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ABSTRACT

Studies on environmental pollution in Mexican freshwater ecosystems by means of 
fish histopathology are extremely scarce. In that view, this research analyzed the gonad 
histopathology of four teleost fish species from a hyper-eutrophicated fragmented ur-
ban lagoon, in order to determine possible harmful effects of water pollutants on their 
reproductive fitness. Gonads were processed by histological conventional techniques. 
The gonadal alterations detected in both, the clupeid Dorosoma petenense and the 
cichlid Thorichthys meeki expose the need to clarify the connection of these alterations 
to the presence of specific pollutants. 

Palabras clave: contaminación acuática, toxicología reproductiva, ovario, testículo, ictiofauna

RESUMEN

El diagnóstico ambiental de los ecosistemas dulceacuícolas a través de la histopatología 
de los peces ha sido poco abordado en México. Con base en lo anterior se realizó un 
análisis histopatológico de las gónadas de cuatro especies de teleósteos provenientes de 
una laguna urbana hipertrófica y fragmentada, con la finalidad de identificar posibles 
alteraciones reproductivas inducidas por contaminantes presentes en el agua. Las góna-
das se procesaron con técnicas histológicas de rutina. Las alteraciones histopatológicas 
detectadas en las gónadas de Dorosoma petenense y Thorichthys meeki exponen la 
necesidad de establecer una conexión directa entre estas alteraciones con la presencia 
de contaminantes específicos.

SHORT COMMUNICATION

INTRODUCTION

Environmental pollution has become such a seri-
ous problem, that as Plath et al. (2015) stated: More 

and more aquatic habitats are currently becoming 
extreme to fishes due to novel stressors stemming 
from human activities. These stressors can potentially 
impair, in different ways, the sustainability of aquatic 
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ecosystems. Particularly, several xenobiotics present 
in urban wastewaters dumped into limnetic ecosys-
tems have shown to impair fish reproductive behav-
ior, physiology, and morphology. Fragmentation of 
urban lagoons can accelerate ecological impairment 
through the exponential accumulation of pollutants 
in water and the isolation of fish populations in a 
limited area. Moreover, highly volatile estrogenic 
compounds can be transported in the atmosphere 
from remote sites, without any hydraulic connection 
among sites (Schwaiger et al. 1997). All of this has 
caused an increasing interest in evaluating the current 
health status of urban aquatic ecosystems, aiming to 
drive restoration and conservation strategies (e.g. 
Dunalska et al. 2015). Fish are particularly useful 
for environmental impact assessment studies because 
of their over-sensitiveness for incorporating pollut-
ants both directly from water and indirectly through 
the trophic web (Magar and Bias 2013). Many of 
these compounds can directly disrupt various physi-
ological processes, even in very low concentrations; 
meanwhile others indirectly act through changes in 
physicochemical properties of water (Steinhagen et 
al. 1989). Previous studies have shown that xenobi-
otic compounds can inhibit immunological responses 
in fish at different levels, increasing their vulner-
ability to infectious diseases (Dunier 1996). On the 
other hand, some studies have reported an increase 
of fish’s immune response from polluted ecosystems 
exposed to heavy metals in water (Schwaiger et al. 
1997). Chronic exposure to certain xenobiotics cause 
reproductive abnormalities in different fish species 
and this can be evaluated by means of biomarkers of 
environmental stress. Among these, histopathology of 
several organs has proven to be a useful tool for xeno-
biotic identification in marine and freshwater environ-
ments (Louiz et al. 2009). Gonadal histopathology is 
particularly important because it allows identifying 
alterations in the reproductive fitness of a given species 
and so determining their risk status in habitat (Feist et 
al. 2015). On that basis, this research analyzed the his-
topathology of four fish species inhabiting at the urban 
lagoon La Pólvora; the cichlids Thorichthys helleri and 
Thorichthys meeki, the clupeid Dorosoma petenense 
and the non-native loricariid Pterygoplichthys spp., 
which may show different sensitivities to aquatic 
pollution, as it has been documented in several teleost 
species inhabiting polluted environments (Norey et al. 
1990). Given that La Pólvora urban lagoon is a reser-
voir with high levels of organic pollution (Sánchez et 
al. 2012), the aim of this study was to determine the 
presence of histopathological alterations in gonads of 
these four fish species.

