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A b s t r a c t

The increasing production of manufactured product containing TiO2 NPs is a global threat 
that raises concern for freshwater biodiversity and human health. The objective of this study was 
to examine the chronic effects of TiO2 NPs on the biomass (chlorophyll a, b) and antioxidant 
activities (catalase (CAT), superoxide dismutase (SOD), glutathione reductase (GRx) and 
malondialdehyde (MDA) of C. ellipsoideum exposed to sublethal doses of TiO2 NPs. The initial, 
exposure of C. ellipsoideum to acute doses of TiO2 NPs demonstrated toxicological response with 
EC50 69.90 mg L-1. However, the effects of sub-lethal concentrations on the microalgae showed 
significant reduction (p < 0.05) of Chlorophyll a and b with the increase of sub-lethal 
concentrations of TiO2 NPs. The percentages of increment on selected markers of oxidative stress 
in this study increased compared to the control; Catalase (18.30–58.66%), SOD (2.68–16.85%), 
GRx (26.50–86.67%) and MDA (40.00–106.00%). This study suggests that sub-lethal exogenous 
concentrations are disruptive to the physiology of C. ellipsoideum. Therefore, care should be 
taken when handling and disposing of manufactured products containing TiO2 NPs. This study is 
useful for understanding the potential harmful effects of TiO2 NPs bioaccumulated in aquatic 
ecosystems. Further studies are recommended on other commonly used nanomaterials and their 
physiological influence on microalgae.
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Introduction

Engineered nanoparticles (ENPs) are increasingly found in manufac-
tured agricultural, pharmaceutical, cosmetics, sunscreens, paints, drugs, 
medical, recreational industrial and house hold products (Contado 2015, 
Kessler 2011). The presence of nanomaterials in a large number of man-
ufactured products likely leads to their increasing release into the envi-
ronment. Therefore nanomaterials entering the aquatic environments 
through wastewater and effluents have certainly increased in bottoms and 
sediments of freshwater ecosystems (Wu et al. 2015). The presence and 
impact of large amount of nanomaterials in aquatic ecosystems have 
become a great concern for the welfare of aquatic biodiversity, more espe-
cially the primary consumers inhabiting freshwater ecosystems. 

Approximately five million tons of titanium dioxide were consumed in 
2009; 1.5 million tons are produced annually in the European Union and 
it is expected to continue to increase further globally (Landsiedel et al. 
2010, Ortlieb 2010). Titanium dioxide (TiO2) has become part of our 
everyday lives. It is found in various consumer goods and products of daily 
use such as cosmetics, paints, dyes and varnishes, textiles, paper and plas-
tics, food and drugs (Weir et al. 2012).

Nanoparticles have wide applications in various fields due to their 
small size (Laurent et al. 2010). TiO2 NPs are bright with high refractive 
index (n = 2.4) which makes them suitable for industry dealing with tooth-
paste, pharmaceuticals, coatings, papers, inks, plastics, food products, cos-
metics and textile (Weir et al. 2012). Three crystalline phases of titanium 
dioxide, are anatase (tetragonal), rutile (tetragonal), and brookite (orthor-
hombic) in which brookite has no commercial value (Paola et al. 2013).

TiO2 NPs has a potential role in photocatalytic degradation of pollut-
ant in water, and also their catalytic activity could be attributed to a larger 
area per unit mass (Chen and Mao 2007). The TiO2 NPs have wide appli-
cations, viz., reducing toxicity of dyes and pharmaceutical drugs; waste 
water treatment; reproduction of silkworm; space applications; food indus-
tries; etc., and so have immense industrial importance. Due to their 
self-cleaning and antifogging property, they are used in the preparation of 
cloths, windows, tiles and anti-fogging car mirrors (Epifani et al. 2008). 

The careless handling of TiO2 NPs result in their unintended release 
into industrial and non-industrial waste streams discharged inadvertently 
into natural aquatic environments and becoming a menace for aquatic bio-
diversity including human (Ozaki 2013).

