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ABSTRACT  

 
Aquatic pollution due to hazardous metals has emerged as a widely dissected environmental threat for aquatic organisms 

and human health all over the world, causing severe health disorders. Lead is a widely distributed heavy metal that is not 

necessary by biological means and has adverse effects on biochemical and physiological processes in aquaculture, 

especially for fish. The present study investigates the sub-lethal effects of lead nitrate exposure on free amino acids in gills 

and liver of Oreochromis mossambicus. In a laboratory, 5-daily intervals of lead nitrate exposure (5 ppm) were applied to 

fish for 20 days. The analysis of free amino acid content in liver and gill tissues was performed using the porcine method 
described by Moore and Stein in 1948. Results showed significantly greater total free amino acid concentrations in treated 

fish compared to controls, attributed to enhanced proteolysis and altered protein metabolism due to toxic stress. The 

outcomes suggested that amino acid profiling could serve as a timely biochemical biomarker for aquatic organism heavy 

metal toxicity. This perspective places lead contamination in the context of ecological health and explores hypothetical 

effects for fish care and food safety. 
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Introduction 
 
Rapid industrialisation, urban sprawl and escalated 

agricultural practices are making aquatic ecosystems 

more prone to contamination. Heavy metals are an 

enormous group of contaminants due to their persistency, 
global non-degradability as well as propensity for 

bioaccumulation in aquatic food webs. Lead (Pb) is a 

non-essential toxic heavy metal that is present in large 

amounts in aquatic bodies due to industrial discharge, 

mining, battery manufacturing and agrochemical runoff 

(Kumar et al., 2021; Ali et al., 2024). 

Lead has a high affinity for fish, easily entering the body 

through the gills, skin, and intestines after release into 

aquatic systems as well as accumulating in metabolically 

active tissues such as the liver and gills. The neurotoxic 

effects of lead are largely attributed to its ability to 

interfere with the function of various enzymes, generate 

reactive oxygen species (ROS), and alter important 

metabolic pathways (Carocci et al., 2016). Biochemical 

changes are often in the form of alterations to 

macromolecules such as proteins, lipids and nucleic 

acids. 
We know that proteins are essential to normal cellular 

structure and function, and their turnover is carefully 

regulated in health. Stressful situations such as exposure 

to heavy metals cause marked changes in protein 

metabolism. For example, a major effect is protein  

 

 

 

 

 

 

degradation to free amino acids that serve as alternative 

energy sources and as helps maintaining cellular 

homeostasis during stress (Wu, 2021; Broer & Broer, 

2017). Estimating free amino acids provides critical 

information regarding the metabolic condition and 
adaptive responses of organisms facing exposure to 

toxicants. 

Due to the ecological importance and adaptability of 

such species to environmental changes, and because it 

can also be found in so many aquaculture environments, 

the freshwater teleost Oreochromis mossambicus has 

been recognized as a bioindicator organism. Earlier 

studies on freshwater fish species, such as Cyprinus 

carpio and Channa striatus show that exposure to heavy 

metals induce significant changes in amino acid 

metabolism. In general, this is usually indicated by raised 

levels of free amino acids because of increased 

proteolysis and a decrease in protein synthesis (Kumar et 

al., 2024; Abdullah et al., 2024; Savalia et al., 2025). 

However, there are no detailed data available regarding 

amino acid metabolism in Oreochromis mossambicus 

exposed to lead nitrate. Understanding these biochemical 
responses is important for the evaluation of fish health, 

the assessment of ecological risk and human exposure 

consequences. 
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Materials and Methods 

 

Experimental Animal and Collection 

Local fishermen assisted in the collection of specimens of 

Oreochromis mossambicus from the Godavari River area, 

Nanded district, Maharashtra state of India. To maintain 

consistent experimental conditions and to reduce biological 

variability, healthy, disease-free fish of similar size and weight 

were selected. 

Acclimatization and Maintenance 

For the acclimatisation, specimens were placed in glass aquaria 

filled with dechlorinated tap water for a period of 7 days. Fish 

were maintained in a controllable environmental condition (25–

28°C, neutral pH of (7.0–7.5, continuous aeration to maintain 

sufficient dissolved oxygen content). Tubifex worms were given 

to fish on a regular basis, and waterresch was newly changed at 

interval to eliminate the accumulation of metabolic wastes. 

Experimental Design and Exposure Protocol  

After acclimatization, fish randomly assigned to either a control 

or treatment group: 

Control: Adaptive Mycocycle-Proposed: Maintained in Metal-

free Water  

Experimental: Exposed (ambient concentration 5 ppm) to lead 

nitrate. 

