
International Journal of 
Immunopathology and Pharmacology
2016, Vol. 29(3) 426 –437
© The Author(s) 2015
Reprints and permissions: 
sagepub.co.uk/journalsPermissions.nav
DOI: 10.1177/0394632015621319
iji.sagepub.com

Hepatocellular carcinoma (HCC) is the sixth most 
commonly encountered cancer in the world. Pre-
existing fibrosis has been observed to present in 
most of the patients. Progression from fibrosis to 
cirrhosis and cancer was detected in almost 80% of 
them.1 The molecular mechanism underlying the 
generation of hepatocarcinogenesis in fibrotic/cir-
rhotic livers is not clearly understood.1,2

Among hepatocarcinogenic agents, diethylnitro-
samine (DEN) is known to exert its carcinogenic 
activity powerfully. Alterations in DNA structure 
and increased oxidative stress play a role in DEN-
induced carcinogenicity.1,2–6 Since hepatic tumor 

production by DEN is observed to proceed similar 
to human liver cancer, DEN-induced hepatocarcino-
genesis happens to be an ideal model to investigate in 
rodents.2,7–9 Liver damage leading to fibrosis/cirrho-
sis and finally to HCC can be manipulated by DEN 
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Diethylnitrosamine (DEN)-induced liver cancer normally develops in stages that progress from cirrhosis and carcinoma. 
Increased oxidative stress is suggested to play a role in DEN-induced carcinogenicity. Blueberries (BB) contain high 
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for 16 weeks. Hepatic damage markers in serum were determined together with hepatic histopathological examinations. 
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dosage and time of application. Since three stages as 
inflammation, cirrhosis, and HCC are present in the 
progression of the disease, cirrhosis without evi-
dence of HCC, HCC without cirrhosis, or cirrhosis 
and HCC may be produced by DEN with different 
doses and models of application in rats.2,7–9

As it is known, there is no effective chemother-
apy available for the treatment of cirrhosis and HCC. 
Therefore chemoprevention may be useful for the 
treatment of these diseases.10,11 Hytochemicals have 
received significant attention in this field. A large 
number of these agents have displayed chemo-pre-
ventive action in DEN-induced HCC.10–13

Blueberries (BB; Vacciniumcorymbosum L.) are 
among the fruits with high antioxidant power and 
contain anthocyanins, polyphenols, and flavo-
noids. The use of BB was suggested as useful in 
inflammation, cancer, diabetes mellitus, and 
hepatic, cardiovascular, and neuronal disorders. 
This state is attributable to powerful antioxidant 
actions of constituents in BB.14,15

In the current study, we wanted to investigate 
whether a preventive effect of BB treatment on 
DEN-induced oxidative stress, and cirrhotic and 
precancerous lesions in the liver. For this reason, 
hepatic damage markers in serum were determined 
together with hepatic histopathological examina-
tions. Hepatic hydroxyproline (HYP), malondial-
dehyde (MDA), diene conjugate (DC), protein 
carbonyl (PC), and glutathione (GSH) levels, 
CuZn-superoxide dismutase (SOD), catalase 
(CAT), and glutathione peroxidase (GSH-Px) 
activities, and their mRNA expressions were meas-
ured. Protein and mRNA expressions of glutathione 
transferase-pi (GST-pi) were also evaluated as a 
marker of preneoplastic lesions.

Materials and methods

Chemicals, materials

DEN and other chemicals were supplied from 
Sigma-Aldrich (St Louis, MO, USA).

Animals

Male Wistar rats weighing 200–250 g were used in 
the study. They were obtained from the Experimental 
Medical Research Institute of Istanbul University. 
Rats were housed in a light- and temperature-con-
trolled room on a 12/12-h light/dark cycle. The ani-
mals were allowed free access to food and water, 
and were kept in wire-bottomed stainless steel 

cages. The experimental procedure used in this 
study met the guidelines of the Animal Care and 
Use Committee of the Istanbul University.

Preparation of foods

Fresh Northern highbush “Patriot” BB 
(Vacciniumcorymbosum L.) were donated by Gedik 
Flora (Kartal-Istanbul) and they were stored at 
−35°C until used. Then, BB were homogenized for 
5 min using a blender.

