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Abstract. Acetylcholinesterase (AChE) is an important regulatory enzyme that controls the 
transmission of nerve impulses across cholinergic synapses. This study evaluated AChE activity as an 
effect biomarker for ecological risk assessment related to mercury contamination in fish from 
Guanabara bay, Rio de Janeiro State, Brazil. A total of 30 fishes were collected, 14 specimens of 
Genidens genidens and 16 specimens of Haemulon sp. at three sampling stations. AChE activity 
varied from 0.18 to 1.29 µmol min-1 mg-1 protein for G. genidens and a negative correlation between 
AChE activity in muscles and mercury concentrations in kidney was found (-0.55; p<0.05; n=14). 
For Haemulon sp. the enzyme activity showed a smaller range (0.06 to 0.22 µmol min-1 mg-1 protein) 
and a negative correlation between mercury concentrations in muscles and AChE activity was found 
(r = -0.570; p<0.05; n=16), suggesting a decrease on enzymatic response in specimens with higher 
mercury bioaccumulation. 
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1   Introduction 

Acetylcholinesterase (AChE) is an enzyme that hydrolyzes acetylcholine molecules and it is an 
important regulatory enzyme that controls the transmission of nerve impulses across cholinergic 
synapses. Its inhibition in fish has been commonly linked to organophosphorades, carbamates and other 
pesticides exposure [1], [2], [3], [4] and it has resulted in an excess of stimulus on cholinergic nerves, 
causing alterations on swimming, tremors and convulsion [4]. Besides organic pollutants, some authors 
indicate also the possibility of inhibition in cases of exposure to cooper [5], [6], [7], [8], [9], [10], [11], [12], 
[13], cadmium [12], [14], arsenium [15] and lead [12]. 

Now for mercury exposure, despite its high toxicity, the inhibition process is not well understood, 
especially when fish exposure is to the most common organic mercury form (methylmercury - MeHg), a 
neurotoxic and teratogenic substance [16]. Mercury (Hg) is considered as one of the most toxic metals 
by the World Health Organization [17]. Some studies observed AChE inhibition due to mercury 
exposure [10], [12], [13], [18], [19], [20], [21], [22]. Jesus et al. [23], [24], when considering neotropical fish 
species, evaluated possible effects on acetylcholinesterase activity and internal distribution of mercury in 
a carnivorous species (Hoplias malabaricus), using intraperitonial injections of mercury and 
methylmercury chlorides. Costa et al. [25] observed an inhibition of this enzyme on Hoplias malabaricus, 
using a methylmercury exposure dose of 75 ng g-1, in laboratory conditions, after 70 days of exposure to 
this contaminant by contaminated food ingestion (the preys were artificially contaminated with 
intraperitoneal injections). 

At Rio de Janeiro State (Brazil), mercury contamination is observed in sediments from the northwest 
region of Guanabara bay, which is one of the largest bays of Brazil and has the metropolitan area of Rio 
de Janeiro State on its drainage basin. Machado et al. [26] found an important gradient of mercury 
concentrations in superficial sediments, being the lowest concentration found at a protection area, with 
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mangroves, at the Guapimirim River estuary (61.0 ng g-1) and the maximum concentration was 
described for Meriti River estuary (7,500 ng g-1), which has a chlor-alcali plant on the drainage basin. 
Low mercury concentrations in fish species have been reported [27], [28], however, risks to these animals 
health were already pointed out [21]. Therefore, the main objective of this study is to evaluate AChE 
activity as an effect biomarker for the ecological risk assessment related to mercury contamination in 
fish from Guanabara bay, Rio de Janeiro State, Brazil.  

2   Material and Methods 

For this study two demersal fish species were chosen. The first species was a catfish (Genidens genidens), 
from Ariidae Family, with high economical relevance. It is well distributed, with high frequencies in 
estuarine environments. Its maximum length is 35cm [29]. It is not a restricted carnivorous species, 
feeding on benthic organisms, such as algae, superior plants, crustaceans (Decapode, Amphipoda, 
Copepods, Isopods), mollusks (bivalves and gastropods), Polychaeta (Nereidae and Glyceridae) and 
other fishes [30]. Also ingests a high percentage of sediments, being probably more exposed to mercury 
contamination than pelagic species. 

The second species is from the Haemulon genus, from Perciformes Order, Haemulidae Family. This 
species is able to live at different habitats, including bays, beaches and estuaries, with rocky, coralline or 
sandy substrates, near the shoreline. The juveniles feed mainly on zooplankton and the adults, on 
benthic invertebrates, fishes and algae [29]. It is commonly called as grunt. It has low economic value, 
but it is commonly catched in Guanabara bay.  

