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	 This study investigates the impact of Copper Oxide (CuO) nanoparticles on Dunaliella 
sp., assessing relative growth rate (RGR), growth rate coefficient (K), and physiological 
parameters. Increasing CuO nanoparticle concentrations led to a decline in RGR, reflecting 
negative growth effects, but the lowest concentration (25µl) exhibited the highest RGR and K 
values. Pigment estimation revealed decreasing chlorophyll a, chlorophyll b, and carotenoid 
concentrations, indicating disrupted photosynthetic activity. Protein concentration decreased 
with increasing CuO nanoparticle treatment, signalling interference with synthesis and 
metabolic processes. Conversely, glutathione superoxide transferases and lipid peroxidase 
concentrations increased, suggesting activated defence mechanisms against nanoparticle-
induced oxidative stress. These findings enhance our understanding of CuO nanoparticles' 
adverse effects on Dunaliella sppp., emphasizing the need for further research to ensure the safe 
application of nanoparticles in aquatic environments. The study underscores the importance 
of sustainable nanoparticle use and its implications for aquatic organisms.
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	 The extensive proliferation and utilization 
of nanoparticles (NPs) across various sectors, 
including agriculture, biomedicine, environmental 
science, electronics, and textile industry, has 
surged significantly1. This surge is attributable to 
the distinctive properties of NPs, such as catalytic 
activity, conductivity, and optical and transport 
characteristics, which distinguish them from 
conventional materials2. These unique properties 
contribute to heightened reactivity with organisms 
upon environmental release, particularly in natural 
aquatic ecosystems. The toxicity of NPs has been 
documented in numerous aquatic organisms, 
with reported direct effects and consequential 
indirect effects through dissolution and release 
of constituent elements3. Oxidative stress and 

inflammation are currently recognized as the 
predominant mechanisms underlying NP toxicity4.
	 Copper nanoparticles (CuNPs) exhibit 
controlled release of metal species, demonstrating 
the ability to impede the growth of microorganisms. 
Consequently, they have been incorporated or 
coated with various materials for antibacterial 
applications5, introducing biological toxicity6,7,8. 
Recent years have seen the demonstration of 
CuNP toxicity in a range of organisms, including 
arthropods9, water fleas10,11, barnacle larvae, 
Dunaliella spp. BDUG10113sorokiniana;12, 
ciliates, Euplotes aediculatus;13, and intestinal 
microbiota of broiler chickens14. Notably, CuNPs 
exhibit higher toxicity to smaller organisms 
compared to most other NPs, inducing toxic effects 
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on plankton at concentrations as low as 10-1- 10-

3mg/L [15,16]. The potential for biomagnification in 
the food chain, especially in keystone organisms 
like freshwater algae, cannot be ignored17.
	 To investigate the effects of Copper 
II Oxide nanoparticles (CuO NPs), Dunaliella 
spp. BDUG10113was selected due to its position 
in the upper echelons of the food chain and its 
resilience to diverse environmental stresses. 
Dunaliella BDDUG10113, classified under the 
phylum Chlorophyta, order Volvocales, and 
family Polyblepharidaceae, are unicellular, 
photosynthetic, and motile biflagellate microalgae 
characterized by the absence of a rigid cell wall 
18. Prominent species include Dunaliella salina, 
Dunaliella tertiolecta, Dunaliella primolecta, 
Dunaliella viridis, Dunaliella bioculata, Dunaliella 
acidophyla, Dunaliella parva, and Dunaliella 
media.
	 Dunaliella  possesses remarkable 
halotolerance, with Dunaliella acidophila thriving 
in highly acidic environments (pH 0–1). Dunaliella 
Antarctica can flourish at subzero temperatures, and 
certain strains of D. salina xhibit tolerance to high 
light intensities. Additionally, Dunaliella displays 
heightened resistance to fuel oil contamination 
compared to other planktonic algae19. Hence, these 
organisms exhibit unique adaptive capabilities to 
endure some of the most extreme global habitat 
conditions.
	 The objective of this study is to assess 
the impact of Copper II Oxide nanoparticles (CuO 
NPs) with a particle size below 50 nm at varying 
concentrations (0, 25, 100, 500, 1000, 2000 µl) 
on the physiochemical behaviour of Dunaliella 
spp. BDUG10113Parameters evaluated include 
chlorophyll a and b concentrations, viable cell 
concentration, reactive oxygen species (ROS) 
formation through enzyme antioxidant assays 
encompassing superoxide dismutase, catalase, 
glutathione-S-transferase, lipid peroxidase, protein, 
total phenolic content, and extra- and intracellular 
alterations in the microalga.

