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El experimento se realizó en el laboratorio de Biodiversidad y Sistema de Información Geográfica de la Facultad 

de Ciencias Biológicas de la Universidad Nacional de San Cristóbal de Huamanga, se construyeron 40 UE 

constituidas por envases de plástico de 1 L de capacidad, con la concentración de cada fármaco además de contar 

con unidades de control sin presencia de fármaco. En cada UE se colocó 10 unidades de estadios inmaduros de 

Rhinella spinulosa (Wiegman 1843), con un tamaño aproximado de 2 a 2.5 cm, para luego determinar la morta-

lidad generada durante las 24 y 48 h de exposición. De los resultados se puede observar que los porcentajes de 

mortalidad, fueron estadísticamente diferentes (p<0.05), según la concentración de los fármacos en las UE, 

registrándose para el ibuprofeno mortalidades de 43.33 y 100% a 40 y 80 mg/L de concentración durante 24 h y 

40, 76.67 y 100% a 10; 20 y 40 mg/L de concentración a las 48 h de exposición, para el naproxeno se obtuvo una 

mortalidad de 3.33 y 13.33% a 32 y 64 mg/L a las 24 h y 23.33, 26.67, 50 y 73.33% a las 8, 16, 32 y 64 mg/L de 

concentración a las 48 h de exposición, finalmente para el diclofenaco se registró mortalidades de 13.33 y 100% 

a 60 y 120 mg/L a las 24 h y 23.33; 60, 90 y 100% a 15; 30; 60 y 120 mg/L a las 48 h, reportando, que a medida 

que se incremente la concentración, aumenta el porcentaje de mortalidad. La CL50 para los tres fármacos fue 

respectivamente 68.6 mg/L, 106.6 mg/L y 120 mg/L a 24 h de exposición y de 13.47 mg/L, 104.6 mg/L y 29.8 

mg/L a 48 h, señalando así que la CL50 disminuye a medida que el tiempo de exposición se incrementa. 
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In  

This research has been developed in the Biodiversity and Geographic Information System Laboratory at the 

Faculty of Biological Sciences of National University of San Cristobal de Huamanga. Forty experimental units 

of 1L round plastic containers were built with different concentrations of anti-inflammatory drugs and control 

units. Ten immature specimens of Rhinella spinulosa (Wiegman 1843) about 2 to 25 cm were placed in each 

experimental unit to determine mortality rates during continuous exposure at 24 and 48 h. As a result, mortality 

percentages obtained were statistically different (p <0.05); ibuprofen has generated a mortality of 43.33 and 

100% at 40 and 80 mg/L of concentration for 24 hours and 40, 76.67 and 100% a 10; 20 and 40 mg/L of concen-

tration for 48 hours, naproxen 3.33 and 13.33% at 32 and 64 mg/L of concentration for 24 hours and 23.33; 

26.67; 50 and 73.33% at 8, 16; 32 y 64 mg/L  of concentration for 48 hours, and diclofenac 13.33 y 100% at  60 

y 120 mg/L for 24 hours and 23.33; 60, 90 y 100% at 15; 30; 60 y 120 mg/L for 48 hours. The LC50 was respec-

tively: 68.6 mg / L, 106.6 mg / L and 120 mg / L for 24 hours and 13.47 mg / L, 104.6 mg / L and 29.8 mg / L 

for 48 hours, showing that as the exposure time decreases  the lethal concentration increase. 
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Introduction 

 

Water is a vital liquid for the existence of every-

thing organism. However, this resource is threat-

ened by rapid population growth and hence the con-

tamination. The toxicity produced for contaminants 

such as heavy metals, hydrocarbons, pesticides, and 

fertilizers in aquatic environments have been widely 

evaluated1, few are the studies on the effect of 

pharmaceutical products (FP), mainly of non-

inflammatory anti steroids (NSAIDs) (ibuprofen, 

naproxen, and diclofenac). 

Medications have their importance in practice medi-

cal, with beneficial (and/or side) effects in human 

and veterinary health, widely recognized. However, 

the area where we lack a global vision is to under-

stand what happens when these are discharged into 

the environment, either through consumption or as 

non-used or expired. Residues have been detected of 

several types of drugs in the environment, such as 

surface water, groundwater, soil, air, and biota. 

Such a widespread occurrence raises the question of 

whether a concentration of drugs in the environment 

represents a risk to the biota or humans2. The drugs 

detected in higher concentrations in the input water 

were NSAIDs, hypolipidemic, beta-blockers, and 

anti-histamines, the concentrations were analyzed of 

pharmaceuticals, disinfectants, and drugs of abuse at 

in and out. Pollutants whose concentrations on the 

way out, they held their own concerning at the en-

trance were: diazepam, diclofenac, enalapril and 

EDDP (methadone metabolite)3,4. 

