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ABSTRACT

Calomys laucha (small vesper mouse) is a small wild rodent that lives in the southern coastal
dunes of Brazil, where it feeds and builds nests for breeding, and this lifestyle makes it
susceptible to the impacts of human activities in coastal and marine regions. This study aimed
to evaluate the some reproductive parameters of C. laucha males in a simulated oil spill. The
animals were exposed for 14 days to artificial soil contaminated by petroleum in different
concentrations (0, 1, 2, 4 and 8% v / v) and after this period the animals were killed and the
testis and epididymis removed for analysis. Exposure did not affect the weight of the testes, but
it caused a decrease in sperm viability and an increase in the presence of sperm abnormalities,
in particular the “lasso-like fold” anomaly (in this case a dose-dependent effect). This study
demonstrated that exposure to soil contaminated by crude oil causes damage to the spermatozoa
of C. laucha, which may influence the fitness of populations of this species.

Alteracdes espermaticas no camundongo das dunas Calomys laucha exposto a solo
contaminado com petréleo

RESUMO

Calomys laucha (camundongo das dunas) é um pequeno roedor silvestre que vive nas dunas
costeiras do sul do Brasil, onde se alimenta e constr6i ninhos para reprodugdo, e esse estilo de
vida o torna suscetivel aos impactos das atividades humanas nas regides costeiras e marinhas.
Este estudo teve como objetivo avaliar efeitos em alguns parametros reprodutivos de machos de
C. laucha em um derramamento de 6leo simulado. Os animais foram expostos durante 14 dias a
solo artificial contaminado por petréleo em diferentes concentragdes (0, 1, 2, 4 e 8% V/V) e,
apds esse periodo, os animais foram mortos e os testiculos e epididimo removidos para anélises.
A exposi¢do ndo afetou o peso dos testiculos, mas causou uma diminui¢do na viabilidade
esperméatica e um aumento na presenca de anormalidades esperméticas, em particular a
anomalia do tipo “dobrado em si” (neste caso, um efeito dose depenendete). Este estudo
demonstrou que a exposicdo ao solo contaminado por petroleo bruto causa danos aos
espermatozoides de C. laucha, o que pode influenciar a aptiddo das populacdes dessa espécie.

1. Introduction

Petroleum products may account for the majority of chemicals found in contaminated
sites (1). This category of contaminant is characterized by a complex mixture of organic
compounds, with the majority of hydrocarbon compounds containing sulfur, nitrogen,
oxygen, and metals such as nickel, vanadium, uranium and copper (2). Aromatic
hydrocarbons present in petroleum cause various forms of damage, including
mutagenic, carcinogenic, teratogenic (3) as well as reproductive (4).

Wild rodents have been used as biological models in the evaluation of environmental
damage resulting from exposure to metals (5) and contaminants of organic origin (6-8).
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Calomys laucha Olfers 1818 is a South American rodent belonging to the family
Cricetidae, which occurs in southern Bolivia, southern Brazil, Uruguay and central
Argentina (9). The species is found in grasslands, agricultural areas, roadsides and
coastal dunes, where the animals feed and reproduce (10).

Species of the genus Calomys are terrestrial and nocturnal, and are primarily
granivorous. They build spherical nests with plant material in depressions in the soil or
camouflaged among leaves or dead tree trunks. They play an important role as seed
dispersers and provide food for different predators. They reproduce throughout the year
although with less intensity in the winter, and they have a harem-forming behavior.
They are small, weighing about 40 g (11), and have a life expectancy averaging 13.5
months in laboratory conditions (12).

The onset of sexual maturation in C. laucha females is on average at 16 days in
summer and 22 days in winter, with the first heat occurring at around 23 days in the
summer and 36 days in the winter in the presence of males. Gestation lasts for 21 days
on average, and the average number of pups per litter is 8 in the summer and 4 in
winter, with the weaning of pups occurring at about 21 days of life (11,12).

C. laucha males reach sexual maturity at around 25 days of age, as evidenced by the
opening of the seminiferous tubules and the presence of sperm in the germinal
epithelium. Sexual maturation of males of this species also appears to be linked to the
body weight of the animals. The first appearance of epididymal sperm was observed in
animals weighing from 12 to 14 g (13).

