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ABSTRACT

In this study, we evaluated whether 14-hydroxilunularin, a hydroxyibibenzyl deri-
vative that showed in vivo and in vitro leishmanicidal activity, has genotoxic effects 
in bone marrows of treated mice by analyzing the percentages of chromosomal 
aberrations (CA) in metaphasic cells and micronucleated polychromatic erythro-
cytes (MNPCE).  The frequencies of CA in bone marrow cells of the mice treated 
with three different concentrations of 14-hydroxylunularin were not statistically 
significant when compared with the negative control group.  The frequencies of 
MNPCE in bone marrow cells of mice treated with three different concentrations 
of 14-hydroxylunularin were similar to the frequency found in the negative con-
trol group. The results indicate that the 14-hydroxylunularin does not induce an 
increase of cytogenetic damage in bone marrow cells of mice exposed to the same, 
treated for 48 hours. www.relaquim.com

Keywords: 14-hydroxilunularin, leishmanicidal, genotoxic, chromosomal aberra-
tions, micronucleated polychromatic erythrocytes, urethane. 

RESUMEN

En este trabajo analizamos si la 14-hidroxilunularina, un derivado hidroxibibencílico 
que mostró actividad leishmanicida in vivo e in vitro, tiene efectos genotóxicos en la 
médula ósea de ratones tratados analizando los porcentajes de aberraciones cromo-
sómicas (AC) en células metafásicas y de eritrocitos policromáticos micronucleados 
(EPCMN).  Las frecuencias de AC en células de médula ósea de ratones tratados con 
tres concentraciones diferentes de 14-hidroxilunularina no fueron significativas esta-
dísticamente cuando se compararon con el grupo control negativo.  Las frecuencias 
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INTRODUCTION

Leishmaniasis is a disease found in five 
continents, and endemic in tropical and 
sub-tropical regions of 88 countries. Twelve 
million cases are estimated worldwide whi-
le one to two million estimated new cases 
occur each year and 350 million people are 
at risk (WHO, 2011). 

This disease is treated with antimonials, 
which are expensive and administered in-
travenously for several weeks under strict 
medical supervision. Other drugs such as 
amphotericin B and pentamidine are used 
in cases unresponsive to antimonials but 
the former is considerably toxic and the 
latter seems to be less effective in contro-
lling L. braziliensis infections (Andersen et 
al., 2005). All these drugs should be han-
dled with caution due to side effects which 
in the case of antimonials are arthralgia, 
myalgia, headache, loss of appetite, vo-
miting and diarrhea, cardio, nephro and 
hepatotoxicities, which constitute a major 
constraint to their safety. Some side effects 
of amphotericin B are nausea, vomiting, 
fever, hypokalemia, renal insufficiency, 
anemia and cardiac disorders (Gontijo et 
al., 2003). Additionally, there have been 
strains with specific resistance to antimo-
nials because of its use in the treatment of 
dogs infected with visceral leishmaniasis 
(Dupouy-Camet, 2004). Some treatment 
strategies based on liposomal amphote-
ricin B (AmBisome) were found to be very 
effective but the current drug cost hinders 
the massive use of this drug (Meheus et 
al., 2010). A new alkyl-phospholipid, mil-

tefosine, has been very active against vis-
ceral leishmaniasis resistant to antimonial 
therapy and is administered orally but its 
use is not recommended during pregnancy 
and a contraceptive method is necessary 
even after completion of treatment in wo-
men of reproductive age (Sindermann et 
al., 2006). Due to the side effects, cost and 
emergence of resistant strains is necessary 
to continue the search for new drugs for the 
treatment of leishmaniasis.

Hydroxybibenzyl compounds are attri-
buted a great variety of biological effects 
including antifungal, antimicrobial and 
cytotoxic among others. In particular, li-
verworts are a rich natural source of these 
hydroxybibenzyl compounds as lunularin 
and 14-hydroxilunularin (Zinsmeister et 
al., 1991; Hernández-Romero et al., 2005; 
Niu et al., 2006; Salem et al., 2006; Zhang 
et al., 2007). The 14-hydroxilunularin, is a 
hydroxyibibenzyl derivative, isolated from 
a bryophyte, which showed leishmanicidal 
activity when its effects were tested both in 
vitro and in vivo (Roldos et al., 2008). The 
analysis of the genotoxic potential of new 
drugs is a crucial step in their research 
and development (Andrighetti-Fröhner et 
al., 2006). 

