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Introduction
HCC is considered one of the leading causes of death globally, 

being the third type of cancer with the highest mortality (more than 
one million deaths per year) [1].

Current treatments for HCC have proven to be inadequate 
because they risk generating undesirable effects, being an example 
of these medications, corticosteroids, and interferon, in addition to 
the fact that they are costly. Therefore, treatments based on natural 
compounds have been used as an accessible alternative that can 
contribute to the treatment of this disease [2].

Ginkgo biloba (EGb) extract is recognized for being rich in 
antioxidants and reducing oxidative stress, inducing cytotoxicity 
and apoptosis, and inhibiting cell proliferation in “in vitro” models 
of breast and pancreatic cancer cell lines, among others [3-4]. 
However, recent studies have shown that it can increase the 
incidence of different types of cancer, including HCC [5].

Hepatocarcinogenesis is induced through different “in 
vivo” models that combine the use of substances such as 
Diethylnitrosamine (DEN) and 2-Acetylaminofluorene (2-AAF), in 
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conjunction with the use of mitotic stimuli (such as fasting and liver 
resection) [ 6-7]. In addition, some markers evaluate liver damage, 
among which are the enzymes alanine aminotransferase (ALT) and 
aspartate aminotransferase (AST), which are considered prognostic 
indicators to estimate HCC because their increase is associated with 
the destruction of hepatocytes due to tumor growth, circulatory 
alterations due to portal vein thrombosis, cirrhosis, alcoholic liver 
diseases, etc. [8]. 

Therefore, the objective of this study was to evaluate the levels 
of ALT and AST in a model of hepatocarcinogenesis induced by the 
administration of DEN and 2-AAF joint with EGb in the stages of 
initiation and promotion of hepatocarcinogenesis.

Matherials and methods
Twenty-one 2-month-old Wistar male rats were housed under 

ad libitum conditions of water and food with light-dark periods 
of 12 hours. The care of the animals was carried out based on the 
Official Mexican Standard NOM-062-ZOO-1999. Carcinogenesis was 
induced according to the protocol of Espandiari et al. (2005) with 
certain modifications. Diethylnitrosamine (DEN; Sigma-Aldrich), 
was used for initiation and 2-acetylaminofluorene (2-AAF; Sigma-
Aldrich) for the promotion stage. As a proliferative mitotic stimulus 
[9], a 96-hour fast was used before the administration of DEN (200 
mg/kg, day 0) dissolved in propylene glycol by the intraperitoneal 
route. Two weeks after DEN administration, subjects received 
an oral dose of 2-AAF (20 mg/kg in propylene glycol) for a total 
of 6 doses (days 14, 16, 18, 20, 22, and 24). Groups 4 and 5 were 
administered with 160 and 500 mg/kg of EGb (Vasodil®) from 
day one until the completion of treatment, while groups 6 and 7 

were administered with 160 and 500 mg/kg of EGb from day 15 
until the completion of the model. At the end of the treatment (40 
days), blood was extracted by renal puncture, and quantification of 
the ALT and AST enzymes (SPINREACT®) was asaayed, with a UV-
VIS 6300 JENWAY spectrophotometer. The results were analyzed 
using a one-way ANOVA with the SigmaStat 3.5 program, showing 
the mean±SE when the significant differences were greater than 
P<0.05, using the post hoc Student Newman Keuls test to evaluate 
the statistical differences between groups. 

Results 
The analysis of the biomarkers of liver damage showed 

significant differences between the different treatments (P<0.01). 
When analyzing the enzyme Aspartate aminotransferase (AST 
or GOT), an increase was observed in the groups with the 
administration of Ginkgo biloba extract both in the initiation and 
promotion stages with the doses of 160 and 500 mg/kg (G4-G7), 
in contrast to the results shown in the intact and control groups. 
Concerning Alanine aminotransferase (ALT or GPT), an enzyme 
located mainly in the cytosol of hepatocytes, the post hoc test 
showed an increase in serum levels in groups with cancer and 
administration of Ginkgo biloba extract in both stages (initiation 
and promotion) with the doses of 160 and 500 mg/kg (G3-G7), 
without this increase being significant in group 7 (Table 1). 

Interestingly, in the group that only received DEN and 2-AAF 
carcinogens administration, the increase of both enzymes (AST and 
ALT) was not significant, as observed in the groups that received 
administration of EGb (Table 1).

Table 1: AST and ALT levels in serum of subjects with DEN, 2-AAF and EGb administration.

G1 G2 G3 G4 G5 G6 G7

AST 39.08±2.20 45.20±3.38 48.41±3.03 75.83±3.48** 80.20±8.42** 63.00±6.02* 53.66±3.48

ALT 18.32±0.58 20.41±2.06 26.83±2.69 31.11±3.20* 29.75±3.54* 34.51±3.03* 28.48±1.51

ALT = Alanine aminotransferase; AST = Aspartate aminotransferase. Differences are presented with relation to the intact group (p <0.05*, p <0.01*). 
Data represent meanEE.

Discussion
EGb has been a widely used herbal medicine for the treatment/

prevention of many diseases, including cancer [3-4]. In the results 
of this study, in which HCC was induced through the administration 
of the carcinogens DEN and -AAF, a significant increase in the 
levels of ALT and AST transaminases is shown in the groups that 
received EGb administration in comparison with the groups that 
only received administration of the carcinogens. The increase in 
ALT has been found in more significant amounts in kidney and 
heart diseases, specifically in the liver, than other tissues, so any 
damage to this organ could cause an increase in this enzyme. On the 

other hand, although AST transaminase is less specific than ALT, its 
increase has been reported in chronic liver diseases related to liver 
tissue degeneration and necrotizing processes [10]. Furthermore, 
its elevation has been reported in patients with cirrhosis and liver 
diseases where the main elevated enzyme is ALT.  On the other 
hand, the AST/ALT ratio increase has been related to an imbalance 
of liver function. Specifically, it has been shown that a higher ratio 
of AST to ALT occurs in alcoholic liver disease, hepatitis, fibrosis, 
chronic infections, etc. [10]. The study carried out by Changchien 
et al. (2008), which evaluated the levels of transaminases in a 
population of 6381 patients with HCC, showed that the increase in 
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these transaminases is associated with hepatitis and destruction 
of hepatocytes due to tumor growth. In addition, the increase in 
the AST/ALT ratio indicates a poor prognosis since it is associated 
with an increase in tumor size. Therefore, the results found in this 
study, where an increase in both transaminases is observed, with 
an AST>ALT ratio, suggests that the administration of EGb could be 
causing liver damage greater than that of carcinogenic compounds, 
favoring the development of carcinogenesis, as previously reported 
[5], which requires further investigation, so, should take its 
consumption with caution.
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