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Mladenovic et al.: Hepatoprotective Potential of Lycopene
Application of cisplatin for the treatment of various solid tumors is known to cause liver damage, through an 
increase in lipid peroxidation and reactive oxygen species production. Lycopene is a powerful antioxidant 
agent capable of preventing the cells damage, the formation of stronger intercellular bonds and faster 
cellular metabolism. This study aims to estimate the potential of lycopene in preventing cisplatin induced 
liver tissue damage by studying the levels of several biochemical parameters (arginase, aminotransferases, 
alkaline phosphatase, gamma-glutamyl transpeptidase activity, total protein and albumin concentration) 
reflecting liver function and a panel of liver tissue biomarkers (xanthine oxidase, reduced glutathione, 
malondialdehyde, protein carbonylated concentration and diamino oxidase activity). These parameters 
would be studied in male Wistar rats treated with either cisplatin alone or with cisplatin and lycopene. 
Additionally, microscopic analysis of liver tissue would be conducted as well. Application of the combination 
of lycopene and cisplatin significantly prevented the disturbance in all here-studied biomarkers of liver 
tissue damage. Morphological liver tissue alterations followed the changes in hepatic biochemical status. 
Our results suggest that lycopene could act as a protective agent in cisplatin-induced liver damage in rats.
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The liver is the major organ that detoxifies various 
exogenous and endogenous substances within the 
body. These substances may, directly or through their 
metabolic products, be the cause of the liver's damage. 
Mostly, those harmful factors are alcohol, environmental 
pollutants[1] and drugs, among which the most common 
ones include anti-inflammatory, anti-depressant and anti-
cancer medications[2,3]. They usually induce damage by 
generating free oxygen/nitrogen radicals, thus producing 
oxidative/nitrosative stress[4]. Free radicals are highly 
unstable atoms and molecules, hence, they interact with 
the complex cell building molecules, including lipids, 
proteins and Deoxyribonucleic Acid (DNA) or with 
the other free radicals[2,3]. The resulting state of these 
interactions leads to a downfall in cells’ antioxidant 
defenses and causing a state of oxidative/nitrosative 
stress[2,3]. 

Cisplatin (CP) is the platinum-based antineoplastic drug, 
widely used in the treatment of various solid tumors such 
as ovarian, cervical, non-small cell lung, cancer of head 
and neck, relapsed lymphoma and colorectal cancer and 

testicular cancer[5]. It is one of the most effective drugs 
used in chemotherapy and one of the first described in 
the history of cancer treatment[6]. Administration of CP 
includes intravenous injection, which is soon followed 
by a high concentration in several vital organs, especially 
in the liver and the kidneys[7]. The mechanism of its 
activity is by interference with a purine base of DNA and 
the formation of DNA adducts, which leads to apoptosis. 
However, despite the significant chemotherapeutic 
efficacy, CP can produce serious side effects. The most 
affected organs are liver and kidneys since the drug's 
metabolism is mainly performed through them. Further 
complications of CP therapy include neurotoxicity, 
cardiotoxicity, ototoxicity, ovarian insufficiency and 
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infertility[8,9]. Nephrotoxicity is acknowledged as the 
main dose-limiting factor of CP's application and 
hepatotoxicity is usually induced by higher doses of 
this drug[10]. Research indicates that the liver damage 
is represented by damaged parenchyma, significant 
increases of serum Aspartate Aminotransferase (AST) 
and Alanine Aminotransferase (ALT) and a deficiency 
in liver function[7]. The exact mechanism of CP induced 
liver damage is not completely clarified; however, it is 
assumed that oxidative stress and antioxidant defense 
impairment are the main causes. Besides, studies 
indicated a strong relation between tissue toxicity and 
an increase in lipid peroxidation[9]. Unfortunately, the 
majority of chemoprotective antioxidant substances 
(e.g., ascorbic acid, beta-carotene, niacin, coenzyme 
Q, zinc, selenium) are not efficient enough and some of 
them might even interfere with the anti-cancer activity 
of CP, although this evidence is still a subject of ongoing 
debate[10-12]. 