The presence of TiO2 nanoparticles into the environment affects phy-
toplankton and coastal ecosystems that support fishing and recreational 
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activities (Titanium dioxide… 2012). Algae are primarily used as biologi-
cal marker in aquatic system to study biological toxicity of pollutants. 
TiO2 nanoparticles inhibit algae by causing membrane structure deforma-
tion due to increased lipid peroxidation (Ozkaleli and Erdem 2018). TiO2 
NPs exhibit more cellular toxicity in anatase due to increased amount of 
intracellular reactive oxygen species (ROS). Growth rate of freshwater 
green algae predominant in North America viz., Scenedesmus quadri-
cauda, Chlamydomonas moewusii and Chlorella vulgaris, was found to be 
inhibited due to the presence of TiO2 NPs in freshwater microcosms (Car-
dinale et al. 2012). Combination of anatase and rutile showed more toxic-
ity and antagonistic effect on freshwater algae Chlorella (Mukherjee et 
al. 2015). Elsewhere, some authors demonstrated the adverse effects of 
TiO2 NPs on the growth rate, biomass and antioxidant of some Chlorella 
species (Matouke et al. 2018, Mukherjee et al. 2015, Kulacki and Car-
dinale 2012). In Natural aquatic ecosystems TiO2 nanoparticulate are 
toxic and disruptive with negative impact on aquatic ecosystems (Wu et al. 
2015). This nanomaterial has been reported in United Kingdom (UK) 
rural, agricultural and urban industrial rivers with an average concentra-
tion of 2.10 µg L-1 (Neal et al. 2011). In freshwater surface and sediments 
from Xiamen Bay in China with a concentration of 2.74 g kg-1 (Luo et al. 
2011). 

In natural environment TiO2 NPs may interact with organisms, natu-
ral organic matter and other naturally occurring geogenic and biogenic 
colloids because of its peculiar properties such as size, shape (Adeleye 
and Keller 2016). However, with the increasing production of TiO2 NPs 
it is expected that many natural aquatic ecosystems may be polluted 
through water drainages into sewages, lakes, ponds, rivers, estuaries and 
the fate of aquatic organisms compromised. 

Despite the suspected galloping growth of TiO2 NPs in our environ-
ment and coupled with the fact that it could be harmful to freshwater 
aquatic biodiversity; studies on the impact of TiO2 NPs on primary pro-
ducers in freshwater ecosystems are sparse. Moreover, in many countries 
where TiO2 NPs is highly consumed, there are scanty legislative measures 
for the monitoring of this metallic compound in aquatic environment. 
Therefore, the study of the impact of TiO2 NPs on primary producer 
(microalgae) is of great concern for aquatic food web because it provides 
oxygen and nutrient for consumers (Mukherjee et al. 2015, Bajguz 2012). 

Some studies on microalgae exposed to TiO2 NPs showed a wide range 
of toxicological effects on cells growth, but focused only on the acute effects 
(Ozkaleli and Erdem 2018, Kulacki and Cardinale 2012). However, 
studies on the sub-lethal effects of TiO2 NPs on growth rate, photosynthe-
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sis are still limited (Wang et al. 2014, Mukherjee et al. 2011). In this 
study, we attempted to assess the impact of sub-lethal treatments of TiO2 
NPs on microalgae and additionally focus on the response of anti-oxidative 
stress commonly used as bioindicators of pollution. More knowledge on the 
impact of TiO2 NPs on antioxidants is needed to assess the stress factor of 
TiO2 NPs on freshwater organisms but also, to enhance awareness, safety 
and management. Chloroidium ellipsoideum was chosen because it is  
a primary producer in freshwater and it is very important for the survival 
and equilibrium of aquatic food web.

This study was aimed at evaluating the impact of sublethal TiO2 NPs 
on photosynthesis and antioxidant activity in C. ellipsoideum.

