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Abstract

Metal oxide nanoparticles (NPs) have different industrial applications so it is unavoidable that NPs products could find their way
into aquatic habitats. Therefore, toxic NPs must be treated sufficiently to reach the standard values before their discharge into the
aquatic ecosystems. Our study aimed to investigate the adsorptive capacity of rice husk to iron and aluminum oxides from water
and reducing their potential toxic effects. Fish were classified into eight groups for 7 days: Fe,O3 NPs (10 mg/l)-exposed group;
Al,O5 NPs (10 mg/l)-exposed group; combined group (same concentrations of Fe,O3 and Al,O;NPs), and control group
(dechlorinated water). The other four groups were the same as the above groups but with 50 mg/l rice husk in each group.
Compared with control groups, our results showed a significant (p < 0.05) increase in plasma total proteins, globulin, glucose,
liver enzymes, and kidney function biomarkers (creatinine and uric acid). While the recorded albumin and total lipids were
significantly decreased. The oxidative biomarkers in liver and gill tissues of NPs-exposed fish showed significant (p <0.05)
reduction in glutathione-reduced content and elevation in thiobarbituric acid reactive substances, glutathione peroxidase, catalase,
and superoxide dismutase. Based on our results, Fe,O3; NPs were more toxic than Al;O; NPs. The combined doses of both NPs
showed more or less toxicity compared to single doses. Therefore, this point needs more studies to show the mode of interaction.
Finally, rice husk was a good adsorber to both NPs as it could improve the biochemical and antioxidant status of the studied fish.
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Introduction

The growing exploration of nanotechnology has resulted in
the identification of many properties of NPs such as enhanced
magnetic, catalytic, optical, and mechanical properties com-
pared to their conventional formulations of the same materials
(Rekulapally et al. 2019). The worldwide NPs consumption is
expected to grow from 225,060 metric tons in 2014 to nearly
584,984 metric tons in 2019, which represents an annual
growth rate of 21.1% (Murali et al. 2017). Therefore, the po-
tential adverse effects of NPs are continuing to be more prom-
inent as the discharging of new NPs is progressively affecting
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the aquatic ecosystems and its biota. Metal oxide NPs were
represented as a fundamental cornerstone of nanoscience and
nanotechnology due to their various properties and potential
applications (Pinna and Niederberger 2008). For example,
Fe, 05 NPs possess unique properties for biomedical, techno-
logical, and environmental applications (Shipley et al. 2011).
Besides, Al,O; NPs have been used also in optical polishing,
cosmetics, clothing, catalysis, polymer modification, biosen-
sors, and drug delivery (Francis et al. 2011). Therefore, metal
oxide NPs could enter the aquatic ecosystem through hospital,
municipal, and industrial residues that are discharging into the
water without any treatment, resulting in the presence of high
NPs concentrations in the aquatic environment (Saravanan
et al. 2015; Abdel-Khalek 2016). To investigate the putative
ecological and biological impairments caused by those metal
oxide NPs, it was necessary to assess their toxicological be-
havior in the aquatic environment and biota. Recently, several
biomarkers have widely been used to study the impacts of NPs
on aquatic organisms (Saravanan et al. 2015; Abdel-Khalek
et al. 2016). For example, measurement of biochemical
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parameters, antioxidant enzymatic activities, and concentra-
tions of non-enzymatic antioxidant biomarkers in fish are
broadly utilized to characterize the impact of environmental
stressors in many laboratory and field studies (Abdel-Khalek
etal. 2015; Abdel-Khalek et al. 2018). There are several stud-
ies aimed to understand the potential effects of NPs on aquatic
life, but till now these studies are not sufficient to understand
their exact effects on the aquatic environment (Elsaesser and
Howard 2012). Therefore, NPs must be treated sufficiently to
reach the standard values before their discharge into the aquat-
ic system. Several methods have been examined for the re-
moval of metals from water such as precipitation, coagulation,
adsorption, ultra-filtration, reverse osmosis, and membrane
separation (Zhang et al. 2013). One of the most valuable
methods is bio-adsorption, which is described as an effective
and economical method for metals removal (Cheng et al.
2014). Many methods relayed on the usage of renewable
and biodegradable lingo-cellulosic agricultural or industrial
by-products to develop low-cost bio-adsorbents for water pu-
rification and to reduce environmental problems (Krishnani
and Ayyappan 2006). Some of these adsorbents were rice
husk, peanut shells, corncobs, sawdust, coir dust, tree leaves,
and wheat bran (Sobhanardakani et al. 2013; Lata and
Samadder 2014). The current study is the first trial to relay
on rice husk (RH) as a bio-adsorbent for the treatment of
Fe,05 and Al,O; NPs. The RH is low cost, available, and
eco-friendly bio-adsorbent which has been studied intensively
for the removal of various metals (Pb, Cd, Zn, Cu, Ni, and As)
in their conventional sizes from both groundwater and surface
water (Lata and Samadder 2014). Therefore, the present study
aimed to investigate the RH adsorptive treatment on NPs con-
taminated water to reduce their potential toxicity in the aquatic
environment.

