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Abstract

Introduction: This study evaluates the effects of simvastatin on the liver, in a 
mouse model of DMBA-induced breast cancer, with regards to 
histopathological, biochemical and antioxidant features. Methods: Mice were 
randomly divided into two groups: A (control group) and B (mammary tumor 
group); the latter group received DMBA (50 mg/kg) by oral gavage once a 
week for 4 consecutive weeks. Animals positive for breast cancer tumors were 
randomly divided into 3 subgroups: 1) no treatment group (D1), 2) mice that 
received simvastatin (80 mg/kg) per os (P.O.) daily for 4 consecutive weeks 
(D2), and 3) mice that received tamoxifen (50 mg/kg) P.O. daily for 4 
consecutive weeks (D3). Results: Administration of simvastatin to D2 mice 
resulted in significantly higher superoxide dismutase (SOD) activity as well as 
glutathione peroxidase (GPx) activity and total antioxidant capacity (TAC), and 
accompanied by reduced malondialdehyde (MDA) content in liver as 
compared to D1 group. Tamoxifen significantly increased liver glutathione 
(GSH) content as compared to D1 mice. Moreover, MDA levels in liver of mice 
treated with tamoxifen were significantly lower than in the D1 group. Mice in 
the D1 group showed significantly increased levels of alkaline phosphatase 
(ALP), aspartate transaminase (AST), and gamma-glutamyl transferase (GGT) in 
liver tissues; these levels were significantly reduced by simvastatin 
administration. Moreover, tamoxifen decreased ALP and AST activities.  
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Histopathological examination of liver sections from mice in the D1 group 
showed severe deteriorative changes. The extent and severity of changes in D2 
and D3 groups were almost the same and milder than D1 group. Conclusion: 
In conclusion, simvastatin appears to have a hepatoprotective role in mice with 
DMBA-induced breast cancer, due partly to its antioxidant properties. 

Keywords 
Breast cancer, Liver, Mice, Simvastatin 

Introduction  
Statins are routinely prescribed as lipid-lowering drugs (Gazzerro et al., 2012) 
based on their ability for competitive inhibition of 3-hydroxy-3-methyl-glutaryl-
coenzyme A (HMG-CoA) reductase activity in liver. Mevalonate, the product of 
this enzyme, plays an important role not only in cholesterol synthesis but also in 
production of isoprenoids (Stancu and Sima, 2001). In addition to desirable 
effects on lipid metabolism in liver, statin administration has been associated 
with beneficial effects in different liver diseases. In fact, statins  are shown to 
reduce the risk of progressive  liver  fibrosis and protect the liver against 
infections and ischemia-reperfusion injury. Moreover, new evidence show 
that statins improve response to interferon-based anti-hepatitis C virus therapy 
and have favorable effects  on hepatocellular carcinoma (Bosch and Forns, 
2015; Pradelli et al., 2013; Rao and Pandya, 2011). In general, statins are 
recognized as well-tolerated drugs which have an excellent safety profile 
without noticeable adverse side effects after chronic use. However, intolerance 
to statins may occur in some patients; these include mostly myopathy and 
alteration of hepatic enzymes which represent liver toxicity (Arca and Pigna, 
2011; Hu et al., 2012).  

Transaminitis or transient elevated levels of serum aminotransferase enzymes 
(in particular, alanine transaminase (ALT) and aspartate transaminase (AST)), 
without any overt symptoms of hepatotoxicity, is the most frequent type of 
statin-associated hepatic adverse effects (Arca and Pigna, 2011). Some 
evidence suggest that this may be due to genetic variations in statin 
metabolism (Kalantari and Naghipour, 2014; Mulder et al., 2001). Although this 
elevation may be considered physiological rather than pathological, in rare 
circumstances statin-induced transaminitis is associated with liver damage  
(Arca and Pigna, 2011; Armitage, 2007). The incidence of transaminitis is 
related directly to statin dose and has been reported to occur in less than 1% of 
patients receiving low to moderate doses (Calderon et al., 2010). Since 
transaminitis can also occur with the use of other lipid-lowering agents, such as 
fibrates, resins, niacin and ezetimibe, it may be considered as a hepatic 
response to lipid-lowering effects of the drugs (Armitage, 2007). Taken 
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together, severe liver injury in association with statin use is rare when 
compared to the magnitude of their use worldwide (Arca and Pigna, 2011). 
Nonetheless, liver enzyme monitoring is recommended during statin therapy 
(Leaver et al., 2009).  