Materials and Methods

Chemicals

Powder Titanium (IV) oxide nanoparticle (99.50%) of particle size  
21 nm, CAS Number 13463-67-7, Pcode: 1002000564 was obtained from 
Sigma-Aldrich (St. Louis, MO 63103, USA). All other chemicals were of 
analytical grade. Stock solution was prepared in de-ionized water at a con-
centration of 1g L-1. TiO2 NPs was sonicated (600w, 40 KHz, 25ºC) for  
30 min to enable full dispersion of NPs. Serial dilution of the stock solution 
was used to obtain the expected concentrations for chemicals tests.

Characterization of TiO2 NPs

 The characterization of TiO2 NPs was previously reported in our study 
(Matouke et al. 2018). The determination of phase purity of NPs was car-
ried out with X-ray diffractionometer (XRD) using an Empyrean XRD 
(Panalytical, The Netherlands) equipped with filtered Cu K λ radiation 
(λ = 1.5418 Å) that operated at 40 Kv and 40 mA. The XRD patterns were 
recorded from 10 to 80 2θ degree with a scanning speed of 0.526o per min-
ute. The determined sizes of nanoparticles were confirmed using the Sher-
rer equation. In addition, image of powder nanoparticles of 0.1 mg L-1 was 
observed using a scanning electron microscope (Zeiss model), Germany. 
We also determined the zeta-potential in the medium (0.1 mg L-1) using 
Nanobrook ZetaPlus Brookhaven 220001, USA.   
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Algal culture

All toxicity tests were conducted using freshwater C. ellipsoideum pro-
vided by the National Institute for Freshwater and Fisheries Research 
(NIFFR), Kainji, New Bussa, Nigeria.

The provided axenic cultures of microalgae C. ellipdoideum were 
grown under controlled sterile conditions in 250 mL Erlenmeyer fibre 
glass flask containing 100 mL of sterilized modified B11 medium (Stanier 
et al. 1971). In order to determinate the algal inhibition (EC50), alga cul-
tures were maintained at 25±2ºC on a 14: 10-h: light: dark cycle with 
a light intensity of 100 µEm-2 s-1, and continuous shaking (100 rpm) for  
72 h. C. ellipdoideum cells at exponential growth phase were inoculated in 
the Elenmeyer flasks containing fresh medium. The exponential growth 
phase had a density of 2 ∙ 103 cells mL-1 and were enriched in triplicate 
with varying TiO2 NPs concentrations (10, 20, 40, 60, 80 and 100 mg L-1) 
according to the Organization for Economic Cooperation and Development 
(Proceedings… 1984) 201 algal growth inhibition test guidelines. 

For further study, nominal concentrations of TiO2 NPs in culture 
media were: 1.85, 3.88, 6.06, 8.39 and 10.9 mg L-1 obtained from the result 
of algal inhibition (EC50) and represent sub-lethal doses of EC5, EC10, 
EC15, EC20, EC25, respectively with the control (without dosage). The 
experimental culture in Erlenmeyer flask (250 mL) contained initial cell 
density of 2 ∙ 103 cells mL-1 inoculated in media (100 mL of BG 11) at expo-
nentially growing phase. The cultures lasted for 72 h and were kept under 
25±2ºC on a 14: 10-h: light: dark cycle with a light intensity of 100 µEm-2 s-1, 
and continuous shaking (100 rpm). Three experimental replicates were 
performed and growth, chlorophyll and antioxidants were monitored.

Growth determination

Growth of algal cells was monitored by direct count of viable cells 
under microscope using a Neubauer haemacytometer. Percentage inhibi-
tion of growth was calculated as (Adeleye and Keller 2016) [6]:
where:

GI – the percent inhibition in average cell density
Nc – the average cell density in the control group,
Nt – the average cell density for the treatment group. 

