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Abstract: Background and Objectives: Hind limb ischemia-reperfusion (I/R) injury is a
serious clinical condition that requires urgent treatment and develops as a result of a sudden
decrease in blood flow in the extremity. Antioxidant combinations are frequently used in
diseases today. This study aimed to investigate and compare the effectiveness of ellagic
acid (EA) and berberine (BER), which are important antioxidants, and the combination on
hind limb I/R injury to evaluate their therapeutic power. Materials and Methods: Thirty-five
male Sprague Dawley rats were randomly divided into five groups: sham, I/R, EA+I/R,
BER+I/R, and EA/BER+I/R. In the I/R procedure, the infrarenal abdominal aorta was
clamped and reperfused for 2 h. EA (100 mg/kg, ip) and BER (200 mg/kg, ip) were
administered in the 75th minute of ischemia. Oxidative stress markers (MDA, GSH, SOD,
and CAT) and TNF-o were measured. Apoptosis (Bax, Bcl-2, and Cleaved caspase-3) and
pyroptosis (Nrf2, NLRP3, and Gasdermin D) pathways were evaluated via Western blot.
Muscle tissue was examined histopathologically by hematoxylin eosin staining. One-way
ANOVA and post hoc LSD tests were applied for statistical analyses (p < 0.05). Results: Bax
levels increased in the ischemia group and decreased with EA and BER (p < 0.05). Bcl-2
levels decreased in the ischemia group but increased with EA and BER (p < 0.05). The
highest level of the Bax/Bcl-2 ratio was in the I/R group (p < 0.05). Cleaved caspase 3 was
higher in the other groups compared to the sham group (p < 0.05). While Nrf2 decreased in
the I/R group, NLRP3 and Gasdermin D increased; EA and BER normalized these levels
(p < 0.05). In the histopathological analysis, a combination of EA and BER reduced damage
(p < 0.05). TNF-« levels were similar between groups (p > 0.05). MDA levels were reduced
by EA and BER, but GSH, SOD, and CAT levels were increased (p < 0.05). Conclusions: It
was concluded that TNF-« levels depend on the degree and duration of inflammation and
that no difference was found in relation to duration in this study. As a result, EA, BER, and
their combination could be potential treatment agents on hind limb I/R injury with these
positive effects.

Keywords: hind limb ischemia-reperfusion injury; ellagic acid; berberine; apoptosis;
pyroptosis; oxidative stress; rat
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1. Introduction

Hind limb ischemia-reperfusion (I/R) injury is a serious clinical condition based on a
sudden decrease in blood flow in an extremity, and develops as a result of arterial occlusion,
vascular injuries, vasculitis, and compartment syndrome [1]. The gold standard treatment
for hind limb ischemia is emergency revascularization. Serious complications such as tissue
necrosis, infection, and limb loss may develop [2]. The basis factors of this condition are
oxidative stress, which occurs as a result of the imbalance between reactive oxygen species
and antioxidant systems, inflammation, and cell death pathways [3,4].

Apoptosis is an important mechanism that ensures the controlled and programmed
death of cells and maintains homeostasis [5]. During I/R injury, oxidative stress and
inflammatory processes lead to the triggering of apoptosis [6]. The apoptotic process begins
with the activation of intracellular death signals. One of the most important indicators
in this process is caspase-3. Bax and Bcl-2 play crucial roles in the regulation of the
apoptosis [7,8]. Pyroptosis is a programmed cell death that develops due to inflammation
and plays a critical role in I/R injury [9]. This process begins with the activation of the
NLRP3 inflammasome complex and continues with the activation of caspase-1. Gasdermin
D (GSDMD), one of the important marker proteins of pyroptosis, is activated by caspase-1,
creates pores in the cell membrane, and causes the release of inflammatory mediators [10].
Oxidative stress is known as one of the factors that triggers pyroptosis, and Nrf2 can limit
the severity of pyroptosis via reducing oxidative stress [11]. Various antioxidant agents,
like ellagic acid and berberine, are used to prevent oxidative stress and cell death pathways.

Ellagic acid (EA) is a polyphenolic compound naturally found in various fruits and
vegetables, especially in foods such as pomegranates, strawberries, and walnuts. EA, an
anti-inflammatory, antimicrobial, and antitumor agent, has a protective effect on tissues
by reducing oxidative stress [12]. It is known for its positive effects on the liver, kidney,
testis, and brain, and has a protective effect against I/R injury by suppressing inflammatory
responses [13-16].

