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Category: Nanoparticles  Abstract number: NP01 

Exposure to Biogenic Silver Nanoparticles Promotes Silver Accumulation in 

Freshwater Fish 

Vanessa Bezerra
a,*

, Ana Flávia Gonçalves de Campos
a
, Juliana Delatim Simonato

a
 

a
Universidade Estadual de Londrina, Departamento de Ciências Fisiológicas, Laboratório de Ecofisiologia Animal 

 
*vanessa.bzrr@gmail.com 

 

Silver nanoparticles have been drawing attention as a contaminant of the aquatic environment, 

because they are widely used in the production of various everyday products. However, due to 

the variety of organisms that can be used in the synthesis process of these nanoparticles, little is 

known about the toxic effects of biogenic nanosilver (bNPAg). Thus, the aim of this study was to 

evaluate whether bNPAg produced from enzymes of the fungi Fusarium oxysporum causes 

oxidative stress and silver accumulation in Prochilodus lineatus after acute exposure. For this, 

juveniles of P. lineatus were provided by a fish farm and acclimated under laboratory conditions 

for 7 days. Then, the fish were distributed into two groups (n=10): a control group, exposed only 

to dechlorinated water, and a second group exposed to 20 µg L-1 of bNPAg. After 24 hours of 

exposure, the animals were anesthetized in benzocaine and euthanized by cervical transection for 

removal of the gills and liver. These tissues were used to determine silver accumulation, 

lipoperoxidation (LPO) levels, enzymatic activity of catalase (CAT) and glutathione S-

transferase (GST), and glutathione (GSH) content. The results of each parameter were compared 

between the two groups using the Student t test. In the gills, fish exposed to bNPAg showed an 

increase in silver concentration and a higher activity of GST and CAT enzymes. An increase in 

GSH content was also observed in this tissue. In the liver, there were no changes in any of the 

evaluated parameters, probably due to the short exposure period evaluated. Since the gill has a 

large contact surface and it is constantly exposed to contaminants present in the water, this tissue 

can be susceptible to silver accumulation after a single day of exposure. Once inside the cells, 

bNPAg may have changed cellular metabolism, leading to increased production of reactive 

oxygen species (ROS). Increased antioxidant defenses observed in this work can be an effective 

response to the rise in ROS, as there was no increase in LPO in animals exposed to bNPAg. 

Thus, we conclude that bNPAg poses risks to P. lineatus, because after a short period of 

exposure nanosilver already accumulates in their tissue. However, further studies are needed to 

evaluate whether bNPAg does not cause oxidative damage after longer exposure periods, since 

after 24 h it has already promoted changes in antioxidant activity. 

Key-words: Acute exposure; antioxidant defenses; metal; neotropical teleost. 
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Category: Nanoparticles  Abstract number: NP02 

Evaluation of the effects of neem-based biopesticide-containing nanoparticles 

on the fish Prochilodus lineatus 

Laís Soares Medina
a,*

, Mônica Pascoli
b
, Leonardo F. Fraceto

b
, Claudia Bueno dos Reis Martinez

a
 

a
State University of Londrina, Department of Physiological Sciences, Animal Ecophysiology Laboratory 

b
São Paulo State University, Institute of Science and Technology of Sorocaba, Laboratory of Environmental 

Nanotechnology 

*lais.s.medina@gmail.com 

Biopesticides are considered less toxic to non-target organisms compared to conventional 

pesticides. Among them, the neem oil that has azadiractin as one of the main actives is 

highlighted. In addition, the use of pesticide-containing nanocapsules provides greater stability 

and efficacy to the active compound, thus minimizing toxic effects in the environment. 

Therefore, the aim of this study was to investigate the effects of nanoencapsulated neem oil 

(biodegradable zein nanocapsules) on the fish Prochilodus lineatus, comparing to the 

conventional formulation and to the nanocapsules without the active ingredient. Juveniles 

(n=8/group) were exposed only to water (CTR), zein nanocapsules (NANO), neem oil (OIL), and 

zein nanocapsules loaded with neem oil (NANO NEEM) for 24 and 96 h. The chosen 

concentrations were 60 and 90 µg L-1 azadiractin (OIL and NANO NEEM), and a corresponding 

nanoparticles concentration for NANO. After the exposure, the following parameters were 

evaluated: glucose concentration in the plasma, glutathione content (GSH) and glutathione S-

transferase (GST) activity in the gills and liver, and acetylcholinesterase (AChE) activity in the 

brain and muscle. Fish exposed to NANO NEEM at the tested concentrations and times showed 

a consistent increase in blood glucose compared to CTR, indicating a possible stress response. In 

addition, fish exposed to 60 µg L-1 in all treatments showed a decrease in GST activity after 24 

and 96 h. Similar results were seen in branchial GSH content, but only in the longer exposure 

time. Thus, the 96 h reduction in GST may have resulted from the decrease in GSH substrate, 

while the decrease in GST activity after 24 h probably has other causes, since GSH appears to 

have been recycled in the exposed animals at the earliest. Nanoencapsulated oil triggered a 

reduction in both muscle and brain acetylcholinesterase (AChE) activity in fish exposed to 60 µg 

L-1 for 24h. In contrast, AChE activity in the brain increased in fish exposed to 90 µg L-1 free oil 

for 96 h. Taken together, these results indicate that the mode of action of free and nanocapsulated 

oil seems different, once nanoencapsulated oil was neurotoxic and elicited a stress response. In 

contrast, biochemical responses were seen in all treatments. Finally, it is noteworthy that the 

compounds acted more in the gills, since no liver changes were observed. 

