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This study evaluated the potential ameliorative effects of methanolic seed extract of 
Trigonella foenum-graecum (T-MSE) on hematological changes associated with 
exposure to copper oxide nanoparticles (CuO-NPs) in Oreochromis mossambicus. 
Seventy-two fish (reported body mass: 30–45 g) were allocated to four treatment 

groups, including an untreated control and three groups receiving CuO-NPs at 0.12 
mg/L together with T-MSE. The manuscript reports T-MSE doses inconsistently across 
the abstract, methods, and tables; the correct doses must be confirmed from the 
original experimental records before submission. Blood samples were collected at three 
reported intervals (days 7, 28, and 56), although the exposure duration is also reported 
as 28 days. These timeline details require confirmation. The reported results indicate 
that hematological changes were limited at the earliest sampling point and became 
more pronounced at later sampling points in the lower-extract treatment groups. The 
highest T-MSE treatment generally showed values closer to the control for several 
reported hematological measures, including erythrocyte count and hemoglobin. These 
findings are consistent with a possible partial ameliorative effect, but the magnitude 

and statistical support of that effect should be interpreted only after the treatment 
doses, sampling schedule, experimental unit, and statistical analysis have been verified. 
The study highlights the need for controlled follow-up experiments to determine 
whether T-MSE can mitigate CuO-NP-associated hematological effects in fish. 

Introduction 

Metallic nanoparticles are used in a range of industrial, agricultural, electronic, and biomedical applications. Their 
physicochemical properties, including small size and high surface-area-to-volume ratio, can make them behave differently from 
their bulk counterparts (Ramay et al., 2015; Raza et al., 2016). Metal and metal-oxide nanomaterials are used in applications 
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such as catalysis, electronics, photonics, and other technologies (Subramanian et al., 2015; Cristea et al., 2017; Chow, 2018). 
These uses have increased interest in understanding their environmental fate and potential biological effects. Nanomaterials 
are also investigated for medical and diagnostic applications, including biosensing and drug-delivery technologies (Kuunal et 

al., 2016). Their antimicrobial properties have led to use in some coatings and consumer products (Molling et al., 2014; Quadros 
et al., 2013). However, the presence of engineered nanomaterials in products and industrial processes creates opportunities for 
their release into the environment, making assessment of their safety important. 

The increasing use of nanomaterials has raised concerns about possible effects on human and environmental health (Luo et al., 
2018). After release, nanoparticles may enter soil and aquatic systems and interact with organisms through routes such as the 
gills, skin, or ingestion. Their behavior and biological effects can depend on factors including particle size, shape, surface charge, 
aggregation, and interactions with surrounding molecules (Lee and Ytreberg, 2012; Mattsson et al., 2015; Agnihotri et al., 2014). 

These factors make it important to characterize exposure materials and evaluate biological responses under clearly defined 
experimental conditions. Copper oxide nanoparticles (CuO-NPs) are used in several commercial and technological applications. 
Their potential toxicity has therefore attracted attention in environmental and toxicological research (Wang et al., 2015; Wu 
and Tang, 2018; Mercado et al., 2019). Experimental studies have reported that copper-based nanomaterials can affect biological 
tissues and may be associated with oxidative stress and changes in physiological function (Ahmed et al., 2016; Noureen et al., 
2019). The extent of these effects may depend on exposure concentration, duration, particle characteristics, and the species 
under investigation. The behavior of CuO-NPs in biological systems may be influenced by their surface chemistry, aggregation, 
and interactions with dissolved substances. Because these properties can affect dispersion and bioavailability, the 
characterization of the material used in an experiment is important. Reports of oxidative stress and other biological responses 
following nanoparticle exposure support the need to evaluate potential effects in non-target organisms, including aquatic 
species (Kumar et al., 2019; Pagano and Faggio, 2015). The specific claims and references in this paragraph should be checked 

against the original sources during reference verification. Aquatic organisms may be exposed to nanoparticles released into 
water bodies, where they can encounter organisms that are not the intended targets of these materials (Noureen et al., 2019). 
Fish are commonly used in aquatic toxicology because measurable physiological and hematological responses can provide 
information about exposure-related stress. Oreochromis mossambicus was selected for the present study to investigate 
hematological responses to CuO-NP exposure and to examine whether methanolic fenugreek seed extract may modify those 
responses. 