GI = 𝑁𝑁𝑐𝑐 − 𝑁𝑁𝑡𝑡
𝑁𝑁𝑐𝑐

 ∙ 100 



Matouke M. Moise et al.408

The EC50 values, which represent the concentrations of the test sub-
stances leading to 50% reduction in the algal growth compared to the con-
trol, were calculated from the dose-response curve Weibull model (Mon-
teiro et al. 2011) analysis on Regression toxicology software for Excel. For 
further analysis, sub-lethal concentrations (EC5, EC10, EC15, EC20, EC25) 
derived from the acute concentrations of TiO2 NPs were used.

Chlorophyll a and b determination
The extraction and analysis of chlorophyll a were done according to 

the procedure described by (Amaral 2012). Chlorophyll a and b extracted 
using absolute methanol. The chlorophyll a (Chla) concentration was cal-
culated using the equation:

Chla [mg L-1] = (11.47 ∙ OD664) – (0.4 ∙ OD630) x/y

Where x is the total volume of extraction solvent used and y represents the 
volume of culture filtered.

Chlorophyll b (Chlb) was calculated according to the formula (Licht-
enthaler and Wellburn 1985):

(Chlb) [mg L-1] = 27.05 OD653 – 11.21 OD666.

OD630, OD653, OD664, and OD666, is optical density at a wavelength of 
630, 653, 664 nm and 666 nm, respectively. OD was determined using  
a UV-2600 spectrophotometer (Shimadzu Scientific Instrument, China).

Antioxidant bioassays

Microalgal cells (50 mL) of each culture were centrifuged at 100 rpm 
for 10 min. Centrifuged algal cells were ground in 1 mL of 20 mM phos-
phate buffer (pH 7.4) , 0.1 g of white quartz sand in a chilled tissue grinder 
was added to the mixture. The mixture was centrifuged at 12000 g for 
10 min at 4oC to obtain the supernatant for further analysis. The superna-
tant was stored as aliquot for antioxidant estimations. Protein measure-
ments were performed according to Lowry et al. (1951).

Glutathione peroxidase (GPX, EC 1.11.1.7)

Peroxidase activity was measured using guaiacol and H2O as the 
donor as substrate. The substrate mixture contained 10 mL 1% guaiacol, 
10 mL 0.3% hydrogen peroxide and 100 mL 0.05 M sodium phosphate buf-
fer (pH 6.5). The mixture in the cuvette was made up of 2.87 mL substrate, 
0.1 mL of crude extract, and 0.03 mL antioxidant solution in a total vol-
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ume of 3 mL (Hemeda and Klein 1990). The control contained 0.03 mL of 
ethanol. Peroxidase activity was determined spectrophotometrically at 
25ºC and 470 nm. The result was expressed as µg mg-1 FW min-1.

Superoxide dismutase (SOD, EC. 1.15.1.1)

Superoxide dismutase (SOD) activity followed the method described 
by (Gao 2005) which consisted of the reduction of tetrazolium. One unit is 
the amount required to inhibit 50% of NBT photoreduction. The control 
tube, the light tube and the measuring tube were divided for each sample. 
Each tube contained 550 mmol L-1 potassium phosphate buffer (pH 7.8), 
130 mmol L-1 methionine solution, 750 μmol L-1 NBT solution, 20 μmol L-1 
riboflavin solution,100 μmol L-1 EDTA-Na2, distilled water, and the 
enzyme solution was added to the measuring tube, the same amount of 
distilled water was added to the other tubes. The experiment was con-
ducted under 1000 Lx Fluorescent color reaction for 15 min, the dark con-
trol tube was used as a blank. The absorbance was read at 560 nm and the 
result expressed as U mg-1FW h-1. 

Glutathione reductase (GRx, EC 1.6. 4.2)

Glutathione reductase (GRx, EC 1.6. 4.2) activity was determined 
according to (Schaedle and Bassham 1977). GR catalyzed following reac-
tion:

GSSH + NADPH → GSH + NADP+. 

