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HE AIM of'this study was to determine how cerium dioxide nanoparticles (CeO, NPs) affect

the growth and physiology of Brassica napus plants. CeO, NPs were biosynthesized using
Aloe Vera extract and characterized using a UV-visible spectrophotometer, X-ray diffraction,
Fourier transform infrared spectroscopy, Zeta potential, and particle size (DLS) as well as
transmission electron microscopy. Following foliar treatment with 250, 500, and 1000ppm
of CeO, NPs, the growth, and metabolism of Brassica napus were evaluated. Exposure to
500ppm CeO, NPs significantly enhanced morphological characteristics, antioxidant enzymes,
phenol content, tocopherol, and chlorophyll content as well as carotenoid levels in B. napus.
Assessment of oxidative stress in B. napus leaves treated with 500 CeO,NPs showed high
levels of super oxide anion radical (0,” ) and hydrogen peroxide and low content of MDA, as
well as inhibition in the activity of Lipoxygenase enzyme. Histochemical staining of B. napus
leaves using nitro blue tetrazolium confirms the role of spraying of 500ppm of CeO, NPs in
the accumulation of oxidative molecules in leaves. Gene expression assay for SOD and MT
highlighted the role of CeO, NPs in the regulation of stress-related genes in tested plants. The
changes in ultrastructure of Brassica napus leaves treated or untreated with 500ppm of CeO,
NPs for two weeks were examined using a transmission electron microscope.

Keywords: Brassica napus, Cerium dioxide nanoparticles, Morphology, Oxidative stress.

Introduction of advancements in diverse research fields.
Nanoparticles can affect physiological functions,

Family Brassicaceac includes Brassica napus
(canola) plays an important role in the economy
of many landowners in Europe. It produced green
fuel that could be utilized for human consumption,
pet feeding, chemical processing, and the
pharmaceutical industry. Compared to crops like
wheatand maize, oilseed rape was only domesticated
to a limited extent. (Friedt & Snowdon, 2009), and
canola has enormous economic importance for
many farmers in Europe (Rafael et al., 2018).

Nanotechnology has become one of the most
efficient and powerful techniques for battling
stressful ecological events in plants as a result

photosynthesis, and protection against oxidative
enzymes in plants due to their exceptional total
area, structure, and shape (Eldarier et al., 2020;
Hafez & Fouad, 2020; Faizan et al., 2021). Due to
various industrial circumstances connected with
nanoparticles, people are concerned about their
effects on human and envirmental health as a result
of the extensive use of these molecules in many
sectors (Lee et al., 2020).

The technical framework of research that
explains the mechanisms of NPs is very important
and has enable broad applications in plants (Sahoo et
al., 2007). NPs have drawn the interest of numerous
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research communities, owing to their unique
properties such as large surface area of substance
(Ejaz et al., 2018). On the other hand, because of
the increased production of NPs for use in everyday
products, contamination of ecosystems is a serious
concern (Liu etal., 2021). Managing the distribution
of NPs that are specially engineered according to
our needs into the ecosystem has proven challenging
due to growth of the nanomaterials industries and
their usage (Sohail et al., 2022). Further research is
required, as there is a severe lack of information on
the ecological effects of NPs.

Cerium dioxide nanoparticles (CeO, NPs) have
a variety of commercial, physiological, medicinal,
and agronomic applications because of their
remarkable electric, visual, and other beneficial
properties (Cassee et al., 2011).

Cerium oxide nanoparticles are employed
extensively in plant biology due to the antioxidant
properties of these nanoparticles (Wang et al.,
2013). They have been shown to lower excess
ROS accumulation, improving plant responses to
environmental stresses such as salt (Wang et al.,
2013; Rossi et al., 2017), sunlight, and climate
change (Rossi et al., 2017). Moreover, Wu et al.
(2017) reveals that nanoparticles might modify the
functions of transmembrane proteins associated
with K* release to improve mesophyll K* storage
and activate the transcription of the HKT1 gene to
enhance shoot Na* exclusion, thereby enhancing
plant drought tolerance. Many studies reported
that CeO, NPs either reduce or intensify stress in
plants depending on the dose (Prakash et al., 2021).
Additionally, Khan et al. (2021) reported that CeO,
NPs can regulate oxidative stress.

In the present study, foliar application of 250,
500, and 1000ppm of biosynthesized CeO, NPs to
B. napus was used to determine various responses
of its morphological, and physiological parameters
as well as gene expression and ultrastructure
examination reflecting the impact of CeO, NPs.

Materials and Methods

Synthesis of Cerium oxide nanoparticles

To prepare cerium oxide nanoparticles,
we used the Cerium (III) nitrate hex hydrate,
REacton®, 99.99%, (REO). Thermo scientific™
Stock Number: 11330, Lot Number G31U002
(Ce (No,),.6H,0), (MW 434.22g/mol), as the
prime precursor and Aloe vera leaf extract as the
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stabilizing agent according to the method by Dutta
et al. (2016).

Preparation of aloe vera leaf extract

About 30g fresh gel of Aloe vera were boiled
in 100 ml deionized water for 1h and the pH was
recorded at 5.36 before adding cerium nitrate
hexahydrate.

Cerium nanoparticle synthesis

According to Dutta et al. (2016) with some
modification, about 0.087g of cerium nitrate
hexahydrate (10mM) was dissolve in 20mL of DI
water then added to 140mL of DI water at an initial
temperature 40°C pH 5, then stirred with a magnetic
stirring until a homogeneous solution was formed.
After 1min the Aloe vera extract about 20mL was
added dropwise for 20min under magnetic stirring
with the pH set at 6 adjusted by NaOH (30mM)
and a temperature range of 50-60°C. After the pH
was adjusted to 8 for 20min by NaOH then readjust
finally at pH 7.5 with HCI (30mM), the solution was
left under magnetic stirring for 48h Then centrifuge
all at 5000rpm for 30min and the precipitate was
dried in an oven at 60°C for 1h and finally reddish-
brown powder of CeO,-Nps was obtained and
was detected using an Agilent 5100 Inductively
Coupled Plasma — Optical Emission Spectrometer
(ICP-OES) with Synchronous Vertical Dual
View (SVDV) with the Agliant Vapor generation
accessory VGA 77 to determine its concentration
was 1.72% and also used for preparing the different
concentration at (250,500,1000ppm), which was
sonicated for 1min before using as foliar application
later on.