Medicinal plants contain diverse compounds, including phenolics, flavonoids, terpenoids, saponins, and other constituents that 

have been investigated for antioxidant or other biological activities (Hamid et al., 2013; Kusumaa et al., 2014). Plant-derived 
preparations have therefore been studied as potential modifiers of stress responses in animals, including fish. However, the 
effects of a plant extract depend on its composition, preparation, dose, and the experimental context; any protective effect 
should be demonstrated rather than assumed. Trigonella foenum-graecum (fenugreek), a member of the Fabaceae family, is 
cultivated in parts of Asia and North Africa and is commonly used as a food and spice. Its seeds contain dietary fibre and a range 
of phytochemicals, and published research has examined their potential biological activities (Meghwal and Goswami, 2012; 
Srinivasan, 2019). On this basis, the present study investigated whether methanolic fenugreek seed extract could modify 
hematological changes associated with CuO-NP exposure in O. mossambicus. The objective of this study was to assess 
hematological responses in O. mossambicus exposed to CuO-NPs and to evaluate the potential ameliorative effects of T-MSE. 
The original manuscript reports sampling on days 7, 28, and 56; the relationship between the 28-day exposure period and the 
day-56 sampling point must be clarified by the authors. 

Materials and Methods 

Fish procurement, acclimatization, and water-quality parameters 

Oreochromis mossambicus (tilapia) were obtained from the Manawan Fisheries Complex, Lahore, Punjab, Pakistan, and 
transferred to the Fish Research Laboratory, Department of Zoology, Government College University Faisalabad, Pakistan. Fish 
were acclimatized for two weeks before the experiment and fed a commercial diet manufactured by Wudi Taiija Agriculture 
Development Co. Ltd., China. The reported diet contained 65% crude protein and 10% fat. Water temperature was maintained 
at 28 °C, with a 12 h light/12 h dark photoperiod. The manuscript reports dissolved oxygen of 6.5–7.4 mg/L, pH 6.7–7.2, 
ammonia of 0.5–0.7 ppm, total hardness of 47–52 ppm, and total dissolved solids of 6.5–7.8. The units and measurement 
methods for total dissolved solids should be confirmed. 

Ethical approval 

The authors report that the in vivo fish experiments were approved by the Animal Ethics Committee of Government College 
University Faisalabad, Pakistan. The approval/reference number and approval date should be added if available. Fish were 

reportedly maintained and handled in accordance with the committee's animal-care guidance. 
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Chemicals 

Copper oxide nanoparticles (CuO-NPs; reported nominal size below 50 nm) were purchased from Sigma-Aldrich. The supplier 
catalogue number and the complete CAS number should be verified against the product documentation; the number in the 
original manuscript is corrupted. 

Selection of CuO-NP concentration 

The study used a nominal CuO-NP concentration of 0.12 mg/L, selected on the basis of preliminary work from the same research 
project that is described in the original manuscript as unpublished. The basis for selecting this concentration should be 
explained, and any available supporting data should be retained for editorial review. 

Characterization of CuO-NPs 

The original manuscript states that CuO-NPs were characterized using scanning electron microscopy (SEM), X-ray diffraction 
(XRD), and zeta-potential analysis. It reports a nominal supplier particle size below 50 nm, an XRD-derived crystallite size of 
approximately 90 nm, and SEM-visible particles/agglomerates in the micrometre range. These measurements are not 
necessarily equivalent, but the distinction between primary particle size, crystallite size, and agglomerate size must be stated 
clearly. The phase assignment in the original XRD description also alternates between CuO and Cu₂O; this must be checked 
against the raw diffraction pattern and instrument report before publication. 

Preparation of Trigonella foenum-graecum methanolic seed extract (T-MSE) 

Dried T. foenum-graecum seeds were purchased from a local supplier. The authors report that the plant material was 
taxonomically confirmed by the Department of Botany, Government College University Faisalabad, Pakistan. A voucher 
specimen number should be supplied if one exists. 

