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Abstract
Background and Objective: Cerebral ischemia/reperfusion (I/R) injury is a complex pathological process where the temporary interruption
and subsequent restoration of blood flow to the brain cause significant oxidative stress, exacerbating neuronal damage. This study aims
to investigate the neuroprotective effects of pheophytin A, L-carnitine and melatonin using a rat model for cerebral ischemia/reperfusion-
induced injury, focusing on their influence on oxidative stress markers, specifically malondialdehyde (MDA), superoxide dismutase (SOD)
and  glutathione  peroxidase  (GPx).  Materials  and  Methods:   Thirty-six   male   albino   rats   were   assigned   to   six   groups:   Control,
sham-operated, saline pretreated ischemia/reperfusion (I/R) and pheophytin A, L-carnitine, or melatonin pretreated I/R groups. The
experimental procedure involved anesthetizing animals with thiopental sodium and performing bilateral occlusion of the common carotid
arteries to induce ischemia for 30 min, followed by reperfusion for 4 hrs. Blood samples were collected, centrifuged to separate serum
and then diluted 1000-fold for analysis. Serum levels of SOD, GPx and MDA, were measured post-surgery using ELISA kits, with absorbance
readings taken at 450 nm after several incubation and washing steps. Data were analyzed using one-way ANOVA and post hoc  test in
IBM SPSS v28, with statistical significance set at p<0.05. Results: Pheophytin A, L-carnitine and melatonin effectively protect against
oxidative stress induced by cerebral ischemia/reperfusion (I/R) injury. Pre-treatment with these compounds led to significant increases
in antioxidant enzyme levels (SOD and GPx) and a notable reduction in MDA levels. Conclusion: These findings suggest that all three
compounds exhibit similar protective effects against oxidative stress in I/R injury, highlighting their potential as therapeutic strategies
for ischemic brain disorders.
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INTRODUCTION

Cerebral ischemia/reperfusion injury occurs when the
blood supply to the brain is reduced and subsequently
restored. This phenomenon is a major contributor to
neurological disorders such as stroke and traumatic brain
injury1.  While  the  restoration  of  blood  flow  is  crucial  for
tissue  survival,  sudden  reoxygenation  of  tissues  after
ischemia paradoxically leads to the production of reactive
oxygen species and the elevation of oxidative stress. This
oxidative  damage  significantly  worsens  neuronal  injury  and
is associated with various neurological complications,
including neuronal death, blood-brain barrier disruption and
inflammation. Therefore, understanding and mitigating the
molecular consequences of ischemia/reperfusion injury is
crucial for developing effective therapeutic strategies aimed
at reducing brain damage.

Oxidative stress is a central feature of I/R injury and arises
due to a disruption between ROS production and the body’s
antioxidant defenses. The ROS including superoxide anion
(O2•G) and  hydroxyl  radicals  (•OH),  are  highly  reactive
species that can damage lipids, proteins and DNA. The
Malondialdehyde (MDA), the byproduct of lipid peroxidation,
is commonly used as a marker for oxidative stress. In response
to this, the body activates the enzymes with antioxidant
properties like superoxide dismutase (SOD) and glutathione
peroxidase (GPx) thus neutralizing ROS and preventing cellular
damage. However, in I/R injury, the antioxidant defenses are
often overwhelmed, leading to exacerbated oxidative damage
and tissue injury2.

The development of therapeutic interventions that can
enhance the body’s antioxidant defenses is of great
importance in reducing the damaging effects of I/R injury.
Several  natural  and  synthetic  compounds  have  been
explored for their potential neuroprotective properties,
including L-carnitine, melatonin and pheophytin A. These
compounds have shown promise in protecting against
oxidative stress, improving mitochondrial function and
reducing inflammatory responses, all of which play crucial
roles in cellular survival following ischemic events.