Lycopene (LYC) is a powerful antioxidant agent that 
belongs to the carotenoid family of plant pigments[13]. The 
major source of LYC are tomatoes and its products; the 
remainder could be obtained from watermelon, papaya, 
pink grapefruit, apricots, rosehips and pink guava[9,13]. 
LYC is a non-provitamin A carotenoid[13], with a high 
antioxidant activity deriving from conjugated double 
bonds[14], thus distinguishing it as more efficient than 
the other carotenoids[15]. Previous studies have shown 
that this activity is high both in vitro[16] and in vivo[17] 
and especially efficient in quenching singlet oxygen[18]. 
Except for preventing the cells damage induced by 
free radicals, LYC is also responsible for the formation 
of stronger intercellular bonds and faster cellular 
metabolism[13].

Since there is a real necessity for the discovery of new 
antioxidants that would prevent liver tissue damage 
arising from CP treatment, this study aimed to determine 
the potential efficacy of LYC in preventing CP induced 
liver damage in rats. This was to be done through a panel 
of serum and tissue biochemical parameters that reflect 
liver cell state and function. Also, the involvement of 
reduced Glutathione (GSH) and the enzymes involved 
in its metabolism would be studied as a potential 
mechanism through which LYC might exert its effects. 
To confirm the changes occurring in liver tissue, the 
histopathological analysis will be conducted. 

MATERIALS AND METHODS
Chemicals:

CP (50 mg/100 ml) was purchased from TEVA (Actavis 

D.O.O., Serbia) and LYC from Sigma Aldrich (United 
States of America (USA)) and applied to animals 
intraperitoneally (i.p.). CP was applied in a single 
dose of 8 mg/kg[19] and LYC in a dose of 6 mg/kg[17]. 
The solutions of LYC were prepared daily and applied 
immediately after preparation. Ketamine was used as 
a general anesthetic and was purchased from Richter 
Pharma AG (Wels, Austria). All other chemicals were 
purchased either from Sigma Aldrich (USA) or Carl 
Roth (Germany).

Animals and housing:

Healthy, 7 w old male Wistar rats (weighing from 200 
to 250 g, in total 24 animals) were obtained from the 
Vivarium of the Institute of Biomedical Research, Faculty 
of Medicine, Niš, Serbia. The animals were kept under 
standard laboratory conditions, in plexiglass cages and a 
temperature-controlled room (22°±2°) with a 12 h light-
dark cycle, standard rodent feed and tap water provided 
ad libitum. The commencement of the experiment was 
preceded by a 7 d acclimatization period of rats to the 
laboratory environment. The study was conducted in 
accordance with the Basic and Clinical Pharmacology 
and Toxicology Policy for experimental and clinical 
studies[20]. The protocol of this study was approved by the 
local ethics committee and all experimental procedures 
were conducted following ethical regulations of the 
European Union (EU) (Directive of 2010; 2010/63/EU) 
and ones given by laws of the Republic of Serbia.

Experimental design:

The treatment protocol included 4 identical groups of 6 
animals, treated daily for 5 d by an i.p. injection (in the 
same side of the abdomen), as follows:

Vehicle treated group (group I): The animals were 
given a daily injection of 0.1 % ethanol in 0.9 % Sodium 
chloride (NaCl) 1 ml/kg.

LYC treated group (group II): The animals were given 
a daily injection of LYC (6 mg/kg) for 5 d.

CP treated group (group III): The animals were 
given a single CP injection (8 mg/kg) on the 3rd d of the 
experiment.

CP-LYC treated group (group IV): The animals were 
given LYC for 5 d (6 mg/kg) and a single injection of CP 
(8 mg/kg) on the 3rd d.