 

Key-words: freshwater; stress response; acetylcholinesterase; glutathione; zein nanocapsules. 
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Category: Nanoparticles  Abstract number: NP03 

Biogenic silver nanoparticles promote ionic changes and glucose increase 

Hellen Ingrid Ferroni
a,*

, Juliana Delatim Simonato Rocha
a
. 

a
State University of Londrina, Department of Physiological Sciences, 

Animal Ecophysiology Laboratory 

*hellenferroni@gmail.com 

 

In recent years the development of nanotechnology has increased the contamination of aquatic 

ecosystems by these materials. Due to their antimicrobial ability, the production of silver 

nanoparticles (NPAg) has grown, as there is a concern about possible environmental hazards. 

Thus, the objective of this study was to evaluate the hematological, physiological and 

biochemical effects of silver in the form of biogenic NPAg (bNPAg) and silver nitrate (AgNO3) 

in the neotropical teleost Prochilodus lineatus. Juveniles of this fish were exposed for 24 and 96 

hours at concentrations of 10 µg L-1 and 25 µg L-1 of bNPAg and AgNO3, forming the groups: 

bNPAg 10, AgNO3 10, bNPAg 25, AgNO3 25 and a control group (CTR) exposed to water only. 

After exposure, the animals were anesthetized and the blood collected through the caudal vein 

for analysis of blood parameters: hemoglobin content (Hb), hematocrit (Hct) and number of red 

blood cells (RBC). After blood centrifugation, sodium (Na+), potassium (K+), calcium (Ca2+), 

magnesium (Mg2+), chloride (Cl-) and glucose concentrations were measured in plasma. After 

euthanasia by cervical transection, the liver was removed to determine the activity of enzymes 

catalase (CAT), superoxide dismutase (SOD), glutathione peroxidase (GPx) and glutathione 

concentration (GSH). After 24 h there was an  increase in RBC only in the bNPAg 25 group 

compared to CTR. Na+ concentration increased in bNPAg 10 group compared to its control at 24 

h, while K+ increased in AgNO3 10 and 25 and bNPAg 25 groups at 24 h, and in 96 h this 

increase was maintained in groups exposed to both concentrations, bNPAg in relation to their 

respective CTR. After 24 h the Ca2+ concentration decreased in the groups exposed to bNPAg and 

AgNO3 25 in relation to CTR. It is possible that silver, in its ionic and nanoparticulate form, is 

interfering with ionic regulation mechanisms causing imbalance. The glucose concentration 

analyzed showed an increase in the bNPAg and AgNO3 25 groups in relation to the CTR after 24 

h, but in 96 h there was no change, reflecting a stress response triggered in the first moments of 

exposure. These results indicate that silver interferes with ionic regulation in Prochilodus 

lineatus and triggers increased energy demand for stress installation. 

Key-words: fresh water; metal; neotropical fish; Prochilodus lineatus;  

Funding: This study was financed in part by the Coordenação de Aperfeiçoamento de Pessoal de Nível 

Superior - Brasil (CAPES) - Finance Code 001 
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Category: Nanoparticles  Abstract number: NP04 

How does the Neotropical freshwater teleost Prochilodus lineatus responds to 

soluble and nanoparticle forms of copper? 

Maria Eduarda Tesser
a,*

, Angélica Alves de Paula
a
, Wagner Ezequiel Risso

a
, Renata Aparecida 

Monteiro
b
, Anderson do Espirito Santo Pereira

b
, Claudia Bueno dos Reis Martinez

a
 

a
State University of Londrina (UEL), Department of Physiological Sciences, Animal Ecophysiology Laboratory 

b
State University of Londrina (UEL), Department of Physiological Sciences, Animal Ecophysiology Laboratory 

*eduarda.tesser@gmail.com 

The increasing use of copper nanoparticles makes their presence in the aquatic environment 

inevitable. However, effects on fish and how these effects may differ from copper salts is not 

understood. In this context, this work aimed to compare the sublethal effects of copper 

nanoparticles (nCu) and copper chloride (Cu) on the freshwater teleost Prochilodus lineatus, a 

Neotropical species known for its sensitivity to copper. Juveniles (n = 8/group) were exposed to 

20 μg L-1 of copper as CuCl2 (Cu), 40 μg L-1 of copper nanoparticles (nCu), or only water (CTR), 

for 96 h. These concentrations were chosen to achieve similar dissolved copper concentration in 

both treatments (Cu: 10.29 ± 0.94 μg L-1; nCu: 12.16 ± 1.77 μg L-1). After the exposure, we 

evaluated the accumulation of copper in the gills, liver, gastrointestinal tract, kidney, and muscle, 

hematocrit (Ht) and hemoglobin content (Hb), the branchial activity of Na+-K+-ATPase (NKA), 

H+-ATPase (HATP), Ca2+-ATPase (CaATP), and carbonic anhydrase (CA), glutathione content 