What has aroused the most concern has was the 

discovery of some of these as ibuprofen, diclofenac, 

and carbamazepine) in drinking water. This contam-

ination produces changes that affect the functioning 

of biological processes, generating chronic toxic  

 

 

 

effects, which cause a decrease in reproduction, 

death in the process of embryogenesis, of newborns, 

deformations in growth, skin damage, finally reduc-

tion in the population of the flora and fauna inhabit-

ants natural to the aquatic environment5-7. The pol-

lution produced by contaminants such as metals 

heavy metals, hydrocarbons, and pesticides in envi-

ronments has been widely evaluated, but few are the 

studies on the effect of FPs8,9. The main routes of 

contamination are related to the consumption and 

excretion of drugs and its metabolites in urine, feces 

that contaminate the water environment6. 

NSAIDs are the most widely used pharmacological 

group consumed globally with or without a doctor's 

prescription, especially for the symptomatic treat-

ment of various ailments, which are accompanied 

by acute pain or chronic10, currently constitute one 

of the most prescribed and consumed pharmacolog-

ical groups in the world, for its free sale, for use in 

various painful syndromes, hence the inescapable 

focus on aspects of your security11. FPs are sub-

stances that attempt to cure, mitigate or prevent in 

its application in the human or animal body, due to 

its intense use and extensive enter the environment 

each year, and estimate that their quantity is similar 

to the total amount of pesticides used during the 

same period9,12,13. 

The most common forms of negative effects are the 

decline in reproduction, death in the process of em-

bryogenesis and newborns, growth deformities, skin 

damage, and finally reduction in the population of 

the flora and fauna natural inhabitants of the aquatic 

environment14,15. 

The objectives of the research work were: (i) As-

sessing mortality in juvenile stages of the Toad 
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Spiny Andean Rhinella spinulosa (Wiegman 1843): 

an indicator of water polluted by nonsteroidal anti-

inflammatory drugs NSAIDs with different concen-

trations in two times of exposure (24 and 48 h) on 

their immature states, determined their mortality 

rate and the calculation of the mean lethal concen-

tration (LC50). (ii) Compare mortality and lethal 

concentration average (LC50). 

 

Materials and methods 

 

The research work was carried out in the Laboratory 

of Geographic Information System and Biodiversity 

of the Faculty of Biological Sciences (LGISB-FBS), 

at the National University of San Cristobal de 

Huamanga (NUSCH). Located in the Region Aya-

cucho, province of Huamanga and district from 

Ayacucho. Between the geographic coordinates: 13º 

08' 42" South Latitude and 74º 13' 17" West Longi-

tude and UTM coordinates 0584386 East, 8546645 

North, and 2791 meters above sea level. 

Obtaining the immature states of R. spinulosa: They 

were obtained from the Huatatas river near the city 

of Ayacucho, was transported in buckets to LGISB-

FBS, then they were staged on trays with dechlorin-

ated water, 24 h before the toxicity test, to prevent 

excreta and organic waste interfere with the results 

of the experiment. Sayings individuals were select-

ed from a homogeneous size approximately 2 to 2.5 

cm, figure 1 y 2. 

3 g of each commercial drug (ibuprofen) was used: 

400 mg, naproxen: 550 mg and diclofenac: 50 mg) 

sold in the city of Ayacucho. Preparation of com-

mercial drug solutions: Different concentrations 

were elaborated, already that there was no recom-

mended information for each product. Pilot tests 

were carried out to this end, and from these, the 

concentrations were determined in table 1. 

Population and sample: The immature stages of the 

R. spinulosa as a test organism, is based that these 

individuals are resistant to water contaminated, as 

their habitat is usually in stagnant water, in addition 

to its availability in large quantities in the summer 

seasons. 

 
Figure 1 Trays with immature states of Rhinella spi-

nulosa (Wiegman 1843) ready for the experiment 

 

 
 
Figure 2 Measurement of the size of the immature 

stages Rhinella spinulosa (Wiegman 1843) used for the 

experiment 

 

 
 
Experimental Unit (EU): One-litre containers of 

capacity, containing ibuprofen 10, 20 40 and 80 

mg/L, naproxen 8, 16, 32 and 64 mg/L and diclo-

fenac 16, 30, 60 and 120 mg/L, respectively, each 

one with three repeats, plus 10 units of immature 

states of R. spinulosa. The experiment was installed 
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at 6 a.m., mortality control was recorded every 24 h, 

considering the mortality accumulated environmen-

tal the sum of the dead specimens at 24 and 48 h.

