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Abstract: Many of the drugs used to fight cancer cells induce various damage causing 
hepatotoxic effects which are characterized by tissue changes. The aim of the study is to 
know the possible effects of salazinic acid on livers of mice exposed to Sacoma-180. The 
tumor was grown in the animals in ascitic form and inoculated subcutaneously in the 
axillary region of the mouse developing the solid tumor. Treatment with salazinic acid 
(25 and 50 mg/kg) and 5-Fluorouracil (20 mg/kg) started 24-hours after inoculation and 
was performed for 7 days. To verify these effects, the qualitative method of histological 
criteria investigated in liver tissue was used. It was observed that all treated groups 
showed an increase of pyknotic nuclei in relation to the negative control. There was 
an increase in steatosis in all groups compared to the negative control but there was 
a decrease in the groups treated with salazinic acid in the 5-Fluorouracil. There was no 
necrosis in the salazinic acid treated groups. However, this effect was seen in 20% of the 
positive control group. Therefore, it can be concluded that salazinic acid did not show 
hepatoprotective action on mice but demonstrated a decrease in steatosis and absence 
of tissue necrosis.
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INTRODUCTION
Cancer is the term used to describe a set of 
more than 100 diseases that have in common 
the disordered growth of altered cells, that 
invade organs and tissues. The different types 
of cancer correspond to the various types of cells 
in the body. When cancer cells grow in epithelial 
tissues, such as skin or mucous membranes, 
they are called carcinomas. If the starting point 
are connective tissues, such as bone, muscle or 
cartilage, this is referred to as a sarcoma. It is 
called metastasis, when cancer cells in disarray 
spread to other regions of the body through the 
blood stream (INCA 2019).

These cancer groups of disease as a public 
health issue are the second leading cause of 

death in the United States. Therefore, cancer 
has become a major challenge for research 
in the search for definitive solutions, such as 
healing through a drug (Siegel et al. 2019). Thus, 
experimental animal models are important and 
essential to determine the antitumor potential 
of molecules and extracts for healing, as 
well as understand their action and effects 
throughout treatment. One such experimental 
model / method, is the

 
use of tumors in mice 

and specifically, Sarcoma-180 (S-180), which 
is widely accepted due to its characteristic of 
forming ascitic, or solid tumors (Cai et al. 2012, 
Debnath et al. 2017, Ramos et al. 2019).

However, it is not enough to only determine 
the antitumor potential according to tumor 
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weight or ascitic volume. In addition, it is 
important to verify the effects of the drug, 
whether isolated or not, on the organs of 
potential animals, through histological and/
or histomorphometric analysis. This is in order 
that a new drug to be developed for use, a 
greater safety path and possible adverse effects 
and achievements to be considered by the 
competent agencies such as ANVISA (National 
Health Surveillance Agency) in the case of Brazil, 
and the Food and Drug Administration (FDA) 
which is a federal agency in the United States 
Department of Health and Human Services 
responsible for oversight of drug development, 
manufacturing and use (Silva et al. 2012, 2019).

One of the main organs responsible for 
maximum activity, right after feeding, is the 
liver, so it is the target of every drug, especially 
when administered orally. In addition, in cancer 
patients, the liver is often reached, through 
metastases for example. For these reasons, 
the liver is often the first, to be investigated 
for possible changes or adverse effects such 
as hepatotoxicity (disease caused by toxins), 
followed by the spleen and kidney’s (Saad-
Hossne et al. 2004, Marinho et al. 2017).

In view of the great challenge of curing 
cancer, lichen are part of an extremely diverse 
group of fungi found in nature, symbiotically 
associated with algae and/or cyanobacteria 
which have been studied for a long time, 
as they produce secondary metabolites with 
large pharmaceutical properties. Uric acid for 
example, abundant in Alectoria, Cladonia, 
Usnea, Lecanora, Ramalina and Evernia, 
are examples of metabolites widely studied for 
having anti-proliferative activity (Ingólfsdóttir 
2002). Kupchan & Kopperman (1975) first 
presented his antitumor activity against Lewis 
lung carcinoma in rats. Some extracts of Cladonia 
convoluta, Cladonia rangiformis, Parmelia 
caperata, Platismatia glauca and Ramalina 

cuspidata demonstrated activities against 
various strains of human cancer cells (Bézivin 
et al. 2003).

In addition to uric acid, salazinic acid (SAL) 
is also a secondary lichen metabolite, present in 
some species of the Parmeliaceae Family, such 
as Parmotrema lichexanthonicum, and presents 
antibiotic and cytotoxic activity against 
human tumor cells (Micheletti et al. 2009) 
and P. cetratum have antitumor action against 
neoplastic cells of mice (Alexandrino et al. 2019).

