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Resumen

En el presente trabajo, los potenciales efectos genotóxicos de la formulación antifúngica basada en la solución 
saturada de sacarosa fueron evaluados utilizando la Prueba de Allium cepa. Se evaluaron por duplicado cinco 
tiempos de exposición empleando agua mineral como control. Para el análisis estadístico, se empleó un análisis 
de varianza (ANOVA) y una prueba a-posteriori de Tukey HSD (significación estadística α = 0,05). Las frecuencias de 
las anomalías cromosómicas observadas partieron desde 0% a 0,24% y el análisis estadístico de las frecuencias de 
anomalías cromosómicas reveló que no se detectaron diferencias estadísticamente significativas en relación con 
los controles. Se concluye que la formulación antifúngica en base a solución saturada de sacarosa no evidenció 
una actividad genotóxica al evaluarse los resultados del presente trabajo empleando la prueba de Allium cepa.
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Abstract

In the present study, the potential genotoxicity effects of the antifungal formulation based on saturated sucrose 
solution were evaluated employing the Allium cepa test. Five exposure times were evaluated, mineral water 
was used as negative control, and experiments were carried out in duplicate. For statistical analysis, one-way 
analysis of variance (ANOVA) and Tukey HSD post-test were used (statistical significance α = 0.05). Frequencies 
of chromosomal abnormalities ranged from 0% to 0.24%. We conclude that the antifungal formulation based on 
sucrose saturated solution did not present a significant genotoxic activity, considering the results of the present 
study involving the Allium cepa test.
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1. Introduction

Superficial fungal infections are among the world’s 
most common diseases [1]. However, it is important to 
call attention to the limited number of effective antifungal 
compounds available. The latter is because the toxicity of 
the available antifungal agents, the expression of resistance 
to commonly used antifungals by the microorganism and 
the high cost of antifungal agents [2, 3]. For these reasons, 
there is a constant need for new secure effective and not 
expensive antifungal agents.

The antifungal formulation based on saturated sucrose 
solution, additioned with polyethilenglycol 400 and euge-
nol it is a practical, cheap, and effective alternative drug to 
manage topically fungal opportunistic infections. Actually, 
this antifungal formulation has a broad-spectrum activity 
assayed against many pathogenic fungi in dermatomycosis 
[4, 5, 6, 7, 8]. While a wide number of studies on its in-
vitro antifungal activity have been conducted, its safety 

related to potential genotoxic effects have not been tested 
yet. Besides genotoxicity tests are recommended to be 
conducted as part of product safety assessment.

Most of the toxicity testing systems rely on small 
animals, hence, are time consuming, very expensive, and 
attract considerable ethical criticism [9, 10]. Nevertheless, 
among the bioassays developed for detection of genotoxi-
city and cytotoxicity, plant systems have proven to be 
sensitive, cheap and effective [11, 12].

The use of plants for the toxicity assessment procedures 
is attributed mainly to the fact that these tests are relatively 
simple to perform, inexpensive, biologically sensitive, 
and rapid [9, 13]. In particular, the species Allium cepa 
presents several advantages, including low raising costs, 
easy handling, and suitable chromosomal features. This 
plant bears large and few chromosomes (2n = 16), which 
facilitates the evaluation of chromosome damages and/or 
disturbances in cell division cycle [14].

The aim of the present study was to evaluate the ge-
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notoxicity of the antifungal formulation based on sucrose 
saturated solution with the Allium cepa root tips test.

2. Materials and methods

2.1 Allium cepa test

The A. cepa genotoxicity test was carried out accor-
ding to the method described by Fiskesjö [15], with slight 
modifications, for instance, approximately 12 cm diameter 
onion bulbs were used in this study, and the incubation 
temperature was 22ºC 

White onion bulbs were obtained at a local market and 
chosen according to their size and appearance. The outer 
scales and old roots were removed carefully, and the bulbs 
were washed and kept in a refrigerator at 4 ºC until the 
start of the experiment. For each treatment, including the 
negative control (mineral water), five onion bulbs were 
used. The onion roots were left to grow to 1.5-2 cm in mi-
neral water and then exposed to each treatment. They were 
placed in flasks filled with respective solution as far as the 
root growth region, and kept under laboratory conditions. 
Five different exposure times were evaluated (1, 4, 8, 12 
and 24 hours). The onion bulbs of each treatment were 
subject to its respective exposure time.

At the end of each exposure time, root tips from these 
bulbs were cut and fixed in ethanol: glacial acetic acid 
(3:1, v/v) overnight and then stored in ethanol 70% at 4◦C 
until use. Then the root tips were subjected to the Feulgen 
reaction. They were hydrolyzed in 1N HCL at 60◦C for 
10 minutes after that, they were washed in distilled water 
and stained in Schiff’s reagent for 20 minutes. Two root 
tips were then squashed on each slide, stained with ace-
toorceine and put the coverslips carefully lowered on to 
exclude air bubble. These slides were analyzed at 1000x 
magnification. For each slide, a minimum of 100 cells in 
mitosis were examined for aberrations, and the frequencies 
of chromosomal abnormalities were determined. The 
chromosomal aberrations scored were stickiness and frag-
mentation of chromosomes, as well as anaphasic bridges.

2.2 Antifungal formulation based on saturated sucrose 

solution

The formulation under evaluation was made with a 
saturated sucrose solution (250 g of table sugar in 100 
ml of mineral water), polyethilenglycol 400 (0,4 % v/v) 
(Merk – Merk Química Argentina) and eugenol (0,4 % v/v) 
(Dickinson-Lab. Dr Preston SRL, Argentina).

