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ABSTRACT

Copper toxicity poses significant risks to fish. Spirulina platensis a cyanobacterium
(protist), has shown protective properties against metal-induced toxicity in various species. This
study investigated the prophylactic role of Spirulina platensis in Nile tilapia (Oreochromis
niloticus) against the toxicity of copper sulfate (CuSO4) and Copper oxide nanoparticles (CuO-
NPs). Over 15 days, tilapia were divided into five groups: For this purpose, fish were divided into
five treatments. To was a controlled treatment. T; was treated with 15mgl™! CuO-NPs. T, was fed
with 2.5gkg™! Spirulina and 15mgl™! CuO-NPs. T3 was treated with 15mgl™! CuSO4. T4 was treated
with 2.5gkg™! Spirulina and exposed to 15mgl! CuSOs. CuSO4 and CuO-NPs were given for the
last 15 days and Spirulina was given on the first day of the trial in T2 and Ts. The results showed
that both CuSO4 and CuO-NPs significantly increased biochemical parameters like total ALP,
ALT and AST. Hematological disturbances and erythrocyte count along with histopathological
damage to organs like the liver were also observed. However, Spirulina supplementation notably
mitigated these adverse effects, reducing and preserving tissue integrity and normalizing all
parameters. This study highlights the species-specific protective effects of the agent and suggests
that Spirulina may offer protection against copper-induced toxicity. Future research is needed to
explore the long-term impacts and underlying mechanisms of these agents, along with their
optimal dosages for enhancing fish health in aquaculture.
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Copper is a crucial micro and nanoscale bioelement. It powers many metabolic activities but
it is toxic to aquatic organisms. It also shows harmful effects to human cellular activities [1].
Nanoparticles also used in paint, plastic and textile industries due to their biocidal characteristics.
Copper and copper nanoparticles are now in many industries. They are used in electronics,
construction, and biocides [2]. Copper sulphate are applied to degrade toxic algal and fungal
blooms in aquaculture [3]. The overusing of copper oxide nanoparticles harms ecosystems and
aquatic life [2]. Toxic effects derived by these practices are increasing fish mortality rate at
enormous level and the cause decrease in economics contributions [4]. Nanoparticles are drived
from natural resources and their production is anticipated to increase 500,000 tons by 2020 [5].
Traditional extraction method to synthesized CuO nanoparticles including precipitation [6, 7], sol-
gel [8-10] and electrochemical processes [11-13]. These nanoparticles enter into the aquatic
ecosystem through industrial effluents, surface runoff, sewage and airborne accumulation relating
with indigenous species and cause the cellular toxicity [14].

Toxic level of these metal and metal oxide nanoparticles may effects different body organs
e.g. liver and blood cells with changes examined by biochemical, histological and
histopathological studies [15]. Heavy metals adversely affect the fish physiology, growth and
reproduction influencing sustainable aquaculture [16]. Toxic pollutants change fish behaviours,
feeding way and social interaction which leads to overall disturbance in hormonal changes and
sensory impairments [16]. Different studies examine the impact of heavy metals and particle on
fish behavioural biochemical parameters, antioxidant unlimited activities and histopathological
changes[17].

The cyanobacterium Spirulina platensis has reported protection against metals-based
toxicity in different aquatic species [18, 19]. Spirulina carry high significant amount of
biomolecules like amino acids, fatty acids, proteins, vitamins and minerals [20, 21]. Spirulina
platensis also have additional bioactive compounds with prominent properties like antioxidant e.g.
phycocyanin and allophycocyanin [22, 23]. In fish aquaculture, Spirulina contributions recently as
a source of important food supplements as well as toxins treatment of aquatic waste water [21].
However, the use of microalgae or plant extract as bioactive compounds to reduce CuO-NPs
toxicity [24]. Particularly, Spirulina extract proffer preservatives role against CuSO4 toxicity in
fisheries and other aquatic organisms. Therefore, toxicity of CuSO4 and CuO-NP as well as
potential defensive character of Spirulina against such toxins [25-27]. Nile tilapia (Oreochromis
niloticus) is considered as one of the most precious freshwater fish in Egypt and Africa. This specie
reproduction rate and various effluents tolerability make it excellent model for toxicological
studies [28]. The present study emphasis on detrimental effects of CuSO4 and CuO-NPs and their
possible protective effects of Spirulina supplements were examined in Niles tilapia. Changes were
showed in different parameters like biochemical parameters, histopathological changes and
haematological indices.

2. Materials and Methods
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2.1. Ethical Statement:

All experiments were carried out following the rules and regulations adopted by the ethical
committee of Agriculture University Faisalabad, Pakistan.