(GSH) and lipid peroxidation (LPO) in the liver, acetylcholinesterase activity (AChE) in the 

brain and muscle, and histopathology of the gills and liver. The gills of Cu-exposed fish were 

adversely affected, with increased copper content, inhibition of HATP and CaATP, and 

histological damage, including proliferation of mitochondria rich cells and/or mucous cells. In 

addition, LPO levels increased in the liver of Cu-exposed fish, indicating the occurrence of 

oxidative stress. Exposure to nCu promoted a decrease in Ht and Hb, indicating anemia, and an 

increase in branchial NKA and HATP activities, which can be an adaptive response to metabolic 

acidosis. Within the chosen biological parameters, copper nanoparticles were less toxic than 

copper. However, the effects promoted by soluble and nanoparticle forms were different. Taken 

together, these results emphasize the need for a better understanding of copper nanoparticles 

toxicity in order to evaluate their risk to the aquatic environment. 

Key-words: Biomarkers; Nanotoxicology; Osmoregulation; Hematology; Fish. 
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Category: Nanoparticles  Abstract number: NP05 

Coagulation as a sample preparation: an alternative for GFAAS 

determination of silver nanoparticles in aqueous matrices at environmental 

level 
Priscila Lagner da Silveira Estevão

a,*
, Patricio Peralta-Zamora

a
, Noemi Nagata

a
 

a
Federal University of Paraná, Department of Chemistry, Group of Chemical and Chemometrics Analysis 

  
*priscilalagner@hotmail.com 

 

Silver-based nanomaterials (nano-Ag) has been widely used in packaging, inks and hospital 

supplies. Considering the growing production of these nanomaterials (NM), the input into the 

environment is inevitable. This is worrying since its biocide activity has potentially increased 

bacterial resistance to antibiotics. Then the environmental monitoring of nano-Ag is essential. 

However, the determination of NM with adequate sensitivity is still a challenge. Techniques such 

as graphite furnace atomic absorption spectroscopy (GFAAS) may be employed for this purpose, 

whereas instrumental sensitivity rarely exceeds the order of µg L-1, which is still far from NM 

environmental levels (ng L-1). Coagulation is an integral part of most water treatment systems and 

is used to remove finely divided particulate matter. This process involves simple reagents and 

steps, employing inorganic coagulant agents, which can enable extraction and analysis by 

GFAAS. Considering the amphoteric behavior of aluminum, as well as the ability to form 

compounds with different solubilities according to the pH of the media, the present work 

proposes the use of the coagulant agent Al2(SO4)3 for the extraction and preconcentration of nano-

Ag in aqueous samples, followed by GFAAS determination. Nano-Ag with different coatings, 

citrate and polyvinylpyrrolidone (PVP, MW = 40.000), were synthesized according to the 

literature and properly characterized. The purified dispersions were quantified by GFAAS 

(Shimadzu AA-6800) with Ag lamp (λ: 328.1 nm) and employed in the fortification of the 

aqueous samples. The extraction method is still being optimized and so far consists of adding 

0.444 mL of Al3+ 0.9 mol L-1 to 40.0 mL of aqueous sample. Tetramethylammonium hydroxide 

(TMH, 25% w/v) was added until it reached pH 5. Then the samples were agitated and 

centrifuged at 5000 rpm for 5 min to sediment the Al(OH)3(s) formed. After separation, the 

extractor was resolubilized with TMH (25% w/v), totaling 190 µL of the final volume. Under 

these conditions, extraction efficiencies of 50 and 60% were obtained for nano-Ag coated with 

citrate and PVP respectively, obtaining enrichment factors of about 100 times, reducing the LOQ 

in GFAAS for fractions of ng L-1. Probably, the use of larger sample volumes, the optimization of 

the coagulation pH and the final extract volume, will be enabled to improve the extraction and 

preconcentration efficiency, allowing to achieve LOQs at the environmental level. 

Key-words: Silver nanoparticles; Sample preparation; Aqueous sample; Natural waters  

Funding: The authors would like to thank the research funding agencies CAPES and CNPQ. 

 

 



I International Workshop on Emerging Contaminants in 
Aquatic Systems: Environmental Management and Risk to 

Human Health – Curitiba - 2019 
 

11 
 

Category: Pharmaceutical and personal care products  Abstract number: PH01 

Prevalence of antibiotics and bacterial resistance in Belem River water in the 

City of Curitiba-BR 

Monica Surek, Beatriz Böger
a,*

, Allan Michael Junkert
a
, Mariana Millan Fachi

a
, Karina Bettega Felipe

a
, 

Roberto Pontarolo
a 

a
Pharmaceutical Sciences Postgraduate Program, Universidade Federal do Paraná, Curitiba-PR, Brazil 

*monicasurek13@gmail.com 

 

The bacterial resistance is a public health concern and has grown in recent years due to misuse of 

antibiotics by the population, the exposure of these microorganisms to antibiotics by industrial 

effluent waste and in some cases the inefficient water treatment to remove the drug from the 

environment. If not treated properly, the resistant bacteria could represent the death of 10 million 

annually by the year of 2050. Aquatic ecosystems are places of rapid bacterial growth and 

evolution, as these places are susceptible to anthropogenic pressures, implying a probable site for 

selection and emergence of antibiotic resistant bacteria. The aim of this study was to address the 

antibiotics present in effluent samples by a LC-MS method and evaluation of the effluent 

microbiology and its antibiotics resistances. Surface water samples were collected from two river 

sites in two different days in August 2019. Strata-X® cartridges were used in the extraction of 

potential antibiotics. The analyses were conducted on HPLC Agilent 1200 coupled to a Triple 

