


Toxic Evaluation of graded Concentrations of Diethyl Phthalate on Serum Biochemistry of Clarias gariepinus (Burchell, 1822)


Abstract
Diethyl Phthalate (DEP), widely used as plasticizer, detergent base, and in cosmetic products, is a recognized contaminant of aquatic ecosystems and its indiscriminate utilization calls for serious concern. This study therefore aimed at evaluating the toxicological impact of DEP on Clarias gariepinus using standard laboratory protocols. One Hundred and Eighty (180) Juvenile C. gariepinus were exposed to 0.76, 1.07, 1.25, 1.38, and 1.47 µL/L for 45 days respectively in aquaria containing 40 L of aerated tap water).  The result revealed varied behavioral impairments, including erratic swimming, hyperactivity, and loss of equilibrium, across all exposure groups. DEP exposure induced dose-dependent significant reductions (p < 0.05) in serum total proteins, primarily via decreased globulin levels, while albumin remained stable. Hepatic biomarkers revealed marked hepatocellular injury, with aspartate aminotransferase (AST) activity more than doubling (p = 0.034), alanine aminotransferase (ALT) showing a moderate but non-significant increase (~52%, p = 0.174), and alkaline phosphatase (ALP) displaying no significant changes. Renal function was likewise impaired, evidenced by over 120% elevation in serum creatinine and approximately 30% rise in urea at the highest exposure, both statistically significant (p < 0.05). DEP also disrupted the plasma electrolyte profile, causing significant, concentration-dependent increases in sodium, potassium, and bicarbonate levels, indicative of osmoregulatory and acid-base imbalances, while chloride remained unchanged.  Our study revealed that DEP exposure may prove fatal to freshwater organisms, such as C. gariepinus. The observed alterations in behavior and biochemistry characteristics of C. gariepinus exposed fish can be linked to the effects of graded DEP concentrations, thereby indicating the need to restrict its usage to protect aquatic environments and its resident species. 
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Introduction
Aquatic ecosystems, encompassing both marine and freshwater environments, plays a fundamental role in nutrient cycling, biodiversity conservation, and human well-being (Bhat et al., 2017). Although, freshwater habitats cover less than 1% of Earth’s surface, they sustain critical ecosystems such as rivers, lakes, ponds, and wetlands, yet remain disproportionately vulnerable to anthropogenic stressors (Bashir et al., 2020). Industrial effluents, agricultural runoff, and untreated urban waste water are major contributors to water quality deterioration, habitat degradation, and biodiversity decline, with impacts often severe in developing regions (Gupta et al., 2017; Weldeslassie et al., 2018; Malik et al., 2020). A major concern is the presence of endocrine-disrupting chemicals (EDCs), which interfere with hormonal regulation and cause developmental, reproductive, and physiological impairments in aquatic organisms, these disruptions destabilizes ecosystems and threatening long-term sustainability (Lin et al., 2022).
Among the EDCs, diethyl phthalate (DEP), a synthetic phthalate ester widely used as a plasticizer in consumer and industrial products, has emerged as a pollutant of global concern. Its extensively used in adhesives, packaging, cosmetics, and polyvinyl chloride (PVC)-based materials result in continuous release into aquatic systems via effluents, agricultural runoff, and landfill leachates (Heo et al., 2020 and Giuliani et al., 2020). DEP is characterized by poor biodegradability and long environmental half-lives, persisting in surface waters, sediments, and soils while resisting natural degradation processes such as photolysis and hydrolysis (Wang et al., 2019). Consequently, it bioaccumulates in aquatic organisms, biomagnifies along food webs, and poses significant ecotoxicological risks to both biodiversity and human health (Julinová and Slavík, 2012). Its metabolites, particularly monoethyl phthalate (MEP), are potent endocrine disruptors associated with developmental, reproductive, and metabolic impairments in aquatic species and humans (Arambourou et al., 2019 and Baloyi et al., 2021). 
The toxicological profile of diethyl phthalate (DEP) encompasses both sub-lethal and lethal outcomes. Sub-lethal effects including behavioural alterations, physiological stress, and reproductive impairment serves as sensitive early indicators of ecological instability. In contrast, lethal impacts manifest as biodiversity decline, trophic imbalance, and population collapse, ultimately destabilizing aquatic ecosystems (Mayer-Pinto et al., 2020 and Impellitteri et al., 2023). Chronic exposures to DEP can also reduce enzymatic activity, alter oxygen dynamics, and shift species composition, thereby weakening ecosystem resilience. These risks are particularly concerning for the aquaculture sector, which contribute nearly half of global fisheries production and sustains food security, livelihoods, and economic growth. By compromising fish health, growth, and survival, DEP pollution threatens aquaculture productivity, exacerbating economic losses and undermines nutrition security, particularly in developing regions (Adeboye et al., 2014 and Ottinger et al., 2018).
