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ABSTRACT

BACKGROUND: Acute ischemia/reperfusion (I/R) injury of skeletal muscle, an important mortality and morbidity cause, is associ-
ated with oxidative stress. Lycopene is a carotenoid pigment with potent antioxidant activity and is found in vegetables and fruits. This 
study aims to investigate the protective effects of lycopene against I/R injury in rat hind limb muscle model.

METHODS: Thirty-two Wistar-albino rats were randomly allocated to control, lycopene, I/R and I/R+lycopene groups. In lycopene 
and I/R+lycopene groups, the rats received 10 mg/kg/day lycopene orally for 15 days before the experiment. Dissection around abdom-
inal aorta at the infrarenal level was performed in all rats under general anesthesia. The aorta was clamped at the infrarenal level in 
the I/R and I/R+lycopene groups for two hours. Then, reperfusion was allowed for two hours in these groups. Samples were obtained 
from the hind limb muscles of rats after sacrifice for biochemical and histopathological analyses.

RESULTS: Serum and tissue malondialdehyde and ischemia-modified albumin levels were significantly lower in the I/R+lycopene 
group compared to I/R group (p<0.001). Serum glutathione peroxidase (GSH-Px) levels were significantly lower in the I/R group com-
pared to those in control and I/R+lycopene groups (p<0.05). Tissue GSH-Px levels were significantly lower in the I/R group compared 
to the Lycopene group (p=0.003). Serum superoxide dismutase (SOD) levels were significantly lower in the I/R group compared to 
three groups (p<0.001). Tissue SOD levels were significantly lower in the I/R group compared to those in control and Lycopene groups 
(p=0.005). Histopathological assessments revealed that inflammatory changes following I/R injury were significantly reduced in the I/
R+lycopene group.

CONCLUSION: The findings obtained in this study show lycopene’s cytoprotective activity against I/R injury in rat skeletal muscle 
model.
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Thrombosis and embolism are the leading causes of acute 
limb ischemia.[4] In addition, many events, such as abdominal 
aortic surgery, free-flap reconstruction procedures, trauma, 
surgical revascularization of limbs, and various orthopedic 
procedures with tourniquet use, may be associated with I/R 
injury.[5–8] The skeletal muscle I/R injury initially leads to the 
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INTRODUCTION

Skeletal muscle tissue is relatively resistant to ischemia com-
pared to other tissues.[1] Acute ischemia/reperfusion (I/R) in-
jury of limb skeletal muscle, which arises from various mech-
anisms, is an important cause of mortality and morbidity.[2,3] 
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loss of contractile function of the muscles. Severe cases of I/R 
injury may result in the loss of the limb or death. Reperfusion 
of tissues following a period of ischemia, which is essential 
for the viability of tissues, causes further damage by induc-
ing both systemic and local inflammatory responses. Systemic 
inflammatory responses may lead to remote organ injury or 
multiple organ failure.[9] Diffuse microvascular dysfunction 
and alterations in tissue barrier function may occur in associ-
ation with inflammation.[10]

The skeletal muscle I/R injury is associated with oxidative 
stress as well. Biochemical reactions, activated by the skeletal 
muscle I/R injury, primarily lead to the loss in the supply of 
energy of the muscle resulting in endothelial dysfunction and 
neutrophil sequestration, which are followed by the formation 
of reactive oxygen species (ROS). ROS include free oxygen 
radicals, such as superoxide anion radicals and hydroxyl radi-
cals. ROS attack lipids in the cell membrane and induce lipid 
peroxidation. Furthermore, ROS may affect cellular proteins, 
lipids, nucleic acids and other potentially sensitive substances.
[11,12] Defensive antioxidant mechanisms, including superoxide 
dismutase (SOD) and glutathione peroxidase (GSH-Px), are 
activated in response to the formation of such noxious oxida-
tive substances. These enzymes catalyze the transformation 
of ROS into less reactive species and protect the human body 
from the noxious effects of ROS and free radicals. Lipid per-
oxidation of cell membranes associated with I/R injury may 
lead to cell death. The alteration also occurs in the levels of 
malondialdehyde (MDA), an indicator of lipid peroxidation.
[13] Ischemia-modified albumin (IMA) assay – also known as 
albumin cobalt binding assay – is another biomarker for tissue 
ischemia. In the I/R, acidosis and formation of free oxygen 
radicals may induce changes in binding capacity of albumin for 
cobalt.[14] Various treatment strategies and studies on antiox-
idant vitamins, bioflavonoids and medicinal products aim to 
reduce injury associated with I/R.[15,16] 

