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Analysis of Antioxidant Effects of Lycopene and Caffeine in Experimentally
Induced Renal Ischemia-Reperfusion Injury in Rats
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Background: The aim was to investigate the antioxidant effects of lycopene and caffeine in rats exposed to
renal ischemia/reperfusion (IR) injury.

Materials and Methods: Following right renal nephrectomy, 60 minutes of ischemia followed by 60 minutes
of reperfusion were performed in 200-250 gram Wistar albino rats used in the study. 30 minutes before
ischemia, lycopene (5 mg/kg), caffeine (50 mg/kg), lycopene (5 mg/kg) + caffeine (50 mg/kg) were adminis-
tered intraperitoneally to the rats. After the experiment, 4 ml of blood and left kidney were taken from the
rats. Tissue malondialdehyde (MDA), glutathione peroxidase (GSH-Px), superoxide dismutase (SOD) and se-
rum creatinine activities were measured biochemically and light microscopy findings were evaluated histo-
logically.

Results: When MDA levels are compared; Although the MDA level of the IR+Lycopene group was lower than
the IR group, no significance was observed. When IR+Lycopene and IR+Caffeine groups are compared; The
MDA level of the IR+Lycopene group is higher than the IR+ Caffeine group. In the IR+Caffeine group; A sta-
tistically significant increase was observed in serum creatinine compared to the IR+Lycopene+Caffeine
group. Although SOD and GSH-Px were higher in the antioxidant groups compared to the IR group, no sta-
tistically significant difference was observed. When compared with ischemia-reperfusion group, histopatho-
logical damage was found to be significantly lower than in the other groups. It was found that Lycopene and
Caffeine reduced apoptosis, tubular dilatation, tubular epithelium degeneration, glomerular shrinkage, des-
quame epithelium and proteinous cast amount significantly.

Conclusions: While lycopene has high antioxidant efficiency when compared with caffeine, lycopene and
caffeine have protective effect against renal ischemia reperfusion injury.
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Amag: Renal iskemi/reperflizyon hasarina maruz kalmis ratlarda likopen ve kafeinin antioksidan etkilerinin
incelenmesi amaglandi.

Materyal ve Metod: Calismada kullanilan 200-250 gram Wistar albino cinsi erkek ratlara sag renal nefrok-
tomi sonrasi 60 dk iskemi ve bunu takiben 60 dk reperfiizyon gerceklestirildi. iskemiden 30 dk énce ratlara
Likopen (5 mg/kg), kafein (50 mg/kg), Likopen (5 mg/kg) + kafein (50 mg/kg) intraperitoneal olarak uygu-
landi. Deney sonrasi ratlardan 4 ml kan ve sol bdbrek alindi. Biyokimyasal olarak doku malondialdehit
(MDA), glutatyon peroksidaz (GSH-Px), stiperoksit dismutaz (SOD), serum kreatinin aktiviteleri 6lgtildu ve
histolojik olarak i1stk mikroskobi bulgulari degerlendirildi.

Bulgular: MDA seviyeleri karsilastirildiginda; IR+Likopen grubunun MDA seviyesi, IR grubuna gore disiik
¢ikmasina ragmen anlamlilik gézlenmemistir. IR+Likopen ile IR+Kafein grubu karsilastirildiginda ise; IR+Li-
kopen grubunun MDA seviyesi IR+Kafein grubuna gore daha yuksektir. IR+Kafein grubunda; IR+Li-
kopen+Kafein grubuna gore serum kreatinin bakimindan istatistiksel olarak anlamli bir artis gézlenmistir.
SOD ve GSH-Px ise IR grubuna gore antioksidan gruplarda yiiksek olmasina ragmen istatistiksel olarak an-
lamli bir farklilik gézlenmemistir. Histopatolojik hasar; iskemi-reperflizyon grubuyla karsilastirildiginda diger
gruplarda anlaml derecede dustk ¢ikmistir. Likopen ve Kafein; apoptozis, tubtler dilatasyon, tubuler epitel
dejenerasyonu, glomeriler buzilme, deskuame epitel ve proteindz kast miktarini 6nemli olglde
dustrmustur.

