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1. Infroduction

Excessive alcohol consumption is a major public health

Abstract

Alcohol consumption is a major contributor to oxidative stress-related diseases,
including liver damage and neurotoxicity. Vanillic acid (VA), a natural phenolic
compound, possesses strong antioxidant properties that may mitigate oxidative
damage. This study evaluates the protective effects of VA against alcohol-induced
oxidative stress in zebrafish larvae. Zebrafish were exposed to 1% ETOH for 24 hours
to induce oxidative stress, followed by treatment with VA at concentrations of 50
pg/mL and 100 pg/mL for another 24 hours. The impact of VA on oxidative stress
biomarkers was assessed by measuring lipid peroxidation, nitric oxide production,
and antioxidant enzyme activities, including superoxide dismutase, catalase,
glutathione, and glutathione S-transferase. Additionally, acridine orange staining was
used to evaluate apoptosis, while reactive oxygen species levels were quantified using
dichlorofluorescin diacetate and lipid peroxidation was analyzed using diphenyl-1-
pyrenylphosphine fluorescence assays. Results demonstrated a significant increase
in oxidative stress markers following 1% ETOH exposure, characterized by elevated
ROS levels, MDA accumulation, and reduced antioxidant enzyme activities. However,
VA treatment effectively counteracted these effects, with 100 pg/mL showing the
highest efficacy in restoring antioxidant defenses, reducing lipid peroxidation, and
inhibiting NO overproduction. Furthermore, fluorescence-based assays confirmed the
reduction of apoptosis and oxidative damage in VA-treated zebrafish larvae. These
findings suggest that VA mitigates alcohol-induced oxidative stress by modulating key
biochemical pathways, thereby offering potential therapeutic benefits against alcohol-
related toxicity. Future studies should focus on elucidating the molecular mechanisms
underlying VA's protective effects.

). In alcohol-exposed organisms, these antioxidant
systems become overwhelmed, leading to increased

concern, contributing to a wide range of diseases, including
liver damage, cardiovascular disorders, and neurotoxicity
( ). One of the primary mechanisms underlying
alcohol-induced toxicity is oxidative stress, which results
from an imbalance between reactive oxygen species (ROS)
production and the body's antioxidant defense systems (

). Ethanol (1% ETOH) metabolism generates ROS and
free radicals, leading to lipid peroxidation, protein oxidation,
DNA damage, and apoptosis. Chronic exposure to alcohol has
been shown to impair the activity of key antioxidant enzymes,
further exacerbating oxidative damage (

).

Oxidative stress plays a crucial role in alcohol-related
organ damage by triggering inflammatory responses and
cellular apoptosis ( ). The major antioxidant
defense mechanisms include enzymatic antioxidants such as
superoxide dismutase (SOD), catalase (CAT), and glutathione
peroxidase (GPx), as well as non-enzymatic components like
reduced glutathione (GSH) (

lipid peroxidation, nitric oxide (NO) overproduction, and
apoptosis. Given the detrimental effects of alcohol-induced
oxidative stress, it is essential to explore natural compounds
with potent antioxidant properties that can counteract these
effects and restore cellular homeostasis.

Vanillic acid (VA), a naturally occurring phenolic
compound found in various plant-based foods such as vanilla
beans, whole grains, and fruits, has garnered significant
attention for its pharmacological properties (

). VA exhibits strong antioxidant, anti-inflammatory,
and neuroprotective effects ( ), making it a
promising candidate for mitigating alcohol-induced oxidative
stress. Several studies have demonstrated that phenolic
compounds, including VA, can effectively scavenge ROS,
modulate antioxidant enzyme activities, and reduce lipid
peroxidation ( ). Furthermore, VA has been
shown to exert protective effects against neurodegenerative
diseases and liver toxicity by enhancing endogenous
antioxidant defenses and suppressing pro-inflammatory

© The Author(s). 2024 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativecommons.
orgl/licenses/by/4.0/), which permits unrestricted use, distribution, and non-commercial reproduction in any medium, provided you give appropriate credit to the original
author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/|.0/) applies to the data made available in this article, unless otherwise stated.

Archives of Medical Reports 1(2) (2024) 15-21 15



Amanda Nasrallah & Mohamed Shaaban (2024)

cytokines ( ).