Material methodology

Procurement of Dunaliella species 
	 The vials   containing Dunaliel la   
BDUG10113 algae cells were procured from 
the National facility for marine Cyanobacteria, 

Bharathidasan University,  Palkalaiperur 
Tiruchiraoalli- 620024. This study was was 
conducted in accordance with the Organisation for 
Economic Co-operation and Development (OECD) 
guidelines. Further, the BBM medium (Bold’s 
Basal Medium) was meticulously prepared and 
employed for the cultivation and development of 
Dunaliella spp.
Estimation of Growth kinetics 
	 An algal growth rate test was conducted 
using bath cultures in separate flasks following 
standard procedures outlined in the OECD 
guidelines from 2006. Freshwater Dunaliella spp. 
BDUG10113was utilized for the experiments. A 
laminar air flow cabinet was pre-sterilized using 
ultraviolet light, and all necessary materials 
for preparing the culture medium underwent 
sterilization at 0.1 MPa for 1200 seconds control 
flasks were employed as a reference standard. The 
experiments commenced during the exponential 
growth phase, with an initial algal cell count of 
approximately 1 × 105 cells/ml in each culture.40 

	 The growth response of Dunaliella sp. 
exposed to the tested substances was evaluated 
by determining the relative growth rate (G) and 
measuring reactive oxygen species (ROS). Cell 
counts were performed using a hemocytometer, 
and the number of algae per ml was calculated 
following OECD guidelines. Algal cell counts were 
conducted at 24-hour intervals, and the relative 
growth rate (G) was calculated using the formula 
G = [N/N0] * 100, where G represents the relative 
growth rate, N is the number of cells counted, and 
N0 is the primary cell number. 40

	 The growth constant coefficients (K) 
of algae for each group were computed using 
the first-order kinetic model equation at various 
time intervals, and the mean values of K were 
reported as K = Ln (N/N0)/t, where K denotes the 
growth constant coefficient. The values of K were 
obtained by plotting Ln (N/N0) against time, and 
the linearity of the plot was assessed using the 
regression coefficient (R2).
Total Protein Content 
	 Protein analysis was conducted based on 
the method outlined by24, involving the reaction 
of 300 ìL supernatant with 300 ìL of Lowry D 
reagent. Absorbance was measured at ë 750 nm 
after incubation.
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Enzyme Activity 
	 Superoxide dismutase (SOD) activity 
analysis followed the method of25. This method 
involved reacting 1 mL of Tris-HCl buffer (pH 8.2) 
with 1 mL of aquabidest and 15 ìL of algae extract 
supernatant, followed by the addition of 10 ìL of 
pyrogallol 2 mM. Absorbance measurements were 
taken at a wavelength of 470 nm with 120 seconds 
intervals.
	 Catalase activity was measured according 
to a modified method27. A mixture of 1.99 mL 
phosphate buffer solution 50 mM pH 7.0 and 
10 ìL supernatant sample was combined with 1 
mL H2O2 solution (3% concentration). Catalase 
enzyme activity was measured at a wavelength of 
240 nm for 120 seconds  and enzyme activity was 
expressed in ìmol H2O2 gram-1 fresh weight.
	 Ascorbate peroxidase (APOX) activity 
was determined following the method of28, 
involving a mixture of potassium phosphate buffer, 
ascorbate, and H2O2. The decrease in absorbance 
was measured at ë 290 nm for 120 seconds.
Glutathione s transferase activity 
	 In this study, Dunaliella spp. microalgae 
(strain BDUG10113) were cultivated in a mineral 
medium under controlled conditions. Glutathione 
S-transferase (GST) activity was evaluated by 
treating the cultures with various concentrations 
of GST inhibitors, such as diethyl maleate. 
Microalgal extracts were prepared and subjected 
to spectrophotometric analysis to measure GST 
activity using a model substrate, 1-chloro-2,4-
dinitrobenzene (CDNB). Protein quantification was 
performed to normalize GST activity. Results were 
statistically analyzed, with experiments conducted 
in triplicate. This study sheds light on the GST 
activity of Dunaliella microalgae under different 
experimental conditions, offering insights into their 
metabolic and stress response mechanisms.
Photochemical Quenching 
Microalgae Cultivation
	 Dunaliella spp. BDUG10113 microalgae 
were cultivated in sterile conditions using a liquid 
mineral medium. The medium composition included 
essential nutrients and trace elements necessary for 
algal growth. Cultures were maintained under 
controlled environmental conditions, including 
temperature, light intensity, and photoperiod.
Nanoparticle Treatments
	 Cu nanoparticles carboxylated with 