All the animals were sacrificed by ketamine overdose 
(80 mg/kg) 24 h after the completion of the experiment. 
Blood was withdrawn from animals using a Vacutainer 
system (BD Vacutainer®) and the tubes containing blood 
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were left to clot at room temperature. The liver tissue was 
removed for evaluation of tissue biochemical parameters 
(frozen and stored at -80°) and histopathological analyses 
(fixated in 10 % buffered formalin).

Serum biochemical analysis:

To obtain the serum, the tubes with the clotted blood were 
centrifuged at 1500 rpm for 10 min at 4°. The separated 
serum was further used for the determination of total, 
direct, and indirect bilirubin, albumin and Total Protein 
(TP) concentrations, as well as ALT, AST, Gamma-
Glutamyltransferase (γ-GT) and Alkaline Phosphatase 
(ALP) activities using automated biochemical analyzer 
(BTS-370; BioSystems).

Tissue isolation and homogenate preparation:

Liver tissue specimens were homogenized (10 % w/v) in 
ice-cold distilled water. Tissue biochemical parameters 
were determined by using clear supernatant obtained 
after centrifugation (12 000 rpm, 10 min, 4°). Protein 
content in liver tissue was measured and determined by 
the method of Stojanović et al.[21], using the standard 
bovine serum albumin curve.

Tissue biochemical analyses:

Determination of Total Oxidative Status (TOS): 
TOS was determined spectrophotometrically with an 
assay based on the oxidation of ferrous to ferric ion 
in acidic medium. The oxidation was enhanced by 
glycerol molecules. The ferric ions form a colored 
complex with xylenol orange and the color is measured 
spectrophotometrically. The assay is calibrated with 
Hydrogen peroxide (H2O2) and the results are expressed 
in μmol H2O2 equivalent/l.

Determination of Malondialdehyde (MDA) 
concentrations: MDA concentrations, as an index 
of lipid peroxidation intensity in the liver tissue, were 
evaluated spectrophotometrically. The method is based 
on the reaction between Thiobarbituric Acid (TBA) and 
MDA, according to the method by Stojanović et al.[22]. 
Absorbance was read at the wavelength of 532 nm 
and values were expressed as nmol MDA/mg proteins, 
including the molecular absorbance coefficient of MDA 
(1.56×10-5 mol/cm).

Determination of Glutathione S-Transferase (GST) 
activity: The activity of GST was determined using 
the method of Habig et al.[23]. The reaction mixture 
consisted of reduced GSH, 4-nitrobenzyl chloride and 
phosphate buffers (pH=6.5). The activity was evaluated 
spectrophotometrically at 310 nm and expressed as nM/

mg of protein.

Determination of Glutathione-Reductase (GR) 
activity: The activity of GR in the liver tissue was 
determined spectrophotometrically, according to the 
method described by Popovic et al.[24]. The method 
was based on the catalyzing reduced nicotinamide 
adenine dinucleotide phosphate-dependent reduction of 
Glutathione Disulfide (GSSG) to GSH. The results were 
determined at 412 nm and expressed in nM/min/mg of 
proteins.

Determination of reduced GSH concentration: The 
concentration of reduced GSH in the liver tissue was 
determined using the method of Ellman et al.[25]. The 
reaction mixture comprised supernatants of protein 
removal and Ellman’s reagent (DTNB), which were 
shortly incubated. Thereafter, the absorbance of the 
mixture was measured by a standard spectrophotometric 
technique at the wavelength of 412 nm and evaluated 
using a standard curve. The concentration of GSH was 
expressed in μmol/mg of proteins.