Breast cancer is the most common cancer in females and one that many 
researchers have studied using various chemical-induced models of breast 
cancer. Of the chemical agents, 7, 12-dimethylbenz(a)anthracene (DMBA) is a 
potent carcinogen that is used extensively as a prototype agent for induction of 
mammary tumors in laboratory animals (Izzotti et al., 1999). Although liver is 
not known as a target organ in DMBA-induced carcinogenesis, metabolic 
activation and detoxification of DMBA takes place in liver cells and during that 
time, reactive oxygen species (ROS) and DMBA-DNA adducts are formed in 
hepatocytes (Arulkumaran et al., 2007; Ip and Lisk, 1997). The ROS generated 
can react with DNA, lipids and proteins, and exert serious damage  
(Arulkumaran et al., 2007). Consequently, DMBA can induce hepatotoxicity and 
may exert deleterious effects on hepatocytes (Kumar et al., 2014).  

Tamoxifen is a common medication for estrogen receptor positive (ER+) breast 
cancer. In general, it is highly effective and relatively safe. However, like many 
other drugs, different adverse effects may occur in breast cancer patients 
taking this medication, including thromboembolic and cardiovascular events, 
uterine abnormalities, and cataracts (Nelson et al., 2013; Pan et al., 2016). 
Additionally, hepatotoxic effects such as fatty liver and hepatocellular damage 
may be associated with tamoxifen therapy (Ching et al., 1992; Pan et al., 2016). 

The possible effects of statin therapy on liver function and structure in breast 
cancer patients has not been clarified. In a very recent meta-analysis by Liu et 
al. (2017) it was clearly shown that  lipophilic statins have a strong protective 
function in breast cancer patients (Liu et al., 2017). Although the study showed 
this promising effect in patients with less than 4 years of follow-up, the finding 
is clinically valuable and may positively affect the use of statins in breast cancer 
patients. Considering the fact that both DMBA and tamoxifen may be 
associated with induction of liver injury, the present study aims to evaluate 
plausible effects of simvastatin therapy (in comparison with tamoxifen) on liver 
in a mouse model of DMBA-induced breast cancer, with regards to 
histopathological, biochemical and antioxidant features of the liver.  

Materials-Methods 

Animals and experimental design 

The study was carried out on female albino mice, initially weighing 23 ± 0.91g 
and aged 21 days. The mice were purchased from the Comparative and 
Experimental Medical Center Institute of Preventive Medicine, Shiraz, Iran. They 
were kept under standard conditions with relative humidity (60%), room 
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temperature (24±4°C) and a 12/12h light dark cycle with free access to 
commercial pelleted feed and tap water. The experimental protocol was 
approved by the Institutional Animal Ethical Committee and was conducted in 
accordance with the Guidelines for the Care and Use of Laboratory Animals, 
prepared by Shiraz University.  

