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Abstract: BACKGROUND: Lower limb skeletal muscle ischemia-reperfusion (IR) injury associated 
with increased morbidity and mortality is common in several clinical situations such as aortic 
aneurysms repairment, peripheral arterial surgery, vascular injury repairment, and shock. 
Although it is generally accepted that oxidative stress mediators have a significant role in IR injury, 
its precise mechanism is still unknown. Anecdotally, it is sustained not only by structural and 
functional changes in the organ it affects but also by damage to distant organs. The purpose of this 
report is to illustrate the effect of proanthocyanidin on IR injury. METHODS: In our study, 18 male 
Wistar albino rats were used. The subjects were divided into three groups of six each. (Group 
Control-C, Group Ischemia-Reperfusion -IR, Group Ischemia-Reperfusion and Proanthocyanidin-
IR-PRO). Intraperitoneal proanthocyanidin was given to the IR and proanthocyanidin groups 30 
minutes before laparotomy and 1-hour ischemia led to these two groups. After one hour, 
reperfusion started. Muscle atrophy-hypertrophy, muscle degeneration-congestion, fragmentation-
hyalinization, muscle oval-central nucleus ratio, leukocyte cell infiltration, catalase enzyme activity, 
and TBARS were all examined in lower-limb muscle samples after one hour of reperfusion. 
RESULTS: When skeletal muscle samples were evaluated histopathologically, it was discovered 
that muscle atrophy-hypertrophy, muscle degeneration-congestion, fragmentation-hyalinization, 
and leukocyte cell infiltration with oval-central nucleus standardization were significantly higher 
in the IR group than group control and group IR-proanthocyanidin. Besides, oval-central nucleus 
standardization was significantly higher in the IR and proanthocyanidin group than in the control 
group. TBARS levels were significantly higher in the IR group than in the control and IR-
proanthocyanidin groups while, catalase enzyme activity was found to be significantly lower in the 
IR group than in the control and IR and proanthocyanidin groups. CONCLUSION: As a 
consequence of our research, we discovered that proanthocyanidins administered before IR have a 
protective impact on skeletal muscle in rats. Further research in this area is required. The abstract 
of this paper was presented at the 18th International Congress of Update in Cardiology and 
Cardiovascular Surgery as a oral presentation and young investigator, Best oral presentation won 
1st prize. 
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Introduction 
Lower limb skeletal muscle ischemia-reperfusion (IR) injury can be seen in several clinical 

situations such as aortic aneurysm repairment, peripheral arterial surgery, vascular injury 
repairment, and shock and it is associated with increased morbidity and mortality. Its precise 
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mechanism is still unknown but it is generally accepted that oxidative stress mediators have a 
considerable role [1]. 

Ischemia is the hypoperfusion of tissues induced by a limitation in arterial blood flow, and it 
plays a significant part in the pathogenesis of various disorders [2,3]. In addition to the cellular 
damage produced by ischemia alone, IR injury induced by reperfusion, which can be defined as the 
restoration of blood flow and reoxygenation of the ischemia-affected region [2], causes a complex 
process. Reperfusion subsequent ischemia is known to aggravate skeletal muscle injury. 

Ischemia-induced injury can be summarized as ATP inhibition by the transition of mitochondria 
from aerobic to anaerobic respiration, the development of apoptosis and necrosis with calcium-
dependent proteolytic enzymes activated as a result of cell depolarization with an increase in 
intracellular sodium and extracellular potassium, and the inhibition of other ATP-dependent 
mechanisms at the cellular level. While oxidative stress caused by increased reactive oxygen 
derivatives in the cell with reperfusion could potentially be controlled by antioxidants under normal 
conditions, but this control ability reduces significantly during IR [2]. 