 

Fig. 1: Diagrammatic presentation of plant seed extract preparation 

The seeds were ground to a fine powder using a Renker GMO 1 grinder. The original protocol describes macerating 2 kg of 
powdered seeds in 2.5 L of methanol in an airtight container for 15 days at room temperature, with periodic agitation and 
additional methanol as needed to keep the material wet. The extract was subsequently processed using a Soxhlet apparatus. 
The reported yield of T-MSE was 55.23 g, which was stored in a dry, airtight container for later use. The authors should clarify 
the sequence of maceration and Soxhlet extraction, the volume of methanol used overall, and whether the solvent was removed 
before the extract was administered. 

Experimental design and treatment groups. 

Seventy-two fish were reportedly assigned randomly to four groups, with three replicates per group and six fish per replicate. 
The control group received no CuO-NPs or T-MSE; the other groups received CuO-NPs at 0.12 mg/L together with different T-
MSE concentrations. The treatment concentrations are inconsistent in the source manuscript: the narrative reports 16, 34, and 
52 mg/L; the design table reports 16, 32, and 52 mg/L; and the hematology tables report 18, 26, and 52 mg/L. The correct 
concentrations must be confirmed from the original records before the final manuscript is submitted. 
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Table 1.  

Experimental groups and treatment allocation 

The original manuscript states that CuO-NPs and T-MSE were administered on alternate days and that water was changed 
regularly while physical conditions were maintained. It reports no mortality during the experiment and states that exposure 
continued for 28 days. However, sampling is also reported on day 56. The authors must clarify whether the fish were sampled 
on day 56 after a 28-day exposure followed by a recovery/observation period, or whether exposure continued for 56 days. The 
applicable OECD guidance should be cited accurately and should match the experimental design; an acute-test guideline should 
not be presented as validation of a different exposure design. 

Preparation of exposure media 

Exposure media were reportedly prepared with reference to Shaw et al. (2012) and Noureen et al. (2019). The required quantity 
of CuO-NPs was weighed and dispersed in deionized/ultrapure water (reported resistivity: 18.2 MΩ·cm), with 0.1 mL acetic 
acid added as a dispersing solvent. The suspension was vortexed at 2,000 rpm for 10 min and sonicated at 100 W and 40 kHz 
for 1 h. Fresh suspensions were prepared before each dosing event. The original manuscript states that T-MSE solutions were 
prepared similarly but without an organic solvent. The final concentration of acetic acid in the exposure medium, the volume 
administered per tank, and whether solvent controls were used should be specified. 

Sampling and hematological measurements 

Sampling was reportedly conducted on days 7, 28, and 56. Fish were anesthetized using clove oil at 100 µg/L, and blood was 
collected from the caudal vein into tubes containing EDTA as an anticoagulant. Turk's solution and Toisson's solution were used 
for leukocyte and erythrocyte counts, respectively, according to the original manuscript. Hematocrit was measured using 
microhematocrit tubes following the cited Dacie and Lewis method. The original text refers to a hemocytometer for hemoglobin 

detection; this is likely a method-description error and must be checked against the laboratory protocol, with the actual 
hemoglobin assay and equipment reported accurately. 

Statistical analysis 

The original manuscript reports analysis using one-way analysis of variance (ANOVA), with results expressed as mean ± 

standard error (SE), followed by Tukey's multiple-comparison test in Minitab. The authors should report the software version, 
exact sample size used for each analysis, assumptions/checks, and the statistical model used across treatment groups and 
sampling times. Because fish were housed in replicate tanks, the tank may be the independent experimental unit; the analysis 
must avoid treating fish within the same tank as independent replicates. Exact p-values and effect sizes should be included 
where available. 

  

 
Sr #    Groups 

Doses (Treatment) 
# of fish allocated 
 

CuO (mg/l) T-MSE (mg/l) Oreochromis mossambicus (Triplicate) 

1 Control ― ― 6            6 6 

2 G1 0.12 16  6 6 6 

3 G2 0.12 32 6 6 6 

4 G3 0.12 52 6 6 6 
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Results 

 

Fig. 2. SEM micrographs of the CuO-NPs at various magnifications as 10.0 kx, 25.0 kx and 50.0 kx 

Scanning electron microscopy (SEM) 

SEM images were obtained at reported magnifications of 10,000×, 25,000×, and 50,000×. The original description reports 
irregular particles and agglomerates with apparent dimensions of approximately 1–2 µm and a stated purity of 99%. These 

observations should be interpreted as the sizes visible in the SEM images unless the primary-particle dimensions were 
independently measured. The figure caption and text should be aligned with the scale bars and the supplier's characterization 
data. 