Quadrupole Sciex API 3200 Applied Biosystem® mass spectrometer, provided with electrospray 

ionization source. The method was applied for identification of azithromycin, ciprofloxacin, 

norfloxacin, doxycycline and sulfamethoxazole. The effluent samples were submitted to 

enrichment medium and plating on selective agars in order to isolate the bacteria. The 

determination of resistance was conducted by Kirby-Bauer method. From the samples collected, 

three antibiotics were detected: azithromycin (0.015 µg L-1), ciprofloxacin (0.097 µg L-1) and 

sulfamethoxazole (0.048 µg L-1). From the incubation of effluent sample, it was possible to detect 

Escherichia coli and Pseudomonas aeruginosa. From the Kirby-Bauer test, a strain of E. coli 

resistant to the antibiotics tested in the water samples was found. Antibiotics have different 

effects on the environment, and one is the contribution to bacterial resistance, according to 

Jorgensen et al. 2000, this effect is stimulated by low concentrations of antibiotics in the 

environment. Considering the increasing incidence of antimicrobial resistance, there is an urgent 

need to identify all environmental reservoirs of resistant bacteria and genes that contributes to 

resistance to complete our knowledge of the epidemiological cycle and of the dynamics of urban 

antibiotic resistance. 

Keywords: Environment; Antimicrobial resistance; Micropollutants; MS/MS 
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Category: Pharmaceutical and personal care products  Abstract number: PH03 

Strong correlations between enzyme phosphatase in activated sludge 

suspensions and micropollutants 

Beatriz Böger
a,*

, Marion Wacht
b
, Maria Riese

b
, Roberto Pontarolo

a
, Klaus Fischer

b
  

 
a
Pharmaceutical Sciences Postgraduate Program, Federal University of Paraná, Curitiba, Brazil 

b
Analytical and Ecological Chemistry, Regional and Environmental Sciences, University of Trier, Germany 

 *beatrizboger@ufpr.br 

Enzymes are the main mediators of activated sludge microorganisms to degrade the bulk of the 

organic sewage load. Hydrolytic enzymes are believed to control the rate at which high 

molecular weight substrates are degraded and made microbially available. As such they could be 

used as functional indicators. Phosphatases (phosphomonoesterases, PME) form a significant 

group of microbial hydrolases. PME enzymes play an important role in the processing of sludge, 

being used as a relative measure of active biomass and of the total metabolic capacity of active 

sludge consortia. Inhibition of enzymatic activities by micropollutants may promote a decrease 

in biodegradation of organic wastewater constituents. Evidence about potential enzyme 

inhibition effects during biological wastewater treatment is limited. This study aimed to 

investigate the activities and kinetics of PME in the presence of different micropollutants. A 

fluorimetric microplate enzyme assay was applied to study the potential inhibition of PME in 

sludge by micropollutants. We used the phosphoric acid monoester of the highly fluorescent 

alcohol 4-methylumbelliferone (MUB) as PME substrate at low concentration (10 μM/L) 

HEPES-buffered (pH 7.5) activated sludge samples from the wastewater treatment plant of Trier, 

Germany, were exposed to potential organic (atrazine, aspartame, cromolyn, imidazole, caffeine, 

sulfadiazine, theophylline, gentamycin sulfate, tetramisole) and inorganic (molybdate, 

wolframate, selenate, and vanadate) phosphatase inhibitors. The Michaelis Menten enzyme 

kinetic constants in the presence and absence of the test substances and the inhibitor 

concentrations causing a 50% decrease of enzyme activities (IC50 values) were calculated with the 

gained data. Vanadate and tungstate were identified as strong PME inhibitors. The IC50 values 

spanned from 1.5 to 4.0 µM/L mainly. Inhibitor concentrations of about 0.5 µM/L reduced 

phosphatase activity by 20 to 30%. Vanadate inhibited phosphatase by a competitive mode 

presumingly. Molybdate was less efficient (IC50 between 34 and 139 µM/L). Aspartame, 

theophylline and cromolyn seemed to inhibit PME under certain conditions, but the effects were 

highly variable, necessitating further research. The other test compounds did not affect the PME 

activity significantly. As the results indicate enzyme inhibition and its potential negative effects 

on biological wastewater treatment need more investigation and possible countermeasures may 

offer new options to fully exploit the waste degradation potential of microbial communities.  

Keywords: hydrolases; wastewater treatment; micropollutants 

Funding: This work was conducted during a scholarship supported by the CAPES/PDSE at the 

University of Trier. Financed by CAPES – Brazilian Federal Agency for Support and Evaluation 

of Graduate Education within the Ministry of Education of Brazil - Finance Code 001. 
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Category: Pharmaceutical and personal care products  Abstract number: PH04 

Lipid peroxidation and Glutathione S-transferase activity in freshwater 

bivalve Anodontites trapesialis exposed to ibuprofen 

 
Millena Terezinha Cabral

a,*
, Claudia Bueno dos Reis Martinez

a
 

 
a
State University of Londrina, Department of Physiologic Sciences, Laboratório de Ecofisiologia Animal  

*millena.cabral@yahoo.com.br 

 

Pharmaceuticals are emerging contaminants that have been detected in freshwater worldwide. 