 The possible genetic damage caused se-
condarily by physical, chemical or biological 
agents is analyzed by cytogenetics or mole-
cular biology techniques. The cytogenetic 
assay for analysis of chromosomal aberra-
tions provides important information on 
the genotoxic effects of potential new drugs 
(Preston et al., 1987) and is widely used 
for the verification of clastogenic (break in 

de EPCMN en células de médula ósea de ratones tratados con tres concentraciones 
diferentes de 14-hidroxilunularina fueron similares a las frecuencias encontradas en el 
grupo control negativo. Los resultados indican que la 14-hidroxilunularina no induce 
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the chromosome) and/or anuegenic effects 
(loss of whole chromosomes).  For its part, 
the cytogenetic assay for analysis of micro-
nucleus formation provides key data on the 
genotoxic effects of the agents tested. The 
micronucleus assay is also used for veri-
fication of clastogenic (structural damage) 
or aneugenic (chromosomal loss) effects. 
This technique is highly sensitive, easy to 
perform and relatively inexpensive (Patlolla 
& Tchounwou, 2005). 

In this paper, we evaluated whether 
14-hydroxylunularin, which has shown 
potent anti-parasitic effect at a concentra-  
tion of 25 mg/kg in a in vivo treatment (Rol-
dos et al., 2008), has genotoxic effects in 
bone marrow of mice by analyzing the 
percentage of chromosomal aberrations 
(CAs) in metaphasic cells and analysis 
of the percentage of micronucleated 
polychromatic erythrocytes (MNPCE) in 
treated animals. 

MATERIALS AND METHODS 

Experimental drug: 14-hydroxylunularin 
was obtained by synthesis in the Labora-
tory of Organic Synthesis of the Department 
of Chemistry from the Universidad de la Re-
publica (Montevideo, Uruguay) and gently 
provided for this work. Colchicine, KCl, 
Giemsa dye, ethyl carbamate (urethane) 
and fetal bovine serum (FBS) were pur-
chased from Sigma-Aldrich (USA) while 
dimethyl sulfoxide (DMSO) was purchased 
from Merck (Germany). 

Animals and treatment: This was an 
experimental work that used Swiss albino 
mice selected by simple random sampling. 
Animals were male, 6-8 weeks old and 
maintained in the animal facility of the 
Instituto de Investigaciones en Ciencias de 
la Salud (IICS, UNA) on a 12h day/night 
cycle with food and water ad libitum. When 
possible, suffering was avoided to animals 
and the minimum number required for this 
test was used. There were five treatment 

groups: Group I: negative control, treated 
with 20 µL of DMSO diluted in distilled 
water (used to dissolve the 14-hydroxylu-
nularin), Group II: treated with 12.5 mg 
of 14-hydroxylunularin, Group III: treated 
with 25 mg of 14-hydroxylunularin; Group 
IV: treated with 50 mg of 14-hydroxylunula-
rin; Group V: positive control, treated with 
750 mg of urethane, which was dissolved 
in distilled water. The treatment of each 
group was repeated five times, totalling five 
animals per concentration. Animals trea-
ted with 14-hydroxylunularin received two 
administrations by intraperitoneal (i.p.) via 
at 48 hours and 24 hours before sacrifice, 
while the positive and negative controls 
received an administration of urethane or 
DMSO diluted in water, respectively, 24 
hours before sacrifice. Each treated animal 
was used for both assays; a femur was used 
for analysis of CA and the other for the 
analysis of MN. In order to have a larger 
number of metaphasic cells, all animals 
were treated with 4 mg/kg of colchicine 
by i.p. via 1h before sacrifice. In general, 
we followed the International Principles 
and Guidelines for Biomedical Research 
prepared by the Council for International 
Organizations of Medical Sciences (CIOMS, 
2007) for the handling of animals and 
the study was previously approved by the 
Ethics Committee of the IICS. 