Clarias gariepinus (African sharptooth catfish) is a species of major aquaculture and ecological importance across Africa and Asia, valued for its rapid growth, high fecundity, disease resistance, and tolerance to fluctuating environmental conditions (Sobczak et al., 2022). This species thrives across a wide ecological range, tolerating temperatures between 8–35°C (optimum 28–30°C), low oxygen conditions, and pH levels between 6.5 and 8.0 (Suleiman et al., 2017). Its large body size, omnivorous diet, and resilience under farming conditions make it a valuable bioindicator for ecotoxicological assessments (Froese and Pauly, 2022). Previous studies has shown that DEP exposure disrupts behavior in Clarias grariepinus, inducing erratic swimming, hyperventilation, and loss of equilibrium (Jegede, 2013). However, significant knowledge gaps regarding the mechanism by which DEP exerts these adverse effects in C. gariepinus (Ikele et al., 2017 and Olaniyan et al., 2019). 
Hence, this study investigates the toxic effects of diethyl phthalate (DEP) on the biochemical features of laboratory populations of Clarias gariepinus. By evaluating both lethal and sub-lethal endpoints, this research provides insights into the ecological risks associated with DEP contamination in freshwater systems and contributes to improved environmental management and sustainable aquaculture practices.
Materials and Methods
A total of 180 healthy juveniles of Clarias gariepinus were obtained from the Fisheries and Aquaculture Department, Ladoke Akintola University of Technology (LAUTECH), Ogbomoso, Oyo State, Nigeria. Prior to experimentation, the fish were acclimatized for 15 days under controlled laboratory conditions (20±1ºC) in pre-cleaned plastic bowls with continuous aeration. During acclimatization, fish were fed a commercial diet at 5% of their wet body weight daily, and water quality was maintained by replacing three-quarters of the aquarium water daily. The dechlorinated tap water used for the experiments had a pH value of 8.32±0.08, total hardness of 340±29 mg CaCO3/L, and an alkalinity of 248.6±13.1 mg CaCO3/L. Dissolved oxygen level (DO) were maintained at 5.96 ± 0.44 mg O2/L with air stones connected to an air compressor. Experiments were conducted in glass aquariums that were 40 X 40 X 100 cm, each containing 40 L of contaminated test solution or control water. A stock solution of diethyl phthalate (DEP; 99.7% purity; CAS No. 84-66-2; molecular weight: 222.24 g/mol) was prepared in aerated tap water, and working concentrations were obtained by diluting the stock. The concentrations were selected based on preliminary range-finding tests and each treatment 10 fish per replicate. The chemical was procured from Sigma-Aldrich, Germany.
Range-finding and Exposure Design
Preliminary range-finding test were conducted to determine the median lethal concentration (LC50) of diethyl phthalate (DEP) which was estimated as 1.78 µL/L after 96 hours based on the value, sub-lethal concentrations corresponding to 10, 20, 30, 40 and 50% of the LC50 (0.76, 1.07, 1.25, 1.38 and 1.47 µL/L) respectively, were selected for chronic exposure. Fish were expose for 45 days in glass aquaria (40L capacity), each containing 20 individuals. A negative control group (without toxicant) was included. The exposure medium was renewed daily, and fresh DEP was reintroduced to restore nominal concentrations.
Fish Husbandry and Monitoring.
Throughout the experiment, fish were fed once daily with a commercial diet (5% of their body weight), and aquaria were aerated continuously. Water quality parameters (temperature, ph, DO, hardness and alkaline) were monitored regularly to ensure stable conditions. 
Biochemical and heamatological parameters. 
 Behavioural responses and mortality were monitored throughout the exposure period. At the end of the experiment, fish were sacrificed for blood collection via the caudal vein into universal bottles, which were placed on ice and transported to the laboratory for serum biochemical analysis. Biochemical parameters measured included total serum protein (Biuret method), albumin (Bromocresol Green method), and globulin (calculated by difference). Serum enzyme activities of alanine aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline phosphatase (ALP) were determined spectrophotometrically. Renal markers were assessed through urea (enzymatic colorimetric method) and creatinine (Jaffé colorimetric reaction). Electrolytes were quantified as potassium and sodium ions (flame photometry), chloride ion (mercuric nitrate titration), and bicarbonate (HCO₃⁻) using the blood-gas biochemical approach. 
Statistical Analysis
All result are presented as mean ± standard error (SE). Data were analyzed using SPSS version 25 (SPSS, Chicago, IL, USA). Normality of data distribution was assessed using Shapiro-wilk test, and homogeneity of variance was evaluated prior to analysis. Data with parametric distribution were analyzed by one-way analysis of variance (ANOVA), while data with non-parametric distribution were analyzed by Kruskal-Wallis one-way ANOVA. Differences were considered statistically significant at (p<0.05) resulting from the two tests were reanalyzed by least significant difference and MannWhitney U tests, respectively, to determine which individual groups were significantly different from control.
Results
Behavioural and External responses
Exposure of Clarias gariepinus to diethyl phthalate (DEP) elicited both behavioural and biochemical alterations indicative of stress, toxicity, and organ dysfunction. Test organisms displayed marked behavioural disruptions compared to the control group. Observable responses included loss of equilibrium, erratic or agitated swimming, frequent air-gulping, restlessness, sudden upward darting movements, and rapid opercular activity. Pigmentation changes were also evident, with the normal dark dorsal and lateral coloration becoming markedly lighter. Mortality increased progressively with rising DEP concentrations, confirming a dose-dependent toxic response.