Characterization of cerium oxide nanoparticle

The UV—Vis absorption spectrum was detected
by with a scanning protocol at 200-900nm using a
Jenway 7205 spectrophotometer. The structure and
crystal size of cerium dioxide nanoparticles were
detected by an X-ray diffraction (XRD) pattern
using an EQUINOX™ 100 X-Ray diffractometer
with a Cu-K_ wavelength of 1.5406 A in the
26 range 0°- 80°. To visualize the shape and size
measurement of core particles, the TEM technique
was used by JEOLI1010 transmission electron
microscope (TEM). The Fourier transform infrared
spectroscopy (FTIR) spectra of samples were
recorded in the range of 800—4000cm™ using a
Thermo-Fisher FTIR spectrometer. Particle size
and zeta potential were detected using Zetasizer
Nano ZS (Yu et al., 2021).
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Foliar application of CeO,NPs on Brassica napus
plants

Pot experiment:

B. napus seeds cultivar 1056 were obtained
from the Agricultural Research Center, Ministry of
Agriculture, Egypt. The experiment was conducted
in the Botanical Garden for Research of the Botany
Department Faculty of Women for Arts, Sciences
and Education, Ain Shams University, Egypt. In
this experiment, about 40 pots (30 cm depth and
30cm diameter) were prepared and divided into
groups A, B, C and D (5 pots/group) and filled
with about 10kg of clay soil.

Brassica napus seeds were surface sterilized
with sodium hypochlorite for 3min and then washed
with deionized water. About 20 sterile seeds were
sown and left to grow under natural conditions.
Plants at seedling stage and after the emergence of
two true leaves, foliar application was performed
using different concentrations of aqueous
suspension of CeO, NPs (250,500,1000ppm)
every 48h for two weeks’ intervals. Plants of
group A were sprayed with water and left as a
comparison sample, while plants of groups B, C,
and D were sprayed with concentrations of 250,
500, and 1000ppm of CeO, NPs, respectively. The
plants were thinned about 5 per pots and the pots
were covered with plastic bags after spraying. In
this experiment, aqueous suspension of CeO, NPs
was freshly prepared after sonication for 1min (as
mentioned before). A drop of Tween-20 has been
added as a surfactant agent.

Whole Plants were harvested at 45 days of age
(after 15 days of spraying), washed with water
and used for the biomasses and morphological
parameters measurements. Other samples were
frozen at -80°C for further biochemical analysis.

Detection of cerium levels

Prior to metal determination, dry plant
tissues (0.5g) were digested in 2mL of an acid
(hydrochloric acid and Aqua regia in a ratio
1:3) solution and then adding 1mL of 30% H,O,
using Anton —Paar microwave digestion system
(Multijwave PRO) according to standard method
(APHA,2017) and determination of metal ions such
as cerium was conducted using an Agilent 5100
Inductively Coupled Plasma — Optical Emission
Spectrometer (ICP-OES) with Synchronous
Vertical Dual View (SVDV) with the Agliant
Vapor generation accessory VGA 77. where all
samples are in an acceptable matrix for consistent

recovery of metals which are compatible with the
analytical method (APHA, 2017). A calibration
curve was constructed composed of using a blank
and three standards from Merck (Germany).
Precision of measurements was confirmed using
external reference standard, and quality control
samples from National Institute of Standards and
Technology (NIST) (Bao et al., 2016; Farooq et
al., 2022).

Morphological alterations

Root, and shoot length as well as fresh and dry
weights were measured to detect morphological
differences in control samples and after spraying
250, 500 and 1000ppm of CeO, NPs nanoparticles
(Mohammadi et al., 2021).

Enzymatic assays

The activity of peroxidase (POD), superoxide
dismutase (SOD), and catalase enzymes activities
were assayed. First, 1g of leaf samples in liquid
nitrogen for prevent proteolytic activity were
added to phosphate buffer (pH 7.8, 100mM) and
completely homogenized. The homogenized
mixture was centrifuged (8000 x g) at 4°C for
15 min, and the supernatant was used for the
determination of the following enzyme activities.

Superoxide dismutase (SOD, EC 1.15.1.1)
activity was determined with the method of Zhang
et al. (2008). The reaction mixture was contained
of 50mM potassium phosphate buffer (pH 7.8),
13mM methionine, 75uL NBT, 2uL riboflavin,
0.ImM EDTA and 100puL of enzyme extract in
a 3mL total volume then followed by keeping
samples under a 15W fluorescent tube for 10min.
Then all tubes were wrapped with aluminum
foil. The solution containing the reaction mixture
without light irradiation considered as a blank,
while the complete reaction mixture without plant
extracts used as a control. One unit of SOD activity
was measured the amount of enzyme required
to cause 50 % inhibition of the NBT reduction
measured at 560 nm is expressed as (Unit min-!
g-' FW).

Catalase (CAT, EC 1.11.1.6) activity, as
described in Aebi & Lester (1984). 3mL reaction
mixture containing 50 mM potassium phosphate
buffer (pH 7.0), 2mM EDTA-Na,, 10mM H,O,
and 100uL enzyme extract. for Imin at A240nm
using (T80+UV-visible spectrophotometer).
The catalase activity was assayed by using the
extinction coefficient of 39.4mM-'cm-'. One
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unit of catalase activity is expressed as (umol H,O,
reduced min™ g' FW).

Peroxidase (POD, ECI1.11.1.7) activity was
assayed by Zhou & Leul (1999). The 1mL of mixture
contained 50 mM potassium phosphate buffer (pH
7.0), 0.4% H,O,, 1% guaiacol, and 100uL enzyme
extract. The reaction was followed by recording the
changes in Absorbance at 470 nm. POD expressed
as (umol tetra-guaiacol formed min -'g-' FW)
and its extinction coefficient (E) = 2.47mM™" cmr
!. Lipoxygenase activity assay (LOX; EC 1.13.1
I. 12) LOX activity was measured according to
method described by Axelrod et al. (1981). A 0.5g
leaves ground to a fine powder was added to SmL of
acetate buffer (pH 5.0), and incubated in ice water
for 15min, followed by centrifugation at 10,000 x g
for 10min. The aliquot was used as a crude enzyme
extract. Components of the reaction were incubated
at 25°C in a water bath, 100uL linoleic acid, 100uL
crude enzyme extract and 2.8mL phosphate buffer
(pH 6.8). The absorbance was measured by UV
spectrophotometer at 234nm. A LOX activity unit
(U/g FW) was defined as the rate of absorbance
change per minute. One unit (U) of LOX activity
was described as 1umol of lipid hydroperoxides
formed per minute at 25°C.

Antioxidant compounds

About 680 pL distilled water, 50 uL extract and
2.5mL 1/10 dilution of Folin—Ciocalteu reagent
were mixed and vortexed. After 2min, 2mL Na,CO,
7.5% was added and the mixture was incubated
for 15min at 45°C, the absorbance was measured
at 760nm. The concentration of total phenolic
compounds (TPCs) was expressed as mg gallic acid
equivalents (GAE) per g of fresh weight (FW), and
then calculated using a standard curve for gallic acid
(Javanmardi et al., 2003). Tocopherol content was
estimated according to Backer et al. (1980), 1g of
fresh leaves was grinded in mortar and add SmL of
a mixture consisting of petroleum ether and ethanol
(2:1.6) v/v then the extract was centrifuged at
10.000 for 20min. The supernatant was prepared for
tocopherol estimation, take 1mL of extract, 200uL of
2% 2, 2-dipyridal in ethanol was added, then finally
add 200uL of ferric chloride mixed vigorously then
kept at dark for Smin. The resulting red color was
diluted with 4mL of D.W and then mixed well, the
color resulted was measured at 520nm. Tocopherol
content was calculated using a standard curve with
a known amount of alpha-tocopherol.

