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Introduction 

The pomegranate seed oil (PSO) has attracted attention in recent 
years due to the remarkable presence of  a conjugated fatty acid, 
namely punicic acid (PA; C18:3-9c,11t,13c). PA is positional and 
geometric isomers of  α-linolenic acid, which presents three con-
jugated double bonds in its structure, in which one is in the trans 
position [1, 2]. Several studies report that conjugated fatty acids 
(conjugated linoleic acids - CLAs and conjugated linolenic acids 
- CLNAs) display recognized anti-carcinogenic, antioxidant and 
anti-inflammatory properties, both in vitro and in vivo, and their 
effectiveness can vary substantially between individual isomers. 

Saha e Ghosh (2012) showed that CLNAs (α-eleostearic acid and 
PA in a 0.5% dose of  total lipids) significantly decreased oxida-
tive stress by streptozotocin-induced diabetes in male albino rats; 
observed by reduction lipid peroxidation and antioxidant enzyme 
recovery [3-6]. 

The liver is an important organ in the bodies of  vertebrates and 
is also the major site of  metabolism of  xenobiotics (drugs, tox-
ins or alcohol). Some hepatotoxins including carbon tetrachloride 
(CCl4), trigger liver injury and are characterized by different de-
grees of  degeneration of  hepatocytes and subsequent cell death. 
Some authors have already reported that the hepatotoxicity by 
CCl4 is an interesting experimental model to investigate liver dam-
age induced by oxidative stress [7-10]. CCl4 is metabolized in the 
endoplasmic reticulum of  hepatocytes by cytochrome P-450 NA-
DH-dependent enzyme, generating highly reactive radicals such 
as trichloromethyl (CCl3•) and trichloromethyl peroxyl (CCl3O2•). 
Both are able to bind to proteins and cellular lipids, which is the 
initial step in the events cascade that lead to membrane lipid per-
oxidation and finally to cell death [9, 11, 12]. When the liver is 
in a stressed condition, that is, with a high level of  CCl3•, the 
oxidase xanthine activity increases with the progression of  cell 
damage. This enzyme produces superoxide anions (O2

-) and hy-
drogen peroxide (H2O2) [13]. There are three enzyme classes that 
are known to promote protection against this free radicals: su-
peroxide dismutase (SOD), catalase (CAT) and glutathione per-
oxidase (GPx). SOD is an enzyme that converts the dismutation 
of  O2

- into H2O2; CAT is a hemoprotein, which decomposes the 
H2O2 into oxygen and water, and GPx metabolizes H2O2 and hy-
droperoxides to nontoxic products. These enzymes can stop the 
chain reaction of  lipid peroxidation in cell membranes and their 
activity is hindered by lipid peroxides and free radicals, thus re-
ducing their enzymatic activity and increasing the toxicity induced 
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by CCl4 [12]. 

Reactive oxygen species (ROS) studies and the development of  
new methods for evaluation of  antioxidant activity have advanced 
considerably in recent years. The deleterious effect of  ROS on 
cells and their association with certain diseases, acting as causa-
tive or aggravating agents, spurred the search for new substances 
capable of  preventing or minimizing oxidative damage to cells 
[14]. According to the free radical theory, blocking or retarding 
the oxidation chain reaction is one of  the most suitable strategies 
to prevent hepatotoxicity induced by oxidative stress [10]. In this 
sense, some studies have shown that oils rich in monounsaturated 
and polyunsaturated fatty acids provide hepatoprotective effects 
in rats and mice subjected to injury induced by CCl4, by elevating 
levels of  endogenous antioxidant enzymes (SOD, CAT and GPx) 
and also by reducing the lipid peroxidation [7, 9, 12, 15].