Lycopene is a carotenoid pigment found in vegetables and 
fruits, particularly in tomatoes, watermelons, pink grapefruits 
and pink guavas. Among dietary carotenoids, lycopene is the 
most potent antioxidant, anti-cancer and anti-inflammatory 
agent.[17–19] Furthermore, lycopene has a protective effect 
against skin apoptosis resulting from ultraviolet rays.[20] Anti-
inflammatory and antioxidant activities of lycopene have been 
considered to be responsible for its beneficial effects.[21,22] 
Lycopene has long since been safely taken through dietary 
sources, including vegetables and fruits. Studies in rats have 
failed to demonstrate any teratogenic effects of lycopene 
storage in the plasma, on the liver or any other tissues.[23,24] In 
this study, we aimed to investigate the antioxidative activity 
of lycopene against I/R injury in skeletal muscles of the hind 
limbs in rats.

MATERIALS AND METHODS

A total of 32 adult male Wistar-albino rats, weighing 200–250 

g, were used in this study. The rats were housed and main-
tained at 22 degrees Celsius, 60±5% humidity and a 12-h 
light-dark cycle with free access to food and water ad libitum. 
After this study was approved by the laboratory animals lo-
cal ethics committee, this study was conducted in the animal 
experiments laboratory of the institution. All experimental 
procedures were performed according to the principles of 
laboratory animal care and use.

Study Design and Experimental Procedures
The rats were randomly allocated to four groups as follows: 
control group, lycopene (Lyc) group, I/R group, and I/R+ly-
copene (I/R+Lyc) group. Therefore, each group contained 
eight rats. In the Lyc group and I/R + Lyc group, the rats 
received 10 mg/kg/day lycopene (Redivivo Lyc 10%; CWS/-
TG, Basel, Switzerland) with oral gavage for 15 days before 
the experimental procedure. All animals were anesthetized 
with ketamine hydrochloride (Ketalar 50 mg/kg i.m., Parke-
Davis, Eczacıbaşı, Istanbul, Turkey). During the procedures, 
additional ketamine hydrochloride was applied intramuscu-
larly as needed. The surgical procedures were performed 
to the rats laid in a supine position under a heating light. 
The skin was shaved, cleansed with antiseptic solutions, 
and a midline laparotomy was performed in each rat. Dis-
section around abdominal aorta at the infrarenal level was 
carried out in all rats. The abdominal aortae were clamped 
using atraumatic microvascular clamps (Micro DeBakey Bull-
dog Clamp, Biomedical Research Instruments, Malden, MA, 
USA) at the infrarenal level in the rats allocated to I/R and I/
R+Lyc groups, to induce hind limb ischemia. The distal flow 
was checked to ascertain the cessation of flow after clamp-
ing. The abdominal were closed using surgical towel clamps 
(Backhaus Towel Clamp, Bahadir Medical Instruments, Sam-
sun, Turkey) after abdominal laparotomy, and dressings were 
used to maintain the temperature and hydration in these rats. 
After 120 minutes of ischemia, microvascular clamps were 
removed to allow reperfusion of hind limbs for 120 minutes. 
After the completion of reperfusion, the rats were sacrificed 
under anesthesia. In control and Lyc groups, rats were sac-
rificed after laparotomy without producing I/R injury. Blood 
and muscle tissue samples were obtained from all animals for 
biochemical and histopathological analyses.

Biochemical Assessments
All blood samples obtained from the rats at the end of the 
experimental procedures were centrifuged at 3000 rpm for 
10 minutes to separate the plasma. The plasma and muscle 
tissue samples were stored at -80 degrees Celsius until the 
time of analysis. The samples were thawed on the day of the 
analysis. The muscle tissues were homogenized in ice-cold 
0.15 Molar (M) KCl (10%, w/v). The tissue homogenates were 
centrifuged at 4 degrees Celsius for 10 minutes at 600xg to 
separate crude fractions. Subsequently, supernatants were 
centrifuged for 20 minutes at 10,000xg to obtain the post-
mitochondrial fraction.
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GSH-Px, SOD, MDA, and IMA levels were measured as mark-
ers of oxidative stress. SOD and GSH-Px activities were 
measured in post-mitochondrial fractions of muscle tissue 
samples. MDA levels were measured in tissue homogenates.