2.3 Statistical analysis

The root length data are given as the mean ± S.D. The 
mitotic index (%) was calculated as the number of dividing 

cells per 1000 observed cells at each treatment. The data 
were analyzed by a one-way ANOVA followed by the 
Tukey HSD (honestly significant difference) post-test. In 
all cases, selected threshold of statistical significance was 
p < 0.05. 

E x p e r i m e n t s  w e r e  c a r r i e d  o u t  i n  d u -
p l i c a t e .  A n d  t h e  a n a l y s e s  w e r e  c o m p u t e d 
using the statistical software program Statgraphics Centu-
rion XV (StatPoint, Inc., 2006).

3. Results 

In the present study, the genotoxicity of an antifungal 
formulation based on sucrose saturated solution was eva-
luated. The genotoxicity was estimated by the observation 
of changes in the percentage of chromosomal abnormalities 
of A. cepa L. meristematic root cells. 

All the types of chromosomal aberrations considered 
for analysis, were observed in the treated root tip cells and 
record. Aberrant mitotic cells were counted and their ratio 
was expressed as a percentage. Table 1 shows the rate of 
mitotic abnormalities. 

Although we observed Chromosomal abnormalities 
almost in every treatment evaluated (always under 0,24%), 
we didn’t observed a significant increase in the total num-
ber of abnormalities for all treatments compared with the 
controls (p > 0.05). The negative control also showed some 
mitotic abnormalities.

Table 1: Frequencies of chromosomal abnormalities for Allium cepa 
roots treated with the antifungal formulation.

Mean percentage chromosomal abnormalities in time

1 hs 4 hs 8 hs 12 hs 24 hs

SSS + E + P 0,089 0,130 0,200 0,161 0,241

Control 0,179 0,036 0,000 0,070 0,034

SSS + E + P (antifungal formulation based on saturated sucrose solution).
Control (mineral water).

In Figure 1 are represented some anaphasic bridges, 
laggards and stickiness chromosomes found in our study.
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Fig. 1: Types of chromosomal aberrations seen in Allium cepa root tips. 
(A) Lagging chromosome at anaphase; (B) Anaphasic bridge; (C) Stickiness 
chromosomes; Magnification: A 1000x, B and C 400X. Bar = 10 µm.

4. Discussion

Many types of assays for evaluation of genotoxicity 
can be used for monitoring the toxicity of complex mix-
tures or environmental water samples. Plant assays and 
the Allium cepa test, particularly, have some advantages 
because they are highly sensitive to many pollutants [15]. 
Moreover, some higher plants are suitable for cytological 
analysis because of the large size of their chromosomes, 
thus making plant tests also good candidates for evaluating 
the genotoxicity of samples [12, 15, 16].

The root tips of Allium cepa have often been used for 
the determination of cytotoxic and/or genotoxic effects 
of many substances [14, 17, 18]. Furthermore, root tips 
of A. cepa, have been recommended as a standard for 
cytogenetic assay in environmental monitoring due to 
the correlation of these plants with mammalian and non-
mammalian test systems [14].

A significant high frequency of mitotic aberrations, 
product of several abnormalities like micronuclei, laggard, 
stickiness and bridge chromosomes, indicates high toxic 

effect [14]. About the latter, for example authors like 
Monte et al. [16] in their study of genotoxicity of water 
samples, observed percentages of chromosomal abnor-
malities in the samples under evaluation starting in 0 % 
and as far as 5,25 %, but just samples with percentages 
of chromosomal abnormalities higher than 3,75% were 
statistically significant.

In our study, the proportions of cells with chromosomal 
abnormalities were low, always under 0,24% (see table 1). 
And these abnormalities were seen even in the negative 
controls. Statistical analysis of the results showed that 
the percentage of aberrant chromosomes, for all tested 
treatments, didn’t expressed a significant difference related 
to negative controls (p > 0,05). 

Owing to the low frequencies of chromosomal abnor-
malities observed and to the presence of these chromoso-
mal abnormalities even in the controls, it could be suggest 
that clastogenic effects seen in our study might be random 
events. 

Therefore, the antifungal formulation based on sucrose 
saturated solution didn’t induce a significant increase in 
chromosomal abnormalities in all exposition times evalua-
ted. Furthermore, potential cytotoxicity of the antifungal 
formulation based on sucrose saturated solution was eva-
luated previously by our group, and no cytotoxic effects 
were detected (unpublished data).

On the other hand, it is very important to establish the 
efficacy of plant bioassays in establishing good correlation 
with other bioassays. The extrapolation of the results 
obtained with plant cells to another species (and finally 
human cells) is probably the most important problem 
discussed in the context of biological testing. About the 
latter, Gentile et al. [19] and Menn [20] have pointed out 
that biotransformations are generally qualitatively similar 
in plants and in other animal systems. And according to 
Morais & Marin-Morales [13] the A. cepa test has shown 
high sensitivity and good correlation when compared with 
other test systems, e.g. mammals.

About the latter, Fiskesjö [15] commented that an ex-
trapolation of results from one test system to another and, 
eventually, to human beings, should preferably be based 
on results from a battery of test systems covering various 
metabolic pathways for the tested substance, but results in 
Allium test should be regarded. Besides, the importance 
of genotoxicity tests based on plants should not be under-
estimated since any damage in the plant chromosomes by 
the chemical is also expected in the chromosomes of other 
organisms [10, 21, 22].

So, further and supplementary studies on mutagenicity 
and genotoxicity evaluation of the sucrose saturated solu-
tion using other biological systems will be important.
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5. Conclusions

We conclude that the antifungal formulation based 
on sucrose saturated solution didn’t present a significant 
genotoxic activity considering the results of the present 
study involving the Allium cepa test. But, other studies on 
mutagenicity and genotoxicity evaluation of the sucrose 
saturated solution using other biological systems will be 
important.
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