Considering the importance of qualitatively 
characterizing the possible effects caused by SAL 
in relevant organs such as the liver, this study’s 
main objective was to histologically evaluate the 
liver tissue of mice exposed to S-180 and treated 
with SAL, as well as to analyze the activities 
of transaminases Aspartate Aminotransferase 
(AST) and Alanine Aminotransferase (ALT). This is 
the first study that aims to determine probable 
reversals, promoted by SAL, to possible liver 
damage of mice with malignant tumors.

MATERIALS AND METHODS  
Obtaining salazinic acid
SAL was provided by the Laboratório de Síntese 
e Isolamento Molecular, do Centro Acadêmico 
de Vitória, coordinated by Prof. Dr. Emerson 
Peter da Silva Falcão. The lichenic compound 
was isolated from the acetonic extract of the 
lichen Parmotrema concurrens, with more than 
90% of purity level.

Experimental animals
Male Swiss albino mice (Mus musculus) (35-45g) 
were used, at 60 days of age. The animals were 
fasted for 8 hours before each experiment. 
The experimentation protocols were approved by 
the Animal Experimentation Ethics Commission 
(CEEA) of Universidade Federal de Pernambuco 
(UFPE) (Nº 23076.012019/2018.58), with as 
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standards proposed by the Conselho Nacional 
de Controle de Experimentação Animal (CONCEA) 
and by international standards established 
by the Guia do Instituto Nacional de Saúde para 
Cuidados e Uso de Animais de Laboratório.

Tumor assay
The experimental tumor, S-180 was kept in 
Swiss Albino mice, males, in the ascetic form 
with maintenance frequency of 7 days. Ascitic 
tumor cells (5.0 x 106 mL–1 cells) were inoculated 
subcutaneously in the right axillary region of the 
mouse developing the solid tumor. 

Treatment started 24 hours after inoculation 
and was performed for 7 consecutive 
days. Injections of SAL were administered 
intraperitoneally at doses of 25 and 50 mg/kg 
of live weight of the animal. The animals in 
the negative control group were treated with 
saline solution + tween 80 to 5 %, as well 
as the animals of the positive control group 
treated with 5-Fluorouracil (20mg/kg of body 
weight). Fifty animals per group were used for 
the experimental model.

At the end of treatment, the animals 
were anesthetized with ketamine (1.25 g/
kg) and xylazine (0.62 g/kg), and the liver was 
removed, dissected and fixed in formaldehyde 
solution (10 %) buffered and then submitted to 
histopathological analyses (Martins et al. 2016).

Qualitative study of liver histopathology
The organs were packed in a 10% buffered 
formaldehyde solution, remaining in this solution 
for a period of 48 hours. After this procedure, 
the samples were dehydrated in Ethyl alcohol 
at increasing concentrations, diaphanized by 
Xilol, impregnated and included in paraffin.

Tissue cuts, 4 μm thick, were submitted to 
the staining technique by Hematoxylin-Eosin. 
Histological images were captured by digital 
camera Moticam 2300, coupled under optical 

microscope, under fixed focus and field clarity, 
using the 40x lens and obtaining 20 fields per 
blade.

Histological findings were interpreted 
according to qualitative criteria on the 
appearance of pyknotic nuclei, microvesicular 
steatosis, tissue necrosis, hepatic fibrosis 
and micro hemorrhages with erythrocytes 
extravasation (Fontes et al. 2004).

Statistical analysis
The results of animal and liver weight analyses, 
together with liver enzyme activity, are expressed 
as the means of repetitions ± standard 
deviation. For variance analysis (ANOVA) 
the Tukey test was performed for multiple 
comparisons. A value of p <0.05 was adopted as 
a significance level.

RESULTS AND DISCUSSION
All animals exposed to ascystic S-180 presented 
solid tumor growth in the right axillary region 
during the 7 days of treatment, death was 
not observed among the groups undergoing 
treatment.

On the last day of treatment, the weight 
of the animals was verified and no significant 
differences were observed in the weight of the 
treated groups in relation to those of the negative 
control group. The mice were euthanized for 
organ removal. In macroscopic analysis of the 
collected livers, no apparent damage was seen. 
Overall, the organs seemed healthy, with no 
morphological changes or macroscopic lesions. 
In the analysis of liver weight, there were no 
significant differences between those exposed 
to treatment and those who only received the 
vehicle. Data in the Table I.

