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ABSTRACT

Background: Piroxicam, a nonsteroidal antiinflammatory drug, is commonly used to induce inflammation in
experimental models of inflammatory bowel disease (IBD). Piroxicam can modulate the immune system and disrupt
the mucosal barrier, leading to increased production of reactive oxygen species.

Aim: This study aimed to evaluate the effects of single-clove garlic (4/lium sativum var. solo garlic) extract (SGE)
on liver histopathological findings, superoxide dismutase (SOD), and malondialdehyde (MDA) levels in white rats
(Rattus norvegicus) Wistar strain induced with piroxicam.

Methods: The study used a completely randomized design with 30 male Wistar rats aged 2 months and weighing 150—
200 g. The rats were divided into five groups: negative control (C), receiving CMC-Na 0,5% only; positive control
(TO0), receiving 20 mg/kgBW piroxicam; and three treatment groups, receiving 20 mg/kgBW piroxicam combined with
75 mg/kgBW (T1), 100 mg/kgBW (T2), or 125 mg/kgBW (T3) of SGE. Piroxicam was administered orally to induce
inflammation, followed by SGE treatment for 14 days. Liver histopathological images were measured for damage
repair using the scoring method. Superoxide dismutase and malondialdehyde levels were measured using enzyme-
linked immunosorbent assay methods.

Results: The results showed a significant increase in SOD levels (p < 0.05) in the treatment groups compared with the
TO (20 mg/kgBW piroxicam), with the T3 (125 mg/kgBW piroxicam) showing the most significant effect. Additionally,
MDA levels were significantly decreased (p < 0.05) in all treatment groups, indicating a reduction in oxidative damage.
Statistical analysis revealed a dose-dependent relationship between garlic extract administration and improvement in
liver histopathological findings and oxidative stress markers.

Conclusion: SGE is a potent antioxidant that reduces oxidative stress in a piroxicam-induced IBD model and
contributes to good health. Further studies are needed to explore the molecular mechanisms underlying these effects
and to optimize the therapeutic potential of IBD.

Keywords: Good health, Liver histopathological, MDA, Piroxicam, Single garlic, SOD.

Introduction

Nonsteroidal —anti-inflammatory drugs (NSAIDs)
are one of the causes of inflammatory bowel disease
(IBD). Piroxicam is an NSAID and a non-selective
cyclooxygenase (COX) inhibitor (Nurahmanto et al.,
2018). The ability of piroxicam to act as a nonselective
COX inhibitor can inhibit prostaglandin synthesis by
inhibiting the COX enzyme (Gunaydin and Bilge,

2018). In other words, piroxicam has a mechanism of
action in inhibiting COX-1 and COX-2 but is more
effective in inhibiting COX-1 (Mustaqim et al., 2018),
where COX-1 plays a role in the protection of the
gastrointestinal mucosa. The ability of piroxicam to
inhibit prostaglandin synthesis can also cause a decrease
in blood flow and ischemia (Bjarnason et al., 2018).
Ischemia can cause mitochondrial leakage and trigger
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an increase in reactive oxygen species (ROS), which
are harmful and involved in the pathogenesis of gastric
ulceration (Nanayakkara et al., 2019). Piroxicam,
which is a related NSAID class drug, can cause damage
to the gastrointestinal tract. Gastrointestinal adverse
effects result in inflammation and the risk of bleeding
in the digestive tract (Srikandi er al., 2021; Aleem
et al., 2023). Piroxicam affects the immune system
and mucosal barrier by increasing ROS production
through inflammatory reactions that lead to oxidative
stress (Holgersen et al., 2014; Jomova et al., 2023;
Nurkhasanah et al., 2023).