The L-carnitine is a naturally occurring substance essential
for  fatty  acid  metabolism,  as  it  aids  in  the  transport  of
long-chain fatty acids to mitochondria for oxidative reactions.
Beyond its metabolic functions, L-carnitine has been shown to
exhibit antioxidant properties and neuroprotective effects in
various models of neurological injury. In particular, L-carnitine
has demonstrated the ability to reduce oxidative stress and
mitigate mitochondrial dysfunction, which are central to the
pathogenesis of cerebral I/R injury. Previous research indicated

that L-carnitine supplementation might enhance antioxidant
enzyme  activity,  improve  mitochondrial  function  and
decrease lipid peroxidation, thereby offering neuroprotection
in conditions like stroke and traumatic brain injury3. The
neuroprotective potential of L-carnitine, especially in the
context of I/R injury, has generated significant interest and
warrants further exploration.

The Melatonin, a hormone mainly produced by the pineal
gland, is widely recognized for its role in regulating circadian
rhythms. However, melatonin also exhibits potent antioxidant
properties, acting as a free radical scavenger and modulating
various cellular processes, including mitochondrial function,
apoptosis and inflammation. Several studies indicated the
neuroprotective actions of melatonin in cerebral ischemia,
attributing these effects to its ability to neutralize ROS, restore
antioxidant enzyme activity and improve mitochondrial
health. Melatonin has also been shown to reduce the serum
concentrations of MDA, a marker of lipid peroxidation, in I/R
injury models. Given its ability to modulate oxidative stress,
melatonin presents as a promising candidate for therapeutic
intervention in ischemic conditions4.

The Pheophytin A, a chlorophyll derivative novel
antioxidant compound, has recently gained attention for its
antioxidant properties. Unlike other common antioxidants,
pheophytin A is capable of directly scavenging ROS and
stabilizing   cellular   membranes.   Studies   have   suggested
that pheophytin A may reduce oxidative damage in
neurodegenerative diseases and brain injuries by mitigating
mitochondrial  dysfunction  and  enhancing  cellular
antioxidant defenses. In particular, its effects on mitochondrial
protection   make   it   a   valuable   compound   to   investigate
in  ischemia-reperfusion  damage,  where  mitochondrial
dysfunction is a key factor in the injury cascade. Though
research on pheophytin A in ischemic conditions is still in its
early stages, preliminary data suggest that it holds promise as
a neuroprotective agent5.

The objective of this research was to examine the effects
of pheophytin A, L-carnitine and melatonin on oxidative stress
markers-specifically MDA, SOD and GPx in rats exposed to
cerebral I/R injury. Given the established roles of L-carnitine
and melatonin in modulating oxidative  stress and protecting
against mitochondrial dysfunction, this research aims to 
determine  whether  pre-treatment  with  these  compounds
can improve the antioxidant response and reduce oxidative
damage in the brain following ischemic injury and whether
the novel compound pheophytin A has a protective role in
ischemic injury. The study also aims to compare the effect of
the three compounds on oxidative stress markers MDA, SOD
and Gpx.
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MATERIALS AND METHODS

Study  location:  The  research  was  conducted  over  the
period from September, 2019 to November, 2020 at the
Department of Pharmacology and Toxicology, College of
Pharmacy, Qassim University, Saudi Arabia.

Drugs and chemicals: The current study used pheophytin
isolated in a pure form from the halophyte plant, Suaeda
vermiculata, using the standard chromatographic techniques6.
The compound’s structure was identified as pheophytin using
NMR, IR and MS spectral analysis7.

The  L-Carnitine  capsules  (2500  mg),  American
International  Lab.,  USA  were  purchased  from  the  Nahdi
Global website. Melatonin capsules (5 mg), Pharm-RX
Chemical Corporation, USA were also purchased from the
Nahdi Global website. Thiopental powder was purchased from
Sigma Aldrich.