For enzymatic analysis of AST and ALT 
transaminases, serum samples were

 
collected 

from mice. There were no significant differences 
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between the groups exposed to SAL treatment 
and the negative control group for the ALT 
and AST activities, Table I. These enzymes are 
considered markers sensitive to liver lesions 
(Liu et al. 2016). However, it can be confirmed 
that treatment with SAL did not cause lesions in 
the liver tissue. 

The histological evaluation showed that the 
negative control group presented liver tissue in 
good condition, with well-defined nuclei and 
visible presence of Kupffer and endothelial 
cells, but 20% of the animals presented 
Pyknotic nuclei and 10% microvesicular 
steatosis. 

In the group treated with 5-Fluorouracil, 
the presence of pyknotic nuclei, microvesicular 
steatosis and small regions of tissue necrosis 
were verified. The animals treated with salazinic 
acid (25 and 50 mg/kg) presented pyknotic 
nuclei, microvesicular steatosis and only at the 
dose of 50 mg/Kg were observed some regions 
of hepatic fibrosis. These lesions are presented 
in Figures 1 and 2. The presence of micro 
haemorrhages was not seen in analyzed groups 
(Table II).

It was also seen that the negative 
control group presented, preserved hepatic 
parenchyma and without severe cellular 
damage, hepatocytes with round central nucleus 
and homogeneous cytoplasm. Regarding 

histomorphology of hepatocytes and Kupffer 
cells, no cell differences were observed 
compared to the negative control group. The 
results of this study are in accordance with 
those evaluated by Alexandrino et al. (2019) who 
analyzed the acute toxicity of SAL (100 mg/Kg) 
and verified the low toxicity of this substance in 
liver   histopathology.

However, Araujo et al. (2019) observed that 
uric acid (2000 mg/Kg), a lichenic compound, 
caused liver tissue lesions. The pyknotic 
nucleus present in hepatocytes indicates 
a destructive fragmentation of the nucleus, 
which is characterized by irregular distribution 
of chromatin, causing programmed cell death 
(apoptosis), promoting future damage, such as 
tissue necrosis (Kumar et al. 2010).

Hepatic steatosis is defined as an 
accumulation of lipids in the cytoplasm 
of hepatocytes, especially triglycerides. 
Nicotinamide adenine dinucleotide present in 
hepatocytes leads to disturbance of β-oxidation 
of fatty acids in mitochondria, which leads 
to lipid changes in the tissue. The excess of 
these free fatty acids in hepatocytes exceeds 
the ability of it to process and re-export them 
(Baraona & Lieber 1979). These changes lead to 
cell death and cause elevation of serum marker 
enzymes that are released by the liver into the 
bloodstream (Lowry et al. 1951). 

Table I. Analysis of the weight of livers and animals exposed to treatment with salazinic acid and enzymatic 
activity of transaminases.

Weight (g) Enzymatic activity (U/L)

Groups Animal Liver ALT AST

Negative control 52,02±4,69 3,25±0,57 64,04±5,95 218,12±36,70

Positive control 50,80±5,84 3,26±0,36 47,94±8,07 216,07±38,80

SAL (25mg/Kg) 48,92±6,11 3,26±0,46 50,64±12,89 205,82±31,78

SAL (50mg/Kg) 48,34±5,07 3,51±0,28 44,87±6,37 184,11±46,93
Data expressed as mean ± SD. The statistical differences determined by ANOVA followed by the Tukey test. N= 5. p <0.05 vs. 
Negative control. N= number of animals per group. AST= Aspartate aminotransferase; ALT= Alanine aminotransferase; SAL= 
salazinic acid.
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However, it was considered that there is an 
interrelationship between metabolic processes, 
such as oxidative stress, endoplasmic reticulum 
stress, insulin resistance and inflammatory 
response at the hepatic level with the triggering 
of hepatic steatosis and its progression of chronic 
diseases such as inflammation, fibrosis and 
cirrhosis (steatohepatitis) commonly associated 
with non-alcoholic fatty liver disease – NAFLD 
(Valenzuela & Videla 2011).

NAFLD is caused by the excess of 
triglycerides accumulated in liver cells 
resulting from increased lipogenesis, which can 
be caused by the ingestion of various drugs and 
multiple defects in energy metabolism (Rolo et 
al. 2012). NAFLD can cause inflammation causing 
negative regulation of PPAR-α (Peroxisome 
proliferator-activated-α), causing an increase in 
the activation of the pro-inflammatory nuclear 
transcription factor, Nuclear factor-kB (NF-kB) 
(Valenzuela & Videla 2011).    