Among them, ibuprofen drug is considered a high priority compound due to its wide occurrence, 

mainly because this pharmaceutical can be purchased without prescription. Thus it is necessary 

to assess its effects on non-target organisms. In this context, the aim of this study was to 

investigate the occurrence of lipidic peroxidation and glutathione S-transferase activity in gills 

and digestive gland of Neotropical bivalve Anodontites trapesialis after 24 and 96 h of exposure 

to ibuprofen. Animals were collected at a fish farm in Londrina (Paraná, Brazil) and kept for ten 

days in tanks containing 400 L of dechlorinated water with renovation every 24 h, photoperiod 

12 h/12 h. The physicochemical parameters of water were monitored. During this acclimation 

period the bivalves were fed with Pseudokirchneriella subcapitata algae (~10,000 cells mL−1) 

every two days and feeding was suspended 24 h before exposures. The bivalves were divided 

into five groups (n = 8 per group) and exposed individually in beakers (1.5 L) to: dechlorinated 

water (CTR); dechlorinated water with methanol (MeOH); dechlorinated water with ibuprofen at 

concentrations 0.08 µg L-1 (IBU 0.08); 0.8 µg L-1 (IBU 0.8) and 8 µg L-1 (IBU 8). After 24 and 96 

h, the animals were anesthetized on ice for gills and digestive gland removal which were used for 

the determination of lipid peroxidation by TBARS fluorescence assay and glutathione S-

transferase activity by the conjugation of the reduced glutathione with CDNB. There was no 

significant difference in the parameters evaluated at any exposure time and tissue tested. These 

results indicate that ibuprofen did not promote lipid damage. Moreover, it appears that the 

contaminant is not being metabolized in phase II of biotransformation by the glutathione S-

transferase analysis. From now on new analysis will be carried out in order to examine oxidative 

damage in proteins and nucleic acid, and alterations in antioxidants defenses. 

Key-words: biotransformation, bivalve, pharmaceuticals, freshwater, oxidative stress. 
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Category: Pharmaceutical and personal care products  Abstract number: PH05 

Peptide BPEG: one option of antibacterial infection treatment 

environmentally friendly 

 
Júlio César Moreira de Brito

a,*
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f
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*
juliocmbrito@gmail.com 

Several synthetic antibiotics have been used indiscriminately by human and these substances can 

accumulate in soil, rivers and at sea. In this context, fluoroquinolones (e.g. ciprofloxacin, enrofloxacin 

and norfloxacin) are responsible for serious problems on the health and development of animals and 

plants. Furthermore, antimicrobial residues constitute a serious problem worldwide. New drugs consisting 

of biological molecules, such as peptides and proteins, are more easily degraded by the environment. On 

the other hand, the widely used man-made antibiotic ciproprofloxacin has a high stability in aquatic 

environment and causes serious problems due to antimicrobial residues worldwide. In this context, 

antimicrobial peptides are good alternatives. However, peptides may be hemolytic and cytotoxic and still 

have a short half-life. These characteristics make difficult the development of new drugs. Chemical 

modification such as the conjugation of the peptide with a polyethylene glycol polymer might solve these 

problems. In this work a synthetic peptide (peptide B) derived from a natural molecule obtained from 

Brazilian arthropod venom was synthesized by solid phase (FMOC) technique and purified by HPLC. 

After that, our molecule was PEGylated (BPEG). We obtained the minimum inhibitory concentration 

(MIC) in broth according to CLSI protocol against Acinetobacter baumannii and Escherichia coli. We 

used ciprofloxacin as a control in MIC experiments. Both clinical isolates were obtained from the hospital 

system in Belo Horizonte. Toxicity of the peptide B and BPEG were compared by MTT in vitro 

cytotoxicity test using HEK-293 cells (human kidney). For hemolytic activity tests we used rabbit blood. 

The MIC of BPEG was 1.4 µM and ciprofloxacin 367.0 µM for both Acinetobacter baumannii and 

Escherichia coli isolates. The MIC of BPEG was 5.62; 11.35 and 12.0; 48.0 µM to Acinetobacter 

baumannii and Escherichia coli. From the four Gram-negative bacteria tested the BPEG was more 

effective than ciprofloxacin. Cytoxicity of the peptide BPEG (IC50= 4.99 µM) for human kidney was 

lower than peptide B (IC50= 2.85 µM). The hemolytic activity of peptide BPEG (HC50= 134.34 µM) 

decreased in comparison to peptide B (HC50= 4.89 µM). These results show that peptide B is active 

against two Gram-negative bacteria and pegylation reduced its toxicity which is important for drug 

development. 