The serum levels of superoxide dismutase, glutathione
peroxidase and malonaldehyde were determined using the
ELISA assay method according to the manufacturing
protocols.  All  kits  were  provided  by  Cloud-Clone  Corp.,
Katy, Texas,  USA.  The  absorbance  of  the  parameters  was
measured   using   a   plate   reader   (Bio   Tek   Instruments,
Santa Clara, California, USA) set to 450 nm wavelength and the
concentration was calculated using the standard curve.

Experimental animals: Thirty-six adult male albino rats,
weighing between 200 and 300 g, were kept in standardized
conditions with a natural light-dark cycle and a temperature
of 25±1EC. They had unrestricted access to food and water.
The rats were randomly allocated into six experimental
groups; Group 1 (Control), Group 2 (Sham-operated), Group 3
(cerebral I/R), Group 4 (I/R pretreated with pheophytin A):
Received IP pheophytin A (10 mg/kg)8. Group 5 (I/R pretreated
with  L-carnitine):  Received  IP  L-carnitine  (100  mg/kg)9.
Group 6 (I/R pretreated with melatonin): Received IP
melatonin (10 mg/kg)10. Groups 1, 2 and 3 received normal
saline.  For  pretreated  groups,  the drugs were administered
30 min before bilateral carotid artery occlusion. Four hours
after reperfusion all the rats were sacrificed and a blood
sample  was  collected,  centrifuged  and  the  serum levels of
pro-oxidant MDA and antioxidant enzymes SOD, glutathione
peroxidase were measured.

Surgical procedures: The experimental animals were
anesthetized with thiopental sodium (50 mg/kg, IP) for
general  anesthesia  and  placed  in  a  supine  position  on  the

surgical table. Body temperature was maintained at 37EC by
a heating pad. Bilateral occlusion of the common carotid
arteries was performed by making a small incision on the neck
to expose the arteries. The common carotid arteries are
carefully isolated and identified using micro-forceps. Once
exposed, vascular clamps are applied to both arteries,
effectively blocking blood flow to the brain for 30 min and
inducing ischemia. After the ischemic period, the clamps are
removed to allow reperfusion, restoring blood flow to the
brain for 4 hrs. This procedure is used to investigate the effects
of ischemia and reperfusion in animal models of stroke as
shown in Fig. 1. Regarding the sham group, the same surgical
procedure was performed without occluding the carotid
arteries, ensuring that any effects observed were due to
ischemia11,12.

Sample preparation: Based on manufacturer instructions,
blood  samples  were  collected  and  then  centrifuged  at
1500 rpm for 10 min to separate the serum, which was then
transferred into a vial using a pipette. The serum sample
required a 1000-fold dilution. Initially, 20 µL of the serum was
mixed with 180 µL of Phosphate Buffered Saline (PBS) to
create a 1:10 dilution. Then, 10 µL of the 1:10 diluted sample
was further diluted by adding it to 990 µL of PBS, resulting in
a final 1:1000 dilution.

Assay of MDA, SOD and GPx enzymatic activities: The serum
level of MDA, SOD and GP were determined by the ELISA
method according to the instructions of the manufacturer.
Absorbance was read at 450 nm assay kits which were
purchased from Cloud-Clone Corp., Katy, Texas, USA.

Fig. 1: Rat subjected to surgical procedures of  bilateral
occlusion of common carotid arteries

88



Int. J. Pharmacol., 21 (1): 86-91, 2025

Assay  procedures:  The procedure begins by adding 100 µL
of the diluted standard, blank and sample solutions to the
corresponding wells, followed by incubation for 1 hr at 37EC.
Afterward, discard the contents of each well without washing.
Then, introduce 100 µL of Detection Reagent A working
solution into each well and incubate for an additional hour at
37EC. Following the incubation, wash each well with 350 µL of
wash solution and let it stand for 1-2 min. Repeat this wash
procedure three times. Next, add 100 µL of the working
solution of Detection Reagent B to each well and incubate for
30 min at 37EC. Afterward, repeat the wash step three times.
Then, introduce 90 µL substrate solution to every well and
incubate for 10-20 min at 37EC, protecting the solution from
light. The liquid will turn blue upon substrate addition. Finally,
add 50 µL stop solution for each well to turn the liquid yellow.
Measure absorbance immediately at 450 nm with a microplate
reader.