PPARs are transcription factors of nuclear 
receptors that have the function of regulating 
energy homeostasis, lipid metabolism and 

inflammation (Tavares et al. 2007). They are 
considered sensors for fatty acids acting 
on gene expression controlling metabolic 
pathways that act in the maintenance 
of energy balance (Viswakarma et al. 2010). 
Its activation may decrease the activity of other 
transcription factors, such as NF-kB, thus acting 
directly in inflammatory processes (Wang et al. 
2002). 

Activation of NF-kB can result in oxidative 
stress and inflammatory processes. To minimize 
these causing damage in the body, the 
transcription factors PPAR-α and Nrf2 (nuclear 
factor-erythroid 2-related factor 2) come into 
action, acting in the inhibition of NF-kB, thus 
causing a decrease of metabolic disorders 
in the tissue, reducing the pro-inflammatory, 
pro-lipogenic and oxidative stress effects 
(Hernández-Rodas et al. 2017, Valenzuela et 
al. 2017, Barbosa et al. 2019). It is known that 
damage to liver tissue can be caused mainly by 
oxidative stress and inflammatory response 
(Rolo et al. 2012, Valenzuela et al. 2017).

Figure 1. Photomicrograph of 
the histological section of the 
liver of mice exposed to S-180. 
(N=5). a) Negative control; b) 
5-Fluorouracil treatment; c) 
and d) Treatment with SAL (25 
and 50 mg / kg); PN- Pyknotic 
nucleus and ST- microvesicular 
steatosis. HE staining with 40X 
magnification. 
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Liver damage is also associated with the 
use of ethanol, obesity, viral infection and 
the use of synthetic and natural medicines 
(Hewawasam et al. 2003). It is very important 
to understand the mechanisms of action 
caused by the side effects of antineoplastic 
agent in different organs, thus having a 
considerable significant role in establishing the 
treatment strategy. Thus, there is an adaptation 
to the body’s response in relation to the action 
of anti-tumor agents and tolerance of different 
tissues regarding immunosuppressive state 

induced by chemotherapy (Crăciun & Paşca 
2014).

Further, liver tissue is very sensitive to 
lesions induced by synthetic compounds and 
of natural origin. This is due to its central role 
in the metabolism of these substances and it is 
possible to induce some degree of tissue damage 
during this experimentation and many of these 
compounds are involved in the mechanisms 
that lead to liver cell damage. For example, 
disorders in vital cellular organelles result 
in impairment of homeostatic balance, thus 
resulting in intracellular oxidative stress with 

Figure 2. Photomicrograph of histological section of the liver of mice exposed to S-180. (N=5). a) treatment with 
5-Fluorouracil and b) treatment with SAL (50 mg / kg). NC-Liver necrosis and FB- liver fibrosis. HE staining with 10X 
magnification.

Table II. Qualitative histopathological analysis of the liver of mice exposed to S-180.

Groups

Qualitative analysis criteria (%)

Pyknotic nuclei Steatosis Necrosis Fibrosis Micro hemorrhage

Negative control 40 (2) 20 (1) 0 0 0

Positive control 80 (4) 100 (5) 40 (2) 0 0

SAL (25 mg/Kg) 100 (5) 80 (4) 0 0 0

SAL (50 mg/Kg) 80 (4) 60 (3) 0 20 (1) 0

Data expressed as a percentage in number of animals. N=5. N= number of animals per group. Negative control= saline + tween 80 
to 5 %; Positive control= 5-Fluorouracil (20 mg/Kg); SAL= salazinic acid (doses of 25 and 50 mg/Kg).
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excessive formation of reactive oxygen species 
and suppressed immune response (Singh et al. 
2016).      

Studies have evidenced that hepatotoxicity 
is one of the main reasons for the withdrawal 
of Cancer medicines from the market. Natural 
products have already shown themselves to be 
promising in combating the toxicity of several 
commonly used drugs. In addition, many of 
these natural substances, such as resveratrol 
and curcumin, are now used as widely accepted 
chemo-preventive agents. It is known that 
compounds of natural origin not only reduce the 
risk of liver damage caused by medication, but 
also provide an alternative solution to remedy 
drug-induced hepatotoxicity response (Singh et 
al. 2016).

CONCLUSIONS
In conclusion, the main finding of this study is 
that the treatment with SAL in mice with S-180 
caused apparent lesions in the liver tissue, 
however, at the enzymatic level no damage was 
seen. However, treatment with SAL caused a 
noticeable decrease in microvesicular steatosis 
compared to the positive control group. Tissue 
necrosis was not observed in the groups treated 
with lichenic acid.
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