2.2. Experimental Site and fish collection:
CuO-NPs were prepared in laboratory of Chemistry department of University of

Agriculture Faisalabad. The stock solution of CuO-NPs was prepared according to the method
Soliman, Hamed and Sayed [29]. The properties of the nanoparticles were examined through
FTIR, UV-Visible spectrometer and zeta potentiometer. CuSOy4 particularly (CuSO4.5H>0) were
applied as a source of Copper ion. Spirulina and green tea extract were prepared in the high-tech
central lab of Pakistan Agriculture Research Station (PARS) at University of Agriculture
Faisalabad. Early juveniles of Nile tilapia were taken from Tawakkal Fish Hatchery & Farm
Muzaffargarh (Punjab, Pakistan) and transported to the Laboratory of Department of Zoology,
Wildlife and Fisheries Biology at University of Agriculture Faisalabad. The fish were checked to
make sure that they are free from any external toxic agent like parasitic body and are healthy.

2.3. Acclimatization of fish:

The fingerlings (n=180) Tilapia of both sexes were evenly distributed into rectangular glass
tanks (170 x 90 x 60 cm) each containing 460 liters of dechlorinated water. Fish were acclimatize
to laboratory environment for 7 days and fed with commercial diet. To guarantee proper oxygen
saturation the tanks were aerated using air stones connected to an air compressor.

2.4. Experimental setup:

The water's physiochemical properties were assessed and the fish were divided into six
treatments each consisting of 30 fish:
Control Group: Fish pre-fed a normal diet.
CuO-NPs Group: Fish fed a normal diet and exposed to 15 mgl™! of CuO-NPs.
CuO-NPs + Spirulina Group: Fish fed a diet supplemented with 0.25% Spirulina and exposed
to 15 mgl! of CuO-NPs.
CuSO: Group: Fish fed a normal diet and exposed to 15 mgl™! of CuSO..
CuSOs + Spirulina Group: Fish fed a diet supplemented with 0.25% Spirulina and exposed to 15
mgl! of CuSO..

Each aquarium received a daily diet equivalent to 4% of the total weight of fish within it.
The fingerlings were fed twice a day once from 08:00-09:30 am and again from 03:00-04:00 pm.
To account for changes in body weight 5% of the fish were randomly sampled after the trails. After
giving feeding all fecal matter was siphoned off before the next feeding. After feeding,
unconsumed feed was removed by pipetting out.

Table 1: Experimental Design for the Assessment of Copper Toxicity and Spirulina
Supplementation in Nile Tilapia (Oreochromis niloticus)
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Treatme To T T2 T3 T4 Duratio
nt n
Diet Commerci Commerci Pre-fed with  Commerci Pre-fed For 3
al diet al diet commercial al diet with months
diet+ with commercia
0.25% 1 diet+ with
spirulina 0.25%
spirulina
Treatmen No CuO CuO CuSOq4 CuSOq4 For 21
t exposure nanoparticl nanoparticle  15mg]’! 15mgl! days
e 15mg]™!
15mg]™!

The experimental design implemented to investigate the effects of copper oxide
nanoparticles (CuO-NPs) and copper sulphate (CuSO4) on Nile tilapia, with or without spirulina
supplementation, is presented in the table. A commercial food was given to five groups, with the
T, and T4 groups receiving pre-fed spirulina (2.5 gkg™). After three months feeding period, groups
(To, the control group) were exposed to 15 mgl!' of CuO-NPs (T and T2) or CuSOs (T3 and Ts)
for 21 days.

2.5. Processing of Spirulina:

Select all the appropriate feed ingredients for processing. Weigh raw ingredients for
accurate amount of different nutrients. Grind the mixture to obtain homogenous mixture of specific
particle size to improve digestibility, palatability and water stability of the feed. Mix the
ingredients with hot water and add binders except vitamin mixture as it is heat sensitive. Knead
the dough well. The dough is then wrapped in silver foil and autoclaved for 20 min at 110-120°C
temperature to make it free from microorganisms.Addition of vitamin and minerals. After
autoclaving, the feed mixture is allowed to after which the pre-weighed vitamin and mineral
mixture is added and mixed well. In this process the prepared feed mix is allowed to pass through
the extruder for preparing the feed pellets. The pellets are appropriately dried as per the
requirements. After drying the final feed product can be packed in HDPE Bags. Store the feed bags
in a clean place that is free from pests and insects. Air circulation must be maintained. Bags of
feed should be printed with date of manufacturing.
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Preparation of Feed for Nile tilapia with spirulina

Table 2: Formulation of composition of the experimental diets or Fish feed ingredients for

Oreochromis niloticus.