Metabolic processes in the body are performed by the
liver, which also plays a role in storing secreted and
excreted substances as well as detoxifying various toxic
compounds (Singh et al., 2013; Haris et al., 2016). It
has been stated that long-term use of piroxicam and
high doses can cause gastrointestinal bleeding because
piroxicam has the highest toxicity to the gastrointestinal
tract compared with other NSAIDs. Gastrointestinal
bleeding can cause liver damage because toxins from
the small intestine are absorbed by free radicals carried
by the portal vein to the liver, causing changes in the
composition of liver cell tissue. The increase in free
radicals is initiated by lipid peroxidation with the final
product malondialdehyde (MDA) resulting from the
reaction between ROS, which induces proinflammatory
cytokines [tumor necrosis factor-alpha (TNF-a), IL-1,
and interleukin-6 (IL-6)] with membrane phospholipids
(Malino, 2016).

One of the important parameters to measure the
extent of oxidative stress is MDA levels, which are
the end products of lipid peroxidation and serve as
indicators of oxidative damage (Cordiano et al.,
2023). On the other hand, body cells also develop a
complex antioxidant system formed by enzymatic
antioxidants as endogenous antioxidants, one of which
is superoxide dismutase (SOD) (Halliwell, 2022).
SOD effectively addresses cellular oxidative stress,
regulates lipid metabolism, manages inflammation,
and mitigates oxidation. It helps maintain a dynamic
equilibrium between the production and removal of
biological oxidants in the body, thereby protecting
against the harmful effects of free radicals (Zheng
et al., 2023). SOD helps the body eliminate superoxide
radicals by converting them into hydrogen peroxide
(H,0,) (Annamalay, 2018). A complex antioxidant
defense system, including endogenous and exogenous
antioxidants, protects cells from damage and toxicity
via the induction of unstable molecules such as ROS
(Jomova et al., 2023; Fadlilah and Lestari, 2023).
Single garlic (A/lium sativum Var. solo garlic) is an
exogenous antioxidant plant with a higher content of
the active compound allicin than regular garlic (Bae
et al., 2012; Yunita et al.,2023). Allicin is the main
bioactive compound with antioxidant ability obtained
from the hydrolysis of alliin by the enzyme alliinase
or by extracting it at low temperatures using ethanol

solvent (Wahyudi et al., 2018). S-allyl-cysteine (SAC)
in garlic also has antioxidant effects that can increase
major antioxidants such as SOD, CAT, glutathione
peroxidase (GPx), and GST (Ilmawati et al., 2019;
Azhar, 2021). In addition, the presence of diallyl
disulfide in garlic significantly enhances antioxidant
enzyme activity and restores glutathione content in rats
(Alrumaihi, 2020).

This study aimed to explore the potential of SGE in
inhibiting the negative effects of piroxicam on liver
histopathological findings and the stress biomarkers
SOD and MDA levels in white rats (Rattus norvegicus)
as an animal model of IBD. The use of garlic as an
alternative therapy for IBD is still considered to be
limited, so the results of this study are expected to
make an important contribution to the development of
safer and more effective therapies for people with IBD
by utilizing natural ingredients that are relatively safe
and easy to acquire.

Research Materials and Methods

Preparation of Allium sativum var. solo garlic extract
The production of SGE uses 2,000 g of a single garlic,
which is sorted, peeled off, and cut into thin slices.
Single garlic pieces were oven-dried for 24 hours at
50°C. The dried single garlic was then pulverized
with a blender and sieved using a 60-mesh sieve until
the results were obtained in the form of powdered
simplicia. SGE is made by maceration through the
addition of simplicia with 96% ethanol for 72 hours
(Poernomo et al., 2022). The maceration results were
then filtered three times using a Buchner funnel lined
with filter paper and collected into an Erlenmeyer. The
filtrate from the filtration was evaporated using a rotary
vacuum evaporator and heated in a water bath at 40°C
to separate the solvent and obtain a thick SGE.
Research design

This study used 30 white rats (Rattus norvegicus) of
the Wistar strain male sex and two months old, with a
weight of 150-200 g (Aulanni’am ef al., 2020). Given
treatment for 14 days. The study was divided into five
treatment groups:

