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Purpose: This study investigates the effects of polyethylene microplastics (PE-MPs) 
on the mineral (electrolyte) profile specifically sodium (Na⁺), potassium (K⁺), 
chloride (Cl⁻) and on the liver enzymes including creatine phosphokinase (CPK), 
alanine aminotransferase (ALT), alkaline phosphatase (ALP), and lactate 
dehydrogenase (LDH of Cyprinus carpio (common carp). Method: Using controlled 
laboratory conditions, carp were exposed to three different concentrations of PE-
MPs (5, 25, and 50 mg/L) over two-time intervals (7 and 14 days), simulating acute 
and sub-chronic exposure. Results: The data revealed dose- and time-dependent 
alterations in both key serum enzymes (ALT and LDH), indicative of hepatocellular 
damage and oxidative stress, and in electrolyte levels. The data showed significant 
ionic imbalance, notably a consistent drop in potassium, alongside variable changes 
in sodium and chloride associated with enzyme patterns suggesting muscle 
necrosis (from declining CPK) and hepatic exhaustion (from a complex ALP 
response). These findings support the hypothesis that microplastics, especially 
those chemically modified, possess strong bio-interactive capabilities that can 
disrupt cellular and physiological homeostasis in aquatic organisms. Also 
demonstrated that even osmoregulatory short-term exposure to PE-MPs can 
disturb ionic homeostasis in fish, potentially impairing function and overall 
metabolic health. Conclusion: This research contributes vital insight to freshwater 
ecotoxicology by demonstrating the compounded toxicity of functionalized plastic 
particles, thereby extending previous findings. Consequently, the study underscores 
the urgent need for mitigation measures and calls for further exploration into the 
sub-lethal effects on ecosystems, aquaculture, and human food safety. 
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INTRODUCTION 
Microplastics (MPs) are widely distributed in aquatic 
ecosystems and occur not only in marine environments 
but also in freshwater systems (1,2). The world is 
becoming increasingly threatened by plastic pollution (3). 
Upon being in the natural habitat, plastics exist in 
processes of physical degradation, and biodegradation 
towards the formation of microplastics (MP). It is not 
only caused by the fact that such fragmentation 
complicates their detection and elimination, but it also 
enhances their bioavailability (4). The small size of MPs 
makes them highly available to aquatic biota, and they 
have been found in fish, causing multiple toxicological 
effects, such as intestinal damage, neurotoxicity, oxidative 
stress, inflammation, and energy metabolism disruption 
(5-9). Recently conducted studies suggest that the liver is 
a part of the organism that is affected to the greatest 
extent in the fish, exposed to microplastics (10).   

The most important transit routes to the transfer of 
plastic debris to the water ecosystem are rivers, runoff, 
urban and industrial sewage (11). The effect of physical 
and chemical factors in the seas and oceans other than 
the UV rays can make the compounds to be reduced in 
size (12). This reduction can increase the bioavailability 
of the plastics towards aquatic life especially the filter 
feeder animals to a very large extent. The major faction of 
micro-plastics that detects its presence in the aquatic 
ecosystem comprises polyvinyl chloride (PVC), 
polyethylene (PE), polyvinyl alcohol (PA) along with their 
derivatives (13). The estimate provided by Carberyet 
al.(14) is that more than 8 million tons of plastic will end 
up being a part of the seas and even the oceans on a 
yearly basis, which implies that above 690 species of 
marine life will be affected. 

MPs have the potential to impose direct damage on the 
sensitive organs of fish such as gills, digestive system, 
kidneys and other tissues. Moreover, they serve as 
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vectors and releasing absorbed chemicals such as heavy 
metals, organic compounds or pharmaceutics when 
released to the environment and as a consequence, make 
these substances more bioavailable to enter aquatic 
organisms and impair their health and immune functions 
(15). The accumulation of MPs in marine systems have 
been well reported before (16,17), while previous studies 
have extensively focused on quantifying the presence of 
marine debris in aquatic organisms, fewer studies have 
delved into the physiological effects of ingested 
microplastics in cultured fish (18). In addition, no report 
is available on the endocrine and immunological 
consequences of MPs in marine caged fish. 