Ascorbic acid levels were determined according
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Jagota & Dani (1982). Plants tissue about (0.2g)
were homogenized in 0.8mL of 10% tricholoroacetic
acid (TCA). After shaking well, the tubes keep in an
ice bath for Smin followed by centrifuged at 3000g
for Smin. For the estimation of AsA, used a 300uL
of extract. The extract was diluted to 2.0mL using
D.W, then add 200uL of IN Folin reagent was
added, and all tubes were shaken, then Incubate
for 10min the absorbance was measured at 760nm.
Standard curve was prepared using AsA.

Physiological parameters

Chlorophyll determination

Fresh leaves tissue (1g) from various treatments
were ground in chilled 70% acetone (analytical
grade) with 100mg of calcium carbonate, and
the absorbance was recorded at 645, 663nm for
chlorophyll A, B at 480nm for carotenoids using
a UV-Visible+T80 spectrophotometer (Jakhar
& Mukherjee, 2014), and calculated using the
following equation:

Chlorophyll a: 12.7(A663) — 2.69(A645)
Chlorophyll b: 22.9(A645) — 4.68(A663)

Carotenoid: [A480 +(0.114(A663) (0.638-A645)]
xV/1000xW

Carbohydrate determination

About 0.5g of dry leaves was taken into a boiling
tube, and S5SmL of 2.5N HCI1 was added. The solution
was boiled in a water bath for 3h. Phenol-Sulfuric
Acid method the colorimetric method described
by Dubois et al. (1956) it’s used to determine of
the concentration of carbohydrates in aqueous
solutions. A 2mL aliquot of a carbohydrate solution
was mixed with 1mL of 5% aqueous solution
of phenol in a test tube. A SmL of concentrated
sulfuric acid was added rapidly to the mixture
(an exothermic reaction and orange color were
observed.) After stand forlOmin, they are vortexes
for 30sec and stand for 20min at room temperature
for color development. Next, light absorption at
490nm was measured by a spectrophotometer.
Blank was prepared in the same way, except that the
2mL aliquot of solution was replaced by distilled
water. A standard curve was prepared using glucose
from 0 - 100pg mL-'.and measure at a wavelength
of 490nm. The carbohydrate rate was expressed as
ngg-'FW.

Lipid peroxidation assay
Lipid peroxidation was estimated by measuring
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the amount of TBARS as previously described
(Liu et al., 2007). About 0.5g leaves was ground
in mortar with 0.25 % 2-thiobarbituric acid (TBA)
in 10% TCA. The mixture was heated at 95°C for
30min, then, quickly cooled in an ice bath and
centrifuged at 10 000g for 10min. The absorbance
of the supernatant was recorded at 532nm and
600nm which corrected for unspecific turbidity
by subtracting. Lipid peroxides concentration was
together with modified protein were calculated
in terms of TBARS amount using an extinction
coefficient of 155mM™" cm™ and expressed as n mol
g" fresh weight. Hydrogen peroxide (H,0,) was
determined by method of Fortunato et al. (2010),
fresh leaves tissue (0.5g) from each treatment group)
ground in SmL 0.1 % (v/v) TCA solution on ice
immediately. The suspension was then transferred to
a 15mL centrifuge tube and centrifuged at 4000g for
20min at 4°C, an aliquot (0.5mL) of the supernatant
mixed with 0.5mL of 10mM KH,PO, solution (pH
7) and 1mL of 1M KI solution for measurement.
The absorbance was measured using T80+UV/Vis
spectrophotometer at 390nm, H,O, was used as
standard curve and. H,O, content expressed as umol
H,0, per g Tissue. The quantification of superoxide
can also be determined as described previously by
Ramel et al. (2009). Stained plant tissue was grind
to a fine powder and dissolved in 2M KOH-DMSO
(1/1.16) (v/v) after that centrifugation at 12000g
for 10min. The aliquot was measured at 630nm
in the UV spectrophotometer and the values were
compared with the standard curve prepared using
NBT prepared in the KOH-DMSO mix.

Staining of leaves

The detection of super oxides in plants have been
reported by NBT histochemical methods (Doke et
al., 1983; Jabs et al., 1996). The plant tissue under
stress were immersed in staining solution including
NBT 0.1%, 50mM potassium phosphate (pH 6.4)
and 10mM sodium azide. Then, samples were kept
under illuminate for 20min and then rinsed with 95%
ethanol to get rid of the chlorophyll pigments. Blue

precipitates appear as NBT reacts with superoxide
anion, Cameras were used to take pictures of NBT
colored leaves.

Molecular studies

Total RNA was extracted from approximately
100 mg of leaves by Trizol protocol. The synthesized
c¢DNA from control and leaves sprayed with 500
ppm of cerium oxide NPs was the template for
quantitative real-time PCR in the iCycler iQTM.
A real-time detection system (Bio-Rad, Hercules,
CA, USA) was used with SYBR Premix Ex
Taq II (Takara Co. Ltd., Japan) for selected genes
such as superoxide dismutase SOD[Cu-Zn],
metallothionein (MT,) and its isoform (we highly
appreciate this reviewers precise comment) and
actin 1 genes. (Karakoti et al., 2012). The sequences
of primers provided by NCBI (National Center for
Biotechnology) (http://www.ncbi.nlm.nih.gov). The
sequences (5'—3") of forward (F) and reverse (R)
primers. Primers were purchased from Eurofins-
Genomic (Germany). Accession number and
sequence of primers used are shown in Table 1:

Investigation of ultrastructure by transmission
electron microscope

Leaves (0.54mm in length) from randomly
selected plants (15 days old) were harvested after
24h from the last spraying, preserved overnight in
2.5 glutaraldehyde (v/v), and then rinsed three times
with same phosphate buffer saline. The specimens
were post-fixed for 1h in 1 percent OsO4, followed
by three washings in 0.IM PBS (pH 7.4), each
lasting 10min. Samples were rinsed in a graduated
sequence of ethanol concentrations (50, 60, 70, 80,
90, 95, and 100 percent) for 15-20min at a time,
followed by a 20min wash in pure acetone. After
that, the samples were placed within resin and left
there overnight. Ultrathin slices of control and leaves
sprayed with 500ppm CeO, NPs were made, placed
on copper grids examination by a transmission
electron microscope (JEOLTEM-1010EX, Tokyo,
Japan) (Karakoti et al., 2012).