Materials and methods
Preparation and characterization of metal oxides NPs

The two studied NPs (Fe,O3 and Al,O3) were purchased from
Sigma-Aldrich, St. Louis, MO, USA, and all information pro-
vided by Sigma-Aldrich are presented in Table 1. The suspen-
sion concentrations of both metal oxides (10 mg/l) were pre-
pared by weighing dry metal oxide powder into the
dechlorinated water (pH 7.4), then ultrasonicated (100 W,
40 kHz) for 1 h to increase their dispersion. Structural studies
of both metal oxides (Fig. 1) were done by Field Emission
Transmission Electron Microscopy (FETEM, JEM-2100F,
JEOL Inc., Japan) at accelerating voltage of 200 kV. The dy-
namic light scattering (DLS) determination was done using
Nano-zeta sizer-HT, Malvern Instrument, UK, to estimate
the average hydrodynamic size of metal oxides NPs in water.
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The zeta potential values of both oxides were recorded using a
Malvern Zetasizer Nano ZS instrument.

Acclimatization of the experimental fish

The experimental fish (n = 64) in the present study were Nile
Tilapia, Oreochromis niloticus. They were purchased from an
unpolluted fish farm located in El-Ismailia Governorate,
Egypt. The body length and weight of the studied fish ranged
from 10.5-13 cm and 30-39.2 g, respectively. All fish were
transported in a plastic container to the ecology laboratory,
Faculty of Science, Cairo University, with continuous aera-
tion. Fish were distributed randomly (8 fish/aquarium) and
maintained for 2 weeks in glass aquaria (40 X 70 X 26 cm)
with 40 L aerated, dechlorinated tap water. The water temper-
ature was maintained at 25+ 1 °C, while dissolved oxygen
and pH were 6.5-7.8 mg "' and 7.1-7.3, respectively.
During the acclimatization period, fish were fed once daily
with commercial pellet food (20% crude protein, 4% crude
fat, 5% crude fiber, 12% crude ash, and 10% crude moisture).

Preparation of rice husk

The rice husk (RH) from rice mills in Kafr El-Sheikh were cut
into small pieces, washed with deionized distilled water and
dried in the oven at 80 °C for 24 h before use. The RH was
ground then passed through 70 mesh sieve (<210 wm) before
use. Rice husk has entered the water and isolated by a porous
net that allows passage of metal oxide NPs without escaping
of RH into the water to avoid eating of RH by fish. The
selected concentration of RH was 50 mg/l (5 times the NPs
concentration).

Experimental design

After the acclimatization period, fish were randomly allocated
in glass aquaria (40 x 70 x 26 cm) with 8 fish per aquarium.
Fish were exposed to sub-lethal concentration of our selected
NPs according to Saravanan et al. (2015); Murali et al. (2017);
Canli et al. (2018) for 7 days. The experimental groups were
classified into 8 groups: dechlorinated tap water (control
group); dechlorinated tap water + RH (50 mg/1); Fe,O3 NPs
(10 mg/l)-exposed group; Fe,O3; NPs (10 mg/l)-exposed
group + RH (50 mg/1); Al,O; NPs (10 mg/l)-exposed group;
Al,O5 NPs (10 mg/l)-exposed group + RH (50 mg/l); mixture
of same concentrations of Fe,O3 NPs and Al,O3; NPs; mixture
of same concentrations of Fe,O3; NPs and Al,O; NPs+ RH
(50 mg/l). The conditions of the experiment were similar to
the acclimatization period, and water was daily checked for
pH, temperature, and dissolved oxygen.
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Table 1 The information sheet of the selected NPs provided by the

manufacturer

Parameters Iron oxide Aluminum oxide
nanoparticles nanoparticles

Particle size <50 nm (TEM) <50 nm (TEM)

Linear formula Fe,05 Al,O4
Molecular weight 159.69 101.96

Form Nanopowder Nanopowder
Surface area 50-245 m*/g >40 m%/g

Description Crystalline (primarily ) Gamma phase

RH removal efficiency

After the end of the experiment, RH was collected from all
studied aquaria then the concentrations of Fe and Al were
determined in RH using inductively coupled plasma (ICP-
AES), Thermo Sci, model: iCAP6000 series. The RH removal
efficiency to the studied metals was calculated as follows ac-
cording to Haris et al. (2011):

%R = Co/C x 100

where % R is the removal efficiency, C is the initial concen-
tration of metal NPs in water, and C is the concentration of the
metal NPs in RH.

