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ABSTRACT 

Background: Based on the effect of substance possessing antioxidant effect previously reported, it was 

hypothesized that lycopene extracted from tomato (Tomato pomace), a substance possessing antioxidant 

activity, might be able to protect against oxidative stress induced by either carbon tetrachloride or gamma 

radiation.  

Materials and Methods: A total of 72 experimental male albino rats were randomly divided into equal six 

groups of twelve rats each. Group 1: served as the control group. Group 2: rats were administrated with (5 gm) 

tomato extract/kg body weight by gastric lavage tube for 15 days. Group 3: rats were exposed to single dose (10 

Gy) whole body gamma irradiation. Group 4: rats were administered with CCl4 only in groundnut oil (1:1) at a 

dose of 3 ml/kg body weight by single intraperitoneal administration. Group 5: rats were treated with lycopene 

extract for 15 days before exposure to single dose (10 Gy) whole body gamma irradiation. Group 6: rats were 

treated with lycopene extract for 15 days before administered with CCl4 for 15 days.  

Results: showed highly significant increase in activities of alanine transferase (ALT), aspartate amino 

transferase (AST) and alkaline phosphatase (ALP) in serum, 24 hours after CCl4 administration or radiation 

exposure. Highly significant decrease in activities of superoxide dismutase (SOD), catalase (CAT) and 

glutathione (GSH) content in the brain tissues. Meanwhile, highly significant increase in MDA content in the 

brain tissues.  Supplementation with lycopene before CCl4 intraperitoneal administration or radiation exposure, 

exerted marked amelioration of CCl4 and ionized radiation induced disturbances in all the investigated 

parameters. Histopathological evaluation of the tissues also demonstrated a significant decrease in cellular 

degeneration and infiltration parameters after lycopene administration. Therefore, lycopene could have a 

beneficial role in modulating oxidative stress by improving the natural antioxidant mechanism.  

Conclusion: Administration of lycopene by using suitable stomach tube pre-CCl4 intraperitoneal 

administration or gamma irradiated has significantly ameliorated the disturbances induced in all the 

investigated parameters. 
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INTRODUCTION 

Carbon tetrachloride (CCl4) is a clear, 

colorless, volatile, heavy and non-inflammable 

industrial liquid, reportedly used to induce free 

radical toxicity in different tissues of experimental 

animals. It can bio-transformed to tri-chloromethyl-

free radical (∙CCl3 or ∙CCl3OO), thus initiating the 

chain reaction process (1) which is the most 

prominent mechanism of CCl4 in the generation of 

tissue damage (2). This free radical and related 

reactive species lead to oxidative stress, which 

produces major interconnected changes of cellular 

metabolism, increases the serum marker enzymes, 

and lipid peroxidation (3). 

Injury produced by CCl4 seems to be 

mediated by reactive metabolite-tri-chloromethyl 

free radical (.CCl3) formed by hemolytic cleavage 

of tri-chloromethyl per-oxy free radical (Cl3COO.) 

formed by the reaction of CCl3 with O2
(4), which 

attach ionic fatty acids in the membranes of 

endoplasmic reticulum, leading to secondary free 

radicals, which are subjected to attack by oxygen, 

and subsequent process, termed lipid peroxidation,  

 

which produces damage to membranes and 

enzymes. 

Ionizing radiation provokes the 

decomposition reaction of water producing a variety 

of reaction oxygen species (ROS) (5). ROS such as 

hydroxyl radicals (∙OH), super-oxide anion radicals 

(O
2
-) and hydrogen peroxide (H2O2) are extremely 

reactive and react with the molecule of cell 

membranes that are composed of a double layer of 

lipids with proteins dispersed throughout (6). Under 

normal conditions, there is a balance between the 

generation of ROS and the cellular antioxidant 

systems (7). Exposure to ionizing radiation produces 

significant alterations in the oxidant activity in 

tissues and causes overproduction of ROS leading 

to oxidative damage of the lipids, proteins and 

DNA. The oxidation of polyunsaturated fatty acids 

in membrane induced by ROS is called lipid 

peroxidation (LPO). However, organisms have 

protective systems against ROS, like endogenous 

antioxidant enzymes. Superoxide dismutase (SOD), 

glutathione peroxidase (GSH-Px) and catalase 
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(CAT) constitute primary enzymatic defense system 

(8). 