 
Table 1 Disposal of containers with different concentrations of drugs 

 

Unit 

experimental 

No. of individuals 

(states immature 

Rhinella spinulosa) 

Drug concentration 

ibuprofen (mg / L) 

Drug concentration 

naproxen (mg / L) 

Drug concentration 

diclofenac (mg / L) 

Witness 10 0 0 0 

1 10 10 8 16 

2 10 20 16 30 

3 10 40 32 60 

4 10 80 64 120 

 

Table 2 Distribution of experimental units according to drug concentration 

 

Drug 
Drug concentration 

(mg/L) 

No. of containers  

(repetitions) 

Total 

containers 

Ibuprofen 

10 3 

12 
20 3 

40 3 

80 3 

Naproxen 

8 3 

12 
16 3 

32 3 

64 3 

Diclofenac 

16 3 

12 
30 3 

60 3 

120 3 

Witness 0 4 4 

 
Sampling system: The sampling system through 

which the amount of drug to the use was random-

ized, 3 g of each drug was taken commercial, previ-

ously crushed, and ground the tablets. To give you 

randomness in the rows and columns the layout of 

the EU of drugs plus the immature states of R. spi-

nulosa. 

Data collection: The instrument used to data collec-

tion was an observation, through which it was pos-

sible to determine the number of individuals dead 

(no movement to the touch with a skewer) at 24 and 

48 h of exposure to the drugs. 

Preparation of the EU: 40 was considered with 

three each, consisting of containers of 1 L capacity 

plastics, with 1 L of water and the concentration of 

the drug, 10 individuals from states immature R. 

spinulosa (a recommended number for toxicity stud-

ies in which it is used as models to organisms such 

as insects, amphibians and Fish16). To minimize the 

effect of defectors not considered (light, noise, etc.) 

in the study, the EU was located in an isolated envi-

ronment at an average temperature of 22 °C in the 

shade, 50% humidity, and 13 h daylight. Two were 

conditioned 9W aquarium air pumps, using 0.3 cm 

diameter silicone hoses and stones diffusers, the air 

intake to each EU was with minimum power to 

prevent the current form in order not to disturb the 

natural behavior of the tadpoles. 

Once the individuals of R. spinulosa are stabled in 

the EU, inspections were carried out every 24 h to 
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determine the number of individuals dead, with the 

help of some skewers touched those immobile indi-

viduals, if in the case to remain motionless, they 

were considered dead and extracted from the exper-

imental units, the same procedure was carried out at 

24 and 48 h. 

Type of research: Basic - experimental as the objec-

tive of the work is to give guidelines on the degree 

of drug toxicity in water resources, helping to 

demonstrate that the waste from the drugs behaves 

like pollutants producing mortality of amphibians 

and other beings aquatic life, taking as a model the 

stadiums immature R. spinulosa and experimental 

already that two variables were taken into account, 

(i) all three types of drugs, (ii) increasing concentra-

tions. 

Statistical analysis: The data obtained were used for 

the construction of a matrix of data in the Excel 

software, and then exported to InfoStat17 and 

MINITAB 1618, were developed tables and figures 

with statistical trend data and dispersion, to compare 

the recorded mortalities of individuals in the twelve 

treatments (three drugs tested in four concentra-

tions) plus a witness, was used the Kruskal-Wallis 

analysis19, because data did not show normal distri-

bution For the estimation of the average lethal con-

centration (CL50)
16,20, for which the MINITAB 16 

software was used18 for statistical analysis pointed 

out. 

 

Results 

 

Figure 3 Percentage of cumulative mortality from immature stages 

of R. spinulosa after 24 h of exposure at four ibuprofen  

Concentrations 

 

 
          A, AB y B: Categories assigned by the statistical test 

Figure 4 Percentage of cumulative mortality of immature 

stages of R. spinulosa after 48 h of exposure in four concen-

trations of ibuprofen 

 

 
 A, AB y B: Categories assigned by the statistical test 

 

Table 3 Values of the mean lethal concentration (LC50) and confidence interval at 24 and 48 h of exposure for the 

three drugs 

 
Treatments 

(detergents) 

 

Exhibition time (h) CL 50 

Confidence interval (95%) 

Lower Upper 

Ibuprofen 

 

24 68.60 58.7566 83.6727 

48 13.47 10.7968 16.1952 

Naproxen 

 

24 106.6 75.0996 297.636 

48 104.6 67.1679 533.18 

Diclofenac 
24 120.8 104.966 147.734 

48 29.8 24.1588 35.9928 

        CL50: Mean lethal concentration 
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Table 4 Kruskal-Wallis test to compare the cumulative mortality percentage of the immature states of R. spinulosa 

subjected to four increasing concentrations of ibuprofen recorded 24 h after exposure 