As MPs are of minute sizes, they are highly accessible to 
the organisms living in water, and were found in fishes, 
and their rate of toxicological effects is high, among which 
are intestinal tissue damage, neurotoxicity, oxidative 
stress, inflammation, and modification of the energy 
metabolism (5-7). Because they are smaller and of higher 
penetration capacity, they can easily find their passages 
through the skin, mouth and gills and gather up in the 
gills by binding on the gill filament that causes distortion 
and functionality of the gills such as ionic balance, 
gaseous exchange and osmoregulation (19). The surplus 
number of MPs in intestine will cause intestinal 
obstruction, intestinal locomotor disorders and the 
development of intestinal inflammatory response, 
thereby, loss of appetite, energy metabolism and nutrient 
absorption (20). Besides, accreted MPs in these organs 
can enter through the endothelium, or lymphatic 
circulation of the intestine, enter the circulation, and 
translocate to other body organs, among which liver is 
also included (21). 

Upon exposure and ingestion, MPs can introduce high 
levels of xenobiotics toxins to internal organs, potentially 
resulting in reduced fitness (22) through disruption of 
liver functions as the primary organ for detoxification and 
triggering enzymes involved in detoxification (23). 
Besides being xenobiotics, ingested plastics transfer 
hazardous chemicals into fish organs and induce toxicity 
in liver (24). Furthermore, MP related additives can also 
adversely affect the immune system of fish, cause 
neurotoxicity and oxidative stress in aquatic animals by 
affecting acetylcholinesterase (AChE) levels, and lipid 
peroxidation (LPO) respectively (25). The results of 
previous studies said that the hematological and 
biochemical parameters might change based on the 
exposure of MPs to aquatic animals (25). 

Currently, the presence and the toxic effects of MPs have 
been well documented in marine ecosystem (26). 
However, even though all harmful consequences of plastic 
documented for marine biota may be relevant for 
freshwater organisms as well, limited information is 
available to estimate ecological effects in freshwater 
ecosystem (27). Therefore, freshwater biota may be at a 
greater risk of MP exposure compared to the marine 
organisms (27).  

Common carp (Cyprinus carpio) is the species of the order 
Cypriniformes and the family Cyprinidae, which is 
regarded as the biggest family of the freshwater species 
widely distributed across the globe, serves as a valuable 

model organism for studying aquatic toxicology due to its 
ecological and economic importance (28). It is being 
considered as a potential organism for commercial 
aquaculture in Asia and some European countries as it 
has a very high adaptive capability to both environment 
and food (29). Understanding how polyethylene 
microplastics affect the mineral profile and liver enzyme 
profile of Cyprinus carpio is crucial for assessing the 
potential ecological risks posed by microplastics 
pollution. 
 

MATERIALS AND METHODS 
Experimental Setup 
Carboxylate-modified polyethylene microplastics (PE-
MPs) with a particle size of 1 to 5 mm were procured 
from a certified commercial supplier. The study was 
conducted in the Limnology and Marine Laboratory, 
Department of Zoology, University of Swabi, Pakistan. The 
experimental organism selected for the study was the 
Common carp (Cyprinus carpio) specimens were obtained 
from a local hatchery in Peshawar. 
After a 14-day acclimation period in 80L aerated aquaria, 
fish were randomly distributed into groups. The 
experimental design included a control group (without 
exposure to microplastics) and treatment groups exposed 
to three different concentrations of polyethylene 
microplastics: 5, 25, and 50 mg/L. Exposure durations 
were set for 7 and 14 days, respectively, to evaluate both 
short-term and prolonged effects of 
microplasticsexposure.Themicroplastics were dispersed 
evenly in the water column of treated aquaria. Aeration 
was provided continuously, and water was partially 
renewed every 48 hours. Fish behavior, feeding activity, 
and mortality were recorded daily throughout the 
experimental period. 