However, the cellular antioxidant action is 

reinforced by the presence of dietary antioxidants (9).  

Antioxidants and anti-inflammatory agents 

play a critical role against CCl4 intoxication and 

irradiation damage by scavenging active oxygen 

and free radicals and neutralizing lipid peroxides 
(10). 

Plant food sources contain bioactive 

compounds that may provide additional health 

benefits beyond the maintenance of adequate 

vitamins (11). 

Lycopene is one of the most potent 

antioxidants among dietary carotenoids, found 

almost exclusively in tomatoes and tomato products and 

the red pigments of the tomato, 

exhibits the highest antioxidant activity and singlet 

oxygen quenching ability of all dietary carotenoids 
(12) (Fig. 1). 

 
Fig. (1): Structure of lycopene. 

 

So, the aim of the present study was to investigate the 

possible beneficial effects of lycopene extract on 

CCl4 and radiation exposure induced acute brain 

toxicity in rats. 

 

MATERIALS AND METHODS 

Source and preparation of Tomato pomace: 

Tomato pomace including peels, pulp and seeds were 

obtained from tomato sauce processing line in the 

factory of Kaha. The pomace was dried by the hybrid 

solar convective drying system belonging to the Solar 

Energy Department, National Research Centre, Dokki, 

Egypt at 30-40 °C, then stored at room temperature 

25°C for further use. 

 

Extraction and purification of lycopene from tomato 

pomace: 

Dried tomato pomace was ground for lycopene 

extraction according to Jamshidzadeh et al. (13) as 

follow: The powder was well mixed with diethyl ether 

(1:2 w/w) in a blender for three min. The mixture was 

then filtered using Bucher funnel. The residue was 

rinsed with diethyl ether for several times. These rinsing 

were added to the original extract. The extract was 

concentrated in a rotary evaporator under vacuum at 50 

°C. Saponification was carried out to remove oils 

extracted with lycopene. The concentrated extract was 

washed twice with 200 ml portions of methanolic 

potassium hydroxide solution (100 g potassium 

hydroxide + 750 ml of methyl alcohol + 250 ml 

distilled water) in a separating di-hydrogen potassium 

phosphate solution until the PH reached 7.5. The 

aqueous layer was discarded, and the extract was dried 

over anhydrous sodium sulphate and then was 

concentrated in a rotary evaporator. 

After removal of diethyl ether, the d-limonene was 

removed from the remaining concentrated crude 

lycopene by steam distillation, which was carried out at 

50 °C and under 10 mm Hg by passing atmospheric 

steam into the crude lycopene extract. After cooling to 

room temperature, the mixture was transferred to a 

separating funnel and a double volume of fresh diethyl 

ether was added. The aqueous layer was discarded, and 

the extraction was dried over anhydrous sodium 

sulphate. The extract was concentrated using of 

lycopene reached 95% as assessed by high performance 

liquid chroma-tography (HPLC). The extracted 

lycopene then stored at 4°C for further use. 

 

Experimental design and biochemical analysis:  

Seventy-two male Swiss albino rats (120-140 g) 

were used. They were housed in stainless steel cages 

and kept under the same controlled laboratory 

conditions of temperature, lighting and ventilation. All 

of them were fed on standard casein diet and water ad 

libitum. They were categorized into equal 6 groups each 

of 12 rats as follows: 

Group 1: served as the control group. 

Group 2: rats were administrated with (5 gm) 

tomato extract /kg body weight by gastric lavage 

tube for 15 days (14). 