 

Concentration (mg/L) N Medias D.E. H p Trat. Ranks   

0 2 0 0 10.37 0.0118 0 4.5 A  

10 3 0 0 
  

10 4.5 A  

20 3 0 0 
  

20 4.5 A  

40 3 43.33 5.77 
  

40 10.0 A B 

80 3 100.00 0 
  

80 13.0  B 

Stockings with a common letter are not significantly different (p > 0.05) 

 
Table 5 Kruskal-Wallis test to compare the cumulative mortality percentage of the immature states of R. spinulosa 

subjected to four increasing concentrations of ibuprofen recorded 48 h after exposure 

 

Concentration (mg/L) N Medias D.E. H  p Trat. Ranks   

0 2 0 0 11.74  0.0124 0 1.5 A  

10 3 40.00 10.00 
 

 
 

10 4.0 A  

20 3 76.67 5.77 
 

 
 

20 7.0 A B 

40 3 100.00 0 
 

 
 

40 11.5  B 

80 3 100.00 0 
 

 
 

80 11.5  B 

  Stockings with a common letter are not significantly different (p > 0.05) 

 

Table 6 Kruskal-Wallis test to compare the cumulative mortality percentage of the immature states of R. spinulosa 

subjected to four increasing concentrations of naproxen recorded 24 h after exposure 
 

Concentration (mg/L) N Medias D.E. H p Trat. Ranks   

0 2 0 0 6.41 0.0372 0 5.50 A  

8 3 0 0 
  

8 5.50 A  

16 3 0 0 
  

16 5.50 A  

32 3 3.33 5.77 
  

32 7.67 A B 

64 3 13.33 5.77 
  

64 12.67  B 

   Stockings with a common letter are not significantly different (p > 0.05) 
 

Table 7 Kruskal-Wallis test to compare the cumulative mortality percentage of the immature states of R. spinulosa 

subjected to four increasing concentrations of naproxen recorded 48 h after exposure 

 

Concentration (mg/L) N Medias D.E. H p Trat. Ranks   

0 2 0 0 11.83 0.0167 0 1.5 A  

8 3 23.33 5.77 

  

8 5.0 A B 

16 3 26.67 5.77 

  

16 6.0 A B 

32 3 50.00 10.00 

  

32 10.0  B 

64 3 73.33 5.77 

  

64 13.0  B 

Medias con una letra común no son significativamente diferentes (p > 0.05) 

 

Table 8 Kruskal-Wallis test to compare the cumulative mortality percentage of the immature states of R. spinulosa 

subjected to four increasing concentrations of diclofenac recorded 24 h after exposure 

 

Concentration (mg/L) N Medias D.E. H p Trat. Ranks   

0 2 0 0 10.37 0.0118 0 4.5 A  

15 3 0 0 
  

15 4.5 A  

30 3 0 0 
  

30 4.5 A  

60 3 13.33 5.77 
  

60 10.0 A B 

120 3 100.00 0 
  

120 13.0  B 

        Stockings with a common letter are not significantly different (p > 0.05) 
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Figure 5 Percentage of cumulative mortality of immature states 

of R. spinulosa after 24 h of exposure in four concentrations of 

naproxen 

 

 
 A, AB y B: Categories assigned by the statistical test 

Figure 6 Percentage of cumulative mortality of immature stages of 

R. spinulosa after 48 h of exposure in four concentrations of naprox-

en 

 

 
           A, AB y B: Categories assigned by the statistical test 

 

Figura 7 Porcentaje de mortalidad acumulada de estados inma-

duros de R. spinulosa a las 24 h de exposición en cuatro concen-

traciones del diclofenaco 

 

 
A, AB y B: Categories assigned by the statistical test  

Figura 8 Porcentaje de mortalidad acumulada de estados inmadu-

ros de R. spinulosa a las 48 h de exposición en cuatro concentracio-

nes del diclofenaco 

 

 
           A, AB y B: Categories assigned by the statistical test 

 

Table 9 Kruskal-Wallis test to compare the cumulative mortality percentage of the immature states of R. spinulosa 

subjected to four increasing concentrations of diclofenac registered 48 h after exposure 

 

Concentration (mg/L) N Medias D.E. H p Trat. Ranks   

0 2 0 0 12.09 0.0145 0 1.5 A  

15 3 23.33 5.77 
  

15 4.0 A B 

30 3 60.00 10.00 
  

30 7.0 A B 

60 3 90.00 10.00 
  

60 10.5  B 

120 3 100.00 0 
  

120 12.5  B 

         Stockings with a common letter are not significantly different (p > 0.05) 

 

Discussion 

 

In figure 3 and table 4, it can be seen that the mor-

tality increases directly to their concentration, so 10 

and 20 mg/L was not recorded, while at 40 and 80 

mg/L presents 43.33% and 100% respectively, in 

the witness had no mortality, hence the mortality 

would be related by the chemical changes that occur 
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in the aquatic environment due to the presence of 

the residues and some metabolites of ibuprofen. 