After a week of acclimatization, mice were randomly divided into two groups. 
Group A (control group; n=7) only received sesame oil as a vehicle by gastric 
intubation; Group B (mammary tumor group; n=35) received DMBA (50 mg/kg) 
dissolved in sesame oil once a week by oral route for 4 consecutive weeks 
beginning at 5 weeks of age. The method for tumor induction was adapted from 
Currier et al. (2005). Confirmation of tumor induction was made by palpation at 
4 weeks after DMBA treatment up to the end of the experiment (Currier et al., 
2005). When tumor size reached 0.5 cm in the largest dimension, animals (n=21) 
were randomly divided into 3 subgroups with each containing 7 mice. Subgroup 
1 received no specific treatment and represented the DMBA-treated control 
group (D1), subgroup 2 received 80 mg/kg simvastatin suspended in distilled 
water by gastric intubation daily for 4 consecutive weeks (D2), and subgroup 3 
received 50 mg/kg tamoxifen suspended in distilled water by gastric intubation 
daily for 4 consecutive weeks (D3). The dosage regimens for tamoxifen were 
based on a study of Robinson et al. (1989) (Robinson et al., 1989). At the end of 
the experiment, all animals were sacrificed under deep anesthesia and samples 
from liver were removed immediately. A part of the liver samples was rinsed with 
ice-cold normal saline and kept in -20°C until further use; another part was kept 
in buffered formalin for histopathological evaluation. 

Preparation of liver tissue homogenate 

One hundred mg of liver tissue sample was homogenized on ice in PBS (pH=7.8) 
by using an ultrasonic tissue homogenizer, and then centrifuged at 12000g for 
20 min at 4°C. The supernatant was gently removed for further evaluation and 
kept at -20°C. 

Evaluation of antioxidant/oxidant status of liver tissue homogenate 

Total antioxidant capacity (TAC) was measured by the method of Benzie et al. 
(1996) based on the ferric to ferrous ion reduction and formation of colored 
ferrous-tripyridyltriazine complex which was measured at 593 nm (Benzie and 
Strain, 1996). It should be mentioned that total protein assay of homogenate 
was performed by the Lowry method. Superoxide dismutase (SOD) activity was 
assayed by using a commercial kit (ZellBio, Ulm, Germany). The kit method was 
based on the fact that SOD enzyme uses superoxide anion as substrate for 
conversion to hydrogen peroxide and oxygen; the product is a chromogen 
which is measured at 420 nm.  

The catalase (CAT) activity assay was based on the decomposition reaction of 
hydrogen peroxide (H2O2) as a substrate to water and oxygen by using an 
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appropriate kit prepared by ZellBio, Inc. (Ulm, Germany). The H2O2 produces a 
product which can be measured at 405 nm and is proportional to the CAT 
activity. 

Glutathione peroxidase (GPx) activity was assayed by using a commercial kit 
(Randox, UK) based on the oxidation reaction of glutathione (GSH) in the 
presence of Cumene hydroperoxide by GPx. Oxidized glutathione (GSSG) was 
immediately converted to the reduced form with concomitant oxidation of 
NADPH to NADP+. The decrease in absorbance at 340 nm was proportional to 
GPx activity. Reduced GSH concentration was measured according to reaction of 
5,5'-dithiobis(2-nitrobenzoic acid) (DTNB) and GSH, and the generation of 
yellow compound 2-nitro-5-thiobenzoic acid. Finally, GSH concentration was 
measured at 412 nm. 

Thiobarbituric acid-reactive substances (TBARS) for evaluation of 
malondialdehyde (MDA) content in liver tissue homogenate were measured 
spectrophotometrically at 535 nm, as described previously (Ohkawa et al., 1979), 
and calculated according to the molar absorption coefficient of 1.56×105 M-1 
cm-1. 

Assay of liver function enzymes in liver tissue homogenate 

The activity of liver function enzymes including AST, ALT, alkaline phosphatase 
(ALP), and gamma-glutamyl transferase (GGT) were assayed in liver tissue 
homogenate by using commercial kits (Pars Azmoon, Tehran, Iran).  

Histopathological evaluation of liver tissue 

After formalin fixation and routine histological processes, paraffin blocks were 
made from liver tissues and 5µm-thick sections were stained with hematoxylin 
and eosin (H&E) method, and blindly evaluated for histopathological changes 
under light microscope. 

