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Effect of feeding of cyclopoid copepods
(Eucyclop sp.) exposed to engineered
titanium dioxide nanoparticles (nTiO2) and
Lead (Pb2+) on Clarias gariepinus growth
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Abstract

Background: The application of Lead (Pb2+) and titanium dioxide nanoparticles (nTiO2) in commercial products is
on the rise since the development of nanotechnology. The increasing usage of products containing these
compounds had led to the rise of their concentration in aquatic environment, but information on the
potential risk of co-exposure of these compounds in aquatic environment is still limited. In this study, the
effect of feeding Clarias gariepinus with cyclopoid copepods exposed to engineered Pb2+ and nTiO2 on
growth performance, and proximate composition of Clarias gariepinus was investigated.

Methodology: A chronic (28 days) laboratory bioassay was carried out by feeding C. gariepinus fries with
cyclopoid copepods exposed to nTiO2 (7.5, 16.5 μg L−1) and Pb2+ (6.5, 15 μg L−1) alone as well as binary
mixtures through dietary uptake.

Results: Our results indicate negative allometric growth (b < 3), while the highest condition factor (1.74) was
recorded in the control. A significant decreased of specific growth rate (SGR) compared to the control was
observed in exposed fish. Some parameters of proximate composition (crude protein, ash, moisture, total
lipid) from the fish decreased significantly (P < 0.05) with synergistic effect on binary mixture. In contrast,
carbohydrate content increased significantly (P < 0.05) with synergistic effect on binary mixture.

Conclusion: The present study clearly indicates that the chronic exposure of nTiO2 and Pb2+ mixtures caused
the delay in the growth performance and changes in the proximate compositions of the fish. This findings
raise concern regarding the fate of higher trophic level feeding on primary consumers inhabiting freshwater
ecosystems contaminated with nTiO2 and Pb2+.
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Background
Nanomaterials are defined as engineered materials hav-
ing nanostructured surface and topography of at least
one dimension equal or less than 100 nm (Hagens,
Oomen, de Jong, Cassee, & Sips, 2007). All nanomater-
ials have specific physical, chemical, optical, electrical,
catalytical, and mechanical properties. In addition, parti-
cles size, number, surface area, charge, shape, and mass
determine their biological interactions with conse-
quences on the behavior and responses in the body of
organisms (Hagens et al., 2007).
However, nanomaterials such as titanium dioxide

have the peculiarity of having unique physicochemi-
cal properties including a bright white color, ability
to block UV light, and antimicrobial activity (Smijs
& Pavel, 2011). TiO2 nanoparticles exist in three dif-
ferent crystalline structures (anatase, rutile, and
brookite) and are widely used as a pigment (in paint,
plastic, and paper), in personal care products (sun-
screens and toothpastes), and in food such as (ice
cream) (Weir, Westerhoff, Fabricius, Hristovski, &
Von Goetz, 2012).
Piccinno, Gottschalk, Seeger, and Nowack (2012) doc-

umented the estimated worldwide production of titan-
ium dioxide nanoparticles (nTiO2) at approximately
5000 t/year in 2006–2010 and 10,000 t/year in 2011–
2014; with an estimated production by 2025 expected to
reach 2.5 million metric tons.
Since the application of nTiO2 has increased in recent

years, it is expected that this nanomaterials will find
their way into the aquatic environment (Gottschalk,
Sonderer, Scholz, & Nowack, 2009). Based on toxico-
logical studies, the predicted environmental concentra-
tion of nTiO2 in Switzerland waters was reported as
0.7–16 μg L−1(Mueller & Nowack, 2008). Despite in-
creased usage of product containing nTiO2, there is very
little data reported on their toxicological effects in
aquatic environments in Sub-Sahara Africa. Recent re-
search showed evidence of trophic transfer of nTiO2 via
dietary exposure from freshwater Daphnia to Zebrafish
without biomagnifications of the nanoparticles (Zhu,
Chang, & Chen, 2010). Toxic effects of nTiO2 on aquatic
organisms have been well documented in many in vivo
and in vitro studies (Iavicoli, Leso, & Bergamaschi, 2012;
Liu, Lin, & Zhao, 2013; Tassinari, La Rocca, Stecca, Tait,
De Berardis, Ammendolia, Iosi, Di Virgilio, Martinelli, &
Maranghi, 2015), but studies on the toxicity of nTiO2 and
heavy metals mixtures are currently sparse (Hartmann,
Legros, Von der Kammer, Hofmann, & Baun, 2012; Liu et
al., 2013; Zhang, Niu, Li, Zhao, Song, Li, & Zhou, 2010).
Although, it is possible that both compounds enter the
aquatic systems differently, mixtures formed can demon-
strate synergistic adverse effect on fish more than that of
each compound alone.