Kruskal Wallis' test19,21 to compare the environ-

ments in the different concentrations, it was found 

statistical significance (p<0.05), MR was different 

according to the increase of concentration. By cate-

gorizing it according to MR, observed at 10 and 20 

mg/L was lower, while at 40 and 80 mg/L they gen-

erated higher mortality, being at the same time these 

similar to each other. The found may be due to the 

presence of metabolites of the drug, these are poorly 

degradable in the environment resulting in increased 

toxicity capacity in animal organs5,9,15. Gonzalez-

Naranjo22, reports that ibuprofen has large mobility 

on the ground, so you will at least find in two envi-

ronmental compartments: the aquatic and terrestrial 

and there are no toxicity studies. Muñoz-Escobar & 

Palacio-Baena20, points out that the growth rate of 

tadpoles treated with HgCl2 was significantly re-

duced, especially in the highest concentration, the 

reduction of weight and length of the tadpoles could 

be associated with the increased metabolic cost due 

to the processes of purification and detoxification of 

cells, to the reduction of the activity of some en-

zymes.Infac4 reports that there are drugs with toxic 

effects on various species, which alter the reproduc-

tion of fish, in certain cases the toxicity data in hu-

mans can be extrapolated to the potential effects on 

vertebrates. Castro-Pastrana et al.23, warn that some 

major drugs like ibuprofen, in studies in Canada and 

Europe have confirmed the presence of this drug in 

concentrations of the order of μL or surface waters, 

sediments, biosolids, groundwater, drinking water, 

and pre-water processed in treatment plants. Silva-

Agredo et al.24, recommend that it is necessary to 

research and implementation of techniques that 

allow the removal of such substances from bodies of 

water, through the use of ultrasound waves generat-

ed through a piezoelectric can degrade organic con-

taminants, these results are corroborated by the au-

thors cited above. 

In figure 4 and table 5, as noted previously observed 

that mortality increases to the concentration of the 

drug, like this, With 10 and 20 mg/L the RM was 40 

and 76.67% respectively, while at 40 and 80 mg/L it 

is 100%. With the Kruskal-Wallis test19,21 to buy the 

environments of the different concentrations of ibu-

profen, statistical significance was found (p<0.05). 

It is interpreted that the percentages of MR are dif-

ferent in the media tested with different concentra-

tions. When categorizing into as a function of the 

average values of MR, at 10 and 20 mg/L resulted 

in lower mortality, while a 40 and 80 mg/L was 

higher, being at the same time similar between 

them, the mortality rate increases to lower concen-

trations because the exposure time that he was sub-

jected to was greater than the previous one. It is also 

important to note that due to the accumulation of 

metabolites in the individual produces greater dam-

age, the longer it is exposed. On the other hand, the 

accumulation of these metabolites causes behavioral 

alterations of the immature states of R. spinulosa, 

decreasing its mobility and finally separating the 

epidermis of the muscles4,6,9,14. In many countries 

have conducted research that determines the pres-

ence of these pollutants, in the Atibaia River of São 

Paulo (Brazil), studies have been carried out to the 

determination of 15 emerging contaminants (EC) in 

surface waters, including ibuprofen. In wastewater 

from Montevideo, Uruguay, the presence of ibu-

profen residues, and other pollutants25,26. In the last 

decade, he has increased the measurement of phar-

maceutical residues, especially in surface water, 

groundwater, and even in drinking water having 

adverse effects in flora and fauna and the health of 

ecosystems, triggering public concern because Ibu-
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profen was reported in 47 countries in the water 

environment27. The focus on pollution of water has 

recently expanded into the so-called "emerging con-

taminants" or new contaminants, whose presence in 

the environment is not new, but the potential public 

health consequences and the environment are not 

well known, in this study they find to ibuprofen in 

water samples26. These studies indicate that as the 

number of pharmaceutical contaminants, many liv-

ing things in their immature state die or fail to re-

produce. 