GR activity was evaluated by measuring the change of NADPH. 1 mL 
reaction mixture containing 50 mmol L-1 potassium phosphate buffer  
(pH 7.8), 20 mmol L-1 EDTA, 1.5 mM NADPH, 5 mM GSSG, 200 μL enzyme 
solution, and measured the change of absorbance at 340 in 1 min under 
20°C immediately (extinction coefficient is 6.2 mmol L-1 cm-1). The result 
was expressed in U mg-1 protein.

Catalase (CAT, EC 1. 11.1.6)

Catalase activity was determined using UV absorption method (Gao 
2005). Sample was divided into two tubes added with live enzymes in one 
and another with dead enzymes, then Tris-HCl buffer (pH 7.0), distilled 
water were added in each tube and the mixture in each tube was pre-
heated with 200 mmol L-1 H2O2 for 3min using a water bath at 25ºC. The 
absorbance was measured immediately at 240 nm. The result was 
expressed in U mg-1 FW min-1.
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Malondialdehyde (MDA)

Malondialdehyde (MDA) measurements, used to estimate the level of 
lipid peroxidation in algal cells, were carried out according to (Heath and 
Packer 1968). 2 mL of 10% trichloroacetic acid (TCA), containing 0.5% 
thiobarbituric acid (TBA) was added to 1 ml of the microalgal suspension. 
The mixture was then heated in a water bath for 15 min and allowed to 
cool in an ice bath then, centrifuged at 3000 rpm for 5 min and the absor-
bance of the supernatant was read at 532 nm and 600 nm. Lipid peroxida-
tion was expressed as the MDA content in nanomoles per 105 cells (nmol 
mg-1 FW) based on the difference between absorbance at 535 and 600 nm, 
using a molar extinction coefficient of 155 mM-1 cm-1.

Data analysis

For the algal growth inhibition tests, the EC50 values (metal concen-
tration required to cause a 50% reduction in growth) were computed using 
curve Weibull model analysis on Regression toxicology software for Excel. 
The data obtained from the study was normalized and subjected to Lev-
ene’s test for homogeneity of variance and one way analysis of variance 
(ANOVA) was used to determine the differences in means parameters 
(chlorophyll and antioxidant activities) using GraphPad Prism 8.3 for win-
dows. Where significant differences were observed, separation of means 
was done using Tukey’s HSD post hoc test. Values were considered signifi-
cantly different when the probability was less than 0.05 or 0.01. 

Results

The results of the x-ray Diffractogram (XRD) for TiO2 NPs indicated 
eleven (11) diffracted peaks that reckon their tetragonal structure. From 
the diffractogram we derived the two main textures Anatase (82%) and 
rutile (31%) phase. The pictogram TiO2 NPs powder with the Scanning 
electron microscope (SEM) showed an agglomeration of particles of 21 nm 
according to the manufacturer. However, 1 mg L-1 of prepared TiO2 NPs 
revealed an average zeta potential of 0.19 mV informing us of an unstable 
mixture (Figure 1).

The 72 h EC50 values obtained from inhibition of cells of C. ellipso-
deum exposure to TiO2 NPs was 69.90 mg L-1. The assay revealed sub-le-
thal concentrations with EC5, EC10 EC15, EC20 and EC25: 1.85, 3.88, 6.06, 
8.37 and 10.90 respectively showed TiO2 threshold concentrations on 
microalgae cells (Table 1).
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Table 1 
Effective concentration (EC50) after 72 h of exposure of TiO2 NPs to C. ellipsoideum,  

Estimation of parameters of Weibull model
Effective concentration [mg L-1] TiO2 NPs

EC50 69.9
EC25 10.9
EC20 8.37
EC15 6.06
EC10 3.88
EC5 1.85

Fig. 1.  Characterization of titanium dioxide nanoparticles (TiO2 NPs): a – X-ray diffraction 
pattern; b – Scanning electron micrograph; c – Zetapotential of 1 mg L-1 TiO2 NPs.  
Scale bar represents 30 µm. Images at a magnification of 2000× in culture medium.  