Sonug: Likopenin Kafeine gore antioksidan etkinligi yiiksek olmakla birlikte likopen ve Kafeinin renal iskemi
reperflizyon hasarina karsi koruyucu etkisi vardir.

Anahtar kelimeler: Bobrek, iskemi/Reperfiizyon Hasari, Likopen, Kafein
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Introduction

Ischemia is a condition related to oxygen and nutrient defi-
ciency, characterized by decreased blood flow to the tissue.
Reperfusion is a damage caused by restoring blood flow af-
ter a minimum of 10 minutes of ischemia (1,2). Ischemia-
reperfusion (IR) is a common occurrence in conditions such
as heart attack, organ transplantation, extremity injury and
causes damage in many organs such as skeletal muscles,
heart, brain and kidney (1,3). Renal IR is one of the common
causes of acute kidney injury, which occurs with a sudden
decrease in blood flow to the kidneys. Despite advances in
methods to prevent this situation, death rates are quite high
(4,5). Although reperfusion is essential for the repair of is-
chemic renal injury, it also causes damage. Reperfusion oc-
curs in the tissue after the agents causing hypoxia are re-
moved from the environment. Polymorphnuclear leuko-
cytes migrate to the tissue, causing the formation of endo-
thelial damage and excessive reactive oxygen species (ROS).
Endoplasmic reticulum is damaged, leading to autophago-
some formation and thus cellular lysis (6,7). ROS formation
caused by reperfusion after an ischemic attack plays an im-
portant role in the pathogenesis of acute ischemic renal fail-
ure. The increase in the levels of malondialdehyde, which is
a marker of lipid peroxidation, has been found more fre-
quently in perfusion after ischemic attack and antioxidants
have shown a mitigating effect on tissue damage caused by
ROS (7). There are no optimal protective agents preventing
renal damage and reducing ischemic damage (7). Recently,
anti-apoptotic chemicals, antioxidants, nuclear selective an-
tagonists aiming IR treatment have been used (2,8). 4 Lyco-
pene is a lipophilic carotenoid with antioxidant properties.
It is found mainly in tomato and also in other red fruit (9). It
has been proven that lycopene has a large number of pro-
tective biological functions in aging, tissue damage and var-
ious diseases such as cancer types, atherosclerosis and cor-
onary artery disease (10,11). Lycopene protects the cell
from lipid peroxidation and oxidative DNA damage due to its
highly effective antioxidant properties. It also has anti-apop-
totic, anti-inflammatory, anti-amyloid, anti-ischemic and an-
titumor properties (12). Lycopene increases ATP synthesis
and ETS chain activity. It also protects the mitochondrial
DNA from oxidative damage. Oxidative stress is very im-
portant in ischemic damage characterized by ROS increase.
In normal cells, antioxidant system protects the cell from
various oxidant stresses. In addition, due to its high lipid sol-
vent properties, lycopene can cross the blood-brain barrier.
It is also useful for neurological diseases such as Alzheimer
(10,12-13). Coffee is one of the most popular drinks in the
world. An average of 6-7 million tons is consumed annually
(15). Caffeine (1,3,7- trimethylxanthine) is a frequently used
psychostimulant. It is frequently used for the treatment of
headache, neonatal respiratory problems, obesity and hypo-
tension. It has also been shown that caffeine has a strong
antiinflammatory effect. Animal models have also shown
that high doses of caffeine have significant therapeutical ef-
fect against traumatic brain damage. It has also been shown
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to have protective effects against myocardial IR damage
(16). It has been proven that coffee is a strong antioxidant
and it has a protective effect in tissues against ROS (17,18).
In our study, we aimed to observe the protective effects of
lycopene and caffeine, which have antioxidant effects, on
renal IR injury.

Materials and Methods

Preparation of rats:

Our study was carried out in accordance with the national
health institute guidelines on the use of experimental ani-
mals with the permission of Bolu Abant Izzet Baysal Univer-
sity Animal Research Local Ethics Committee 2018/29 num-
bered permission. 2-4 months old and 250-270 gr weighing
42 Wistar albino male rats obtained from the experimental
animals research and application centre were used. Rats
which were kept separately in an environment with con-
stant temperature (24+2°C) and humidity (55+15%) and
were fed with standard rat pellet and water ad libitum.