Determination of Xanthine Oxidase (XO) activity:

The activity of XO was evaluated by measuring the 
amount of produced uric acid for a fixed time interval. 
The reaction mixture included 0.1 ml liver homogenate 
and 0.1 M Tris Hydrochloride (Tris/HCl) buffer, pH 
7.4. The volume of 2.5 ml was preincubated at 37° for 
15 min. The reaction was started by adding xanthine. 
The reaction mixture was incubated afterward, for 30 
min at 37°. The increase of the uric acid demonstrated 
the activity of XO. After incubation, it was stopped by 
adding perchloric acid. The XO activity was determined 
by measuring the absorption spectrophotometrically, at 
293 nm. The enzyme activity was expressed as U/g tissue 
protein of liver homogenate, using a molar coefficient of 
7.6×10-3 and expressed as U/mg proteins[26]. 

Determination of Diamine Oxidase (DAO) activity: 
The activity of DAO was determined by evaluating the 
amount of amino aldehyde formed in the reaction of 
DAO putrescine dihydrochloride as its substrate in the 
Tris-HCl buffer pH 7.7. In the reaction mixture were 
added 0.4 % 3-methyl-2-benzothiazolone hydrazone 
and 0.2 % Ferric chloride (FeCl3), which is responsible 
for coloring. The activity was measured at 660 nm. One 
unit of the enzyme activity was the amount capable of 
increasing the optical density by 0,100[27]. The activity of 
DAO was expressed in mU/mg protein.

Determination of Catalase (CAT) activity: The activity 
of CAT was determined spectrophotometrically at the 
wavelength of 405 nm, according to the method that 
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previously described Goth et al.[28]. The enzyme activity 
was evaluated quantifying the formation of a yellow 
complex between ammonium molybdate and H2O2. The 
activity of CAT was expressed in μM/mg proteins.

Histopathological findings:

The liver tissue samples separated for histopathological 
examination were fixed in formaldehyde solution (10 
%, w/v), dehydrated with ethanol solutions of differing 
concentration (50-100 %, v/v), embedded in paraffin 
molds, cut into 4-5 μm thick sections and stained 
routinely with Hematoxylin and Eosin (HE) for further 
examination with a light microscope (Olympus BH2). 
The following parameters were scored: cell degeneration, 
cell/tissue edema, the extent of tissue necrosis, and blood 
stasis. Observed histopathological changes in tissue 
morphology were evaluated based on HE stained tissue 
sections and graded by the scoring system as follows; 
absent (−), mild (+), moderate (++) and severe (+++)[1].

Statistical analysis:

The obtained data were expressed as the mean 
values±Standard Deviation (SD). Statistically significant 
differences were determined by one-way Analysis of 
Variance (ANOVA) followed by Tukey’s post hoc test 
for multiple comparisons (GraphPad Prism version 5.03, 
San Diego, CA, USA). Probability values (p)≤0.05 were 
considered to be statistically significant.

RESULTS AND DISCUSSION

A single injection of CP induced a significant elevation 
in the activity of the liver-damage associated serum 
enzymes: ALT, AST, ALP and γ-GT (fig. 1A). This 
significant disturbance was reduced by the application 
of LYC; hence, the activities of the mentioned enzymes 
were significantly decreased in the group IV (CP+LYC), 
compared to the animals from the group III (fig. 1A). The 
values of the evaluated serum enzymes in rats treated 
only with LYC (group II) did not differ from those 
obtained in the control group (fig. 1A).

The application of CP also caused a significant decrease 
in serum concentrations of TP and albumin in group III, 
compared to the vehicle-treated (group I) (fig. 1B). The 
measured parameters were significantly increased in the 
CP+LYC treated (IV) group when compared to the ones 
from the CP only treated rats (fig. 1B). The concentration 
of albumin in the LYC-treated group (II) and CP+LYC 
treated group (IV) were both significantly increased, 
compared to the group I (fig. 1B). In the groups III 
and IV, the concentrations of total, direct and indirect 

bilirubin were not significantly altered in comparison 
with the untreated group of rats (fig. 1B).