Serum and tissue MDA levels were assayed using thiobar-
bituric acid according to the method of Buege and Aust.[25] 
0.5 mL distilled water was added to tubes containing 0.5 mL 
serum or tissue homogenate. 2 mL of Buege separator was 
added (15 w/v trichloroacetic acid, 0.375 w/v% thiobarbituric 
acid and 0.25 mol/l hydrochloric acid solution mixed in equal 
volumes) to the mixture. The tubes containing the mixture 
were boiled in a boiling water bath for 15 minutes. After 
cooling, the precipitate was centrifuged at 4000 rpm for 10 
minutes. The absorbance of the samples was determined by 
spectrophotometric method at 535 nm.

The SOD activity was determined using Beyer and Fridovich’s 
methodology. Accordingly, to obtain superoxide radicals re-
acting with 2-(4-iodophenyl)-3-(4-nitrophenol-s phenyltetra-
zolium chloride) to yield red formazan stain, xanthine and 
xanthine oxidase were used. Then, SOD activity was mea-
sured by the extent of inhibition of this reaction.[26]

The GSH-Px activity was measured using the method of 
Paglia and Valentine with cumenehydroperoxide as a sub-
strate. In this method, GSH-Px activity was coupled to the 
oxidation of NADPH by glutathione reductase and the oxida-
tion of NADPH was followed spectrophotometrically at 340 
nm at 37 degrees Celsius. Results were calculated using the 
extinction coefficient (6.22×103/M cm).[27]

Serum IMA levels were measured spectrophotometrically us-
ing the colorimetric method developed by Bar et al.[14] 10 µl 
of 1 g/l cobalt chloride solution was added to 40 µl of the 
serum, mixed and allowed to incubate for 10 minutes at room 
temperature. Then, 10 µl of a 1.5 g/l DTT solution was added 
and mixed. Incubated for two more minutes at room temper-
ature, 200 µl of a 9.0 g/l solution of NaCl was added. Spec-
imen blinds were similarly prepared without the addition of 

the DTT. The absorbance of the test mixtures was detected 
at 470 nm. The results were evaluated in absorbance units.

Histopathological Assessments
The muscle tissues surgically excised for histopathological 
studies were immediately fixed in 10% neutral formalin so-
lution. Fixed tissue samples were embedded in paraffin and 
cut into serial sections with equal intervals. Each slide was 
stained with hematoxylin-eosin and examined and pho-
tographed under a light microscope (Nikon, Tokyo, Japan, 
10x). Rat muscles were rated for histopathological assess-
ment. A semi-quantitative histological analysis was performed 
to rate atrophy, peripheral location of nuclei, findings of 
perivascular inflammation or focal central muscle necrosis to 
define muscle breakdown using the light microscope: grade 0/
normal, grade 1/mild, grade 2/moderate, and grade 3/severe.

Statistical Analyses
The normal distribution of the study data was evaluated us-
ing the Shapiro-Wilk test. The difference between the groups 
for variables with normal distribution was tested with one-
way analysis of variance (ANOVA). For post-hoc pairwise 
comparisons, Tukey HSD, Tamhane T2, and Dunnett tests 
were used. Statistical parameters were expressed as mean 
± standard deviation. A p-value of less than 0.05 was con-
sidered significant. The results were also expressed in tables 
and figures. Data analysis was performed using IBM SPSS V 
22.0 (IMB Corporation, Armonk, New York, United States) 
software pack. 

RESULTS

The analyses of muscle tissue and serum test results revealed 
statistically significant intergroup differences (Tables 1 and 2).

Serum Biochemistry Results
Significant intergroup differences were detected in the mean 
serum GSH-Px values; control group (136.56±14.77), Lyc 
group (124.27±35.48), I/R group (105.63±13.39), and I/R+Lyc 
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Table 1. The serum biochemical analyses

 Control Lycopene I/R I/R+Lycopene F p 

 Mean±SD Mean±SD Mean±SD Mean±SD 

GSH-Px nmol/mL 136.56±14.77c 124.27±35.48 105.63±13.39a,d 147.01±28.35c 3.463 0.033*

