157 Egypt. J. Chem. Vol. 64, No. 4 pp. 1709 - 1731 (2021)

N 00,

MEMICA,
d@&..ﬁ_ Ieay g
o N

=

Egyptian Journal of Chemistry

http://ejchem.journals.ekb.eq/

9

o (&

<, W
o L R

Comparative Study between Croton tiglium Seeds and Moringa oleifera
Leaves Extracts, after Incorporating Silver Nanoparticles, on Murine

Brains
CrossMark
Wael M. Aboulthana®*, Ahmed M. Youssef°, Mohamed M. Seif¢¢, Noha M. Osman¢, Ram K. Sahuf,
Mohamed Ismael%, Hatim A. EI-Baz? Nagwa |. Omar?
@Biochemistry Department, Genetic Engineering and Biotechnology Research Division, National Research
Centre, 33 El Bohouth St. (former El Tahrir St.), Dokki, Giza, P.O. 12622, Egypt.
b Packaging Materials Department, National Research Centre, 33 El Bohouth St. (former El Tahrir St.),
Dokki, Giza, P.O. 12622, Egypt.
¢Toxicology and Food Contaminants Department, Food Industries and Nutrition Research Division,
National Research Centre, 33 El Bohouth St. (former El Tahrir St.), Dokki, Giza, P.O. 12622, Egypt.
dCollege of Animal Science and Technology, Northwest A&F University, Yangling, Shaanxi, 712100, China.
¢ Cell Biology Department, Genetic Engineering and Biotechnology Research Division, National Research
Centre, 33 El Bohouth St. (former El Tahrir St.), Dokki, Giza, P.O. 12622, Egypt.
fDepartment of Pharmaceutical Science, Assam University (A Central University), Silchar-788011, Assam, India.
9 Energy and Environmental Sciences Laboratory, Chemistry Department, Faculty of Science, Sohag University,

Egypt.

Abstract

Croton tiglium seeds and Moringa oleifera leaves extracts are rich in phytoconstituents with the antioxidant
efficiency which can be enhanced by incorporating silver nanoparticles (Ag-NPs). The present study was
designed to compare the effect of C. tiglium seeds and M. oleifera leaves nano-extracts on brain tissues of murine
models. During the current study, acetylcholine esterase (ACHE), B-amyloid (AB) content and inflammatory
markers were measured in brain tissues. Moreover, native protein, lipoprotein and isoenzymes patterns were
electrophoretically detected. Also, the interferon-gamma (INF-y) receptor protein was studied by molecular
dynamic simulation to evaluate the significant alterations on brain tissues. It was found that ACHE, AP contents
and inflammatory markers increased in C. tiglium nano-extract treated group at a dose of 6.5 ml/kg. Furthermore,
it caused qualitative electrophoretic abnormalities represented by lowering similarity index (SI) values. Also, the
resides range 119~127 represent the most reactive and flexible site in INF-y receptor protein. On the other hand,
it was shown that no significant differences were induced by silver M. oleifera nano-extract.

Keywords: Croton tiglium Seeds; Moringa oleifera Leaves; Nanotechnology; Electrophoresis; Molecular Dynamic Modelling.

1. Introduction
Croton tiglium plays an effective role in
ethnomedicine for treatment of several cancer

crotonic  acid, fatty acids and  active
phytoconstituents,which are responsible for severe

diseases [1]. It belongs to the family Euphorbiaceae
that includes about 280 genera and 8000 species [2].
Moreover, C. tiglium seeds extracts are rich in
various active phytochemicals such as ascorbic acid,
tocopherol and other pigments. All these phyto-
constituents are responsible for the antioxidant
efficiency of the plant extract [3].

It is well known that C. tiglium seeds are
characterized by the presence of phorbol esters,

purgative effect of the C. tiglium seeds extract [4]. In
addition to, croton oil which is rich in 12-O-
tetradecanoylphorbol-13-acetate and exhibits the
most effective role in inhibiting growth and
stimulating apoptosis in solid tumors [5]. On the
other hand, a study by El-Kamali et al. [6], reported
that aqueous C. tiglium seeds extracts have no
significant  alterations in  the  biochemical
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measurements, but they have little effect on some
haematological indices.

Moringa oleifera belongs to the family
Moringaceae that includes about 13 known species
under the same genus [7]. M. oleifera leaves and
seeds extracts exhibited antioxidant efficiency against
deleterious effects induced by oxidative stress and
free radicals attack [8]. Moreover, they are rich in
variety of essential phytochemicals such as total
phenolics, vitamins and various enzymes as catalase,
polyphenol oxidase and ascorbic acid oxidase [9].
Moreover, they contain flavonoids, tannins, saponins,
sterols, anthraquinones, alkaloids, terpenoids and
reducing sugars that exist along with anti-cancerous
agents like isothiocyanates, glucosinolates, glycoside
compounds and glycerol-1-9-octadecanoate [10].
Kirisattayakul et al. [11] demonstrated that M.
oleifera leaves extract ameliorated brain dysfunctions
induced by oxidative stress. Recently, Leone et al.
[12] evaluated the active phyto-constituents isolated
from M. oleifera leaves against cancer activity with
respect to tumor-suppressive activity.