In the liver tissue obtained from rats treated with CP 
(group III), the activity of XO and the concentrations 
of MDA and Protein Carbonyl Content (PCC) were 
all found to be significantly increased, compared to 
the control group (Table 1). Additionally, a significant 
decrease in the tissue arginase activity was determined in 
livers belonging to rats from the CP-treated group (group 
III) compared to the control group (Table 1). When the 
combination of CP and LYC was applied to animals 
(group IV), the activity of XO, as well as the content of 
MDA and PCC, were significantly decreased compared 
to the CP-treated group (group III). The activity of 
arginase in the same group was significantly increased 
compared to the CP treated animals, yet decreased 
compared to the control group (Table 1).

In the groups of rats treated with CP (group III) and 
combination of CP and LYC (group IV), tissue oxidative 
status, TOS was significantly increased compared to the 
untreated rats (Table 1). In the group of rats that received 
LYC only (group II), TOS was found to be significantly 
decreased when the values were compared to the ones 
obtained from the untreated animals (Table 1).

In the liver tissue of animals from both CP and CP+LYC 
groups, the concentrations of GSH and the activities 
of GSH related enzymes (GST and GR) were found 
to be statistically significant, disturbed in comparison 
to the healthy animals (Table 1). The results of GSH 
concentration as well as GST and GR activities were 
significantly decreased in the CP treated group (group 
III) compared to the control, while the same values were 
higher in group IV compared to group III (Table 1). Out 
of the three studied parameters related to GSH in the 
group treated with CP+LYC (group IV), only the activity 
of GR was significantly lower compared to the control 
group (Table 1). The activity of DAO in the group of rats 
that received CP (group III) was significantly decreased 
and even more decreased in the group treated with 
CP+LYC (group IV), compared to the control group 
(fig. 2). Also, DAO activity in group IV was significantly 
lower than in the livers of rats belonging to the group III 
(fig. 2).

The liver tissue sections stained with HE obtained from 
the group I and II, control and LYC treated rats, displayed 
characteristic lobular architecture, with obvious 
sinusoids, clear central vein and portal spaces (fig. 3A 
and fig. 3B). Hepatocytes appeared as large polygonal 
cells with prominent round nuclei with eosinophilic 
cytoplasm and were without any pathological substrate 
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Fig. 1: Effects of LYC on CP-induced changes in rat serum, (A): Enzyme activity and (B): Protein concentration 
Note: Data are presented as mean±SD, n=6; one way ANOVA, Tuckey’s post hoc test *p<0.001 vs. control (group I) and #p<0.001 vs. 
CP-treated animals (group III), (        ): Vehicle 1 ml/kg; (        ): LYV 2 mg/kg; (        ): CP 8 mg/kg and (        ): CIS 8 mg/kg+LYC 2 mg/kg 

Fig. 2: Effects of LYC on CP-induced changes in rat liver DAO activity 
Note: Data are presented as mean±SD, n=6; one way ANOVA, Tuckey’s post hoc test *p<0.001 vs. control (group I) and #p<0.001 vs. 
CP-treated animals (group III)
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(Table 2). In animals receiving CP most notable change 
was the disturbance of hepatic cords, which is mainly due 
to cell/tissue edema (fig. 3C). Additionally, numerous 
microvacuoles within hepatocytes were noted and in 
some cases, rarely an entire area of cells had this type 
of degeneration (fig. 3C, circled). Occasionally, mild 
(+) blood stasis was noted (fig. 3C, arrow). In animals 
treated with LYC during the experiment (group IV) 
similar changes to the ones seen in group III were noted, 
however, these changes were much less frequent (Table 
2 and fig. 3D).