It is extremely important to know the reproductive aspects of wildlife both in their
natural habitat and in captivity, especially when the animal is a transmitter of disease-
causing organisms (14). The Vesper mouse C. laucha lives in proximity to
anthropogenic sites and can thus be directly or indirectly exposed to contaminants such
as petroleum products. Additionally, this species may be more resistant to exposure to
toxins than conventional laboratory rodents because of its genetic variability and
resistance to stressors (15). However, studies on the effects of soil contamination by
crude oil using reproductive parameters in C. laucha are nonexistent. Thus, the aim of
this study was to investigate the occurrence of changes in some reproductive parameters
in wild C. laucha males acutely exposed to crude oil in contaminated soil.

2. Materials and methods
2.1 Animals

Wild C. laucha males (between 2 and 3 months old and 22.8+0.5 g) were obtained
from the animal house of unconventional rodents of the Biological Sciences Institute at
Federal University of Rio Grande-FURG. The animals were kept in standard conditions
of temperature (21 £ 3 °C) and photoperiod (12-h light/dark). The animals were fed
with commercial feed (Bio Base, Bio-Tec, Aguas Frias, SC) and provided water ad
libitum. The experimental protocol was approved by the Ethics Committee on Animal
Use (CEUA/FURG) process 23116.005277/2011-98, 31/2011.

2.2 Treatment
Tropical artificial soil (TAS), consisting of 70% sand, 20% clay, and 10% organic
material (coconut fiber) was used. Approximately 1 kg of soil was placed in the bottom

of each cage (30 x 20 x 15 cm) and animals were exposed individually (one animal per
cage) for 14 days without renewal of the soil. For crude oil exposure, the soil was mixed
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with Hydra light oil type (w/w). The treatments used were as follows: control (1 kg
TAS soil), 1% (990 g TAS + 10 g crude oil), 2% (980 g TAS + 20 g crude oil), 4%
(960 g TAS + 40 g crude oil) and 8% (920 g TAS + 80 g crude oil). The sample size
consisted of 6 animals per experimental treatment (16).

2.3 Evaluated parameters

At the end of the exposure period, the animals were anesthetized with halothane and
euthanized by exsanguination; then, the testes were removed for weighing and
macroscopic visualization; epididymis also was removed to use in sperm analysis. All
procedures were carefully performed to avoid cell damage and followed other studies
(experiments were performed in the dark and with controlled temperature) (17).

2.3.1 Sperm cell shape abnormality

Sperm were sampled from the cauda epididymis, placed in 1 ml Sorensen buffer
(pH 7.0) and carefully centrifuged (100 g, 5 min) to obtain a pellet of undamaged cells.
This pellet was re-suspended in 1 ml Sorensen buffer and smear preparations were made
on clean slides, air dried, and fixed in absolute methanol for 10 min. After drying, the
slides were immersed in a 10% Giemsa stain for 1 h in the oven (~32 °C). A total of
1,000 sperm per animal were analyzed for the following morphological changes: head
abnormalities, two tails and lasso-like fold (16).

2.3.2 Sperm viability by mtt (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) assay

Other portions of the epididymis were removed and the spermatic content was placed
in 5 ml PBS (phosphate buffered saline) and re-suspended. Then, in the dark, 50 pL cell
suspension was added to 25 pl MTT reagent (5 mg/ml in PBS) in sterile 96-well
microplates, in triplicate, and incubated at 37 °C for 30 min. Thereafter, 200 ul DMSO
(dimethyl sulfoxide) was added to each well to dissolve the formazan crystals formed
during the reaction. The negative control was only mixed with 200 pl DMSO, in
triplicate. The absorbance was read using a wavelength of 490 nm (18). Data were
processed by considering average absorbance values relative to the negative control.

2.4 Data analysis

The results were expressed as the mean + standard error. Means were compared by
analysis of variance (ANOVA), followed by a posteriori Fischer tests for comparisons
between groups, using a level of significance at 0.05.

3. Results and discussion

There was no statistically significant difference in the weight of the testes of animals
exposed to different concentrations of crude oil in the soil (Figure 1). In a previous
study, Da Silva-Junior et al. (6) showed similar results in the Algerian mouse Mus
spretus exposed to oil. On the other hand, these data differed from the results reported
by Orisakwe et al. (19) where male albino rats were exposed to different doses of crude
oil dissolved in Tween 80 in drinking water for 7 days. The treatment with the crude oil
showed a dose-dependent decrease in the absolute weight of the testicles. The route of
administration may be a crucial factor for the differences found in this study.
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Figure 1: Weight in grams of the testis per 100 grams of body weight of C. laucha exposed to crude oil
by 14 days.

