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Abstract. During high-temperature cooking of protein rich foods, especially meat and fish,
heterocyclic aromatic amines can be formed. These amines are a class of potent mutagens that
can cause alterations in the structure of DNA and chromosomes. In recent decades, research
has been focused on investigating plants and their phytochemicals as potential antimutagens.
The aim of this study was to examine the anti-genotoxic effect of methanolic root and leaf
extracts of Gentiana lutea against the food mutagens 2-amino-3-methylimidazo[4,5-f]quinoline
(IQ) and 2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine (PhIP) produced in thermally
processed meat. To determine the protective potential of extracts, the alkaline comet assay was
applied. The results obtained indicated strong anti-genotoxic effect of both extracts against the
tested mutagens. The highest inhibition of IQ-induced genotoxicity was recorded for leaf
extract (72%). Regarding PhiP, root extract achieved inhibition of 80% of DNA damage, so
was more successful than leaf extract. The data obtained in this study stimulates further
research of G. lutea extracts and its constituents as potential dietary supplements in improving
human health.

1. Introduction
Diet can contribute to an increased risk of cancer development, due to the consummation of food
mutagens. Food mutagens cause different types of damage in DNA molecule, specifically nucleotide
alterations and chromosomal aberrations, by forming carcinogen-DNA adducts. An important class of
compounds that are considered a dietary risk factor for development of cancer are heterocyclic
aromatic amines (HAAs) [1]. HAAs are formed during the high-temperature cooking of protein rich
foods, especially meat and fish, and can significantly increase the risk of different cancers, mainly
colon cancer [2]. Numerous studies have been carried out in recent decades in order to identify
compounds that might be able to reduce DNA damage. Plants are a rich source of various
phytochemicals that can be beneficial for human health, including protection against HAA-induced
genotoxicity.

Plants from the genus Gentiana are well known for their various biological activities, including
antioxidant, antimicrobial, anticancer and radioprotective properties. Gentiana lutea, yellow gentian,
is widely used in traditional medicine, as well as in the food and pharmaceutical industries. Yellow
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gentian root is an officinal drug in many pharmacopoeias for the treatment of mild gastrointestinal
diseases [3,4,5].

Therefore, the aim of this study was to examine the anti-genotoxic potential of G. lutea methanolic
root and leaf extracts against 2-amino-3-methylimidazo[4,5-f]quinoline (IQ) and 2-amino-1-methyl-6-
phenylimiazo[4,5-b]pyridine (PhIP) mutagens produced in thermally processed meat.

2. Materials and Methods

Plant material was obtained from the Institute for Medicinal Plants Research Dr Josif Pancic,
Belgrade, Serbia. Extract were prepared as previously described by Nastasijevi¢ et al. [6]. Chemical
characterization of extracts was performed by Ultra Performance Liquid Chromatography (UPLC) as
described previously [6]. Results were calculated according to dry weights of root/leaf extract. In order
to determine non-cytotoxic concentrations of extracts and food mutagens, the 3-(4,5-dimethylthiazol-
2-y1)-2,5-diphenyltetrazolium bromide (MTT) assay was performed as previously described by
Vasilijevi¢ et al. [7]. Genotoxicity and anti-genotoxic potential of extracts and mutagens were tested
using the alkaline comet assay as performed by Miti¢-Culafi¢ et al. [8]. Human hepatocellular
carcinoma cells (HepG2) were used as a model system for testing the biological activities. For anti-
genotoxicity testing, cells were exposed to co-treatment of extracts and mutagens for 24 h. The
statistical analysis was carried out using Mann-Whitney U test. Kolmogorov-Smirnov test was used to
determine if data were normally distributed. Inhibition of IQ- and PhIP-induced genotoxicity was
calculated using the following formula: I (%) = 1- (Nt/Nc¢)*100, where Nt is the mean value of tail
moment of co-treated groups; Nc is the mean value of tail moment of IQ/PhIP.