TABLE 1. The sequences (5'—3°) of forward (F) and reverse (R) primers of SOD and MT genes

Gene name Accession number Sequences of primers (5'—3")

F: ACGGTGTGACCACTGTGACT
SOD AF540558

R: GCACCGTGTTGTTTACCATC

F: TCTTGCTGTGGAGGAAACTG
MT GU189581

R: AGCCCAAGTCTGGGTACATC

. F: TTGGGATGGACCAGAAGG

Actin gene FJ529167

R: TCAGGAGCAATACGGAGC
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Statistical analysis

All experiments were repeated three times,
and results were represented as means + SEM.
Statistical analysis was performed using GraphPad
prism, version 5, (USA), one-way ANOVA
analysis, with significant differences at P< 0.05.

Results

Properties of cerium oxide nanoparticles

The absorption spectrum of Ce (NO,) ,.6H,0
and CeO,NPs at 0, 15, 30, and 60 min. showed
various peaks at 270 nm with increases elevation
in absorbance at different time intervals, as shown
in Fig. 1A. the structural properties of CeO, NPs
was showed by XRD pattern. This figure shows
that when the crystallinity was investigated by
the XRD technique, the XRD spectrum of CeO,
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NPs showed peaks at 26 = 28.5°, 33.0°, 47.4°,
56.2°, 59° and 69.3° corresponding to the (111),
(200), (220), (311), (222) and (400) lattice
planes, respectively (Fig. 1B). The peak size was
detected at 19.0 nm, respectively (Fig. 1C). The
zeta potential of NPs, which is defined as the
characteristic impedance around all NP surfaces
resulting from the attachment of the surface
charge units with the opposite polarity members
of the solvents of the NP solution, is typically
used to indicate the longevity of NPs. In general,
the greater the relative level of the zeta potential
(either +ve or -ve), the stronger the attraction
between the atoms that need to assemble and, as a
result, the more stable the NP. The zeta potential
of CeO, NPs was reported to be —18.8mV at pH
7.5, reflecting its low value, therefore it remained
stable for long time (Fig. 1D).

Sae Distbigon by Numoer

--------------

Himber (Percerd

]

Saza(dnm)

Sire (dom)= 1944050 %onumber=100%

Teta el e

TotmlConrts

Roparent 7 Pkl

-18.8 mv




PLEOTROPIC ROLES OF BIOSYNTHESIZED CERIUM OXIDE NANOPARTICLES ON... 771

ETIansmittance("/&)
Cerfum nitrate hexahydrate
100%
80%
60%
4%
0% 3
~ o
m
08
0 500 1000 1500 2000 2500 3000 3500 4000 4500
Wave mumber cm™
Transmittance(%)
Aleo.Vera
100%
Al
80% l gn
8 od
HR
£0% |

3240

3372

0 500 1000 1500 2000 2500 3000 3500 4000 4500

Wave mumber cm™

Transmittance(%)

Cerfum Oxide NPs

1027
1347
1591

230 j;;%
_?
>

2816
3330

0 500 1000 1500 2000 2500 5000 3500 4000 4500

Wave number em™

Fig. 1. Characterization of cerium dioxide nanoparticle, (A) UV-Vis absorbance of Ce (No,),.6H,0 and CeO,NPs,
at 15, 30 and 60min, (B) XRD pattern of CeO,NPs, (C) Particle size of CeO,NPs, (D) Zeta potential of
CeO2NPs, (E) FTIR spectrum of Ce (No,),.6H,0, Aleo vera extract and CeO,NPs respectively, (F) TEM

for CeO,NPs (5000X and 15,000X magnifications)

Analysis of FTIR spectra showed that the
extract contains a phenolic —OH group and
carboxyl (C-O) group. The band at 3410.23cm!
in the spectrum of pure aloe vera was contributed
by the OH group of carbohydrate monomers,
including mannose and uronic acid; the band at
2926.03cm™ indicated the presence of aliphatic CH
and CH2 groups, and bands at 1610.88, 1493.83,
1244.27, 1060.69, and 876.93cm™ showed -C-O
stretching; asymmetrical and symmetrical —-COO-
stretching of carboxylate molecules. However,
Aloe vera peaks at 3410.23, 1060.69, 876.93,
772.72 and 621.90cm™ were moved to lower
wave numbers, such as 3384.14, 1075.62, 848.60,
747.98, and 676.86 cm!, after CeO,NP was formed,
demonstrating participation of the C-N, -C, -H, and
-OH groups in CeO, NP creation. Additionally, the
peaks at 1610.88, 1493.83, and 1244.27cm™ were
eliminated, indicating that the relevant groups

directly oxidized Ce ions. therefore, clearly outside
the surface of CeO, NP as shown in Fig. 1 E. These
was 3.42+1.05nm in size, practically spherical in
form, and were seen along with CeO, NPs in the
TEM image. The crystallized character of the NPs
was represented in the enlarged particle image,
which is displayed in Fig. 1F.

Changes in morphological parameters of Brassica
napus

The results indicated that the spraying of
leaves of Brassica napus dramatically increased
(P< 0.05) the fresh and dry weights of plants at a
concentration of 500 ppm of CeO, NPs as shown in
Figs. 2, and 3A, B. Furthermore, the root and shoot
lengths were increased upon foliar application of
CeO, NPs with the highest impact detected at 500
ppm (P<0.05), as shown in Fig. 3 C and D.

Egypt. J. Bot. 63, No. 3 (2023)
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Fig. 2. Foliar application of various concentrations (A: Control, B: 250, C: 500 and D: 1000ppm) of biosynthesized
CeO,NPs. Various concentrations of biosynthesized nanoparticles were sprayed on leaves of Brassica
napus for two weeks every 48h lead to various alterations in morphological parameters of root, and shoot
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Fig. 3. Foliar application of CeO,NPs on morphological criteria of Brassica napus 45 old days; Bar charts depicts
comparisons of means for (A) Fresh weight (gm/ plant), (B) Dry weight g/ plant), (C) Root length (cm/
plant) and (D) Shoot length (cm/plant) for control and upon foliar application of 250, 500 and 1000ppm
of CeO, nanoparticles, on the growth parameters of Brassica napus plants [Data are expressed by means+
S.D, where (*) < 0.05 considered as significant|
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The content of cerium (Ce) in Brassica napus leaves

The results were recorded from three different
samples. Ce was not detected in control samples,
while spraying 250, 500 and 1000 ppm CeO, Nps
resulted in concentration of 160 + 4, 137 + 6 and
130 + 7ppm, respectively, within B. napus leaves
as shown in Table 2.