MDA nmol/mL 23.53±4.22c 25.53±4.85c 54.57±13.62a,b,d 28.33±3.77c 25.679 <0.001*

SOD U/mL 1.91±0.14c,d 1.83±0.15c,d 1.11±0.05a,b,d 1.44±0.16a,b,c 54.681 <0.001*

IMA abs/U 0.44±0.02c 0.45±0.01c 0.50±0.03a,b,d 0.42±0.04c 15.112 <0.001*

One-way Anova; Post-hoc: the Tukey HSD test; the Tamhane T2 test; the Dunnett test; α: 0.05; *The difference is statistically significant; aStatistically significant difference 
when compared the control group; bStatistically significant difference when compared to the lycopene group; cStatistically significant difference when compared to the I/R 
group; dStatistically significant difference when compared to the I/R + Lycopene group. Superscript letters denote significant differences (p<0.05). GSH-Px: Glutathione 
peroxidase; IMA: Ischemia modified albumin; I/R: Ischemia/reperfusion; MDA: Malondialdehyde; SOD: Superoxide dismutase; SD: Standard deviation.



group (147.01±28.35) (Fig. 1). No significant differences were 
found between control and Lyc groups. When compared to 
I/R+Lyc group and control group, the mean serum GSH-Px 
levels were significantly lower in the I/R group (p<0.05). The 
mean serum GSH-Px levels were significantly higher in the I/
R+Lyc group compared to I/R group (p<0.05).
Significant differences were detected between I/R group 
and other groups in the mean serum MDA values; con-
trol group (23.53±4.22), Lyc group (25.53±4.85), I/R group 
(54.57±13.62), and I/R+Lyc group (28.33±3.77) (Fig. 2). 
The mean serum MDA values were statistically significantly 
higher in the I/R group compared to the other three groups 
(p<0.001). No significant differences were found among the 
other three groups. 

Significant intergroup differences were detected in the 
mean serum SOD values; control group (1.91±0.14), Lyc 
group (1.83±0.15), I/R group (1.11±0.05), and I/R+Lyc group 
(1.44±0.16) (Fig. 3). No significant differences were found 
between control and Lyc groups. When compared to other 
groups, the mean serum SOD levels were significantly lower 
in the IR group (p<0.001). The comparison between the I/
R+Lyc and I/R groups revealed that the mean serum SOD lev-

els were significantly higher in the I/R+Lyc group. The mean 
serum SOD levels were significantly lower in the I/R+Lyc 
group compared to control and Lyc groups (p<0.001).

Intergroup comparisons of the mean serum IMA levels re-
vealed significant differences between I/R group and other 

Ulus Travma Acil Cerrahi Derg, May 2020, Vol. 26, No. 3354

Kirişçi et al. The protective effects of lycopene on I/R injury in rat hind limb muscle model

Table 2. The muscle tissue biochemical analyses

 Control Lycopene I/R I/R+Lycopene F p 

 Mean±SD Mean±SD Mean±SD Mean±SD 

GSH-Px nmol/mL 159.16±49.97 202.09±18.19c 123.03±19.18b 168.77±49.10 6.038 0.003*

MDA nmol/mL 92.25±6.74c,d 86.06±9.54c,d 126.94±18.22a,b,d 37.50±25.81a,b,c 38.239 0.001*

SOD U/mL 35.69±12.03c 40.23±5.24c 23.86±4.25a,b 33.75±9.82 5.325 0.005*

One-way Anova; Post-hoc: the Tukey HSD test; the Tamhane T2 test; the Dunnett test; α: 0.05; *The difference is statistically significant; aStatistically significant difference 
when compared the control group; bStatistically significant difference when compared to the study drug group; cStatistically significant difference when compared to the 
I/R group; dStatistically significant difference when compared to the I/R+ study drug group. Superscript letters denote significant differences (p<0.05). GSH-Px: Glutathione 
peroxidase; IMA: Ischemia modified albumin; I/R: Ischemia/reperfusion; MDA: Malondialdehyde; SOD: Superoxide dismutase; SD: Standard deviation.

Figure 1. Intergroup comparisons of the serum glutathione peroxidase 
(GPX) levels.
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Figure 2. Intergroup comparisons of the serum malondialdehyde 
(MDA) levels.
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Figure 3. Intergroup comparisons of the serum superoxide dismutase 
(SOD) levels.
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groups; control group (0.44±0.02), Lyc group (0.45±0.01), 
I/R group (0.50±0.03), and I/R+Lyc group (0.42±0.04) (Fig. 
4). The mean serum IMA levels were statistically significantly 
higher in the I/R group compared to the other three groups 
(p<0.001). No significant differences were found among the 
other three groups. 