Ischemia-reperfusion; releases reactive oxygen species (ROS) or reactive nitrogen species (RNS) 
like superoxide anion, hydroxyl radical, hydrogen peroxide, and peroxide nitrite. Additionally, IR 
induces neutrophils to cluster in location and become activated. Activated neutrophils contribute to 
ischemic injury by releasing cytotoxic free radicals and proteolytic enzymes. With high quantities of 
phospholipids and proteins, free radicals cause damage to cell membranes and subcellular structures, 
resulting in cell apoptosis and necrosis as a result of lipid peroxidation and, as a result, structural and 
metabolic alterations [2,4]. IR injury is characterized by structural and functional changes in the 
affected organ and damage to distant organs. This distant organ impact occurs as a result of free 
oxygen radicals released into the systemic circulation and various mediators. 

Another point to consider is the oxidative stress caused by the imbalance between the 
production and elimination of oxidants during the release of reactive oxygen derivatives caused by 
IR [1,5]. Reactive oxygen derivatives cause severe damage to macromolecules due to increased 
oxidative stress. Membrane protein degeneration on proteins, lipid oxidation on lipids, and DNA 
degeneration on acids are samples of these impacts [1]. Because lipids are a crucial part of the cell 
membrane, the harm they are subjected to is critical [5]. Thiobarbituric Acid Reactive Substances 
(TBARS) assay is now employed as a marker to identify lipid oxidative damage and lipoprotein 
peroxidation [4,6]. It is based on the reaction of malondialdehyde (MDA) with thiobarbituric acid 
(TBA), which form a pink pigment with an absorption maximum at 532 nm [7]. Catalase (CAT), which 
is in the enzymatic antioxidant class, has a higher antioxidant effect due to its ability to perform ROS 
resolution as a feature of the antioxidant class it is in. [8]. The CAT enzyme, which is produced by 
various genes in plants such as sunflower, cotton, peas, cucumbers, rice, and pumpkins, is involved 
in hydrogen peroxide catalysis [9]. 

Proanthocyanidin is a flavonoid discovered in 1947 by French researcher Jacques Masquelier 
[10]. Because of their high antioxidant concentration, flavonoids, a highly essential phenol group in 
the human diet, have been the focus of several medical investigations. According to these researches, 
proanthocyanidins, which have been shown to be a more potent antioxidant than Vitamin C and 
Vitamin E [11,12], are present in the structure of many plants and are mostly found in fruits such as 
black grapes (Vitis vinifera) [13] and white pine (Pinus maritima) [14]. It is also possible to include 
black oak (Quercus marilandica), horse chestnut (Aesculus hippocastanum), hawthorn (Crataegus 
monogyna), and Vaccinium spp. to list proanthocyanidin is mainly found in. Besides its antioxidant 
content, its antibacterial, antiviral, anticarcinogenic, and antiallergenic effects [11,12] also exist and it 
has been used in research to prevent reperfusion injury. Studies have also shown that 
proanthocyanidin is effective in dentin demyelination [15], catheter-related urinary tract infections 
[16], and some types of cancer such as hepatocellular carcinoma. Although the effect of 
proanthocyanidin on IR injury in different tissues and systems such as cerebral tissue, intestinal 
tissue, gastric tissue, renal tissue, liver tissue, and genitourinary system, is being investigated, the 
number of research on skeletal muscle in this regard is few. 
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Material-Methods 
Animals and Experimental Protocol 

The present study was conducted at the Gazi University Animal Experiments Laboratory 
(Ankara, Turkey) in accordance with the ARRIVE guidelines. The study protocol was approved by 
the Animal Research Committee of Gazi University (G.Ü.ET-18.059). All of the animals were 
maintained in accordance with the recommendations of the National Institutes of Health Guidelines 
for the Care and Use of Laboratory Animals. 

The subjects in our study were 18 Wistar Albino rats weighing between 220 and 250 g, which 
were nurtured under the same habitat. The subjects were kept under 20-21°C within cycles of 12-hour 
daylight and 12-hour darkness. They were given free access to nutrition until 2 hours before the 
anesthesia procedure and randomly separated into three equal groups of 6 animals. Ketamine 
anesthesia was applied prior to midline laparotomy (100 mg/kg, intraperitoneally). 