Ethics  approval:  All  experiments  in  the  current  research
were approved by the Scientific Research Unit, College of
Pharmacy, Qassim University, Kingdom of Saudi Arabia
(Approval ID 2018-CP-14).

Statistical analysis: Data are expressed as Mean±Standard
Deviations (SD). Data were analyzed by one-way analysis of
variance and post hoc test using IBM SPSS version 28. A
p<0.05 denoted statistical significance.

RESULTS

The mean values of SOD, GPx serum levels in the
ischemia/reperfusion group (1553±124.8 and 561.5±20.74,
respectively) were significantly higher than the control group
(2087±261.1 and 616.9±61.12, respectively). Meanwhile, the
level of the pro-oxidant MDA was significantly increased
(361.3±80.17) in the ischemia-reperfusion group about the
control group (234.3±40.33). Moreover, the mean values of
the serum levels of SOD, GPx in pheophytin A (2325±272.8
and 683.1±28.28), L-carnitine (2117±407.0 and 621.5±111.3)
and melatonin (2325±272.8, 671.3±41.49) pretreated groups
were significantly increased compared to the values of the
control   group.   However,   the   mean  values  of  the  serum

levels of pro-oxidant MDA were significantly reduced in
pheophytin A,  L-carnitine  and  melatonin  pretreated  groups
(257.0±15.06A, 262.0±23.17 and 255.0±19.17, respectively)
about  the  control  group.  The  mean  values  of  serum  levels
of   the   pro-oxidant  MDA  were  insignificantly  different  in
L-carnitine, melatonin and pheophytin A pretreated groups.
Also, the mean values of the serum levels of SOD and GPx
were insignificantly different in the three treated groups
(Table 1).

DISCUSSION

The current study investigates the effects of three
compounds-pheophytin A, L-carnitine and melatonin on the
serum levels of MDA, SOD and GPx in rats subjected to
cerebral I/R injury. The results demonstrate increased oxidative
stress in the I/R Group. The rats in the I/R group exhibited
significantly higher levels of MDA (a marker of lipid
peroxidation and oxidative damage) compared to the control
group. Moreover, the serum levels of the antioxidant enzymes
SOD and GPx were found to be significantly lower in the I/R
group compared to the control group. This finding supports
the idea that ischemia/reperfusion injury exceeds the capacity
of the body’s natural antioxidant defenses13-15.

In contrast to the I/R group, pre-treatment with
pheophytin A, L-carnitine and melatonin resulted in a
significant increase in the levels of SOD and GPx in serum. This
indicates that these compounds have a protective effect,
enhancing the antioxidant defense system against the
oxidative damage caused by I/R injury. Specifically, levels of
these enzymes were restored to values higher than those of
the control group, which further supports the hypothesis that
these  compounds  have  antioxidant  potential.  Moreover,
pre-treatment with pheophytin A, L-carnitine and melatonin
significantly reduced the MDA levels compared to the I/R
group. This suggested that all three compounds effectively
mitigate the oxidative damage associated with I/R injury.
Interestingly,  the  serum  MDA  levels  in  the  pretreated
groups   (pheophytin   A,   L-carnitine   and   melatonin)   were
not significantly different, implying that these compounds
may offer a similar degree of protection against oxidative
stress.