Lead (Pb2+) has received critical attention as a major
source of pollution worldwide (Tchounwou, Yedjou,
Patlolla, & Sutton, 2012). This non-essential metal has
been used for more than 800 decades in the manufactur-
ing of glass, pigments, fuel additives, batteries, electronic
components, cosmetics, and wine and has been detected
in cooking, agricultural, urban, and industrial wastes
(United Nation Environmental Programme, 2010). Lead
(Pb2+) is known to affect growth, development, and
reproduction in humans and animals. Lead (Pb2+) pollu-
tion has become an environmental problem worldwide
especially in aquatic environment in which it may reach
high-risk levels for aquatic organisms and their con-
sumers including humans (Soto-Jimenez, Arellano-Fiore,
Rocha-Velarde, Jara-Marini, & Ruelas-Inzunza, 2011).
TiO2 nanoparticles can co-occur simultaneously with

other heavy metal such as cadmium (Cd+), with conse-
quent harmful effects on non-aquatic organisms (Zhang et
al., 2010). However, engineered nanoparticles are capable
of absorbing and separating metals from aqueous or or-
ganic solution (Mashhadizadeh & Karami, 2011; Tavallali,
2011). The higher surface area to volume of engineered
nTiO2 NPs relative to that of traditional TiO2 NPs particles
allows the NPs to absorb heavy metal and modify their tox-
icity (Sun, Zhang, Zhang, Chen, & Crittenden, 2009).
A careful review of available literature indicates inad-

equate attention given to the concomitant exposure of
nTiO2 and Pb2+ on aquatic organisms via food uptake.
Therefore, evaluating the interactive effects of nTiO2

after addition of Pb2+ through food intake is critical for
safety concerns in the usage of products containing
these compounds. We hypothesize that co-exposure of
nTiO2 and Pb2+ impairs the growth and metabolism of
aquatic organisms.
This study was therefore aimed at assessing the inter-

active effects of nTiO2 after addition of Pb2+ via food
intake (contaminated zooplankton) on growth and prox-
imate composition of Clarias gariepinus. Clarias gariepi-
nus was selected as the model animal in the present
study because of its advantages over other freshwater
species for their rapid growth and their availability in
most freshwater bodies in Africa.

Methods
Preparation and characterization of nTiO2

Titanium (IV) oxide-anatase-rutile nanoparticles (par-
ticle size < 21 nm) and PbNO−

3 were purchased from
Sigma-Aldrich (St. Louis, MO, USA) and further
characterization of the metals was done using X-ray dif-
fraction using an Empyrean XRD (Panalytical, The
Netherlands) equipped with filtered Cu Kα radiation op-
erated at 40 Kv and 40 mA. The XRD patterns were re-
corded from 10 to 80 2θ° with a scanning speed of
0.526° per minute. X-ray diffraction analysis was used to
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confirm the chemical composition and crystal structure
of the nTiO2.
TiO2 nanoparticles were rigorously mixed with mag-

netic stirrer on a plate (VWR Scientific 370, Radnor, PA,
USA) using a 1-in bar for 15 min (30° C, 1400 rpm,
50 kHz). In addition, the morphology of nTiO2 aggre-
gates in the test solutions was observed using a scanning
electron microscope (Xpert Pro). Particles aggregation of
nTiO2 after 24 h was also observed in 10 mg L−1 of
nTiO2.