Statistical analysis 

Data were presented as mean ± standard deviation (SD). Data analysis was 
performed by one-way ANOVA method followed by Tukey's multiple 
comparison test as the post hoc (SPSS 11.5 software). P<0.05 was considered as 
the level of significance.  

Results  

Antioxidant/oxidant status of liver tissue 

Changes in the activity of antioxidant enzymes (including SOD, CAT and GPx), as 
well as GSH and MDA levels and TAC of liver tissue, in the different groups are 
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summarized in Table 1. A significant increase in liver MDA content was observed 
in mice of D1 group as compared to controls (p<0.001). Administration of 
simvastatin to D2 mice resulted in significantly higher SOD activity (p<0.001), 
GPx activity (p=0.005) and TAC (p=0.002), and significantly reduced MDA 
content (p<0.001), as compared to the D1 group. Tamoxifen (D3 group) 
significantly increased liver GSH content as compared to D1 mice (p=0.015). 
Moreover, MDA levels in liver of mice treated with tamoxifen were significantly 
lower than D1 group (p<0.001).  

Table 1. Antioxidant/oxidant parameters (mean±SD) in liver tissues of 
different groups 

Activity of liver function enzymes 

Figures 1-4 illustrate the activity of liver function enzymes in the different 
groups. Mice in the D1 group showed significantly increased ALP levels as 
compared to all other groups (p<0.001 for all comparisons). Mice in the D1 
group had a significantly higher AST level as compared to controls (p=0.005). 
Moreover, the administration of simvastatin but not tamoxifen resulted in a 
significant decrease in the activity of AST as compared to the D1 group (p=0.03). 

ALT activity in liver tissues of animals in the various groups were approximately 
the same (p>0.05). GGT activity in the D1 group significantly increased as 
compared to control mice (p<0.001); again, administration of simvastatin but not 
tamoxifen significantly reduced this parameter as compared to D1 mice 
(p<0.001). 

CAT 
(mU/mg pr)

SOD  
(u/mg pr)

GPx  
(mU/mg pr)

GSH  
(mmol/l)

TAC 
(mmol/g tissue)

MDA 
(nmol/g 
tissue)

C 174±23ab 6.744±2.734a 754±252a 0.163±.047a 0.188±0.009a 22.9±4.66ac

D1 119±57b 4.91±4.02a 942±192a 0.141±.065a 0.200±0.018a 52.3±6.10b

D2 229±74a 13.9±3.77b 1600±576b 0.215±.056ab 0.378±0.062b 32.25±2.04c

D3 135±44b 5.894±1.977a 1077±425a 0.291±.081b 0.256±0.055 a 21.25±3.81a

Different superscript letters show significant differences (p<0.05) in a column. C: control group; 
D1: DMBA-treated group without treatment; D2: DMBA-treated group that received 80 mg/kg/
day simvastatin for 4 consecutive weeks; D3: DMBA-treated group that received 50 mg/kg/day 
tamoxifen for 4 consecutive weeks. 
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Figure 1. ALP activity (mean±SD) in liver tissues of mice in different 
groups. Different superscript letters show significant differences (p<0.05) among 
groups. C: control group; D1: DMBA-treated group without treatment; D2: 
DMBA-treated group that received 80 mg/kg/day simvastatin for 4 consecutive 
weeks; D3: DMBA-treated group that received 50 mg/kg/day tamoxifen for 4 
consecutive weeks.   
 

Figure 2. AST activity (mean±SD) in liver tissues of mice in different 
groups. Different superscript letters show significant differences (p<0.05) among 
groups. C: control group; D1: DMBA-treated group without treatment; D2: 
DMBA-treated group that received 80 mg/kg/day simvastatin for 4 consecutive 
weeks; D3: DMBA-treated group that received 50 mg/kg/day tamoxifen for 4 
consecutive weeks.  
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Figure 3. ALT activity (mean±SD) in liver tissues of mice in different 
groups. No significant difference was observed among the groups (p>0.05). C: 
control group; D1: DMBA-treated group without treatment; D2: DMBA-treated 
group that received 80 mg/kg/day simvastatin for 4 consecutive weeks; D3: 
DMBA-treated group that received 50 mg/kg/day tamoxifen for 4 consecutive 
weeks.   