A part of BB homogenates was used for the deter-
mination of total phenolic and total flavonoid con-
tent. They were diluted by distilled water and total 
phenolic compounds were determined with the 
Folin-Ciocalteu reagent and expressed as mg gallic 
acid equivalent per 100 g BB.16 The total flavonoid 
levels were measured with aluminum chloride col-
orimetric method. The results are presented as mg 
quercetin equivalents per 100 g BB.17 Total soluble 
phenolic compounds and total flavonoid levels were 
detected as 260 mg gallic acid equivalents and 105 
mg catechin equivalents per 100 g BB, respectively.

BB homogenates were mixed with powdered rat 
chow by using a mixer for 15 min. Then, this mixture 
was dried and prepared as a pellet chow containing 
8% BB (w/w) by Barbaros Denizeri AŞ (Istanbul).

Experimental design

Rats were randomly divided into four groups as fol-
lows: (1) Control group (n = 6): Animals were fed 
with commercial rat chow; (2) DEN group (n = 8): 
Rats were injected with DEN (200 mg/kg; i.p.) three 
times with an interval of 15 days at 4, 6, and 8 weeks, 
and killed 8 weeks after the last DEN injection. 
They were fed with control diet during experimental 
period; (3) DEN + BB group (n = 8): Rats were 
injected with DEN (200 mg/kg; i.p.) three times at 
an interval of 15 days and they were fed with 8% BB 
containing diet for 16 weeks; (4) BB group (n = 6): 
Rats were fed with 8% BB containing rat chow. 
Experimental design is shown in Figure 1.

Blood and tissue samples

At the end of the treatment period, all rats were 
sacrificed by taking blood via cardiac puncture 
under sodium thiopental anesthesia (50 mg/kg, 
i.p.). Blood was collected in dry tubes. The livers 
were rapidly removed, washed in 0.9% NaCl and 
kept in ice. The materials were stored at −80°C 
until they were analyzed.
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Determinations in serum

Alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), and lactate dehydrogenase 
(LDH) measurements were performed on Cobas 
Integra 800 autoanalyzer (Roche Diagnostics, 
Mannheim, Germany).

Determination of liver HYP levels

Liver HYP levels were measured by the method 
described by Bergman and Loxley.18 Briefly, 100 
mg of liver tissue were hydrolyzed in 4 mL of 6 N 
HCl at 108°C for 16 h in a glass tube with teflon 
stopper. The hydolysate was filtered and 0.5 mL 
of hydrolysate was neutralized with approxi-
mately 0.4 mL of 6 N NaOH. Then, 0.5 mL of 
neutral or faintly acid solution was pipetted into 
clean tubes. Standards and samples were incu-
bated with 1.0 mL oxidizing reagent containing 
chloramine T whereas, blank samples were incu-
bated with same amount of oxidizing reagent 
without chloramine T for 5 min. One milliliter of 
Ehrlich’s reagent was added to all tubes, mixed 
and incubated at 60°C for 45 min. Absorbances 
were read at 570 nm with spectrophotometer. 
Results were calculated from standard curve gen-
erated from known quantities of HYP.

Determination of lipid peroxides and PC levels

Liver tissue was homogenized in ice-cold 0.15 M 
KCl (10%; w/v). Lipid peroxidation was assessed 
by two different methods in the tissue homogenates. 
First, the levels of MDA were measured the method 
of Ohkawa et al.19 The breakdown product of 
1,1,3,3-tetraethoxypropane was used as a standard. 
Results were expressed as nmol/g tissue. Hepatic 
lipids were extracted with chloroform:methanol 

(2:1)20 and DC levels were determined in tissue lipid 
extracts at 233 nm spectrophotometrically and cal-
culated using a molar extinction coefficient of 2.52 
× 104 M−1cm−1. DC results were expressed as µmol/g 
tissue.21

The oxidative protein damage was measured by 
the quantification of carbonyl groups based on 
spectrophotometric detection of the reaction with 
2,4-dinitrophenylhydrazine with PC to form pro-
tein hydrazones. Hepatic PC levels were calculated 
from the maximum absorbance (360 nm) using a 
molar extinction coefficient of 22,000 M−1cm−1. 
The results were expressed as nmol carbonyl per 
mg protein.22

Determination of GSH levels and antioxidant 
enzyme activities

GSH levels were measured in the homogenates 
with 5,5-dithiobis-(2-nitrobenzoate) at 412 nm 
according to the method of Beutler et al.23

Liver homogenates were centrifuged at 600 ×g 
for 10 min at 4°C to remove crude fractions and 
supernatants were used for the determination of 
CAT activity. To determine SOD, GSH-Px and 
GST activities, liver homogenates were also centri-
fuged at 10,000 ×g for 20 min and activities were 
determined in postmitochondrial fraction.