Culture of cyclopoid copepods sp.
Test organism
Cyclopoid copepods sp. were obtained from the National
Institute of freshwater and Fisheries Research, (NIFFR),
New Bussa, Nigeria and continuously cultured in the
Limnology laboratory of the Institute. The culture
medium was kept static for 48 h and the cyclopoid
copepods sp. were fed daily with cultured Chlorella ellip-
soidea contaminated with nTiO2, Pb2+ alone, and in
combination. The culture was maintained at a constant
temperature (25 ± 2 °C) with a natural light-dark cycle.

nTiO2 and Pb accumulation in cyclopoid copepods sp.
Cyclopoid copepods sp. were fed for 2 days (ad libitum)
with contaminated C. ellipsoidea at a concentration of
1.106 cells mL−1 with the following concentrations of 0
(control), 6.5 μg L−1, and 15 μg L−1 of Pb; 7.5 μg L−1,
16.5 μ gL−1 TiO2 NPs and four couples of mixtures of
(6.5, 7.5); (6.5, 16.5); (15, 7.5); (15, 16.5) μg L−1. In this
experiment, 35 cyclopoid copepods sp. were placed in
each container (1000 mL glass beakers containing
250 mL test solution), and each treatment had 3 repli-
cates. Test containers were monitored every 24 h.
After 48 h of exposure, they were harvested, rinsed

with fresh culture medium, and transferred immediately
to Clarias gariepinus larvae tanks as fish food.

Acclimatization and training of C. gariepinus
Clarias gariepinus larvae (3 days old; 0.33 ± 0.09 g) were
hatched at the Hatchery laboratory of NIFFR. The fish
were kept in glass aquaria of 50 cm × 50 cm (25 fish per
tank) filled with 10 L of freshwater. Before the experi-
ment, fish were acclimatized to the experimental condi-
tions (25 ± 2 °C; 12:12 h light:dark; with daily water
change) for at least 1 week. At the same time, C. gariepi-
nus larvae were trained to eat live cyclopoid copepods
sp. During acclimatization and training, the health of the
fish was observed and recorded. Only healthy fish were
selected for the examination described below. All animal
protocols in this study were conducted under the super-
vision and approval of the Ethical Committee of the Uni-
versity of Ilorin, Ilorin, Nigeria.

Trophic transfer of TiO2 NPs and Pb from cyclopoid
copepods to Clarias gariepinus
Trophic transfer experiments consisting of a 28-day
uptake period were conducted to determine if the trans-
fer of nTiO2 and Pb from cyclopoid copepods sp. to C.
gariepinus can occur.
Cyclopoid copepods sp. exposed to 6.5 μg L−1 and

15 μg L−1 of Pb; 7.5 μg L−1, 16.5 μg L−1 nTiO2 and the 4
couples of mixtures of (6.5, 7.5); (6.5, 16.5); (15, 7.5); (15,
16.5) μg L−1 for 48 h (as mentioned above) were har-
vested with a plastic net, rinsed three times using fresh
culture medium, and transferred into C. gariepinus
aquaria as fish food.
Clarias gariepinus were fed with cyclopoid copepods

sp. (ad libitum) in the uptake period and uncontamin-
ated cyclopoid copepods in the depuration period.
Twice daily (6 am and 6 pm), the water (in which nei-

ther nTiO2 nor Pb2+ was added) was renewed; in most
cases, the C. gariepinus would consume the entire cyclo-
poid copepods sp. This static renewal system was used
to ensure that the C. gariepinus ate all the food provided
and so that none would be washed away.

Assessment of length-weight relationship and condition
factor
Fish samples were collected for a period of 7 weeks, stand-
ard length of the fish was measured to the nearest
centimeter, using measuring board. The fish were also
weighed to the nearest gram on a sensitive balance. The
length-weight relationship and Fulton’s condition factor
were calculated according to Le Cren’s, (1951) equations:

(1) W = alb. Then the data were transformed into
logarithms prior to calculations. The equation
became LogW = Loga + bLogL
Where
W = weight of fish (g)
L = standard length of fish (cm)
a = constant or intercept
b = an exponent or slope.

(2) Fulton’s condition factor: K = 100 W/L3 where
K = condition factor
W = weight of fish (g)
L = standard length of fish (cm)

The percentage of survival of C. gariepinus within
the duration of the experiment was calculated
according to the formula of Zhu et al. (2007)
and Wang, Long, Cheng, Liu, & Yan (2015).
Percentage survival rate = number of fry that
survived × 100 / total number of fry that start
the treatment in each aquarium.