Figure 4. GGT activity (mean±SD) in liver tissues of mice in different 
groups. No significant difference was observed among groups (p>0.05). C: 
control group; D1: DMBA-treated group without treatment; D2: DMBA-treated 
group that received 80 mg/kg/day simvastatin for 4 consecutive weeks; D3: 
DMBA-treated group that received 50 mg/kg/day tamoxifen for 4 consecutive 
weeks.  
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Histopathological changes of liver tissue 

Histopathological examination of liver sections from mice in D1 group showed 
severe necrosis of hepatocytes accompanied by moderate hepatocyte vacuolar 
degeneration, severe infiltration of inflammatory cells around the portal vein, 
and moderate sinusoidal dilatation (Fig. 5A; 5B). Furthermore, anaplastic 
epithelial cells resembling bile duct cells but not hepatocytes (cholangiocellular 
carcinoma) were observed in one sample (Fig. 5C). Mice of D2 group that were 
treated with simvastatin showed mild infiltration of mononuclear inflammatory 
cells in and around the central vein. Moreover, a mild vacuolar change in 
hepatocytes was observed (Fig. 5D). In tamoxifen-treated mice of the D3 group, 
liver sections showed moderate sinusoidal dilatation. Mild cytoplasmic 
vacuolation of hepatocytes was also present (Fig. 5E; 5F). The extent and 
severity of changes in the D2 and D3 groups were almost the same.  

 

Figure 5. Representative photomicrographs of hematoxylin- and eosin-
stained sections of mouse livers. (A) Multifocal hepatocyte necrosis (small 
arrows) accompanied by moderate hepatocyte vacuolar degeneration (large 
arrows) in DMBA-treated mice of D1 group; (B) severe inflammatory cell 
infiltration (mononuclear and polymorphonuclear cells) in and around portal 
veins of mice in D1 group; (C) anaplastic epithelial cells resembling bile duct 
cells (cholangiocellular carcinoma) in one sample of the D1 group; (D) mild 
infiltration of mononuclear inflammatory cells in and around central veins (small 
arrows) in simvastatin-treated mice of D2 group accompanied by mild vacuolar 
changes in hepatocytes (large arrows); (E) moderate sinusoidal dilatation (arrow) 
and cytoplasmic vacuolation of hepatocytes of mice in group D3; and (F) 
moderate sinusoidal dilatation (large arrows) and hepatocyte necrosis (small 
arrows) in the D3 group. (H&E ×40). 
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Discussion 

Statins are frequently prescribed for the treatment of hypercholesterolemia and, 
recently, there has been evolving evidence about diverse promising properties 
of these agents in breast cancer patients (Liu et al., 2017). The effects of statins 
on liver structure and function have been controversial. For instance, some 
concerns have been raised in statin users regarding the asymptomatic rise in 
plasma transaminase concentrations, which may be related due to liver injury 
(Björnsson, 2017; Charles et al., 2005). On the contrary, some reports have 
shown the positive effects of statins in liver diseases (Bosch and Forns, 2015; Rao 
and Pandya, 2011).  

The present study was aimed to investigate the possible effects of a lipophilic 
statin (simvastatin) on liver in a mice model of breast cancer and to compare it 
with a commonly used agent in this disease (tamoxifen). As the first finding of 
our study, we observed that simvastatin administration in mice with breast cancer 
is associated with an appreciable improvement in oxidative stress parameters of 
liver. There was liver deterioration due to DMBA administration, accompanied by 
a significant reduction in function/activity of liver enzymes (except for ALT which 
remained statistically the same among all groups). 