 

Fig. 3. XRD image of CuO-NPs; XRD analysis show intense peak at 23.5º, 32.5º, 33.5 º, 46.0 º, 59.0 º 

The XRD pattern was reportedly collected from dried CuO-NP material over a 2θ range of 10–80° using Cu Kα radiation. The 
original manuscript lists peaks at several angles and describes them as crystalline copper oxide, but it also assigns some peaks 
to Cu₂O while referring to the material as CuO. The phase identification and peak indexing must be re-evaluated using the raw 
diffractogram and a suitable reference database before the results are reported as confirmed. 

D = 0.9λ/(β cos θ) 

where λ is the X-ray wavelength, β is the full width at half maximum (FWHM) of the selected diffraction peak in radians, and 
θ is the Bragg angle. The original manuscript estimates a crystallite size of approximately 90 nm using the Scherrer equation. 
This value should be recalculated from the raw peak data and reported with the selected peak and calculation assumptions. 
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Hematological responses and potential ameliorative effects of T-MSE 

Hematological responses to CuO-NP and T-MSE exposure 

The study examined erythrocyte count, hemoglobin, hematocrit, mean corpuscular volume (MCV), mean corpuscular 
hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), leukocyte count, neutrophils, lymphocytes, 
monocytes, and basophils. According to the original tables and narrative, the earliest sampling point showed few or no 
statistically significant differences from the control, whereas several hematological parameters differed from the control at 
later sampling points. Interpretation of these patterns depends on confirmation of the sampling timeline, treatment 

concentrations, and statistical analysis. 

Erythrocyte counts were reported to be lower in the lower-T-MSE groups than in the control at days 28 and 56. At day 56, the 
table reports erythrocyte counts of 1.94 ± 0.003 × 10⁶/µL in the control, 1.73 ± 0.003 × 10⁶/µL in G1, 1.78 ± 0.003 × 10⁶/µL in 
G2, and 1.82 ± 0.004 × 10⁶/µL in G3. Hemoglobin was also reported to be lower in the treatment groups than in the control at 
later sampling points. These numerical values and their significance annotations should be checked against the raw dataset 
before publication. 

The original results describe changes in MCV, MCH, and MCHC at later sampling points. The direction and statistical 
significance of each parameter should be described individually and should match the corresponding table values; the current 
narrative contains conflicting descriptions of whether these indices increased or decreased. No direction of change should be 
inferred where the tabulated values or underlying data do not clearly support it. 

The manuscript reports increases in leukocyte count and in the percentages of neutrophils, lymphocytes, and monocytes in 

some treatment groups at later sampling points. These responses may be consistent with a physiological response to exposure-
related stress, but the interpretation should remain cautious and be based on the verified data and statistical comparisons. 
Basophil results should also be described if they were measured and are included in the tables. 

The highest T-MSE treatment group (G3) was reported to show values closer to the control for several hematological parameters 
than the lower-extract groups. For example, the day-56 erythrocyte count in G3 was 1.82 ± 0.004 × 10⁶/µL compared with 1.94 
± 0.003 × 10⁶/µL in the control. This pattern suggests partial amelioration rather than complete normalization. The 
interpretation should be retained only if confirmed by the raw data and appropriate statistical comparisons. 

Table 1: Hematological parameters of O. mossambicus following 7 days of reported treatment with CuO-NPs and T-MSE. 