3. Results and Discussion

Results of UPLC showed the most abundant constituents present in the extracts were gentiopicroside
(2.4+£0.2%) and loganic acid (0.18+0.01%) in root and leaf extracts, respectively. Preliminary
cytotoxicity testing determined the non-cytotoxic doses of extracts and food mutagens: up to 2 mg/mL
for extracts; up to 200 ug/mL for mutagens. The highest non-cytotoxic concentrations of extracts and
mutagens were tested for genotoxicity to establish the doses of extracts that are non-genotoxic on one
hand, and to determine the genotoxic dose of mutagens that induced sufficient DNA-damage, on the
other hand. The protective effect of the extracts was tested against 1Q (200 pg/mL) and PhIP (100
pg/mL). Results of anti-genotoxicity testing are shown in Figures 1 and 2.
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Figure 1. Anti-genotoxic potential of G. lutea root (a) and leaf (b) extracts against [Q-induced
genotoxicity
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Figure 2. Anti-genotoxic potential of G. [utea root (a) and leaf (b) extracts against PhIP-induced
genotoxicity

Exposure of HepG2 cells to IQ and PhIP for 24 h induced significant increase in DNA damage as
shown in Figures 1 and 2. The 1Q-induced genotoxicity was significantly reduced in the presence of G.
lutea root extract. Similarly, leaf extract exhibited strong anti-genotoxic potential especially at the
highest concentration (2mg/mL) with the inhibition of 1Q-induced DNA damage being 72% (Figure
1b, Table 1). Furthermore, both root and leaf extract prevented PhIP-induced DNA strand breaks
significantly at all tested concentrations. The highest inhibition of genotoxicity (80%) was recorded
for the root extract at the concentration of 2 mg/mL (Table 1)

Table 1. Inhibition of IQ- and PhIP-induced genotoxicity

1Q PhIP

mg/mL 0.5 1 2 0.5 1 2
GIR 53% 51% 58% 67% 73% 80%
GIL 29% 43% 72% 66% 72% 76%

GIR - G. lutea root extract; GIL — G. lutea leaf extract

Taking into account that HAAs can express mutagenic potential at ng/g levels in cooked foods and
can consequently play an important role in the aetiology of human cancer, it is very important to find a
way to reduce their harmful effect. Using plants and their phytochemicals as potential protective
agents in improvement of human health is a current trend in recent years.

The results obtained in this study are in accordance with available literature data. Viegas et al. [9]
showed that flavonoid xathohumol, present in Humulus lupulus, exhibited the complete prevention of
PhIP-induced DNA damage. Furthermore, significant protective effect of flavonoids quercetin and
rutin was demonstrated after DNA damage induced by IQ and PhIP [10]. Rosemary extracts were also
effective in the prevention of DNA strand breaks induce by PhIP [11].

A possible explanation for the protective role of G. lutea extracts against HAAs may lie in the fact
that yellow gentian is known for its antioxidant properties. In previous studies, root extracts expressed
quite strong antioxidant activity, with the ICso value at 20.6 ug/mL recorded in the 2,2-diphenyl-1-
picryl-hydrazyl-hydrate (DPPH) assay [6, 12]. Considering the fact that aside from forming the DNA-
adducts, HAAs might also generate reactive oxygen species that cause oxidative DNA damage
[13,14], using compounds with strong antioxidant potential is a promising way to protect the integrity
of genome.
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4. Conclusions

The results obtained in this study point to methanolic root and leaf extracts of G. lutea as potential
protective agents against the thermally produced food mutagens, IQ and PhIP. Both extracts expressed
statistically significant anti-genotoxic effects at all tested concentrations. The highest inhibition of 1Q-
and PhIP-induced genotoxicity was recorded for leaf extract (72%) and root extract (80%),
respectively. The data obtained are promising, indicating yellow gentian is suitable as a potential
dietary supplement to improve human health. In accordance with our results, further research should
be focused on investigating the protective effect of G. lutea extracts and constituents in in vitro and in
vivo model systems.
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