Nanotechnology is a relatively new branch of
science that has found a wide range of applications in
medical research. Nanoparticles are the keystones of
nanotechnology and have physical characteristics
such as shape and size. These unique properties
enable it to be applied in fundamental research fields
[13]. The incorporation of metal nanoparticles into
plant extracts showed valuable properties in many
practical applications especially these incorporated
plant extracts exhibited high antioxidant efficiency at
lower concentrations [14].

The elevation of the antioxidant activity of plant
nano-extracts referred to increasing the total
polyphenolic compounds and other active phyto-
constituents after incorporating silver nanoparticles
(Ag-NPs) [15]. Moreover, there is no obvious
toxicity occurred in animal organs after oral
administration of the silver plant nano-extracts [16].
This might be related to the efficiency of the kidneys
to remove nanoparticles from the body by mean of
renal clearance. Therefore, the chance for
nanoparticles to undergo catabolic process decreased
and hence the possible side effects were avoided [17].
On the other hand, De Jong et al. [18] postulated that
brain is considered as one of the most organs
susceptible to deposition of the nanoparticles.

Interferon-gamma (INF-y) receptor protein plays
an effective role in protecting the brain through its
activation in concert with the other proinflammatory
cytokines [19]. It is a critical component of
immunological defense against the adverse effect on
the central nervous system [20]. It provides a novel
tool to reveal impact of the intracellular signalling
induced by INF-y on the elimination of deleterious
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effect and microbial pathogens targeting glial cells,
and mechanisms of demyelination and remyelination
[21]. It is composed of two subunits expressed by
somatic cells to induce a diversity of effects and
intracellular signaling depending on the target cells
[22]. The present study aims to compare the effect
between C. tiglium seeds and M. oleifera leaves
extracts incorporated by Ag-NPs to evaluate the
significant alterations on brain tissues of murine
models.

2. Materials and Methods

2.1. Preparation of aqueous plant extract

C. tiglium seeds and M. oleifera leaves were dried
and powdered then extracted by distilled water. The
extracts were separately filtered then concentrated at
50°C under reduced pressure using a rotary
evaporator.

2.2. Preparation of silver C. tiglium seeds and M.
oleifera leaves nano-extracts

The Ag-NPs were prepared by reducing silver
nitrate (AgNOs) with ethylene glycol (EG) in
existence of polyol as suggested by Aboulthana et al.
[23]. During the experiment, EG (10 ml) was
refluxed at 160 °C for 25 min. Consequently, 5 ml of
AgNO; solution in EG and 10 ml of 0.15 M PVP
solution in EG containing 0.03 mM MnCl, were
concurrently injected into flask for 10 min. The
reaction mixture was refluxed and vigorously stirred
at 160 °C for 60 min then followed by cooling the
reaction mixture to room temperature. The reaction
product was centrifuged at 3000 rpm for 5 min then
washed with acetone and ethanol for three times. The
Ag-NPs were collected and dried at 70 °C then the
Ag-NPs were added to C. tiglium seeds and M.
oleifera leaves extracts at different concentrations to
form silver plant nano-extracts.

2.3. Characterization of the prepared Ag-NPs

2.3.1. X-Ray Diffraction (XRD)

The crystal structure of the synthesized Ag-NPs
was determined by a Philips X-ray diffractometer
(PW 1930 generator, PW 1820 goniometer) that
equipped with Cu Ka radiation (45 kV, 40 mA, with
A =0.15418 nm ). The analysis scans were run in 20
range of 5 to 80° with 0.02 step size and 1s step time.

2.3.2. Transmission Electron Microscope (TEM)

The synthesized Ag-NPs were characterized
morphologically in addition to determining the
particles size using TEM (JEM-1230, Japan) operated
at 120 kV with resolution until 0.2 nm and maximum
magnification of 600X10%. Before characterization,
aqueous sample dispersion (one drop) was placed on
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a carbon-coated copper grid then allowed in air to
dry.

2.3.3. Ultraviolet-visible (UV-VIS) spectroscopy

The silver nitrate (AgNQO3) that reduced by plant
extracts was monitored by measuring UV-VIS
spectrum of the reaction mixture at A 200—-800 nm
after 10-fold dilution of the samples with deionized
water. The UV-VIS spectroscopy was carried by
Shimadzu UV-Vis recording spectrophotometer UV-
240.

2.3.4. Dynamic Light Scattering (DLS)

Distribution of the synthesized Ag-NPs was
investigated by photon correlation spectroscopy
(PCS) using Malvern Zetasizer Nano ZS (Malvern
Instruments Ltd., Malvern, UK) after diluting the
samples with deionized water prior to analysis at
room temperature with an angle of detection of 90°.