Control group (Group C): Midline laparotomy was the sole surgical procedure without any 
additional intervention. After 2 hours of follow-up, skeletal tissue was collected and subjects were 
sacrificed. We obtained two samples from each subject for biochemical and histopathological 
analysis. 

Ischemia-reperfusion group (Group IR): Midline laparotomy was done in a similar fashion. The 
infrarenal aorta was left clamped for 1 hour. After removing the clamp, reperfusion was established 
for another additional 1 hour. At the end of 2 hours, skeletal tissue was collected and subjects were 
sacrificed. We obtained two samples from each subject for biochemical and histopathological 
analysis. 

Ischemia-reperfusion with Proanthocyanidin group (Group IR-PRO): After following the 
same steps in the IR group, proanthocyanidin (Procyanidin A1, PhytoLab, CAS:103883-03-0, 5mg) 
was given (10 mg/kg) intraperitoneally 30 minutes before the ischemia period. At the end of 2 hours, 
skeletal tissue was collected and subjects were sacrificed. We obtained two samples from each subject 
for biochemical and histopathological analysis. 

A total of 18 different muscle tissues including control and experimental cases were processed 
for paraffin sections. Formalin fixation, dehydration, clearing with xylene, paraffin wax infiltration, 
and blocking steps were performed respectively. Sections of four-micron thickness were taken from 
paraffin blocks. Then hematoxylin and eosin stainings were performed. 

The presence of muscle atrophy hypertrophy, muscle degeneration-congestion, internalization 
of muscle nuclei-oval-central nucleus, leukocyte cell infiltration ve fragmentation-hyalinization are 
evaluated according to hematoxylin-eosin sections 

For hematoxylin and eosin staining the sections were deparaffinized and hydrated. Then the 
sections were stained in hematoxylin for 3 minutes. Then we washed the sections in tap water until 
sections turn blue and differentiated in 1% acid alcohol. The sections were washed in tap water again 
and then stained in eosin solution for 10 minutes. After washing in tap water the sections were 
dehydrated and mounted. 

18 skeletal muscle tissue samples separated for biochemical evaluation were first washed with 
cold NaCl solution (0.154 M) to discard blood contamination and then homogenized in a Diax 900; 
Heidolph Instruments GmbH&Co KG, Schwabach, Germany at 1000 U for about 3 min. After 
centrifugation at 10,000 g for about 60 min, the upper clear layer was taken. TBARS assay and CAT 
activity were quantified, afterward.  

Statistical Analysis 

The Statistical Package for the Social Sciences (SPSS, Chicago, IL, USA) 20.0 for Windows was 
used. The Kolmogorov-Smirnov test was used for analyzing each category variable. Biochemical and 
histopathological parameters were tested by using the Kruskal-Wallis test, Bonferroni Correction test 
and Mann-Whitney U test. A statistical value of less than 0.05 was considered significant. All values 
were expressed as mean± standard error (Mean ± SE). 
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Results 
Histopathological Results 

The histological parameters muscle atrophy-hypertrophy, muscle degeneration-congestion, the 
internalization of muscle nuclei oval-central nucleus, leukocyte cell infiltration, and fragmentation-
hyalinization varied considerably across groups. (p=0.003, p=0.002, p=0.001, p=0.006, p=0.004, 
respectively), (Table 1, Figures 1–6). Muscle atrophy-hypertrophy was significantly higher in the IR 
group than in the C and IR-PRO groups. (p=0.001, p=0.011, respectively). Muscle degeneration-
congestion of IR group was substantially greater than in the C and IR-PRO groups. (p=0.001, p=0.005, 
respectively). In the IR group, the internalisation of muscle nuclei oval-central nucleus was notably 
higher than in the C and IR-PRO groups (p<0.0001, p=0.024, respectively). Additionally, the 
internalisation of muscle nuclei oval-central nucleus was extensively elevated in the IR-PRO group 
than in the C group (p=0.024). Leukocyte cell infiltration and fragmentation-hyalinization were also 
considerably higher in the IR group than in the C and IR-PRO groups.(p=0.002, p=0.023, respectively), 
(p=0.002, p=0.006, respectively) (Table 1, Figures 1–6). 