Parameters Units Days 

Groups / Doses (mg/L) 

C 
(Control) 
0.00 

G1 

(CuO-NPs + 
Trigonella 
foenum-
graecum) 
(0.12 + 18.00) 

G2 

(CuO-NPs + 
Trigonella 
foenum-
graecum) 
(0.12 + 26.00) 

G3 

CuO-NPs + 
Trigonella 
foenum-
graecum 
(0.12 + 52.00) 

Erythrocytes (106/µl) 

07 

1.93±0.005A 1.93±0.004A 1.92±0.007A 1.90±0.007A 
Hemoglobin (g/dL) 8.44±0.008A 8.44±0.007A 8.39±0.014A 8.42±0.027A 
Hematocrit (%) 26.02±0.24A 26.03±0.17A 25.15±0.46A 25.56±0.40A 
Mean Corpuscular 
Volume  

(fl) 142.76±0.26A 143.37±0.63A 142.52±0.30A 143.81±0.61A 

Mean Corpuscular 
Hemoglobin  

(pg) 54.90±0.74A 54.85±0.62A 55.91±0.18A 54.45±0.42A 

MCH Concentration (g/dL) 37.44±0.66A 37.88±0.28A 37.94±0.40A 37.95±0.25A 
Leucocytes  (103/µl) 50.42±0.52A 51.61±0.32AB 51.94±0.21AB 51.68±0.33B 
Neutrophils  (%) 44.71±0.70A 44.52±0.75A 45.52±0.84A 43.72±0.48A 
Lymphocytes  (%) 25.10±0.41A 25.54±0.23A 25.51±0.39A 25.75±0.21A 
Monocytes  (%) 7.15±0.35A 7.39±0.39A 7.37±0.49A 7.99±0.25A 

Values are presented as mean ± SE from three reported replicates. Different superscript letters within a parameter indicate a 

statistically significant difference at p < 0.05, according to the original analysis. Verify the statistical comparisons and letters 
against the raw data. 
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Table 2; Hematological parameters of O. mossambicus following 28 days of reported treatment with CuO-NPs and T-
MSE. 

Parameters Units Days 

Groups / Doses (mg/L) 

G1 
(Control) 
0.00 

G2 
(CuO-NPs + 
Trigonella 
foenum-

graecum) 
(0.12 + 18.00) 

G3 
(CuO-NPs + 
Trigonella 
foenum-

graecum) 
(0.12 + 26.00) 

G4 
CuO-NPs + 
Trigonella 
foenum-

graecum 
(0.12 + 52.00) 

Erythrocytes (106/µl) 

28 

1.93±0.004C 1.74±0.009A 1.76±0.004A 1.83±0.007B 

Hemoglobin (g/dL) 8.45±0.07D 6.99±0.05A 7.21±0.05B 7.52±0.01C 

Hematocrit (%) 25.54±0.10B 20.59±0.23A 21.12±0.30A 21.15±0.29A 

Mean Corpuscular 
Volume  

(fl) 143.29±0.44A 155.35±0.75C 150.02±0.55B 152.02±0.73B 

Mean Corpuscular 
Hemoglobin  

(pg) 55.69±0.32C 43.12±0.58A 45.09±0.83AB 46.13±0.72B 

MCH Concentration (g/dL) 38.39±0.40B 31.55±0.32A 31.61±0.50A 32.47±0.62A 

Leucocytes  (103/µl) 51.30±0.34A 57.31±0.59B 57.53±0.65B 56.10±0.83B 

Neutrophils  (%) 45.11±0.43A 57.34±0.59C 55.92±0.69BC 53.60±0.75B 

Lymphocytes  (%) 24.98±0.54A 29.38±0.26B 27.86±0.35B 27.70±0.61B 

Monocytes  (%) 7.20±027A 11.58±0.43B 10.58±0.52B 10.34±0.33B 

Values are presented as mean ± SE from three reported replicates. Different superscript letters within a parameter indicate a 
statistically significant difference at p < 0.05, according to the original analysis. Verify the statistical comparisons and letters 
against the raw data. 

Table 3; Hematological parameters of O. mossambicus at the reported day-56 sampling point following treatment with 
CuO-NPs and T-MSE. 