Experimental Model:

The rats were grouped in 6 randomly and a total of 6 groups
were studied as the control group, IR group, IR+Lycopene
group, IR+Caffeine group, IR+ Lycopene+Caffeine group, and
dimethylsulphoxide (DMSO) group. Caffeine
(Lot:BCBW9292,USA), Lycopene (Lot:LRAA8328,USA), and
DMSO (Lot:BCBV9470, USA) were purchased from SigmaAl-
drich. In the study which was performed under anaesthesia
with 10 mg/kg xylazine and 90 mg/kg ketamine according to
the body weights of rats, abdomen was dissected and renal
nephrectomy was performed in the control group. In the IR
group, the right kidney was removed and right renal artery
and vein were clamped for 60 minutes. During ischemia, the
abdomen was covered with gauze. Subsequently, reperfu-
sion was provided for 60 minutes. During these periods, the
body temperature or rats was maintained on heating plate
(Figure 1).

In the IR+Lycopene group, 5mg/kg Lycopene (19), in the
IR+Caffeine group, 50mg/kg Caffeine (16), in the IR+Lyco-
pene+Caffeine group 5 mg/kg Lycopene and 50 mg/kg caf-
feine were given intraperitoneally in a volume of 1 ml based
on the body weights of rats 30 minutes before ischemia. In
DMSO group, 2% DMSO was given intraperitoneally in a vol-
ume of 1 ml based on the body weights of rats. After reper-
fusion, 4ml blood and left kidney were taken from the rats
intracardially. Following this, the subjects were sacrificed us-
ing the whole blood collection method. After 4 ml of blood
was taken intracardially, the left kidney was dissected into
two.

The first half was put in PBS solution for biochemical analysis
and glutathione peroxidase (GSH-Px), malondialdehyde
(MDA) superoxide dismutase (SOD) and serum creatinine
values were checked in blood and tissue. The other half of
the kidney was put in 10% formaldehyde solution and exam-
ined histopathologically and immunohistochemically.
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Figure 1. Forming the Renal Ischemia-Reperfusion Model

Biochemical Analysis:

Dry tubes with gel separator including clot activator
(Vacuette, GreinerBio-oneGmbH, Kremsminster, Austria)
were used to obtain serum. Blood samples were centrifuged
at 1250 x g for ten minutes in the medical biochemistry la-
boratory of BAIBU Faculty of Medicine and their serums
were separated. Aliquoted serums were stored in freezer
(HERA Freeze, ThermoFisherScientific, Waltham, Massachu-
setts, ABD) at -800 C. After the serum samples were thawed
gradually, they were centrifuged at 1000xg at 4°C for 15
minutes. The resulting supernatant was used to work SOD,
MDA, GSH-Px and creatinine. Cayman ELISA Kit (1180 E. Ells-
worthRd-AnnArbor, MI-USA) was used in SOD and MDA
measurement, while CloudCloneCorp. ELISA Kit (23603
W.Fernhust Dr., Unit 2201, Katy, TX 77494 USA) commercial
kits were used in MPO measurement. Serum creatinine
measurement, picric acid, sodium dodecyl sulphate (SDS),
sodium hydroxide, sodium phosphate, sodium tungstate
and sulphuric acid measurements were made with chemi-
cals provided from Merck company (E.Merck, Darmstadt,
Germany); HCl and acetic acid measurements were made
with chemicals provided from RiedeldeHaén (Sigma-Aldrich
Labor chemikalienGmbH, Germany), Fuller’s earth Sigma
(Sigma Chemical Company Poole, Dorset, UK) and the ab-
sorbance of the orange colored compound formed by creat-
inine in picric acid and alkali environment by Jaffe reaction
was measured at 520 nm.