Recently, Carvalho et al., [16] verified the effect of  supplementa-
tion with an equimolar mixture of  CLAs isomers (C18:2-9c11t 
and C18:2-10t12c) in rats subjected to oxidative stress by CCl4. 
Authors observed a reduction in the lipid peroxidation rate and 
an increase in the CAT and glutathione reductase (GR) enzymes 
activities, regardless of  the increase in reduced glutathione (GSH) 
in the liver of  animals pretreated with CLAs. In this sense, taking 
into account that the CLNA contained in PSO is incorporated 
into rat liver in the form of  CLAs, the aim of  this study was to 
analyze whether the CLA obtained from PSO also enhanced the 
endogenous antioxidant defense system in rats subjected to CCl4.

Materials and Methods

Sample

The pomegranate seed oil (PSO) was obtained from the company 
Green Source Organics (Boynton Beach, USA). The product was 
produced by cold pressing the pomegranate seeds. The produc-
tion of  oil by using only cold pressing without further refining al-
lows to preserve various valuable compounds. The principal fatty 
acids found of  the oil (determined by GC) were: 6% C18:1-9c, 
7% C18:2-9c12c, 55% C18:3-9c11t13c, 16% C18:3-9c11t13t, 7% 
C18:3-9t11t13c.

Animals

This study was approved by the Ethics Committee on Animal 
Experiments of  the Faculty of  Pharmaceutical Sciences (Protocol 
281), University of  São Paulo, Brazil. To evaluate the effect of  
PSO in vivo, 24 male Wistar rats, weighing between 120 and 150 
grams (five weeks old), were used in the experiment. A balanced 
commercial diet (Nuvilab CR-1) and water were offered ad libitum. 
The animals were housed in polypropylene cages (three rats/cage) 
in an environment with controlled lighting (12 hours light/dark 
cycle) at 25°C and 60% humidity throughout the experimental pe-
riod. The animals were distributed in four groups of  six animals 
each, according to the initial weight (so that the average weight 
between the groups was similar):

•	 Negative control (-): rats treated with water. 
•	 Positive control (+): rats treated with water and subjected to 

treatment with CCl4. 
•	 CLNA 2%: rats treated with 2% PSO/CLNA (compared to 

the average daily consumption of  diet), followed by treat-

ment with CCl4. 
•	 CLNA 4%: rats treated with 4% PSO/CLNA (compared to 

the average daily consumption of  diet), followed by treat-
ment with CCl4.

After a seven-day acclimatization period, the animals started re-
ceiving the PSO supplementation intragastrically using 3.0 mL 
disposable syringes and a gavage needle (1.2mm gauge, Insight 
Ltda). The experiment was conducted for 21 days and on days 19 
and 21, the animals were subjected to acute liver injury induced by 
CCl4 at a dose of  2 mL/kg of  mixture CCl4: olive oil (1:1 dilution), 
intraperitoneal. The control (-) group (healthy rats) received an 
injection containing only the vehicle (olive oil). On day 22, after 
fasting for eight hours, the animals were anesthetized. Blood sam-
ples were collected by abdominal aorta artery and centrifuged at 
3,500 rpm for 15 minutes at 4°C, the serum obtained was stored 
at -80°C until analysis. The liver tissue was also collected, imme-
diately frozen in liquid nitrogen and stored at -80°C until analysis.

Serum aminotransferases

Alterations of  biochemical markers of  liver damage, that is, the 
levels of  aspartate aminotransferase (AST) and alanine ami-
notransferase (ALT) were evaluated in triplicate using laboratory 
kits (Labtest®, Lagoa Santa, Brazil). The results were expressed in 
units (U) per deciliter (dL).

Liver fatty acids profile

The lipids from liver tissue were extracted by the method de-
scribed by Folch, Lees & Sloane-Stanley [17]. The fatty acids were 
transformed into methyl esters in accordance with the method 
of  alkaline esterification proposed by Christie, Dobson & Adlof  
[18], using NaOCH3 in methanol. The extract was then inject-
ed into the gas chromatograph [GC-Shimadzu 2010 with flame 
ionization detector and fused silica (100m and 0.25 mm internal 
diameter/SP-2560) column] following the schedule described by 
Baublits et al., [19].