 
Figure 1. GROUP C SKELETAL MUSCLE LONGITUDINAL SECTION LIGHT MICROSCOPY. 
(H&E: hematoxylin and eosin X100). (→:Peripheric Nucleus; *: Muscle Fibers; ►: Intercellular Space). 

Table 1. Rat Extremity Muscle Tissue Histopathologic Data [Mean ± SE]. 

 Group C 
(n=6) 

Group IR 
(n=6) 

Group  
IR-PRO 
(n=6) 

P** 

Muscle atrophy-hypertrophy 0.17±0.17* 1.33±0.21 0.50±0.22* 
0.003 
 

Muscle degeneration- congestion 0.33±0.21* 1.83±0.31 0.67±0.21* 0.002 

Internalization of muscle nuclei Oval-Central Nucleus 0.17±0.17* 1.50±0.22 0.83±0.17*, &
0.001 
 

Fragmentation -Hyalinization 0.33±0.21* 1.83±0.31 0.83±0.31* 
0.006 
 

Leukocyte Cell Infiltration 0.33±0.21* 1.50±0.22 0.50±0.22* 
0.004 
 

P** Significance level with Kruskal Wallis test p< 0.05 
*P<0.05: Compare to Group IR 
&p<0.05: Compare to Group C 
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Figure 2. GROUP IR SKELETAL MUSCLE LONGITUDINAL SECTION LIGHT MICROSCOPY. 
(H&E: hematoxylin and eosin X100). →: Peripheric Nucleus; *: Muscle Fibers; ►:Intercellular space; 
H: Hypertrophy; NF: Necrotic fibrillar area; C: Central nucleus; ON: Oval nucleus; F:Fragmentation; 
hy: Hyalinization; p: Picnotic nucleus; O: Edema. 

 
Figure 3. GROUP IR-PRO SKELETAL MUSCLE LONGITUDINAL SECTION LIGHT MICROSCOPY. 
(H&E: hematoxylin and eosin X100). →: Peripheric Nucleus; *: Muscle Fibers; ►: Intercellular space; 
H: Hypertrophy; NF: Necrotic fibrillar area; C: Central nucleus; ON: Oval nucleus; F: Fragmentation; 
hy: Hyalinization; p: Picnotic nucleus; O: Edema; inf: Infiltration. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 March 2024                   doi:10.20944/preprints202403.1456.v1



 6 

 

 
Figure 4. GROUP C SKELETAL MUSCLE CROSS SECTION LIGHT MICROSCOPY. (H&E: 
hematoxylin and eosin X100). →: Peripheric nucleus; *: Muscle fibers; ►: Intercellular space; H: 
Hypertrophy; NF: Necrotic fibrillar area; C: Central nucleus; Conj: Conjestion; ON: Oval nucleus; F: 
Fragmentation; hy: Hyalinization; p: Picnotic nucleus; O: Edema. 

 

Figure 5. GROUP IR SKELETAL MUSCLE CROSS SECTION LIGHT MICROSCOPY. (H&E: 
hematoxylin and eosin X100). →: Peripheric nucleus; *: Muscle fibers; ►: Intercellular space; H: 
Hypertrophy; NF: Necrotic fibrillar area; C: Central nucleus; Conj: Conjestion; ON: Oval nucleus; F: 
Fragmentation; hy: Hyalinization; p: Picnotic nucleus; O: Edema. 
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Figure 6. GROUP IR-PRO SKELETAL MUSCLE CROSS SECTION LIGHT MICROSCOPY. (H&E: 
hematoxylin and eosin X100). →: Peripheric nucleus; *: Muscle fibers; ►: Intercellular space; H: 
Hypertrophy; NF: Necrotic fibrillar area; C: Central nucleus; Conj: Conjestion; ON: Oval nucleus; F: 
Fragmentation; hy: Hyalinization; p: Picnotic nucleus; O: Edema. 