Zebrafish (Danio rerio) serve as an excellent model
system for studying the effects of alcohol exposure and
evaluating the protective potential of bioactive compounds.
Due to their genetic similarity to humans, rapid development,
and transparent embryos, zebrafish provide a reliable platform
for assessing oxidative stress biomarkers, apoptotic responses,
and antioxidant enzyme activities in a high-throughput manner
( )- Previous studies
have successfully utilized zebrafish larvae to investigate the
effects of alcohol exposure, demonstrating increased ROS
accumulation, lipid peroxidation, and apoptotic cell death (

). This model system offers a unique opportunity
to evaluate the efficacy of VA in mitigating alcohol-induced
toxicity at the biochemical and cellular levels.

The present study aims to assess the protective effects
of VA against alcohol-induced oxidative stress in zebrafish
larvae by evaluating key oxidative stress markers, including
lipid peroxidation, NO production, and antioxidant enzyme
activities (SOD, CAT, GSH, and GST). Additionally, fluorescence-
based assays such as acridine orange staining, diphenyl-
1-pyrenylphosphine (DPPP) assay, and dichlorofluorescin
diacetate (DCFDA) staining were employed to determine
apoptosis, lipid peroxidation, and ROS accumulation,
respectively. We hypothesize that VA will attenuate 1% ETOH-
induced oxidative damage by modulating antioxidant defense
mechanisms and inhibiting apoptosis. The findings from
this study could provide valuable insights into the potential
therapeutic applications of VA for alcohol-induced oxidative
stress and related diseases.

2. Materials and Methods
2.1. Experimental Design and Zebrafish Maintenance
Zebrafish embryos were obtained from healthy adult
zebrafish maintained in standard laboratory conditions at 28
+ 1°C with a 14:10-hour light-dark cycle. The embryos were
collected and maintained in E3 medium (5 mM NaCl, 0.17
mM KCl, 0.33 mM CaCl,, and 0.33 mM MgSO0,). At 5 days post-
fertilization (dpf), larvae were randomly divided into five
experimental groups: (1) Control (untreated larvae), (2) 1%
ETOH-exposed group (1% ETOH), (3) VA 50 pg/mL-treated
group, (4) VA 100 pg/mL-treated group. 1% ETOH exposure
was conducted by immersing zebrafish larvae in 1% 1% ETOH
(v/v) for 24 hours to induce oxidative stress. Following 1%
ETOH exposure, larvae were treated with VA at the specified
concentrations for another 24 hours. Larvae were monitored for
mortality, morphological changes, and behavioral alterations
under a stereomicroscope.

2.2. Determination of Antioxidant Enzyme Activity

Whole-body homogenates of zebrafish larvae were
prepared in ice-cold phosphate-buffered saline (PBS, pH 7.4)
using a sonicator. The homogenates were centrifuged at 12,000
rpm for 10 minutes at 4°C, and the supernatants were collected
for biochemical assays ( ).

SOD Activity: SOD activity was determined using a
colorimetric assay that measures the inhibition of nitroblue
tetrazolium (NBT) reduction by superoxide radicals. The
absorbance was recorded at 560 nm, and results were
expressed as units per milligram of protein (U/mg protein).
CAT activity was assessed by monitoring the decomposition of
hydrogen peroxide (H,0;) at 240 nm. The enzyme activity was
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expressed as U/mg protein. GST activity was measured using
1-chloro-2,4-dinitrobenzene (CDNB) as a substrate. The
enzyme activity was expressed in U/mg protein. GSH levels
were quantified using Ellman’s reagent (DTNB), which reacts
with free thiol groups to produce a yellow chromophore
measurable at 412 nm. The levels were expressed as nmol/
mg protein (

).

2.3. Determination of Lipid Peroxidation and NO
Production

Malondialdehyde (MDA) levels were measured using
the thiobarbituric acid reactive substances (TBARS) assay.
Homogenates were incubated with thiobarbituric acid at
95°C for 30 minutes, and the absorbance of the resulting
pink chromophore was recorded at 532 nm. The results were
expressed as nmol MDA/mg protein. NO production was
determined using the Griess reagent. Culture supernatants
were mixed with the reagent, and the absorbance was
measured at 540 nm to determine nitrite accumulation as an
indicator of NO levels (

).