TABLE 2. Level of Cerium concentrations (ppm)
in Brassica napus leaves and after
spraying 250, 500 and 1000ppm of CeO,
nanoparticles [Data are expressed as
means + S.D]

Cerium conc. in leaves mg/

Treatments kg =mg/L=ppm
C 0£0
250ppm 160+ 4
500ppm 137+ 6
1000ppm 130+7

Impact of 500 ppm of CeO, NPs on ultrastructure
examination of Brassica napus leaves

The ultrastructural changes in the control and
treatment of 500 ppm of CeO, Nps on B. napus

Fig. 4. Electron micrograph of B. napus leaf mesophyll of under (A, B) Control showing developed chloroplast
(Chl), thylakoid membranes (Thy), mitochondria (MC), Nucleus (N) and regular structure cell wall (CW),
while (C, D) upon spraying 500ppm of CeO, NPs denser structures could be seen in the sections with
bigger size of mitochondria, condensed thylakoid membranes and enlarged space inside cells could be seen

leaves are shown in Fig. 4. regularly structured
cell walls with organized chloroplasts containing
properly organized thylakoids with rounded
mitochondria could been seen in control B. napus
leaves. However, treatment with 500 ppm of CeO,
NPs led to alteration of ultrastructure of B. napus
leaves, including condensed thylakoid structures,
enlarged mitochondria, and big spaces inside
cells. Regular nuclear structures with nuclear
membranes could be seen in control and treatment
leaves.

Impact of various concentrations of CeO,NPs on
histochemical staining of Brassica napus leaves

Staining of B. napus leaves reflected various
responses of different CeO, Nps treatments on
NBT. The production of O,e- in B. napus leaves
was studied by processing leaves with NBT stain,
which created dark spots. Furthermore, under
elevated levels of CeO, NPs, more dark spots
of blue formazan could be seen on the leaves.
Indicating, a higher accumulation of superoxide
anion radical O, in B. napus leaves, particularly
at 500 ppm of CeO, NPs treatment as revealed by
dark spot formation in the leaves (Figure 5).
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Fig . 5. Staining of Brassica napus leaves showing oxidative stress using nitro blue tetrazolium (NBT) upon
spraying of 250, 500 and 1000ppm of CeO, nanoparticles where dark dots represent by oxidative stress

Impact of various concentrations of CeO, NPs
on oxidative stress parameters

Superoxide radicals were measured in B.
napus control plants and after foliar application
with 250, 500, and 1000 ppm of CeO, NPs.
Levels of superoxide radical decreased at
250 and 1000ppm and reached a maximum
significant reduction level (P< 0.001) at 500
ppm CeO, NPs. Meanwhile, the level of H,O,
in B. napus leaves was dramatically increased
upon spraying with 500 ppm CeO, NPs relative
to the control. However, treatment with 250
and 1000ppm of CeO, NPs notably increased
H,0, levels in treated ,as shown in Fig. 6 A,
B. MDA content was dramatically reduced
after treatment with 500 ppm CeO, NPs, while
with 250 and 1000 ppm CeO, NPs did not
affect MDA content in B. napus relative to the
control (Fig. 6 C).

Lipoxygenase enzyme levels did not differ
under 250, 500 and 1000 ppm of CeO, NPs and
did not significantly differ from the control
(Fig. 6 D).

Impact of various concentrations of CeO, NPs
on antioxidant enzymes

Super oxide dismutase (SOD), peroxidase
(POD) and, catalase (CAT) enzymes were
dramatically elevated (P< 0.05) upon spraying
with 500 ppm of CeO, NPs compared to the
control (Fig. 7). The enzymes levels were
slightly increased under 250 and 1000 ppm
of CeO, NPs relative to the control group (Fig.
7).

Egypt. J. Bot. 63, No. 3 (2023)

A

O, Level of superoxide radical (nM/gm FW)

MDA content (mM/g FW)

(H,0,Content pM/g FW)

0.15- e
—T
0.104
0.05+
0.00 T T I T T
» &‘e\ o S \@“
1.5+
*
1.0+
——
0.5+ ——
0.0 T T T T
> N N N
& g o \QQ
CB
20+
*kk
154 o
104
5
0 T T T T
> o N N
&@ v B S



PLEOTROPIC ROLES OF BIOSYNTHESIZED CERIUM OXIDE NANOPARTICLES ON... 775

Lipox (Mmole/min/g FW)

Fig. 6.

8004
*
600+
4004 — p—

2004
0 T L] T T
> D >
&@\ AF & .\@\

‘:’Q

Lipid peroxidation explain oxidative stress
on Brassica napus leaves; Bar charts
depicts comparisons of means (A) Level of
superoxide anion radical O,- (umol/g F.W),
(B) H,O, content (umol/gm F.W), (C) MDA
content nmol/g F.W and (D) Lipoxygenase
enzyme (U/min/g F.W) [Data are expressed
by means+ S.D, where (*) < 0.05 considered
as significant)]

30+

*

_ —=—
) 20+
g
E -
e o
a 104 ——
]
wn

0 T T T T

& & NS \@“
Rl
*

0.5
o -
E 04
[-11]
g o
£ 034
B
- ——
2 021
g
8 014
By

0.0

%
»

T
%, |
C

100+

804

60

40-

CAT (mMole/min/g FW)

0 L) L) L) L)
N D O] N\
¥ 8 S

Q
$
CP&

Fig. 7. Bar charts depicts comparisons of means
for Antioxidant enzymes, (A) SOD (SOD
activity Unit min-' g-' FW), (B) POD
(POD activity pmol tetra-guaiacol formed
min-'g-' FW) and (C) CAT (CAT activity
pmol H,0O, reduced min-'g-' FW) for control
and upon foliar application of 250, 500 and
1000ppm of CeO, nanoparticles, on the
growth parameters of Brassica napus plants
[Data are expressed by means+ S.D, where
(*) £0.05 considered as significant)]

Impact of various concentrations of CeO, NPs
on antioxidant compounds

Phenol content and ascorbic acid levels were
significantly increased (P< 0.05) upon spraying
with 500ppm of CeO, NPs compared to the
control, while foliar application of either 250 or
1000ppm of CeO, NPs for B. napus resulted in
a small elevation of phenol content and ascorbic
acid levels. However, tocopherol concentration
was significantly decreased (P< 0.05) after
application of 500 ppm CeO, NPs compared
to control group. It could be noticed that using
250ppm CeO, NPs did not alter tocopherol
concentration, and a slight decrease in tocopherol
concentration could be detected upon spraying
B. napus with 1000 ppm of CeO, Nps (Fig. 8).