2.4. Experimental Design

2.4.1. Ethical approval statement

The experimental design and animals handling
were carried out according to guidelines reported in
"Guide for the care and use of laboratory animal" and
based on protocol approved by Institutional Animal
Ethical Committee of National Research Centre,
Dokki, Giza, Egypt (No: 475/2019).

2.4.2. Administration of nano-extracts

The plant extracts and their silver nano-extracts
were administrated orally by stomach tube based on
the median lethal doses (LDsy) which were
determined in the C. tiglium seeds extract and its
nano-extract which were about 85 and 65 ml/kg b.w.,
respectively [23]. For M. oleifera leaves, the LDsg
values of the extract and its nano-extract were about
14.25 and 13.75 mg/Kg b.w., respectively [24].

2.4.3. Animals and treatments

Healthy forty-nine (49) adult male Sprague
Dawley rats weighting between 120-150 g were
randomly divided into 7 groups (7 rats per cage).
They were housed and maintained under normal
nutritional and environmental conditions in Animal
House of National Research Center, Cairo, Egypt.

Control group: rats were fed with normal diet and
received tap water for 12 weeks. C. tiglium seeds
extract treated group: rats were fed with normal diet
associated with administration of C. tiglium seeds
extract orally at dose equivalent to 1/10 of LDs (8.5
ml/kg b.w.) by stomach tube for 12 weeks. Silver C.
tiglium seeds nano-extract treated group: this group
can be subdivided according to dose of nano-extract
into two subgroups. Rats were fed with normal diet
associated with administration of C. tiglium seeds
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nano-extract orally at dose of 3.3 ml/kg b.w. (1/20 of
LDso) for 12 weeks. Rats were fed with normal diet
associated with oral administration of C. tiglium
seeds nano-extract at a dose of 6.5 ml/kg b.w. (1/10
of LDso) for 12 weeks. M. oleifera leaves extract
treated group: rats were fed with normal diet
associated with oral treatment with aqueous M.
oleifera leaves extract at a dose of 1.4 g/kg b.w. (1/10
of LDso) for 12 weeks. Silver M. oleifera leaves
nano-extract treated group: this group can be
subdivided according to dose of the nano-extract into
two subgroups. Rats were fed with normal diet
associated with administration of M. oleifera leaves
nano-extract orally at a dose of 0.7 g/kg b.w. (1/20 of
LDsg) for 12 weeks. Rats were fed with normal diet
associated with oral administration of M. oleifera
leaves nano-extract at a dose of 1.4 g/kg b.w. (1/10 of
LDso) for 12 weeks.

2.5. Samples collection

At end of the experiment, rats were fasted for 18
hrs and anesthetized by slight exposure to diethyl
ether to be sacrificed by cervical dislocation. Brain
tissues were excised and split into two portions.
Portion I washed immediately in ice-cold saline and
rapidly frozen in liquid nitrogen then homogenized in
Tris-HCI buffer (0.01 M and pH 7.4). The clear
supernatants were transferred to new tubes after
centrifuging the homogenates at 10,000 rpm for 15
min and split into separated aliquots then kept at -
20°C in clean stoppered vials until biochemical and
electrophoretic assays. Portion 11 was frozen at -80°C
for DNA extraction.

2.5.1. Biochemical assays

Brain acetylcholine esterase (ACHE) activity and
brain f-amyloid (AP) content were assessed in brain
tissues homogenates using ELISA Kits (USCN Life
Science, Inc. (Product Number MBS702915)). In
addition, markers of oxidative stress were quantified
in clear supernatants of brain tissue homogenates.
These assays including: i) Products of the
peroxidation reactions: Protein carbonyl content
(PCC) (protein oxidation product) was assayed
spectrophotometrically in brain tissue and expressed
as nmol of reactive carbonyl compounds per mg
protein of tissue [25]. Lipid peroxidation product
(LPO) was determined as malondialdehyde (MDA)
that is the end product of peroxidation reaction and
the result was expressed as (nmol/g wet tissue) [26].
Nitrite level (an Index of Nitric Oxide) was measured
by colorimetric method using Griess reagent [27]. ii)
Antioxidants: Total Antioxidant Capacity (TAC) was
determined and expressed as mM/L [28].

Activities of superoxide dismutase (SOD) [29],
catalase (CAT) [30], glutathione peroxidase (Gpx)
activity [31] and level of reduced glutathione (GSH)
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[32] were spectrophotometrically  quantified.
Moreover, markers of inflammatory reactions
including interleukin-1p (IL-1B) [33] and tumor
necrosis factor-o (TNF-a) [34] were assessed using
guantitative ~ sandwich  enzyme  immunoassay
technique.

2.6. Statistical analysis

The statistical analysis was carried out by one-way
analysis of variance test (one-way ANOVA) followed
by Bonferoni test using Statistical Package for Social
Sciences (SPSS for windows, version 11.0). The
results were expressed in tables and figures as mean
+ standard error (SE). The differences were
considered statistically significant when a "P" value
was less than 0.05.