Sampling was carried out using bottom doors trawl, at 5m of depth, during 30 minutes, between 
March 2008 and August 2009, at three sampling stations (Figure 1): station 1 – Bica Beach 
(22o49’7.71’’S; 43o11’8.24’’W), near to Governador Island; station 2 - Gradim (22°49'5.33"S; 43° 
6'35.08"W), near São Gonçalo City; and station 3, Jurujuba Cove (22°55'44.11"S; 43°06'28.50"W), near 
to the bay’s mouth.  

A total of 30 fishes were collected, 14 specimens of Genidens genidens and 16 specimens of Haemulon 
sp. G. genidens were from stations 1 and 3, mainly station 3 (9 specimens). H. sp. specimens were from 
station 4, exclusively. Axial muscles samples were obtained following the methodology suggested by 
Standard Methods. Kidney samples were collected after dissection of the ventral cavity from the anus to 
the mouth [32]. Total and standard lengths were measured in laboratory and are expressed in cm. 

Wet samples of muscles and kidneys were homogenized and the determinations were performed in 
triplicates. For each replicate, around 0.03g of tissue was used. Total mercury was measured using a 
portable atomic absorption (LUMEX), specific for total mercury analysis by spectrophotometer. For this 
methodology, the samples were only homogenized. None previous treatment was necessary, since this 
equipment worked with pyrolysis, where the samples were submitted to high temperatures (above 800oC) 
in a pyrolysis chamber, volatilizing mercury (all chemical forms) for its detection. The results are 
expressed as wet weight. For accuracy evaluation, certified material (IEAE 407, mercury concentration 
= 222 ng g-1) analysis was performed every day, with an acceptable error of 10% (maximum). The 
detection limit was 5ng.g-1. The mean value found for the certified material was 218.4±14.3 ng g-1 (n=5), 
resulting in an error of 1.8%.  

The determinations of the AChE activity in fish muscles followed the method described by Oliveira 
Silva et al. [33], with modifications, whose quantifications were based on the reaction described by 
Ellman et al. [34]. Small portions of muscle samples were weighted and homogenized in sodium 
phosphate 0.12 M, pH 7.6 (6:1). The samples were centrifuged (9,000 G; 20 minutes; 8°C). While the 
samples were centrifuging, test tubes were prepared containing 2 mL of sodium phosphate and 0.5 mL of 
DTNB 2 mM. At the time of lecture, 500 μL of acetylcholine and 25 μL of sample were added into those 
previously prepared tubes. Enzymatic activities were determined in spectrophotometer in kinetic form (λ 
= 412 nm), being obtained after two minutes of reaction, the absorbance per minute. For protein 
determination, muscles samples were diluted (1:10) in sodium phosphate solution 0.12 M pH 7.6. In test 
tubes were added 4.3 mL of distilled H2O, 200 μL of NaOH 25% and 200 μL of diluted sample. The 
blank contained 4.5 mL of H2O distilled and 200 μL of NaOH 25%. In the first tube (blank) 300 μL of 
Folin reagent was added, and homogenized on a vortex during 30 seconds. The same process of 
homogenization was made to all tubes. After 5 minutes, the absorbance was measured in photometric 
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model, in a spectrophotometer Shimadzu UV 1601 (λ = 660 nm). The absorbance was converted to 
protein concentration (mg mL-1) using an albumin curve. The specific activity of AChE (μmol min-1 mg-1 
protein) was obtained by ratio of the enzyme activity and the protein concentration [35]. 

 

Figure 1. Study area (Guanabara bay, Rio de Janeiro State, Brazil) and localization of fish sampling stations (1, 2 
and 3). 

Statistical treatment was performed using the software SPSS 18.0, being investigated possible 
correlations between mercury concentrations and AChE activity, applying the Spearman correlation 
coefficient. Also the differences between species were investigated using a non-parametric test (Mann-
Whitney U Test). In order to compare the present results with previous works of our group, a 
parametric hypothesis test (T Student test) was applied. All tests considered the significance level of 
p<0.05. Additionally, linear regressions between mercury concentrations and AChE activity for both 
fish species were performed using Excel 2010 (Office Package 2010). 

3   Results and Discussion 

The results organized by each sampling station are shown in Table 1. AChE activity varied from 0.18 to 
1.29 µmol min-1 mg-1 protein for Genidens genidens. Azevedo et al. [36] evaluated the basis activity of 
AChE for another catfish Cathorops spixii (Agassiz, 1829), from the same taxonomic Family of G. 
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genidens, using available published data from Brazil. The AChE activity in muscles proposed by those 
authors for uncontaminated areas was 0.055±0.005 µmol min-1mg-1 protein, using Paranaguá bay as 
reference area. For contaminated areas, the suggested activity was 0.086±0.008 µmol min-1mg-1 protein 
for Paranaguá bay and between 0.062-0.068 µmol min-1mg-1 protein for Santos-São Vicente bay. All 
suggested activities were quite different from those found in the present work for a taxonomic related 
species. Oliveira et al. [38] described an AChE activity of 376 U g-1 in brain, of 28 cm specimens of G. 
genidens, on Brazilian coastal area. 