Berberine (BER), an antioxidant, anti-inflammatory, and antimicrobial agent, con-
tributes to the protection of tissues by suppressing cellular death mechanisms [17,18]. BER,
an alkaloid, is an active ingredient in many plants and has protective effects against I/R
injury on the heart, brain, and kidney tissues [19-21].

Antioxidant combinations are widely used today. However, it is not known whether
the combined forms are more effective than their separate forms or whether they cause
negative results. Therefore, in this study, the effectiveness of EA and BER, known to
have healing effects, was compared with their combination and investigated on hind limb
I/R injury.

The current study aimed to evaluate and compare the effects of EA and BER on hind
limb I/R injury via cell death pathways and oxidative stress.

2. Materials and Methods
2.1. Animals and Experimental Groups

Thirty-five Sprague Dawley male rats were used and housed in the laboratory at 12 h in
daylight and 12 h in darkness. Rats were randomly divided into 5 groups (n = 7): sham, I/R,
EA+I/R, BER+I/R, and EA/BER+I/R. Rats were anesthetized with 45 mg/kg of Ketamine
Hydrochloride and 5 mg/kg of Xylazine Hydrochloride intramuscularly. If necessary,
maintenance anesthesia (20 mg/kg of ketamine) was applied for deep anesthesia. In the
sham group, a midline laparotomy was performed, but no clamping was applied. Hind
limb ischemia was performed for 2 h by clamping the infrarenal abdominal aorta, then 2 h
of reperfusion was applied. To avoid hypovolemia, an hourly 3 mL/kg ip isotonic solution
was administered. During I/R, the abdomen was covered with a gauze with isotonic
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solution. A 100 mg/kg ip EA (324683, Sigma-Aldrich, St. Louis, MO, USA) [14,22,23] and a
200 mg/kg ip BER (B3412, Sigma-Aldrich, St. Louis, MO, USA) [24] were administered as a
single dose in the 75th minute of ischemia. Considering the half-lives of EA and BER and
the articles in the literature, they were given once at the 75th minute of ischemia [24,25]
(Figure 1).
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Figure 1. Graphical representation of the experimental method.

At the end of the 2 h reperfusion period, the rats were sacrificed. After the application
of 100 mg/kg of ketamine, intracardiac blood was taken and the sacrificial process was
performed. Skeletal tissue samples were collected for Western blot, ELISA, and histopatho-
logic analysis and stored under appropriate conditions until used. For each experiment,
7 samples from each group were used (n = 7).

2.2. Histopathologic Analysis

Muscle tissue samples were immersed in 10% neutral-buffered formalin and fixed for
48 h for histopathological analysis. After fixation, tissue samples were routinely processed.
Next, 4 um thick sections were sliced from paraffin blocks using a microtome, and the
sections were stained with hematoxylin and eosin (H&E), then images were obtained from
a light microscope. The morphological properties of muscle samples were evaluated, and
each parameter was scored according to the following grading scale: 0 = normal, 1 = mild,
2 = moderate, and 3 = severe.

Muscle atrophy and hypertrophy: Changes in the dimensions of muscle fibers and
atrophic or hypertrophic properties were observed.

Muscle degeneration and congestion: Degeneration of muscle fibers and vascular
congestion were observed.

Internalization of muscle nucleus and oval-central nucleus: Displacement or shape
change in muscle cell nuclei were analyzed.

Fragmentation and hyalinization: Fragmentation and hyalinization were observed in
muscle tissue.

Leukocyte cell infiltration: The intensity of inflammatory cell infiltration in muscle
tissue was evaluated.
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2.3. Western Blot

The Western blot method provides an analysis of the amount of a specific protein
in the tissue. The amounts of target proteins cleaved caspase 3 (E-AB-30004, Elabscience,
Houston, TX, USA), Bax (E-AB-13814, Elabscience, Houston, TX, USA), Bcl-2 (E-AB-64067,
Elabscience, Houston, TX, USA), Nrf2 (E-AB-32280, Elabscience, Houston, TX, USA),
NLRP3 (E-AB-93112, Elabscience, Houston, TX, USA), and GSDMD (AF4012, Affinity
Biosciences, Cincinnati, OH, USA) were analyzed. 3-actin (E-AB-40338, Elabscience, Hous-
ton, TX, USA) was used as a loading control. First of all, samples were prepared. The
skeletal muscle tissue was homogenized with the RIPA solution and then centrifuged. Total
protein measurement was performed in the samples using the BCA protein assay kit (23225,
Thermo Fisher Scientific, Sunnyvale, CA, USA). The required volume was calculated, and
the same amount of protein was loaded into the gel wells. In Western blot analysis, the
separation gel and the stacking gel were prepared. Sample solutions were loaded into the
gel wells and the proteins were run with the running process. Protein transfer from the gel
to the membrane was performed with the transfer process and then blocking and antibody
incubations were applied to the PVDF membrane. Then, the membranes were imaged with
the digital imaging system. The band intensities of the target protein were calculated as a
ratio to -actin [26].