Group 3: rats were exposed to single dose (10 

Gy) whole body gamma irradiation. Group 4: rats 

were administered with CCl4 only in groundnut oil 

(1:1) at a dose of 3 ml/kg body weight by single 

intraperitoneal administration.     

 Group 5: rats were treated with lycopene 

extract for 15 days before exposure to single dose 

(10Gy) whole body gamma irradiation.  

Group 6: rats were treated with lycopene 

extract for 15 days before administered with CCl4. 

 

Biochemical studies: 

After 24 h of CCl4 injections or whole-body gamma 

irradiation, animals were sacrificed by slight ether 

anesthesia. Blood was taken for the separation of 

serum for the determination of AST, ALT and ALP 

activities as described by (15,16). 

Brain tissues were dissected out for determination 

of LPO and GSH content, SOD and CAT activities 

as described by (17,18,19). 
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The data were statistically analyzed following the 

student’s test (t) (20). 

 

Histopathological evaluation: 

Brain samples taken from rats were fixed in 10% 

formalin for 12 h and then embedded in paraffin. 

Five-micron-thick sections were taken from the 

tissues and stained with hematoxylin and eosin 

stain. The white matter of the brain tissue was 

examined in the four groups. Seven parameters 

were evaluated: hypertrophy in astrocytes, 

microglial reaction, inflammatory reaction, vascular 

telangiectasis, endothelial enlargement, edema, and 

axonal damage.  

 

RESULTS 
Data presented in Table (1) showed that, 

brain antioxidant parameters of irradiated or CCl4 

injected rats showed highly significant decrease 

compared with their corresponding levels in control 

group. Meanwhile, LPO showed high significant 

increase compared with corresponding levels in 

control group.  However, both irradiated and CCl4 

injected rats with lycopene pre-treated induced 

significant improvement.  

Data presented in Table (2) showed that, 

both of groups irradiated and CCl4 induced a high 

significant increase (p <0.001) in the activities of 

AST, ALT and ALP in serum compared to the 

corresponding levels in control rats. However, 

groups of lycopene pre-treated either irradiated or 

CCl4 groups induced significant amelioration for all 

tested parameters. 

 

Histopathological evaluation of brain 

cortex: 

Control and lycopene groups had normal 

histomorphologic structure in the brain cortex (Fig. 

I-2). In the RAD and CCl4 group, astrocytes showed 

diffuse hypertrophy, numerical increase and light 

clusters in nuclear chromatin. The microglial cell 

reaction was diffuse but relatively light. The 

inflammatory cell reaction was diffuse; in 

particular, the lymphocyte response was observed. 

Vascular dilatation, congestion and swelling 

degeneration in endothelial cells were widely 

observed. Edema was more prominent, especially 

around veins, and Rosenthal fibrils were frequently 

distinguished (Fig. I-12). In the RAD + lycopene 

and CCl4 + lycopene groups, respectively; 

hypertrophy in astrocytes became less frequent. 

Chromatin clusters had disappeared. The microglial 

cell reaction diluted. The inflammatory cell reaction 

was milder. Vascular dilatation and endothelial 

damage were not significant. Edema was milder 

(Fig. I-14).  
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Figure I : Effects of radiation and CCl4+ on brain cortex in RAD and CCl4+ groups.  

[1] Fig. (1&2): Control and lycopene, groups, respectively had normal histomorphologic structure in the 

brain cortex. [2] Fig. (3&4): Astrocytes showed diffuse hypertrophy in RAD and CCl4+ groups, 

respectively. (H&E,×400). [3] Fig. (5&6): Vascular dilatation, congestion and endothelial cell enlargement 

in RAD and CCl4+ groups, respectively. (H&E, ×400). [4] Fig. (7&8) Microglial infiltration in RAD and 

CCl4+ groups, respectively. (H&E,×200). [5] Fig. (9&10): Inflammatory reaction and congestion in RAD 

and CCl4+ groups, respectively. (H&E,×200). [6] Fig. (11&12): Edema and prominence of Rosenthal fibers 

in RAD and CCl4+ groups, respectively. (H&E,×400). [7] Fig. (13&14): showed hypertrophy in astrocytes 

became less frequent, chromatin clusters had disappeared, the microglial cell reaction diluted, the 

inflammatory cell reaction was milder, vascular dilatation and endothelial damage were not significant, and 

edema was milder in RAD and CCl4+ groups, respectively. 
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Figure II : Effects of  gamma radiation and CCl4 on liver tissues in RAD or CCl4+ groups. 

