
 
www.cafetinnova.org 

 

 

ISSN 0974-5904, Volume 10, No. 03 

 

DOI:10.21276/ijee.2017.10.0327 
 

 

June 2017, P.P. 673-676 
 

Received: January 02, 2017; Accepted: May 21, 2017; Published: June 30, 2017 

International Journal of Earth Sciences and Engineering, 10(03), 673-676, 2017, DOI:10.21276/ijee.2017.10.0327 

Copyright ©2017 CAFET-INNOVA TECHNICAL SOCIETY. All rights reserved. 

Behavioral, Physical and Biochemical Responses Induced by 

Amoxicillin Exposure from Cyprinus carpio 
 

REKHA RAO, BASAVARAJU MANU AND ARUN KUMAR THALLA 
Department of Civil Engineering, National Institute of Technology Karnataka, Surathkal, Srinivasnagar Post-

575025, Karnataka, INDIA 

Email: rekharao89@gmail.com, bmanu8888@gmail.com, thallpce@gmail.com 
 

 

Abstract: Amoxicillin was tested onto the freshwater fish C. carpio (fingerlings and adult). The motivation was 

to understand and analyze the toxicity of amoxicillin (AMX) exposure on Cyprinus carpio, in terms of 

behavioral, physical, and biochemical abnormalities in the target fishes. The behavioral changes were analysed 

using parameters:  Swimming and Breathing Patterns, and Appetite. The Changes in Physical Appearances: 

discoloration of scales accounted for the physical abnormalities. The Enzyme Assays: Acid phosphatase, 

Alkaline phosphatase, Aspartate aminotransferase, Alanine aminotransferase, Lactate dehydrogenase, 

Acetylcholine esterase, conducted on the liver, muscle and brain samples of the fish were the indicators of the 

biochemical changes in the fishes. The concentrations tested on the fishes were chosen in a way to identify the 

Lowest Observed Effect Concentration, LC-50 (Lethal Concentration) and 100% mortality for both the 

fingerlings and the adult Cyprinus carpio. It was found that the Lethal Dose (100% mortality) for fingerlings is 

less than Lowest Observed Effect Concentration of adult Cyprinus carpio. Also, Amoxicillin is toxic to the liver. 

Liver failure of the target fishes led them unto death. 
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1. Introduction 
 

The pollution of freshwater sources is a primary 

concern. It substantially affects all life forms- aquatic 

as well as terrestrial (Wright, P. A. [1]; Li, W. et al. 

[2]). The fresh water sources with a dump of 

pharmaceutical wastewaters are even more concern. 

Due to the complexity of the compounds and their 

frequent use in both human and veterinary medicines, 

they become a severe threat to the quality of water 

and the inhabitants of the same (Corcoran, J. et al. [3]; 

Gao, L. et al. [4]).  
 

1.1 Literature Review 
 

The onset of toxicity is first noticed in behaviors. 

Change in normal behaviors is not natural in fishes. 

The Cyprinus carpio (C. carpio) are known for their 

considerable adaptability as well as relative 

vulnerability (Lu, X. et al. [5]). The observation of 

changes in behaviors and physical appearances 

complement the results obtained by Enzyme Assays 

(Tocher, D. R. [6]). 
 

1.2 Objectives 
 

The objective was to understand and analyze the 

toxicity of amoxicillin (AMX) exposure on Cyprinus 

carpio, in terms of behavioral, physical, and 

biochemical abnormalities in the target fishes. 
 

2. Materials and Methodology 
 

The fingerlings chosen were of size: 1-1.5 inch, 

weight: ~1.2mg and adults were 3.5-4 inch; weight: 

~4.2mg for this study. They were bought from 

College of Fisheries, Mangalore, India and maintained 

in a glass tank. The amoxicillin (AMX) 

concentrations used on fingerlings were 2, 5, 8, 10, 

11, 13, 15mg/L and 25, 40, 70, 80mg/L on adults. The 

concentrations were selected such as to observe 

Lowest Observed Effect Concentration (LOEC), LC-

50 and 100% mortality. The objective of this study 

was to understand and analyze the toxic effects of 

AMX exposure on C. carpio, on the functioning of 

vital tissues like liver, muscle and brain; abnormalities 

in physical appearances and behaviors, along with 

identification of sublethal and lethal concentrations. 