In figure 5 and table 6, the increase in concentra-

tion-related mortality, as well as 8 and 16 mg/L was 

not recorded, while at 32 and 64 mg/L, it observed 

3.33% and 13% respectively of mortality, consider-

ing that in the witness there was no record any, 

which indicates that mortality is given by the pres-

ence of the drug. When applying the test Kruskal 

Wallis statistics19,21 to compare the environment 

recorded in the different concentrations, it was 

found statistical significance (p<0.05), it allows us 

to say that the recorded mortality rates differ ac-

cording to the concentration of the drug naproxen in 

the EU. When categorizing depending on the mor-

tality generated, 8 and 16 mg/L resulted in lower 

mortalities, while at 32 and 64 mg/L was higher, but 

similar between yes. The result is due to the pres-

ence of the metabolites of the drug since being pre-

sent in the middle where the immature states of the 

are located. R. spinulosa is found, there is a greater 

possibility that they ingested by these. On the other 

hand, Jimenez-Cartagena28, mentions that the me-

tabolites of drugs are not completely transformed by 

which are disposed of to the sewage and other cases 

to water bodies directly, causing environmental 

alterations or bioaccumulation in some of the levels 

of the food chain. In Figure 6 and Table 7, it can be 

seen that the mortality increases concerning the 

concentration of the drug, so at 8 and 16 mg/L there 

were 23.33 and 26.67%, while at 32 and 64 mg/L, 

50% and 73.33% respectively. When performing the 

Kruskal test Wallis19,21, statistical significance was 

found (p<0.05), which allows us to point out that 

the percentages of RM are different in treatments 

with different concentrations of naproxen. When 

performing the categorization of concentrations 

according to the resulting mortality, the concentra-

tions of 8 and 16 mg/L caused less, while at 32 and 

64 mg/L caused higher mortalities, but at the same 

time similar between them. The result may be due to 

the accumulation of drug metabolites, causing alter-

ations in behavior and physiology of the immature 

states of R. spinulosa, by decreasing breathing, in-

hibiting the processes associated with the cell mem-

brane facilitating the production of oxidative 

stress15. Castro-Pastrana et al.23, mention the ecotox-

ic potential of most consumed drugs and should be 

developed eco-pharmacovigilance programs and 

strengthen the investigation. To assess environmen-

tal risks the concentrations are compared planned 

(or measured) pharmaceuticals in the environment 

at the expected concentrations without effect 

(PNEC: Predicted No Effect Concentration), the 

fruit of standardized laboratory experiments with 

model organisms, such as algae, daphnia, fish or 

plants, naproxen is found contaminating the aquatic 

environment in 45 countries of United Nations, 

suggesting raising awareness overall on the adverse 

effects of penetration of drugs in the MA27. The 

results indicate that higher concentrations of 

naproxen can be lethal because their consumption 

increases more and more. Drug consumption in 

many countries is a figure in tons per year, and 

many of the more used, including anti-

inflammatories, after their is excreted through urine 

and feces, entering continuously and persistently to 

the waters residuals5,13. 
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In Figure 7 and Table 8, mortality increases with the 

concentration of the drug, so at 15 and 30 mg/L no 

mortality is recorded, while at 60 and 120 mg/L are 

recorded at 13.33% and 100% respectively, the 

witness there was no mortality, and it would be 

given by the presence of the drug. When applying 

the statistical test from Kruskal Wallis19,21 to com-

pare the environmental recorded in the different 

concentrations, it was found statistical significance 

(p<0.05), allowing to point that the percentages of 

RMs are different in the EU, at different concentra-

tions of diclofenac. At to carry out the categoriza-

tion of concentrations into the function to RM, 15 

and 30 mg/L did not result in mortality, while at 60 

and 120 mg/L they presented greater mortality, but 

similar to each other. The result described is due to 

the toxic effect of the metabolites of diclofenac as 

they are not transformed into their totality when 

consumed by humans and animals, directly affect-

ing the organism's water by being accumulated in 

the environment where they live. On the other hand, 

Valdes-Alanis8, concludes that metabolites enable 

the production of oxidative stress (increased degree 

of lipoperoxidation and oxidized proteins, as well as 

altering the activity of the antioxidant enzymes, 

superoxide dismutase, catalase, and glutathione 

peroxidase), as a result, damage to various biomole-

cules, causing finally death. 

In Figure 8 and Table 9, it can be seen that the mor-

tality increases as the concentration of the drug in-

creases, so with 15 and 30 mg/L it 23.33 and 60%, 

while at 60 and 120 mg/L, 90% and 100% respec-

tively. When performing the Kruskal Wallis19,21 to 

compare the mortalities accumulated with diclo-

fenac, significance was found in statistics (p<0.05). 