Fig 15: A liver section from a control rat showing preserved hepatic architecture, hepatocytes are normal, with 

a central vein (black arrow) (H&E, x200). Fig. 16: A liver section from lycopene treated rat showing 

preserved hepatic architecture, hepatocytes within normal, with congested central veins (black arrows) (H&E, 

x200). Fig 17: A liver section from 10Gy (S.D) irradiated-rat showing partial loss of hepatic architecture, 

hepatocytes show mild apoptotic changes (black arrow) and necrotic changes (blue arrow) (H&E, x200). Fig 

18: A liver section from a CCl4 group showing partial loss of hepatic architecture, hepatocytes show mild 

apoptotic changes (yellow) and necrotic changes (black) (H&E, x400). Fig 19: A liver section from lycopene 

+10Gy (S.D) irradiated-rat showing preserved hepatic lobule architecture and mild hydropic degeneration 

(black arrow) and mild spotty necrosis (red arrow) (H&E, x200). Fig 20: A liver section from lycopene + CCl4 

rat showing preserved lobular architecture, mild hydropic degeneration (black arrow) vessels (yellow arrow) 

and congestion of sinusoids (blue arrow) (H&E, x400). 
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Histopathological evaluation of liver tissues: 

A liver section from a control rat showing preserved hepatic architecture, hepatocytes are normal, with a 

central vein (black arrow). Fig. II-16: A liver section from lycopene treated rat showing preserved hepatic 

architecture, hepatocytes within normal, with congested central veins (black arrows). Fig. II-17: A liver section 

from 10Gy (S.D) irradiated rat showing partial loss of hepatic architecture, hepatocytes show mild apoptotic 

changes (black arrow) and necrotic changes (blue arrow). Fig. II-18: A liver section from a CCl4 group 

showing partial loss of hepatic architecture, hepatocytes show mild apoptotic changes (yellow) and necrotic 

changes (black). Fig. II-19: A liver section from lycopene +10Gy (S.D) irradiated rat showing preserved 

hepatic lobule architecture and mild hydropic degeneration (black arrow) and mild spotty necrosis (red arrow). 

Fig. II-20: A liver section from lycopene + CCl4 rat showing preserved lobular architecture, mild hydropic 

degeneration (black arrow) vessels (yellow arrow) and congestion of sinusoids (blue arrow). 

 

Table.1. Effect of pre-treated lycopene extract on brain antioxidant parameters of irradiated or CCl4 

injected rats. 

 MDA 

 (nmol/g tissue) 

GSH 

(mg/g tissue) 

 

SOD 

(U/mg protein) 

 

CAT 

(U/mg protein) 

Control G. 53.4 ± 4.0 

---- 

59.6 ± 4.8 

---- 

52.5 ± 5.0 

---- 

55.4 ± 4.4 

---- 

Lycopene G. 54.0 ± 4.4 

(+1.1) 

60.0 ± 5.5 

(+0.67) 

53.4 ± 4.7 

(+1.7) 

56.0 ± 5.0 

(+1.0) 

Irr. G. 95.6 ± 8.2*** 

(+79.0) 

18.3 ± 1.1*** 

(-69.2) 

30.5 ± 2.6*** 

(-41.9) 

32.6 ± 2.9*** 

(-41.1) 

CCl4 G. 89.4 ± 7.6*** 

(+67.4) 

15.5 ± 1.0*** 

(-73.9) 

27.5 ± 1.9*** 

(-47.6) 

28.3 ± 2.0*** 

(-48.9) 

Lyco. + Irr. 