Fish sampling

After 7 days, blood samples were withdrawn from the caudal
vein of the studied fish using heparin as an anticoagulant, then
the vital organs (liver and gills) were isolated and stored fro-
zen for further investigations.

Biochemical analyses

Blood samples were centrifuged at 3000 r.p.m. for 10 min to
get the plasma for biochemical analyses using enzymatic-
colorimetric methods of commercial Biodiagnostic kits
(Biodiagnostic, Dokki, Giza, Egypt).

Plasma glucose, total lipids, and proteins concentrations

Plasma glucose was determined according to the method de-
scribed by Trinder (1969). Total lipid was determined accord-
ing to Zollner and Kirsch (1962). In addition, total protein
measurement was according to biuret method (Gornal et al.
1949). While albumin concentration was measured according
to Doumas et al. (1971). Globulin concentration was calculat-
ed as the difference between the total protein and albumin
according to the method described by Coles (1986).

Indicative biomarkers of liver and kidney functions

Plasma AST and ALT activities were assessed according to
Reitman and Frankel (1957). While, ALP activity was esti-
mated according to Belfield and Goldberg (1971). The creat-
inine concentration was measured using the colorimetric
method described by Bartles et al. (1972), while uric acid
was measured using enzymatic reaction according to
Barham and Trinder (1972).

Determination of antioxidant biomarkers

For the evaluation of the oxidative damage, liver and gill
tissues were homogenized in 5-ml cold buffer solution
(specific for each kit) per gram tissue. Then the homoge-
nates centrifuged at 4000 r.p.m. for 15 min and the super-
natants were obtained to assess all oxidative stress bio-
markers using biodiagnostic kits (Biodiagnostic Dokki,
Giza, Egypt).

The determination of superoxide dismutase (SOD) activity
relied on the ability of this enzyme to inhibit the
phenazinemethosulphate mediated reduction of nitro blue tet-
razolium dye (Nishikimi et al. 1972) The change in absor-
bance at 560 nm over 5 min was related with the inhibition
rate which is directly proportional to SOD activity. As detailed
by Aebi (1984), catalase (CAT) enzyme reacts with a known
quantity of H,O, and the reaction is stopped after 1 min with a
catalase inhibitor. In the presence of peroxidase, the remaining
H,0, reacts with 3, 5-dichloro-2-hydroxybenzene sulfonic
acid and 4-aminophenazone to form a chromophore with a
color intensity inversely proportional to the amount of catalase
in the sample. The absorbance was measured at 510 nm. Both
SOD and CAT are expressed as U/mg protein. Glutathione
reduced (GSH) determination depends on the reduction of 5,
5'-dithiobis 2-nitrobenzoic acid with glutathione produce a
yellow color whose absorbance is measured at 405 nm accord-
ing to Beutler et al. (1963) and expressed as mg/mg protein.
The determination of glutathione peroxidase (GPx) activity is
an indirect measurement depends on the ability of GPx to
reduce organic peroxide to oxidized glutathione (GSSG)
which recycled to its reduced state by glutathione reductase
(GR). The oxidation of NADPH to NADP™" is accompanied
by a decrease in absorbance at 340 nm (A340) providing a
spectrophotometric means for monitoring GPx enzyme activ-
ity (expressed as U/mg protein) as described by Paglia and
Valentine (1967). The lipid peroxidation as indicated by thio-
barbituric acid reactive substances (TBARS) level was esti-
mated using the method of Ohkawa et al. (1979), in which the
TBARS reacts with thiobarbituric acid forming a colored
product. The color intensity of resultant reactive species (at
534 nm) was directly proportional to TBARS level and
expressed as nmole/g tissue.
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Fig. 1 Characterization of Fe,O3
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Statistical analyses

The results were expressed as means = SE. Data were statis-
tically analyzed using ¢ test, analyses of variance (ANOVA),
and Duncan’s multiple range test to determine the difference
in means using Statistical processor Systems support “SPSS”
for windows software. A value of p <0.05 was considered
significant.

Results
Characterization of Fe,0; and Al,O;NPs

As shown in Fig. 1 the sizes of Fe,05 NPs were ranged from
17.3 to 34.8 nm while the sizes of Al,O; NPs were ranged
from 21.4 to 44.5 nm. Furthermore, the average hydrodynam-
ic size and zeta potential in water were 1547 nm and 1.24 mV
for Fe,O5; NPs versus 80.8 nm and 38.2 mV for Al,O; NPs,
respectively.