Table 1: Effect of pheophytin A, L-carnitine and melatonin on MDA, SOD, GPx serum levels in rats subjected to cerebral ischemia/reperfusion injury
Mean±SD (ng/mL)

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Parameter Control group Sham-operated group Cerebral I/R group Pheophytin A group L-carnitine group Melatonin group
Superoxide dismutase 2087±261.1A 2020±209.6A 1553±124.8B 2253±238.4A 2117±407.0A 2325±272.8A

Glutathione peroxidase 616.9±61.12A 566.9±35.82A 561.5±20.7B 683.1±28.28A 621.5±111.3A 671.3±41.49A

Malondialdehyde 234.3±40.33A 245.0±51.38A 361.3±80.17B 257.0±15.06A 262.0±23.17A 255.0±19.17A

SOD: Superoxide dismutase, GP: Glutathione peroxidase, MDA: Malondialdehyde, values do not share the subscript capital letters considered significantly different
and values are presented as (Mean±SD)
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The  Pheophytin  A,  L-carnitine  and  melatonin
demonstrated promising antioxidant properties. Their ability
to increase antioxidant enzyme activity (SOD and GPx) and
decrease MDA levels supports their potential as adjunctive
treatments for oxidative stress-related conditions, such as
stroke and other forms of ischemic brain injury. The findings
of the current research were supported by other studies which
showed that pheophytin A, L-carnitine and melatonin act by
enhancing mitochondrial function, reducing inflammation or
directly scavenging free radicals5,16,17.
Current findings support the results of Hsu et al.18, who

reported antioxidant and free radical scavenging activities of
chlorophylls   and   pheophytins.   Furthermore,   the   work  of
Kim et al.19, aligns with our observations, as they reported the
neuroprotective effect of extract from Agarum clathratum
extract against experimentally induced transient cerebral
ischemic, one of the compounds of the extract is
pheophytin20. Additionally, the research by Huang et al.21,
further corroborates current findings, highlighting the role of
pheophytin A in attenuating I/R injury by reducing oxidative
stress.
Current  results  are  also  consistent  with  Scafidi  et al.22

who demonstrated that L-carnitine has protective action
against ischemic injury. Additionally, the results were
consistent with the study by Siktar et al.23, which highlighted
the protective role of L-carnitine supplementation against
oxidative stress induced by exhaustive exercise in rats.
The results of the current study were in line with the study

by Romero et al.24, who demonstrated the synergistic
neuroprotective effect of combined low concentrations of
galantamine   and   melatonin   against   oxidative   stress   in
SH-SY5Y   neuroblastoma   cells.   Additionally,   the   work   of
Yang et al.25 supports current results, as they found that
melatonin reduced inflammation and apoptosis in neuronal
cells exposed to ischemic conditions in a rat stroke model. 
Moreover, the results of the current work were consistent with
those of Bocheva et al.26, who reported the neuroprotection
and retardation of brain aging with melatonin use.

CONCLUSION

The current study highlights the protective effects of
pheophytin A, L-carnitine and melatonin against oxidative
stress induced by brain I/R injury in rats. These compounds
effectively reduced oxidative damage, as proven by a
significant reduction in serum MDA levels and enhanced the
antioxidant defense system, as reflected by the increase in
serum SOD and GPx activity. Current findings support the

potential therapeutic applications of pheophytin A, L-carnitine
and   melatonin   in   preventing   or   mitigating   oxidative
stress-related conditions such as stroke and ischemic brain
injury. These results indicated that these compounds exert
their beneficial effects through mechanisms such as
mitochondrial protection, reduction of inflammation and
direct free radical scavenging.

SIGNIFICANCE STATEMENT

The study demonstrates the protective effects of
pheophytin A, L-carnitine and melatonin against oxidative
stress caused by brain I/R injury, highlighting their potential as
therapeutic agents for conditions like stroke and ischemic
brain injury. These compounds significantly reduced oxidative
damage and enhanced antioxidant defenses, aligning with
mechanisms such as mitochondrial protection and free radical
scavenging. Future research should explore their clinical
applications, optimal dosages and long-term effects to better
understand their efficacy and safety in human populations.
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