Table 1. Average ± standard deviation of total mercury concentrations (wet weight; ng g-1) in muscles (HgM) and 
in kidney (HgK), acetylcholinesterase activity (AChE) in muscles (µmol min-1 mg-1 protein) and total (TL) and 
standard (SL) length (cm) of two fish species from Guanabara bay, Brazil. (n)= number of specimens. 

Parameters 
Station #1 Station #2 Station #3 
Bica Beach Gradim Jurujuba Cove 

Genidens genidens 
TL 20.5±3.5 (2) 18.3±3.0 (9) * 
SL 16.7±3.2 (2) 15.1±2.4 (9) * 

AChE 0.484±0.252 (2) 0.611±0.311 (9) * 
HgM 170.3±32.4 (2) 67.2±61.5 (9) * 
HgK 153.5±7.8 (2) 78.9±78.2 (9) * 

Haemulon sp. 
TL * ** 14.4±2.7 (16) 
SL * ** 11.7±2.2 (16) 

AChE * ** 0.151±0.052 (16) 
HgM * ** 64.7±63.4 (16) 
HgK * ** # 

* The specimens collected at this station were not included on the evaluation due to losses of frozen material before 
AChE analysis. 
** There was no capture of this species at Station 2. 
# This species has a very small kidney and it was not possible to perform mercury determinations. 

The AChE activity observed for G. genidens agrees with previous published data [21], where 39 
specimens of this species from Guanabara bay showed an average of 0.91±0.41 µmol min-1 mg-1 protein 
and 33 specimens from Ribeira bay (reference area) showed an average of 0.79±0.54 µmol min-1mg-1 
protein. The AChE activity found in the present work was 1.5 times lower than the described in 
Rodrigues et al [21], being significantly different (T Student test; t-value: -2.24; p<0.05), but mercury 
concentrations were similar (T Student test; t-value: -1.68; p=0.099) (Figure 2). Even with similar 
mercury concentrations, G. genidens answered in a different way for AChE in comparison with this 
previous work. This could be associated to environmental variations that influences on biochemical 
responses. 

One possible explanation is seasonality of AChE activities, influenced by both season (Spring x 
Summer) and year (4 years separated the previous study from the present data). Another important 
point is the sampling stations; in the previous work, specimens were collected exclusively at station 1. 
Both stations 1 and 2 receive untreated domestic wastes, and have short water column depth and 
nowadays, station 2 is being used as final destination deposition area for sediments from dredging 
activities at Guanabara bay. 
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Figure 2. Total mercury concentrations (Hg) in muscles (wet weight) and acetylcholinesterase activity (AChE) in 
two fish species from Guanabara and Ribeira bays. *significant differences (p<0.05) 

No significant correlation was found between mercury concentrations in muscles and AChE activity 
(Spearman correlation; p>0.05), as well as no correlation of mercury concentrations in muscles with 
biometry either (Spearman correlation; p>0.05) (Figure 3). On the other hand, the AChE activity 
decreased with the fish growth (Spearman correlation; -0.56; p<0.05) (Figure 3). Siscar and co-authors 
[37] have not found a clear relation or trend between AChE activity and ecological indicators. However, 
previously, Rodrigues et al. [21] found a negative correlation between AChE and mercury concentrations 
in muscles and in blood of G. genidens from Guanabara bay, which had suggested a possible inhibition 
scenario. In the present work, a negative correlation was found only between AChE activity in muscles 
and mercury concentrations in kidney of G. genidens (Spearman correlation; -0.55; p<0.05; n=14). Gill 
and co-workers [16] reported in laboratory conditions that AChE activity in brain, gills and liver 
decreased after exposure to mercury, but AChE activity in muscles was not altered.  

Additionally, a reference area inside Guanabara bay could be chosen to compare the data with a 
supposed reference value, but among the three studied stations, none could be considered as unpolluted. 
This way, a comparison to previous data from a control area described by Rodrigues et al. [21] was 
carried out, with the only purpose of assisting the interpretation of AChE activity observed at 
Guanabara bay. Considering as reference these previous data from Ribeira bay (Figure 2), the AChE 
activities were similar (T Student test; t-value: -0.95; p= 0.34), although mercury concentrations were 
not (T Student test; t-value: -2.11; p<0.05), being not possible to indicate AChE inhibition. 
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Figure 3. Linear regressions between total mercury concentrations in muscles and in kidneys (wet weight), 
standard length and acetylcholinesterase activity (AChE) in Genidens genidens from Guanabara bay-RJ. 