Muscle Tissue Biochemistry Results 
Intergroup comparisons of the mean muscle tissue GSH-Px 
levels revealed that the levels in the I/R group were statistically 
significant lower than those in Lyc group while no significant 
differences were found among other groups (p<0.05); control 
group (159.16± 49.97), Lyc group (202.09±18.19), I/R group 
(123.03±19.18), and I/R+Lyc group (168.77±49.10) (Fig. 5).

Intergroup comparisons of the mean muscle tissue MDA levels 
revealed significant differences; control group (92.25±6.74), 
Lyc group (86.06±9.54), I/R group (126.94±18.22), and I/
R+Lyc group (37.50±25.81) (Fig. 6). No significant differences 
were found between control and Lyc groups. The mean tis-
sue MDA levels in the I/R group were statistically significantly 
higher compared to the levels in other groups (p<0.001). The 

mean tissue MDA levels in the I/R+Lyc group were significantly 
lower compared to the levels in other groups (p<0.001).

Intergroup comparisons of the mean muscle tissue SOD lev-
els revealed that the mean enzyme levels were significantly 
lower in the I/R group compared to control and Lyc groups 
(p<0.001). The mean tissue SOD levels in the I/R+Lyc groups 
did not significantly differ from the levels in other groups; 
control group (35.69±12.03), Lyc group (40.23±5.24), I/R 
group (23.86±4.25), and I/R+Lyc group (33.75±9.82) (Fig. 7). 

Histopathological Results
Histopathological assessment of skeletal muscles was rated 
using the light microscope concerning atrophy, peripheral lo-
cation of nuclei, signs of perivascular inflammation, and focal 
central muscle necrosis. Intergroup differences were assessed 
based on this rating (Table 3). In the histopathological assess-
ment of skeletal muscles, atrophy was not observed in rats 
from control and Lyc groups while nuclei were peripherally 
located. Neither signs of perivascular inflammation nor fo-
cal central muscle necrosis were observed in these groups. 
Grade 1 atrophy was detected in the I/R group, while atro-
phy was significantly reduced in the I/R+Lyc group (p<0.001). 
Nuclei were peripherally located in the samples from con-
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Figure 4. Intergroup comparisons of the serum (ischemia-modified al-
bumin) IMA levels.
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Figure 7. Intergroup comparisons of the muscle tissue superoxide dis-
mutase (SOD) levels.
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Figure 5. Intergroup comparisons of the muscle tissue glutathione per-
oxidase (GPX) levels.
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Figure 6. Intergroup comparisons of the muscle tissue malondialdehyde 
(MDA) levels.
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trol, Lyc, and I/R+Lyc groups, while the peripheral location 
of nuclei was altered in the I/R group (p<0.001). Perivascu-
lar infiltration was not observed in control and Lyc groups; 
however, the number of perivascular inflammatory cells was 
remarkable in the I/R group (p<0.001). Perivascular inflamma-
tion significantly reduced but persisted in the I/R+Lyc group 
compared to the control group. A moderate-intensity focal 
central muscular necrosis was observed in the I/R group. Fo-
cal central muscular necrosis significantly reduced in the I/
R+Lyc group compared to the I/R group (Figs. 8–11).

DISCUSSION
In oxidative stress, the balance between the antioxidant 
mechanism and free radicals in the cell and body system dis-
appears. I/R injury of skeletal muscle, a condition of oxidative 
stress resulting from vascular or traumatic injuries, may cause 
a series of events, including severe cellular and organ dysfunc-
tions.[28,29] I/R injury induces biochemical events, which result 
in depletion of energy supplies of muscles, endothelial dys-
function, neutrophil sequestration and eventual ROS forma-
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Table 3. The intergroup comparisons regarding grading of the tissue specimens by histological evaluation

Histological findings Grading by Control I/R group Lycopene I/R+Lycopene X2 p
in tissue specimens histological group (n=8) group group (n=8)
 evaluation (n=8)  (n=8)

Atrophy Grade 0 8 0 7 7 28.486 <0.001*

 Grade 1 0 8 1 1  

 Grade 2 0 0 0 0  

 Grade 3 0 0 0 0  

Peripherally located Grade 0 0 0 0 0 22.154 <0.001*

nuclei Grade 1 0 0 0 0  

 Grade 2 0 6 0 0  

 Grade 3 8 2 8 8  

Signs of perivascular Grade 0 8 0 8 4 33.778 <0.001*

inflammation Grade 1 0 0 0 3  

 Grade 2 0 4 0 1  

 Grade 3 0 4 0 0  

Focal central muscular Grade 0 8 0 6 2 28.667 0.001*

necrosis Grade 1 0 4 2 6  

 Grade 2 0 4 0 0  

 Grade 3 0 0 0 0  

Exact test; α: 0.05. *Statistically significant intergroup difference was detected in the distribution of variables. I/R: Ischemia/reperfusion.