Blood Collection and Analysis 
At the end of each exposure period (7 and 14 days), fish 
were carefully removed from the aquaria for sample 
collection. To minimize stress, the fish were first 
anesthetized using a standard dose of clove oil solution, 
following ethical guidelines for handling live specimens. 
Once anesthetized, blood samples were collected either 
from the caudal peduncle or via direct cardiac puncture 
using a sterile 5 cc syringe. The harvesting was conducted 
in human ways of treatment to cause harm to the fish to 
minimal levels. 
The collected blood was immediately transferred into gel 
tubes, which were pre-labeled and kept under cold 
conditions. Proper transfer of the blood into the gel tubes 
was done and centrifuged. These tubes were then 
subjected to centrifugation at 4000 revolutions per 
minute (rpm) for 1 minute to separate the serum from 
whole blood. A centrifugation of 4000 RPM of 1 minute 
was used to separate serum and the blood cells. This 
action was necessary to get clear serum so that 
biochemical tests would be performed. The resulting 
serum was carefully extracted using micropipettes and 
stored at −20°C until further analysis.The mineral and 
enzymatic profiles of the serum samples were analyzed 
using a biochemical analyzer (Mindray). The minerals 
tested included essential elements such as potassium, 
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sodium, and chloride. These elements are crucial 
indicators of physiological health and can reflect the 
impact of environmental stressors such as microplastics. 
The step played a vital role to determine the possible 
biochemistry changes in the carp that could have been 
caused by the exposure to PE-MPs. 
Serum mineral analysis helped to evaluate the extent of 
physiological disruption caused by polyethylene 
microplastics exposure, allowing comparisons between 
control and treatment groups. Enzymatic profile also gave 
helpful information on whether the activities involved in 
the metabolic process of the fish have been perturbed or 
not, which may be the hint of the effect of polyethylene 
microplastics particles on the fish at the molecular level. 
The changes in mineral concentrations were further 
correlated with exposure duration and microplastics 
concentration to determine dose-dependent and time-
dependent effects. The collected data served as an 
essential component in assessing the sub-lethal impacts 
of microplastics on fish health, especially in relation to 
ionic regulation, osmoregulation, and overall metabolic 
stability. 
 

RESULTS 
Investigation shows that Cyprinus carpio is highly 
susceptible to carboxylate-modified polyethylene micro 
plastic (PE-MP), which induces concurrent and dose- and 
time-dependent disruption of key biochemical markers 
and ionic homeostasis.  

7 Days Exposure 
At 5 mg/L after 7 days, mild but significant increases in 
CPK, ALT, ALP, and LDH indicate muscular and hepatic 
stress, coinciding with significant increases in sodium and 
chloride levels and notable potassium depletion. The mid-
range dose of 25 mg/L initially had no impact on 
electrolytes but exacerbated biochemical toxicity at 
higher concentrations.  
At 50 mg/L, the biochemical alterations were more 
severe, with significant rises in ALT and LDH indicating 
serious liver injury and cellular disturbance, alongside 
marked electrolyte imbalance.  

14 Days Exposure 
Prolonged exposure to 14 days intensified these 
pathophysiological effects. The 5 mg/L exposure 
significantly reduced potassium and slightly raised 
chloride, while 25 mg/L specifically lowered potassium. 
The highest dose of 50 mg/L markedly diminished all 
three electrolytes sodium, potassium, and chloride while 

biochemical signs of chronic poisoning emerged, 
including inhibited ALP and variable LDH, suggesting cell 
fatigue and organ malfunction. Interestingly, CPK showed 
a non-linear response, rising at low levels but decreasing 
upon higher exposure, possibly due to enzyme leakage 
from advanced muscle damage.  
The integrated findings demonstrate that microplastics 
exposure causes acute and chronic multiorgan stress, 
critically determined by concentration and duration. The 
collective disruption of enzyme profiles and severe 
electrolyte imbalance likely reflects impaired Na⁺/K⁺ 
ATPase function and osmoregulatory failure, posing a 
serious threat to fish health and aquatic ecosystem 
stability. 