Plasma Protein Alterations
The impact of DEP on plasma protein markers is presented in Table 1. Although differences were not statistically significant (p > 0.05), trends suggest early biochemical disturbances. Total protein levels declined progressively from 3.97 ± 0.22 g/dL in controls to 3.50 ± 0.13 g/dL at the highest exposure (1.47), representing an approximate 12% reduction. Albumin concentrations remained relatively stable across treatments (1.90–2.06 g/dL) compared with the control (1.95 ± 0.10 g/dL), indicating limited influence on hepatic albumin synthesis. Globulin, however, showed a more pronounced reduction, declining by 25% (from 2.02 ± 0.15 g/dL in controls to 1.51 ± 0.06 g/dL at the highest concentration). This reduction may reflect compromised immune competence or perturbations in protein metabolism associated with DEP exposure.
Hepatic Enzyme Biomarker
As shown in Table 2, alterations in key hepatic enzymes were evident following DEP exposure. Alanine aminotransferase (ALT) activity increased by 52% relative to control values (from 30.00 ± 3.78 to 45.55 ± 3.23 U/L at 1.47 DEP), though this was not statistically significant (p = 0.174). Aspartate aminotransferase (AST) activity, however, showed a statistically significant elevation (p = 0.034), rising from 15.26 ± 2.59 U/L in the control to 35.26 ± 1.44 U/L at 23.83 µL/L DEP, corresponding to a 131% increase. Alkaline phosphatase (ALP) activity fluctuated without a clear dose-dependent pattern (3.84–8.19 U/L; p = 0.199). The pronounced increase in AST, alongside the upward trend in ALT, provides evidence of hepatocellular injury and membrane destabilisation, highlighting DEP-induced hepatic stress in C. gariepinus.