Figure 8. Histopathological assessment of the control group. Regular 
sarcoplasm and peripheral nuclei are seen in this tissue sample.

Figure 9. Histopathological assessment of the lycopene group. Regular 
sarcoplasm, peripheral nuclei and signs of mild atrophy (encircled) are 
seen in this tissue sample.



tion.[11,12] Granulocytes and macrophages, along with humoral 
factors, including complements and coagulation factors, con-
tribute to the injury. ROS are potent oxidizing and reducing 
agents which damage cell membranes by lipid peroxidation 
and lead to the activation of neutrophils.[30] These molecules 
have been considered to play an important role in the tissue 
damage associated with I/R injury.

The entry of a high number of leukocytes into extracellular 
space immediately after reperfusion is particularly associated 
with the release of huge amounts of ROS, which is likely to 
overcome cellular antioxidant defenses. The frontline defend-
ers battling against oxygen radicals include the enzymes SOD 
and GSH-Px. Various natural substances have been tested 
for restriction or prevention of ROS induced I/R injury. El-
mali et al.[31] studied the effects of resveratrol, a phytoalexin 
produced by several plants, in striated muscle of hind limb 
of 24 Sprague-Dawley rats regarding I/R injury. Their study 
included four groups all of which featured tourniquet applica-

tion: two treatment groups (resveratrol in 0.5% ethyl alcohol 
administration before tourniquet release with four-hour and 
eight-hour reperfusion) and two control groups (0.5% ethyl 
alcohol administration before tourniquet release with four-
hour and eight-hour reperfusion). The MDA levels, as well 
as polymorphonuclear leukocyte infiltration, edema, change 
in muscle fiber diameter and segmental necrosis, were less in 
treatment groups than those in control groups. Concerning 
these findings, the authors mentioned the protective effects 
of resveratrol against I/R injury in striated muscles following 
tourniquet application.

Ozyurt et al.[32] investigated the preventive effects of caffeic 
acid phenethyl ester (CAPE), a component of propolis, on 
I/R injury induced in rat hind limbs. Their study included four 
groups (sham, I/R, I/R+CAPE and I/R+vitamin E) in which 
rats were exposed to single-limb ischemia and reperfusion, 
each stage lasting two hours. CAPE and vitamin E were ad-
ministered one hour after the onset of ischemia. The results 
of two treatment groups (I/R+CAPE and I/R+vitamin E) 
indicated lower MDA and NO levels in plasma and muscle 
compared to I/R group. No difference was noted concerning 
muscle tissue SOD activity in three groups, but plasma SOD 
activity was greater in two treatment groups compared to I/R 
group. In view of these findings, the authors stressed the ben-
efits of CAPE administration which had also been mentioned 
to be comparable to those of vitamin E.

Distinct from the aforementioned studies studying natural 
substances, Koca et al.[33] investigated the effects of hyper-
baric oxygen and ozone treatment before the induction of I/R 
injury concerning oxidative/nitrosative stress. The authors 
reported an increase in tissue MDA levels, tissue SOD activ-
ity, serum nitrite-nitrate levels and decrease in tissue GSH-Px 
activity in the I/R group. Unlike I/R group, a decrease in MDA 
and nitrite-nitrate tissue levels and increase in tissue GSH-Px 
activity were detected in both I/R+hyperbaric oxygen and I/
R+ozone groups. SOD activity was found to be increased in 
the I/R+ozone group while the change in the I/R+hyperbaric 
oxygen group was insignificant. Tissue essays by inducible ni-
tric oxide synthase staining demonstrated fewer changes in 
the I/R+ozone and I/R+hyperbaric oxygen groups compared 
to I/R group. The results of this study indicated the protective 
features of hyperbaric oxygen and ozone treatment against 
I/R injury in rat skeletal muscle.