Comparative Analysis 
The integrated analysis of enzyme and electrolyte 
profiles, supported by statistical comparison (t-test, p < 
0.05 and p < 0.01), reveals that polyethylene micro plastic 
(PE-MP) exposure induces significant, dose- and 
duration-dependent physiological stress in Cyprinus 
carpio, marked by cellular damage and severe ion 
regulatory disruption. Table 1 (7 days exposure), 
primarily indicates significant elevations in key enzymes 
(ALT, ALP, and LDH) and a distinct pattern of electrolyte 
imbalance (elevated Na⁺ and Cl⁻, decreased K⁺) were 
observed at 5 and 50 mg/L, indicating initial metabolic 
disturbance and osmoregulatory cost.  
Notably, electrolyte levels remained statistically 
unchanged after 7 days at 25 mg/L, the enzyme profiles 
showed significant elevations. This indicates that cellular 
stress and damage are detectable earlier in the 
toxicological progression than systemic osmoregulatory 
failure. Extending exposure to 14 days (table 2) 
intensified this toxicity, 5 mg/L and 25 mg/L doses, the 
data reveal a distinct and significant pattern of chronic 
metabolic and osmoregulatory stress that differs from 
both the acute 7-day response, shifting the response 
toward more severe cellular injury, as evidenced by a 
massive increase in creatine phosphokinase (CPK) at 50 
mg/L, and a profound, dose-independent depletion of 
potassium coupled with declining sodium and chloride at 
the highest dose. This progression from initial stress to 
over cellular damage, alongside the consistent 
vulnerability of potassium homeostasis, underscores a 
critical toxicological threshold where prolonged exposure 
leads to compromised energy metabolism, cellular 
integrity, and osmotic balance.

Table No. 1 
Enzyme Profile of Cyprinus carpio after 7-Days Polyethylene Microplastics (PE-MP) Exposure 

Dose 

Creatine phosphokinase 
(U/L) 

Alanine aminotransferase 
(U/L) 

Alkaline phosphatase  
(IU/L) 

Lactate dehydrogenase 
(U/L) 

Control  
Group 

Treated  
Group 

Control  
Group 

Treated  
Group 

Control  
Group 

Treated 
Group 

Control  
Group 

Treated  
Group 

5mg/L 5044.00±2.65 5322.00±2.00** 45.00± 2.00 144.00± 1.00** 55.00± 4.00 297.00± 3.00** 1014.00±2.00 1202.00±2.65** 

25mg/L 5044.00± 2.00 1755.00±3.00** 45.00± 2.00 770.00± 1.00** 55.00± 4.00 281.33± 2.52** 1014.00±2.00 2817.00±3.00** 

50mg/L 5044.00± 2.00 3320.00±.00 45.00± 2.00 560.00± 3.00** 55.00± 4.00 150.00± 2.00** 1014.00±2.00 2504.00±3.00** 
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P Value Asterisks denote a significant difference from the control group within the same dose row, as determined by t-test: *p < 0.05, **p < 0.01. 

Values are expressed as a mean± standard deviation (SD) for three replicates (n=3) 

 
 
Table 2 
Mineral Level in Cyprinus carpio after 14-Days Polyethylene Microplastics (PE-MP) Exposure 

Dose 
Sodium (mmol/L) Potassium (mmol/L) Chloride (mm0l/L) 

Control Group Treated  Group Control   Group Treated   Group Control  Group Treated   Group 

5mg/L 133.00±2.00 135.00±3.00** 5.2000±0.2000 1.7500±0.0300 97.00±2.00 101.00±1.00** 

25mg/L 133.00±2.00 131.00±3.00** 5.200±0.200 1.400±0.300* 97.00±2.00 95.00±3.00** 

50mg/L 133.00±2.00 118.00±3.00** 5.2000±0.2000 1.1700±0.0200 97.00±2.00 89.00±4.00** 

P Value Asterisks denote a significant difference from the control group within the same dose row, as determined by t-test: *p < 0.05, **p<0.01. 

Values are expressed as a mean± standard deviation (SD) for three replicates (n=3) 