SOD activity was assayed by its ability to 
increase the effect of riboflavin-sensitized photo-
oxidation of o-dianisidine.24 CAT activity was 
measured by using hydrogen peroxide as sub-
strate.25 The disappearance of H2O2 was followed 
spectrophotometrically at 240 nm. One unit of 
CAT was considered the amount of enzyme needed 
to degrade 1 µmol H2O2 per min at 25°C. GSH-Px 
activity was measured using cumene hydroperox-
ide as substrate.26 GST activity was determined 

Figure 1. Schematic representation of experimental procedure followed. Black arrows indicate injection moment; gray rows 
indicate blueberry (BB) treatment.
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1-chloro-2,4-dinitrobenzene as substrate.27 Protein 
levels were determined by using bicinchoninic acid.28

Determination of mRNA expressions of 
antioxidant enzymes

mRNA expressions of SOD, CAT, GSH-Px, and 
GST-Pi were determined using by real-time quan-
titative polymerase chain reaction. All reagents 
and equipment for mRNA/cDNA preparation were 
purchased from Roche Applied Science Diagnostics 
(Mannheim, Germany). Total RNA was extracted 
from the liver tissues using a commercially avail-
able RNA extraction kit (High Pure PCR Template 
Preparation Kit) according to manufacturer’s 
instructions. RNA concentration and purity were 
detected by using UV-Vis spectrophotometer 
(Shimadzu, MD, USA). cDNA was synthesized 
with a reverse transcription (RT) kit (Transcriptor 
High Fidelity cDNA synthesis kit) using 250 ng 
RNA in a total volume of 20 µL.

qPCR was performed by using the “TaqMan 
Master kit” in the LightCycler 2.0 system. Real-
time ready-probes were used for SOD (CuZnSOD; 
#100023905), CAT (#100047547), GSH-Px 
(#100047787), and GST-Pi (#100047529). For the 
housekeeping gene, glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH), universal probe library 
(UPL)-probe was used (#05046220001). All PCR 
reactions were performed for 45 cycles of 95°C for 
10 s, 60°C for 30 s, and 72°C for 1 s. Each sample 
was quantified by measuring its fluorescence reso-
nance energy with the LightCycler quantification 
software. GAPDH served as a control for RNA and 
relative quantification.

Histopathological studies

Liver tissues were fixed in 10% buffered formalin, 
embedded in paraffin, sectioned, and stained with 
hematoxylin and eosin (H&E) for histological 
examination. The Gomori Reticulin stain was also 
performed to show reticulin fibers of fibrotic areas. 
Fibrosis was classified by using H&E staining 
according to Ishak’s stage:29 0, no fibrosis; 1, 
fibrous expansion of some portal areas, with or 
without short fibrous septa; 2, fibrous expansion of 
most portal areas, with or without short fibrous 
septa; 3, fibrous expansion of most portal areas 
with occasional portal to portal (P-P) bridging; 4, 
fibrous expansion of portal areas with marked 

bridging (P-P as well as portal to central [P-C]) to 
portal [P-P] as well as portal to central [P-C]); 5, 
marked bridging (P-P and/or P-C) with occasional 
nodules (incomplete cirrhosis); and 6, cirrhosis, 
probable or definite.