2.4. Enzyme-Linked Immunosorbent Assay (ELISA)

TNF-« was evaluated in supernatants obtained from rat skeletal muscle tissue ho-
mogenates. Experiments were carried out by referring to the user manual of the commercial
kit (ER1393, Fine Test), and the data were measured with a spectrophotometer.

2.5. Oxidative Status Markers

Oxidative status markers, malondialdehyde (MDA) and glutathione (GSH) levels,
and superoxide dismutase (SOD) and catalase (CAT) activities were measured in skeletal
muscle tissues.

For MDA analysis, tissue samples were homogenized in cold trichloroacetic acid
solution, and then the homogenates were centrifuged. Equal volumes of thiobarbituric acid
and supernatants were mixed and kept in a boiling water bath at 100 °C for 15 min. The
absorbance of the samples was measured at 535 nm [27].

For GSH analysis, tissue samples were homogenized in cold trichloroacetic acid
solution, and then the homogenates were centrifuged. After centrifugation, the supernatant
was added to the mixture of 0.3 M disodium hydrogen orthophosphate dihydrate solution
and dithiobisnitrobenzoate solution. The absorbance of the samples was measured at
412 nm with a spectrophotometer [28].

Catalase activity was evaluated according to the method of Aebi et al. The method is
based on the spectrophotometric determination of the amount of absorbance that changes
due to the breakdown of hydrogen peroxide by catalase at a wavelength of 240 nm [29].

SOD activity is based on the principle of the formation of O, by xanthine with
xanthine oxidase, which forms a colored compound with nitro blue tetrazolium, and the
color intensity was measured with a spectrophotometer, as defined by Yi-Sun et al. The
low color intensity indicates high SOD activity [30].

2.6. Statistical Analysis

The Statistical Package for the Social Sciences (SPSS) 24.0 program was used for
statistical analysis. The conformity of the data to normal distribution was evaluated with
the Shapiro-Wilk test. All data are expressed as the mean + standard deviation (SD) or
median (25-75%). Comparisons of >2 groups were performed using the Kruskal-Wallis
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test followed by Dunn’s post hoc test or one-way ANOVA followed by Tukey’s post hoc
test. p < 0.05 was considered as a significant difference.

3. Results
3.1. Histopathologic Analysis

There are significant differences between the groups in terms of muscle atrophy and
hypertrophy (p = 0.010). In the I/R group, muscle atrophy and hypertrophy increased
significantly compared to the sham group (p = 0.001). In the EA+I/R, BER+I/R, and
EA/BER+I/R groups, muscle atrophy and hypertrophy significantly decreased compared
to the I/R group (p = 0.016, p = 0.005, and p = 0.005, respectively) (Table 1, Figure 2).
Significant differences were detected between the groups in terms of muscle degeneration
and congestion (p = 0.009). Muscle degeneration and congestion were high in the I/R group
compared to the sham group (p = 0.001). In the EA+I/R, BER+I/R, and EA/BER+I/R
groups, muscle degeneration and congestion significantly reduced compared to the I/R
group (p = 0.015, p = 0.004, and p = 0.004, respectively) (Table 1, Figure 2). There are
significant differences between the groups in terms of internalization of the muscle nu-
cleus and the oval-central nucleus (p = 0.007). In the I/R group, the internalization of
the muscle nucleus and the oval-central nucleus increased according to the sham group
(p <0.001). In the EA+I/R, BER+I/R, and EA/BER+I/R groups, the internalization of the
muscle nucleus and oval-central nucleus significantly decreased compared to the I/R group
(p =0.010, p = 0.003, and p = 0.003, respectively) (Table 1, Figure 2). Also, fragmentation
and hyalinization were significantly different between the groups (p = 0.019). In the I/R
group, fragmentation and hyalinization increased according to the sham group (p = 0.002).
In the EA+I/R, BER+I/R, and EA/BER+I/R groups, fragmentation and hyalinization
significantly decreased (p = 0.043, p = 0.017, p = 0.006, respectively) (Table 1, Figure 2).
There are significant differences between the groups in terms of leukocyte cell infiltration
(p = 0.006). In the I/R group, leukocyte cell infiltration increased according to the sham
group (p < 0.001). In the EA+I/R, BER+I/R, and EA/BER+I/R groups, leukocyte cell
infiltration significantly reduced (p = 0.017, p = 0.006, p = 0.002, respectively) (Table 1,
Figure 2).