RH removal efficiency

The removal efficiency of RH for Fe and Al NPs after 7 days
of exposure was recorded in Table 2. According to the RH
removal efficiency of iron from water, the percentage of re-
moval from the mixture exposed group was higher than the
single exposed group. Also, the RH removal efficiency of Al
was higher in the mixture group compared to the single
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exposed group. According to the RH removal efficiency, the
percentage of removal of metals with RH was:

Fe NPs of the mixture group > Fe NPs of the single ex-
posed group > Al NPs of the mixture group > Al NPs of the
single exposed group.

Biochemical blood constituents

The single and combined effect of Fe,O3 and Al,O3 NPs on
plasma glucose, total lipid, and total protein level of
Oreochromis niloticus after water treatment with rice husk
were recorded in Figs. 2 and 3.

Plasma glucose concentrations

The one-way analysis of variance (ANOVA) showed a signif-
icant difference at p <0.05. Compared to the control group,
the different metal oxide NPs-exposed groups showed

Table2 The removal efficiency of RH for Fe and Al metals after 7 days
of exposure

Metals Groups Removal efficiency
(R %)
Iron Fe,O; NPs-exposed group 87.18%
Mixture-exposed group 98.36%
Aluminum AlL,O3 NPs-exposed group 56.47%
Mixture-exposed group 68.23%
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significant increases in plasma glucose concentrations in both
RH-treated and -untreated water groups (Duncan’s test capital
letters). The highest values were recorded significantly in
Fe>O3 NPs (RH untreated water) while the lowest values were
recorded in Al,O3 NPs-exposed fish (RH-treated water).
Comparing the RH-untreated and -treated water, groups ex-
posed to the same metal oxide NPs (7 test) showed that glucose
levels were always significantly higher in untreated water
groups.

Total lipid concentrations

In case of RH-untreated water groups, there were significant
differences among the different exposed NPs. The Fe,O3 and
combined NPs-exposed groups showed a sharp significant
decrease in the total lipid concentrations compared to the con-
trol group. While in the case of RH-treated water groups, the
decline in total lipid values was recorded only in Fe,O3; NPs
and combined NPs groups without any significant change in
Al,O5 NPs-exposed group. Comparing the RH-untreated and
-treated water groups that are exposed to the same metal oxide
NPs (¢ test), the total lipid levels were always lower in untreat-
ed groups except for combined NPs-exposed group.

Plasma total protein level

Comparing with the control group, the total protein levels
were significantly increased in the Fe,O; NPs-xposed group
without any significant changes in the other metal oxide NPs-
exposed groups (in case of RH-treated and -untreated water
groups). Also, the significant difference between RH-
untreated and treated water groups (¢ test) was recorded only
in the Fe,O3 NPs-exposed groups. The albumin concentra-
tions were significantly decreased in all studied groups except
for Fe,O3 NPs-exposed group (RH treated water). While the
RH effect was obvious as all studied fish groups restored
albumin values more or less to that of the control groups in
RH-treated water compared to untreated water groups that

exposed to the same metal oxide NPs (¢ test). In comparison
to the control group, the globulin levels were increased signif-
icantly in all studied metal oxides-exposed groups with the
highest values in Fe,O3; NPs-exposed groups (RH untreated
and treated water groups).There was no significant difference
between RH untreated and treated water groups that were
exposed to the same metal oxides (¢ test) except for Fe,O;
NPs-exposed groups.

Indicative biomarkers of liver and kidney functions

In comparison with control groups, the AST, ALT, and ALP
activities in the studied fish were significantly higher in all
studied metal oxide NPs-exposed groups (Fig. 4). Besides,
the concentrations of plasma creatinine and uric acid showed
the same results (Fig. 5). The recorded biomarkers showed the
evident effect of RH water treatment as they were always
significantly lower in RH-treated groups compared with un-
treated ones.

Oxidative stress biomarker
Oxidative stress biomarkers in liver

The activities of all studied enzymatic biomarkers (GPx, CAT,
and SOD) showed a significant increase after all metal oxides
NPs exposure, while the non-enzymatic biomarkers (TBARS
and GSH) showed a sharp increase in the TBARS levels ver-
sus a significant decline in GSH content in all studied groups
(Figs. 6 and 7).