(3) Specific growth rate (% per week) = (final ln
weight-initial ln weight) × 100/experimental days.
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Proximate composition
Fish was subjected to several procedures for determin-
ation of crude protein, ash, moisture, total lipid (fat),
and carbohydrate.
Total crude protein was measured according to Lowry,

Rosebrough, Farr and Randall (1951). A stock of Lowry
reagent was compounded in a 48:1:1 ratio of Lowry re-
agents (2% (w/v) anhydrous Na2CO3 in 0.1 N NaOH);
(1% (w/v) NaK Tartrate tetrahydrate) and (0.5% (w/v)
CuSO4.5H2O in H2O), respectively. Samples were then
incubated for 10 min at room temperature, absorbance
was read at 600 nm, and concentration was determined
using standard curve: total protein content = wt. of pro-
tein (from BSA curve) × 100 / dry cell mass (g).
Ash content was determined by incinerating 5 g of fish

sample in a muffle furnace according to (Helrick, 1990).
To determine the moisture, the sample was dried to a

constant weight in a vacuum oven at 100 °C (Helrick,
1990). The moisture loss was determined gravimetrically.
Lipid was extracted according to the method of Bligh

and Dyer (1959). A mixture of 2 mL of methanol and
1 mL of chloroform was made and added to 1 g fish bio-
mass. The lower layer was pipetted out and weighed: lipid
content (%) = wt. of lipid (g) × 100 / wt. of culture (g).
For carbohydrate determination, 50 μL of 80% phenol

and 5 mL of 95% sulfuric acid was added to 1 mL cul-
ture supplemented with 1 mL of filtered distilled water,
following the method of Dubois, Gilles, Hamilton, Rob-
erts and Smith (1956) using glucose as standard.

DNA isolation, purification, and quantification
Total deoxyribonuclease (DNA) was purified from C.
gariepinus tissues using EZNA, tissue DNA kit
(OMEGA, USA). The purified DNA was subjected to
spectrometry using a Nanodrop 1000. The absorbance of
extracted DNA was read at A280nm.

Statistical analysis
All experiments were done in triplicates, and data were
recorded as the mean and standard deviation (SD).
One-way analysis of variance with Tukey’s multiple com-
parisons was used to detect significant differences
among groups. In all data analyses, a P value < 0.05 was
considered statistically significant.

Results
Fish fed with contaminated copepods for 4 weeks
showed the lowest survival (50%) in combined com-
pounds (Pb (15) + nTiO2 (16.5)). However, the lowest
mean weight (0.15 g) was recorded in nTiO2 (7.5), while
a decrease in mean weight was observed in exposed fish
compared to the control; the lowest weight gain (0.15)
was concentration dependent (Pb (15)) for single Pb
(Table 1).

Weight gain significantly (P < 0.05) decreased com-
pared to the control; the lowest weight gain (0.25 g) was
recorded in fish exposed to Pb (15) and the highest
(0.42 g) was recorded in fish exposed to Pb (15) + nTiO2

(16.5). Furthermore, the specific growth rate (SGR) was
lowest (3) in fish exposed to Pb (15) and highest (3.8) in
fish exposed to Pb (6.5) + nTiO2 (16.5) (Table 1).
The b value accounting for the allometric growth was

negative and less than 3 (b < 3) in all exposed fish indicat-
ing disproportionate growth between the size and the
weight of fish. However, the maximum b value of 2.09 was
recorded from the control indicating that the absence of
the compounds in the food was responsible for moderate
negative allometric growth (b < 3). The b values in this
study were fitted into respective correlation coefficient (r)
levels and transformed into linear equations (Table 2).
The result showed significant correlation (P < 0.05) of no
allometric growth throughout the treatments except for
fish fed contaminated copepods nTiO2 (7.5), Ti (16.5), and
Pb (6.5) + nTiO2 (16.5) (Table 2).
Clarias gariepinus post fries in this study had relatively

low allometric growth rate in fish fed with contaminated
copepods with b values between − 13 and − 0.12.
Condition factor (K) of contaminated fish ranged be-

tween 0.99 and 1.74 (Table 2); these values were lower
than the ideal level of 2.9–4.8 for fish water quality.
Proximate composition of C. gariepinus fed with

cyclopoid copepods exposed to Pb and nTiO2 showed
that the protein content significantly (P < 0.05) decreased
in exposed fish to contaminated dietary food. A decrease
of 83.9%, 82%, 88.5%, 84.37%, 82.38%, 81.75%, 80.98%,
and 80.88% was recorded for Pb (6.5), Pb(15), nTiO2