Chromosomal aberrations assay (CA): 
We used the technique of Preston et al. 
(Preston et al., 1987). The animals were 
sacrificed by cervical rupture 48 hours after 
first treatment, femurs were then removed 
and the bone marrow was extracted with 
hypotonic solution maintained at 37°C. The 
homogenized material was transferred to a 
conical tube and centrifuged at 1,000 rpm 
for 5 minutes. Then the supernatant was 
discarded and the samples were washed by 
adding methanol:acetic acid fixative solu-
tion (3:1) and centrifuged again. The su-
pernatant was discarded and samples were 
prepared with the remaining cells. Samples 
were allowed to air dry and stained with 
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2% Giemsa stain diluted with distilled 
water. Then, samples were analyzed under 
an optical microscope, counting 100 me-
taphasic cells per treated animal, including 
those with chromosomal aberrations. 

Micronucleus assay (MN): We used the 
method of Schmid (Schmid, 1975) for the 
micronucleus assay. The animals were 
sacrificed by cervical rupture 48 hours af-
ter first treatment. Femurs were removed, 
bone marrow extracted with fetal calf serum 
and maintained at 37°C. The material was 
homogenized, transferred to a conical tube 
and centrifuged at 1000 rpm for 5 minu-
tes. The supernatant was discarded and 
samples were prepared with the remaining 
cells. Samples were allowed to air dry and 
24 hours after they were fixed in absolute 
methanol during 5 minutes. Samples were 
stained with 2% Giemsa stain diluted with 
distilled water. Samples were analyzed 
using an immersion microscope and 1,000 
polychromatic erythrocytes (PCE) per ani-
mal were counted, including those with 
micronuclei (MNPCE). 

Statistical analysis: The proportions of 
Chromosomal Aberrations (CA) (Bousimi 
et al.; 2008; Ayed et al.; 2011) and poly-
chromatic erythrocytes (PCE) (Mazzei et al.; 
2007, Kawanishi et al.; 2009) were added 

up for each group treated with 14-hy-
droxylunularin and urethane and they 
were then compared, independently, with 
the results of the negative control using 
the Chi 2 test, which is recommended for the 
analysis of two independent events within 
the same study with only one sample. 

RESULTS

Analysis of the frequency of chromosomal 
aberrations and micronuclei

To reduce the number of dead animals, 
the same animal from each treatment 
was used for both analyses. Colchicine 
treatment an hour before sacrifice does not 
interfere with results, as it has been shown 
that it does not induce MN in bone marrow 
up to 10 h after treatment (Vallarino-Kelly 
& Morales-Ramírez, 2001).

Analysis of chromosomal aberrations: Ta-
ble 1 shows the percentages of chromoso-
mal aberrations (CA) of the animals trea-
ted with three different concentrations of 
14-hydroxylunularin and with urethane 
as well as the results obtained in negative 
control animals. The percentage of CA in 
the negative control group was 0.4%. In 
the group treated with 12.5 mg of 14-hy-

Table 1. Frequency of Chromosomal Aberrations and Micronuclei.  Frequency of CA in 500 cells of mice 
analyzed and Micronuclei induced in bone marrow cells by the effect of three concentrations of 14-hydro-
xylunularin. % and mean ± SD of micronucleated cell frequency based on 5,000-cell observation

Treatment 
groups

Analyzed 
cells

Total of cells with 
Chromosomal
Aberrations (%)

PCE MNPCE % MNPCE (± S.D.) Hours 
post-treatment

CTL- 500 02 (0.4) 5,000 6 0.12 (1,30) 24 hs

Uret 750 mg 500 49* (9.8) 5,000 6 0.12** (0,84) 24 hs

VP7 12.5 mg 500 05** (1.0) 5,000 5 0.10** (1,41) 48 hs

VP7 25 mg 500 03** (0.6) 5,000 8 0.16** (1,14) 48 hs

VP7 50 mg 500 02** (0.4) 5,000 59 1.18 *** (2,0) 48 hs

CTL-: negative control; VP7: 14-hydroxylunularina; Uret urethane;
* Statistically significant p < 0.05 compared with negative control group
** Statistically not significant p > 0.5 compared with negative control group
*** Statistically significant p < 0.001 compared with negative control group
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droxylunularin was 1.0%, in the 25 mg 
group was 0.6% and in the 50 mg group 
was 0.4%. The percentage of CA in the po-
sitive control group treated with a single 
dose of urethane was 9.8%, an increase of 
almost 20 times compared to the negative 
control group and the groups of animals 
treated with 14-hydroxylunularin.