 

Key-words: Antimicrobial peptide; Acinetobacter baumannii; pegylation, ciprofloxacin. 
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The Estuarine-Lagoon Complex of Iguape-Cananéia is a Marine Protected Area, in southeastern 

Brazil. This area is under the negative influence of poor infrastructure conditions of its coastal 

cities and of the Ribeira de Iguape River (RIR), which was heavily polluted by mining and also 

receives inputs from agricultural and urban areas. The Violet Goby (Gobioides broussonnetii) is 

a demersal fish of social and economic importance to traditional fisheries. In recent decades, the 

regional decline of its population has been reported and attributed to the effects of RIR 

contamination. Thus, this study aimed to investigate sediment contaminations and the Violet 

Goby health in the area. Three sites under different anthropic pressures were investigated by the 

analysis of metals, polycyclic aromatic hydrocarbons (PAHs) and pharmaceutical and personal 

care products (PPCPs) in sediments and histopathological analyzes in fish, in cold-dry and hot-

rainy season. Higher sediment contamination was observed near the main urban center, the 

Iguape city (IG), where the RIR mouth is located. Compared to the legislation, metal levels were 

considered low to moderate, while HPAs were low. The concentrations of these contaminants 

decreased with greater distance from IG. The PPCPs levels were increased by anthropic presence 

and were higher near IG and the Cananéia Island (CI). Higher metals and PPCPs values were 

observed during the cold-dry season, while higher PAHs values occurred in the hot-rainy season. 

Contributions from mining, agriculture, nautical activities, oil, sewage and waste disposal, 

biomass and fossil fuels combustion were identified. In fish, histopathological alterations 

followed the same spatial and seasonal pattern and were higher in IG and CI, also evidencing 

worse environmental conditions of these sites. The results indicated negative influence of 

anthropic activities on sediment contamination, as well as on the health of Violet Goby fish. In 

addition, the marked seasonality of the region, which influences temperature, rainfall and 

bioavailability of contaminants, can interfere with the toxicity of these sediments to fish. 

Thereby, it is suggested that this chronic exposure can, among other factors, be contributing to 

the observed decline in the local population of this fish species. The data presented contribute to 

the understanding of local environmental quality and can be applied to the environmental and 

social management of the Marine Protected Area. 

Key-words: Field study; Metals; Polycyclic aromatic hydrocarbons; Pharmaceutical and 

personal care products; Anthropic activities. 
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Amoxicillin (AMX; β-lactam), enrofloxacin (ENR; fluoroquinolone) and oxytetracycline (OXY; 

tetracycline) are widely used antibiotics for veterinary purposes. Although the benefit effects of 

antibiotics as feed additives are unquestionable, often its use is indiscriminate and the runoff of 

antibiotics from agricultural sites constitutes a source of the drugs to waterbodies. These 

antibiotics have been often observed in water systems in concentrations ranging from µg l
-1

 to 

mg l
-1

. Until now, there appears to be no cost-effective method for the cleanup of antibiotic-

contaminated waters. In this context, the use of aquatic plants to reclaim antibiotics 

(phytoremediation) has been indicated as a green technology to mitigate water contamination. 

Here, we studied the capacity of the aquatic macrophyte Lemna minor to reclaim environmental 

relevant concentrations of amoxicillin, enrofloxacin and/or oxytetracycline from water. Plants 

were grown in the presence of individual or combined concentrations of amoxicillin (AMX; 2 µg 

l
-1

), enrofloxacin (ENR; 2 µg l
-1

) and oxytetracycline (OXY; 1 µg l
-1

). While AMX and ENR was 

not toxic, OXY decreased plant growth and division but plats did not die. L. minor plants were 

effective in reclaiming antibiotics from water. A competitive uptake of the antibiotics was 

observed when plants were submitted to binary or tertiary mixture of AMX, ENR and/or OXY, 

although even under these conditions, significant antibiotic removal from water was observed in 

plants.  Our results indicate that L. minor is a strong candidate for phytoremediation of 

antibiotic-contaminated waters. 

Key-words: Amoxicillin; enrofloxacin; oxytetracycline; water contamination 
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The consumption of antibiotics is increase in the worldwide and this presence on aquatic 

ecosystems is considered an environmental problem. The presence of antibiotic residues in 

environmental is a challenge, due the effects as resistance bacteria and toxicity to non-target 

organisms. Ciprofloxacin is an antibiotic already studied to toxicity on macrophytes, principally 

effects on photosynthesis, antioxidant systems and metabolism energetic.  Thus, in this study we 

aimed to evaluate the toxicity of ciprofloxacin on floating macrophyte Salvinia auriculata. To 

evaluate the toxicity on macrophytes was realized a bioassays with four concentrations: 0 

(Control), 1, 10 and 100 µg.L
-1

 of ciprofloxacin.  Two exposure times were tested: 96 and 168 

hours. The biomarkers analyzed were antioxidant systems (catalase – CAT; ascorbate peroxidase 

–APx; Hydrogen peroxide – H2O2 and; lipid peroxidation - LPO) and energetic metabolism on 

mitochondrial electron transport activity (Complexes I –IV). The data were processed and, the 

ANOVA-multi-way was made and means were compared using the Tukey’s test at software R, 

considered p<0.05.  Ciprofloxacin reduced activity of mitochondrial complex II and III at 96 and 

168 hours, principally in the 10 and 100 µg.L
-1

 concentrations. Thus, can contribute to increase 

of activity of mitochondrial complex IV at 168 hours and increase of H2O2 concentration at 96 

hours in exposure to concentration of 100 µg.L
-1

 of ciprofloxacin. The increase of H2O2 

concentration at 96 hours can occurred due reduction of APx activity at 96 hours. However, the 

amount of H2O2 in S. auriculata kept under control by antioxidant enzymes due increase activity 

of CAT and APx after 168 hours in exposure to 100 µg.L
-1

. The activation of antioxidant 

systems can contribute to non-alteration in LPO. Ciprofloxacin can cause effects on energetic 

metabolism, but the antioxidant system is activated and corroborated to minimize the effects on 

macrophytes in study. These results demonstrated the tolerance of S. auriculata and studies to 

verify the phytoremediation is recommended. 