Lycopene, a carotenoid compound abundantly found in red 
fruits, has potent antioxidative properties as well. It has been 
studied in various tissues other than skeletal muscle concern-
ing I/R injury restriction or prevention. In a study of experi-
mental renal I/R injury, Kaya et al.[34] orally administered 100 
mg/kg of lycopene to rats six hours before the procedure. 
Both renal arteries were clamped for 45 minutes to create is-
chemia. After that, the clamps were removed and the kidneys 
were reperfused for six hours. Tissue and serum samples 
were collected to measure MDA, glutathione (GSH), urea 
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Figure 10. Histopathological assessment of the ischemia-reperfusion 
group. Focal central muscular necrosis and signs of mild atrophy (encir-
cled) are seen in this tissue sample.

Figure 11. Histopathological assessment of the ischemia-reperfusion+ly-
copene group. Sparse necrosis is seen in this tissue sample. 



(BUN) and creatinine. Based on the study results, a significant 
decrease was detected in BUN, MDA and creatinine levels 
while an increase in GSH levels was observed in the group 
receiving lycopene. The results from this study demonstrate 
that lycopene has protective effects on renal tissue against 
I/R injury.

In an experimental study conducted by Hua et al.,[35] spinal 
cord ischemia was induced by cyclooxygenase-2 (cox-2) sup-
pression. Lycopene was administered for 14 days following 
cox-2 suppression. The reduction was observed in neuroin-
flammation and neuronal cell death in tissue and blood sam-
ples collected at the end of 14 days of treatment. Further-
more, Hua et al. demonstrated that increased cox-2, nuclear 
factor-κB, activated protein-1 and reduced heme oxygenase-1 
levels, which were induced by spinal cord ischemia, could also 
be restored to normal by lycopene. Therefore, the relevant 
study indicated the neuroprotective activity of lycopene.

Bansal et al.[36] administered lycopene to rats for 31 days at 
a dose of 1 mg/kg daily. Subsequently, they induced myocar-
dial I/R by creating ischemia for 45 minutes and reperfusion 
for one hour in an experimental study. Serum samples were 
collected and MDA, SOD and GSH-Px levels were measured. 
MDA levels were found to be statistically significantly higher 
in the I/R group compared to the control group, while a sta-
tistically significant decline was observed in MDA levels in 
the group receiving lycopene. When compared to the control 
group, a statistically significant decline was observed in SOD 
and GSH-Px levels in the I/R group while a non-significant 
increase was detected in SOD levels and a statistically sig-
nificant increase was detected in GSH-Px levels in the group 
receiving lycopene. Lower SOD and GSH-Px levels, detected 
following I/R, suggested that antioxidant enzyme activity had 
probably been inhibited due to intensive oxidative stress. 
When compared to I/R group, higher enzyme levels associ-
ated with the antioxidative effects of lycopene revealed its 
protective effects against oxidative stress.

In the I/R+Lyc group of the present study, a significant decrease 
was observed in the serum and tissue MDA levels, as well as 
the serum IMA levels, compared to the I/R group, indicating 
significant increase due to overwhelming oxidative stress in 
the latter group and antioxidative effects of lycopene in the 
former group. The low mean levels of tissue MDA relative to 
the mean levels of serum MDA in the I/R+Lyc group can be 
explained with the likely superior potency of lycopene on ham-
pering MDA formation in skeletal muscle compared to serum.

The mean tissue and serum levels of antioxidant enzymes (i.e., 
GSH-Px and SOD) utilized to measure oxidative stress were 
significantly suppressed in the I/R group. Besides, the mean 
serum levels of the antioxidant enzymes in the I/R+Lyc group 
were remarkably higher than those in the I/R group, an addi-
tional indicator of the protective effects of lycopene against 
I/R injury. However, the mean tissue levels of the enzymes 

were relatively high in the I/R+Lyc group without statistical 
significance in comparison to the tissue levels in the I/R group. 
These differences regarding the comparisons of mean tissue 
and serum levels of antioxidant enzymes can be attributed to 
the duration of ischemia and reperfusion stages of this study 
(i.e., 120 minutes for each stage). Other explanations for the 
difference of the biochemical parameters between the mus-
cle tissue and serum are the chain reaction nature of oxida-
tive processes (i.e., one process can potentiate another) and 
the differences between the reactions of skeletal muscle and 
serum to the antioxidative effects of lycopene.[37]

Histopathological examination of the muscle tissue speci-
mens by light microscopy reveals considerable tissue damage 
in the I/R group compared to I/R+Lyc group in which atrophy, 
perivascular inflammation, and focal central muscular necro-
sis were decreased while peripheral positioning of the nuclei 
was maintained. Concerning biochemical and histopatholog-
ical findings of the present study, we suggest that dietary in-
take of lycopene can be beneficial to restrict or prevent the 
I/R injury of skeletal muscle and can thus enhance the healing 
following limb ischemia due to traumatic or vascular events 
or extensive surgical procedures with tourniquet use. These 
findings are in line with the studies which investigated the 
protective effects of lycopene against I/R injury of various tis-
sues other than skeletal muscle.