MATERIALS AND METHODS

Study area
La Pólvora (17º 58'56''- 17º 58'45''N; 92º 55' 30'' 

– 92º 55' 31'' O) is located in Villahermosa city, 2 m 
above sea level in the Grijalva basin. This reservoir’s 
interconnection was lost since 1984, so it has only 
received water from the Grijalva river during the 
extreme floods in 2007 and 2008. Currently, La Pól-
vora is a hyper-eutrophic polluted lagoon with high 
levels of fecal coliforms, absence of crustaceans and 
low fish diversity.

Fish sampling
Fish were caught during the day using a casting 

net, in April 2015. All organisms used in this study 
were sexually mature. Specimens were transported 
to the laboratory in thermal containers with artificial 
oxygenation. All procedures on fish were conducted 
according to the international standards of animal 
welfare (Canadian Council on Animal Care 2005).

Histopathology
Specimens were euthanized with an anesthetic 

overdose. Tissues were processed for histopathological 
examination as described by Humason (1979). Gonads 
were dissected and quickly fixed in Bouin’s fixative 
(formaldehyde, picric acid and acetic acid) during 24 
hours and dehydrated in graded ethanol solutions (10, 
30, 50, 70, 80, 96 y 99%, 30 minutes in each concen-
tration). Afterwards, gonads were cleared in xylene 
during 60 minutes and embedded in paraffin with an 
inclusor Riechert-Jung®. Gonads were serially sec-
tioned at 7 µm section thickness in a rotary microtome 
Thermo Scientific Micron HM325®, and stained with 
hematoxylin and eosin (H-E) (general panorama, 
nuclei, cell boundaries and acidophilia). Histological 
preparations were analyzed with an optic microscope 
Carl Zeiss model Axiostar® using the morphometric 
software ZEM® 2011. Micrographs were taken with 
a Carl Zeiss AxioCam® digital camera. Histological 
material was deposited in the histological collection 
of the Laboratorio de Acuicultura Tropical, División 
Académica de Ciencias Biológicas, Universidad 
Juárez Autónoma de Tabasco.

RESULTS AND DISCUSSION

A total of thirty-one specimens were collected at 
La Pólvora; Dorosoma petenense (12), Thorichthys 
meeki (10), Thorichthys helleri (4), and Pterygoplich-
thys spp. (5). Histopathology has been recognized as 
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a sensitive tool to identify tissue alterations induced 
by various water pollutants (Stentiford et al. 2014). 
In this study, the most severe histopathological al-
teration was observed in the testes of D. petenense, 
which showed generalized testicular degeneration 
(Fig. 1) and disintegration of seminiferous lobules, 
due to fragmentation of basement membrane. In 
Cichlasoma dimerus this condition was attributed 
to endosulfan exposure, a common fertilizer used in 
agriculture (Da Cuña et al. 2013). In gonads of D. 
petenense and T. meeki just some melanomacrophage 
centers (MMCs) were observed in the interstitial 
compartment (images not shown) as groupings 
of macrophages containing intracellular pigments 
such as melanin, lipofuscin, and hemosiderin, as it 
has been reported in other fish species (Agius and 
Roberts 2003). MMCs have been used as environ-
mental stress biomarkers in several teleost species, 
given that their presence is considered an immu-
nological response to numerous contaminants and 
pathogens (Blazer 2002). The low presence of MMCs 
in D. petenense and T. meeki could be interpreted as 
absence of environmental stressors. However, in view 
of the recurrence of other serious histopathological 
abnormalities in these organisms, it may be toxic 
compounds at La Pólvora negatively modulating the 
immune system and increasing the vulnerability of 
these species to disease (Bols et al. 2001). In fact, an 
intense and generalized immunological reaction of 
acidophilic cells was only observed in one specimen 
of D. petenense (image not shown).