citric acid (nCu-Citr) and selenium nanoparticles 
carboxylated with citric acid (nSe-Citr) were 
added to the microalgae cultures. Concentrations 
of nCu-Citr ranged from 0.67 to 40 mg L”1, while 
concentrations of nSe-Citr ranged from 0.07 to 
4 mg L”1. Nanoparticle stock solutions were 
prepared using appropriate solvents and thoroughly 
mixed with the culture medium to achieve the 
desired concentrations.
Measurement Techniques
	 Chlorophyll fluorescence parameters 
were measured using the XE-PAM fluorometer. 
This device allows for precise and non-invasive 
monitoring of photosynthetic activity in 
photosystem II. Various parameters, including but 
not limited to, Fv/Fm (maximum quantum yield of 
photosystem II), ÖPSII (effective quantum yield 
of photosystem II), and NPQ (non-photochemical 
quenching) were measured under different 
experimental conditions.
Dry Algal Mass Determination
	 After nanoparticle treatments and 
incubation periods, algal cultures were harvested 
for dry mass determination. This involved 
centrifugation of culture samples to separate algal 
biomass from the culture medium. Subsequently, 
the collected biomass was dried using a suitable 
method, such as oven drying or freeze-drying. The 
dry mass of the algae was then measured to assess 
growth rates and biomass yields.

Results and Discussion 

Relative Growth Rate (RGR %) and Growth 
Rate Coefficient (K) of Dunaliella spp.
	 Relative Growth Rate (RGR) of Dunaliella 
spp. BDUG10113was studied in control and CuO 
nanoparticles (25µl, 50µl, 250µl, 500µl, 1000µl, 
2500µl) treated samples. A decrease in the RGR 
(0.248%) with increase in the metal concentration 
(2500µl) was observed. At 25µl CuO Nanoparticles 
treatment highest RGR value of 37.47% was 
observed (Figure 1). The results suggest that 
there is a negative impact of increasing the metal 
concentration on the growth of the Dunaliella spp.
	 Growth Rate Coefficient (K) of Dunaliella 
spp. BDUG10113was studied in control and CuO 
nanoparticle treated samples.  Sample D1 (25µl) 
showed the highest value of K (1.82). This result 
suggests that the D1 had the highest growth rate of 
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Table 1. Relative Growth Rate (RGR %) and Growth Rate Coefficient (K) 
of Dunaliella spp. BDUG10113Values are means ± SE of three replicates

S.	 Sample 	 Relative Growth 	 Growth Constant 
No.	 concentration( µl)	 Rate(RGR %)	 Coefficient(K)

1	 Control	 31.83	 1.66
2	 25	 37.47	 1.82
3	 50	 28.64	 1.56
4	 100	 21.72	 1.2
5	 250	 16.98	 1.03
6	 500	 14.11	 0.85
7	 1000	 10.01	 0.51
8	 2500	 0.248	 -3.18

Fig. 1. Relative Growth Rate (RGR) of Dunaliella spp. BDUG10113in control and treated samples. Values are 
means ± SE of three replicates.

37.47% which has decreased to -3.18 on increasing 
the metal concentration. 
	 According to a study, the growth rate of 
microalgae increased due to presence of copper 
concentration in the sample and as the concentration 
of copper increased there is no evidence in the 
increment of growth of the microalgae.1 Another 
study by7,  found that copper has the ability to affect 
the growth rate of D. tertiolecta by 15% on the first 
day and 34% by the 8th day. This research shows 
the effect of CuO nanoparticles on the growth of 
Dunaliella spp. BDUG10113by  observing the 
optical density (OD 750 nm) At every 24 hour 
interval  at various treatment concentrations 
(Control, 20, 40, 60, 80, 100µl CuO NPs). Optical 

density reveals a worthy correlation with algal 
density and also a time tradable in rapid follow 
up of the studies. The highest optical density of 
Dunaliella spp. BDUG10113has been recorded at 
25µl CuO NPs. Similar results were obtained when 
metal-based NPs were introduced into microalgae 
which has increases the growth rate, biomass, 
lipids pigment contents and content of bioactive 
compounds13.
	 In the cell wall of algae, fungi etc., 
there is a major site for the interaction with 
nanoparticles and also presence of a barrier. Along 
with the protection mechanism of nanoparticles, 
sometimes the side effects of nanoparticles might 
cause cell membrane disruption 16  Introduction 
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Fig. 2. Chlorophyll a concentration of Dunaliella spp. BDUG10113in control and CuO Nanoparticles treated 
samples. Values are means ± SE of three replicates.