Histopathological Analysis:

For histopathological evaluation, kidney tissue in 10% for-
maldehyde solution was tracked histologically and embed-
ded in paraffin blocks. 3 um thick sections taken from the
blocks were placed on a slide and stained with Haematoxy-
lin-Eosin (H&E). Stained sections were analysed under a light
microscope and evaluated in terms of inflammation, conges-
tion, tubular dilation, desquamation, glomerular shrinkage
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and cast formation. In addition, Caspase 3 (ThermoScien-
tific, UK, Lot:1510C) immunostaining was performed and
apoptosis was examined. The changes were evaluated with
guantitative measurements. Renal damage was scored as 0
=none; 1=10%; 2= 11% to 25%; 3 = 26% to 45%; 4 = 46% to
75%; and 5 =76% (20). Histopathological evaluation and
apoptosis were performed as double blind by two histolo-
gists.

Immunohistochemical Analysis:

For immunohistochemical analysis, Caspase 3 (ThermoSci-
entific, UK, Lot:1510C) stain was used. 3 um thick sections
taken from the blocks were taken on a slide and 0.01 M
Phosphatebuffered saline (PBS) were washed 3 times for 5
min each. Following 20 min of treatment with hydrogen per-
oxide (Thermo Scientific, US,Lot:HP41515), it was washed
again with PBS 3 times for 5 min each. To prevent non-spe-
cific staining, Caspase 3, was dripped over the preparations
of a ratio of 0,01 M percent after dripping on the Ultra V
Block (Thermoscientific,UK,Lot: AUB141116). After 5 min of
washing with PBS, the secondary antibody (Biotinylated
Goat Anti-polyvalent/Thermo Scientific, UK,
Lot:PBN141111AE) was dripped and held for 10 min at room
temperature. After washing with PBS, the Streptavidin Pe-
roxidase (ThermoScientific, UK, Lot:SHR150121AA) was sus-
pended for 10 min at room temperature. Examples were
washed in distilled water after exposure to DAB solution for
5 min (ThermoScientific, UK,Lot:HDC36221). For contrast
staining, Haematoxylin (Large Volume Mayer's Haematoxy-
lin/ThermoScientific, USA, Lot:MH17753) was dripped for
30-45 s and then washed and held to dry at room tempera-
ture after dripping in distilled water. Apoptotic evaluation
was made according to the severity of the staining of the
kidney tissue.

Statistical analysis:

Data were analysed using SPSS 17.0 software program. The
data used were expressed as meanzstandard deviation. Dif-
ferences in the data among groups which were normally dis-
tributed in the present study were assessed using One-Way
ANOVA which is a parametric test followed by the Tukey’s
HSD test with post-hoc analysis to identify individual group
differences. Kruskal-Wallis test was used for nonparametric
comparison among groups which were not in the normal dis-
tribution. In this context, Tamhane’s T2 test was used as a
post hoc test. Differences were regarded as statistically sig-
nificant at p<0.05.

Results

Control and DMSO groups looked normal histopathologi-
cally. In IR group, glomerular shrinkage, tubular dilation,
desquame epithelium and proteinaceous cast and intersti-
tial haemorrhage were observed. In IR+Lycopene, IR+Caf-
feine and IR+Lycopene+Caffeine groups, decrease was
found in terms of injury. In IR+ Lycopene group, the rate of
injury was found to be significantly lower when compared
with the other groups (p <0.05) ( Figure 2).
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Figure 2. Control group Proximal tubule (PT), Distal Tubule (DT), Glomer-
ulus (GL) normal appearance (a), DMSO group normal appearance (b), IR
group glomerular shrinkage (thin arrow), tubular dilation (thick arrow), pro-
teinaceous cast (star), desquame epithelium (arrow head) (c), Lycopene
group close to normal appearance (d), Caffeine group proteinaceous cast
(star), glomerular shrinkage (thin arrow) (e), Lycopene+Caffeine group des-
quame epithelium (arrow head). H&E X200, Bar: 50 um.

When the apoptosis in the groups was analysed; while con-
trol and DMSO groups showed a normal appearance; apop-
tosis was observed in IR, IR+Lycopene, IR+Caffeine and
IR+Lycopene+Caffeine groups. When apoptosis rates were
compared, IR group was found to be significantly high
(p<0.05). IR+Lycopene group was found to be quite low in
terms of apoptosis density when compared with the other
groups. When IR+Caffeine and IR+Lycopene+Caffeine group
were compared, apoptosis of IR+Caffeine group was found
to be significantly higher when compared with IR+Lycopene
group (Figure 3).