Particularly, frequent protozoan infections ob-
served in testes of D. petenense and T. meeki (Fig. 2) 
support the hypothesis of immunological impair-
ment, because parasitic diseases are related to the 
increase of organic concentrations and temperatures 
in polluted waters (Anderson 1990), a condition 
determined in La Pólvora by Sánchez et al. (2012). 
Notably, females did not show parasitic infection in 
ovaries, suggesting that this pathological condition is 
also influenced by the sex of the host. However, the 
most common alterations in ovaries of D. petenense 
were follicular epithelium expansion, fracture of fol-
licular basement membrane (Fig. 3), follicular atre-
sia, and interstitial proteinaceous fluid accumulation 
(IPF) (Fig. 4). In all species included in this study, 
follicular atresia consisted of progressive degenera-
tion of the follicular structure. Atretic follicles of D. 
petenense showed oocyte cytoplasmic vacuolization, 
fracture of the zona pellucida as well as follicular 
epithelium hypertrophy. Although atresia is a normal 
degenerative process influenced by the fertility index 
of each species (Uribe-Aranzábal et al. 2006), its 
rate may be influenced by a range of pollutants such 
as organochlorine pesticides, malathion, petroleum 
compounds, and aromatic hydrocarbons (Mlambo 
et al. 2009, Bols et al. 2001), as well as ecological 
disturbances that generate stress in female fish (Over-
street 1988). Despite follicular atresia was regularly 

Fig. 2.	 Testis alterations induced by pathogenic infection in 
the cichlid Thorichthys meeki. Interstitial (INT) and 
germinal compartment (GER), the latter saturated with 
spermatozoa inside seminiferous lobules (blue). Tes-
ticular parenchyma presents numerous orifices caused 
by parasitic infection (arrow), 100X. Infection is also 
accompanied by vascular hypertrophy of the interstitial 
compartment (star). The pathogenic agents, protozoa, 
are clearly observed into a seminiferous lobule (inset), 
400X

Fig. 1.	 Testis degeneration in the clupeid Dorosoma  petenense.
Generalized tissue degeneration (TDG) produced by 
detachment and fragmentation of basement membrane 
(arrows, inset) delimiting seminiferous lobules. The 
scattered nuclei from spermatozoa are showed (ar-
row), 100X
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observed in all of fish considered herein, its recur-
rence was highest in D. petenense, according with a 
generalized destruction of ovarian tissues. The IPF 
presence in the ovarian stroma of D. petenense was 
also documented in the fathead minnow Pimephales 
promelas and attributed to estrogenic compounds 
exposure, which may induce extracellular accumula-
tion of vitellogenins (USEPA 2006). However, in the 
tilapia Oreochromis mossambicus and zebrafish Da-

nio rerio FPI presence was attributed to vitellogenic 
oocyte degeneration induced by chemical exposure 
(Mlambo et al. 2009, van der Ven et al. 2003). In 
this study, gonadal histopathological alterations in 
T. helleri and Pterygoplichthy spp. were absent, but 
this does not exclude them of disruptions at other 
biological organization levels. In fact, sensitiveness 
variations of physiological systems facing envi-
ronmental stressors should be an essential topic in 
biomonitoring programs, because xenobiotics harm 
fish populations first at molecular, biochemical, and 
cellular levels. Only when physiological mechanisms 
cannot restore homeostatic balance, pathological ef-
fects appear in higher levels of biological complexity 
as morphology and behavior (Rice et al. 1996). Based 
on this, possible alterations may occur in most basal 
levels of biological organization of fish from La Pól-
vora, but complementary studies will be necessary to 
test this hypothesis and establish a clear connection 
between pathological alterations and the presence of 
specific pollutants in urban waters.
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