2.7. Electrophoretic Patterns

Equal volumes of the individual supernatants in
each group were mixed together in one tube and used
as one sample. Concentration of total protein was
assayed in all samples [35]. During the
electrophoretic assays, the samples loaded in all wells
with equal protein concentrations.

2.7.1. Native protein patterns

Native proteins were electrophoretically separated
using Polyacrylamide Gel Electrophoresis (PAGE)
based on the methods documented by Laemmli [36]
and modified by Darwesh et al. [37] who reported
that samples, gels and running buffers contained no
sodium dodecyl sulphate. The native protein bands
were stained by Commassie Brilliant Blue G-250 and
visualized as blue bands. The lipid moieties of native
protein were stained by Sudan Black B (SBB)
visualized as black bands [38].

2.7.2. 1soenzymes

The isoenzymes were electrophoretically detected
through identification of the enzyme subunits.
Firstly, electrophoretic catalase pattern (CAT) and
electrophoretic peroxidase (POX) pattern were
assayed for native gel after electrophoretic run by
incubating with H,0O, as substrate then stained. The
stained CAT subunits appeared as yellow bands in
the gel [39]. While, the stained POX subunits
appeared as brown bands in the gel [40]. Finally,
esterase (EST) pattern was electrophoretically
detected according to the method suggested by
Ahmad et al. [41] to localize in-gel EST activity by
incubating gel in conditioning buffer followed by
reaction mixture containing o, B-naphthyl acetate
(5.58 X 103 mM, pH 7.5) along with Fast Blue RR
(dye coupler). The o-naphthyl acetate used as
substrate for o-esterases which appeared as brown
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bands and B-naphthyl acetate used as substrate for -
esterases which appeared as dark pink bands.

2.7.3. Genomic DNA pattern

The genomic DNA was extracted from brain
tissues according to the method documented by
Barker et al. [42]. Concentration and purity of the
DNA yield were estimated by NanoDrop®
spectrophotometer (ND-1000, NanoDrop
Technologies Inc, Delaware, USA). The DNA purity
was considered to be accepted when its value is
ranged between 1.8 - 2.0. The value of less than 1.8
indicates that DNA vyield contaminated with protein
and a ratio of >2.0 indicates contamination with
RNA.—Integrity of the genomic DNA was assayed
using gel electrophoresis (Bio-Rad, USA) by
resolving DNA extracts on a 1.5% agarose containing
ethidium bromide. The DNA bands were visualized
on a UV transilluminator and analyzed in comparison
to DNA molecular weight marker (HyperLadder I1)
with regularly spaced bands ranging from 50 bp to
2000 bp.

2.7.4 Data analysis

The PAGE and agarose gel plates were scanned
then analyzed by the Quantity One software (Version
4.6.2) that was used to determine the relative mobility
(Rf), band percent (B%) and band quantity (quant.) of
the bands separated electrophoretically. In addition,
the similarity index (S1%) and genetic distance
(GD%) were calculated to compare all treated groups
to control group.

2.7.5. Molecular Dynamic Modelling

Protein sequence of interferon-y (INF-y) receptor
was retrieved from  National Center for
Biotechnology Information (NCBI) database at
https://www.ncbi.nlm.nih.gov/protein, in FASTA
format. The sequence had been selected taking in
consideration the rat organism and brain tissue to
represent the empirical data used in the experimental
work. Secondary structure was derived using
POLYVIEW which estimated the rigid helical, sheet
and flexible coil regions of the protein sequence [43].
Threading templates had been selected using
restraint-based comparative with templates in
FASTA and BLAST databases [44,45]. Using this
preliminary analysis, 3D model was build using
automated |-TASSER software server [46,47].
Basically, it utilized multiple-threading alignment
with interactive assembly simulation with an
accuracy predicting function (C-score) based on
alignment quality and energy convergence. The best
constructed model of I-TASSER was further refined
using Galaxy Refine software [48], in this simulation
all side chains were reconstructed and repacked with
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structural relaxation using mild molecular dynamics
simulation.
3. Results and Discussion

It is well known that the Ag-NPs gained boundless
interests among all noble metal nanoparticles due to
their characteristic properties in addition to their
significant antibacterial, antiviral, antifungal and anti-
inflammatory effects. Moreover, silver a nontoxic,
safe inorganic antibacterial agent that is capable of
killing about 650 types of diseases causing
microorganisms and it exhibits an effective biocidal
effect as antiseptic against various microorganisms
through disruption of the unicellular membrane and
the enzymatic activities [49]. The recent studies
documented that incorporation of Ag-NPs into the
plant extract showed higher antioxidant properties
due to increase the active phytoconstituents with
significant free radical scavenging activity [50]. In
addition, Abdelhady and Badr [51] reported that
antioxidant capacity is correlated with anticancer
activity. The recent studies reported that synthesis of
Ag-NPs using plant extracts is energy efficient and
cost effective [52]. In the current study, C. tiglium
seeds and M. oleifera leaves extracts were
incorporated with Ag-NPs to measure the antioxidant
efficiency of these extracts after incorporation which
would be help in therapeutic purposes.