Ingredients TO T1 T2 T3 T4
Spirulina 0 0 2.5 0 2.5
Corn 2 2 2 2 2
Rise Polish 15 15 12.5 12.5 12.5
Rapeseed meal 0.5 0.5 0.5 0.5 0.5
Canola gluten 30 30 30 30 30
Poultry meal 45 45 45 45 45
Fish meal 1 1 1 1 1
DCP 0.5 0.5 0.5 0.5 0.5
Lysine 0.5 0.5 0.5 0.5 0.5
Methionine 1 1 1 1 1
Minerals 1 1 1 1 1
Vitamins 1 1 1 1 1
Molasses 0.5 0.5 0.5 0.5 0.5
Synthetic amino 2 2 2 2 2
acids

Total 100 100 100 100 100
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2.6. Blood Analysis

The lab work setup, guidance and fish handling process were accepted by the Research and
ethical committee of the faculty affairs University of agriculture Faisalabad. Measurement of
biochemical antioxidant were taken and observed using a spectrophotometer with slight
modifications. Further hematological parameters were evaluated through complete blood count
test. Blood sample along with serum were collected from caudal vein to evaluate biochemical
parameters, antioxidant biomarkers and hematological indices. Moreover, complete juvenile was
utilized for histopathological studies. They were given 25 mgl! of clove oil to induce
unconsciousness. After drawing blood with a sterile 1 milliliter syringe from the caudal vein, the
samples will be promptly moved to an EDTA coated vial which acts as an anticoagulant and be
stored at 4°C until further examination. Hematocrit (Hct) were determined by using the hematocrit
method.

Red Blood Cells:
Total no of red blood cells found at per cubic millimeter was measured as
n Dilutionfactor

Total RBC t=
o s coun Area Depth

n = Number of red blood cells counted in squares
Dilution factor = 1/100
Area = area of 80 squares 1/50 sq.mm

Platelets:
n Dilution factor

Area Depth

Total platelets count =

N= number of platelets counted
Area = Area of 5 squares 1/5 sq.mm
Depth of chamber = 0.1 mm
Dilution factor = 20
Haemeoglobin:
Hb (g/dl) = Absorbance of test sample absorbance of standard x concentration of standard

Dilution Factor 1000
Hematocrit

Hematocrit value was attained on the hematocrit reader value was calculated by
following equation

Height of packed Red cells x 100 Hematocrit x Height of packed Red cells and Plasma
Mean Corpuscular value
MCV=PCVx10 RBC Count
RBC Count = Red blood cell count
MCYV = Mean Corpuscular value
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PCV = Packed Cell Volume

2.7. Measurement of biochemical level:

ALT, AST and ALP are liver functioning enzymes and are used as serological makers for
determination of liver injury. Blood samples were collected in gel containing tubes and centrifuged
at 3000 rpm for the separation of serum. The serum was stored at -20°C tempera-ture for
biochemical analysis. Resulting serum was analyzed for the determination of alanine
aminotransferase (ALT), alkaline phosphate (ALP) and separate aminotransferase (AST). Tests
for biochemical analysis were performed at the Clinical Laboratory of University of Agriculture
Faisalabad. Cortisol level were analyzed using an electrochemiluminescence immunoassay on a
Cobas analyzer.

Following equation is used for the determination of activity of ALP:
Chemical Equation
P-nitrophenylphosphate+H.O— P-nitrophenol yellow + Phosphate
Following equation is used for the determination of activity of ALT:
B X Sample dilutionfactor
TxXV
The number of pyruvates produced between Tinitial and Tfinal(in mole)= B

Activity of ALT =

Reaction Time= T= Tfinal-Tinitial(min)
Volume of sample (ml) poured to the well=V
Following equation is used for the determination of activity of
B X sample diututionfactor

TxV
The number of glutamates produced between Tiniitial and Tfinal (in mole) = B

Activity of AST =

Reaction Time-T= Tfinal-TInitial (min)
Volume of sample (ml.) poured to the well=V
2.8. Histopathological analysis:

Livers were extracted from all treatments. All the liver samples were placed into bottles
and were immediately fixed in 10% neutral buffered formalin and processed daily before being
stained with Harris' hematoxylin and eosin (H&E). Tissue section were made from microtome and
then examined with the microscope to determine the abnormalities of tissues by microscopic
studies. Histology performed of liver tissues was to determine the extent of Copper toxicity and
the beneficial effects of Spirulina.