DISCUSSION 
Exposure of Cyprinus carpio to carboxylate-modified 
polyethylene microplastics (PE-MPs) caused dose- and 
time-dependent biochemical and ionic changes. Over 7 
days, the lowest concentration (5 mg/L) induced early 
stress, marked by slight increases in CPK, ALT, ALP, and 
LDH, alongside elevated sodium and chloride and 
reduced potassium, indicating disrupted electrolyte 
regulation. At 25 mg/L for 7 days, CPK decreased while 
ALT, ALP, and LDH increased, suggesting severe hepatic 
and cellular damage with minimal ionic disturbance. The 
highest concentration (50 mg/L) led to sustained tissue 
damage, suppressed CPK, elevated ALT and LDH, and 
significant sodium and chloride increases with potassium 
reduction, confirming a clear dose-response effect. 
Over 14 days, these effects intensified: 5 mg/L caused 
cumulative stress with high ALT and LDH, slight CPK 
decline, and significant potassium and chloride changes. 
At 25 mg/L, a spike in CPK indicated necrotic processes, 
while ALT and LDH declined, potentially due to enzyme 
exhaustion, and potassium remained significantly 
reduced. At 50 mg/L, all biomarkers indicated severe 
chronic toxicity, with depressed enzyme levels and 
significant reductions in sodium, potassium, and chloride, 
reflecting systemic ionic and metabolic collapse. 
The findings align with Darabiet al. (30), which examined 
PVC-MPs in juvenile common carp. While Darabi et al. 
focused on ingestion and histopathological damage, both 
studies show that higher concentrations and longer 
exposures induce significant physiological disruptions, 
highlighting the importance of biochemical monitoring 
alongside tissue analysis. 
Similarly, Banaeiet al. (31) reported significant 
alterations in ALT and LDH in Cyprinuscarpio exposed to 

polyethylene microplastics, confirming tissue damage 
and physiological stress. Jahan et al. (32) observed 
systemic toxicity, including growth reduction and tissue 
damage in Oreochromis niloticus, which complements our 
findings of specific ionic imbalances, suggesting that early 
electrolyte disruption may precede histopathological 
lesions. 
The results also converge with Jeyavaniet al. (33), 
demonstrating clear toxic effects of carboxylate-modified 
PE-MPs in freshwater fish. Likewise, Rashid et al. (34) 
highlighted chronic dietary toxicity, with metabolic and 
intestinal disturbances and hepatic toxicity. The present 
study identifies early-warning biochemical events, 
notably severe hypokalemia and elevated ALT and LDH, 
which precede histological and nutritional impairments, 
expanding the understanding of microplastic-induced 
toxicity. 
Finally, these biochemical disruptions support a common 
mechanistic pathway described by Gheorghe et al. (35) 
for polystyrene microplastics, where oxidative stress 
underlies hepatic and systemic tissue damage, linking 
electrolyte imbalance to cellular energy failure and 
systemic exhaustion. 
 

CONCLUSION 
The study demonstrates that carboxylate-modified PE-
MPs induce dose- and time-dependent biochemical and 
ionic disturbances in Cyprinus carpio. Early electrolyte 
imbalances, particularly hypokalemia, combined with 
elevated ALT and LDH, serve as sensitive indicators of 
hepatic and systemic stress. Collectively, these findings 
confirm that microplastic exposure disrupts ionic 
homeostasis, triggers oxidative stress, and can progress 
to severe tissue and metabolic damage in freshwater fish.

 
 

REFERENCES 
1. Li J, Liu H, Chen JP. Microplastics in freshwater systems: A 

review on occurrence, environmental effects, and methods 
for microplastics detection. Water Res. 2018;137:362-374. 
https://doi.org/10.1016/j.watres.2017.12.056 

2. Pauna VH, Buonocore E, Renzi M, Russo GF, Franzese PP. 
The issue of microplastics in marine ecosystems: A 
bibliometric network analysis. Mar Pollut Bull. 
2019;149:110612. 
https://doi.org/10.1016/j.marpolbul.2019.110612 

3. Fang C, Zheng R, Chen H, Hong F, Lin L, Lin H, Bo J. 
Comparison of microplastic contamination in fish and 
bivalves from two major cities in Fujian province, China 
and the implications for human health. Aquaculture. 
2019;512:734322. 
https://doi.org/10.1016/j.aquaculture.2019.734322 

4. Botterell ZL, Beaumont N, Dorrington T, Steinke M, 
Thompson RC, Lindeque PK. Bioavailability and effects of 
microplastics on marine zooplankton: A review. Environ 
Pollut. 2019;245:98-110. 

https://doi.org/10.1016/j.watres.2017.12.056
https://doi.org/10.1016/j.marpolbul.2019.110612
https://doi.org/10.1016/j.aquaculture.2019.734322


Copyright © 2026. IJBR Published by 101 Research (Pvt Ltd) 
This work is licensed under a Creative Commons Attribution 4.0 International License. 