The XRD and TEM are considered as the most
significant techniques suitable to examine structural
properties of the fabricated nanomaterials. In the
current study, The Ag-NPs were prepared and studied
using the XRD diffraction pattern. Data illustrated in
Fig. 1a showed that XRD result of the prepared Ag-
NPs displayed the characteristic peaks of metallic
Ag° found at 37.8°, 44.5° and 67.6° matching with
the crystallographic planes (1 1 1), (002) and (0 2 2)
of Ag-NPs, respectively and generates a typical of
crystalline metallic Ag phase. Moreover, the XRD
displayed separate diffraction peaks around 37.8°,
which are indexed by the (002) of the cubic face-
centered silver. These sharp Bragg peaks may be
displayed as a result of capping agent used for
stabilizing the prepared Ag-NPs. Strong Bragg
reflections recommended that strong X-ray scattering
centers in the crystalline phase and might refer to
capping agents. An increase in the incubation time
with Ag-NOs solution along with plant extract
increased during synthesis of Ag-NPs. Presence of
the plant extract reduced formation of AgNOs; into
Ag ions. Also, the secondary metabolites present in
the plant extract act as a reducing agent during Ag-
NPs synthesis [53]. In addition to, TEM technique
was used to evaluate the shape, size and morphology
of nanoparticles. As revealed in Figs. 2b & 2c, it was
noticed that Ag-NPs were predominantly spherical in
their shapes. Although Ag-NPs were well dispersed,
some of the NPs were irregular in shape. No
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aggregations were detected. Furthermore, based on
the morphological data obtained using TEM, it was
demonstrated that the Ag-NPs were formed as a
result of the chemical reduction which was carried
out in presence of AgNQs; solution. Presence of Ag-
NPs maintained the homogeneity and uniformity of
Ag-NPs distribution in particles size range (5-10 nm)
as illustrated in the TEM image. This was in
agreement with findings of the study carried out by
Aboulthana et al. [23].

The Ag-NPs have exceptional optical properties
that generate strongly interrelate with exact
wavelengths of light. As illustrated in Fig. 2d, the
synthesized Ag-NPs showed a sharp peak at 450 nm
that confirms formation of the Ag-NPs.
Consequently, DLS is a nondestructive technique
used to acquire the average diameter of the prepared
dispersed nanoparticles in aqueous solutions. It is
mostly used to determine particles sizes and their
distribution in aqueous solutions. Moreover, as
shown in Fig. 2e, the particles sizes distribution of
synthesized Ag-NPs have main diameter around 82
nm. In addition to, particles sizes obtained from DLS
were larger than the ones obtained from TEM. This
might be attributed to the effect of Brownian motion
and Ag-NPs agglomeration. Furthermore, these
synthesized Ag-NPs exhibited good stability due to
presence of secondary metabolites as a capping or
reducing agent [54].

It was reported that Ag-NPs exhibit their adverse
effect on the brain directly via trans-synaptic
transport or through disruption of the blood-brain
barrier and then accumulate in brain regions [55]. As
illustrated in Fig. 2, the incorporation of Ag-NPs into
M. oleifera leaves extract caused no significant
differences in biochemical measurements such as
ACHE and AP contents of brain tissues when
compared to control and M. oleifera leaves extract
treated groups. On the other hand, incorporation of
Ag-NPs into C. tiglium seeds extract caused
significant elevation of these measurements levels in
brain tissues when it was administrated at a dose of
6.5 ml/kg as compared to control and C. tiglium seeds
extract treated groups. This significant elevation due
to binding of AP to nicotinic receptors directly which
leads to increase ACHE contents in and around A
deposits as reported by Ahmed et al. [56]. Moreover,
elevation of the AP level results in increased the
ACHE content in and around AP plaques. The AP
deposits were co-localized by ACHE and this
consequently leads to promoting assembly of the A
into amyloid fibrils producing AB-ACHE complex
that is more toxic than amyloid fibrils [57].
Consequently, elevation of the PCC and the
neurotoxicity occur as a result of elevation of the AB
that involves in formation of the reactive oxygen
species (ROS). In addition, aggregation of AP by
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mean of self-aggregation leads to generation of the
hydroxyl radicals ("OH) that consequently induce the
peroxidation reactions leading to disrupting the
neuronal membranes and oxidation of the
macromolecules like lipids, proteins and nucleic
acids [58].