2.9. Statistical analysis:
To determine the differences between the means of each experimental group, one-way

ANOVA was used to analyze the data in the Excel sheets, and Tukey's post-hoc test was then
performed. P < 0.05 was the threshold for statistical significance. Version 22 of SPSS was used
for all analyses.
3. Results
3.1. Characterization of CuO-NPs
For determining absorption end and band gap energy, SP65 spectrophotometer scanning
calculated by UV-visible disseminated biosynthesized photocatalysts up to 200nm to 800nm.
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Figure 1: Characterization of Copper oxide nanoparticle through UV-Visible
Spectrophotometer
CuO nanoparticles hexagonal wurtzite structure analyzed by XRD technique analysis at

different levels of 10°, 12°, 15°, 18°, and 20°, and optimum particles measured 56.72 nm by
Debye-Scherrer’s formula.
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Figure 2: Characterization of Copper oxide nanoparticle through XRD technique
The characterization of CuO nanoparticles by FTIR spectroscopy showed vibration at 432,

511, and 610 cm™! with vibrational modes of water molecules at 886, 1630 and 3398 cm™ and a
triply degenerate vs mode of SO+*" ions.
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Figure 3: Characterization of Copper oxide nanoparticle through XRD technique
3.2. Biochemical parameters

Fish were exposed to CuSO4 and CuO-NPs their alanine aminotransferase (ALT), aspartate
aminotransferase (AST) and Alkaline phosphatase (ALP) were significantly higher (P <0.05) than
in the control group (Table 3). Furthermore, compared to the control group, blood levels of
aspartate aminotransferase (AST) increased significantly (P < 0.05) after exposure to CuSOea.
Overall, it was shown that CuO-NPs were less toxic than CuSOa. On the other hand, fish that were
pre-fed with spirulina, all of the Previously mentioned biochemical parameters were within the
normal range. This suggests that spirulina assisted in reducing the biochemical effects of the
copper compounds.

Table 3: Effects of exposure to copper oxide nanoparticles or copper sulphate for 21 days on
the Biochemical parameters of early juvenile Nile tilapia (Oreochromis niloticus) fed a basal
diet with or without supplemental Spirulina platensis

Parameters Treatment 0 Treatment1l Treatment Treatment Treatmen
2 3 t4
Commercial 15mg]l! 15mgl! 15mgl! 15mgl!
diet CuO-NP CuSOq4 CuSOq4
CuO-NPs
+2.5gkg™! +2.5gkg™!
Spirulina Spirulina
Biochemical
parameters
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AST 55.3+4.1ab 55+2ab 55.3+£2.0ab 60+2.6a 55.3+0.7a
b

ALT 29.6+0.52b 30+0.2ab 29.8+0.30b 31.4+0.7a 30.46+0.8
ab

ALP 32.4+1.3b 33.2+1.1ab 32.7+0.6b 34.2+0.5a 33.6+0.5a
b

The means + SEs of the data are displayed. Significant differences (P < 0.05) are indicated
by values with different superscript letters within the same row for each parameter. Group 0 was
the control group, fed the baseline diet and kept in untreated water. After receiving the standard
diet, Group 1 was given 15 mgl™! of copper oxide nanoparticles. After receiving the base diet with
0.25% spirulina, Group 2 was given 15 mgl™! of copper oxide nanoparticles. After receiving the
standard meal, Group 3 was given 15 mgl™! of copper sulphate. After receiving the base diet plus
0.25% spirulina, Group 4 was exposed to 15 mgl™! of copper sulphate.

3.3. Hematological parameters

Hematological parameters such as platelet counts, blood hemoglobin concentration,
hematocrit and erythrocyte count (RBC) significantly (P < 0.05) decreased after being exposed to
CuSO0s4 and CuO-NPs in contrast to the findings from the control groups (Table 4). Only after being
exposed to CuSOs did the mean corpuscular volume exhibit a substantial reduction (P < 0.05)
(Table 4). On the other hand, following exposure to CuSOas, mean corpuscular haemoglobin
concentration, mean corpuscular haemoglobin and total white blood cell count were all
considerably greater (P < 0.05) than in the control group (Table 4). It was discovered that CuO-
NPs were less hemotoxic than CuSOa. Moreover, the majority of the alterations in haematological
parameters brought on by CuSO4 and CuO-NPs were lessened by pretreatment with spirulina.

Table 4: Effects of exposure to copper oxide nanoparticles or copper sulphate for 21 days on
the Haematological parameters of early juvenile Nile tilapia (Oreochromis niloticus) fed a
basal diet with or without supplemental Spirulina platensis

Parameters Treatment 0 Treatment1l Treatment Treatment Treatmen
2 3 t4
Commercial 15mgl’! 15mgl! 15mgl! 15mgl!
diet CuO-NPs CuSOq4 CuSO4
CuO-NPs
+2.5gkg™! +2.5gkg™!
Spirulina Spirulina
Hematological
parameters
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RBCs 1.92+0.01a 1.83+0.02b 1.86£0.008 1.78+0.03b  1.84+0.01
ab b
Haemoglobin 9.36+0.16a 8.6+0.2b 8.8¢0.02ab  8.56+0.16b  8.7+0.07a
b
WBCs 11.5+0.1a 9.26+0.4b 8.96+0.2b 14.5+0.3¢ 12.2+0.3ac
Platelets 22.63+0.2a 20.23+0.1b 21.36£0.4a 20.53+0.3b  21.53+0.3
b ab
Haematocrit 26.5+0.3a 25.13+0.3b 26.26+0.3a 24.36+0.4c  25.96+0.1
b ab
MCV 137.3+1.5a 134+1b 138+2ab 131.6+1.5¢  136+2ab