C : treatment with CMC-Na 0.5 % alone

TO : treatment with 20 mg/Kg BW piroxicam

T1 : treatment with 20 mg/Kg BW piroxicam + 75 mg/
Kg BW SGE

T2 : treatment with 20 mg/Kg BW piroxicam + 100
mg/Kg BW SGE

T3 : treatment with 20 mg/Kg BW piroxicam + 125
mg/Kg BW SGE

The interval between piroxicam and SGE administration
was six hours and was administered for 14 days.
At the end of the treatment period, the experimental
animals were anesthetized and blood serum samples
were collected. The SOD and MDA levels were then
measured using the Enzyme-Linked Immunosorbent
Assay (ELISA) method. The liver organs were
collected during necropsy and were fixed in a 10 %
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formalin buffer solution to facilitate histopathological
examination.

ELISA Examination

The levels of SOD and MDA were measured using
the ELISA (Enzyme-Linked Immunosorbent Assay)
technique with an ELISA Kit from MedikBio, INA. For
SOD analysis, the ELISA plate was coated with specific
antibodies that bind to SODs, followed by incubation
with the sample to facilitate binding. A secondary
antibody linked to the HRP (Horseradish Peroxidase)
enzyme is then added, and the enzymatic reaction with
the substrate produces a colored product, which is
measured with an ELISA reader (Thermo Scientific) by
spectrophotometer at a wavelength of approximately
450 nm. MDA analysis typically employs the capture
assay principle, where MDA reacts with TBA
(Thiobarbituric Acid) to form a detectable complex.
This complex is recognized by specific antibodies, and
absorbance is measured at 532 nm. The concentrations
of SOD and MDA were determined by comparing the
absorbance values with a standard curve. The ELISA
technique is highly sensitive and ideal for research
requiring precise measurements, such as studies on
oxidative stress and inflammation (Christy Angelica,
2024).

Liver histopathology

Scoring was carried out referring to Muhartono (2020)
and Lawung (2019), namely using the modified Manja
Roenigk scoring method on 5 randomly selected visual
fields, which were then averaged with the parameters
of parenchymatous degeneration, fatty degeneration,
hydropic degeneration, and necrosis.

Statistical analysis

Statistical analysis of SOD, MDA, and histopathology
of liver data to evaluate significant differences between
the tested sample groups, for example, between the
control and treatment groups. The obtained data were
then analyzed using the Shapiro—Wilk test to determine
data normality. If the data distributed were not normally
distributed, data processing was continued using
the Kruskal-Wallis nonparametric test to determine
whether or not there were differences between the
treatment groups. If there was a significant difference
(p < 0.05) between treatment groups in the Kruskal—
Wallis test results, then the data analysis was continued
by conducting the Mann—Whitney test to determine
the differences between the treatment groups. If the
data were distributed normally, data processing was
continued using the ANOVA parametric test to show
the differences between treatments, and data processing
was continued using the post hoc Duncan test.

The results of this statistical analysis will determine
whether there is a significant difference between the
groups, which could indicate the effect of the treatment
on oxidative stress SOD and lipid damage MDA. In
addition, correlation analysis can be performed to
observe the relationship between SOD and MDA
expression, which could provide insight into the

mechanism of oxidative balance in the biological
system under study. Statistically significant results are
usually reported with a p-value indicating the level of
confidence in the observed difference.

Ethical approval

This study was approved by the Health Research
Ethical Clearance Commission of Universitas
Airlangga, Surabaya, Indonesia (Approval No. 1/
KEH.125.08.2023). (FODM/11/2022).

Results

Superoxide dismutase levels

SOD levels in TO tissues treated with only piroxicam
treatment indicate low antioxidants in the body with
1.64 + 0.09 u/mg protein. Giving SGE can complement
the reaction of SOD and GPx formation can improve
natural antioxidants in the body. It was proven in the
T3 treatment where the administration of piroxicam
and antioxidant repair with SGE increased SOD levels
to 7.64 + 0.21 p/mg protein. The results are shown in
Table 2.