G. 

68.0 ± 6.0* 

(+27.3) 

50.0 ± 4.3 

(-16.0) 

48.2 ± 3.9 

(--8.1) 

43.6 ± 4.0 

(-21.2) 

Lyco. + CCl4 

G. 

65.3 ± 5.8 

(+22.3) 

47.2 ± 3.8 

(-20.8) 

46.6 ± 4.0 

(-11.2) 

40.3 ± 3.5* 

(-27.2) 

Each value represents the mean of 12 rats ± SE. Significant different from the corresponding control group at 

P<0.05*, P<0.01** and P<0.001***. 
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Table.2. Effect of pre-treated lycopene extract on serum liver enzymes of irradiated or CCl4 injected 

rats. 

 SERUM  (U/L) 

AST ALT ALP 

Control G. 65.5 ± 5.7 

---- 

70.3 ± 6.6 

---- 

68.6 ± 6.2 

---- 

Lycopene G. 67.0 ± 6.0 

(+2.2) 

71.0 ± 6.5 

(+0.9) 

69.0 ± 6.3 

(+0.58) 

Irr. G. 

 

*** 

100.3 ± 9.5 

(+53.0) 

*** 

97.0 ± 9.0 

(+37.9) 

*** 

98.0 ± 8.6 

(+42.8) 

CCl4 G. 

 

*** 

111.0 ±10 

(+69.4) 

*** 

109.0 ± 9.5 

(+55.0) 

*** 

105.0 ± 9.3 

(+53.0) 

Lyco. + Irr. G.  

77.3±6.6 

(+18.0) 

* 

86.0±7.8 

(+22.3) 

 

80.0±7.3 

(+16.6) 

Lyco. + CCl4 G.  

 

* 

80.0 ± 6.5 

(+21.9) 

** 

90.2 ± 7.4 

(+28.0) 

* 

85.0 ± 7.2 

(+23.9) 

Each value represents the mean of 12 rats ± SE. 

Significant different from the corresponding control group at P<0.05*, P<0.01** 

and P<0.001***. 

 

DISCUSSION 
One of the major reasons for cellular injury after 

radiation exposure is the generation of free radicals and 

the possible increased levels of lipid peroxides in the 

tissues. 

Our results revealed that, whole body gamma 

irradiation of male albino rats at 10 Gy produced a 

significant increase in the level of brain MDA, which 

agreed with (21) who reported that this elevation might 

be due to inhibition of antioxidant enzyme activities. 

After applying (10 Gy) gamma irradiation, the 

activities of SOD and CAT dropped significantly when 

compared with control group. In our observation, the 

significant decrease in both SOD and CAT activities 

after 10 Gy gamma irradiation leads to increase in the 

formation of O2
.- and H2O2. This decline may be due 

to inactivation of SOD by ROS (22). 

The data of the present study revealed that 

administration of CCl4 induced similar changes in 

the investigated parameters to those exposed to γ-

radiation. Injury produced by CCl4 seems to be 

mediated by reactive metabolite-tri-chloromethyl 

free radical (.CCl3) formed by the hemolytic 

cleavage of tri-chloromethylperoxy free radical 

(Cl3COO.) formed by the reaction of .CCl3 with 

O2
(23).  

This biotransformation is catalyzed by a 

cytochrome P450-dependent mono-oxygenase to 

yield tri-chloromethyl and chlorine free radicals. 

The tri-chloromethyl free radical is then thought to 

attach ionic fatty acids in the membranes of the 

endoplasmic reticulum, leading to secondary free 

radicals within the fatty acids, which is subjected to 

attack by oxygen, and the subsequent process, 

which is termed lipid peroxidation, produces 

damage to membranes and enzymes(24).  

Thus the toxicity of CCl4 depends on the 

cleavage of carbon-chloride bond to generate tri-

chloromethyle free radical (.CCl3)(4).  

The decline in glutathione content together 

with increased lipid peroxidation following CCl4 

administration were reported by (25). 