Liver Morphometry

A small piece of  liver tissue of  animals was collected and imme-
diately fixed in formalin (10%). Sections (5 mm) were prepared 
and stained with hematoxylin-eosin (HE) for photomicroscopic 
observations. The lesions observed in the liver parenchyma were 
analyzed by determining the mean percentage of  injured area. Ini-
tially, were obtained five images of  the same dimension, of  each 
slide. The image acquisition was performed at 40x magnification 
(4x objective), the camera Cool SNAP-Procf  (Media Cybernetics 
Inc., USA) was coupled to a microscope (Nikon Eclipse - E800, 
Japan). Then, the limits of  lesions were set manually, the damaged 
areas per slide were summed and the mean lesion value was then 
obtained per group. The measurements were performed using the 
computerized imaging system Image - Pro Plus version 4.5 (Me-
dia Cybernetics Inc.). Results were expressed as mean ± standard 
deviation.

Liver homogenate and proteins quantification

The liver tissue was weighed and homogenized with a potassium 
phosphate buffer 0.1 M (pH 7.0) at a proportion of  1:3 (m/v). 
The homogenates were centrifuged at 15,000 rpm for 30 minutes 
at 4°C and the supernatants were used for the evaluation of  lipid 
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peroxidation and antioxidant enzyme activity. 
The protein content in tissue homogenates was performed in 
triplicate by the method of  Bradford [20], obtaining readings at 
a wavelength of  595 nm in a UV/Vis spectrophotometer (Spec-
tronic® 20 Genesys™, Rochester, USA). The amount of  protein 
in the samples was calculated from the standard curve using bo-
vine serum albumin (Sigma A4503).

Lipid peroxidation and reduced glutathione contents

The determination of  lipid peroxidation in serum and liver ho-
mogenates was carried out by measuring the production of  thio-
barbituric acid reactive substances (TBARS) using the method 
described by Ohkawa, Ohishi & Yagi [21] with minor adaptations. 
TBARS concentrations were calculated using a standard curve 
for 1,1´,3,3´-(TEP) tetraethoxypropane (0,5-12 nMol) and were 
expressed as nMol of  malondialdehyde (MDA) per milligram of  
protein.

The intracellular GSH content in the liver homogenate was quan-
tified spectrophotometrically according to the method proposed 
by Tietze [22], which is based on the reaction of  reduced glu-
tathione (GSH) present in homogenates with 5,5'-dithiobis-2,2 ni-
trobenzoic acid (DTNB) that produces a colored compound that 
absorbs at 412 nm. The concentration of  GSH was quantified us-
ing a standard curve of  GSH (of  50 - 800 µMol/ Sigma G4251).

Liver antioxidant enzymes activity

The cytoplasmic superoxide dismutase (SOD) activity was evalu-
ated according to the methods described by McCord & Fridovich 
[23], using a reaction medium containing cytochrome C (100 mM), 
xanthine (500 mM), ethylenediaminetetraacetic acid (1 mM), po-
tassium cyanide (200 mM) and potassium phosphate buffer (0.05 
M - pH 7.8). The results were expressed as units per milligram of  
protein. One unit of  SOD activity was defined as the amount of  
enzyme required to inhibit the reaction rate by 50% at 25°C. 

The catalase (CAT) activity was measured spectrophotometrically 
by calculating the rate of  degradation of  H2O2, the substrate of  
the enzyme at 37°C and pH 8.0, according to the methods de-
scribed by Beutler [24]. The results were expressed as units per 
milligram of  protein. The unit of  enzyme activity was defined 
as the amount of  enzyme required to decomposed one µMol of  
hydrogen peroxide per minute.

The glutathione peroxidase (GPx) activity in the liver homogenate 
was determined as described by Sies, Koch, Martino & Boveris 
[25]. The results were expressed as units per milligram of  protein. 
The unit of  enzyme activity was defined as the amount of  enzyme 
required to oxidize one µMol of  NADPH per minute at 30°C in 
pH 7.0.