The frequency of metaphasic cells with 
CA in bone marrow cells of the mice treated 
with urethane was significant when com-
pared with the negative control group. CA 
frequencies in bone marrow cells of the 
mice treated with three different concentra-
tions of 14-hydroxylunularin product were 
not statistically significant when compared 
with the negative control group. 

Micronucleus analysis. Table 1 also 
shows the results of the analysis of mi-
cronucleus induction in bone marrow of 
mice. Percentage of MNPCE in the negative 
control group was 0.12%, 0.12% in the 
group of 12.5 mg of 14-hydroxylunularin, 
0.10% in the 25 mg group and 0.16% in 
the 50 mg group. The percentage of MNPCE 
in the positive control group treated with 
a single dose of urethane was 1.18%. This 
value was almost ten times higher compa-
red with the negative control group, and 
almost seven times higher than in the 
groups treated with 14-hydroxylunula-
rin. The frequency of micronuclei in bone 
marrow cells of mice treated with urethane 
was high compared with the negative con-
trol group and the difference was signifi-
cant. The frequencies of MN in bone marrow 
cells of mice treated with three different 
concentrations of 14-hydroxylunularin 
were similar to the frequency found in the 
negative control group.

DISCUSSION

In the present study, we evaluated the 
mutagenic effects of 14 -hydroxylunularin 
in mice. We analyzed bone marrow cells 
of mice treated with 14-hydroxylunularin 

for 48 hours, using MN and AC tests. The 
micronuclei in young erythrocytes arise 
primarily from chromosomal fragments 
that are not incorporated into daughter 
cells upon cell division of erythropoietic 
cells and it is considered that the variations 
in the incidence of MNPCE reflect chromo-
somal damage (Vallarino-Kelly & Morales-
Ramírez, 2001). This assay is valid to study 
either genotoxic (clastogenic or aneugenic) 
effects of some substances or the possible 
protective effects of others (Vallarino-Kelly 
& Morales-Ramírez, 2001; Premkumar et 
al., 2003; Celik et al.¸ 2005). The type of 
chromosomal aberration detected by the 
MN test is specifically related to chromo-
somal breaks or spindle disruption. The 
analysis of AC frequency is used to identify 
different types of structure damages such 
as chromatid and chromosomal breaks, 
gaps or exchanges (Azevedo et al., 2010). In 
this study, it was used as complementary 
analysis. 

In the in vitro and in vivo analysis of 
14-hydroxylunularin conducted to assess 
its leishmanicidal activity, the concentration 
of 25 mg/kg had a significant antiparasitic 
activity (Roldos et al., 2008). The concentra-
tions used in this study represent 50, 100 
and 200% of that concentration and were 
chosen to determine the limits of use of the 
compound. The results of this study indicate 
that the 14-hydroxylunularin does not indu-
ce an increase of cytogenetic damage in bone 
marrow cells of mice exposed to the same 
treatment for 48 hours. The result of MNPCE 
percentage in the negative control group was 
0.12%, a value within the normal range (To-
paktas et al., 1996 ), and the data obtained 
in the positive control group were validated, 
as they coincide with the data reported in 
the literature (Choy et al., 1995; Hoffler et 
al., 2005; Kirkland et al., 2007). We found 
that the percentage of induction of metapha-
sics cells with chromosomal aberrations 
was not significant when compared to the 
percentage in the negative control group. 
In the present study, we evaluated the mu-
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tagenic effects of 14-hydroxylunularin in 
mice and the results of the MN test and AC 
analysis did not show a significant increase 
in MNPCE or AC frequencies. These results 
suggest that the 14-hydroxylunularin does 
not produce mutagenic effects as these re-
sults could be attributed to a true innocuity 
of the compound or to the exposure time 
we used. Therefore, future studies using 
longer exposure time are necessary to con-
firm the innocuity of 14-hydroxylunularin 
in mammals.

CONCLUSIONS

The results of this study indicate that the 
14-hydroxylunularin does not present sig-
nificant genotoxic (clastogenic and/or aneu-
genic) effects on bone marrow cells of mice 
exposed to it in a treatment regimen of 48 
hours and under these experimental con-
ditions. This information is very important 
in the validation process of this compound 
with very promising features in the finding of 
an alternative treatment for leishmaniasis. 
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