The means + SEs of the data are displayed. Significant differences (P < 0.05) are indicated
by values with different superscript letters within the same row for each parameter. Group 0 was
the control group, fed the baseline diet and kept in untreated water. After receiving the standard
diet, Group 1 was given 15 mgl™! of copper oxide nanoparticles. After receiving the base diet with
0.25% spirulina, Group 2 was given 15 mgl™! of copper oxide nanoparticles. After receiving the
standard meal, Group 3 was given 15 mgl™' of copper sulphate. After receiving the base diet plus
0.25% spirulina, Group 4 was exposed to 15 mgl™! of copper sulphate.

3.4. Liver histopathology

The hepatocytes in the control fish were arranged around the central vein in a cord-like
pattern, with blood sinusoids strewn throughout (Fig. 4a). On the other hand, the livers of fish
exposed to CuO nanoparticles (CuO-NP) as well as CuSO4 showed histological alterations, such
as nuclear pyknosis and hepatocyte vacuolization (Fig. 4b, d). In contrast to the fish exposed to
the treatments without the supplementation, the fish that were pre-fed a basal diet enriched with
spirulina displayed a more conserved histological structure (Fig. 4c, e).

Chelonian Conservation and Biology
https://www.acgpublishing.com/




Protective Role of Spirulina on h tology and hepatotoxicity induced by CuSO4 and CuO Nanoparticles in Oreochromis niloticus

1941

normal architecture of liver hepatocytes (H) and blood sinusoids (S). (b) Shows the liver of a fish
exposed to copper sulfate, indicating vacuolation (V) and pyknosis (Py). (c) Depicts the liver of a
copper sulfate-exposed fish that was pre-fed a basal diet with Spirulina, demonstrating a generally
normal histological structure. (d) Illustrates the liver of a fish exposed to copper oxide
nanoparticles, also showing vacuolation (V) and pyknosis (Py). (€) Shows the liver of copper oxide
nanoparticle-exposed fish pre-fed with Spirulina, revealing a normal histological structure. All
sections were stained with hematoxylin and eosin. Scale bar: 50 pm.

4. DISCUSSION

Nanoparticles are increasingly being manufactured and used which will most certainly lead
to their increased discharge into aquatic habitats potentially harming fish [30]. In this study we
investigated the effects of Copper oxide nanoparticles (CuO-NPs) and CuSO4 on Nile tilapia
commonly employed as a bioindicator in environmental research. Fish haematological study
recognized as key bioindicators of water quality [31].

The study investigated the impacts of copper sulfate (CuSOs), copper oxide nanoparticles
(CuO-NPs) and Spirulina on red blood cell (RBC) counts, hemoglobin levels and various blood
parameters. CuSOa4 (T3) and CuO-NPs (Ti) significantly reduced RBC counts and hemoglobin
levels due to their toxic effects [32, 33]. In contrast, Spirulina (2.5 gkg™! in T4 and T>) maintained
RBC and hemoglobin levels similar to the control group, demonstrating its protective role against
heavy metal toxicity [34-36]. The treatment with CuSOs also significantly decreased white blood
cell (WBC) counts and platelet levels suggesting cytotoxic effects [37, 38], while Spirulina
preserved these parameters[36]. Additionally, CuSO4 reduced hematocrit and Mean Corpuscular
Volume (MCV) values, indicating potential disruptions in red blood cell production and size [39].
Spirulina effectively encountered these adverse effects maintaining hematocrit and MCV levels
comparable to controls [40]. Overall, the findings underscore for Spirulina's potential to mitigate
the toxicity of copper-based treatments. Further research is warranted to explore the underlying
mechanisms and optimize these dietary strategies for aquaculture.
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Spirulina platensis significantly mitigated the hepatotoxic effects of copper sulfate
(CuSO0a4) in Nile tilapia (Oreochromis niloticus), as evidenced by reduced liver enzyme activities
[41]. Spirulina (2.5gkg™") maintained AST levels similar to controls, indicating a protective effect
against CuSO4 induced liver enzyme changes [29]. For ALT, CuSOg4 treatment significantly
lowered levels compared to controls potentially due to copper sulfate's modulation of liver enzyme
activity [42]. Spirulina (2.5gkg™!) maintained ALT levels similar to controls, suggesting it
mitigates changes in liver enzyme activity induced by CuSO4. CuSOy also significantly reduced
ALP levels compared to controls, indicating an impact on liver enzyme activity. Spirulina (2.5gkg"
1) preserved ALP levels suggesting its protective role against CuSO4 induced changes in liver
enzyme activity [43, 44]. These results align with findings from Reham Ebaid's study, which
reported that pretreatment with A. platensis effectively normalized liver enzyme levels in rats
exposed to nano-CuO. Furthermore, research on cadmium-induced hepatic dysfunction in rats
demonstrated that green tea extract improved liver function and antioxidant enzyme activities.
While Spirulina exhibit protective roles against heavy metal toxicity, Spirulina appears to be
effective in reducing liver enzyme levels and enhancing overall liver health, particularly in
aquaculture settings. This suggests that Spirulina may offer hepatoprotective benefits, making it a
valuable dietary supplement for mitigating the effects of environmental pollutants in fish [45, 46].

