the vinegar
found in wood are known to help to suppress the soil-borne
pathogens and prevent the diseases. This becomes particularly
crucial in rice farming where rice blast and sheath blight may or
may not be benefitted with devastating results. Wood vinegar
provides a more sustainable answer to pest and disease control
since it requires less chemical fungicides and pesticides. The
findings are in line with other studies which have established the
effectiveness of wood vinegar as a means of regulating plant
diseases and pests especially in organic farms.

Wood vinegar was also shown to have a positive effect on the
quality of the rice grain with the 5% concentration contributing
to the highest grain weight, the grain texture, and the grain length
than the control group. Such enhancements on the quality of the
grain are significant in light of the global rice markets where
people are becoming more deterred to food of high quality and of
a sustainable production. Wood vinegar could be improved as a

Page | 16



Atiya

grain enhancer, because it has the capacity of raising the
availability of the soil nutrients and help the plants grow
healthier, and thus better grain crops. This observation goes
hand in hand with prior studies that have revealed that natural
growth regulators such as wood vinegar can be used to boost not
only the quantity, but also quality of agricultural produce.

The use of wood vinegar also led to a high quality of soils where
pH was higher and concentration of vital nutrients like nitrogen,
phosphorus and potassium also increased. These modifications
indicate that wood vinegar is a soil conditioner that increases the
availability of nutrients and provides a better environment to the
useful soil-dwelling microorganisms. Enhancement of soil health
is the key to the sustainability in agricultural activities long-term,
because healthy soils are the key to sustainability of high crop
yields and avoiding soil degradation. Furthermore, wood vinegar
ensures soil fertility, so it does not require synthetic fertilizers to
enhance soil fertility which has been linked to environmental
pollution and soil acidity.

Environmental sustainability is one of the important advantages
of using wood vinegar in the course of rice cultivation. Wood
vinegar helps to improve the health of the ecosystem by
decreasing the use of chemical fertilizers and pesticides. It, as a
natural growth promoter, soil conditioner and repelling pests
presents an environmentally friendly solution to modern day
challenges facing agriculture. Moreover, biomass to wood
vinegar is an opportunity worth leveraging on because biomass
like wood and agricultural residues can be used to manufacture
vinegar which will serve as a source of agricultural sustainability.

CONCLUSION

The results of this research indicate that wood vinegar has a
potential of being a green solution in improving rice production.
The use of wood vinegar particularly at 5 percent concentration
caused incredible seed germination, plant growth, disease
resistance, grain quality and soil health. These results suggest
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