Impact of various concentrations of cerium
dioxide  nanoparticles on  physiological
parameters

Chlorophyll a, b contents were significantly
increased after foliar application of 500 ppm of
CeO, NPs compared to control group (P< 0.05).
Use of 250 and 1000ppm CeO, NPs increased
chlorophyll a level but did not affect chlorophyll
b compared to control group (Fig. 9 A, B).
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(Fig. 8) Bar charts depicts comparisons of means for
Antioxidant compounds, (A) Phenol content
(mg/ g F.W), (B) Ascorbic acid (mg/ g F.W)
and (C) Tocopherol (mg/ g F.W) for control
plants and upon foliar application of 250,
500 and 1000ppm of CeO, nanoparticles,
on the growth parameters of Brassica napus
plants [Data are expressed by means+ S.D,
where (*) < 0.05 considered as significant]

Egypt. J. Bot. 63, No. 3 (2023)

A o o .
£ =2
T 300 .
=
5 200
E —
-
-”_E: 100+
5
g 0 T r T T
& P S
‘_S
801
> *kk
E e e
o0
% 60-
3
=
2
S 40-
e
<
=
2
s 20
=]
E
U 9 T T T T
N Ny N
& o S S
&
300+
C ¢ *
[
[-T1]
2 200+
=
&
=
g
o 1004
=
2
= 0
= T T T T
e > o o o
& & o &
oF
504
- —
z
a 404
g —
o0
o 304
E 30
1
g 20-
=
=3
S
2 104
St
<
Q
0 T T T T
S N N
& A2 o N
S

Fig. 9. Bar charts depicts comparisons of means

for

(A) Chlorophyll A (ng/g F.W), (B)

Chlorophyll B (ng/g F.W), (C) Carotenoids
(ng/ ¢ F.W) and (D) Carbohydrates
(ng/g D.W) for control and upon foliar
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application of 250, 500 and 1000ppm
of CeO, nanoparticles, on the growth
parameters of Brassica napus plants [Data
are expressed by means S.D, where (*) <
0.05 considered as significant, while (***) <
0.001 considered as significant]

Carotenoid levels were dramatically
increased (P< 0.001) upon spraying of 500ppm
CeO, NPs compared to control group. Use of
250 ppm of CeO, NPs increased the carotenoids
concentration, while application of 1000ppm
of CeO, NPs did not increase carotenoid
concentration relative to untreated plants (Fig.
90).

Total carbohydrate concentration was slightly
increased upon spraying either 250 or 500 or
1000ppm of CeO, NPs compared to control
group (Fig. 9 D).

Impact of various concentrations of cerium oxide
nanoparticles on gene expression

Expression of SOD gene transcript levels has
an essential function in stress and SOD isoforms,
which in this study included cytoplasmic (Cu-
Zn SOD) form. However, the MT gene is a
biomarker, and its isoform (BnMT2) protects
plants from metal burden and plays a role in
scavenging of ROS. Expression values of SOD
and MT genes were measured by real-time PCR
in control leaves and under treatment with 250,
500 and 1000ppm of CeO, NPs. At concentration
of 500 ppm of CeO, NPs there were a significant
difference in both SOD and MT levels relative to
control B. napus leaves. under treatment with 250
and 1000ppm of CeO, Nps there was an increase
in SOD and MT levels, with a non-significant
difference relative to control leaves of B. napus
(Fig. 10 A, B).

A

Realtive expression level (MT)
N
1

I

T T T
> S QN Ny
& A8 o N
5

Treatments

Realtive expression level (SOD)

0 T T T

> N} N\
& N P
[N

Treatments

Fig. 10. (A) Levels of expression of antioxidant and
stress genes including (SOD and MT) upon
spraying of 250, 500 and 1000ppm of CeO,
nanoparticles on Brassica napus leaves
[Data are expressed by means+ S.D, where
(*) < 0.05 considered as significant)]|