The activity of  glutathione reductase (GR) was determined ac-
cording to the methodology described by Sies, Koch, Martino & 
Boveris [25]. This method is based upon measuring the decrease 
in absorbance at 340 nm promoted by the oxidation of  NADPH 
at 30°C for the reduction of  oxidized glutathione (GSSG) cata-
lyzed by GR. The reaction medium containing 50 mM GSSG, 
NADPH (4 mM), 5 mM EDTA and potassium phosphate buffer 
in pH 7.0. The results were expressed as units per mg of  protein. 
One unit of  the enzyme was defined as the enzyme activity that 
oxidizes one μMol of  NADPH per minute.

Gene expression of  SOD and CAT in liver

Gene analysis of  expression of  SOD and CAT enzymes was per-
formed by RT-PCR (reverse transcriptase-polymerase chain reac-
tion) as described by Mancini-Filho, Vidal, Elsa & González [26]. 
Initially, total RNA was obtained from liver tissue using Trizol 
reagent. Then, the phase of  reverse transcription of  RNA us-
ing reagents from Promega (Madison, AL, USA) was carried out 
as recommended by the manufacturer. The (cDNA) product was 
then amplified in a thermocycler. SOD was amplified at 94°C for 
45 s, 56°C for 30 s and 72°C for 45 s, for a total of  23 cycles fol-
lowed by a 10 minutes time extension at 72°C. CAT was amplified 
at 94°C for 30 s, 58°C for 30 s, 72°C for 1 minute for a total of  30 
cycles for a time of  10 minutes extension at 72°C. The amplified 
products were determined by electrophoresis on an agarose gel 
(2%) containing 0.06 mg/L ethidium bromide. The gel was pho-
tographed on ultraviolet transillumination and quantified using 
Quantity One software (version 4.6.3 / Bio-Rad) and the results 
expressed as arbitrary units.

Primer SOD - sequence (5'-3'): TCT AAG CAT GGC AAA GGT 
CC 
Primer SOD - sequence (3'-5'): TTA CAG GCA GGC AT 
CAGCAG 
Primer CAT - sequence (5'-3'): GCG AAT GGA GTG GAG 
GCA TAC 
Primer CAT - sequence (3'-5'): GAG TGA CGT TGT CTT CAC 
CAT TAG TG

Statistical analysis

Results were expressed as mean ± standard deviation (n=3). Ini-
tially, the homogeneity of  variances was checked by Hartley/Lev-
ene test and one-way analysis of  variance (ANOVA) was applied to 
check for differences among groups (controls and PSO groups). 
Fisher LSD test was used to determine statistically significant dif-
ferences in mean. When data were not normal, Kruskal-Wallis test 
was used in order to evaluate statistical differences among groups. 
Probability values (p-value) below 0.05 were considered statisti-
cally significant [27].

In order to detect associations between all results found to the 
rats included in the groups studied, Principal Component Analy-
sis (PCA) was used to project the groups in the factor-place (PC1 
vs PC2) based on the biochemical responses assessed in the study. 
In this study PCA were used to better visualize results obtained 
experimentally, since there are many variables involved in the re-
sponse of  groups. The PCA aims to reduce the dimensionality of  
the original data set, preserving the greatest amount of  informa-
tion (variance) as possible. For this purpose, experimental results 
were autoscaled using the z-score [(µ - X)/σ] and PCA analysis 
was based on linear correlations in which variances were calcu-
lated as sums of  squares/n-1 [28].