A disturbance in levels of serum enzymes AST, ALT, 
ALP and γ-GT are known to follow liver parenchyma 
damage[29]. Also arginase, an enzyme responsible for 
converting arginine into urea and ornithine[30] mainly 
found in the liver tissue, is known to be useful for 
monitoring hepatic damage[31] and liver function[32]. 
It has been proposed that high doses of CP induce 
hepatotoxicity due to the accumulation of this drug in the 
liver[33]. The present study demonstrated the significant 
increase of these biomarkers in the serum of CP treated 
experimental group, compared to the vehicle-treated 
group. Also, in the same experimental group liver tissue 

arginase activity was found to be decreased (Table 1). 
Previous studies investigating CP induced hepatotoxicity 
in rats also demonstrated significantly elevated liver 
damage-associated-enzymes[7,8]. The application of LYC 
prevented such a significant disturbance in the mentioned 
biomarkers (fig. 1A and Table 1). The study of Jiang et 
al.[18] demonstrated the same effects of LYC on levels of 
AST and ALT in a high-fat diet-induced non-alcoholic 
rat fatty liver disease. Additionally, LYC administered to 
animals with hepatitis induced by d-galactosamine and 
Lipopolysaccharide (d-GalN/LPS) prevented an increase 
in serum levels of AST, ALT, ALP and γ-GT[15]. In a 
model of liver damage induced by bisphenol A LYC also 
showed its ability to prevent an increase in AST, ALT 
and γ-GT activities and a reduction of TP and albumin 
concentration[34]. To the best of our knowledge there are 
no data showing the impact of LYC on arginase activity, 
thus herein we present for the first time that LYC applied 
on its own does not modify liver arginase activity. 
Another carotenoid, beta carotene, when applied in fish 
fed was also found to not affect liver arginase activity[35].

The results related to the albumin concentration in 

Fig. 3: Histopathological changes seen in different experimental groups 
Note: (A and B): Group I and II have normal liver lobular architecture, with well-defined cellular and tissue structures (200×); (C): Group 
III has area of cells with microvacuolar degeneration (circled) as well as blood stasis (arrow) (200×) and (D): Group IV has area of hepato-
cytes with rare microvacuolar degeneration (circled) (200×). Tissue sections stained routinely with HE
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LYC only treated group of rats in that study were not 
significantly different from the ones in the control 
group. These results are in contrast to the findings of 
the present study that showed a significantly increased 
concentration of albumins in rats belonging to group 
II. The reason for this discordance may be related to 
the route of LYC administration (parenteral/oral) or 
animals’ gender (male/female) that are different in our 
and the previously conducted study. The finding that 
LYC increases albumin concentrations might be of vital 
importance since the CP application is known to cause a 
decrease in its concentrations (fig. 1A)[36]. 

TOS is an indicator of tissue pro-oxidant molecules 
presence and in this case, TOS is mostly defined by the 
levels of MDA, PCC and XO products i.e. O2

-. In the 
liver tissue of animals treated with CP only, TOS was 
significantly increased, compared to untreated and LYC 
treated animals (Table 1), which is in accordance with 
the previous studies[37]. The treatment with LYC (group 
II) leads to a significant reduction in TOS in comparison 
with the untreated animals (Table 1). This can be 
attributed to the free radical scavenging activity of LYC, 
more precisely to the presence of conjugated double 
bonds[14] and its singlet oxygen quenching capacities[18]. 

One of the tissue oxidative parameters determined in this 
study is XO activity. This enzyme is responsible for the 
majority of Reactive Oxygen Species (ROS) production 
and its products are known to cause the disturbance in 

hepatic antioxidative capacities[26]. Hence, it would be 
advantageous to have a drug with the ability to inhibit 
XO, apart from acting on some other targets. The results 
of the present study demonstrated the reduction of levels 
of XO in animals treated with CP+LYC compared to the 
levels in animals treated with CP only (Table 1). These 
findings are especially important since XO is included 
in various pathophysiological processes[38,39], but not in 
livers of rats treated with a 7 mg/kg of CP[40]. Interestingly 
enough the kidney XO was found to be increased by CP 
application[41]. 

In the current study, CP application led to a decrease in 
the content of GSH (Table 1), which has the main role in 
maintaining Xanthine Dehydrogenase (XDH) in reduced 
form[42]. The previous study on oxidative stress in rats 
revealed the significant increase of GSH after applying 
LYC[43], which may be the explanation of the decrease in 
XO activity (Table 1).