Biochemical Results 

When the levels of TBARS in muscle tissue were measured within the groups, there was a 
substantial variance. The IR group’s TBARS level was found to be considerably higher than the 
control group’s (p<0.0001). TBARS level was found to be significantly lower in IR-PRO group 
compared to the IR group (p<0.0001), (Table 2). 

Table 2. Rat Extremity Muscle Tissue TBARS and CAT Enzyme Activity Data [Mean ± SE]. 

 Group C 
(n=6) 

Group IR 
(n=6) 

Group  
IR-PRO 
(n=6) 

P** 

     
TBARS (nmol/mg pr) 26.58±5.58* 62.27±3.76 34.00±4.73* <0.0001 
CAT (IU/mg pr) 8.73±1.09* 5.16±0.51 8.21±0.67* <0.0001 
P** Significance level with Kruskal Wallis test p< 0.05 
*P<0.05: Compare to Group IR 

In terms of CAT enzyme activity in muscle tissue, there was a remarkable difference between 
the groups (p<0.0001). The IR group’s CAT enzyme activity was found to be considerably decreased 
compared to the control group’s (p<0.0001). CAT enzyme activity was notably increased in the IR-
PRO group than in the IR group (p<0.0001), although it was similar in the C and IR-PRO groups 
(p=0.284) (Table 2). 

Discussion 
Due to nonignorable clinical outcomes of IR injury, various substances, including antioxidants, 

statins, and anesthetics, have been investigated and suggested for the preventative therapeutic use 
of IR injury in studies [17]. According to our knowledge, the number of investigations of 
proanthocyanidins’ effect on lower extremity skeletal muscle IR injury is merely rare. Our study 
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hypothesized that proanthocyanidin would have a protective effect on IR injury in skeletal muscle of 
the lower extremities. Our conclusions support our theoretical basis. 

As mentioned before, IR injury increases ROS and RNS and decreases antioxidant enzyme levels 
and expression, according to several studies [18]. Numerous enzymes perform as intracellular 
antioxidants to protect cells from IR-induced oxidative damage. [19] In this manuscript, we 
determined CAT enzyme activity for cellular antioxidant defense functions. In this regard, our study 
supported the literature by increasing the CAT enzyme in Group IR-PRO and Group C compared to 
Group IR. Based on our observations, another affirming finding is the difference in TBARS level for 
determined lipid peroxidation, a process by which free radicals destroy lipids’ carbon-carbon double 
bonds [7], elevated in Group IR and reduced in Group C and Group IR-PRO. 

Histological evaluation was in line with biochemical findings. Intraperitoneal proanthocyanidin 
treatment before ischemia in rats reversed IR injury in skeletal muscle histology. Our data verified 
proanthocyanidin’s protection. According to histological inspection, IR damage was associated with 
muscle degeneration-congestion, fragmentation-hyalinization, leukocyte cell infiltration, muscle 
atrophy-hypertrophy, and internalization of oval-central nuclei and proanthocyanidin 
administration prior to ischemic injury inhibited these changes and preserved skeletal muscle. 

These changes demonstrated that proanthocyanidin can minimize IR-induced destruction of 
cells. Hence, it can protect muscles from IR-induced damage. 

In summary, we believe our research showed intraperitoneal proanthocyanidin has a protective 
effect on IR injury of skeletal muscle with a possible mechanism by reducing lipid peroxidation and 
increasing antioxidant enzyme activity. Examining the literature reveals that there are numerous 
research on proanthocyanidin. The existence of several types of proanthocyanidin, as well as changes 
in the duration of administration, dosage, and form, restrict our ability to provide a precise analysis. 
Future research is required to determine the IR injury effect and proanthocyanidin efficacy. 
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