Lipid peroxidation is considered as one of the
most common reasons of oxidative damage that
induced brain tissue toxicity. Thiobarbituric acid
reactive substances (lipid peroxidation product) and
PCC are the most common markers of oxidative
stress which indicate to the effect of ROS on lipids
and proteins [59]. Brain is rich in unsaturated fatty
acids that susceptible to free radicals' attacks [60].
The oxygenate radicals are able to interrupt the
cellular integrity and performance [61]. It was
established that the nanoparticles bind tightly to ATP
synthase in brain and this consequently leads to
mitochondrial dysfunction and hence impairment of
the ATP production. The mitochondrial dysfunction
is strongly related to ROS production [62].
Thereafter, the oxidative stress occurred as a result of
the exposure to Ag-NPs leads to tissue toxicity and
this might be attributed to mitochondrial dysfunction
induced by its interaction with proteins during ATP
production [63]. The GSH is a non-enzymatic
antioxidant exhibiting an effective scavenging role
against attack of the free radicals via its —SH group
[64]. The antioxidant enzymes play an important role
in the brain tissues to avoid the deleterious effects
induced by attack of these radicals [65]. As shown in
Table 1, incorporation of Ag-NPs into M. oleifera
leaves extract caused no significant variations in non-
enzymatic biomarkers of the oxidative stress such as
LPO, TAC, GSH and nitrite in brain tissues with
respect to control and M. oleifera leaves extract
treated group. While, incorporation of Ag-NPs into
C. tiglium seeds extract showed neurotoxic effect in
brain tissues when administrated at a dose of 6.5
ml/kg due to elevation levels of LPO and nitrite
biomarkers significantly (P<0.05).

Levels of LPO and nitrite increased significantly
(P<0.05) associated with decline in TAC and GSH
levels in brain tissues of rats treated with silver C.
tiglium seeds nano-extract at the dose 6.5 ml/kg. The
oxidative stress occurred in that tissues due to
imbalance in the antioxidant system between ROS
generation and antioxidant capacity and hence leads
to neurodegenerative disorders [66]. Enhancement of
the ROS generation is usually related to stimulating
LPO through converting polyunsaturated fatty acids
into toxic lipid peroxides in the cell membrane. This
consequently leads to destruction of the membrane
and hence cell injury [67].

Nitric oxide (NO) exhibited cytotoxic effect by
interaction of the macromolecules such as lipids and
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DNA with oxygen forming nitrosative species such
as peroxynitrite by oxidation, nitrosation or nitration
[68]. In current study, there was an elevation in nitrite
level in silver C. tiglium seeds nano-extract treated
group with a dose of 6.5 ml/kg.

As a result of the treatment with silver C. tiglium
seeds nano-extract at a dose of 6.5 ml/kg, elevation of
nitrite might reflect the increased production of NO
with nitrosative influence on the brain. Antioxidant
enzymes work together to antagonist oxidative stress.
During this mechanism, SOD catalyzes dismutation
of the superoxide radical into hydrogen peroxide that
decomposed consequently to non-toxic products
(water and oxygen) by CAT [69].

Data in Table 2 showed that no significant
differences noticed in activities of antioxidant
enzymes such as SOD, CAT and Gpx in brain tissues
of rats treated with silver M. oleifera leaves nano-
extract at both doses (0.7 and 1.4 g/kg). On the other
hand, silver C. tiglium seeds nano-extract treated
group with a dose of 6.5 ml/kg showed significant
decrease in activities of antioxidant enzymes
(P<0.05) in brain tissues when compared to control,
C. tiglium seeds extract treated group and silver C.
tiglium seeds nano-extract treated group with a dose
of 3.3 ml/kg. This was in agreement with Afifi et al.
[70] who suggested that expression of antioxidant
enzymes genes deteriorated in brain tissues as a result
of the exposure to high Ag-NPs concentrations.
Moreover, depletion of the GSH, SOD and CAT in
silver C. tiglium seeds nano-extract treated rats (6.5
ml/kg) might be related to their consumption during
ROS elimination and inhibiting nitrosative stress
[67].

As revealed in Table 3, it was found that
incorporation of Ag-NPs into M. oleifera leaves
extract caused no significant differences in levels of
the inflammatory markers (IL-13 and TNF-a) in brain
tissues of rats treated with the nano-extract at both
doses (0.7 and 1.4 g/kg) with respect to control and
M. oleifera leaves extract treated group. On the other
hand, it was emphasized that silver C. tiglium seeds
nano-extract caused no significant difference in the
inflammatory markers when administrated at a dose
of 3.3 ml/kg. Furthermore, levels of these markers
elevated significantly (P<0.05) in brain tissues of rats
treated with the nano-extract at the dose 6.5 ml/kg. In
consistent with our results in which the enzymatic
and non-enzymatic antioxidants decreased in
association with elevation of LPO and nitrite levels
following the treatment with silver C. tiglium seeds
nano-extract (6.5 ml/kg) increased concentrations of
the inflammatory markers (IL-1p and TNF-a) in that
tissues. These findings were supported by results
obtained by Ansar et al. [63] who found that the
nanoparticles lead to "neurotoxicity" following oral
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exposure  via  oxidative and inflammatory
mechanisms. During the oxidative and nitrosative
stress, the inflammatory mediators expression was
upregulated and triggered through activation of
transcription factor (nuclear factor kappa-B) [71].
Furthermore, Shim et al. [72] reported that the
activated inflammatory proteins detected on surface
of the nanoparticles that may play a role in
inflammatory reaction in brain tissues after its oral
administration.