Renal Function Markers
The effects of DEP on renal biomarkers are summarized in Table 3. Urea concentrations increased from 3.89 ± 0.30 mmol/L in the control group to 5.04 ± 0.32 mmol/L at 1.38 DEP (30% increase; p = 0.125). Creatinine levels showed a more substantial rise, from 0.51 ± 0.15 mg/dL in controls to 1.14 ± 0.34 mg/dL at 1.47 DEP (124% increase; p = 0.111). While not statistically significant, these elevations suggest reduced glomerular filtration capacity and nephrotoxic effects of DEP. The dose-dependent trend, particularly the sharp rise in creatinine, strongly implicates impaired renal clearance mechanisms.
Electrolyte and Acid-Base Balance
Significant disruptions in electrolyte homeostasis were observed (Table 4). Potassium increased significantly (p = 0.017), from 3.64 ± 0.57 mmol/L in controls to 6.04 ± 0.55 mmol/L at 1.38 DEP, indicating ionic imbalance and potential cellular membrane instability. Sodium levels also increased significantly (p = 0.047), rising from 113.00 ± 6.39 mmol/L in controls to 145.11 ± 7.65 mmol/L at 1.47 DEP, suggestive of osmotic dysregulation and renal impairment. Chloride concentrations fluctuated moderately but without significance (p = 0.829). Bicarbonate concentrations increased significantly (p = 0.046), from 16.51 ± 0.77 mmol/L in controls to 25.17 ± 0.71 mmol/L at 1.38 DEP, reflecting disturbances in acid–base balance, possibly as compensatory responses to metabolic stress.
Collectively, the results demonstrate that DEP exposure in C. gariepinus induces a suite of sublethal toxicological effects, including behavioural disturbances, hepatocellular injury, renal dysfunction, and electrolyte/acid–base imbalances. While some biochemical alterations were not statistically significant, clear dose-dependent trends were evident, particularly in globulin, creatinine, and liver enzymes. Significant changes in AST, sodium, potassium, and bicarbonate further confirm the disruptive potential of DEP on key physiological systems. These findings reinforce the ecotoxicological risks of phthalates in aquatic organisms, underscoring their hepatotoxic, nephrotoxic, and osmoregulatory impacts.
Discussion
Diethyl phthalate (DEP) is a synthetic phthalate ester widely used in plastics and personal care products. Although traditionally considered less potent than other phthalates, emerging evidence indicates that DEP exerts multiple toxicological effects, including endocrine disruption and organ toxicity. In this study, exposure of Clarias gariepinus to DEP elicited distinct behavioural, biochemical, renal, and osmoregulatory disturbances that collectively highlight its ecotoxicological risk in freshwater environments.
Behavioural alterations are among the most sensitive indicators of chemical stress in fish (Lovejoy and Baršytė, 2011). While fish in control groups exhibited normal activity, DEP-exposed fish displayed erratic swimming, loss of equilibrium, incessant air-gulping, rapid opercular movement, and attempts to escape the aquaria. These responses are consistent with earlier findings in C. gariepinus exposed to detergent effluents (Ogundiran et al., 2012), DEP (Ikele et al., 2011), and herbicides (Salim et al., 2021). Similar hyperactivity and abnormal postures have also been reported with exposures to Carica papaya seed extracts (Ayotunde et al., 2011) and pharmaceutical effluents (Ogundiran and Ayandiran, 2022). Such behaviours likely result from nervous system impairment or disrupted neurotransmission, reflecting the neurotoxic stress of DEP. Increased mortality at higher concentrations followed a concentration-dependent trend, as also observed by Nivedita et al. (2002) in Cirrhinus mrigala. These findings reinforce the utility of behavioural endpoints as early-warning biomarkers of aquatic contamination.
Total serum protein declined progressively with increasing DEP concentrations, indicating impaired hepatic function and heightened protein catabolism under toxic stress. While albumin levels remained relatively stable, globulin fractions decreased by approximately 25%, suggesting immunosuppression and reduced humoral defence. Similar globulin depletion has been reported in fish exposed to phthalates and other endocrine disruptors (Adeboye et al., 2014; Abdel-Tawwab et al., 2022). Reduced protein reserves may compromise osmotic stability, immune competence, and metabolic resilience, highlighting the immunotoxic potential of DEP.
Enzyme activities provided clear evidence of hepatic injury. ALT and AST levels increased with DEP exposure, with AST showing a significant two-fold elevation, reflecting severe hepatocellular disruption. ALP exhibited non-significant fluctuations, suggesting differential or delayed sensitivity to DEP stress. These findings align with previous reports of transaminase elevation in fish exposed to phthalates (Abdel-Khalek et al., 2018; Singh et al., 2019), detergent effluents (Ogundiran et al., 2012), and heavy metals (Ansari et al., 2021). Collectively, the enzyme responses confirm that DEP compromises hepatic metabolism, membrane integrity, and detoxification processes.
DEP exposure also impaired renal physiology, with creatinine rising by 124% and urea by 30% at the highest concentrations. Elevated creatinine strongly indicates reduced glomerular filtration and renal dysfunction. Similar nephrotoxic responses have been documented in C. gariepinus (Adeboye, 2014) and Oreochromis niloticus (El-Sayed et al., 2016) following exposure to phthalates and industrial effluents. The results suggest that DEP disrupts excretory capacity and nitrogen metabolism, exacerbating physiological stress and reducing adaptive capacity in fish.
Significant increases in sodium, potassium, and bicarbonate concentrations were observed, pointing to impaired osmoregulation and acid base imbalance. Elevated potassium suggests leakage of intracellular ions due to membrane damage, while increased sodium implies reduced excretion or excessive influx across gill membranes. Rising bicarbonate reflects metabolic or respiratory compensation under toxic stress. By contrast, chloride remained stable, suggesting selective regulation of this ion under pollutant exposure. These patterns parallel earlier findings in fish exposed to hydrocarbons (Akinrotimi et al., 2019) and atrazine (Opute et al., 2022), where ionic disruption was strongly linked to gill and renal dysfunction.
The dose-dependent toxicity of DEP observed in this study is consistent with established toxicological principles, where exposure intensity and duration dictate the severity of physiological disruption. While heavy metals exert rapid lethal effects due to high bioaccumulation (Guerrero et al., 2020), DEP appears to follow a gradual toxicity profile characterised by sublethal disturbances (Mollah and Bardach, 2021) that culminate in mortality under prolonged exposure. This persistence, coupled with its ability to bind sediments and remain in the water column, underscores DEP’s ecological hazard in freshwater systems.
Overall, the integrated behavioural and biochemical responses observed in C. gariepinus demonstrate that DEP exerts hepatotoxic, nephrotoxic, immunotoxic, and osmoregulatory effects. These findings not only validate the use of multiple biomarker endpoints in ecotoxicological assessment but also highlight the urgent need to regulate phthalate pollution in aquatic ecosystems.
Conclusion
This study has demonstrates diethyl phthalate (DEP) to exerts significant toxicological effects on Clarias gariepinus, a species of ecological and aquacultural importance. DEP exposure induced marked alterations in serum biochemical indices, including reductions in total protein and globulin, elevations in liver enzymes, and disturbances in electrolyte and renal function. These dose-dependent changes reflect physiological stress, hepatocellular injury, osmoregulatory imbalance, and impaired kidney function. The findings confirm DEP’s capacity to disrupt vital metabolic and homeostatic processes, corroborating its status as a persistent environmental pollutant with ecotoxicological relevance. Given the sensitivity of C. gariepinus to DEP, this species serves as a reliable bioindicator for monitoring phthalate contamination and assessing ecological risk in freshwater systems.
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Table 1: Alterations in Serum Protein of Clarias gariepinus exposed to Graded Concentrations of DEP
	Concentration
	Total Protein (g/dl)
	Albumin (g/dl)
	Globulin (g/dl)