Oxidative stress biomarkers in gills

The studied enzymatic and non-enzymatic biomarkers in gills
(Figs. 8 and 9) followed the same trend as in liver tissues but
the level of TBARS production (an indicator of the lipid per-
oxidation process) was higher in gills than that of liver indi-
cated the delicate capability of the antioxidant system to resist
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Fig. 2 Single and combined effects of Fe,05 and Al,O; NPs on plasma glucose and total lipids of Oreochromis niloticus with and without rice husk

water treatment
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Fig. 3 Single and combined effects of Fe,O5; and Al,O; NPs on plasma
total protein level of Oreochromis niloticus with and without rice husk
water treatment. Data are represented as means of eight samples in each
group £ S.E. The small letters represent the ¢ test (p < 0.05) between rice
husk (RH)-treated and -untreated water within the same group. Columns
with same letters are not significantly different; otherwise, they do. The

strong oxidative stress in gills. Comparing the RH-untreated
and -treated water groups that are exposed to the same metal
NPs, the measured antioxidant status showed obvious amelio-
ration through all studied antioxidant biomarkers after RH
treatment.

capital letters represent the Duncan’s test (p <0.05) between different
metal oxide NPs-exposed groups compared with control groups of each
rice husk (RH)-treated and-untreated water groups. Columns with same
letters are not significantly different; otherwise, they do. The letters are
arranged in a descending order as A, B, C, and D

Discussion

With the complexity of NPs behavior in the aquatic environ-
ments, it is necessary to fully characterize NPs to understand
their effects on different fish and biota (Benavides et al. 2016).
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Fig. 4 Single and combined effects of Fe,O; and ALL,O; NPs on liver
functions (AST, ALT, ALP) of Oreochromis niloticus with and without
rice husk water treatment. Data are represented as means of eight samples
in each group + S.E. The small letters represent the 7 test (p <0.05)
between rice husk (RH)-treated and -untreated water within the same
group. Columns with same letters are not significantly different;
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otherwise, they do. The capital letters represent the Duncan’s test
(p <0.05) between different metal oxide NPs-exposed groups compared
with control groups of each rice husk (RH)-treated and -untreated water
groups. Columns with same letters are not significantly different; other-
wise, they do. The letters are arranged in a descending order as A,B, C,
and D
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without rice husk water treatment. Data are represented as means of
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Also, particle size is the key factor that influences the toxic
effects of NPs (Rossetto et al. 2014). Transmission electron
microscope (TEM) imaging in the present study showed that
the Fe,Osand Al,O5; NPs sizes were less than 50 nm, which
agreed with the information provided by the manufacturer
(Sigma Aldrich). While the average hydrodynamic diameters
of Fe,O3 and Al,O3 NPs in water measured by DLS were
larger than the sizes measured by TEM especially in case of
Fe,O3 NPs. These different sizes may be due to the
aggregation and hydration of metal oxide NPs. The
aggregation of these metal oxides was shown also by the
DLS results of Zhu et al. (2012) for Fe,O3; NPs and
Benavides et al. (2016) for Al,O; NPs. The present DLS re-
sults indicated that Fe,O3; NPs have a higher ability to

otherwise, they do. The capital letters represent the Duncan’s test
(p <0.05) between different metal oxide NPs-exposed groups compared
with control groups of each rice husk (RH)-treated and -untreated water
groups. Columns with same letters are not significantly different; other-
wise, they do. The letters are arranged in a descending order as A,B, C,
and D

aggregate than Al,O; NPs. Moreover, the measured zeta po-
tential of Fe,O; NPs was near to zero compared to that of
Al,O5 NPs which give Fe,O5; NPs a high ability to aggregate
in water. This observation was confirmed by Ghosh et al.
(2008) who reported that NPs tend to aggregate as the surface
charge became neutral or near to zero.

The scientific base for using RH in the removal of NPs from
water is due to its granular structure, chemical stability in ad-
dition to its high cellulose, hemicellulose, lignin, and silica
contents that can easily bind metals (Ding et al. 2012). The
high clearance efficiency of RH toward iron NPs may be due to
Fe,O3 NPs has adsorption and magnetic characterizations that
can be enabling their adsorption on the surface of rice husk and
aggregate around them easier than Al,O; NPs. Moreover, the
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Fig. 6 Single and combined effects of Fe,O3 and Al;O; NPs on some
antioxidant enzymes (GPx, CAT, and SOD) in liver of Oreochromis
niloticus with and without rice husk water treatment. Data are
represented as means of eight samples in each group + S.E. The small
letters represent the 7 test (p < 0.05) between rice husk (RH)-treated and -
untreated water within the same group. Columns with same letters are not