When MDA levels in groups were compared in the findings
we obtained as a result of renal IR, although the MDA level
of the IR+Lycopene group was lower than the IR group, no
significance was observed.

When IR+Lycopene and IR+Caffeine groups are compared;
The MDA level of the IR+Lycopene group is higher than the
IR+ caffeine group. However, no statistical significance was
found. Serum creatinine levels; It was statistically signifi-
cantly higher in the IR+Lycopene group compared to the IR
group (p<0.05). In the IR+Caffeine group; A statistically sig-
nificant increase was observed in serum creatinine com-
pared to the IR+Lycopene+Caffeine group (p<0.05). Alt-
hough SOD and GSH-Px were high in antioxidant groups, no
statistically significant difference was found (Table 1).
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Figure 3. Caspase 3 immune staining. Control group (a), DMSO group mild
staining (b), I-R group severe Caspase 3 activity when compared with stain-
ing severity (c), IR+Lycopene group close to normal caspase 3 activity (d),
IR+Caffeine group more than normal Caspase 3 activity (e), IR+Lyco-
pene+Caffeine group Caspase 3 activity a bit higher than IR+Lycopene. Bar:
50 um

g . L i v B

Table 1. Mean 1SD values of biochemical analyses for all
groups

Mean £5D values

Groups MDA Kreatinin SOD GSH-Px

Control 1.802+2.698  0.487+0.017 20.334+5.523 1.979+0.793
DMSO 1.412£2.839  0.902+0.054 22.050+7.297 3.660+1,119
IR 1.896+5.573 0.74420.086 20.050£10.998  2.732+0.710
IR+Lycopene 1.572+1.821  0.921+0.128 20.958+7.846 2.572+0.981
IR+Caffeine 1.387+2.815  1.084+0.162 23.712+4.353 1.739+0.993
IR+Lycopene+Caffeine 1.450+4.685  0.867+0.036 25.155+8.691 3.267+0.548

Discussion

The aim of our study was to find out whether lycopene and
caffeine protected the kidney in renal ischemia reperfusion
injury by showing antioxidant effect. Our empirical findings
showed that lycopene and caffeine decreased renal IR injury
and reduced oxidative stress and apoptosis. Molecular
mechanisms underlying IR injury have been studied exten-
sively in recent years. Oxidative stress is an important cause
of renal IR damage. ROS plays the most important role in this
mechanism. When ischemic tissues reperfuse, more oxygen
goes to the tissues and this causes extreme ROS formation.
Extreme ROS results in tissue damage and apoptosis (21).
Reactive molecules ROS includes can be produced naturally
in the biological system. When ROS is produced in low levels,

Harran Universitesi Tip Fakiiltesi Dergisi (Journal of Harran University Medical Faculty) 2021;18(3):510-516.

DOI: 10.35440/hutfd.865165

513



Saylan et al.