Here in, a time period of 20 days has been defined to mimic the 

chronic sublethal toxicity during exposure. Selection of the 

concentration was made on the basis of range related to sublethal 

exposure to freshwater fish in documentation. 

Tissue Sampling 

At the conclusion of the exposure period, fish were sacrificed and 

major tissues were dissected. To examine the tissue-specific 

expression patterns of Wnt-associated genes, we selected the 

liver for its roles in metabolic processing and gill to reflect 

interactions with external environments. Tissues were washed 

with saline to remove contaminants and then processed 

immediately for biochemical analysis. 

Estimation of free amino acids 

Free amino acids in tissue samples was determined 

spectrophotometrically according to the method of Moore and 

Stein (1948), by the reaction of amino acids with ninhydrin, 

which gives rise to a colored compound that can be measured. 

Values are expressed in milligrams of amino acids per gram wet 

tissue weight. 

Observation and Results 

 

General Observations During Exposure 

For control Oreochromis mossambicus, regular activity, 

swimming and feeding behaviour as well as no visible 

morphological deformities were observed throughout the 20-day 

exposure. The fish exposed to 5 ppm lead nitrate developed a 

progressive behavioural and physiological response. 

 

During the early exposure (first 3–5 days), some treated fish  

 

displayed mild signs of restlessness, and some surfacing behaviour 

for intermittent periods that may be associated with respiratory 

exchange efficiency. Locomotor activity and feeding response 

showed a much stronger decrease when exposure time was 

increased. Fish that were treated presented at a slightly pale 

colouration of the gill tissues and an increase in mucus secretion 

signifying possible irritation (high respiration or breathing) and 

disruption of normal respiratory function. 

The mortality is not observed during the experimental period, 

suggesting that selected concentration of lead nitrate was under 

sublethal concentrations. 

Tissue-Specific Observations 

Liver Tissue 

The liver from the control fish exhibited normal morphology, with 

a uniform reddish-brown colouration and intact architecture. Livers 

of treated fish were slightly enlarged and showed dull colouration, 

indicating physiological stress that jarred the metabolism of the 

liver. 

Host-free amino acid contents of fish liver tissues from subjected 

fishes, significantly (p <0.05) higher than the control group. 

Importantly, the increase observed in all 4 groups was similar, 

indicating that metabolic responses to lead exposure were uniform 

across the population. It was found that the increase in liver tissue 

mass over gill tissue mass was substantially greater, emphasising 

the important role of our livers for their function in detoxification 

and metabolic regulation. 

Gill Tissue 

Control fish also displayed red colour and a clear gill filament 

organisation that indicates proper respiratory health. Those fish 

subjected to challenge were somewhat discolored and had more 

mucus on the gill filaments. The free amino acid content analysis of 

gill tissue showed a low but stable increase in treated fish over the 

controls. This rise, although lower than the liver tissue, was clearly 

observable and thus biologically relevant because gills are in 

contact indirectly through water with the toxicant. 

Table 1: Free Amino Acid Content in Liver and Gill Tissues 

Tissue Control (mg/g wet 

wt.) 

Treated (mg/g wet 

wt.) 

% 

Change 

Liver 8.40 ± 0.32 12.15 ± 0.45 +44.64 

Gill 6.10 ± 0.28 8.05 ± 0.36 +31.97 

Values are expressed as Mean ± SD (n = 5) 

 

Differences between treated and control groups 

Comparatively, biochemical response from control and treated 

groups elucidated an evident pattern of the increment in free amino 

acid levels in liver and gills upon lead nitrate exposure. The liver  
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showed the most pronounced change, indicating its role in active  

metabolic remodeling and detoxification. The girls exhibited 

modest shifts indicating they were the front line of exposure to 

outside influence. 

The above pattern shows that internal metabolic organs are more 

responsive to toxic stress than peripheral tissues. 

 

Table 2: Time-Dependent Changes in Liver Amino Acids 

Content 

Exposure Duration 

(Days) 

Control 

(mg/g) 

Treated 

(mg/g) 

0 (Initial) 8.40 ± 0.32 8.40 ± 0.32 

5 8.45 ± 0.30 9.75 ± 0.35 

10 8.50 ± 0.34 10.90 ± 0.40 

15 8.48 ± 0.33 11.60 ± 0.42 

20 8.42 ± 0.31 12.15 ± 0.45 

 

 

 

 
 

Figure 1: Effect of Lead Nitrate on Amino Acid Content in 

Oreochromis mossambicus Liver Tissue (Values expressed as 

mean ± SD) 

 

 

Table 3: Time-dependent changes (mean ± SE) in gill amino acid 

content 

Exposure Duration 

(Days) 

Control (mg/g) Treated (mg/g) 

0 (Initial) 6.10 ± 0.28 6.10 ± 0.28 

5 6.15 ± 0.27 6.85 ± 0.30 

10 6.12 ± 0.29 7.40 ± 0.33 

15 6.08 ± 0.26 7.75 ± 0.34 

20 6.10 ± 0.28 8.05 ± 0.36 

 

Trend of Amino Acid Changes 

The increase in the free amino acids of treated fish may reflect a 

change in the state of metabolic balance towards protein catabolism. 