significantly different; otherwise, they do. The capital letters represent the
Duncan’s test (p <0.05) between different metal oxide NPs-exposed
groups compared with control groups of each rice husk (RH)-treated
and -untreated water groups. Columns with same letters are not signifi-
cantly different; otherwise, they do. The letters are arranged in a descend-
ing order as A,B, C, and D
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Fig. 7 Single and combined effects of Fe,O3 and AlLO; NPs on some
antioxidant biomarkers (TBARS and GSH contents) in liver of
Oreochromis niloticus with and without rice husk water treatment. Data
are represented as means of eight samples in each group + S.E. The small
letters represent the 7 test (p < 0.05) between rice husk (RH)-treated and -
untreated water within the same group. Columns with same letters are not

adsorbed Fe,Os; NPs on rice husk is considered as an excellent
complex that can adsorb other metals from water. This
observation was said by Jang and Dempsey (2008) who
showed that oxides of iron have an affinity for anionic pollut-
ant and this remark was confirmed in our work as we found
that the concentrations of metal oxide NPs was decreased from
water in mixture groups (Al,O; NPs and Fe,O; NPs) than
single NPs contain groups.

significantly different; otherwise, they do. The capital letters represent the
Duncan’s test (p <0.05) between different metal oxide NPs-exposed
groups compared with control groups of each rice husk (RH)-treated
and -untreated water groups. Columns with same letters are not signifi-
cantly different; otherwise, they do. The letters are arranged in a descend-
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Assessment of biochemical parameters acts as a monitoring
tool for measuring the adverse effects of NPs and it could help
to identify the potential toxicity of target organs as well as the
general health status of animals (Chupani et al. 2017).
Significant elevation of plasma glucose has been used in many
toxicological works as a good indicator of many environmen-
tal stresses (El Basuini et al. 2016). In the present work, a
significant increase in plasma glucose was recorded among
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Fig. 8 Single and combined effects of Fe,O3 and Al;O; NPs on some
antioxidant enzymes (GPx, CAT, and SOD) in gills of Oreochromis
niloticus with and without rice husk water treatment. Data are
represented as means of eight samples in each group + S.E. The small
letters represent the 7 test (p < 0.05) between rice husk (RH)-treated and -
untreated water within the same group. Columns with same letters are not
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Fig. 9 Single and combined effects of Fe,O3 and Al,O; NPs on some
antioxidant biomarkers (TBARS and GSH contents) in gills of
Oreochromis niloticus with and without rice husk water treatment. Data
are represented as means of eight samples in each group £ S.E. The small
letters represent the 7 test (p < 0.05) between rice husk (RH)-treated and -
untreated water within the same group. Columns with same letters are not

the different NPs-exposed groups. This observation was in
accordance with Saravanan et al. (2015) who reported an in-
crease in plasma glucose level after the exposure of Indian
major carp (Labeo rohita) to two different concentrations of
Fe,O3 NPs. In addition, Farmen et al. (2012) recorded a
concentration-dependent increase in plasma glucose of juve-
nile Atlantic salmon when exposed to Ag NPs and this incre-
ment was parallel to the gill accumulation of Ag NPs.
According to our characterization results, Fe,O3; NPs are more
aggregated in water and showed high adherence tendency to
gills. Therefore, the sharp glucose elevation in Fe,O; NPs-
exposed group might be due to respiratory insufficiency,
which agreed with Saravanan et al. (2015) who suggested that
the elevation of blood glucose level may be a response to
respiratory disturbances caused by Fe,O; NPs. The increased
plasma glucose level may generally occur in response to the
release of stress-induced hormones (e.g., epinephrine and nor-
epinephrine) into the circulation triggering glycogenolysis to
compensate the increased energy demands during and after
stress condition (Eslamloo et al. 2014). Moreover, the over-
production of the reactive oxygen species (ROS) within the
tissues which recorded by many authors after metal NPs ex-
posure have a strong catabolic activity on the carbohydrates
and can cause a disturbance in plasma glucose levels (Gupta
et al. 2016; Bacchetta et al. 2017).

Lipid plays an important role in the physiology of fish
regarding its vital role in energy production in addition to its
importance as an essential component of many cellular struc-
tures and tissues (Javed et al. 2017). The present results indi-
cated a significant decrease in total lipid among the different
metal oxide NPs-exposed groups. This was in agreement with
our previous study that showed a decrease in plasma total lipid
of Nile Tilapia after 30 days of exposure to CuO NPs when
compared with control groups (Abdel-Khalek et al. 2015).
This decrease may be resulted from the breakdown of lipid
molecules as energetic substrates to cope with stress
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significantly different; otherwise, they do. The capital letters represent the
Duncan’s test (p <0.05) between different metal oxide NPs-exposed
groups compared with control groups of each rice husk (RH)-treated
and -untreated water groups. Columns with same letters are not signifi-
cantly different; otherwise, they do. The letters are arranged in a descend-
ing order as A,B, C, and D

metabolically (Abdel-Tawwab et al. 2013). Moreover, the de-
creased lipid content may reflect the overproduction of ROS
within the tissue and high lipid oxidation after metal oxide
NPs exposure (Abdel-Khalek 2015).