	Control
	3.97±0.22
	1.95±0.10
	2.02±0.15

	0.76
	3.87±0.27
	1.99±0.04
	1.88±0.28

	1.07
	3.86±0.46
	2.03±0.18
	1.83±0.37

	1.25
	3.69±0.60
	2.02±0.08
	1.67±0.63

	1.38
	3.57±0.11
	2.06±0.16
	1.51±0.06

	1.47
	3.50±0.13
	1.90±0.10
	1.60±0.13

	P-value
	0.927
	0.917
	0.917



P-value < 0.05 indicates significance

Table 2: Alterations in Serum Enzyme Markers of Clarias gariepinus exposed to Graded Concentrations of DEP
	Concentration
	Alanine Aminotransferase (U/L)
	Aspartate Aminotransferase (U/L)
	Alkaline Phosphatase (U/L)

	Control
	30.00±3.78
	15.26±2.59
	5.25±0.52

	0.76
	40.77±4.38
	24.30±4.10
	7.84±2.09

	1.07
	32.78±1.93
	31.40±3.50
	3.84±1.37

	1.25
	37.43±4.25
	27.16±4.97
	4.61±1.03

	1.38
	35.41±5.06
	35.26±1.44
	7.72±0.70

	1.47
	45.55±3.23
	33.29±6.35
	8.19±1.23

	P-value
	0.174
	0.034
	0.199



Table 3: Alterations in Kidney Metabolites of Clarias gariepinus exposed to Graded Concentrations of DEP
	Concentration
	Urea (mmol/l)
	Creatinine (mg/dl)

	Control
	3.89±0.30
	0.51±0.15

	0.76
	4.38±0.35
	0.57±0.09

	1.07
	4.68±0.11
	0.59±0.07

	1.25
	4.33±0.11
	0.57±0.09

	1.38
	5.04±0.32
	0.67±0.07

	1.47
	4.92±0.38
	1.14±0.34

	P-value
	0.125
	0.111


Table 4: Alterations in Electrolyte Concentrations of Clarias gariepinus exposed to Graded Concentrations of DEP
	Concentration
	Potassium (mmol/l)
	Sodium (mmol/l)
	Chloride (mmol/l)
	Bicarbonate (mmol/l)

	Control
	3.64±0.57
	113.00±6.39
	69.65±4.63
	16.51±0.77

	0.76
	3.54±0.31
	118.48±8.83
	83.55±10.43
	19.77±2.02

	1.07
	5.16±0.32
	111.97±5.42
	87.91±17.39
	23.27±1.72

	1.25
	5.08±0.50
	112.64±7.37
	81.86±8.79
	21.18±2.45

	1.38
	6.04±0.55
	134.20±8.97
	77.10±15.20
	25.17±0.71

	1.47
	4.90±0.77
	145.11±7.65
	86.50±4.45
	24.85±2.94
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