(7.5), nTiO2 (16.5), Pb(6.5) + nTiO2 (7.5), Pb(6.5) +
nTiO2 (16.5), Pb(15) + nTiO2 (7.5), Pb(15) + nTiO2

(16.5) μg L−1 respectively. The results showed that there
was a synergistic decrease of protein content in binary
compounds (Fig. 1a).
Ash content was lowest in binary mixture compared

to the control 96.97%, 95.97%, 95.4%, 95.30% for Pb(6.5)
+ nTiO2 (7.5), Pb(6.5) + nTiO2 (16.5), Pb(15) + nTiO2

(7.5), Pb(15) + nTiO2 (16.5) μg L−1 respectively. This re-
sult showed that there was significant (P < 0.05) decrease
of ash content compared to the control (Fig. 1b).
Moisture content in fish significantly (P < 0.05) de-

creased in single and combined compounds compared
to the control, 94.44%, 93.82%, 97.53%, 96.91%, 93.82%,
97.53%, 96.91%, 93.82%, 91.97%, 91.35%, 91.11% for Pb
(6.5), Pb(15), nTiO2 (7.5), Ti(16.5), Pb(6.5) + nTiO2

(7.5), Pb(6.5) + nTiO2 (16.5), Pb(15) + nTiO2 (7.5),
Pb(15) + nTiO2 (16.5) μg L−1 respectively. The moisture
content decreased with the increase of concentrations
when the compound was used alone. This result showed
synergistic effect of binary compounds for moisture con-
tent (Fig. 1c).
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Decrease of total lipid content of exposed fish was con-
centration dependent when both compounds were used
separately with percentages 83.46%, 73.50%, 86.25%,
83.86% for Pb (6.5), Pb(15), nTiO2 (7.5), and nTiO2 (16.5)
respectively. After addition of nTiO2 to Pb2+, the combin-
ation of both compounds further decreased the total lipid
content in fish; however, this decrease was highly signifi-
cant (P < 0.001) compared to the control (Fig. 1d).
Figure 1e shows a significant (P< 0.05) increase of carbohy-

drate content in all treated fish compared to the control. The
increase were 1.12-, 1.14-, 1.10-, 1.14-, 1.15-, 1.16-, 1.166-,
and 1.169-fold higher than the control for treated fish Pb
(6.5), Pb(15), nTiO2 (7.5), nTiO2 (16.5), Pb(6.5) + nTiO2 (7.5),
Pb(6.5) + nTiO2 (16.5), Pb(15) + nTiO2 (7.5), Pb(15) + nTiO2

(16.5) μg L−1 respectively. The binary mixture showed higher
increase and synergistic effect compared to single treated
compound. Furthermore, two-way ANOVA showed that
there was significant interaction between both compounds.
DNA extracted was quantified using a spectrophotometer

Gene Quant. Table 3 showed that the variation of DNA
concentration due to treatment of fish was irrespective of
the concentration of the compound of the fed fish. The
highest (91.85) DNA concentration was recorded in nTiO2

(7.5) and the lowest (21.2) was recorded in nTiO2 (16.5).
The mixture of both compounds had the highest concen-
tration (90.3) for Pb(6.5) + nTiO2 (7.5) exposed fish com-
pared to the control. There was no synergistic effect of the

compounds recorded in the present study. However, there
was significant (P < 0.05) difference between DNA concen-
tration and the exposed fish compared to the control.