Parameters Units Days 

Groups / Doses (mg/L) 

C 
(Control) 
0.00 

G1 
(CuO-NPs + 
Trigonella 
foenum-
graecum) 
(0.12 + 18.00) 

G2 
(CuO-NPs + 
Trigonella 
foenum-
graecum) 
(0.12 + 26.00) 

G3 
CuO-NPs + 
Trigonella 
foenum-
graecum 
(0.12 + 52.00) 

Erythrocytes (106/µl) 

   56 

1.94±0.003D 1.73±0.003A 1.78±0.003B 1.82±0.004C 

Hemoglobin (g/dL) 8.48±0.004C 6.85±0.003A 6.93±0.007A 7.39±0.04B 

Hematocrit (%) 25.74±0.19C 19.84±0.21A 20.79±0.23B 21.51±0.20B 

Mean Corpuscular 
Volume  

(fl) 143.71±0.61A 158.69±0.58C 150.71±0.23B 148.47±0.51B 

Mean Corpuscular 
Hemoglobin  

(pg) 56.11±0.38C 42.75±0.27A 43.86±0.61A 47.88±0.22B 

MCH Concentration (g/dL) 38.54±0.28C 30.63±0.20A 30.86±0.22A 32.63±0.25B 

Leucocytes  (103/µl) 51.23±0.25A 58.58±0.28B 57.38±0.32B 55.82±0.35C 

Neutrophils  (%) 45.99±0.14A 58.20±0.53B 57.54±0.31B 54.55±0.32C 
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Lymphocytes  (%) 25.02±0.19A 30.50±0.32B 28.79±0.29B 27.72±0.65C 

Monocytes  (%) 7.94±0.17A 12.21±0.24C 10.82±0.31B 10.49±0.15B 

Values are presented as mean ± SE from three reported replicates. Different superscript letters within a parameter indicate a 

statistically significant difference at p < 0.05, according to the original analysis. Verify the statistical comparisons and letters 
against the raw data. 

Discussion 

Hematological measurements are widely used to assess physiological status in fish and can respond to environmental stressors 
(Javed and Usmani, 2014; Akbary et al., 2018). The present study examined several red- and white-blood-cell indices in O. 
mossambicus following reported exposure to CuO-NPs with different concentrations of T-MSE. The reported changes at later 
sampling points suggest that exposure may have been associated with altered hematological status. However, conclusions about 
exposure duration and dose response must remain provisional until the conflicting treatment concentrations and sampling 
timeline are resolved. Plant-derived preparations have been investigated as potential modifiers of physiological responses 

because they contain diverse bioactive constituents (Allaoui et al., 2019; Khorshidian et al., 2016). Fenugreek seeds have been 
studied for their nutritional composition and potential biological activities (Meghwal and Goswami, 2012; Srinivasan, 2019). In 
the present study, the group assigned the highest T-MSE concentration was reported to show values closer to the control for 
some hematological parameters than groups assigned lower concentrations. This pattern is compatible with a possible 
ameliorative effect, but it does not establish the active compounds, mechanism, or optimal dose of the extract. 

Hemoglobin concentration and erythrocyte count are relevant indicators of oxygen-carrying capacity. The source tables report 
lower hemoglobin and erythrocyte values in some CuO-NP plus T-MSE groups than in the control at later sampling points. Such 

changes may be consistent with an anemia-like response or altered erythrocyte status, but this interpretation should be 
supported by the verified data and by consideration of other measures, including hematocrit and erythrocyte indices. The 
original manuscript cites related fish toxicology studies in discussing these findings; each citation should be checked to ensure 
that it supports the specific comparison being made. Hematological indices can provide useful information about fish responses 
to environmental exposure, nutritional changes, and other stressors (Hoseini and Nodeh, 2013; Hoseini et al., 2018; 
Mazandarani and Hoseini, 2017). The present results should be interpreted in this broader context rather than as evidence of a 
mechanism specific to CuO-NPs. The absence of a T-MSE-only group, if confirmed, would also limit the ability to distinguish 
effects of the extract itself from its potential interaction with CuO-NPs. The original discussion proposes that reduced 
erythrocyte counts may reflect shortened erythrocyte lifespan, altered blood-cell production, or respiratory stress. These are 
possible explanations, not mechanisms demonstrated by the present experiment. Direct evidence such as blood-cell 
morphology, tissue histology, oxidative-stress markers, or relevant physiological measurements would be needed to evaluate 

them. The discussion should therefore avoid attributing the observed changes to a specific organ or process unless that process 
was measured. The manuscript reports higher leukocyte counts and changes in the proportions of neutrophils, monocytes, and 
lymphocytes in some treatment groups. These changes may reflect an immune or stress response, but they are not, on their 
own, proof of infection, inflammation, or organ dysfunction. Similar responses have been described in some fish exposed to 
copper-based nanoparticles (Noureen et al., 2018; Jahanbakhshi et al., 2015; Kaviani et al., 2019). The exact direction, 
magnitude, and statistical significance of each response should be stated only after checking the raw dataset and table 
annotations. 