CCl4 treatment generates free radicals that 

trigger a cascade of events resulting in liver 

dysfunction as reflected by significant increase in 

serum AST, ALT, ALP and γ-GT activities (26). 

Lycopene is a bioactive compound of tomato 

exerting antioxidant and anti-inflammatory 

properties, It has been demonstrated that lycopene 

can inhibit the expression of inflammatory 

cytokines and reverse the loss of antioxidant 

enzymes induced by inflammation (27). 

Results of the present study showed that rats 

supplemented with tomato led to improved liver 

functions as indicated by reduction of liver enzymes 

and enhancement of antioxidant capacity as 

indicated by increased glutathione level. 

These results are compatible with (13) who 

reported that tomato supplementation ameliorates 

biochemical indices and oxidative parameters. In 

addition (28), has reported that tomato 

supplementation showed protection indicated by 
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return to normal levels of liver transaminases and 

enhanced antioxidant activity and concluded that 

the protective nature of tomato may be attributed to 

its antioxidative property. 

      In addition, histopathological evaluation 

of brain tissue was performed. Hypertrophy, 

microglial reaction, inflammatory reaction, vascular 

telangiectasis, endothelial enlargement, edema and 

axonal damage in astrocytes were evaluated. While 

the brain tissues were normal in the control and 

lycopene groups, the RAD and CCl4 groups showed 

diffuse hypertrophy, and numerical increase and 

mild clustering of nuclear chromatin in the 

astrocytes. The microglial cell reaction was diffuse 

but relatively mild. The inflammatory cell reaction 

was diffuse, and the lymphocyte response was 

especially observed. Vascular dilatation, congestion 

and swelling degeneration in endothelial cells were 

widely observed. Edema was more prominent, 

particularly around the veins, and Rosenthal fibrils 

were frequently distinguished. 

In the RAD + lycopene and CCl4 + lycopene 

groups, mild hypertrophy in astrocytes was 

generally observed. Chromatin clusters had 

disappeared. The microglial cell reaction became 

less frequent. The inflammatory cell reaction was 

milder. Vascular dilatation and endothelial damage 

were not detected. Edema was milder. In our study, 

congestion of the lumen of the capillaries with 

erythrocytes, and a decrease in the frequency of 

neuronal degeneration in the cerebral cortex also 

characterized the RAD and CCl4 groups. The most 

distinctive histological changes after irradiation 

were vascular telangiectasis, swelling degeneration 

in endothelial cells, and edema. After radiation, 

based on these observations, it can be said that 

vascular systems may be responsible for radiation 

and CCl4-induced brain damage. This observation 

needs to be further investigated at a molecular and 

genetic level. These degenerative 

changes in the brain cortex in groups RAD 

and CCl4 was significantly reduced in the RAD + 

lycopene and CCl4 + lycopene group. These 

damages may also vary with radiation and CCl4 

volume and exposure time (29). Due to increased 

permeability of small vessels, these damages cause 

edema in the brain tissue and migration of the 

inflammatory cells. 

In response to RAD, astrocytes undergo 

proliferation, exhibit hypertrophic nuclei, and show 

increased expression of glial fibrillary acidic 

protein. Conditioned medium from irradiated 

microglial cells has been shown to induce 

astrogliosis, which might contribute to radiation-

induced edema. However, the exact role of 

astrocytes in the overall pathogenesis of late 

radiation-induced brain injury is still unclear, but 

they are likely to have a contribution by interacting 

with both vascular and other parenchymal elements 

in the brain (30). 

 

The data of the present study proved that oral 

lycopene supplementation ameliorated all the 

investigated parameters in animals exposed to (10 

Gy) single doses of gamma-irradiation or injected 

with CCl4. 

Flavonoids in general and lycopene are free 

of side-effects, since they are water soluble, any 

excess lycopene are excreted via sweat or urine. So, 

lycopene extract can be used safely and effectively 

in conjunction with other antioxidants plus the 

minerals (31). 
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