Discussion

Changes in temperature produce different-
sized nanoparticles with different properties, and
this could be responsible for the particles strong
antioxidant capacity (Kar et al., 2009; Mao et al.,
2021). CeO, NPs are known for their dual
oxidation state, Ce*? to Ce™, which improves their
catalytic activity in biosystems (Huang et al.,
2017). Zeta potential is regularly used to
distinguish ~ the  colloidal  stability  of
macromolecules and particles suspended in liquid
(Ramaye et al., 2021). Zeta potential stability,
which is defined as the potential difference around
the NP surface resulting from the association of
the surface charge groups with the opposite charge
groups of the solvent of the NP suspension. The
present study was showed more nanoparticle
stability (Fig. 1D) with a zeta potential —18.8mv
atpH 7. Changes in temperature produce different-
sized NPs with different properties, and this could
be responsible for the particles’ strong antioxidant
capacity (Kar et al., 2009; Karakoti et al., 2012).
In the present study, elevation of temperature to
60°C led to the production of almost spherical and
well-dispersed of CeO, NPs with a size ranging
from 1.05 to 2.67nm. TEM showed the
morphology and size distribution from the
enlarged image of a particle, presented in the inset
of Fig. 1F and applied in this study. Nevertheless,
methods of synthesis at room temperature were
informed to produce nanoceria with beneficial
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antioxidative properties, whereas methods at high
temperature produce NPs with deleterious pro-
oxidative properties; moreover, as opposed to
high-temperature, ambient temperatures synthesis
creates smaller NPs with a uniform size and
higher ratio of Ce**/Ce*" concentrations as well as
a high antioxidant capacity due to the particles
were affinity for alteration in enhanced
environment oxidation state (Karakoti et al.,
2012). Additionally, methods of synthesis of CeO,
NPs at high temperatures were reported to produce
generally crystalline CeO, -NP of larger size
(>25nm), whereas methods at room temperature,
produce much smaller and nearly spherical
particles with loss of crystallinity were formed.
The lattice fringes the d-spacing values, were
about 3.1A, 3.15A, and 3.16A, i.e., very near to
the lattice spacing of 111 plane (3.124A) of CeO,
NPs (Tiseanu et al.,2011). When the crystallinity
was examined by the XRD technique, the XRD
spectrum of CeO, NPs described peaks at 28.20,
47.40, and 56.20. the lattice planes of CeO, NPs
crystals matching the angles were (111), (220)
and (311) respectively, and were same after one
year with the same angle and lattice planes. The
lattice parameters from powdered XRD data were
found to be a = b =c = 5.419 A, o= B=y =90°
using Panlytical X’pert Pro software. The acquired
lattice parameters for nanoceria were also
detected. The XRD pattern of CeO, NPs powder
indicates broad peaks, which confirmed the
formation of small-sized nanoparticles. The
particle size of the nanoparticles was determined
using the Scherrer’s relation d= (0.9 1)/ (b cos q)
where, 1 is the wavelength of X-rays used, q is
Bragg’s angle [20], and b is the full width at half
maximum in radians. For the different reflection
peaks of the XRD pattern, the particle size was
estimated and the average size of nanoparticles of
the sample was found to be around 2nm according
toBlanton & Majumdar (2013). Such characteristic
crystal planes in CeO, NPs have also been
reported (Tiseanu et al., 2011). Analysis of FTIR
spectra showed that the extract contains a phenolic
—OH group and carboxyl (C-O) group. The band
at 3410.23 cm™ in the spectrum of pure aloe vera
was contributed by the OH group of carbohydrate
monomers, including mannose and uronic acid;
the band at 2926.03cm! indicated the presence of
aliphatic CH and CH2 groups; bands at 1610.88,
1493.83, 1244.27, 1060.69, and 876.93cm™ were
from -C- O stretching; asymmetrical and
symmetrical —COO- stretching of carboxylate
molecules. However, Aloe vera extract peak at
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3410.23, 1060.69, 876.93, 772.72 and
621.90cm™ were moved to lower wave numbers,
such as 3384.14, 1075.62, 848.60, 747.98, and
676.86 cm’, after CeO, NPs was formed,
demonstrating participation of C-N, -C, -H, and
-OH groups in CeO,NP creation. Additionally, the
peaks at 1610.88, 1493.83, and 1244.27cm™" were
eliminated, indicating that the relevant groups
directly oxidized Ce ions. in the same line, (Giri,
2018) The FTIR pattern of CeO, NPs is shown
that the broad absorption band positioned around
3400cm™! resembles the O—H stretching vibration
of the remaining water and hydroxyl groups,
although the absorption band at 1630cm™ was due
to the crosscut bending manner of water. The
complex bands detected at around 1518, 1350,
and 1053cm™ were due to undesirable residues in
the sample. The band at 848cm™ matched the
metal-oxygen bond. The assignments of CeO,
NPs for the absorption peak or bands for CeO,
NPs are provided. It is known that cerium can
exist either in Ce (III) or in Ce (IV) oxidation
states; however, Ce(IV) is yellow to red in color
and Ce(Ill) is normally colorless (Singh et al.,
2011). At the same time, cerium in dual oxidation
states absorbs UV light with two distinctive
absorption peaks at Ce(III) state in the (230-260)
nm range and the Ce(IV) state in the (300—400)
nm range (Emsley, 2011). Absorption in the near
ultraviolet region arises from electronic transitions
within the sample. Consequently, our method
explains that nanoceria at time different time
intervals spectrum appeared around 270-360nm.
While, in the UV region, the spectrum showed a
strong absorption band in line for the charge
transferred transitions between the states of
energy, no absorption was detected in the
wavelength range of 500-900nm. The self-
assembly of the nanoparticles in UV region was
shown due to The breadth of the absorption
shoulder. In addition, CeO, NPs are very effective
at UV filtration. CeO, has a UV limit threshold at
about 370 nm. Goharshadi et al. (2011) confirmed
that a maximum of UV light (200-350nm) may be
blocked by CeO, NPs, which makes CeO, NPs an
extremely promising material for UV blocking in
coating materials on sunglasses, parasols, and
sunscreens. In this way, the concentrations of NPs
commonly follow the order of root > shoot > fruit
> grains in plant tissue subsequently root exposure
(Pullagurala et al., 2018). According to the Food
and Drug Authority (FDA), the antioxidant power
of cerium and its highly biocompatible mineral is
due to the charges on its surface. Therefore, as
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unique of the rare earth elements (REE), in
agricultural practices, Ce has been broadly used
as a preservative in fertilizers to increase the yield
of crops (Yuan et al., 2001). Even though valuable
effects of cerium on plant biology be able to be
recognized to a significant stimulation of
photosynthetic activity, chlorophyll biosynthesis,
and antioxidative capacity too (Hong et al., 2014).
Several studies suggested that the phytotoxic
effects of CeO, NPs on plants, containing the
physiology and molecular responses of plants to
CeO, NPs, were mostly caused by the oxidative
stress sustained by CeO, NPs and can be explained
from the biochemical features (Ma et al., 2015).
Plants growth inhibition due to the loss of cellular
turgor or to a decrease extensibility of the cell
wall (d’Aquino et al., 2009). Inhibitory effects be
able to also due to a reducing efficiency of certain
enzymes included in energy utilization and plant
metabolism, reduce cell division (Mali & Aery,
2009). The reported results allow us to discuss
some important aspects of the protective action
against the stress might cause by cerium oxide
nanoparticles. So, many researchers have reported
that using CeO, NPs at the right concentrations
accelerates photosynthesis and increases plant
development by increasing the photosynthetic
rate (Kar et al., 2009; Salehi et al., 2021). In the
present study concentrations 250, 500 and 1000
ppm of CeO, NPs were sprayed on leaves of B.
napus enhancing morphological parameters
including root length, shoot length, fresh weight,
and dry weight especially at 500ppm (P<0.05).
Furthermore, the large surface area and compact
size of NPs make it easier for them to enter cells,
which helps to boost growth of plants. Given the
beneficial effects of CeO, NPs on crop fresh, and
dry weight and length, it would appear that their
results confirmed a number of growth-related
variables enhances crop yield. (Singh & Husen,
2019; Khanetal.,2021). Maetal. (2010), reported
that exposure to a 1000mg L' CeO,-NPs
suspension for 5 days had no adverse effect on the
seed germination and root elongation of cabbage,
tomato, radish, rape, wheat, and cucumber. The
plants had significantly more biomass with
compared to control which treated with 500mg
nCeO,/L, and determines positive physiological
response. Suchlike positive response has also
been described in soybean, wherever the root
growth was improved upon nanopowder of CeO,
exposure (Lopez-Moreno et al., 2010). our study
was in disagreement in that only the leaves of
plants treated with 500mg nCeO,/L after seven