Results and Discussion

The PSO supplementation (CLNA groups) did not significantly 
alter weight gain of  animals (Table 1). The levels of  aminotrans-
ferases (Alanine – AST and Aspartate – ALT) and lipid peroxida-
tion (TBARS) in serum, total lipids content, lipid peroxidation 
and reduced glutathione (GSH) in the liver of  rats supplement-
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ed with pomegranate seed oil (CLNA groups) for 21 days and 
submitted to liver injury with CCl4 are shown in Table 1. Rats 
subjected to liver injury with CCl4 presented an increase of  ami-
notransferases as compared to the control (-). Rats treated with 
PSO had significantly reduced concentrations of  AST and ALT 
when compared to the control (+). However, the AST/ALT ratio 
did not differ between groups (Control (-): 1.58; Control (+): 1.29; 
CLNA 2%: 1.49; CLNA 4%: 1.39), indicating that hepatocellular 
injury can be considered light. According to Lee, Shih, Hsu & Yen 
[10], it is well known that chemical compounds such as CCl4 cause 
liver injury, which increases AST and ALT in serum, and this may 
indicate the index of  liver injury. In this sense, compared to other 
studies using CCl4, that showed very high levels of  AST and ALT 
in CCl4 treated groups compared to healthy controls [10, 12, 15], 
the values presented here are lower and may indicate a mild liver 
injury. Still, it can be seen that the PSO treatment attenuates the 
increase of  AST and ALT induced by CCl4.

Lipid peroxidation is considered a marker of  oxidative damage 
[10]. According to Table 1, it can be seen that the method used 
for induction of  hepatic injury did not result in severe liver dam-
age. No significant differences were observed in serum TBARS 
values between control group and the group that presented liver 
injury. However, there was the control groups (control + was big-
ger). Regarding the groups treated with PSO, the TBARS values 
increased significantly compared to both controls (healthy and 
treated with CCl4).

Some authors have reported that animals subjected to injury with 
CCl4 and supplemented with oils rich in polyunsaturated fatty 
acids (PUFAs) present a significant improvement in the TBARS 
levels [9, 12, 29]. Herein, lipid peroxidation is a particular kind 
of  reaction resulting from oxidative attack by reactive free radi-
cals in the PUFAs side chains of  the phospholipids on the mem-
branes [15]. In this sense, Fang & Lin [15] supplemented mice 
diets with corn oil and induced liver injury with CCl4 and found 
that corn oil, which is rich in PUFAs, markedly increased hepatic 
lipid peroxidation products induced by CCl4 and therefore did not 
improve the hepatic fibrosis. Results of  the current study sug-
gests that, the greatest amount of  total lipid and the presence of  
conjugated fatty acid in the liver of  treated animals with PSO can 
be more susceptible to the attack of  radical produced by CCl4, 
increasing the TBARS levels. Kim et al., [30] analyzed the effects 
of  supplementation of  conjugated linoleic acid on lipid peroxida-
tion in rat liver and their results also indicated that the levels of  
hepatic TBARS were significantly higher (p < 0.05) in groups sup-

plemented with CLAs than the mean values in the control group. 
The TBARS is a secondary product of  lipid peroxidation, indi-
cating that the additional treatment of  CLAs can cause a higher 
extent of  lipid peroxidation and thus a more pronounced liver 
damage with supplementation in high doses. 

With respect to reduced glutathione (GSH), the control (+) group 
presented a significantly higher content (Table 1), whereas PSO 
supplementation had similar mean values as compared to the 
group control (-). The reduction in GSH values could be related 
to the increase of  TBARS in PSO treated groups, resulting in 
increased consumption of  GSH.

The lipids of  liver tissue were extracted and the fatty acid pro-
file was assessed (Table 1). The supplementation with PSO 4% 
resulted in an increase in lipid content of  the liver. Santos-Zago 
et al., [31] showed that the levels of  lipids in the liver of  rats sup-
plemented with CLAs did not differ significantly from the con-
trol group, but it can be observed that there was an increase of  
fat globules in the livers of  animals supplemented with CLAs, as 
shown by tissue histopathology. The histological pattern of  cell 
organelles was not changed.