Histopathological findings, like hepatocyte vacuolization and other liver damage, were
consistent with earlier studies, where similar liver issues were observed in fish exposed to copper
compounds. Fish livers are important organs for the metabolism of copper [47] and are frequently
used to measure tissue damage from pollutants in the environment [48]. Fish subjected to either
copper sulphate (CuSOs4) or copper nanoparticles (Cu-NPs) at 100 pg Cu L showed dilated
hepatic sinusoids and blood buildup in veins in the current investigation [49]. Previous
investigations have found similar sinusoid dilatation as a sign of liver injury in fish exposed to
copper. Al-Bairuty et al [47], discovered that rainbow trout exposed to CuSO4 at 100 pg Cu L™
experienced cellular necrosis and changed sinusoid spacing, whereas exposure to Cu-NPs
generated comparable diseases but damaged a greater area of the liver. It's interesting to note that
in this work, CuSOas produced a larger dilatation of the sinusoids than Cu-NPs, which is in
opposition to past research. This disparity could be caused by species variations, length of
exposure, or freshwater fish's innate susceptibility to copper toxicity compared to marine fish.

5. Conclusions

In conclusion, both CuSO4 and CuO-NPs induced changes in biochemical and hematological
parameters in Nile tilapia. Exposure to these copper compounds also caused changes in the hepatic
structure of fish. Overall, CuO-NPs had fewer deleterious effects than CuSO4. Importantly,
Spirulina supplementation protected the fish against the potentially deleterious effects of CuSO4
and CuO-NPs via its intrinsic antioxidant activity of their bioactive components. Also, Spirulina
may protect against the CuSO4 and CuO-NPs toxicity by its absorption ability for metal ions.
Future research should focus on long-term effects and the comprehensive biological pathways
involved, which will be essential for developing effective strategies to enhance fish health and
sustainability in aquaculture practices.

Chelonian Conservation and Biology
https://www.acgpublishing.com/




1943

Protective Role of Spirulina on h tology and hepatotoxicity induced by CuSO4 and CuO Nanoparticles in Oreochromis niloticus

6. References:

10.

11.

12.

13.

14.

15.

16.

17.

18.

Ashish, B., K. Neeti, and K. Himanshu, Copper toxicity: a comprehensive study.
Research Journal of Recent Sciences ISSN, 2013. 2277: p. 2502.

Malhotra, N., et al., Review of copper and copper nanoparticle toxicity in fish.
Nanomaterials, 2020. 10(6): p. 1126.

Smriti, A.A., S. Lodhi, and S. Shukla, Copper toxicity in aquatic ecosystem: A Review.
Int J Fish Aquat Stud, 2023. 11(4): p. 134-138.

Chao, S.-J., et al., Transformation of copper oxide nanoparticles as affected by ionic
strength and its effects on the toxicity and bioaccumulation of copper in zebrafish
embryo. Ecotoxicology and Environmental Safety, 2021. 225: p. 112759.

Paramo, L.A., et al., Nanoparticles in agroindustry: Applications, toxicity, challenges,
and trends. Nanomaterials, 2020. 10(9): p. 1654.

Ali, K., et al., Synthesis of copper oxide (CuO) via coprecipitation method: Tailoring
structural and optical properties of CuO nanoparticles for optoelectronic device
applications. Hybrid Advances, 2024. 6: p. 100250.

Phiwdang, K., et al., Synthesis of CuO nanoparticles by precipitation method using
different precursors. Energy procedia, 2013. 34: p. 740-745.

Patel, M., et al., Synthesis of ZnO and CuO nanoparticles via Sol gel method and its
characterization by using various technique. Discover Materials, 2022. 2(1): p. 1.
Aparna, Y., K.E. Rao, and P.S. Subbarao. Synthesis and characterization of CuO nano
particles by novel sol-gel method. in Proceedings of the 2nd International Conference on
Environment Science and Biotechnology. 2012. IACSIT Press Singapore.