Scale bar 10 µm. Images at a magnification of 2000× in culture medium. Scale bar 10 µm. 
Images at a magnification of 2000×
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Chlorophyll a and b exposed to sub-lethal concentration of TiO2 NPs 
decreased significantly (p < 0.01) with increasing concentrations of TiO2 
NPs compared to the controls (Figure 2), and the highest inhibition of chlo-
rophyll a and b were observed after 72 h in cells exposed to 10.90 mg L-1 of 
TiO2 NPs. Chlorophyll a and b are inversely proportional to the level of 
concentrations. The decreases in chlorophyll a were 38.76, 53.37, 67.98, 
70.78 and 76.68% compared to control; while chlorophyll b decreased as 
follows: 87.64, 88.20, 91.57, 92.97 and 93.25% compared to the control. 
This indicates that chlorophyll b was highly decreased compared to chloro-
phyll a. 

All antioxidant enzymes activities (Catalase, SOD and GRx) on the 
algal cells exposed to TiO2 NPs (Figure 3) significantly increased (p < 0.01). 
The range of percentages increment compared to the control was between: 
22–58.66, 2.68–16.85, 26.50–86.67 and 33.33–100 for Catalase, SOD, GRx 
and MDA respectively. However, lipid peroxidation (MDA) increase in this 
study, demonstrated a high fluctuation with the concentrations 6.06 and 
8.37 mg L-1.

Fig. 2.  Comparison of Chlorophyll a and b levels in C. ellipsoideum: a – comparison 
of Chlorophyll a; b – chlorophyll b levels in C. ellipsoideum with exposed concentrations  
(control 0.0, 1.80, 3.88, 6.06, 8.37 and 10.90 mg L-1) of TiO2 NPs after 72 h. Data were 

expressed as mean ± SD of three replicate samples. *p < 0.01 indicate significant differences 
between exposure group and the corresponding control group (ANOVA followed by Tukey’s test) 
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Fig. 3.  Antioxidant enzymes concentrations in C. ellipsoideum: a – catalase activity; 
b – SOD activity; c – GRx activity; d – MDA activity with exposed concentrations  

(control 0.0, 1.80, 3.88, 6.06, 8.37 and 10.90 mg L-1) of TiO2 NPs after 72 h in C. ellipsoideum. 
Data are expressed as mean ± SD of three replicate samples. *p < 0.01 indicate significant 
differences between exposure group and the corresponding control group (ANOVA followed  

by Tukey’s test) 

Discussion
In this study, the acute concentration of TiO2 NPs was sufficient to 

induce toxicity to C. ellipsoideum with harmful effects on its physiology. 
This pollutant in aqueous solution probably released free radicals capable 
of scavenging for microalgal cells and forms ligands that chelate and alter 
the survival of the exposed microalgae. The effective concentration (EC50) 
in response to stress caused by TiO2 NPs is probably due to their toxicity. 
However, based on the EC50 value recorded (69.90 mg L-1), exposures of 
microalgae showed that C. ellipsoideum is intolerant to TiO2 NPs com-
pared with the recorded values of 9.10 mg L-1 to C vulgaris, 4.90 mg L-1 to 
C. pyrenoisa and 10.91 mg L-1 to Phaeodactylum tricornutum (Daohui  
et al. 2018, Hurel et al. 2012, Zhu et al. 2010).