The TO group exhibited significantly lower SOD
levels, indicating depletion of antioxidant defenses
by piroxicam-induced oxidative stress. In contrast,
the C group exhibited the highest SOD levels among
the untreated rats. The treatment groups (T1, T2, T3)
showed an increase in SOD levels with increasing
doses of SGE, with T3 (125 mg/KgBW) showing the
most significant elevation in SOD levels, exceeding
those of the control group. ANOVA for SOD levels also
revealed a significant difference between the groups (p
< 0.001). The Duncan post hoc test revealed that T3
formed a distinct subset with the highest SOD levels,
which was significantly different from the other groups.
Malondialdehyde levels

The average malondialdehyde level in group TO treated
with only piroxicam treatment has a score of 8.04 +
0.18 p/mg protein. After treatment in group T3 with
piroxicam and treatment with a single garlic extract at
a dose of 125 mg/KgBW, the MDA values of 4.24 +
0.20 u/mg protein as a result of SGE can reduce MDA
levels. The results are shown in Table 2.

The highest MDA levels were observed in the TO
group, indicating that piroxicam induces significant
oxidative stress. In contrast, the C group had the lowest
MDA levels, as expected for animals not exposed to
oxidative stress. The treatment groups (T1, T2, T3)

Table 1. Liver histopathology scoring scoring (Lawung
etal., 2019).

Damage level Score
Normal 1
Parenchyma degeneration 2
Hydropic and fatty degeneration 3
Necrosis 4
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Table 2. Superoxide dismutase and Malondialdehyde levels.

Variable Superoxide dismutase Malondialdehyde
C 2.44¢+0.28 2.95+0.09

TO 1.64* £ 0.09 8.04 £0.18

T1 1.94°+0.05 6.07 £ 0.06

T2 4.55¢+0.33 6.16 £0.12
T3 7.68°+0.21° 4.24 +0.20365

*abedande: The difference superscript on the same line shows that it is significantly different (p < 0.05). C
: control ; TO : Piroxicam only; T1 group : Piroxicam + 75 mg/Kg BW extract single garlic; T2 group :
Piroxicam + 100 mg/Kg BW extract single garlic; T3 group : Piroxicam + 125 mg/Kg BW extract single garlic)

Table 3. Mean liver cell damage after piroxicam and SGE
induction.

Group Mean + SD
C 1.08 £0.18
TO 3.04+0.73
T1 2.04 +0.30
T2 1.40 +0.32
T3 1.08 +0.11

With: mean: the mean of liver damaging cell SD: standard
deviation. Kruskall-wallis test.

showed a dose-dependent reduction in MDA levels,
with T3 (125 mg/KgBW garlic) showing the largest
reduction, bringing MDA levels closer to those of the
control group. The ANOVA test for MDA showed a
significant difference between the groups (p < 0.001),
and the Duncan post hoc test revealed that the T3
group formed a distinct subset with lower MDA levels
compared to Tl and T2. This suggests that higher
SGE doses are more effective in reducing piroxicam-
induced lipid peroxidation.

Histopathology of the liver

The results of the Shapiro—Wilk normality test showed
a p-value < 0.05 in the C group (0.001) and the T3
group (0.026), so it can be concluded that the data is
not normally distributed. Data that showed no normal
distribution and were included in ordinal data were
analyzed using the Kruskal-Wallis test (Table 3) and
continued with the Mann—Whitney post Hoc test
(Table 4).

The results of the scoring method revealed varying liver
damage. Group C, which was only given 0,5% CMC-Na
solution, showed the lowest scoring value, indicating
it had the lowest damage among all treatment groups.
Group TO receiving piroxicam at a dose of 20 mg/
KgBW had the highest scoring value of 3.04. Group TO
showed a picture of hydropic degeneration commonly
called Ballooning degeneration in hepatocyte cells. The
cell size was extremely enlarged, and the cytoplasm
appeared clear. However, the cell nucleus was still

Table 4. Post hoc result Mann—Whitney from the scoring of
liver histopathology.