Table 1. Gastrocnemius muscle tissue results obtained from H&E staining [Median (25-75%)].

Sham I/R EA+I/R BER+I/R EA/BER+I/R "
n=7) n=7) n=7) n=7) n=7)

Muscle atrophy-hypertrophy 0.00 (0-1) 150 (1-2) &  1.00(0-1)* 0.50 (0-1) * 0.50 (0-1) * 0.010
Muscle degeneration—congestion 0.00 (0-1) 1.00(1-2)%&  0.00 (0-1)* 0.00 (0-1) * 0.00 (0-1) *# 0.009
Internalization of muscle 000(0-1)  1.00(0-1)& 0000-1)%  000©0-1)*  0.00(0-1)# 0.007
nucleus—oval-central nucleus

Fragmentation-hyalinization 0.00 (0-1) 1.50(0-1)&  1.00 (0-1) * 0.50 (0-1) * 0.00 (0-1)* 0.019
Leukocyte cell infiltration 0.00 (0-1) 1.50 (1-2)&  1.00 (0-1)* 0.50 (0-1) * 0.00 (0-1) * 0.006

** p < 0.05: significance level with Kruskal-Wallis test. & p < 0.05: significant difference compared to sham group.
# p < 0.05: significant difference compared to I/R group.
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(D)
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Figure 2. Representative images of histopathologic analysis obtained from hematoxylin and eosin
staining (n = 7). (A): Sham group, (B): I/R group, (C): EA+I/R, (D): BER+I/R, and (E): EA/BER+I/R.
A: A band, I: I band, p: pyknotic nucleus, *: muscle fibers, »: intercellular space, —: peripheral flat
nuclei, ON: oval nucleus, f: fragmentation, O: edema, hy: hyalinization, CN: central nucleus, and

inf: infiltration.
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3.2. Western Blot

Bax/[-Actin levels were significantly high in the I/R group compared to the other
groups (p = 0.043) (Figure 3). However, there was no statistically significant difference
between the sham, EA+I/R, BER+I/R, and EA/BER+I/R groups. Bcl-2/-Actin levels
were significantly low in the I/R group compared to the other groups (p = 0.012) (Figure 3).
Similar results were found among the sham, EA+I/R, BER+I/R, and EA/BER+I/R groups.
The Bax/Bcl-2 ratio was significantly high in the I/R group compared to the other groups
(p = 0.001), and no significant difference was found among the sham, EA+I/R, BER+I/R,
and EA/BER+I/R groups. Cleaved caspase 3/ 3-Actin levels were significantly low in the
sham group compared to the other groups (p = 0.001) (Figure 3). No statistically significant
difference was observed among the I/R, EA+I/R, BER+I/R, and EA/BER+I/R groups.
GSDMD/ 3-Actin levels were significantly low in the sham group compared to the other
groups (p = 0.001) (Figure 3). The EA/BER+I/R group had lower GSDMD/ 3-Actin levels
than the I/R group, the EA+I/R group, and the BER+I/R group (p = 0.001, p = 0.035, and
p = 0.001, respectively). No statistical difference was found between the I/R, EA+I/R, and
BER+I/R groups. Nrf2/3-Actin levels were significantly low in the I/R group compared
to the other groups (p = 0.001) (Figure 3), while significantly high levels were observed in
the BER+I/R (p = 0.001) and EA/BER+I/R (p = 0.03) groups compared to the sham group.
NLRP3/-Actin levels were significantly high in the I/R group compared to the other
groups (p = 0.001) (Figure 3). While the levels in the sham group and the EA+I/R group
were similar, significantly lower NLRP3/3-Actin levels were observed in the BER+I/R
(p = 0.041) and EA/BER+I/R (p = 0.001) groups compared to the sham group.