The fatty acid profiles of  liver tissue from animals supplemented 
with PSO confirmed the metabolism and tissue incorporation of  
CLAs (Table 2). Only traces of  punicic acid in the livers of  ani-
mals supplemented with PSO/CLNA were detected. However, 
CLAs (9c11t and 10c12c) were present in a dose-dependent man-
ner, corroborating other studies that claim that CLNAs are me-
tabolized in the liver and incorporated as CLAs, mostly as C18:2-
9c11t [32-34]. Although some studies with CLAs report multiple 
health benefits [35, 36], there are also investigations regarding 
the possibility of  adverse effects from the chronic and continued 
consumption of  CLAs, particularly with regard to lipid accumula-
tion in the liver and the increased risk of  hepatic steatosis [37, 38].

In the current work, microscopic analysis showed that the liver 
tissue in the control (-) group was preserved, with hepatocytes 
presenting radial arrangement, and nuclei and cytoplasm were pre-
served. However, the groups treated with CCl4 exhibited evident 
morphological changes. The control (+) group had micro and 
moderate macrogoticular vacuolar degeneration marked diffuse, 
and this observation was even more prominent around the central 
lobular vein. Large areas of  coagulation necrosis associated with 
moderate neutrophilic infiltrate, cellular debris and hemorrhagic 
foci were clearly observed. On the groups treated with PSO, mild 
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Table 1. Levels of  aminotransferases, lipid peroxidation, total lipids content and reduced glutathione in the serum and liver 
of  rats supplemented with pomegranate seed oil (CLNA group) for 21 days and submitted to liver injury with CCl4.

Biochemistry parameters Control (-) Control (+) CLNA 2% CLNA 4%
Weight gain 156 ± 32a 156 ± 18a 154 ± 15a 154 ± 21a

Serum
Alanine aminotransferase (unit/mL)

Aspartate aminotransferase (unit/mL)
Lipid peroxidation (nMol MDA/mL)

84 ± 2.6c

53 ± 2.0c

15 ± 1.3a

125 ± 3.3a

97 ± 15a

13 ± 2.0a

100 ± 9.4b

67 ± 8.3b

13 ± 1.9a

107 ± 8.3b

77 ± 17b

13 ± 1.7a

Liver
Total lipids content (%)

Lipid peroxidation (nMol MDA/mg protein)
Reduced glutathione (μMol/mg protein)

3.3 ± 0.2b

0.6 ± 0.1c

176 ± 41a

3.9 ± 0.5b

1.2 ± 0.3b

410 ± 71b

3.7 ± 1.3b

1.9 ± 0.5a

251 ± 22ac

5.4 ± 1.6a

2.0 ± 0.4a

293 ± 69c

*Different letters indicate significant differences (p < 0.05).
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to moderate micro and macrogoticular vacuolar degeneration was 
attained, and this effect was more prominent around the lobular 
central vein and areas of  coagulation necrosis were mainly located 
on the surface of  the body associated with a mild neutrophilic 
infiltrate, cellular debris and foci of  hemorrhage. The lesions ob-
served in the liver parenchyma were analyzed by determining the 
mean percentage of  injured area in order to quantify the differ-
ences between the control (+) group and the group supplemented 
with PSO CLNA (Figure 1). 

In Figure 1, it appears that the PSO supplementation (rich in pu-
nicic acid - CLNA) protected the liver parenchyma against the 
deleterious effects of  CCl4, suggesting that CLAs incorporated 
into this tissue has a protective effect on hepatocytes against dam-
age caused by free radicals. Photomicrographs representing the 
areas of  lesions per group are shown in Figure 2.