Group p value
Cand TO 0.007"
Cand Tl 0.007"
Cand T2 0.074

Cand T3 0.699

TO and T1 0.015"
TO and T2 0.009"
TO and T3 0.008"
T1 and T2 0.021"
T1 and T3 0.008"
T2 and T3 0.081

Description : “p < 0.05 = the statistical results show a significant
difference.

visible in the middle. Group T1 showed a scoring value
of 2.04, which was the second-highest damage value
after group TO. Group T1 experienced parenchymatous
degeneration commonly called cloudy swelling
hydropic degeneration in hepatocyte cells, the cell
size was seen to be enlarged but not as extreme as in
hydropic degeneration, with the cytoplasm appearing
cloudy, and the cell nucleus remaining in the middle.
Group T2 showed a scoring value of 1.40, which
indicated a damage value approaching that of group
C. Group T3 showed the same scoring value as group
C, namely 1.08. Group T3 showed normal hepatocytes
with a radial cell arrangement toward the central
vein and polyhedral cell shape and hepatocyte plates.
The decrease in damage value from group T1 to T3
compared with group TO and C is shown in Figure 1.

The results of the Kruskal-Wallis test obtained p = 0.00,
which means it is categorized as significant because p
< 0.05 so that the hypothesis can be accepted, namely
that single garlic extract (Allium sativum var. solo
garlic) has the potential to reduce damage due to free
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Fig. 1. Histopathological figures of the liver organ of white rat strain Wistar magnification
400x. Description: C (only given CMC-Na 0,5% solution); TO (piroxicam 20 mg/KgBW); T1
(piroxicam 20 mg/KgBW and SGE 75 mg/KgBW); T2 (piroxicam 20 mg/KgBW and SGE
100 mg/KgBW); T3 (piroxicam 20 mg/KgBW and SGE 125 mg/KgBW). N: normal, DP:
parenchymatous degeneration, DH: hydropic degeneration, NK: necrosis.

radicals seen in the histopathology of the liver of white
rats (Rattus norvegicus) induced by piroxicam.

Based on the Mann—Whitney post hoc test in the
statistical analysis in Table 3, the value of group T1
is significantly different (p < 0.05) from group TO,
which is 0.015, and also significantly different from
group C, which is 0.007. This shows that the dose of
SGE in group T1, which was 75 mg/KgBW, provided
a therapeutic effect, although it was still significantly
different from group C.

Group T2 showed a significant difference (p < 0.05)
from group TO with a value of 0.009, not significantly
different (p > 0.05) from group C which showed a value
0f 0.074, and significantly different from group T1 with
a value of 0.021. The results of the analysis showed
that the SGE dose of group T2, namely 100 mg/KgBW,

had the effect of reducing damage to liver tissue
due to piroxicam induction because it was no longer
significantly different from group C and the dose in
this treatment group showed a better therapeutic effect
compared to group T1.

The results of the analysis of the T3 group with an SGE
dose of 125 mg/Kg BW showed a significant difference
(p < 0.05) with the TO group with a value of 0.008
and the T1 group with a value of 0.008 and was not
significantly different (p > 0.05) with the C group and
the T2 group. This shows that the T3 group exerts a
significant therapeutic effect, marked by a reduction in
damaged liver tissue, and provides a better therapeutic
effect than the T1 group.

The histology of the liver tissue of white rats in group
C was observed using a trinocular microscope with a
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magnification of 400x and the preparation was made
with hematoxylin and eosin (HE) staining. Normal
liver tissue was seen with intact hepatocytes without
any damage such as degeneration or necrosis, and the
tissue structure was still clearly visible (Eljafari et al.,
2020). The TO group, namely the group that was given
20 mg/KgBW piroxicam treatment alone, showed that
hepatocytes experienced necrosis and degeneration.
Based on the results of observations in group T1, with
an average score of 2.04, hepatocytes experienced
parenchymatous degeneration, indicating a significant
difference with the TO groups. Group T2 consisted of
piroxicam induction treatment 20 mg/KgBW and SGE
100 mg/KgBW. The observation results obtained an
average score of 1.40 and showed a histopathological
picture, namely parenchymatous degeneration and
normal hepatocytes. Group T3 in its analysis results
showed an average score of 1.08, which showed the
similarity of the average score in group C, namely 1.08,
which showed that during the observation there was no
hydropic degeneration or necrotic hepatocytes. The
result is shown in Figure 1.