Fig. 3. Chlorophyll b concentration of Dunaliella spp. BDUG10113in control and CuO Nanoparticles treated 
samples. Values are means ± SE of three replicates.

of nanoparticles in biotic compounds may have 
positive or negative impact on them. These 
biotransformations are directly related to the redox 
reaction, addition of sulphur, phosphorylation and 
change in molecular components 12.
Caretenoid Estimation (Chlorophyll a and b )
	 The Amount of chlorophyll a was studied 
in control and CuO nanoparticles treated samples 

which reflect that D1 has the highest amount of 
chlorophyll a amongst all treated samples. These 
findings indicated that increase in the metal 
concentration has declined the chlorophyll a 
pigment content in the Dunaliella spp. BDUG10113
	 S imi la r ly  the  Concen t ra t ion  o f 
Chlorophyll b was investigated in control and 
treated samples which also showed the highest 
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Fig. 4. Carotenoid concentration in Dunaliella spp. BDUG10113in control and CuO Nanoparticles treated 
samples. Values are means ± SE of three replicates.

Fig. 5. Protein concentration (mg/ml) of Dunaliella spp. BDUG10113in control and CuO Nanoparticles treated 
samples. Values are means ± SE of three replicates

pigment concentration in sample D1. This result 
suggests that the amount of chlorophyll b also 
decreased while increasing the metal concentration.
	 Another study on microalgae (Chlorella  
vulgaris, shows that the chlorophyll content in the cell 
gets increases in 100ppm (0.1µl) metal nanoparticle 
treatment concentration28,29 also reported that the 
metal nanoparticles have the ability to increases 

the microalgae pigment content. According 
to a study, microalgae like Chlamydomonas 
reinhardstii and Chlorella pyrenoidosa when 
treated with different concentrations of CuO and 
TiO2 nanoparticles respectively might increase 
the photosynthetic pigments of these alga [30]. One 
theory on the induction of ROS, which may attack 
certain pigments, might cause them to convert 
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to chlorophyll pigment under NPs and produce 
increased Chlorophyll pigment in the cells, is 
one explanation for the elicitation of chlorophyll 
contents of algae by NPs31.

	 The Amount of carotenoid was studied 
in control and CuO nanoparticles treated samples 
which depicted that treatment at 25µl (D1) had 
the highest amount of carotenoid (0.70563 OD) 

amongst all treated samples. This result implies 
that carotenoid concentration in the Dunaliella spp. 
BDUG10113narrows down by increasing the CuO 
nanoparticles treatment. According to a research, 
the carotenoid (an antioxidant pigment) gets 
increased on treating with Cu (II) concentrations 
in microalgal cells9.

Fig. 6. Glutathione Superoxide Transferase Concentration (nmol/mg/min) of Dunaliella spp. BDUG10113in 
control and CuO Nanoparticles treated samples. Values are means ± SE of three replicates

Fig. 7. Concentration of Lipid peroxidase (nmol/mg/min) of Dunaliella spp. BDUG10113in control and CuO 
Nanoparticles treated samples. Values are means ± SE of three replicates.
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	 Protein concentration (mg/ml) was studied 
in control and CuO nanoparticles treated samples 
of Dunaliella spp.. D-C1 with 25µl treatment had 
the highest amount of protein concentration which 
was about 11.91mg/ml among all treated samples. 
This result indicated that the higher the treatment 
concentration the lower the protein concentration 
in the samples.
	 In a research performed earlier showed 
that the protein concentration had increased in 
Chlorella sp. at different concentration of metal 
nanoparticles17. Expanded dissolvable protein 
fixation is believed to be a functioning guard 
system to keep algal cells from damaging by abiotic 
stress26.
	 Amount of Glutathione Superoxide 
Transferases (nmol/mg/min) was studied in control 
and treated samples of Dunaliella spp.. This result 
shows that lowest concentration of treatment (D1) 
had the lowest amount of Glutathione Superoxide 
Transferase (2.89 nmol/mg/min) amongst the 
treated samples. As the concentration increases 
the amount of Glutathione Superoxide Transferase 
increased.
	 The results of a research shows that on 
addition of copper to microalgae (Chlamydomonas 
reinhardstii), the GST (Glutathione Superoxide 
Transferase) level increased from lower to higher 
concentration by several folds31.
	 Lipid peroxidase concentration (nmol/
mg) was studied in control and CuO nanoparticles 
treated samples. The lowest concentration was 
26.42nmol/mg of DC-1 (25µl) treated sample with 
this result it was depicted that the higher the CuO 
nanoparticles treatment concentration the higher 
the value of Lipid peroxidase in the samples. In a 
research by15, the lipid peroxidation concentration 
in cells of microalgae (S. vacuolatus) increased by 
increased copper concentration23.  Mallick (2004) 
also shows parallel results while working with 
Chlorella vulgaris. Lipid peroxidation is typically 
is an indicator of (ROS) Reactive Oxygen Species 
caused by the cell’s oxidative stress27. Cell lysis and 
membrane damage are the key results of surge in 
MDA levels32.
Photochemical Quenching 
	 Dunaliella spp. BDUG10113microalgae 
were subjected to the addition of copper 
nanoparticles to assess their impact on various 
chlorophyll fluorescence parameters. The 