The highest T-MSE treatment was described as showing the greatest apparent improvement in several hematological measures 
at the later sampling point. Because the values did not consistently return to the control values, the results are more 
appropriately described as partial amelioration rather than repair or complete protection. In addition, interpretation of a 
concentration-related trend requires the treatment concentrations to be confirmed and the analysis to account for the true 
experimental unit. The original manuscript discusses antioxidant and immunomodulatory properties attributed to fenugreek 
in previous literature (Goyal et al., 2016). These properties provide a rationale for further investigation but were not directly 
demonstrated by the hematological measurements reported here. Without chemical profiling of the extract and measurements 
of oxidative stress or related pathways, the study cannot identify which constituents might contribute to the observed pattern 
or establish a mechanism of action. 

MCV, MCH, and MCHC describe different aspects of erythrocyte size and hemoglobin content. The original narrative contains 
inconsistent descriptions of the direction of change in these indices and refers to different T-MSE concentrations than those 
listed in the tables. These statements should be reconciled against the raw results before publication. Comparisons with 
previous work on copper nanoparticle exposure in fish (Noureen et al., 2018) should be retained only where the species, 
exposure conditions, and reported outcome are accurately represented. Leukocytes and leukocyte subtypes contribute to 
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immune defence, but changes in their counts can have multiple causes. The current results may indicate a physiological 
response to the experimental treatments, yet they do not independently demonstrate dysfunction of the kidney, liver, or another 
organ. Such mechanistic claims would require supporting measurements. Overall, the study offers preliminary observations on 

hematological responses in O. mossambicus and the possible modifying effect of T-MSE; reliable conclusions depend on 
resolving the data and design inconsistencies identified in the author-verification notes. 
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Conclusion 

The present study provides preliminary evidence that exposure to waterborne copper oxide nanoparticles (CuO-NPs) is 
associated with alterations in several hematological parameters of Oreochromis mossambicus, suggesting potential 
physiological stress in exposed fish. The reported differences in erythrocyte count, hemoglobin concentration, and other blood 
indices highlight the value of hematological assessment as a tool for investigating the biological responses of aquatic organisms 

to nanoparticle exposure. These findings underscore the importance of evaluating the potential environmental implications of 
nanomaterials, particularly in aquatic ecosystems. The treatment group receiving the highest concentration of methanolic 
Trigonella foenum-graecum seed extract (T-MSE) generally exhibited values closer to the control for certain hematological 
parameters than groups receiving lower extract concentrations. This pattern suggests a possible partial ameliorative effect of 
T-MSE against CuO-NP-associated hematological alterations. Nevertheless, the observed responses do not demonstrate 
complete protection, establish a definitive dose-dependent relationship, or identify the biochemical mechanisms responsible for 
apparent improvement. The potential contribution of fenugreek-derived bioactive compounds therefore remains an important 
area for further investigation rather than a confirmed protective mechanism. 

Future research should incorporate verified treatment concentrations, clearly defined exposure and sampling periods, 
appropriate extract-only and solvent controls, adequately replicated experimental designs, and statistical analyses based on the 
correct experimental unit. In addition, integrating hematological measurements with oxidative-stress biomarkers, biochemical 
assessments, and histopathological examinations could provide a more comprehensive understanding of the biological effects 
of CuO-NPs and the potential role of T-MSE. Careful characterization of the nanoparticles and chemical profiling of the extract 
would further strengthen the interpretation and reproducibility of the findings.  

Overall, this study offers a useful preliminary basis for further investigating the interaction between nanoparticle exposure and 

plant-derived preparations in fish. Confirmation through rigorous, independently replicated experiments is essential before 
drawing firm conclusions about the protective efficacy, optimal concentration, or practical environmental application of 
fenugreek seed extract. Addressing these research priorities could contribute to a more robust understanding of nanoparticle-
associated aquatic stress and support future investigations into scientifically validated, plant-derived approaches to mitigating 
adverse biological response.  
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