It is known that MDA is associated with a toxicity of 
many xenobiotics, including CP[44]. The treatment of 
rats with CP only caused a significant elevation in 
MDA content (Table 1), which is in accordance with 
the findings of the previous studies[45,46]. Treatment 
with LYC, in combination with CP, prevented such a 
significant increase in MDA content and maintained 
it to near-normal levels (Table 1). The mechanism 
underlying LYC action is the formation of carbon-
centered radicals with peroxy radicals, thus forming 

Parameter/group
Group I Group II Group III Group IV

(vehicle) (LYC 6 mg/kg) (CP 8 mg/kg) (CP 8 mg/kg+LYC 6 mg/
kg)

Tissue damage 
parameters     

Arginase (mU/mg of 
protein) 85.1±1.1 81.4±3.8 34.2±8.7* 47.8±9.3*,#

TOS (nmol/mg of 
protein) 15.8±4.3 9.9±0.8*** 35.7±1.6* 19.4±4.5#

XO (mU/mg of protein) 0.41±0.09 0.43±0.08 2.22±0.17* 0.48±0.02#

MDA (µmol/mg of 
protein) 5.6±0.6 6.2±0.7 29.1±3.4* 5.9±0.2#

PCC (µmol/mg of 
protein) 34.1±8.3 32.3±5.6 194.9±19.8* 45.8±5.4#

GSH and GSH 
metabolizing enzymes    

GSH (nmol/g of 
protein) 30.9±5.4 28±4.1 6.9±2.8* 7.8±1.3*

GST (nmol/g of protein) 315.7±12.4 332.8±16.9 187.7±31.8* 308±50.4#

GR (nmol/g of protein) 27.7±1.8 25.9±0.4 10.0±1.9* 20.4±0.8*,#

Note: Data are presented as mean±SD, n=6; ANOVA, Tuckey's post hoc test *p<0.001; **p<0.01; ***p<0.05 vs. control group (vehicle 
animals) and #p<0.001 vs. CP treated group

TABLE 1: LIVER TISSUE DAMAGE PARAMETERS OBTAINED FROM DIFFERENT EXPERIMENTAL GROUPS
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a new chain carrying peroxyl radicals. This chain is a 
more stable form than free ROS, thus it enables LYC to 
inhibit the initiation of the lipid peroxidation process[47]. 
Antioxidant effects of LYC are especially manifested 
in the protection of cell/organelle membranes damage 
and the reason for this effectiveness is attributed to its 
lipophilic nature[48]. PCC is a parameter that represents 
stable and irreversible proteins produced in the early 
stage of oxidative stress[49]. In contrast to products of 
lipid peroxidations, which removal is within minutes, 
PCC are stable for hours or even days[50]. Thus, PCC is 
considered as an indicator of overall protein oxidation 
and oxidative stress and also protein dysfunction[51]. In 
this study, the application of CP produced enhanced 
levels of oxidative stress and therefore, increased PCC 
(Table 1). Treatment of rats with the combination of CP 
and LYC diminished the increase of created oxidative 
stress. Histopathological findings usually collaborate 
with the results of biochemical and tissue parameters of 
CP toxicity[52] and in the present study, microvacuolar 
degeneration and hepatic cell necrosis are in accordance 
with the CP hepatotoxic potential (Table 2 and fig. 3C)
[53]. On the other hand, in the group treated with CP and 
LYC, rare microvacuolar degeneration were still present, 
however to a much lesser extent (Table 2 and fig. 3D). 
TABLE 2: LIVER TISSUE HISTOPATHOLOGICAL 
PARAMETERS OBTAINED FROM DIFFERENT 
EXPERIMENTAL GROUPS

Parameter/
Group

Group I Group II Group III Group IV

(Vehicle) (LYC 6 
mg/kg)