This would suggest that while proteins are being broken down into 

amino acids for degradation, this is probably due to higher physical 

demands and an adaptation mechanism of stress-response systems 

in place. 

 

 

 
 

 

Figure 2: A bar graph displaying the time-dependent change in 

free amino acid content (mg/g wet weight) in Oreochromis 

mossambicus gill tissue exposed to lead nitrate and control 

conditions. Values are shown as mean ± SD. 

 

This trend repeated in two more experimental organs further assures 

that amino acid levels can be trusted as a biochemical measure of 

heavy metal stress. 
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Table 4: Percentage Increase in Amino Acid Content Over 

Time 

Tissue Day 5 

(%) 

Day 10 

(%) 

Day 15 

(%) 

Day 20 

(%) 

Liver +15.38 +28.23 +36.79 +44.64 

Gill +12.29 +20.91 +27.47 +31.97 

 

Graphical Interpretation 

The graph in (Fig 3) associated with amino acid contents clearly 

shows that there is a significant increase of the amino acids level 

measured in experimental groups than controls as represented by 

bar chart for two different tissues (plant and insect). 

Treated liver samples are shown with bars that rise more steeply, 

which indicates a greater magnitude of biochemical response. 

Gill samples reflect a slight uptick and follow a similar trend. The 

pattern is visually identifiable as showing that lead nitrate 

exposure elicits quantifiable biochemical changes in fish tissues. 

 

 
Figure 3: Percentage Increase in Amino Acid Content in Liver 

and Gill Tissues Under Lead Nitrate Exposure 

 

Discussion 

Several interrelated biochemical mechanisms could account for 

the rise in free amino acid contents of Oreochromis mossambicus 

exposed to lead nitrate. 

Fish exhibit metabolic modifications in response to the 

heightened energy requirement imposed by toxic stress 

conditions. A pivotal adaptation is the degradation of proteins 

into free amino acids, or proteolysis. These amino acids are then 

converted to glucose or minor energy source fueled pathways, 

such as gluconeogenesis and the tricarboxylic acid (TCA) cycle 

(Wu, 2021). The increased levels of the aforementioned amino 

acids compared to healthy pigs was also observed in this study, 

which is coherent with a catabolic metabolic adaptation due to 

stress. 

Lead has reported to impair ribosome functions and enzyme 

activities thus inhibiting protein synthesis. This causes the amino 

acids to be less incorporated into proteins and accumulate in free 

form in tissues (Kumar et al., 2021). This impacts positively the 

increase in amino acid levels, since there is an increased degradation 

of intracellular proteins and a decreased synthesis. 

Reactive oxygen species (ROS) are generated due to heavy metal 

exposure that leads to oxidative stress which damages cellular 

components. Increased concentration of free amino acids is mainly 

attributed to the activation of proteolytic enzymes and increased 

protein degradation due to oxidative stress (Kumar et al., 2024). 

The amino acid contents were more comprehensive to the liver in 

proportion than gills because of its significant metabolism and 

detoxification function. Gills, which are open to the environment, 

also underwent changes due to direct toxic impact. 

The results of the current study corroborate previous investigations: 

This is due to increased proteolysis which  

 

 

dramatically raises amino acid levels when Channa striatus are 

exposed to chromium (Palaniappan & Muthulingam, 2016). 

Increases in amino acid concentration have been found to reach 

similar levels in studies on industrial effluents/carbofuran exposed 

Cyprinus carpio where metabolic stress is likely (Hoseini et al., 

2011). 

A recent research (Kumar et al., 2024; Savalia et al., 2025) further 

demonstrated that amino acid changes are suitable molecular 

markers for heavy metal toxicity. The increase of free amino acids 

is a physiological compensation to conserve energy balance during 

unfavorable circumstances. Nevertheless, sustained interruption of 

protein metabolism could impede the growth, reproduction and 

health status of fish populations. At the same time, these 

biochemical changes may cascade through aquatic food webs and 

threaten human consumers by bioaccumulation from an ecological 

perspective. 
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