Key-words: Phytotoxicity, Macrophytes, antibiotics, environmental toxicology. 

Funding: CAPES, CNPq, PPGECO, Fundação Araucária 

  



I International Workshop on Emerging Contaminants in 
Aquatic Systems: Environmental Management and Risk to 

Human Health – Curitiba - 2019 
 

18 
 

Category: Pharmaceutical and personal care products  Abstract number: PH09 

Effects of Co- Exposure to Paracetamol and Dipyrone on Hematological 

Parameters in Neotropical Fish Rhamdia quelen 
Izonete Crisina Guiloski

a,*
, Maiara Carolina Perussolo

a
, Helena Cristina da Silva de Assis

a
 

a
Federal University of Parana, Department of Pharmacology, Laboratory of Environmental Toxicology 

 

*izoneteguiloski@ufpr.br 

 

Pharmaceuticals can have negative effects on the environment as they have been found in surface 

water, sediment and sewage worldwide. Due to improper use, lack of disposal control and 

regulations, the risk of exposure to these compounds is high. Paracetamol and dipyrone are 

among the most commonly used drugs in Brazil. For this reason, these drugs represent a 

significant portion of those found in the aquatic environment. This study aimed to assess whether 

mixture of acetaminophen and dipyrone cause alterations on immune cells by thrombocytes and 

leucocytes counts on Neotropical fish Rhamdia quelen. Fish were exposed to environmental 

concentrations of paracetamol (2.5 µg/L), dipyrone (5 µg/L) and mixture (2.5 µg/L of 

acetaminophen + 5 µg/L of dipyrone) in a semi-static bioassay. These concentrations were used 

in previous studies. After 21 days of exposure, the animals were anesthetized and the blood was 

taken to hematological analyses. Co-exposure to paracetamol and dipyrone increased the total 

count of leukocytes and thrombocytes. Paracetamol and dipyrone isolated increased the 

thrombocytes. But, only paracetamol increased leucocyte count. Leukocytes have a function of 

the defense mechanism. They are also capable of performing cell-mediated cytotoxicity against 

altered and foreign cells. In addition to leukocytes, thrombocytes are also functioning cells in the 

defense of the organism by phagocytosis. Some studies report the increase of these immune cells 

in aquatic organisms exposed to NSAIDs during subchronic and acute assays. Subchronic 

exposure (21 d) to the analgesics caused a stimulation of the immune system. These results 

demonstrated that the co-exposure to paracetamol and dipyrone can alter hematological 

parameters in fish R. quelen. 

Key-words: pharmaceuticals; blood immune cells; biomarkers; mixture; leucocytes. 
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A public health concern is the chronic exposure of the population to residual pesticides from 

foods products. The determination of residues of pesticides is important for the estimation of 

human exposure and environment to these compounds, in addition, providing evidence that 

contributes to commercial regulatory decisions aimed at ensuring food security. Agricultural 

products like fruits, vegetables, and cereals are the most analyzed matrices in routine 

laboratories, presenting often residues of pesticides of various classes. Several publications point 

out that considerable amounts of paraquat have been found in soybean, sunflower and olives 

seeds. Paraquat (1,1'-dimethyl-4,4'- bipyridine-dichloride) is herbicide widely used in several 

countries in different plantations. It is widely used in tobacco, cotton, rice, coffee, sugar cane, 

beans, apples, soybeans, and grape, among others. The biggest problem caused by the unsuitable 

use of paraquat is due to low elimination of these compounds from the environment and the 

potential for water contamination due to its high solubility. The objective this study was the 

application of a LC-MS method for the quantify of paraquat in soybean oil, sunflower oil and 

olive oil, of different qualities acquired in different establishments in the Curitiba-PR. Five 

commercial samples of vegetable oil, of domestic use and of different brands, were obtained in 

August 2019. The extraction was developed according to the adaptation of the QuEPPe protocol. 

Recently published studies have shown that this herbicide class is better extracted from food by 

adding acidified polar organic solutions, with subsequent warming. The sample extraction 

procedure was based on liquid partitioning with methanol acidified and warming to 80ºC. The 

analyses of the oil samples were submitted to a validated analytical method developed to 

quantify paraquat in food.  A HPLC Agilent 1200 coupled to a Triple Quadrupole Sciex API 

3200 Applied Biosystem® mass spectrometer was used in the study.  Although the samples were 

subjected to a critical extraction procedure and even if present in the raw material, the HPLC-

MS/MS analyses has shown that the paraquat is not present in the soybean oil, sunflower oil and 

olive oil samples. This result suggests that paraquat is extracted in one of the processes of 

purification and clarification of these oil products. 