Immunohistochemistry for GST-Pi

Hepatic GST-Pi expressions were examined by 
immunohistochemical procedure as a marker of pre-
neoplastic lesions. Slides containing 5-mm slices 
were rehydrated through graded alcohol series and 
immersed in citrate buffer solution (Citrate Buffer, 
Thermo Scientific, Germany) and placed in a com-
mercial microwave oven for antigen retrieval for 20 
min. Endogen peroxidase activity was blocked by 
incubating with 3% hydrogen peroxide. To prevent 
non-specific staining, slides were treated with block-
age solution for 15 min (Super Block, Scytek 
Laboratories, USA). Primary antibodies of GST-Pi 
(#311-H; Anti-GST-P rabbit polyclonal antibody, 
MBL, Nagoya, Japan) were applied to the speci-
mens then incubated for 60 min. After this process, 
biotinylated secondary antibody (goat anti-rabbit 
IgG; Santa Cruz Biotechnology, Heidelberg, 
Germany), streptavidin peroxidase, and substrate-
chromogen (AEC) solution were applied, respec-
tively. Nuclear staining was performed with 
hematoxylin. Staining intensity was defined as a 
percentage and given a score in the range of 1–3: 
5–30% (+), 30–60% (++), and >60% (+++).

Statistical analysis

The results were expressed as mean ± SD. One-
way analysis of variance (ANOVA) followed by 
Tukey’s honestly significant difference post-hoc 
test was used for equal variances. Kruskal–Wallis 
test (post-hoc Mann–Whitney U-test) was per-
formed for unequal variances. In all cases, a differ-
ence was considered significant when P <0.05.

Results

Body weight and liver weight

There were no significant differences in daily food 
and water consumption and final body weights 
between control and experimental groups. Liver 
weights (g) increased in DEN (9.07 ± 0.42) and 
DEN+BB (8.30 ± 0.38) groups in comparison with 
the control group (7.13 ± 0.44). However, there 
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was no significant difference in liver weights of 
rats in DEN and DEN + BB groups.

Hepatic function tests in serum

Hepatocellular damage is as evident by a signifi-
cant elevation in serum activities of ALT, AST, and 
LDH activities which have been used as reliable 
markers of hepatotoxicity. DEN treatment indeed 
caused significant increases in serum ALT, AST, 
and LDH activities. These enzyme activities were 
observed to decrease in DEN-treated rats due to 
BB treatment (Figure 2).

Hepatic HYP, MDA, DC, and PC levels

Hepatic HYP levels were analyzed to evaluate 
hepatic collagen production after DEN administra-
tion. Significant increases in hepatic HYP levels 
were found in DEN-treated rats as compared to 
controls. However, high levels of HYP levels 
decreased due to BB treatment in DEN-treated rats 
(Figure 3).

To examine the effects of DEN administration 
on lipid peroxidation and protein oxidation, MDA, 
DC, and PC levels were determined. Hepatic 
MDA, DC, and PC levels increased significantly 
due to DEN treatment. Significant decreases in 
these parameters were detected due to BB treat-
ment as compared to DEN-treated rats (Figure 3).

Hepatic antioxidants and mRNA expressions

Although GSH levels and GST activities were 
observed to increase, but SOD, CAT, and GSH-Px 
activities decreased in the liver of DEN-treated rats. 
However, BB supplementation did not alter these 
parameters in the liver of DEN-treated rats (Table 
1). mRNA expressions of hepatic SOD, CAT, and 
GSH-Px enzymes were found to decrease in DEN-
treated rats. These expressions remained unchanged 
due to BB treatment. However, DEN treatment 
caused remarkable increases in mRNA expressions 
of GST-pi as compared to control group. High 
GST-pi mRNA expression in DEN group decreased 
after BB supplementation (Table 2).

Histopathological observations

The Ishak stages for fibrosis and GSP-Pi expres-
sion scores for the DEN and DEN + BB groups 
were summarized in Table 3. In histopathologic 

examination, normal histologic appearance of liver 
was observed in both control and BB groups 
(Figure 4a, b). According to the Ishak stages, the 
fibrosis score in the DEN + BB group (2.66 ± 0.81) 
was significantly lower than the DEN-treated 
group (4.00 ± 1.09). Remarkable fibrosis P-P and 
P-C areas were determined in the DEN group. In 
three examples of the group the incomplete cirrho-
sis that circumscribed as a nodular formation of 
liver tissue was shown (Figure 4c, d). Inflammatory 
infiltration, parenchymal necrosis, and biliary 