It was found that electrophoresis acts as a tool to
identify the specific proteins which expressed in the
different  tissues. The differences detected
electrophoretically may occur qualitatively through
disappearance in some protein bands or appearance
of new ones. Disappearance of the normal protein
bands might be attributed to the adverse effect of the
toxic substance which inhibits expression of the
genes responsible for synthesis of these deleted
proteins. Moreover, the band remained with normal
identification data (Rf) but it usually differs in the
band amount (B% and Quant.). This may be
explained by the toxic substance could not inhibit
synthesis of this protein type but it may be affected
only at the quantitative level [73, 74]. Therefore,
values of the similarity index and genetic distance
between the control and the other treated groups
related to number and arrangement of the bands. The
Sl is only correlated to the physiological state of
tissue and it is inversely proportional to the genetic
distance [75].

Proteins are the most important macromolecules in
all living cells. They may be essential for cell
division (as nucleoproteins) and for control many
reactions in the metabolic pathways (as enzymes and
hormones). Thus, separation and characterization of
the individual proteins are necessary to facilitate
study of the chemical nature and physiological
function of each protein. In the brain tissues, the
proteins were separated electrophoretically and
abundances were measured by using image analysis
technique [73].

As presented in Fig. 3a, it was found that 8 normal
protein bands were identified in brains of healthy rats
at Rfs 0.01, 0.21, 0.36, 0.48, 0.62, 0.72, 0.85 and 0.96
(B% 16.42, 12.44, 12,57, 12.64, 12.57, 10.88, 12.38
and 10.10 ; Quant. 6.60, 5.96, 5.99, 8.99, 5.99, 5.04,
8.97 and 1.98, respectively). There are 5 common
protein bands identified at Rfs 0.01, 0.36, 0.62, 0.72
and 0.96 (B% 16.42, 12.57, 12.57, 10.88 and 10.10 ;
Quant. 6.60, 5.99, 5.99, 5.04 and 1.98, respectively).

Silver M. oleifera leaves nano-extract at both
doses (0.7 and 1.4 g/kg) caused no alterations at the
physiological state in brains of rats. This was
supported by the Sl values that reached the highest
level (100%). As regard to C. tiglium seeds extract, it
was emphasized that silver C. tiglium seeds nano-
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extract at a dose of 3.3 ml/kg caused no
electrophoretic ~ alterations in  protein  pattern.
Furthermore, nano-extract at the dose 6.5 ml/kg
caused qualitative alterations represented by hiding 3
normal bands with existence of 3 characteristic
(abnormal) ones identified at Rfs 0.11, 0.27 and 0.52
(B% 12.46, 12.33 and 12.00 ; Quant. 6.76, 7.67 and
6.28, respectively). Therefore, the Sl value reached
the lowest value (62.5%) in this nano-extract treated
group. This was in agreement with Shim et al. [72]
who suggested that the changes in native protein
pattern might be attributed to ability of the
nanoparticles to react with proteins in the brain
tissues. Moreover, these alterations might refer to the
oxidative damage occurred as a result of abundance
of brain proteins and the increased its reaction rates
with a wide range of radicals and reactive species.
These reactive species cause chemical changes like
fragmentation,  cross-linking,  aggregation  and
oxidation in the protein molecules [76].

Lipoproteins are lipid-protein complexes. They are
consisting of large insoluble glycerides and
cholesterol coated superficially by phospholipids and
proteins. They are responsible for carrying different
proportions of all types of lipids. Therefore, there is
direct proportional between density of lipoprotein to
protein content and inversely proportional to lipid
content [77]. During the present study, it was noticed
that 6 normal lipoprotein bands were identified in
healthy brain tissues at Rfs 0.14, 0.27, 0.47, 0.57,
0.69 and 0.97 (B% 18.67, 20.14, 19.14, 15.33, 15.01
and 11.71 ; Quant. 7.58, 10.54, 15.94, 4.58, 9.93 and
4.38, respectively). All control bands are common
(Fig. 3b). Administration of silver M. oleifera leaves
nano-extract at both doses caused no electrophoretic
alterations in brains of rats when compared to control
and M. oleifera leaves extract treated group (without
Ag-NPs). The Sl values reached the highest level
(100%) in that nano-extracts treated groups. While in
silver C. tiglium seeds nano-extract treated groups, it
was found that presence of Ag-NPs caused no
electrophoretic alterations in lipoprotein pattern when
administrated at a dose of 3.3 ml/kg. Moreover, silver
C. tiglium seeds nano-extract at a dose of 6.5 ml/kg
altered lipoprotein pattern qualitatively through
existence of one abnormal characteristic band
identified at Rf 0.81 (B% 11.44 ; Quant. 5.00)
without hiding normal ones. Therefore, the Sl value
decreased (92.31%) in this nano-extract treated group
as compared to those (100%) of the other nano-
extracts treated groups. Alterations of the lipoprotein
pattern might refer to the adverse effect of ROS that
exhibits oxidative modifications resulting in small
lipoproteins.