Sperm viability as determined by MTT assay was significantly reduced in animals
exposed to contaminated soil containing 2% oil compared to the other treatments. In
this case, the response does not appear to be dose-dependent (Figure 2). Many
substances are recognized worldwide as being endocrine disruptors (EDs), for example
the oil-derived substances bisphenol A, benz[a]anthracene and benzo[a]pyrene. Many
EDs have various effects at different levels, and the effects observed at low doses are
observed occur at high doses (20). Wang et al. (21) investigated the reproductive
toxicity induced by organic extracts from petrochemical wastewater in rats and found
that sperm viability decreased (p < 0.01), suggesting that rat testicular cells can be
useful for predicting potential reproductive toxicity of organic extracts in petrochemical
effluents.
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Figure 2: Sperm viability as determined by absorbance (ABS) of MTT assay of C. laucha exposed to
crude oil by 14 days. Difference between the letters represents a statistical difference between the groups
(p <0.05)

Induction of sperm morphological abnormalities has been proposed as a rapid test for
carcinogenic activity (22). In the present assay, there was a decrease in the percentage
of normal sperm at the crude oil concentrations of 2, 4, and 8% (Table 1). Furthermore,
the “lasso-like fold” type sperm abnormality was the most frequently observed
following exposure to crude oil (Table 1).
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Table 1: Percentage of normal sperm cells or different types of abnormality.

Treatment Normal Lasso-like fold Two tails Head abnormalities
0% 99.4+0.2a 0.6+0.22 Oa Oa
1% 92.1+5.8a 7.645.78 Oa 0.3+0.2a
2% 80.7£3.3b 19.1+3.3b Oa 0.2+0.1a
4% 69.2+7.8c 29.5+7.9¢c 0.11+0.1b 1.2+0.4b
8% 51.5+4.9d 46.4+6.2d 0.0+0.1ab 2.1+1.4b

Different letters in the same column indicate significant difference (p<0.05)

Sperm abnormalities, including the two-tail type and head anomalies, were observed
in animals exposed to the two highest concentrations (4 and 8% crude oil) (Table 1). A
study using CD-1 mice showed that a concentration of 9.4 mg/kg of vanadium
administered intraperitoneally for 60 days caused a similar percentage of sperm
abnormalities such as folding (23). Silva-Junior et al. (16) evaluated the effects of
exposure to soil contaminated with oil on sperm morphology in the wild mouse Mus
spretus. The frequency of banana and hook abnormalities was also higher in mice
exposed to the contaminated soil. However, the frequency of sperm with two tails or
amorphous head was similar between the control mice and mice exposed to oil, results
that differ from those of the present study. Also, the physicochemical characteristics of
the contaminant should be considered in toxicity at the cellular level. For example, other
studies point to toxicity in the formation of gametes by hydrophobic substances (oily
substances) (24).

Although limited, there are some studies that have evaluated the reproductive activity
of C. laucha. Vilela et al. (8) found that administration of bisphenol A (BPA) in utero to
C. laucha females resulted in altered sperm parameters of their male offspring, notably
sperm motility, acrosome integrity, membrane integrity and sperm morphology. Corcini
et al. (25) aimed to evaluate in vitro the quality of sperm in C. laucha by testing for
improvements in the in vitro penetration test (IVP). In turn, Heppe-Lopes et al. (26)
showed that the addition of copper to the drinking water caused significant changes in
morphology, membrane integrity, and sperm acrosome of C. laucha, but without
affecting their fertilizing capacity in vitro. However, studies on the effects of oil
exposure on sperm abnormalities in C. laucha are non-existent.

4. Conclusion

In this study, we simulated the occurrence of an oil spill in a typical C. laucha habitat
(soil) in order to mimic how the animal might come into contact with this contaminant,
via uptake pathways through the skin, by inhalation and by geophagy. This exposure
resulted in injuries to the germ cells, which may have negative effects on reproductive
performance and therefore undermine the size and structure of the population. These
results contribute to a better understanding of the damage caused in wild rodents by
exposure to crude oil, a major contaminant in coastal areas and urbanized regions.
Finally, C. laucha proves to be a good model for predicting the biological impacts of oil
spills in the coastal zone/interface marine environment where it is typically found. This
study also provides evidence that small mammals such as C. laucha are useful in
monitoring human-mediated environmental damage.
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