Figure 2. The effects of blueberry (BB) supplementation 
on serum alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), and lactate dehydrogenase (LDH) 
activities in diethylnitrosamine (DEN)-treated rats. Values are 
expressed as mean ± SD of duplicates (n = 6 for control and 
BB groups; n = 8 for DEN and DEN + BB groups). a1P <0.01, 
a2P <0.05 as compared to controls; b1P <0.01, b2P <0.05 as 
compared to DEN.
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stasis were also observed in these areas. In contrast 
to the DEN group, the DEN + BB group showed 
less liver cell damage. The sections displayed P-C 
fibrosis containing fibrous bands. Inflammation 
and parencyhmal cell necrosis were mildly deter-
mined (Figure 4e). The Gomori Reticulin stain 
exposed the reticulin fibers of fibrotic areas clearly 
in the DEN and DEN + BB groups (Figure 4f, g).

There was no GST-Pi expression in hepatocytes 
of BB and control groups (Figure 5a, b). DEN and 
DEN + BB groups showed positivity with GST-Pi 
antibody. Diffuse and strong GST-Pi positivity was 
observed at nodular structures in DEN group 
(Figure 5c). The DEN + BB group also displayed 
positivity with GST-Pi antibody, however the stain-
ing intensity and positive-nodular structure num-
ber was decreased in comparison to the DEN group 
(Figure 5d).

Discussion

DEN is a carcinogenic agent known to produce 
hepatic tumors similar to human HCC. In most 
models, initiation and promotion steps are important 
in producing HCC. Initiation by DEN application is 
usually promoted by phenobarbital, carbon tetra-
chloride (CCl4), and partial hepatectomy.2,7,30 These 
models require a long induction period in the range 
of 12–18 months and produce only HCC without 
liver cirrhosis.2,7–9 However, in experimental cir-
rhotic models produced by CCl4, thioacetamide, 
common bile duct ligation, and alcohol, spontane-
ous HCC generation during the induction of liver 
cirrhosis is not possible.7 However, some investiga-
tors have introduced a modified DEN treatment pro-
tocol that can generate HCC and liver cirrhosis 
simultaneously.7,8,31,32 Repeated injections of DEN 
were found to cause significant fibrosis in 8–10 
weeks and the existence of both cirrhosis and pre-
neoplastic lesions in 12–16 weeks and HCC in 20 
weeks.2,8,9,32,33 Compared to the other models, repro-
duction of cirrhosis and HCC sequentially as similar 
to human liver disease becomes possible with this 
protocol and this may enable the usage of some 
agents to prevent the progression of cirrhosis to 
advanced stages.2,7,34

In the current study, rats were injected with 
DEN (200 mg/kg; i.p.) three times with an interval 
of 15 days at 4, 6, and 8 weeks, as previously 
reported,33,35 and sacrificed 8 weeks after the last 

Figure 3. The effects of blueberry (BB) supplementation on 
hepatic hepatic hydroxyproline (HYP) and malondialdehyde 
(MDA), diene conjugate, and protein carbonyl (PC) levels in 
diethylnitrosamine (DEN)-treated rats. Values are expressed as 
mean ± SD of duplicates (n = 6 for control and BB groups;  
n = 8 for DEN and DEN + BB groups). a1P <0.001, a2P <0.01, 
a3P <0.05 as compared to controls; b1P <0.001, b2P <0.01, 
b3P <0.05 as compared to DEN.
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DEN injection. This treatment caused increased 
serum ALT, AST, and LDH activities together with 
cirrhotic changes and increased HYP levels in the 
liver. However, no HCC nodule was detected 
either at macroscopic examination or at histologi-
cal analyses. GST-pi is clearly known to be a 
strong marker enzyme for rat preneoplastic 
lesions.33,35–37 In our study, protein and mRNA 
expressions of hepatic GST-pi were observed to 
increase in DEN-treated rats. Accordingly, our 
findings indicate that DEN treatment resulted in 
precancerous liver cirrhosis in rats.