Discussion
The result of the present study suggests that Lead (Pb2+)
and nTiO2 nanoparticles have negative impact on the
survivability and growth of C. gariepinus which is evi-
dence by numerous other studies indicating the negative
effect of heavy metals and nanoparticles on fish (Ashar-
ani, Wu, Gong, & Valiyaveettil, 2008; Kim & Kang, 2015;
Zhou, Wang, Gu, & Li, 2009). The interaction between
the highest concentrations of binary mixture observed in
the present study was more prominent for fish that dem-
onstrated low survival rate (50%) indicating that post
fries were unable to cope with their hyperactivity due to
stress leading to depletion of energy and causing death.
Chojnacki and Sliwinski (2013) reported that the

growth of Leuciscus idus fish was positively affected by
silver nanoparticles served through dietary means. The
growth rate is generally retarded in response to exposure
to toxicant because the allocation of energy for growth
is used to compensate for repair (Kim & Kang, 2015).
The specific growth rate (SGR) of fish contaminated
with single and combined compounds, in this study de-
creased compared to the control. The effect on growth
of fish in the study was not concentration-dependent.

Table 1 Growth response and survival of C. gariepinus fries fed with contaminated zooplankton of Pb and nTiO2

Parameters Pb (6.5) Pb (15) nTiO2 (7.5) nTiO2 (16.5) Pb(6.5) + nTiO2

(7.5)
Pb(6.5) + nTiO2

(16.5)
Pb(15) + nTiO2

(7.5)
Pb(15) + nTiO2

(16.5)
Control

Percentage
survival (%)

98 98 96 100 92 80 100 50 100

Initial mean
weight (g)

0.18a ± 0.007 0.19b ± 0.014 0.28c ± 0.028 0.15ab ± 0.007 0.24f ± 0.212 0.27g ± 0.028 0.23d ± 0.042 0.22e ± 0.28 0.28ad ± 0.021

Final mean
weight (g)

0.51a ± 0.26 0.44b ± 0.22 0.64c ± 0.39 0.49ba ± 0.39 0.61e ± 0.45 0.67f ± 0. 83 0.59cbe ± 0.41 0.64d ± 0.46 0. 83bc ± 0.42

Mean weight
gain (g)

0.33a ± 0.21 0.25b ± 0.20 0.36c ± 0.49 0.34cd ± 0.54 0.37e ± 0.63 0.39f ± 1.2 0.36ce ± 0.55 0.42d ± 0.62 0.56g ± 0.23

SGR (%day) 3. 8a 3.0a 2.95a 3.11a 3.3a 4.01a 3.36a 3. 8a 4.22a

Superscripts of the same letter on the same row are not significant (P > 0.05)

Table 2 Estimated parameters of total length-body weight relationships and condition factor for C. gariepinus

Treated zooplankton diet Linear equation for each treated diet a b r P value K

Pb (6.5) LogW = 0.19–0.12logTL 0.19 − 0.12 0.42 0.02 1.38

Pb(15) LogW = 0.18–13logTL + 0.22 0.18 − 13 0.17 0.02 1.36

nTiO2 (7.5) LogW = 0.28-39logTL 0.28 − 0.39 0.38 0.06 1.37

nTiO2 (16.5) LogW = 0.40–0.72logTL 0.40 − 0.72 0.70 0.09 1.77

Pb(6.5) + nTiO2 (7.5) LogW = 0.23–0.27logTL 0.23 − 0.27 0.67 0.02 1.17

Pb(6.5) + nTiO2 (16.5) LogW = 0.60–1.35logTL 0.60 − 1.35 0.68 0.32 1.44

Pb(15) + nTiO2 (7.5) LogW = 0.27–0.37logTL 0.27 − 0.37 0.69 0.03 1.18

Pb(15) + nTiO2 (16.5) LogW = 0.20–0.17logTL 0.20 − 0.17 0.75 0.01 0.99

Control LogW = −2.44logTL–0.36logTL − 0.36 2.09 − 2.44 0.03 1.74
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This implies that the fish fed with contaminated zooplank-
ton continued its growth though not significant (P > 0.05).
This result agreed with findings of Chojnacki and
Sliwinski (2013) who also documented higher SGR in con-
taminated fodder with titanium dioxide nanoparticles fed
to fish. This was probably related to the initiation of de-
toxification processes and reduction of the integrity of the
cell membrane (Chojnacki & Sliwinski, 2013).
The negative allometric growth between the length

and weight of fish in the present study may be due to
the presence of single and combined nanoparticles of Pb
and TiO2 in the fish diets. These compounds might have
caused the disproportionate growth of fish given that
dietary Lead (Pb) exposure has been shown to generate
a significant inhibition of growth in rockfish (Kim &