it acts as an important signal molecule in conditions such as
immune response and muscle contraction. In addition, en-
dogenous antioxidants such as catalase, SOD and glutathi-
one peroxidase are important regulators that keep ROS in
normal levels. Membrane lipids, nucleic acids and DNA are
very sensitive to ROS. Excessive production of ROS causes
protein, lipid and DNA peroxidation and accelerates IR dam-
age by triggering mitochondrial cell death (3,21-22). Lyco-
pene, which is a member of the carotenoid family, is found
predominantly in tomato and other red fruits (24,25). Lyco-
pene has a protective effect against oxidative damage
caused by ROS in the DNA (7,26). Rasheed et al. observed
that lycopene given orally for 10 days to rats with acute kid-
ney injury is a natural antioxidant that reduces the damage
(27). In a study they conducted, Zhang et al. found that lyco-
pene reduced MDA and H202 level and increased antioxi-
dant enzyme level (28). While a increase was found in MDA
and Creatinine rates in our study, an increase was observed
in SOD and Gpx levels. Our histological results proved the
strong antioxidant effects of lycopene. In their hepatic IR
study on rats, Bayramoglu et al. found that 5mg/kg lycopene
reduced IR damage (19). Koul et al. administered 5 mg/kg
lycopene to rats in kidney damage with dexamethasone and
observed a decrease in cell damage and oxidative stress
markers (29). Our results are similar to the results of these
studies. IR-induced acute kidney injury is an experimental
and clinical syndrome characterized by large decline in glo-
merular filtration rate, diffuse glomerular impairment, se-
vere tubular damage, tubular cell necrosis and signs of tub-
ular occlusion with cell debris (5). Pektas et al. examined the
productivity of lycopene in IR injury with biochemical and
histopathological parameters and found that lycopene
showed an antioxidant effect (7). Hussien et al concluded
that 10 mg/kg Lycopene supplement administered to rats
played a protective role against renal ischemiareperfusion
injury (30). Kaya et al. (31) used single dose lycopene in renal
IR injury and when they examined the biochemical and his-
topathological parameters, they mentioned that lycopene
administered before renal IR decreased renal injury. In a
study they conducted on the effect of lycopene on renal IR
injury, Sadic et al. (6) observed that lycopene reduces histo-
pathological findings. In our study, lycopene reduced apop-
tosis, tubular dilation, tubular epithelium degeneration, glo-
merular shrinkage, desquame epithelium and proteina-
ceous cast rates. Bedir et al. reported that lycopene de-
creased the oxidative kidney damage caused by the applica-
tion of isoniazid and rifampicin biochemically and histo-
pathologically in rats, and that lycopene could be beneficial
in the treatment of nephrotoxicity (32). In a study conducted
on myocardioblasts, Chen et al. (10) found that lycopene
provided a protective effect against cell apoptosis. As a re-
sult of our caspase 3 staining, our histopathological results
show that lycopene decreases apoptosis in the cell. Caffeine,
which is a purine alkaloid (1, 3, 7- trimetilksantin), is found
in a few popular drinks such as coffee, tea and energy drinks.
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Caffeine and other methylxanthines are also used as com-
ponents of analgesics, appetite suppressants, muscle relax-
ants and stimulant drug formulations (18,33). Some effects
of caffeine may support the production of free radicals and
later cause an increase in lipid peroxidation by increasing ox-
idative stress. More recent observations also show that it
can also act as an antioxidant (34). Various studies argue
that caffeine provides protection against cellular damage by
creating antioxidant effects (35,36). In one study, Lee et al.
advocated that caffeine is a well-known hydroxy! radical
scavenger (18). Kilicdag et al. (37) observed caffeine reduced
cellular apoptosis in hypoxic-ischemic brain damage in rats.
In a study conducted to examine the antioxidant effect of
caffeine against kidney damage in albino rats, caffeine was
found to decrease renal toxicity (34). Nilnumkhum et al. ex-
amined the protective effect of caffeine against renal fibro-
blast activation caused by hypoxia and found that it de-
creased intracellular ROS (38). In a study conducted on ovar-
ian cells, Fernandez et al. evaluated the anti-apoptotic and
anti-oxidative effects of caffeine and thought that the effect
was dose-dependent. They proved that low-dose caffeine
did not lead to any damage (39). Al Moutaery et al. (40)
showed that intraperitoneal administration of high dose caf-
feine in rats which underwent experimental head trauma in-
creased lipid peroxidation in the cortex and caused oxidative
stress. In a study conducted on the effects of caffeine on kid-
ney functions, it was proven that there is an association be-
tween caffeine and lipid peroxidation and that caffeine de-
creased MDA levels (33). Our study concluded that caffeine
decreased oxidative parameters in renal IR injury, but did
not cause a statistically significant result. This was also sup-
ported by histopathological results.

Conclusion

Our results show that lycopene and caffeine have anti-oxi-
dative effects against renal IR injury. In addition to this, we
found that lycopene had higher antioxidant effect when
compared with caffeine. We believe that further studies
with different doses are needed for caffeine.
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