Siddiqui, H., M.R. Parra, and F.Z. Haque, Optimization of process parameters and its
effect on structure and morphology of CuO nanoparticle synthesized via the sol— gel
technique. Journal of Sol-Gel Science and Technology, 2018. 87: p. 125-135.
Negrescu, A.M., et al., Metal oxide nanoparticles: review of synthesis, characterization
and biological effects. Journal of Functional Biomaterials, 2022. 13(4): p. 274.

Jabber, S.H., et al., Comparing study of CuO synthesized by biological and
electrochemical methods for biological activity. Al-Mustansiriyah Journal of Science,
2019. 30(1): p. 94-8.

Sajid, M., et al., Progress in the development of copper oxide-based materials for
electrochemical water splitting. International Journal of Hydrogen Energy, 2024. 62: p.
209-227.

Bhardwaj, L.K., P. Rath, and M. Choudhury, A comprehensive review on the
classification, uses, sources of nanoparticles (NPs) and their toxicity on health. Aerosol
Science and Engineering, 2023. 7(1): p. 69-86.

Sudhabose, S., B. Sooryakanth, and M.R. Rajan, Acute Toxicity, Hematological Profile,
and Histopathological Effects of MgO Nanoparticles on Gills, Muscle, Liver of Mrigal,
Cirrhinus mrigala. Biological Trace Element Research, 2024. 202(2): p. 736-742.

Das, M., et al., Impact of heavy metals on fish reproduction: Mechanisms, implications,
and mitigation strategies.

Saravanan, P., et al., Comprehensive review on toxic heavy metals in the aquatic system:
sources, identification, treatment strategies, and health risk assessment. Environmental
Research, 2024: p. 119440.

Mallamaci, R., et al., Potential Protective Effects of Spirulina (Spirulina platensis)
against In Vitro Toxicity Induced by Heavy Metals (Cadmium, Mercury, and Lead) on

Chelonian Conservation and Biology
https://www.acgpublishing.com/




1944

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

Protective Role of Spirulina on h tology and hepatotoxicity induced by CuSO4 and CuO Nanoparticles in Oreochromis niloticus

SH-SY5Y Neuroblastoma Cells. International Journal of Molecular Sciences, 2023.
24(23): p. 17076.

Gogna, S., et al., Spirulina-an edible cyanobacterium with potential therapeutic health
benefits and toxicological consequences. Journal of the American Nutrition Association,
2023. 42(6): p. 559-572.

Tibbetts, S.M., et al., Composition and apparent digestibility coefficients of essential
nutrients and energy of cyanobacterium meal produced from Spirulina (Arthrospira
platensis) for freshwater-phase Atlantic salmon (Salmo salar L.) pre-smolts. Algal
Research, 2023. 70: p. 103017.

Shah, M.A.R., et al., Mechanistic insights into the nutritional and therapeutic potential of
Spirulina (Arthrospira) spp.: Challenges and opportunities. Trends in Food Science &
Technology, 2024: p. 104648.

Alotaiby, S., et al., Sustainable approach towards isolation of photosynthetic pigments
from Spirulina and the assessment of their prooxidant and antioxidant properties. Food
Chemistry, 2024. 436: p. 137653.

Maddiboyina, B., et al., Food and drug industry applications of microalgae Spirulina
platensis: A review. Journal of Basic Microbiology, 2023. 63(6): p. 573-583.
Alsalamah, S.A., et al., Algal Biomass Extract as Mediator for Copper Oxide
Nanoparticle Synthesis: Applications in Control of Fungal, Bacterial Growth, and
Photocatalytic Degradations of Dyes. BioResources, 2023. 18(4).

Pundir, G., CHELATING AND THERAPEUTIC ROLE OF SPIRULINA PLATENSIS
AGAINST HEAVY METAL, CADMIUM IN HISTOPATOLOGY OF GILLS OF CLARIAS
BATRACHUS. 2023.

Meshhal, D.T., et al., ARTICLE INFO ABSTRACT.

Diaconu, M., et al., Study of Spirulina platensis (Arthrospira) Development under the
Heavy Metals Influence, as a Potential Promoter of Wastewater Remediation. Water,
2023. 15(22): p. 3962.

El-Sayed, A.F.M. and K. Fitzsimmons, From Africa to the world—The journey of Nile
tilapia. Reviews in Aquaculture, 2023. 15: p. 6-21.

Soliman, H.A., M. Hamed, and A.E.-D.H. Sayed, Investigating the effects of copper
sulfate and copper oxide nanoparticles in Nile tilapia (Oreochromis niloticus) using
multiple biomarkers: the prophylactic role of Spirulina. Environmental Science and
Pollution Research, 2021. 28: p. 30046-30057.

Peng, C., et al., Behavior and potential impacts of metal-based engineered nanoparticles
in aquatic environments. Nanomaterials, 2017. 7(1): p. 21.