2.4. Fluorescence-Based Assays

Acridine Assay for Apoptosis Detection: Zebrafish
larvae were incubated with acridine orange (5 pg/mL) for 30
minutes in the dark, followed by PBS washing. Fluorescence
images were captured under a fluorescence microscope using
the FITC filter. The intensity of green fluorescence (indicative
of apoptotic cells) was quantified using Image] software

( .

DPPP staining for lipid peroxidation detection. Larvae
were incubated with DPPP (5 uM) for 30 minutes, followed by
PBS washing. Fluorescence images were acquired, and lipid
peroxidation levels were analyzed based on fluorescence
intensity (Sudhakaran et al., 2024).

DCFDA Assay for ROS Measurement: Reactive
oxygen species (ROS) levels were quantified using
dichlorodihydrofluorescein diacetate (DCFDA). Zebrafish
larvae were exposed to DCFDA (20 pM) for 30 minutes in the
dark, washed with PBS, and analyzed under a fluorescence
microscope. Fluorescence intensity was quantified using
Image]. All assays were performed in triplicates to ensure
reproducibility ( ).

2.5. Statistical Analysis

Data were analyzed using GraphPad Prism 9 software
and expressed as mean * standard deviation (SD). One-
way ANOVA followed by Tukey’s post hoc test was used
to determine statistical significance. Differences were
considered significant at p < 0.05.

3. Result
3.1. Protective Role of VA in 1% ETOH-Exposed Zebrafish
Larvae

1% ETOH exposure significantly impacted the survival
rate of zebrafish larvae (37%), leading to morphological
abnormalities suchasreduced bodylengthand body curvature.
The administration of VA markedly improved survival rates,
with the 100 pg/mL dose providing the greatest protective
effect (92%). Larvae treated with VA exhibited a notable
reduction in 1% ETOH-induced deformities, suggesting its
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Figure 1: Representative images of zebrafish larvae under a stereomicroscope microscope after the treatment. The
treatment and 1% ETOH group was compared with control (n = 50 larvae/group).
* represent significant difference at p < 0.05.

role in alleviating alcohol-induced toxicity ( ).

3.2. Effect of VA on Antioxidant Enzyme Activities

A decline in SOD levels was observed in 1% ETOH-
exposed larvae, indicating oxidative stress due to an
accumulation of superoxide radicals (17 U/mg of Protein).
Treatment with VA significantly increased SOD activity,
particularly at 100 pg/mL (32 U/mg of Protein), restoring
antioxidant balance and neutralizing superoxide radicals.
1% ETOH exposure impaired CAT enzyme function, leading
to elevated hydrogen peroxide levels (8 pmol/mg of Protein).
VA supplementation enhanced CAT activity, with the highest
recovery noted at 100 pg/mL (22 pmol/mg of Protein),
demonstrating its ability to counteract oxidative damage
( ).

A marked reduction in GST activity was noted in
1% ETOH-treated zebrafish (15 nmol/mL), suggesting
compromised detoxification pathways. VA treatment
restored GST activity (28 nmol/mL), with the 100 pg/mL

concentration offering the most substantial improvement.
1% ETOH exposure significantly depleted intracellular
GSH reserves (2.3 nmol/mg of Protein), reflecting oxidative
imbalance. VA supplementation, particularly at 100 pg/
mL (9 nmol/mg of Protein), effectively restored GSH levels,
reinforcing its protective antioxidant properties.

3.3. Impact of VA on NO Levels and Lipid Peroxidation

1% ETOH exposure led to a surge in NO levels (71 uM),
indicative of inflammation and oxidative stress. VA treatment
significantly attenuated NO levels, with the most pronounced
effect observed at 100 pg/mL (20 uM), highlighting its anti-
inflammatory potential ( ).

1% ETOH-induced toxicity caused excessive lipid
peroxidation, as reflected by increased MDA levels (79%).
VA-treated groups exhibited a significant reduction in MDA
levels (20%), with 100 pg/mL demonstrating the most
effective membrane-protective capability ( ).

Figure 2: Reduction in SOD and CAT levels were significant in 1% ETOH larvae. The VA treatment in 1% ETOH larvae
compared with control group (n = 50 larvae/group).
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Figure 3: Reduction and increase in GSH and NO levels were significant in 1% ETOH larvae. The VA treatment in 1% ETOH
larvae compared with control group (n = 50 larvae/group).

Figure 4: Reduction and increase in GST and lipid peroxidation levels were significant in 1% ETOH larvae. The VA treatment in
1% ETOH larvae compared with control group (n = 50 larvae/group).