Behavioral and physical changes were recorded for 

parameters such as swimming patterns (swimming 

speed, distance and direction of swimming) (Kane, 

A.S. et al. [7]), appetite (regularity of food intake), 

breathing patterns, and scale color. The behavioral 

and physical changes were observed every hour and 

were recorded and tabulated manually. If fishes 

survived the 4-day (96hrs) run time, they were 

dissected to obtain the liver, brain and muscle tissues. 

The tissues were homogenized using 10% saline 

(Lomholt, J. P., & Johansen, K. [8]). 
 

The water quality was inspected daily and the regular 

parameters like pH, Dissolved Oxygen levels and 

Turbidity levels were found to be considerably 

consistent and well within limits. The Enzyme 

Assays: Acid phosphatase (ACP) (EC 3.1.3.2), 

Alkaline phosphatase (ALP) (EC 3.1.3.1), Aspartate 

aminotransferase (AST/GOT) (EC 2.6.1.1), Alanine 

aminotransferase (ALT/GPT) (EC 2.6.1.2), Lactate 

dehydrogenase (LDH) (EC 1.1.1.27), Acetylcholine 

esterase (AchE) (EC 3.1.1.7) were carried out using 
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standard procedures (Hayes, A. W. [9]). Protein 

estimation was done using Lowry et al. method. The 

enzyme activity was calculated and graphs were 

plotted. The statistical analysis of the results was done 

by using Newman-Keul’s test and Duncan’s multiple-

range test. Values are expressed as mean ± SD, with 

the significance at P ≤ 0.05. 
 

3. Results and Discussion 
 

The liver samples undergo ACP, ALP, AST and ALT 

enzyme assay. The muscle samples undergo AchE 

and LDH enzyme assays and brain samples undergo 

only AchE enzyme assay. 
 

3.1 Behavioral and physical abnormalities 
 

At the concentrations ≥10mg/L of AMX, the 

fingerlings and adults alike would be very lethargic 

for about 5-6hrs. They also schooled themselves in a 

lower posterior corner of the tank. No free, normal 

movement within the tank was observed. 

Hyperventilation was also observed. Subsequently, 

lack of appetite followed by complete respite from 

food intake was recorded. They sometimes drifted to 

some other lower corner of the aquarium, but hardly 

came to the surfaces. They lay low and motionless. 

Other than this, there was no other motion-related 

response. So again, the quantification of swimming 

capacity goes void.  
 

The breathing went from shallow to ragged followed 

by direct breathing at the water surface, from the 

atmosphere directly (suffocation symptom). It went 

from Normal to Hypoventilation and then 

Hyperventilation. The physical impacts were in the 

form of change of fish scale color from silvery to deep 

gray.  Again, the implications of AMX exposure on C. 

carpio (fingerlings and adults, alike) can be put 

together as: discoloration of scales, hyper lethargy, 

suffocation, desperation, death. The discoloration was 

more obvious in adults than in fingerlings. 
 

 
 

Figure 1. ACP levels in Liver and Muscle in 

Fingerlings C. carpio due to AMX intake* 
 

 
 

Figure 2. ACP levels in Liver and Muscle in Adult C. 

carpio due to AMX intake* 
 

3.2 Biochemical changes 
 

The protein levels were estimated for both non-

exposed and exposed fish. Undesirable conditions 

facilitate/block expression of particular proteins. 

Increased protein levels were observed in liver, 

muscle and brain samples for all the tested 

concentrations of AMX in both fingerlings and adults. 