To understand the action of TiO2 NPs on C. ellipsoideum, chlorophyll 
content was evaluated and significant decrease was recorded in this study. 
Similar changes have been identified in other findings on microalgae 
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Scenedesmus obliquus (Yuan et al. 2010), implying that this decrease in 
chlorophyll content commonly occur in microalgae exposed to TiO2 NPs. 
The changes observed due to the selected sub-lethal concentrations used 
in the present study are probably linked to the adsorption of TiO2 NPs on 
algal cells. The bioaccumulation of this chemical in C. ellipsoideum cells 
could be responsible for the disruption and impairment of photosynthesis 
electron transfer system (Hurel et al. 2012) involved in the mechanisms 
pathways of photosynthesis. Moreover, the decrease of chlorophyll levels 
in this study may be ascribed to the presence of TiO2 NPs into algal cells 
that are known to interfere with chlorophyll synthesis either through 
direct inhibition of an enzymatic step or by inducing deficiency of an essen-
tial nutrient during photosynthesis (Qian et al. 2009). Furthermore,  
C. ellipsoideum exposure to TiO2 NPs could block light penetrating the 
cells and induce disruptive effects in the cells thereby causing decreasing 
chlorophyll content. Recently, the presence of TiO2 NPs on C. vulgaris was 
characterized by cell wall/membrane damage, plasmolysis and internal-
ization of TiO2 NPs with critical effects on photosynthesis (Hurel et al. 
2012).

The mechanism involved for the prevention and inhibition of cells 
damage due to environmental stressors is the synthesis of antioxidant 
activities. These stressors enhanced the ability of the organism to accumu-
late hydrogen peroxide and superoxide anion commonly known as reactive 
oxygen species (ROS). Previous studies have reported the increase of ROS 
production on algae following the exposure of nanomaterial (Cheng et al. 
2016, Zhong et al. 2014, Rai et al. 2013). In this study, C. ellipsoideum 
after exposed to TiO2 NPs demonstrated an alteration of antioxidants. 
This probably suggests that antioxidants could act synergistically to miti-
gate the effect of toxicity. Similar results have been reported in the effect 
of cadmium on the growth and antioxidant response of freshwater C. vul-
garis (Cheng et al. 2016, Zhu et al. 2007).

Catalase, SOD and MDA activities were significantly increased in this 
study. This shows the tendency of TiO2 NPs to alter the functioning ability 
of H2O2 as reported by (Sharma et al. 2012) [29]. Catalase promotes the 
dismutation of H2O2 into H2O and O2. H2O2 which is a product of SOD is 
detoxified by CAT, which is one of the main ROS-scavenging enzymes. 
SOD plays protective roles against oxidative damage and its increase 
might be due to the direct effect of the metal-oxide on the SOD genes. The 
great induction of SOD by TiO2 NPs in this study could be due to the 
enhancement of ROS. 

The alteration of MDA activity in this study was observed to vary with 
the change in concentrations; however exposure of C. ellipsoideum to TiO2 
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NPs significantly increased MDA activity. The increase of secondary 
end-product of oxidation which is eventually considered as biomarker of 
lipid peroxidation in this study could be attributed to the effect of TiO2 
NPs which could have stressed the algae thereby oxidizing polyunsatu-
rated fatty acid with their free ions (Hemeda 1990). 

The relatively significant decrease of GRx activity of C. ellipsoideum 
exposed to TiO2 NPs was recorded. This decrease could be assigned to the 
sudden change on the specific gene expressed on the treated C. ellipsoi-
deum. Similar depletion of GRx was reported on C. ellipsoides exposed to 
TiO2 NPs and phosphorous (Matouke et al. 2018)

Conclusions

In this study, exposure of C. ellipsoideum to TiO2 NPs indicated an 
alteration of the biomass (chlorophyll a, b) and antioxidant activities (cat-
alase, superoxide dismutase, glutathione reductase and malondialdehyde). 
The study also demonstrated that C. ellipsoideum is sensitive to TiO2 NPs 
therefore, monitoring of this microalga in natural ecosystem for this metal-
lic compound is necessary for its conservation. Thus, research studies on 
the impacts of TiO2 NPs on other freshwater plankton’s organisms are 
relevant in order to have an insight on their challenges in aquatic ecosys-
tems. 
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