Oxidative stress was reported to play an impor-
tant role in development and progression of liver 
cirrhosis.38 Several researchers have reported 
increased oxidative stress parameters such as MDA, 
DC, PC, and DNA damage together with decreased 
non-enzymatic and enzymatic antioxidants in the 
liver due to DEN treatment.3–6,34,39,40 In the current 
study, increases in hepatic MDA, DC, and PC lev-
els and decreases in SOD, CAT, and GSH-Px activ-
ities were due to DEN treatment. However, GSH 
levels and GST activities were observed as increased 
due to DEN treatment. On the other hand, in the 
current study, mRNA expressions of SOD, CAT, 
and GSH-Px were also decreased in the liver of 

DEN-treated rats. These findings agree with the 
results of previous studies.7,33–35

BB contains polyphenols, flavonoids, and other 
active components and its powerful antioxidant 
actions may be due to free radical scavenger proper-
ties.14,15 BB consumption was reported to be useful 
in oxidative stress-related conditions.14,15 It has 
been reported that BB exerts protective effects on 

Table 1. The effects of blueberry (BB) supplementation on hepatic glutathione (GSH) levels and superoxide dismutase (SOD), 
catalase (CAT), glutathione peroxidase (GSH-Px), and glutathione transferase (GST) activities in diethylnitrosamine (DEN)-treated 
rats (mean ± SD).

Control (n = 6) DEN (n = 8) DEN + BB (n = 8) BB (n = 6)

GSH (μmol/g) 6.24 ± 0.35 9.54 ± 1.42a1 8.89 ± 0.80a1 6.36 ± 0.23b1

SOD (U/mg protein) 7.24 ± 1.13 5.26 ± 0.92a1 6.20 ± 0.88 7.17 ± 0.87b1

CAT (μmol/min/mg protein) 495.2 ± 70.4 347.9.0 ± 69.4a1 381.7 ± 55.1a2 486.2 ± 63.0b1

GSH-Px (nmol/min/mg protein) 825.5 ± 73.8 675.7 ± 60.6a2 617.1 ± 139.1a1 817.7 ± 73.4b2

GST (nmol/min/mg protein) 841.6 ± 65.7 1029.7 ± 81.0a1 952.0 ± 133.2 838.4 ± 66.6b1

a1P <0.01, a2P <0.05 as compared to control; b1P <0.01, b2P <0.05 as compared to DEN.

Table 2. Relative mRNA expressions of superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GSH-Px), and 
glutathione transferase-pi (GST-Pi) in the liver of diethylnitrosamine (DEN)-treated rats.

Control DEN DEN + BB BB

SOD 0.89 ± 0.13 0.67 ± 0.05a2 0.65 ± 0.11a2 0.94 ± 0.16b2

CAT 1.05 ± 0.05 0.69 ± 0.22a1 0.63 ± 0.11a1 1.06 ± 0.07b1

GSH-Px 1.11 ± 0.09 0.82 ± 0.16a2 0.84 ± 0.22a2 1.05 ± 0.06b2

GST-pi 0.99 ± 0.06 23.7 ± 6.90a1 14.3 ± 5.41a1,b1 1.01 ± 0.09b2

The amounts of target genes mRNA were normalized to glyceraldehyde 3-phosphate dehydrogenase (GAPDH) and the results were expressed as 
fold change compared to that of normal rat livers which was assigned a value of 1. The data shown represent two independent experiments (mean ± 
SD; n = 6; each).
a1P <0.01, a2P <0.05 as compared to controls; b1P <0.01, b2P <0.05 as compared to DEN.

Table 3. Ishak stages and GST-Pi scores in the DEN and DEN 
+ BB groups.

Ishak stage GST-Pi

DEN group  
1 3 3
2 5 3
3 5 3
4 5 3
5 3 3
6 3 3
DEN + BB group  
1 2 2
2 3 2
3 4 2
4 2 1
5 3 2
6 2 2
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Figure 4. The representative hepatic histopathology: (a, b) Control and blueberry (BB) groups: Normal histologic appearance of 
liver (H&E ×200); (c, d) DEN group: Lobular architecture, parenchymal nodules, distinct fibrosis in portal-portal and portal-central 
areas, inflammatory cells, necrotic parenchymal cells, indicating incomplete cirrhosis (H&E ×100 and ×200; respectively); (e) DEN + 
BB group: Portal-central and portal-portal fibrosis as thin fibrous septa (H&E ×200). According to Ishak stages, fibrosis scores were 
significantly (P <0.05) decreased in the DEN + BB group (2.66 ± 0.81) as compared to the DEN group (4.00 ± 1.09). The Gomori 
Reticulin stain exposed the reticulin fibers of fibrotic areas clearly in DEN (f) and DEN + BB (g) groups (×200). However, DEN + 
BB group showed weaker reticulin frame work than DEN group.
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endotoxin plus D-galactosamine,41 acetaminophen,42 
and cadmium43 -induced liver injury. BB supple-
mentation reduced oxidative stress and liver 
injury in hypercholesterolemic guinea pigs44 and 
D-galactose-treated rats45 by acting as an antioxi-
dant. Wang et al.46,47 have reported that BB also 
showed an antifibrotic effect in CCl4-induced hepatic 
fibrosis. These authors have observed that BB treat-
ment was associated with elevated hepatic expres-
sion of metallothionein, increased SOD activity, 
reduced inflammation, oxidative stress, and α-smooth 
muscle actin and collagen III expressions in the liver.