(CP 8 
mg/kg)

(CP 8 mg/
kg+LYC 6 
mg/kg)

Cell 
degeneration - - ++ +

Edema - - ++ +

Blood stasis - - + -

Necrotic/
apoptotic areas - - + -

Note: Changes were graded by the scoring system as follows; 
absent (−), mild (+), moderate (++) and severe (+++)

As mentioned in the introduction of the present study, 
the main mechanism of CP toxicity is through lipid 
peroxidation[9]. Studies on GSH demonstrated its 
importance for cells’ protection against lipid peroxidation 
and ROS damage in general[54]. One of the mechanisms 
of CP toxicity involves the interaction between CP and 
GSH resulting in augmented ROS production, followed 
by GSH depletion[55]. The reason for the decreased 
concentrations of GSH is due to the direct binding of 
GSH to the platinum molecule[56]. Application of LYC 
prevents such a decrease through restoring GSH system 

and free radical scavenging[57], modulation of ROS-
producing enzymes and inhibition of pro-inflammatory 
cascade[58]. The activity of GSH metabolizing enzyme 
GST was significantly decreased in rats that received 
CP only (Table 1), which is in agreement with previous 
studies[59]. It has been reported that GSH, GST and GR 
activities are reduced because of the increased radicals’ 
scavenging and therefore utilization of these antioxidants 
or due to their damage (inactivation/inhibition) induced 
by ROS[60]. Although previous studies demonstrated 
the elevation of levels of GSH and GSH metabolizing 
enzymes after LYC application[61], in the present study, 
there was no significant increase in these parameters.

DAO is an enzyme involved in the terminal catabolism of 
polyamines including putrescine, spermidine, spermine 
and their monoacetyl derivatives[62] and histamine[63]. 
This enzyme is unevenly distributed in the vertebrate 
organism, mainly in the small intestine[62], placenta[63], 
but also can be found in the liver, lungs and kidneys[64]. 
The studies also showed that growing tissues, growth-
promoting stimuli, partial hepatectomy and even 
some drugs significantly increase the activity of DAO, 
which is associated with an elevated concentration 
of putrescine and other polyamines[63,65]. The study of 
Miyoshi et al.[66] demonstrated that after the intravenous 
application of chemotherapeutic CP in humans, DAO 
activity reduction in plasma was a good indicator of 
the side effects severity of following anticancer drug 
administration. The decrease in liver tissue activity of 
DAO might reflect the lower activity in plasma which 
is known to occur after a dose-dependent chemotherapy 
treatment and is shown in the previous study[67]. Another 
explanation of lower DAO activity is the reduced 
amount of substrate putrescine and other polyamines that 
are known to be a regulatory factor for the expression 
of DAO[63]. Studies have shown that liver regeneration 
after partial hepatectomy increased levels of putrescine 
and also DAO activity[68]. After protein synthesis 
inhibition, in the liver as the most important organ for 
protein synthesis[69], a decrease in DAO activity was also 
observed[63]. These results, as well as the ones obtained 
for serum protein levels (fig. 1) from rats treated with 
CP only, might also explain a decrease in DAO activity 
(fig. 2). Platinum drugs are known to reduce polyamine 
cell levels and therefore directly affect DAO activity[70]. 
As it was mentioned, growth-promoting stimuli[63] are 
important for enhancing DAO activity, however, both CP 
and LYC can inactivate them[48,70]. These findings might 
also explain the significant decrease of DAO activity in 
rats treated with a combination of CP and LYC.
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In conclusion, our results suggest that LYC could act as a 
protective agent in CP induced liver damage in rats. This 
can be attributed to its free radical scavenging activity. 
These findings are supported by the results arriving from 
the biochemical and pathohistological analysis. Future 
research should include the evaluation of LYC in some 
clinical studies in order to minimize the toxic effects that 
might arrive from platinum-based chemotherapeutic 
drugs application.
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