The reactive oxygen species (ROS), such as anionic superoxide 
and hydrogen peroxide (H2O2), are produced during normal cellu-
lar aerobic metabolism. The main component of  the antioxidant 
system in mammalian cells is composed of  three enzymes, namely 
superoxide dismutase (SOD), catalase (CAT) and glutathione per-
oxidase (GPx). These enzymes constitute a mutually supportive 
team of  defense against ROS [16]. Oxidative stress plays a critical 
role in the pathophysiology of  several liver diseases, and many 

complications of  these diseases are mediated by oxidative stress, 
oxidative stress-related mediators, and inflammation. Oxidative 
stress in the liver is induced by numerous systemic diseases such 
as hypertension, diabetes mellitus, and hypercholesterolemia, as 
well as by some chemical agents such as antibiotics, chemothera-
peutics, and radiocontrast. Environmental toxins, occupational 
chemicals, smoking, and alcohol consumption may also trigger 
oxidation in the human body, when the endogenous antioxidant 
defense system cannot counterbalance this condition [39].

The activity of  the antioxidant enzymes (SOD, CAT, GPx and 
GR) in the liver of  the tested groups is presented in Figure 3. 
A significant reduction of  the CAT enzyme in the control (+) 
group induced by CCl4 was observed as compared to the control 
group (-), whereas the supplementation with PSO 4% increased 
the enzyme activity to values similar to that of  the control (-) 
group. Conversely, no differences (p > 0.05) in the activity of  
SOD and glutathiones (GPx and GR) between the control groups 
were observed, suggesting again that the method of  induction 
of  hepatic injury with CCl4 was not strong enough to cause seri-
ous damage to the tissue to the point of  altering the activity of  
these enzymes. However, there was a reduction in the activity of  
GPx in the group supplemented with PSO 4%, suggesting that 
this enzyme may have been inactivated by lipid peroxides formed 
by lipid peroxidation. Similar results were observed in rats sup-
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Figure 1. Values for percentage of  damaged area of  the liver of  rats supplemented with pomegranate seed oil (CLNA 
group) for 21 days and subjected a liver injury with CCl4 (p < 0.01).
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Table 2. Fatty acids (FAs) profile in liver of  rats supplemented with pomegranate seed oil (CLNA group) for 21 days and 
subjected liver injury by CCl4.

FAs Control (-) Control (+) CLNA 2% CLNA 4% P-value
C 16:0 17.11 ± 0.17b 21.10 ± 1.20a 19.93 ± 1.69a 20.14 ± 1.53a <0.01
C 18:0 19.53 ± 0.89a 12.78 ± 1.45c 15.67 ± 3.21b 13.78 ± 2.53bc <0.01

C 18:1c ω-9 6.11 ± 1.70c 14.00 ± 3.47a 10.81 ± 3.34b 11.66 ± 2.79ab <0.01
C 18:1c ω-7 2.50 ± 0.33 2.36 ± 0.26 0.86
C 18:2c ω-6 20.10 ± 0.41c 26.67 ± 2.82a 23.41 ± 2.57b 23.38 ± 1.88b <0.01
C 18:3c ω-3 0.73 ± 0.23 0.85 ± 0.36 0.70 ± 0.17 0.64 ± 0.16 0.54
CLA 9c11t 2.97 ± 0.72b 6.35 ± 1.13a <0.01

CLA 10c12c 1.03 ± 0.43 1.59 ± 0.53 0.07
C 20:4 ω-6 28.28 ± 1.42a 16.99 ± 1.59b 19.89 ± 3.20b 17.36 ± 2.91b <0.01

C 18:3 9c11t13c 0.39 ± 0.07b 0.66 ± 0.24a <0.01
C 22:6 ω-3 5.65 ± 0.49 5.24 ± 1.08 5.19 ± 1.14 4.46 ± 1.15 0.3

*Different letters in the same row differ statistically from each other, p < 0.05.
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plemented with CLAs and subjected to liver injury by CCl4 [16].
The CLAs activity as antioxidants has been studied in recent years, 
but the results are contradictory and inconclusive [40]. Research-
ers examined the biological effects of  a commercial mixture of  
isomers of  CLAs in a model of  fibrosis induced by CCl4 in rats 
and the CLAs significantly inhibited the increase of  collagen fib-
ers in the liver. These results indicate hepatoprotective effects of  
CLAs on liver fibrosis induced by CCl4 [41]. Carvalho et al., [16] 
also suggested that the supplementation with CLAs has a hepato-
protective effect in an experimental model in which rats are sub-
jected to oxidative stress by CCl4 since the CLA reduced lipid per-
oxidation and increased the activity of  CAT and GSH content.