The ACP (Figure 1 and 2) and ALP levels (Figure 3 

and 4) were estimated in both liver and muscle 

samples. The impact is not distinctively noticeable for 

<5mg/L concentrations for fingerlings; <25mg/L for 

adult, and no mortality observed for those dosages. 
 

Then it rose in dose-dependent manner and was 

enough high in the dosages where mortality was 

observed. This confirms the rise is apparently due to 

less extensive harm and significant rises are indicative 

for extensive tissue damage leading to death. The 

change in behavior was as described earlier. It also 

showed less appetite compared to fish in the control 

tank. The significant increase gradually had a toll on 

the fish behavior as well as its health.  
 

 
 

Figure 3. ALP levels in Liver and Muscle in 

Fingerlings C. carpio due to AMX intake* 
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Figure 4. ALP levels in Liver and Muscle in Adult C. 

carpio due to AMX intake* 
 

Like others, AST and ALT levels in liver (Figure 5 

and 6) for fingerlings and adults rose significantly at 

all LOEC. The overall health of the fish had 

undergone significant changes on the negative side. 

There were only minor toxicity symptoms in the 

muscle and brain samples. The liver samples, 

however, show maximum deviation from a std. linear 

graph; which implies that the liver tissues suffered 

maximum damage when compared to muscle and 

brain tissues. 
 

3.3 Toxicity in Liver 
 

The AMX showed major impacts on the liver of the 

fishes. It is due to increased lysosomal activity in the 

liver and muscle (Gül, Ş. et al. [10]) It is apparent that 

AMX increased ACP activity in the liver by 

interacting with lysosomes. AMX, being a moderately 

lipophilic substance, could interact with the plasma 

membrane and cause alteration in its function. ALP is 

basically a membrane-bound enzyme, and any 

perturbation in the membrane property caused by 

interaction with AMX could lead to alteration in the 

ALP activity.  
 

The rise in AST and ALT points at the fact that the 

AMX stimulates the glutamate transaminase activity, 

which is a mitochondrial enzyme (Anderson, P. M. 

[11]) Increased glutamate transaminase activity in the 

liver is due to toxic injury brought about by AMX 

(Zhang, J. et al. [12]).  
 

 
 

Figure 5. AST and ALT levels in Liver in C. carpio 

Fingerlings due to AMX intake* 

 
 

Figure 6. AST and ALT levels in Liver in Adult C. 

carpio due to AMX intake* 
*
significance given at mean ± SD where P ≤ 0.05 

 

Thus, fish exhibits decreased respiration rate as a 

response to the stimulus. The discolored scales were 

indicative of loss of selective-permeability and 

initiation of fin rot, henceforth allowing full access to 

AMX into the body. Since the muscles were 

susceptible by then, sluggish behavior and irregular 

swimming patterns were observed henceforth 

(Minguez, L. et al. [13]; Ramos, A., et al. [14]). 
 

4. Conclusions 
 

Amoxicillin has mild lipophilicity but due to the 

vulnerability of the fingerlings, the compound was 

able to disintegrate the scales enough to gain access to 

fish blood stream and thus accelerate the toxic effects. 

It also caused liver failure. It repeats similar effects on 

adults, thus conforming that, extensive liver damage 

is the cause of the mortality. It can also deter the 

physical and behavioral patterns of the fish. It can 

interfere with the body mechanisms and thus cause 

toxic effects onto the fish population.  
 

The damage is inflicted at the tissue level in the form 

of disruption of membranes, dilution of blood and 

vital fluids, blocking of certain metabolic pathways 

and variation in enzyme activity levels. The 

fingerlings succumbed to death at lower 

concentrations than the adults. 
 

Fingerlings: The 8mg/L is the LOEC. 50% mortality 

was observed at 11mg/L at 36hrs. 100% mortality was 

observed for 15mg/L in 45hrs.  
 

Adults: 25mg/L as the LOEC after 96hrs. The 40mg/L 

and 80mg/L were the 50% and 100% mortality rates 

at 72 and 48hrs respectively. 
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