Biotransformation of DMBA takes place in the liver by cytochrome P450 enzymes 
which results in generation of diol epoxides and ROS (Dakrory et al., 2015). 
Moreover, DMBA binds firmly to cellular membranes and induces peroxidation 
of polyunsaturated fatty acids (Khyade, 2017). In our study, we consistently 
observed increased MDA levels in the liver of mice in the D1 group. It is worth to 
mention that a trivial and insignificant increase in GPx and TAC occurred in D1 
group as compared to control mice which may be related to the obvious and 
statistically significant (more than two times) increase in MDA level of D1 group 
due to DMBA administration that was not compensated by the slight increase in 
GPx and TAC. Peroxidation of lipids in cellular membranes is associated with 
cellular injury and can describe the increased levels of liver function enzymes in 
the D2 group.  

The positive effects of simvastatin on oxidative stress parameters were more 
pronounced than tamoxifen. Simvastatin was also more effective in reducing 
GGT than tamoxifen. Antioxidant properties of simvastatin in liver have been 
previously reported. In a study by Habeos et al. (2008), the authors showed that 
simvastatin protects rat liver cells against oxidative stress by activating Keap1/
Nrf2 signaling pathway (Habeos et al., 2008). On the other hand, oxidative stress 
is known to be involved in different liver injuries including alcohol-induced liver 
damage (Cederbaum et al., 2009) and pathogenesis of hepatitis C virus (Choi 
and Ou, 2006). Therefore, it seems that the antioxidant properties of simvastatin 
may be involved in protecting the liver from DMBA-induced injury, which was 
reflected in a better profile of liver function enzyme activity of mice treated with 
simvastatin. It should be mentioned that since we assayed enzyme activity in 
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liver tissue (not serum), changes in these parameters are directly related to liver 
status not other organs that also can produce these enzymes.  

The results of histopathological evaluation of liver structure also support the 
ameliorative effect of simvastatin in DMBA-induced liver injury. As previously 
stated, our findings revealed detrimental histopathological changes, including 
severe necrosis, infiltration of inflammatory cells, and sinusoidal dilatation in 
DMBA-treated mice. These results are in accordance with the report of Dakrory 
et al. (2015) who observed many pathological alterations induced by DMBA in 
rat liver, including focal necrotic areas of hepatocytes infiltrated with 
mononuclear cells, congestion of the hepatoportal blood vessel, and leukocyte 
infiltration (Dakrory et al., 2015).  

In the present study, simvastatin treatment showed signs of protection against 
DMBA hepatotoxicity which was almost similar to that of tamoxifen. Apart from 
antioxidant effects, it has been reported that simvastatin is capable of 
decreasing intrahepatic vascular resistance and improving liver perfusion (Wang 
et al., 2013); whether this possible mechanism is involved in the 
hepatoprotective effects of simvastatin in liver injury due to DMBA needs to be 
confirmed. 

Conclusion 

In conclusion, simvastatin appears to have a hepatoprotective role in mice with 
DMBA-induced breast cancer, which is at least partly due to its antioxidant 
properties. 

Abbreviations 
ALP: alkaline phosphatase 
ALT: alanine aminotransferase 
AST: aspartate aminotransferase 
CAT: catalase 
DMBA: 7, 12-dimethylbenz(a)anthracene 
ER+: estrogen receptor positive 
GGT: gamma-glutamyl transferase  
GPx: glutathione peroxidase 
GSH: glutathione 
GSSG: oxidized glutathione 
HMG-CoA: 3-hydroxy-3-methyl-glutarylcoenzyme A 
H2O2: Hydrogen peroxide 
MDA: malondialdehyde 
ROS: reactive oxygen species 
SD: standard deviation 
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SOD: super oxide dismutase 
TAC: total antioxidant capacity 
TBARS: thiobarbituric acid-reactive substances 
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