Okwuosa, O.B., J.E. Eyo, and E.E. Omovwohwovie, Role of fish as bioindicators: A
Review. Iconic Res. Eng. J, 2019. 2: p. 1456-8880.

Sadeghi, S., et al., Copper-oxide nanoparticles effects on goldfish (Carassius auratus):
Lethal toxicity, haematological, and biochemical effects. Veterinary Research
Communications, 2024: p. 1-10.

Rajan, M.R. and J. Mekala, Research Open.

Gargouri, M., et al., Potential protective effects of the edible alga Arthrospira platensis
against lead-induced oxidative stress, anemia, kidney injury, and histopathological
changes in adult rats. Applied Physiology, Nutrition, and Metabolism, 2019. 44(3): p.
271-281.

Chelonian Conservation and Biology
https://www.acgpublishing.com/




1945

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Protective Role of Spirulina on h tology and hepatotoxicity induced by CuSO4 and CuO Nanoparticles in Oreochromis niloticus

Ibrahim, M.A., et al., Cadmium-Induced Hematological, Renal, and Hepatic Toxicity:
The Amelioration by: Spirulina platensis. The Saudi Journal of Forensic Medicine and
Sciences, 2018. 1(1): p. 5-13.

Gargouri, M., et al., Protective effects of spirulina against hemato-biochemical
alterations, nephrotoxicity, and DNA damage upon lead exposition. Human &
experimental toxicology, 2020. 39(6): p. 855-869.

Ude, V.C.,, et al., Impact of copper oxide nanomaterials on differentiated and
undifferentiated Caco-2 intestinal epithelial cells; assessment of cytotoxicity, barrier
integrity, cytokine production and nanomaterial penetration. Particle and Fibre
Toxicology, 2017. 14: p. 1-16.

Huang, C.-H., et al., Associations and interactions between heavy metals with white
blood cell and eosinophil count. International Journal of Medical Sciences, 2022. 19(2):
p- 331.

Latif, A., M. Khalid, and M. Ali, Evaluation of toxic stress of copper sulphate and lead
nitrate on hematological and serum biochemical characteristics of freshwater cyprinid
(Labeo rohita). International Journal of Engineering & Techniques, 2014. 4(1): p. 366-
372.

Sahan, A., et al., Determination of some haematological and non-specific immune
parameters in nile tilapia (Oreochromis niloticus L., 1758) fed with Spirulina (Spirulina
platensis) added diets. Journal of aquaculture engineering and fisheries research, 2015.
1(3): p. 133-1309.

Mutlu, E., S. Aydin, and B. Kutlu, Alterations of growth performance and blood
chemistry in nile tilapia (Oreochromis nuoticus) affected by copper sulfate in long-term
exposure. Turkish Journal of Fisheries and Aquatic Sciences, 2015. 15(3): p. 481-488.
Anwar, A., et al., Reduced toxic effects of nano-copper sulfate in comparison of bulk
CuSO4 on biochemical parameters in the Rohu (Labeo rohita). Toxicology in Vitro,
2024. 95: p. 105766.

Kuriakose, G.C. and M.G. Kurup, Antioxidant and antihepatotoxic effect of Spirulina
laxissima against carbon tetrachloride induced hepatotoxicity in rats. Food & function,
2011. 2(3-4): p. 190-196.

Abdel-Khalek, A.A., et al., Comparative toxicity of copper oxide bulk and nano particles
in Nile tilapia; Oreochromis niloticus: biochemical and oxidative stress. The Journal of
Basic & Applied Zoology, 2015. 72: p. 43-57.

Hamden, K., et al., Positive effects of green tea on hepatic dysfunction, lipid peroxidation
and antioxidant defence depletion induced by cadmium. Biological Research, 2008.
41(3): p. 331-339.

Ebaid, R., et al., Protective effect of Arthrospira platensis against liver injury induced by
copper nanoparticles. Oriental Pharmacy and Experimental Medicine, 2017. 17(3): p.
203-210.

Al-Bairuty, G.A., et al., Histopathological effects of waterborne copper nanoparticles
and copper sulphate on the organs of rainbow trout (Oncorhynchus mykiss). Aquatic
toxicology, 2013. 126: p. 104-115.

Amaral, A., et al., Autometallography and metallothionein immunohistochemistry in
hepatocytes of turbot (Scophthalmus maximus L.) after exposure to cadmium and
depuration treatment. biomarkers, 2002. 7(6): p. 491-500.

Chelonian Conservation and Biology
https://www.acgpublishing.com/




49. Shaw, B.J. and R.D. Handy, Physiological effects of nanoparticles on fish: a comparison
of nanometals versus metal ions. Environment international, 2011. 37(6): p. 1083-1097.

Chelonian Conservation and Biology
https://www.acgpublishing.com/