Discussion

Impact of piroxicam on oxidative stress

Piroxicam is an NSAID that is effective in managing
inflammation and pain but is known to induce oxidative
stress. This is primarily due to the inhibition of COX
enzymes, which leads to an increased production of
ROS (Sahu et al, 2016). In this study, the TO group
administered piroxicam without any antioxidant
treatment exhibited significantly elevated MDA levels
and decreased SOD levels, confirming the oxidative
damage induced by piroxicam. These findings are
consistent with previous research demonstrating
that NSAIDs like piroxicam can disrupt the balance
between pro-oxidants and antioxidants, leading to lipid
peroxidation and depletion of endogenous antioxidant
defenses garlic extract in modulating oxidative stress
garlic, particularly single-clove garlic, has been
extensively studied for its antioxidant properties,
largely attributed to its organosulfur compounds, such
as allicin, diallyl disulfide, and S-allyl cysteine. These
compounds scavenge free radicals, enhance antioxidant
enzyme activity, and inhibit lipid peroxidation (Nasr
etal,2014).

In this study, MDA levels were significantly reduced
and SOD levels were increased in a dose-dependent
manner. The reduction in MDA levels in the T3 group
(125 mg/KgBW SGE) suggests that garlic is effective
in mitigating lipid peroxidation caused by piroxicam-
induced oxidative stress. This result is consistent with
previous studies that demonstrated the lipid-lowering
effects of garlic. The increase in SOD levels indicates
that garlic not only prevents oxidative damage and
enhances the body’s endogenous antioxidant defenses
(Savira et al., 2023). This is consistent with previous

studies showing that garlic can upregulate the
expression of antioxidant enzymes, including SOD.
Impact of piroxicam on the liver

Piroxicam has the potential to cause side effects
on the liver (Pairul ef al, 2018) because metabolic
processes in the body are carried out by the liver,
which also plays a role in the storage and excretion
of substances and as a detoxifier of various toxic
compounds (Singh et al., 2013). Haris et al., (2016)
reported that long-term use of high-dose piroxicam
can cause gastrointestinal bleeding because compared
with other NSAIDs, piroxicam has the highest toxicity
to the gastrointestinal tract. Gastrointestinal bleeding
can cause hepatic damage because toxins from the
small intestine are absorbed due to the presence of
free radicals carried by the portal vein to the liver,
causing changes in the preparation of hepatic cell
tissue. The increase in free radicals is initiated by lipid
peroxidation with the end product MDA resulting from
the reaction between ROS-inducing proinflammatory
cytokines (TNF-a, IL-1PB, and IL-6) and membrane
phospholipids (Malino ef al, 2016). Hepatic damage is
characterized by high blood MDA levels (Kurniasari
et al, 2021). According to Al-Hamdany et al., (2022),
histopathological examination of piroxicam-induced
hepatic tissue appears to show necrosis in hepatocytes
and hydropic or ballooning degeneration.