day of exposure (DE), displayed significant
increase in biomass with compare to control and
other treatments. However, there were no
significant effects on biomass production. after 15
DE. No noticeable effects on biomass upon
exposure to CeO, NPs for more than 8 days
reported in tomato, and cucumber. (Lopez-
Moreno et al., 2010), and soybean (Priester et al.,
2012). Ce was detected in b. napus leaves, and the
accumulation of Ce increased with dose
concentration, so our result disagrees with
pervious observations that Ce reduces the
germination of tomato (Solanum lycopersicum)
and radish (Raphanus sativus) seeds, which is
related to the higher availability and mobility of
the elements in the soil (Thomas et al., 2014).
Furthermore, Ce application to the soil can
increase the activity of the photosystem II (PSII)
and stimulate N assimilation, thereby stimulating
plant development (Zhao et al., 2012). The
production rates of ROS were directly to the
metabolic pathways, such as mitochondrial
photosynthesis or respiration. Contrariwise, they
similarly feed NADPH-producing metabolism
such as the oxidative pentose-phosphate pathway
was eclaborated in the antioxidative processes
(Couée et al., 2006). Plants have both enzymatic
and non-enzymatic defensive mechanisms. SOD
and CAT enzymes are a components of the
original enzymatic defense mechanism. SOD
controls the removal of superoxide radicals and
serves as the first line of defense against free
radicals (Kumar et al., 2017). The accumulation
of excess H,O, is prohibited by POD, APX and
CAT. As effect of SOD reaction H,O, increased
was complemented by enhanced enzymes
activities to decay it. Therefore, under stress
conditions, CAT and APX coordinate with SOD
and play a significant role in H,O, scavenge
(Farooq et al., 2016). Plants ability to overcome
oxidative stress mainly depends on SOD activity
induction and consequently on the up-regulation
of other downstream antioxidant enzymes. The
present results show that application of 500ppm
CeO, NPs significantly enhanced (P< 0.05) CAT
and SOD levels and increased POD levels in B.
napus so the level of phenolic compounds
increased. Phenols are organic compounds which
contain a hydroxyl group attached to aromatic
ring which, exist in leafy vegetables are essential
for scavenging free radicals and reducing the
burden of oxidative illness (Coté et al., 2010;
Oberoi & Sandhu, 2015). Rapeseed plant meal
contain a high content of phenolic acid esters,
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mostly sinapate esters, that cause a bitter taste and
dark color in rapeseed meal also derived protein
products. In rapeseed, Sinapic acid is the greatest
common phenolic acid, also a powerful scavenger
of free radicals (Lotfi et al., 2010). In accordance
with our present study application of 500ppm
CeO, NPs significantly enhanced (P<0.05) phenol
content and ascorbic acid. a-tocopherol can be
transferred liberally within the lipid membrane,
due to its fluidity so providing membrane
protection (Racchi et al., 2013). The content of
tocopherol which plays a protective role in B.
napus was significantly decreased (P<0.05) at
500ppm CeO, NPs. However, the stimulation of
biosynthetic enzyme activities might be attributed
to increase of chlorophyll content to stress
tolerance by triggering chlorophyll biosynthesis-
related gene expression levels under stress
conditions (Wu et al.,, 2014). Cerium dioxide
nanoparticles play a role in chlorophyll
biosynthesis and the chloroplast defense integrity
against damage brought on it by salinity According
to a study on sweet pepper, adding (0.2mM) of
CeO, NPs to the soil under conditions of 60mM
salt content enhanced number of Ileaves,
photosynthesis, total chlorophyll, plant dry
weight, and SOD activity. This, in turn, activated
the antioxidant protection system, improved ion
uptake, concurrently decreased ethylene yield
within the plants, enhanced photosynthetic rate,
and helped the plants stay alive in harsh
circumstances (Essbihi et al., 2021). In the present
study it could be noticed that application of 500
ppm of CeO, NPs led to significant elevation of
chlorophyll a, Chlorophyll b (P< 0.05) and
dramatic increased of carotenoids (P< 0.001) but
did not affect carbohydrates levels in all the
concentrations  applied. The amount of
chlorophylls and carotenoids in the plants can be
thought as a biological indicator of their resistance
to stress; changes in these amount show how the
plant reacts to stress (Zaman et al., 2019; Maoka,
2020). It was appeared that CeO, NPs were highly
absorbed upon spraying on leaves which is in
agreement with (Hayder et al., 2020) who reported
the effective transfer of cerium and cupper
nanoparticles to the aerial parts of the radish plant.
Moreover, the present study revealed the role of
500ppm of CeO, NPs in downregulation of the
lipid peroxidation process. The main plant
biomarkers of oxidative damage, H,0, and O, -,
were measured in the leaves and roots of B. napus
under different concentration of cerium oxide
NPs. The process of lipid peroxidation is an
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essential step in oxidative stress by generating the
hydrogen peroxide (H,0,) though the elevation of
(O,e-), fatty acids which transformed into
hazardous lipid peroxides that harm cellular
membranes, enzymes, and polynucleotides (Sun
et al., 2011; Hossain et al., 2012). In accordance
with (Gill et al.,, 2015) who demonstrate how
plant cells’ function to maintain a balance between
the active oxygen free radical’s generation and
removal. The antioxidant system enhanced
therefore displays greater plasma membrane
integrity result in lower lipid peroxidation when
under stress. (Safi et al., 2020). Though, CeO,-
NPs led to oxidative stress and caused lipid
peroxidation at a higher dose (500mg/L), also,
increased electrolyte leakage (Rico et al., 2013).
In barely plant under drought stress has been
represented that LOX activity increased also
enhance the transcription of LOX-related genes,
so amount of this enzyme raises (Kubis, 2006). In
a negative correlation with our result, LOX
enzyme were not affected in all treatment
compared to control.

Expression levels of stress related genes
were assessed by molecular evaluated RNAs
isolated leaves of B. napus sprayed with various
concentrations of CeO, NPS cultivated plants.
Previous studies showed that Cd and As stress
promoted metalloproteins expression besides
accumulation in plants (Goupil et al., 2009)
These findings show that induction of As-stress
tolerance in B. napus plants as it has recently
shown in arsenic, copper and boron stresses
so metallothionein binding protein transcript
accumulation (Tombuloglu et al., 2012). Panda
& Matsumoto (2010) also suggested that under
aluminum stress a higher expression level of
SOD, APX, CAT and GR in tolerant cultivar.
While, under different metals stress like
cadmium (Luo et al., 2011) and aluminum gene
expression phenomena were studied also (Panda
& Matsumoto, 2010). Some of the patterns for
NP-mediated toxicity contain oxidative stress,
genetic damage, the inhibition of cell division,
cell death and inflammation (Johnston et al.,
2010). In accordance with our findings, exposure
of B. napus plants to 500ppm of CeO, NPS lead
to dramatic up regulation of MT and SOD. In
accordance with Ahn et al. (2012) reported that
three MT genes were regulated under different
metal burden in Brassica rapa.

In  plants, nanoparticle-induced = ROS
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generation has been described that primes to
membrane damage and eventually cell death
(Shen et al., 2010). TEM examination in current
report revealed that 500ppm of CeO, NPs alter the
cellular organelles of B. napus leaves adversely.
In accordance with the previous study by Ali et
al. (2014), Who reported that high concentrations
of heavy metals can damage the cell organelles in
the leaves and roots of plants. In this respect, NPs-
induced ROS generation primes to membrane
damage and eventually cell death in plants (Shen
et al., 2010). However, studies relating ROS
generation and NP stress have been described, the
afterward effects of the generated ROS on proteins
and DNA are less recognized (Zhao et al., 2012).
Moreover, NPs uptake and translocation through
the cuticle under foliar exposure, which attends as
the first guard barrier. Also, the cuticle its waxy
nature prevents water loss and solute exchange.
(Pollard et al., 2008).

Conclusions

The present work studied the foliar application
of different concentrations of CeO, NPs affecting
the morphological, physiological and molecular
responses of B. napus mainly at 250,500,1000ppm
and the concentration of 500 ppm showed an
improvement in the morphological variables.
However, the enhancement of oxidative stress
due to high levels of CeO, NPs concentration,
especially at 1000ppm led to a decrease in plasma
membrane integrity. So the level of antioxidant
enzyme increased to relieve the oxidative effect
which confirmed at the molecular level by high
stimulation of SOD gene. However, the MT gene
indicates a high level of stress on the plant as a
result of the high level of metals. Therefore,
with regard to safe use in the agricultural sector,
a protection compound must be added with
nanoparticles to fully benefit from it in the hope
of achieving sustainable agricultural applications.
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