Key-words: Paraquat; oil; soyaben; herbicide; MS/MS 
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Herbicides are one of the major causes of aquatic environment degradation. Among herbicides, 

concerns on the fate and environmental occurrence of glyphosate (N-(phosphonometyl)glycine), 

the most used herbicide worldwide, have greatly increased over the past decade. However, due to 

its short half-life, the co-occurrence of glyphosate and its by-products is highly expected in 

environmental samples. In this context, the aminomethylphosphonic acid (AMPA) has been 

detected as the major metabolite from glyphosate degradation and AMPA has a much longer 

half-life than glyphosate. Here, using the aquatic macrophyte Lemna minor (a reference 

organism in toxicological assays), we attempted to identify both, if environmental concentrations 

of AMPA could threaten aquatic systems, being toxic to aquatic plants, and to elucidate the 

possible mechanisms of action of this chemical on plants. Plants were submitted to increased 

concentrations 0, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 500, 10
3
, 10

4
, 10

5
 and 5x10

5 
µg l

-1
) of 

AMPA. At environmental relevant concentration, AMPA reduced L. minor growth rate with an 

EC10 and EC50 of 67.49 and 3149.46 µg AMPA l
-1

, respectively. By decreasing the activity of the 

enzyme δ-aminolevulinic acid (ALA) synthase, AMPA leaded to glycine accumulation and 

glutamate deprivation in plants. The lack of glutamate prevented the synthesis of ALA in 

chloroplasts, which in addition to glycine accumulation, disrupted chlorophyll biosynthesis. Our 

results indicate that AMPA may alter aquatic ecosystems due to its negative effects on 

photosynthetic organisms through chlorophyll biosynthesis inhibition. Furthermore, we should 

stress out that, due to its negative effect on δ-ALA-synthase activity and by inducing glycine 

overproduction, AMPA could be toxic for animals and humans. 

Keywords: ALA synthase, glycine, herbicides, pigments, photosynthesis.  
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Paraná is an important hub of agricultural and livestock activities, being strongly associated with 

the use of chemicals to control undesired plants. Among herbicides, glyphosate merits some 

attention since it is the most used in agricultural field. Glyphosate and its metabolite 

aminomethylphosphonic acid (AMPA) commonly reach aquatic environment raising concerns 

about surface and groundwater contamination. In this context, the use of plants to reclaim water 

contamination constitute a green technique to reduce environmental contamination. Here, the 

glyphosate and AMPA phytoremediation capacity of Salvinia spp. was studied. Plants were 

submitted to increased environmental relevant concentrations of Roundup® (0, 20, 40, 60, 80 

and 100 ug l
-1

) (a glyphosate-based herbicide) and AMPA (0, 10, 20, 30, 40 and 50 ug l
-1

). Plants 

were grown under greenhouse conditions following the OECD/OCDE guidelines for the testing 

of chemicals. Regardless of the concentration, plants did not show visual symptoms in response 

to glyphosate or AMPA. Plants were effective to remove both chemicals from water. Glyphosate 

removal by plants arrived up to 53% while AMPA removal arrived up to 45%. Salvinia sp. Must 

be considered as a good candidate for glyphosate and AMPA phytoremediation programs. 
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Cyanobacteria are microorganisms that contribute to oxygenation of earth’s atmosphere. 

However, during cyanobacteria blooms caused by eutrophication, cyanotoxins can be 

produced, becoming an environmental and public health problem. Saxitoxins (STX) are 

neurotoxins that block of sodium channels voltage dependent, leading to intoxication 

symptoms such as atony, muscular paralysis and respiratory arrest. Some studies have been 

shown that low doses of saxitoxins can cause sublethal effects in aquatic organisms, such as 

alterations on the antioxidant systems. The aim of this work was to evaluate the effects of 

low concentrations of saxitoxins in fish reproduction, using biotransformation biomarkers. 

Rainbow trout gonad cell lines (RTG-2) were cultivated and exposed to commercial standard 

and cyanobacteria extract of saxitoxins at 0.1; 0.25; 0.5; 1 and 3 µg.L
-1

 eq.STX. A negative 

control group and a solvent control group were conducted at same time. After 3 hours of 

exposure, the cell viability test was performed and in addition, EROD and GST activities 

were analyzed. The GST activity increased in cells exposed to 0.1 and 0.5 µg.L
-1 

of 

commercial standard of STX when compared to the control, while EROD activity had no 

significant difference among the tested groups. The cyanobacteria extract did not altered the 

biomarkers analyzed, and the transformation of saxitoxins in less toxic analogues may 

explain the difference in these responses. These results suggested that saxitoxins stimulated 

conjugation reactions involved in intracellular metabolism of xenobiotics, which facilitated 

their excretions. Saxitoxins didn’t altered biomarkers of antioxidant system on RTG-2 cell 

lines in previous studies, and this is the first report of sublethal effects of saxitoxins in RTG-

2 cell lines with focus on the biotransformation system. However the evaluation of others 

biomarkers in vitro to understand the effects of saxitoxins on reproductive system of fish, and 

the comparation with in vivo data are required, since saxitoxins can interact with others 

systems in the organisms and cause different effects in cell lines. 
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