A

D E

B C

Fig. 1 Proximate composition of Clarias gariepinus fed contaminated copepods after 28 days. a Protein content, F (8, 27) = 2580, P < 0.0001. b Ash
content, F (8, 18) = 8454, P < 0.0001. c Moisture content, F (8, 18), P < 0.0001. d Total lipid content, F (8, 18) = 1144, P < 0.0001. e Carbohydrate content,
F (8, 18), P < 0.0001. Threshold replicate were included (n = 3). Errors bars indicate Standard deviation (SD). Ti ie nTiO2

Table 3 Quantified DNA of C. gariepinus fed contaminated
copepods

Fish treatments (μg/L) DNA concentration (ng/μL)

Control 102.4a ± 14.21 (92.4–112.5)

Pb(6.5) 22.9b ± 2.82 (20.9–24.9)

Pb(15) 30ab ± 14.14 (20–40)

nTiO2 (7.5) 91.85c ± 1.20 (91–92.7)

nTiO2 (16.5) 21.2d ± 1.55 (20.1–22.3)

Pb(6.5) + nTiO2 (7.5) 90.7bc ± 0.42 (90.4–91)

Pb(6.5) + nTiO2 (16.5) 48.65a ± 8 .98 (42.3–55)

Pb(15) + nTiO2 (7.5) 77.6e ± 2.28 (57.6–97.6)

Pb(15) + nTiO2 (16.5) 72.3f ± 25.03 (54.6–90)

Superscripts of the same letter on the same row are not significant (P > 0.05)
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Kang, 2015). In addition, hazardous effect of nanoparti-
cles induced growth restriction in Mystusvittatus
(Chatterjee, Bhattacharjee, & Lu, 2014). Similar observa-
tion was found in the present study for nTiO2; further-
more, the combination of binary compounds also showed
relatively low allometric values suggesting that the
addition of nTiO2 to Pb causes retardation of growth.
Condition factors (K) values in this study ranged be-

tween 0.99 and 1.74 and were lower than the ideal level
2.9–4.8 reported by Bagenal (1978) for maximum
growth of freshwater fish. The low (K) values recorded
might have been caused by the rapid decrease of bio-
logical dissolve oxygen demand in the flow through
water system in cultured fries.
Protein levels in the present study decreased in all other

treated fish compared to the control. Protein content
below 15% is considered low (FAO, 2007); however, it is
worthy to note that the protein composition in this study
was above 15% in all samples. The result of the present
study agrees with protein levels between 16.30 and 18.73%
in black sprat (Sprattus sprattus) and Goby (Neogobius
melanostonus) reported by Stancheva, Merdzhanova,
Petrova, and Petrova (2013).
Decrease of crude fat or total lipid in this study was

observed in all treatment compared to the control. Ack-
man (1989) documented that fish species can be classi-
fied into four categories: high fat (up to 8.0 g.100 g−1

w.w); medium fat (4–8 g.100 g−1 w.w); low fat (2–4); and
lean (< 2 g−1 w.w).
In this study, the total lipid varied between 10.04 and

6.09% suggesting that C. gariepinus that consumed con-
taminated copepods with these compounds experienced
an alteration of lipid composition possibly due to stress.
The fish in this study could be classified to be of high fat
and medium fat content despite the consumption of
compounds. This finding differ with findings of Stan-
cheva et al. (2013) who reported lipid contents of be-
tween 1.60 and 4.30% in black sea spat and goby fish
after exposure to Pb2+.
However, the decrease of protein and lipid observed in