For Haemulon sp. the enzyme activity showed a smaller range (0.06 to 0.22 µmol min-1 mg-1 protein). 
This natural difference between species (Mann-Whitney U test; Z: 4.44; p<0.001) reflects different 
metabolisms, food habits and others biological factors. High AChE activities were described for 10 
specimens of Haemulon steindachneri (Jordan & Gilbert, 1882) from Ribeira bay (0.76±0.25 µmol min-

1mg-1 protein) (Rodrigues et al., 2010). Also for H. steindachneri, Oliveira and coworkers [38] described 
an AChE activity of 443 U g-1 in brains of 22 cm specimens.  

At the present study, a negative linear tendency was found between mercury concentrations in 
muscles and AChE activity (Figure 4), suggesting a decrease on enzymatic response in specimens with 
higher mercury bioaccumulation. This indication is fortified, if we use the AChE activity found on the 
previous work at Ribeira bay as reference (Figure 2). AChE activity is lower at Guanabara bay than the 
adopted reference value (T Student test; t-value: -2.66; p<0.05), as well as mercury concentrations in 
muscles, that were four times higher in the specimens from Guanabara bay (T Student test; t-value: -
4.90; p<0.001). In other words, this species presented an opposite trend of mercury bioaccumulation and 
of the AChE response, compared to catfishes (Figures 2 and 3).  

 

Figure 4. Linear regressions between total mercury concentrations in muscles (wet weight), standard length and 
acetylcholinesterase activity (AChE) in Haemulon sp. from Guanabara bay-RJ. 

Besides ecological factors that could explain how the two fish species had different responses for the 
studied biomarkers, biochemical factors may also be considered. Differences on the AChE sensibility to 
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toxic substances exposure were observed for fish species and invertebrates [39] and they could be linked 
to the active site of the enzyme that binds to alkyl chains of the substrates, such as acetylcholine iodide 
(AcSCh) and butyrylthiocholine iodide (BSCh).  

Bioassays [10], [12], [13], [19], [22] and field works [18] [21] have suggested the mercury capacity of 
inhibit AChE activity. However, other studies found no inhibition indications [40]. AChE response to 
mercury exposure seems to vary not only according to fish species, but also considering the evaluated 
tissue and time of exposure. Newborn rats exposed to mercury had AChE activity inhibition in 
cerebellum and also an antagonistic relationship between mercury and zinc was observed, where 
newborn rats treated with zinc before mercury exposure did not presented AChE inhibition [20]. 
Richetti et al. [22] performed a bioassay using the fish species Danio rerio exposing the test group to 
mercury chloride II and Pb(CH3COO)2 and observed AChE inhibition after 24 hours. However, after 30 
days of exposure, the acetylcholine hydrolysis came back to normal.  

Nevertheless, it is important to consider that other pollutants may be influencing on AChE response, 
such as Cu or organic substances, since Guanabara bay receives different types of effluents containing 
several chemical substances. Tilapia exposed to reuse waters (product of sewage treatment) presented 
AChE inhibition in liver [41]. For copper (Cu) exposure, the inhibition has been already indicated for 
vertebrate and invertebrate species [5], [6], [7], [8], [9], [11]. Vieira et al. [10] observed inhibition for the 
fish species Pomatoschistus micros exposed to sub-lethal concentrations of Cu and Hg, inducing also 
oxidative stress, peroxidation of lipids and increase of energy production by anaerobiosis. Shukor et al 
[13] observed inhibition of enzymatic activity in the fish species Electrophorus electricus as result of an 
exposure to 5 mg L-1 of Cu, Ag and Hg, separately. In Lima et al. [12], AChE inhibition was only 
observed for Danio rerio exposed to higher concentrations than 10mM of Cd, Cu, Pb and Fe, separately. 
Roy et al. [15] suggested that arsenic had a strong action on acetylcholinesterase activity in brains. 

4   Conclusion 

It was observed that AChE activity is decreased at Guanabara bay for both species, although Haemulon 
sp. seemed to be more susceptible / sensible, presenting a clear indication of AChE inhibition. Despite 
the correlations between AChE activity and mercury concentrations, it is important to highlight that 
AChE results could reflect the exposure to a mix of pollutants, including mercury, at Guanabara bay. 
The possible decrease of AChE activity observed for the last years at Guanabara bay must be 
completely understood, in order to delimit the actual scenario of pollutants exposure and the respective 
biological responses.  
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