 
 

 

Page|172 

Scruitinizing the Effect of Microplastic (Polyethylene) on Minerals… Zahid S et al., 

IJBR   Vol. 4   Issue. 1   2026 

https://doi.org/10.1016/j.envpol.2018.10.065 
5. Li C, Busquets R, Campos LC. Assessment of microplastics 

in freshwater systems: A review. Sci Total Environ. 
2020;707:135578. 
https://doi.org/10.1016/j.scitotenv.2019.135578 

6. Barboza LGA, Vieira LR, Branco V, Figueiredo N, Carvalho F, 
Carvalho C, Guilhermino L. Microplastics cause 
neurotoxicity, oxidative damage and energy-related 
changes and interact with the bioaccumulation of mercury 
in the European seabass, Dicentrarchuslabrax (Linnaeus, 
1758). AquatToxicol. 2018;195:49-57. 
https://doi.org/10.1016/j.aquatox.2017.12.008 

7. Jin Y, Xia J, Pan Z, Yang J, Wang W, Fu Z. Polystyrene 
microplastics induce microbiota dysbiosis and 
inflammation in the gut of adult zebrafish. Environ Pollut. 
2018;235:322-329. 
https://doi.org/10.1016/j.envpol.2017.12.088 

8. Qiao R, Deng Y, Zhang S, Wolosker MB, Zhu Q, Ren H, Zhang 
Y. Accumulation of different shapes of microplastics 
initiates intestinal injury and gut microbiota dysbiosis in 
the gut of zebrafish. Chemosphere. 2019a;236:124334. 
https://doi.org/10.1016/j.chemosphere.2019.07.065 

9. Qiao R, Sheng C, Lu Y, Zhang Y, Ren H, Lemos B. 
Microplastics induce intestinal inflammation, oxidative 
stress, and disorders of metabolome and microbiome in 
zebrafish. Sci Total Environ. 2019b;662:246-253. 
https://doi.org/10.1016/j.scitotenv.2019.01.245 

10. Sun Y, Deng Q, Zhang Q, Zhou X, Chen R, Li S, Chen H. 
Hazards of microplastics exposure to liver function in 
fishes: A systematic review and meta-analysis. Mar Environ 
Res. 2024;106423. 
https://doi.org/10.1016/j.marenvres.2024.106423 

11. Guzzetti E, Sureda A, Tejada S, Faggio C. Microplastic in 
marine organism: Environmental and toxicological effects. 
Environ ToxicolPharmacol. 2018;64:164-171. 
https://doi.org/10.1016/j.etap.2018.10.009 

12. Gallo F, Fossi C, Weber R, Santillo D, Sousa J, Ingram I, Nadal 
A, Romano D. Marine litter plastics and microplastics and 
their toxic chemicals components: The need for urgent 
preventive measures. Environ Sci Eur. 2018;30(1):13. 
https://doi.org/10.1186/s12302-018-0139-z 

13. Hermabessiere L, Dehaut A, Paul-Pont I, Lacroix C, Jezequel 
R, Soudant P, Duflos G. Occurrence and effects of plastic 
additives on marine environments and organisms: A 
review. Chemosphere. 2017;182:781-793. 
https://doi.org/10.1016/j.chemosphere.2017.05.096 

14. Carbery M, O'Connor W, Palanisami T. Trophic transfer of 
microplastics and mixed contaminants in the marine food 
web and implications for human health. Environ Int. 
2018;115:400-409. 
https://doi.org/10.1016/j.envint.2018.03.007 

15. Kim JH, Yu YB, Choi JH. Toxic effects on bioaccumulation, 
hematological parameters, oxidative stress, immune 
responses and neurotoxicity in fish exposed to 
microplastics: A review. J Hazard Mater. 2021;413:125423. 
https://doi.org/10.1016/j.jhazmat.2021.125423 

16. Ma P, Wei Wang M, Liu H, Feng Chen Y, Xia J. Research on 
ecotoxicology of microplastics on freshwater aquatic 
organisms. Environ PollutBioavail. 2019;31(1):131-137. 
https://doi.org/10.1080/26395940.2019.1580151 