There are two studies related to the effect of 
BB on DEN-induced acute and chronic hepatic 
injury. In our previous acute study, rats were fed 
with a diet containing 5% and 10% BB for 6 
weeks and a single dose of DEN (200 mg/kg; i.p.) 
was applied 2 days before the end of this period.40 
BB treatment was detected to have an inhibiting 
effect on acute liver injury by reducing apoptosis, 
necrosis, proliferation, oxidative, and nitrosative 
stress in the acute DEN-treated rats. Sadık et al.48 

have investigated the effect of BB on chronic 
DEN-induced hepatocarcinogenesis. DEN (10 
mg/kg; p.o., 5 times per week for 15 weeks) 
administration caused significant increases in 
alpha-fetoprotein (AFP), a tumor-associated fetal 
protein and histopathological changes indicating 
hepatocarcinogenesis. A diet containing 4% 
freeze-dried BB for 15 weeks improved the histo-
pathological changes and decreased serum AFP 
levels. According to this, authors have proposed 
that BB may be useful in the prevention of DEN-
induced hepatocarcinogenesis.

In the current study, we wanted to investigate 
whether BB treatment had a preventive effect on 
the development of DEN-induced oxidative stress, 
cirrhotic, and precancerous lesions in the liver. 
The individual phenolic compounds in BB have 
strong antioxidant activities, but the antioxidant 
activities of the combination of phenolics may be 
better than the individual phenolics. Therefore, in 
the current study, whole fresh BB supplemented 
diets were used and their concentrations were 

Figure 5. Immunohistochemical detection of hepatic glutathione transferase-Pi (GST-Pi) expression in diethylnitrosamine (DEN) 
treatment with and without blueberry (BB) supplementation (×200). (a, b) No expression of GST-Pi in hepatocytes and non-specific 
staining in other cells at the control and BB groups, respectively; (c) Strong positive reactivity of GST-Pi in the liver tissue among 
fibrous septa in DEN-treated rats; (d) GST-Pi positive cells as small groups of hepatocytes among thin fibrous septa and non-
specific-stained cells in periphery in the DEN + BB group. GST-Pi expressions were significantly decreased (P <0.001) in the DEN + 
BB group (1.83 ± 0.40) when compared to the DEN group (3.00 ± 0.00).
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chosen according to previous studies.40,41,44,45 
According to our results, BB treatment decreased 
high activities of serum ALT, AST, and LDH 
activities and hepatic MDA, DC, and PC levels, 
but GSH levels together with SOD, CAT, and 
GSH-Px activities and their mRNA expressions 
did not change. The incomplete cirrhosis which 
was seen in the DEN group was not observed in 
the DEN + BB group. In this group, the fibrosis 
containing thin bands was limited to P-C areas. 
Indeed, hepatic HYP levels were also found to 
decrease due to BB treatment. On the other hand, 
BB treatment decreased high levels of protein and 
mRNA expressions of GST-pi in DEN-treated rats. 
According to this, BB treatment reduces the for-
mation of cirrhosis, especially the onset of preneo-
plastic lesions in rats with cirrhosis. These effects 
of BB may be attributed to free radical scavenger 
properties of polyphenols and flavonoids and 
other active components.

In conclusion, our results indicate that BB have 
a preventive effect against the formation of DEN-
induced hepatic cirrhosis and preneoplastic lesions 
by acting as an antioxidant (radical scavenger) 
itself without affecting activities and mRNA 
expressions of antioxidant enzymes.
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