It allows us to point out that the percentages of RMs 

are different in the EU, the categorization of the 

concentrations according to the mortality at 15 and 

30 mg/L resulted in lower mortality and at 60 and 

120 mg/L exposed higher mortality, but similar 

among them. Like the results found were already 

mentioned above is due to the presence of its me-

tabolites, with the that the mortality rate is increas-

ing at lower concentrations the longer it takes time, 

this is due to the accumulation of the metabolites in 

the individual, so it produces more damage when it 

is exposed for a longer period, on the other hand, 

side, according to the environmental hazard classifi-

cation and risk assessment of pharmaceutical ingre-

dients In Sweden, diclofenac is classified as danger-

ous to the environment and is considered also poten-

tially bioaccumulative4,7,9,10. Diclofenac was report-

ed in surface waters by above the levels the PNEC 

levels (for in English: Predicted no-effect concentra-

tion) in 34 countries, which suggests ecotoxicologi-

cal effects adverse to organisms living in these plac-

es27. Moreno-Ortiz et al.29 find the presence of ac-

tive pharmaceutical ingredients in the environment 

is of increasing concern, it is have observed various 

harmful effects of several therapeutic groups such 

as NSAIDs (diclofenac) about reproduction, kidney 

failure, death, antibiotic resistance and endocrine 

disorders in different animal species. Perez-Parada 

et al.26, mention new pollutants include diclofenac 

that persists in sewage, and drinking water, in Uru-

guay as well as in countries in the region, there is no 

specific regulation of CE, something that other 

regulations such as the European is under considera-

tion for some substances. A wide range of ECs is 

being studied in the water environment around the 

world. This includes pesticides, pharmaceuticals, 

illicit drugs, among many, which, because of their 

low concentrations, are not effectively eliminated 

with the conventional water treatments, these can be 

accumulated and cause a great impact on health and 

the environment, and generate some problems like 
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endocrine disruptors and hormone problems, 

Among others30, veterinary treatment includes must 

know not only the therapeutic effects derived of the 

use of certain pharmacological agents, but also the 

potential environmental risks that its activity can 

cause, ivermectin is a frequently used antiparasitic 

in sheep, the veterinary professional must be in-

volved in environmental protection, "Every veteri-

nary medicine should not only be safe concerning 

the treated animal, but also for consumers, users and 

the environment"31. For the results reported herein 

work all three NSAIDs pollute the environments. 

For the results reported in the present work all three 

NSAIDs pollute aquatic environments and produce 

immature state mortality of R. spinulosa and possi-

bly other species aquaculturists. 

In Table 3, values of the concentrations lethal aver-

ages (LC50) with their intervals of confidence at 24 

and 48 h of exposure for the three drugs. It can be 

seen that the longer the exposure, the LC50 decreas-

es with all three drugs, so for ibuprofen at 24 and 48 

h, the LC50 was 68.60 mg/L and 13.47 mg/L respec-

tively, for naproxen was recorded at 106.6 and 

104.6 mg/L for 24 and 48 h of exposure and finally 

for diclofenac, values of 120.8 and 29.8 mg/L for 24 

and 48 h exposure. The reported results are congru-

ent with what was stated previously, this is justified 

by the fact that the lower the LC50 value, the higher 

toxicity, it should also be noted that, as that the ex-

posure time increases, the values of LC50 are de-

creasing (this trend observed in all three drugs), 

which is interpreted that, the longer the time of ex-

posure to a toxic substance, the more toxic effect it 

will cause. Having given the results, it is argued that 

the percentages of RMs for each drug were statisti-

cally different (p<0.05), depending on the concen-

tration of drugs in the EU, the percentages of RM 

was increasing as the concentration and the expo-

sure time increases, such was for ibuprofen which 

recorded mortalities of 40.00%, 76.67% and 100%, 

naproxen 23.33%, 26.67%, 50% and 73.33% and 

finally for diclofenac 23.33%, 60%, 90% and 100% 

% at 48 h of exposure. The LC50 for ibuprofen was 

68.60 mg/L and 13.47 mg/L, naproxen 106.6 mg/L, 

and 104.6 mg/L, and finally for diclofenac 120.8 

mg/L and 29.8 mg/L at 24 and 48 h of exposure 

respectively. The mortality rate was less than 24 h, 

while at 48 h it was increased in the three drugs 

studied when making the comparison in concentra-

tions were found that LC50 tends to decrease as the 

time of exposure to the toxic increases. Iannacone & 

Alvariño32, reported the ibuprofen used on D. 

magna produced a value of LC50 at 96 h of 175 

mg.L-1, with a RAC (Acute Chronic Ratio) of 1.16 

and EP (Ecotoxicity Potential) of 1.28 x 10-4, PNEC 

(mg.L-1) and a risk ratio of 0.057, with toxic effects. 

Llanos et al.33, determined LC50 and the effective-

ness of eugenol as an anesthetic for various doses 

on swordfish Xiphophorus helleri (Heckel, 1848). 