The present results generally indicated that although total
protein and the globulin levels were significantly increased,
the albumin levels were significantly decreased in the studied
groups comparing with the control groups. These results were
demonstrated by Javed et al. (2017), as they found the same
results in Channa punctatus collected from a metal-
contaminated site. Kanwal et al. (2019) recorded an elevation
in total protein and globulin in Labeo rohita after their expo-
sure to different NPs of many metals (Ni, Co304, Crz04) and
they referred this increase to the high rate of protein synthesis
to realize the necessities of high energy needs and to meet the
immunotoxic challenge (Kanwal et al. 2019). Moreover, NPs
are always coated with proteins resulting in NPs-protein co-
rona and it could stimulate the synthesis of stress proteins
(enzymes of detoxification) therefore both reasons might in-
duce a change in the level of total proteins (Nel et al. 2009;
Besnaci et al. 2016). The reduction in albumin concentration
in the current study was in agreement with Javed and Usmani
(2015) who suggested that the hypo-albuminemia in fish
could be due to the utilization of albumin to meet the imme-
diate energy demand to face the exposure of pollutants or
other stressful situations.

Liver enzymes (AST, ALT, and ALP) are important bio-
markers in many ecotoxicological studies (Nel et al. 2009).
Sharma et al. (2012) indicated that the liver is the primary
organ of metabolism and might act as a major target organ
for nanoparticles after they enter the body through any of the
possible routes. The present results indicated a significant in-
crease in all studied enzyme activities among the different
NPs-exposed groups. A significant increase in liver enzymes
was observed in different fish species as Cyprinus carpio and
Labeo rohita when exposed to various metal NPs like TiO,
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NPs, Ag NPs, Ni NPs, Co304 NPs, and Cr;04 NPs (Banaee
et al. 2019; Kanwal et al. 2019). This elevation in liver en-
zymes in plasma is assumed to be a result of metallic liver
damage and develop leaky membranes that permit the escape
of intracellular enzymes into the bloodstream (Paunovic et al.
2017).

Kidney functions measured by creatinine and uric acid in
blood could be used as a good index for glomerular filtration
rate and kidney dysfunction. The recorded elevation of both
creatinine and uric acid were in agreement with Canli et al.
(2018) who studied the effect of Al,O3 NPs on Oreochromis
niloticus and they indicated that the creatinine (up to 455%)
levels increased sharply at the highest concentration (25 mg/
L) of Al,O; NPs in comparison to the control group. Also,
NPs that absorbed into the circulation can be filtered by the
renal system inducing kidney dysfunction and increases uric
acid and creatinine levels in the blood.

Oxidative stress occurs when pro-oxidant forces over-
whelm antioxidant defenses, as pollutants go into the body
and produce ROS through a series of metabolic conversion.
If they are not cleared promptly, the balance will be destroyed
and cause oxidative damage (Abdel-Khalek 2018). Oxidative
stress has been also proposed as a common mechanism of cell
damage induced by many types of NPs (Jayaseelan et al.
2014).

The GPx is an efficient enzyme for H,O, and organic per-
oxide detoxification (Abdel-Khalek 2018). The present study
showed a general significant increase in GPx activity in the
liver and gill tissues. This observation is in agreement with
Hao and Chen (2012) who reported that exposure of carps
(C. carpio) to ZnO NPs resulted in an increase in GPx in the
gills and liver tissues. This elevation in GPx activities was
occurring at the same time with decreasing GSH content,
signposted that the antioxidant progression occurred by GPx
enzyme was activated along with an ineffective GSH produc-
tion. Moreover, CAT and SOD are involved in a defense
mechanism against the deleterious effects of ROS in cells by
metabolizing toxic oxidative intermediates (Abdel-Khalek
2015). The observed elevation in the activities of both en-
zymes in our study was shown also by Benavides et al.
(2016) who observed an increase in CAT and SOD activity
in the gills and livers of Carassius auratus after 14 days of
exposure to single and combined Al,O3; NPs and ZnO NPs.
The elevation in these enzymes was to decrease the toxicity
that occurs by ROS due to metals stress. The TBARS level is
an important biomarker for monitoring lipid peroxidation and
the health condition of biological membranes and its measure-
ment provides a relative measure of oxidative injury (Saddick
et al. 2017). The present investigation showed a significant
increase in TBARS contents in both liver and gill tissues of
O. niloticus after the exposure to different metal oxides NPs
when compared to control groups. This was similar to Li et al.
(2009) who observed that lipid peroxidation and the
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production of TBARS were elevated in embryonic medaka
Oryzias latipes after iron NPs exposure. Also, according to
Benavides et al. (2016), Al,O; NPs induced an increase in
TBARS levels in gill and liver of Carassius auratus. The
entrance of metals could initiate ROS production that extracts
hydrogen atom from unsaturated bonds and damages the
lipids in the membrane (Javed et al. 2017). Glutathione re-
duced is an effective protectant as it can quench oxyradicals
induced by chemical contaminants and acts as a reductant in
conjugation with xenobiotic (Kanak et al. 2014). The signifi-
cant decrease in GSH content among the studied groups was
in agreement with Yildirim et al. (2011) who found a decline
in GSH level in Capoeta trutta fish caught from a contami-
nated site in the Munzur River. Moreover, Abdel-khalek et al.
(2015) observed a decrease in GSH of Oreochromis niloticus
exposed to CuO NPs in comparison with that of the control
group. The decreased GSH content confirmed its high utiliza-
tion by ROS. Moreover, Jozefczak et al. (2012) revealed the
cause of GSH inadequacy to the binding of metals to GSH
forming GS-metal complex.