3.4.Reduction of ROS, Apoptosis, and Lipid Peroxidation
by VA

1% ETOH-induced oxidative stress resulted in
heightened ROS accumulation in zebrafish larvae. VA
treatment led to a significant reduction in ROS levels,
with the highest protective effect at 100 pg/mL (

). 1% ETOH exposure triggered extensive apoptosis, as
evident from increased fluorescence intensity in acridine
orange-stained larvae. VA treatment notably decreased
apoptotic cell numbers, reinforcing its protective role in
cellular integrity ( )- 1% ETOH toxicity elevated
lipid peroxidation, reflected by intense DPPP fluorescence
signals. VA significantly diminished lipid peroxidation,
with 100 pg/mL providing maximum protection against
membrane damage ( ).

4. Discussion

This study highlights the significant protective
effects of VA in counteracting 1% ETOH-induced oxidative
damage in zebrafish larvae. The observed benefits were
demonstrated through increased survival rates, restoration
of antioxidant defenses, and inhibition of lipid peroxidation
and apoptosis. These findings reinforce the efficacy of
plant-derived antioxidants in mitigating alcohol-related
oxidative stress. 1% ETOH metabolism generates ROS,
which induce cellular damage and impair physiological
functions ( )- The marked

18 Archives of Medical Reports 1(2) (2024) 15-21

increase in ROS observed in 1% ETOH-treated larvae
was significantly reversed following VA supplementation.
These findings align with prior research demonstrating
the efficacy of VA antioxidants in scavenging free radicals
in invitro cells ( ). The enhanced activities
of SOD and CAT further support the hypothesis that VA
strengthens endogenous antioxidant defense mechanisms,
providing resistance against 1% ETOH-induced toxicity.

Elevated NO levels in 1% ETOH-exposed larvae
suggest an activated inflammatory response. VA
treatment significantly lowered NO levels, corroborating
its anti-inflammatory potential. Similar studies have
shown that phenolic acids, including VA, possess strong
anti-inflammatory properties, reducing NO-mediated
damage in oxidative stress conditions |

). Additionally, the substantial decrease in MDA
levels following VA supplementation confirms its role in
preventing lipid peroxidation and maintaining membrane
integrity. Apoptosis is a crucial factor in 1% ETOH-induced
toxicity, leading to extensive cellular damage. The acridine
orange assay revealed heightened apoptotic activity in
1% ETOH-treated larvae, which was significantly reduced
upon VA treatment. This protective effect aligns with
reports highlighting the anti-apoptotic properties of
natural phenolic compounds. Furthermore, the reduction
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Figure.5 : Effect of VA on ROS Levels in 1% ETOH Zebrafish Larvae. (A) Representative DCFDA green fluorescence images
illustrating ROS levels in 1% ETOH group (B) VA (100pg/mL) treatment group.

Figure 6: Effect of VA on lipid peroxidation levels in 1% ETOH Zebrafish Larvae. (A) Representative DPPP blue fluorescence
images illustrating ROS levels in 1% ETOH group (B) VA (100pg/mL) treatment group

in lipid peroxidation, as observed in the DPPP assay, further
substantiates VA's role in safeguarding cellular membranes
from oxidative degradation.

Overall, these findings underscore the therapeutic
potential of VA in managing 1% ETOH-induced oxidative stress.
Its efficacy in restoring antioxidant balance, reducing apoptosis,
and inhibiting lipid peroxidation establishes VA as a promising
candidate for mitigating alcohol-related toxicity. Further
investigations into its molecular mechanisms and potential
synergistic interactions with other natural compounds could
enhance its clinical applicability.

5. Conclusion

VA exhibited profound protective effects against
1% ETOH-induced oxidative stress in zebrafish larvae
by enhancing antioxidant enzyme activity, reducing ROS
accumulation, inhibiting lipid peroxidation, and mitigating
apoptosis. These findings indicate that VA may serve as a
potential therapeutic agent for alcohol-related oxidative
damage. Future studies should explore its clinical
applications and molecular pathways in greater depth.

Figure 7: Effect of VA on apoptosis Levels in 1% ETOH Zebrafish Larvae. (A) Representative acridine orange red fluorescence
images illustrating apoptosis levels in 1% ETOH group (B) VA (100ug/mL) treatment group.
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