Bax/B-Actin

Sham I/R EA+I/R BER+I/R EA/BER+I/R
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ey L1 )
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Figure 3. Cont.
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Figure 3. Representative images and graphs obtained from Western blot (n = 7). & p < 0.05 compared
to the sham group, # p < 0.05 compared to the I/R group, A p < 0.05 compared to the EA+I/R group,
and % p < 0.05 compared to the BER+I/R group.

3.3. Enzyme-Linked Immunosorbent Assay (ELISA)

There was no statistical difference between the groups in terms of TNF-« levels
evaluated by the ELISA method (p > 0.05) (Figure 4). While TNF-« levels did not change in
the I/R group, no significant effects of the EA and BER treatments were observed.

TNF-a

200

| I | I I
0 I

Sham EA+I/R BER+I/R EA/BER+I/R

pg/ml

B oL R e
O N
838388583

Figure 4. TNF-« levels obtained from ELISA (n =7).

3.4. Oxidative Status Markers

MDA levels were significantly high in the I/R group compared to the sham group
(p = 0.023) (Figure 5). In the EA+I/R, BER+I/R, and EA/BER+I/R groups, MDA levels
were similar to the sham group, and no statistical difference was observed (p > 0.05). GSH
levels were significantly low in the I/R group compared to the other groups (p = 0.036)
(Figure 5). The GSH levels of the sham, EA+I/R, BER+I/R, and EA/BER+I/R groups were
similar, and the difference between them was not statistically significant (p > 0.05).
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Figure 5. MDA, GSH, CAT, and SOD results of groups (n = 7). & p < 0.05 compared to the sham
group; # p < 0.05 compared to the I/R group.

SOD activity was significantly low in the I/R group compared to the sham group
(p =0.018) (Figure 5). In the EA+I/R, BER+I/R, and EA/BER+I/R groups, SOD activity was
similar to the sham group, and the difference between them was not statistically significant
(p > 0.05). CAT activity was significantly low in the I/R group compared to the other groups
(p = 0.001) (Figure 5). The EA/BER+I/R group had similar levels with the sham group
(p > 0.05), and CAT activity was significantly low in the EA+I/R (p = 0.014) and BER+I/R
(p = 0.01) groups compared to the sham group.

4. Discussion

Hind limb I/R injury, which has no definitive treatment and leads to serious morbidity
and mortality, can cause skeletal muscle necrosis, compartment syndrome, or multiple
organ failure [2]. Various agents, especially antioxidants, are being tried for treatment.
Antioxidant combinations are frequently used nowadays, but whether they cause positive
or negative effects is controversial. Therefore, the effects of EA and BER, whose individual
antioxidant activities are well known, as well as their combination, were evaluated on
hind limb I/R injury. The basis of this injury is inflammation, cell death, and oxidative
stress [3,4].

I/R injury activates several pathological cascades [31]. One of them, apoptosis, is
triggered by hind limb I/R injury. The levels of apoptotic markers such as Bax, Bcl-2, and
cleaved caspase-3, which play an important role in the regulation of cell death, change.
It is stated that hind limb I/R injury increases the expression of pro-apoptotic Bax and
decreases anti-apoptotic Bcl-2, thus facilitating cellular death processes [32-34]. In the
present study, the Bax/Bcl-2 ratio and cleaved caspase-3 levels significantly increased
in the I/R groups. EA and BER significantly reduced the Bax/Bcl-2 ratio. These results
demonstrate the antiapoptotic properties of EA and BER. Similarly, in a study, it was
reported that EA inhibited apoptosis and reduced cellular damage in muscle tissue by
reducing the Bax/Bcl-2 ratio in streptozotocin-induced diabetic muscle atrophy [35]. In a
study, berberine inhibited caspase-3 expression and improved the Bcl-2/Bax ratio in hepatic
I/R injury, thus protecting organ function by preventing apoptosis [36]. In diabetic rats,
berberine prevented Bax-related apoptosis by increasing Bcl-2 expression and improved
renal function in renal I/R injury [37]. In our study, EA and BER showed antiapoptotic
effects, consistent with the literature.