In general, our results showed that both Fe,O3 and
Al,O3NPs could induce oxidative damage to both studied
tissues. The severity of the oxidative damage and lipid perox-
idation level was different depending on the tissue and the
exposed metal NPs. For example, the gills of Fe,O; NPs-
exposed group showed high-antioxidant enzyme activities
with elevated lipid peroxidation rate compared to Al,O;NPs-
exposed group. This may be due to direct adherence of Fe,05
aggregates on the surface of the gills (observed as red aggre-
gates during our work) leads to high levels of free ions
resulting in the accumulation of Fe,O3 NPs. This observation
was confirmed by the high concentration of iron in gills
(Abdel-Khalek et al. 2020). The toxicity of Fe,O; NPs to
the internal tissues may also come from high adhesion tenden-
cy of iron nanoparticles to the surfaces of the gills which could
damage the epithelial cell and facilitate the entry of NPs into
the fish body as shown by Chen et al. (2012). While the high
oxidative damage in the liver of Al,O;NPs-exposed group
may be due to the low adhesion tendency of Al,O;NPs and
its small particle size which facilitates the internalization
mechanism of these particles to accumulate in hepatic tissues
and induce severe oxidative damage. The combined doses of
our studied NPs showed more or less toxicity compared to
single doses. Therefore, this point needs more studies on the
mode of interaction of the combined doses of our studied NPs
and their toxicity on the aquatic environment.

This is the first study done to show the efficiency of RH to
decrease the toxic properties of metal NPs. The recorded im-
provement in all recorded biochemical and oxidative stress
parameters after RH water treatment proved that using RH is
an efficient tool for the removal of both NPs from water. The
clearance efficiency of RH is due to the good adsorptive prop-
erties of its components such as cellulose, hemicellulose,
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lignin, and silica (Srivastava et al. 2006). Treatment of water
with RH succeeded to decrease the toxicological impacts of
the studied NPs especially Fe,Os. This may be due to Fe,O3
NPs’ adsorption and magnetic characterizations, enabling
their adsorption on the surface of rice husk and aggregate
around them easier than Al,O; NPs. But this aggregation of
NPs on the RH surfaces may cause a decrease in the total
surface area available for adsorption and the RH becomes
saturated with NPs after time. Therefore, if this experiment
was practically applied, we recommend to collect, wash, and
reuse RH periodically. The adsorbed Fe,O3 NPs on rice husk
is considered as an excellent complex that can adsorb other
metals from water. This observation was said by Jang and
Dempsey (2008) who showed that oxides of iron have an
affinity for anionic pollutant and this remark was confirmed
in our experiment as we found that the efficiency of RH to
remove Al,Os; NPs was increased in water especially in mix-
ture groups (AlL,O; NPs and Fe,O; NPs) than single Al,O3
NPs-containing groups.

Conclusions

It can be concluded that (1) Fe,O3 NPs and Al,O3; NPs in
single and combined doses could induce biochemical alter-
ations and oxidative stress to Oreochromis niloticus. (2) This
is the first study done to show the efficiency of RH to decrease
the toxic properties of metal NPs and the recorded results
proved that RH had clearance potency to both metal oxides
NPs and could reduce their toxic effect on fish. (3) Rice husk
is safe and efficient to use in metal NPs treatment but we need
more studies to improve RH removal efficiency.
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