For the determination of LC50 worked with 10 indi-

viduals in the control and each one of the triplicate 

replica concentrations, verifying the effectiveness in 

doses of 100, 125 and 150 mg.L-1, if the anesthetic 

produces effects at different concentrations of 

NSAIDs as they are increasing the dose they die 

from high concentration. Barros-Santiago & 

Gámez-Rojas34, determined the CL50-96 of RoundupR 

747SG on fry of rainbow trout (Oncorhynchus 

mykiss), establishing that the value of the CL50-96, 

with their respective confidence limits, ranged from 

0.6251 mg/L and 1.3881 mg/L presenting an aver-

age value of 1.0066 mg/L indicating that at this 

concentration half the organisms exposed to glypho-

sate die. Espinoza-Quintana & Martínez-Huaroc35, 

mention that drugs are substances chemicals, used 

to restore the health of human beings and animals, 

these effects can produce unexpected responses in 

microorganisms and plants, due to pharmacokinetic 
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differences, pharmacodynamics, and physiology, 

research was carried out with Lactuca sativa "let-

tuce", the acute toxicity of diclofenac was deter-

mined of 75mg/3mL, where the CIM50 is 0.076 

mg/mL and the LC50 0.402 mg/mL. So these 

NSAIDs not only produce effects on animals but 

also on plants, i.e. contamination of soil and water 

should produce low yields in the breeding of ani-

mals and cultivated plants, The latter is usually per-

formed on watering. Ríos-Abad & Padilla-

Sagástegui36, when carrying out a research paper on 

"Ecotoxicological Effect of benzodiazepine and 

para-aminophenol on larvae of Aedes aegypti," they 

noted that at one time 24 and 48 h exposure, both 

drugs had a lethal effect on the larvae, with the dif-

ference that at 48 h, the lethal effect of benzodiaze-

pine outperforms para-aminophenol. Oscanoa-

Espinoza & Lizaraso-Soto11 in their study "Anti-

inflammatory non-steroids: gastrointestinal safety, 

cardiovascular and renal", in gastrointestinal the 

average circulating concentrations predicted the 

value and risk of GI bleeding high for each 

NSAID37. In cardiovascular safety naproxen, ibu-

profen, diclofenac with placebo, pointed out the 

existence of a significant variation among the dif-

ferent NSAIDs analyzed, with less cardiovascular 

risk was naproxen, the NSAIDs that exceed 30% 

risk on several outcomes cardiovascular drugs are 

ibuprofen, diclofenac, etoricoxib, and lumiracoxib, 

among others38. Also, the main adverse reactions to 

NSAIDs at the of the renal system Nderitu et al.39 

published results of a meta-analytical study on the 

influence of NSAIDs in the progression of chronic 

renal failure, noting that only high doses increase by 

significantly the progression of that disease. 

The relative risk of different NSAIDs included: 

diclofenac (3.2 95% CI 1.38-7.05), naproxen (2.98 

95% CI 0.62-14.21), ibuprofen (2.64 IC 95% 1.01- 

6.88). So if in humans these adverse reactions occur 

when administering these drugs, even more so in the 

immature states of R. spinulosa subjected to the 

action of NSAIDs caused them to die from the reac-

tions adverse. Several studies have confirmed that 

the diclofenac is toxic to birds and has been report-

ed in sufficient quantities in beef carrion in India 

and is considered to be the main cause of the decline 

of these birds7,9, all authors The results of the survey 

are corroborated by the respondents. Zavaleta-

Flores40, in the determination of LC50 carried out 

utilizing bioassays, at different concentrations of 

mercury chloride (0.01 mg HgCl2/L, 0.1 mg 

HgCl2/L, and 1 mg HgCl2/L respectively) and a 

control treatment for a total of four lines test, using 

fry from Colossoma macropomum with an average 

weight of 4 g and length standard of 5 cm, fry from 

this species because of its sensitivity to contamina-

tion organic and easy adaptation to be fed artificial-

ly, the LC50 of mercury chloride for gamma was 

0.23±0.15 mg/L in 96 h. After analyzing enough 

information from the authors already mentioned, the 

results obtained in the present work are corroborat-

ed, we can point out that the immature state of R. 

spinulosa, resists some concentration and past expo-

sure time the allowable limits die. Finally, this one 

research allowed to establish that the percentages of 

mortality recorded for each drug were statistically 

different (p<0.05), according to the concentration of 

the drugs in the units In the experimental phase, the 

percentages of RMs increased as concentration and 

time exposure increases. 

The mortality rate was less than 24 h, while at 48 h 

was increased in all three drugs studied, by making 

the comparison in the concentrations it was found 

that the LC50 tends to decrease as the time of expo-

sure to the toxic is increased. 
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