Studies regarding the effects of  CLNAs in animals subjected to 
oxidative stress are scarce. Sara & Ghosh [42] analyzed the influ-
ence of  two isomers of  CLNA (0.5% of  total lipids offered for 15 
days) against oxidative stress induced by sodium arsenite, which 
is a generator of  oxidative stress by increasing reactive oxygen 
species. The results showed that the sodium arsenite altered the 
activity of  antioxidant enzymes in plasma and liver and brain ho-
mogenates. While the eleostearic acid (α-ESA C18:3-9c11t13t) and 
PA increased the activity of  SOD, CAT and GPx and reduced the 
activity nitric oxide synthase (NOS) to normal values. Some dif-

ferences in the effectiveness of  the two isomers were observed, 
and this effect is attributed to their antagonistic cis-trans molecular 
arrangement. In this study, α-ESA was more effective as an anti-
oxidant than the PA due to its higher trans content. However, no 
dose-response effect was observed [43]. These authors also exam-
ined the effect of  CLNAs under oxidative stress, reducing lipid 
peroxidation and restoring the activity of  antioxidant enzymes in 
serum and pancreas of  diabetic rats induced by streptozotocin [4].

The results of  gene expression of  SOD and CAT enzymes show 
that there were no changes on PSO group as compared with con-
trols (Figure 4), indicating a direct action on the activity of  these 
enzymes without altering expression of  the gene. In order to de-
tect associations between the results obtained in the current work, 
PCA was applied to autoscaled data, as shown in Figure 5.

According to Figure 5, it is possible to observe that the groups 
are arranged in quadrants separately, with a cumulative variance 
of  91.99%, emphasizing the formation of  groups with similar 
characteristics, according to the response variables selected. Sup-
plementation with PSO is involved in the increase of  total lipids 
and TBARS in the liver as well as with a reduction in the activity 
of  SOD, GPx and GR, indicating that this oil had no positive ef-
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Figure 2. Photomicrographs of  histological sections of  liver showing areas of  injury. Groups: Control (-) (a), Control (+) 
(b), CLNA 2% (c) and CLNA 4% (d). Coloration: HE; increase: 4x; scale: 20 μm.
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Figure 3. Antioxidant enzymes activity: superoxide dismutase (a/p = 0.02), catalase (b/p = 0.01), glutathione peroxidase 
(c/p < 0.01), and glutathione reductase (d/p = 0.52) in liver of  rats supplemented with pomegranate seed oil (CLNA group) 

for 21 days and subjected a liver injury with CCl4.
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fects on markers of  oxidative stress in this experimental model.
Conclusion

Considering the presented results, it is reasonable to conclude 
that rats supplemented with PSO presented reduced serum ami-
notransferase concentrations and liver damage caused by CCl4. 
However, PSO provided a substrate for the free radicals forma-
tion, increasing lipid hydroperoxide levels in the liver. The catalase 
activity was the most sensitive to the attack by CCl4, in which even 
with the damage caused by CCl4, PSO supplementation at a dose 
of  4% increased the catalase activity to normal levels. This effect 
was not related to the gene expression of  this enzyme in liver 
tissue. SOD, GPx and GR enzymes were not changed, but GSH 
levels were reduced by supplementation with PSO and the mean 
value was close to that of  the control (-). Overall, the results sug-
gest that supplementation with PSO at 4% concentration is not 
able to attenuate the markers of  acute oxidative stress caused by 
CCl4 in adults Wistar rats.

Additional studies using longer treatment and/or evaluating the 
effect of  chronic oxidative stress conditions may be useful to in-
vestigate the action of  pomegranate seed oil as an antioxidant.
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