C. gariepinus proximate composition may be due to
their utilization as energy source for detoxification and
maintenance of homeostasis during intake of stressors
(Wang et al., 2015). In this study, protein content and
lipid content decreased with an increase in concentra-
tion of Pb2+ and nTiO2 used alone and subjected to C.
gariepinus, indicating that Pb2+ were less harmful to en-
ergy stores. The addition of nTiO2 to Pb2+ shows further
synergistic decrease of protein content and lipid content
suggesting the presence of nTiO2 might have increased
the bioavailability of Pb2+ thereby being critically dele-
terious to energy storage.
Moisture content consistently decreased and varied

between 16.2 and 14.76% which was not between the 60

and 80% acceptable levels of moisture content in fish (Gal-
lagher, Harrell, & Rulifson, 1991). In this study, the con-
centration of compounds used influenced fish moisture
level, higher in nTiO2 than Pb2+ that, however, synergistic-
ally decreased in combined mixture. The size of the fish
(post larvae) could be responsible for the low moisture
level as observed in the control. The moisture level in the
present study was not in agreement with the 70% mois-
ture content reported by Stanchevaet al. (2013).
Ash content in food could be defined as the measure

of the total amount of minerals content present in food
item. In this study, ash content decreased in all exposed
fish, but further decrease in binary mixtures was also ob-
served probably because of the reduction of minerals
levels in the fish. However, the range of ash was between
5.96 and 5.68% indicating low ash content compared to
Pseudotolithus elongates and Pseudotolithus typus from
the Cameroonian Coast which recorded ash content be-
tween 7.7 and 54% (Njinkoue et al., 2016).
Carbohydrate serves as the instant energy source dur-

ing stress, so it is expected that during exposure, glyco-
gen content in the muscles was broken down to
carbohydrate (glucose) via glycogenolysis (Javed &
Usmani, 2015). Carbohydrate content in the present
study varies between 46.28 and 54.09% and was higher
than in the control. This result suggests that carbohy-
drate level in treated C. gariepinus increased due to
chronic stress. The result in this study was in line with
the result reported by Javed and Usmani (2015) who re-
ported depletion of glycogen in the liver and muscle of
Channa punctatus inhabiting river polluted by thermal
power plant effluents.
During stress conditions, fish need more energy to detox-

ify the pollutants and overcome stress (Amza et al., 2006).
In this study, decrease of basic metabolic compounds (pro-
tein, lipid, carbohydrate) was observed. This may be due to
the need for energy to meet the increasing demand for en-
ergy due to stress. The observed depletion of protein, lipid,
and ash may have been due to their degradation and prob-
ably possible utilization of degraded products for metabolic
purpose (Amza et al., 2006).
Assessment of DNA concentration and damage was

studied by using several methods. One of the methods is
the quantification of DNA that has been carried out using
a UV absorbance at 280 with spectrophotometer
(Georgiou, Papapostolou, & Grintzalis, 2009). Characteriz-
ing the structural integrity of genomic DNA is very import-
ant in a variety of biological application (Georgiou et al.,
2009). The genomic DNA product derived in this study
stem from the exposure of post fries C. gariepinus to Pb
and nTiO2 alone and in combination with values ranging
between 21.2 and 102.45 ng/μL. The present study indi-
cated low DNA concentrations in exposed fish in compari-
son with control; DNA concentrations however, were not
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dose dependent. In addition, fish exposed to lower concen-
tration of nTiO2 alone and after addition to the lowest con-
centration of Pb induced high DNA damage. This is
probably due to the impairment of mitochondria function,
causing alteration of mitochondrial membrane permeability
(Teodoro et al., 2011). Repairable or non-repairable DNA
damage can originate from oxidative attack on reactive oxy-
gen species (ROS) DNA (Georgiou et al., 2009). This result
was in agreement with the findings of Sayed, Mahmoud,
and Mekkawy (2013) who also reported DNA concentra-
tion of 12.03–181.47 ng/μL of adults and embryo of C.
gariepinus exposed to 4-Nonylphenol.

Conclusions
The result obtained from this study indicated a synergis-
tic effect of Pb and nTiO2 on the proximate composition
of C. gariepinus. The growth and DNA concentration of
C. gariepinus were influenced by exposure of Pb and
nTiO2, a phenomenon that can be used as biomarker for
stress in polluted aquatic ecosystems. The role of nTiO2

in binary mixture with heavy metal in relation to food
uptake in food chain and their physiological and meta-
bolic effects on fish need further investigations.
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