17. Keshavarzifard M, Vazirzadeh A, Sharifinia M. Occurrence 
and characterization of microplastics in white shrimp, 
Metapenaeusaffinis, living in a habitat highly affected by 
anthropogenic pressures, northwest Persian Gulf. Mar 
Pollut Bull. 2021;169:112581. 
https://doi.org/10.1016/j.marpolbul.2021.112581 

18. Alomar C, Sureda A, Capó X, Guijarro B, Tejada S, Deudero S. 
Microplastic ingestion by Mullussurmuletus Linnaeus, 1758 

fish and its potential for causing oxidative stress. Environ 
Res. 2017;159:135-142. 
https://doi.org/10.1016/j.envres.2017.07.043 

19. Hamed HS, Ali RM, Shaheen AA, Hussein NM. Chitosan 
nanoparticles alleviated endocrine disruption, oxidative 
damage, and genotoxicity of Bisphenol-A-intoxicated 
female African catfish. Comp BiochemPhysiol C 
ToxicolPharmacol. 2021;248:109104. 
https://doi.org/10.1016/j.cbpc.2021.109104 

20. Ding J, Zhang S, Razanajatovo RM, Zou H, Zhu W. 
Accumulation, tissue distribution, and biochemical effects 
of polystyrene microplastics in the freshwater fish red 
tilapia (Oreochromisniloticus). Environ Pollut. 2018;238:1-
9. 
https://doi.org/10.1016/j.envpol.2018.03.001 

21. Jovanović B, Gökdağ K, Güven O, Emre Y, Whitley EM, 
Kideys AE. Virgin microplastics are not causing imminent 
harm to fish after dietary exposure. Mar Pollut Bull. 
2018;130:123-131. 
https://doi.org/10.1016/j.marpolbul.2018.03.016 

22. Chen G, Li Y, Wang J. Occurrence and ecological impact of 
microplastics in aquaculture ecosystems. Chemosphere. 
2021;274:129989. 
https://doi.org/10.1016/j.chemosphere.2021.129989 

23. Mak CW, Yeung KCF, Chan KM. Acute toxic effects of 
polyethylene microplastic on adult zebrafish. Ecotoxicol 
Environ Saf. 2019;182:109442. 
https://doi.org/10.1016/j.ecoenv.2019.109442 

24. Rochman CM, Hoh E, Kurobe T, Teh SJ. Ingested plastic 
transfers hazardous chemicals to fish and induces hepatic 
stress. Sci Rep. 2013;3:3263. 
https://doi.org/10.1038/srep03263 

25. Banaee M, Soltanian S, Sureda A, Gholamhosseini A, Haghi 
BN, Akhlaghi M, Derikvandy A. Evaluation of single and 
combined effects of cadmium and micro-plastic particles on 
biochemical and immunological parameters of common 
carp (Cyprinuscarpio). Chemosphere. 2019;236:124335. 
https://doi.org/10.1016/j.chemosphere.2019.07.066 

26. Pirsaheb M, Hossini H, Makhdoumi P. Review of 
microplastic occurrence and toxicological effects in marine 
environment: Experimental evidence of inflammation. 
Process Saf Environ Prot. 2020;142:1-14. 
https://doi.org/10.1016/j.psep.2020.05.050 

27. Ding J, Huang Y, Liu S, Zhang S, Zou H, Wang Z, Geng J. 
Toxicological effects of nano- and micro-polystyrene 
plastics on red tilapia: are larger plastic particles more 
harmless?. J Hazard Mater. 2020;396:122693. 
https://doi.org/10.1016/j.jhazmat.2020.122693 

28. Hussain R, Javed M, Abbas T. Impact of water pollution on 
fish health in freshwater ecosystems: A global perspective. 
Environ SciPollut Res. 2022;29(21):31130-31149. 

29. Soltani M, Sheikhzadeh N, Ebrahimzadeh-Mousavi HA, 
Zargar A. Effects of Zataria multiflora essential oil on innate 
immune responses of common carp (Cyprinuscarpio). 
https://doi.org/10.3923/jfas.2010.191.199 

30. Darabi H, Baradaran A, Ebrahimpour K. Subacute toxic 
effects of polyvinyl chloride microplastics (PVC-MPs) in 
juvenile common carp, Cyprinuscarpio (Pisces: Cyprinidae). 
Casp J Environ Sci. 2022;20:233-242. 