Ischemia/reperfusion injury is a process involving multiple 
complex mechanisms and the outcomes of these injuries are 
quite debilitating or life-threatening. In the literature, there 
are studies demonstrating both anti-inflammatory and antiox-
idant activities of lycopene.[38–41] To our knowledge, there is 
no previous animal study investigating the effects of lycopene 
on I/R injury of skeletal muscle. The results of the present 
study show the protective effects of lycopene on muscle 
tissue exposed to I/R injury and strongly support the claim 
that lycopene has antioxidative effects. However, antioxida-
tive effects alone can hardly explain the protective effects of 
lycopene against skeletal muscle injury. Various mechanisms, 
including anti-inflammatory effects, may contribute to its pro-
tective activities.

Conclusion
The results of this study demonstrate the antioxidative and 
cytoprotective effects of lycopene against I/R injury of skele-
tal muscle. Since lycopene is a safe and potent antioxidative 
natural substance and is available for oral intake by diet or 
supplementation, its use before extensive limb surgeries, in-
cluding tourniquet use as well as in cases with limb ischemia, 
seems favorable. Antioxidative effects alone can hardly ex-
plain the protective effects of lycopene against I/R induced 
skeletal muscle injury. Further studies may be required to gain 
deeper insight into the lycopene’s mechanism of action before 
introducing lycopene into clinical use for restriction or pre-
vention of the I/R injuries.
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AMAÇ: Önemli bir mortalite ve morbidite sebebi olan iskelet kasının akut iskemi/reperfüzyon (I/R) hasarı oksidatif  stres ile ilişkilidir. Etkin bir 
antioksidatif  ve bir tür karotenoid pigment olan likopen meyve ve sebzelerde bulunmaktadır. Çalışmamız sıçan arka uzuv kas modelinde likopenin 
İ/R hasarına karşı koruyucu etkisini incelemektedir.
GEREÇ VE YÖNTEM: Otuz iki adet Wistar-albino türü sıçan kontrol, likopen, İ/R ve İ/R+likopen gruplarına rasgele dağıtıldı. Likopen ve İ/
R+likopen gruplarındaki sıçanlar deneyden önceki 15 gün boyunca ağızdan günde, 10 mg/kg miktarında likopen aldı. Tüm sıçanlara genel anestezi 
altında böbrek altı seviyesinde abdominal aorta diseksiyonu uygulandı. I/R ve I/R+likopen gruplarında aorta, böbrek altı seviyesinde iki saat süre ile 
klemp kullanılarak kapatıldı. Ardından bu gruplarda iki saat süre ile reperfüzyona olanak sağlandı. Feda edildikten sonra sıçanların arka uzuv kasından 
biyokimyasal ve histopatolojik inceleme için örnekler alındı.
BULGULAR: I/R+likopen grubunda serum ve doku malondialdehit ve iskemi modifiye albumin düzeyleri I/R grubuna kıyasla anlamlı derecede dü-
şüktü (p<0.001). I/R grubunda serum glutatyon peroksidaz (GSH-Px) düzeylerinin kontrol ve I/R+likopen gruplarındakine göre anlamlı derecede 
düşük olduğu belirlendi (p<0.05). I/R grubunda doku GSH-Px düzeyleri likopen grubundakine göre anlamlı derecede düşüktü (p=0.003). Diğer üç 
gruba oranla I/R grubunda serum süperoksit dismutaz (SOD) düzeylerinin anlamlı derecede düşük olduğu saptandı (p<0.001). I/R grubunda doku 
SOD seviyeleri kontrol ve likopen gruplarındakine göre anlamlı derecede düşüktü (p=0.005). Histopatolojik incelemelerde I/R+likopen grubunda 
I/R hasarına bağlı enflamatuvar değişimlerin belirgin olarak az olduğu görüldü.
TARTIŞMA: Çalışmamız sıçan iskelet kası modelinde likopenin I/R hasarına karşı hücre koruyucu etkinliğini göstermektedir.
Anahtar sözcükler: Antioksidanlar; iskemi; likopen; reperfüzyon hasarı; turnike.
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