concentrations of copper nanoparticles ranged from 
2 to 4 mg L”1. The study found that the addition of 
copper nanoparticles initially led to an increase in 
the Fv/Fm and Fv’/Fm’ parameters, indicating the 
ability of both dark-adapted and light-adapted algal 
cells to convert light energy into chemical energy.
	 However, as the experiment progressed, 
the difference between the copper nanoparticle-
treated samples and the control samples decreased. 
By day 24, only samples treated with 4 mg L”1 
copper nanoparticles displayed elevated FV/
Fm and FV2 /Fm2  values compared to the 
control. In contrast, the addition of 2 mg L”1 
copper nanoparticles did not result in significant 
differences in these parameters compared to the 
control.
	 T h e  p h o t o c h e m i c a l  q u e n c h i n g 
coefficients, qP and qL, which represent the 
fraction of open photosystem II reaction centers 
and the proportion of light excitation energy used 
for electron transport, were not influenced by the 
concentration of copper nanoparticles. At the end 
of the experiment, their values decreased by 9–15% 
compared to the control.
	 These findings contribute to our 
understanding of the physiological responses 
of Dunaliella spp. BDUG10113microalgae to 
copper nanoparticle exposure and highlight 
the importance of considering nanoparticle 
concentrations in assessing their impact on 
algal photosynthetic processes. Although with 
these functions no previous researches has been 
performed but in Chlorella vulgaris citric acid 
complex of copper nanoparticles and selenium 
nanoparticles were studied by33 they concluded in 
their research that Cu nanocarboxylates (0.67-4 
mg L”1) promoted 20% Chlorella biomass growth, 
while higher concentrations (20-40 mg L”1) 
inhibited it. Se nanocarboxylates (0.4-4 mg L”1) 
increased C. vulgaris biomass by 40-45%, with 
lower concentrations causing temporary growth 
retardation. Cu nanocarboxylates (2-4 mg L”1) 
and Se nanocarboxylates (0.4-4 mgL”1) initially 
enhanced chlorophyll a fluorescence parameter 
(Fv/Fm and Fv’/Fm’), but fluorescence quenching 
coefficients changed over time, decreasing with 
Cu nanocarboxylates and increasing with Se 
nanocarboxylates. These changes influenced the 
overall quantum yield of photosynthetic electron 
transport in photosystem II34,35.
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Conclusion

	 This study provides crucial insights into 
the impact of CuO nanoparticles on Dunaliella 
spp.’s growth and physiological parameters. 
Elevated concentrations of CuO nanoparticles 
adversely affect the relative growth rate (RGR) and 
growth rate coefficient (K), indicating an inhibitory 
effect on overall microalgae growth. Pigment 
estimation reveals decreasing concentrations 
of chlorophyll a, chlorophyll b, and carotenoid, 
disrupting photosynthetic activity. Protein 
concentration shows a declining trend, suggesting 
interference with synthesis and metabolic 
processes, while concentrations of glutathione 
superoxide transferases and lipid peroxidase 
increase, signifying defense mechanisms against 
oxidative stress induced by CuO nanoparticles. 
These findings highlight potential adverse effects 
on Dunaliella spp.’s growth, photosynthesis, and 
cellular processes, emphasizing the need for further 
research to ensure the safety and sustainability of 
nanoparticle applications in aquatic environments.
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