31. Banaei M, Forouzanfar M, Jafarinia M. Toxic effects of 
polyethylene microplastics on transcriptional changes, 
biochemical response, and oxidative stress in common carp 
(Cyprinuscarpio). Comp BiochemPhysiol C 
ToxicolPharmacol. 2022;261:109423. 
https://doi.org/10.1016/j.cbpc.2022.109423 

32. Jahan I, Chowdhury G, Rafi S, Iqbal MM, colleagues. 
Assessment of dietary polyvinylchloride, polypropylene 
and polyethylene terephthalate exposure in Nile tilapia 
(Oreochromisniloticus): Bioaccumulation and effects on 

https://doi.org/10.1016/j.envpol.2018.10.065
https://doi.org/10.1016/j.scitotenv.2019.135578
https://doi.org/10.1016/j.aquatox.2017.12.008
https://doi.org/10.1016/j.envpol.2017.12.088
https://doi.org/10.1016/j.chemosphere.2019.07.065
https://doi.org/10.1016/j.scitotenv.2019.01.245
https://doi.org/10.1016/j.marenvres.2024.106423
https://doi.org/10.1016/j.etap.2018.10.009
https://doi.org/10.1186/s12302-018-0139-z
https://doi.org/10.1016/j.chemosphere.2017.05.096
https://doi.org/10.1016/j.envint.2018.03.007
https://doi.org/10.1016/j.jhazmat.2021.125423
https://doi.org/10.1080/26395940.2019.1580151
https://doi.org/10.1016/j.marpolbul.2021.112581
https://doi.org/10.1016/j.envres.2017.07.043
https://doi.org/10.1016/j.cbpc.2021.109104
https://doi.org/10.1016/j.envpol.2018.03.001
https://doi.org/10.1016/j.marpolbul.2018.03.016
https://doi.org/10.1016/j.chemosphere.2021.129989
https://doi.org/10.1016/j.ecoenv.2019.109442
https://doi.org/10.1038/srep03263
https://doi.org/10.1016/j.chemosphere.2019.07.066
https://doi.org/10.1016/j.psep.2020.05.050
https://doi.org/10.1016/j.jhazmat.2020.122693
https://doi.org/10.3923/jfas.2010.191.199
https://doi.org/10.1016/j.cbpc.2022.109423


Copyright © 2026. IJBR Published by 101 Research (Pvt Ltd) 
This work is licensed under a Creative Commons Attribution 4.0 International License. 

 
 

 

Page|173 

Scruitinizing the Effect of Microplastic (Polyethylene) on Minerals… Zahid S et al., 

IJBR   Vol. 4   Issue. 1   2026 

behaviour, growth, hematology and histology. Environ 
Pollut. 2024;345:123548. 
https://doi.org/10.1016/j.envpol.2024.123548 

33. Jeyaraj J, Jeyavani J, Sibiya A, Stalin T, Vigneshkumar G, Al 
Ghanim KA, Riaz MN, Govindarajan M, Vaseeharan B. Toxic 
effects of polypropylene microplastics on freshwater fish 
Oreochromismossambicus: Biochemical markers, histology, 
and genotoxicity. Toxics. 2023;11(3):282. 
https://doi.org/10.3390/toxics11030282 

34. Rashid E, Hussain SM, Ali S, Sultana S, Asrar M, Hussain M. 
Toxicity of dietary non biodegradablemicroplastics on 

growth performance, carcass composition, nutrient 
digestibility, and hematology of Labeorohita. Pak J Zool. 
2025;57(2):895-903. 
https://doi.org/10.17582/journal.pjz/20230511160518 

35. Gheorghe Ş, Pătraşcu AM, Stoica C, Balas M, Feodorov L. 
Ecotoxicological effects of polystyrene particle mix (20, 
200, and 430 µm) on Cyprinuscarpio. Toxics. 
2025;13(4):246. 
https://doi.org/10.3390/toxics13040246

 

 

https://doi.org/10.1016/j.envpol.2024.123548
https://doi.org/10.3390/toxics11030282
https://doi.org/10.17582/journal.pjz/20230511160518
https://doi.org/10.3390/toxics13040246