Mechanism of action of the single garlic extract

The effects of garlic extract have some complexity
from the mechanism. First, the expression of SOD and
MDA can be interpreted based on their concentration
or activity in the sample. SOD is an endogenous
antioxidant enzyme that regulates ROS levels (Landis
and Tower, 2005; Younus et al, 2018). Antioxidant-
active molecules play a crucial role in combating
oxidative stress (Tan et al., 2018). High SOD
expression indicates increased enzymatic activity to
neutralize free radicals, usually in response to oxidative
stress. However, low SOD expression may reflect the
inability of cells to manage oxidative stress, potentially
leading to cellular damage. High MDA expression
generally indicates an increase in lipid peroxidation,
reflecting cellular damage caused by oxidative stress.
Free radicals exacerbate lipid peroxidation, resulting in
the production of MDA in the blood, which serves as a
marker of cellular damage due to free radicals (Latifa
et al.,2015). Elevated MDA levels are often associated
with inflammatory conditions or degenerative diseases.
This analysis provides an overview of the oxidative
status of the sample, where the balance between SOD
and MDA expression can offer important insights into
cellular health and the risk of oxidative stress-related
diseases. SOD and MDA levels reflect oxidative stress
and antioxidant activity. SOD is a key endogenous
enzyme that neutralizes ROS, with high levels indicating
enhanced antioxidant defense against oxidative stress.
In contrast, low SOD indicates cellular vulnerability
to damage. MDA is a marker of lipid peroxidation, is
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elevated in oxidative stress, and is often associated with
inflammation or degenerative diseases. SGE, which
is rich in SAC, reduces oxidative stress by inhibiting
NF-xf activation, preventing inflammatory molecule
transcription, and lowering MDA levels. Additionally,
SAC activates the NRF2 pathway, boosting SOD and
other antioxidant enzymes, which counteract oxidative
stress by reducing lipid peroxidation and neutralizing
free radicals (Tocmo et al., 2015).

Single garlic treatment increases SOD, catalase, and
GPx in the endothelial cells of blood vessels. Single
garlic acts as a chain-breaking antioxidant that
scavenges free radicals (Ilmawati et al., 2019). First,
its organosulfur compounds can directly scavenge free
radicals, thereby reducing the burden of ROS (Tran
et al., 2018). Second, garlic can enhance the activity
of endogenous antioxidant enzymes, including SOD,
CAT, and GPx (Asdaq et al, 2015). Third, garlic has
been shown to inhibit lipid peroxidation by maintaining
its integrity and preventing the formation of MDA (Al-
Sahhaf et al., 2016). Additionally, garlic may modulate
the inflammatory response by inhibiting the production
of pro-inflammatory TNF-o and IL-6, which are known
to contribute to oxidative stress (Tran et al., 2018). This
antiinflammatory effect may further contribute to the
reduction of oxidative damage observed in this study
(Amer and El-Rahman et al, 2022).

The clinical implications of this study have important
clinical implications, especially in the context of long-
term NSAID use. NSAIDs are widely prescribed for
the management of chronic inflammatory conditions,
but their potential to induce oxidative stress and cause
tissue damage is a significant concern (Khoo et al.,
2019). The results of this study suggest that single
garlic extract could be used as an adjunct therapy to
mitigate the oxidative damage associated with NSAIDs
using the safety profile of NSAIDs and reduce the risk
of adverse effects related to oxidative stress, such as
gastrointestinal and cardiovascular complications
(Al-Sahhaf et al, 2016; Tren et al., 2018; K et al.,
2020). Higher doses of SGE may be more effective in
counteracting oxidative stress induced by piroxicam.
However, it is important to consider the potential for
dose-dependent toxicity at very high doses (K et al.,
2020; Dahiya et al., 2022).

Conclusion

In conclusion, this study demonstrated the potential
of single garlic extract in reducing piroxicam-induced
oxidative stress in white rats. Malondialdehyde
levels and increased SOD levels suggest that garlic
is effective in preventing lipid peroxidation and
enhancing antioxidant defenses. There was a reduction
in damage observed in the histopathological features
of the liver. The most significant effects were observed
at the highest SGE dose (125 mg/KgBW), indicating
that higher doses may offer greater protection against
oxidative damage. These findings support the use of

single garlic extract as a natural antioxidant therapy
to mitigate the adverse effects of NSAID-induced
oxidative stress. Further studies are required to explore
the long-term effects and safety of single garlic extract
in clinical settings.
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