Medicina 2025, 61, 451

10 of 13

The inflammatory response that occurs during I/R injury can trigger inflammation-
related cell death called pyroptosis [38]. In the present study, NLRP3/3-Actin levels were
significantly high in the I/R group compared to the other groups. These results suggest that
pyroptosis-related inflammasome formation is induced by hind limb I/R injury. In addition,
GSDMD/ 3-Actin levels increased in the I/R group compared to the sham group, while they
decreased in the EA and BER combination group. As a result of these data, we conclude that
EA and BER may have antipyroptotic effects. In a study, EA inhibited inflammation and
cell death via antipyroptotic effects on GSDMD and NLRP3 inflammasomes in hepatic I/R
injury. Thus, it was emphasized that EA exhibited organ-protective effects by suppressing
pyroptosis [39]. Similarly, the suppressive effects of berberine on the NLRP3 inflammasome
and GSDMD have been demonstrated in diabetic cardiomyopathy [40]. The findings of
our study also suggest that the combination of EA and BER has potential effects to reduce
pyroptosis in hind limb I/R injury.

TNF-« has pleiotropic effects. Different effects of TNF-o on different cells are observed
at different stages of inflammation. It has been reported that while it activates the body’s
defense against infections in low concentrations, it causes inflammation and tissue damage
in high concentrations [41]. Therefore, the TNF-« levels in the present study may be related
to the model and duration of the study.

During I/R injury, Nrf2 plays a critical role in the prevention of oxidative stress [42].
In our study, it was observed that the combination of EA and BER significantly increased
the Nrf2/p-Actin levels, which were decreased in the I/R group. According to these
results, EA and BER also have ameliorative effects via increasing Nrf2 levels. Aslan et al.
showed that EA prevented kidney damage, reduced lipid peroxidation, and increased
antioxidant enzyme activities by activating the Nrf2 pathway in a carbon tetrachloride-
induced oxidative stress model [43]. Altamimi et al. demonstrated that EA prevented
kidney injury, inflammation, and oxidative stress in a STZ-induced diabetic nephropathy
model by enhancing the transcriptional activation of Nrf2 and reducing its interaction
with Keapl [44]. In another study, it was shown that BER increased the activation of
the Nrf2/ARE signaling pathway and reduced oxidative stress and suppressed lipid
accumulation in liver tissue [45]. BER prevented neuronal apoptosis by activating the
ERK/Nrf2 signaling pathway, increased the expression of antioxidant genes such as HO-1,
and supported neuronal survival by reducing neuronal loss in the brain in Wang et al.’s
study [46]. In our study, we concluded that the combination of EA and BER may exhibit
tissue-protective effects on hind limb I/R injury via activating the Nrf2 pathway, similar to
previous studies.

Hind limb I/R injury also induces an inflammatory reaction, resulting in the formation
of ROS, which increases local tissue damage [47,48]. It is known that ROS have harmful
effects on lipid structures in cell membranes, intracellular structural and functional proteins,
and genetic material, leading to cell damage or death [49]. Various studies have shown that
hind limb I/R injury suppresses antioxidants such as SOD, GSH, CAT, and glutathione
peroxidase and causes tissue damage by increasing MDA levels, the end product of lipid
peroxidation [50,51]. In a study, the effects of berberine and coenzyme Q10 on hind limb I/R
injury were evaluated, and the increased MDA and myeloperoxidase in the ischemia group
were reduced by berberine supplementation. GSH, SOD, and CAT, which were decreased
by the ischemia procedure, were increased by berberine. Berberine was reported to protect
against oxidative damage on hind limb I/R injury [52]. Consistent with the literature, in
our study, MDA levels, an indicator of cell membrane lipid damage, were highest in the
I/R group. The decrease in MDA levels with EA and BER shows the protective effect of
these antioxidants. Similarly, the increase in the SOD, CAT, and GSH can be considered as
the ameliorative effects of EA and BER on hind limb I/R injury.
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The present study has some limitations. In this study, EA and BER were given in a sin-
gle dose, and their effects were investigated during the I/R procedure. Our future scope is
to evaluate the efficacy of long-term supplementation of EA, BER, and combined treatment.

5. Conclusions

As aresult, EA and BER have shown alleviating effects on hind limb I/R injury with
their antiapoptotic, antipyroptotic, and antioxidant properties. The combination of EA
and BER was found to be more effective on hind limb I/R injury in terms of reducing the
histopathological parameters of fragmentation—hyalinization and leukocyte cell infiltration,
decreasing Bax and Gasdermin D levels and increasing CAT activity more effectively.
Therefore, it is concluded that the combination of EA and BER may be a potential treatment
option on hind limb I/R injury.
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