Bonnefont-Rousselot [78] supported our findings
and suggested that ROS initiate one-electron
oxidation or one-electron reduction reactions on
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numerous biological systems and the oxidative
hypothesis classically admits involvement of the
lipoproteins oxidation. In addition, there was natural
binding between protein and lipoproteins in the brain
tissues. Therefore, the abnormalities in the
lipoprotein pattern might be occurred as a
consequence to altering the protein pattern in that
tissue. Also, lipoprotein pattern might be altered due
to the disturbances in the cholesteryl esterase
required or cholesterol hydrolysis [79]. It is well
known that CAT and POX play an important role in
detoxification of free radicals [80]. As illustrated in
Fig. 4a, it was observed that CAT pattern was
expressed electrophoretically in healthy brain tissues
by 4 normal types identified at Rfs 0.37, 0.51, 0.62
and 0.95 (B% 27.19, 26.58, 24.48 and 21.74 ; Quant.
7.85, 8.77, 4.85 and 5.20, respectively). Three
common CAT bands were identified at Rfs 0.37, 0.51
and 0.95 (B% 27.19, 26.58 and 21.74; Quant. 7.85,
8.77 and 5.20, respectively). No alterations occurred
in electrophoretic CAT pattern of brain tissues as a
result of the treatment with silver M. oleifera leaves
non-extract at both doses. This finding was supported
by the highest SI values (100%) noticed in nano-
extracts at both doses. On the other hand, it was
found that silver C. tiglium seeds nano-extract at the
dose 3.3 ml/kg caused no electrophoretic alterations
in CAT pattern. Moreover, administration of silver C.
tiglium seeds nano-extract at a dose of 6.5 ml/kg
caused qualitative alterations expressed by hiding the
one normal CAT band without existence of abnormal
ones. Therefore, the SI value decreased (85.71%) in
this nano-extract treated group as compared to those
(100%) of the other nano-extracts treated groups. In
addition, the nano-extract at that dose caused
quantitative  abnormalities  through  decreasing
quantity of the 2 CAT band (Rf 0.49 ; B% 33.36
and Quant. 2.01).

As presented in Fig. 4b, it was found that POX
pattern was represented electrophoretically in healthy
brain tissues by 4 normal types identified at Rfs 0.04,
0.52, 0.72 and 0.77 (B% 26.66, 26.47, 23.85 and
23.02 ; Quant. 4.80, 542, 410 and 3.96,
respectively). Three common POX bands were
identified at Rfs 0.04, 0.72 and 0.77 (B% 26.66,
23.85 and 23.02; Quant. 4.80, 4.10 and 3.96,
respectively). The electrophoretic POX pattern
showed no differences in brains as a result of the
treatment with silver M. oleifera leaves nano-extract
at both doses. This finding was supported by the
highest SI values (100%) noticed in nano-extracts
treated at that doses. On the other hand, it was found
that silver C. tiglium seeds nano-extract at the dose
3.3 mil/kg caused no electrophoretic alterations in
POX pattern. While at a dose of 6.5 ml/kg, it caused
qualitative alterations expressed by hiding the 2
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POX band without existence of abnormal ones.
Therefore, the SI value decreased (85.71%) in this
nano-extract treated group as compared to those
(100%) of the other nano-extracts treated groups.
According to the present data, the electrophoretic
CAT and POX were altered in brains of silver C.
tiglium seeds nano-extract treated rats. This might be
due to uncontrolled production of ROS and
accumulation of H»0; and this consequently leads to
the oxidative damage as evidenced by perturbations
in various antioxidant enzymes [81]. Depletion in
activities of these enzymes could be due to the direct
effect of ROS on the enzymes or the protein portion
of these enzymes. Consequently, these ROS are able
to change the physic-chemical and immunologic
properties of endogenetic CAT and POX enzymes
[82]. In consistent to results of the present
experiment, depletion in GSH level was responsible
for the disturbances detected electrophoretically in
POX pattern. This finding was supported by Bhatia
and Manda [80] who suggested that GSH acts as a
substrate for POX to catalyze reduction of organic
hydroperoxides leading to elevation of H»O, and
hence generation of the free radicals.

Esterases are large class of the enzymes that are
very polymorphic and tissue-specific. They belong to
the lysosomal lipolytic enzymes that are
characterized by their ability to catalyze hydrolysis of
ester bonds in the neutral lipids (i.e., triglyceride and
cholesterol  esters) introduced into cells as
components of lipoproteins and lipid deposits and
break them down into the corresponding carboxylic
acids [83]. The brain was selected to show the
esterase activity because it is rich in esterase enzyme
due to its role in the neurotransmission and
communication of messages [84]. Esterases are found
associated with membrane structures and they exhibit
their activity through stimulating breakdown of
acetylcholine liberated during nervous stimulation
[85]. Electrophoresis plays a major role in identifying
esterases due to presence of active thiol groups which
facilitate the electrophoretic detection [73]. As
illustrated in Fig. 5a, it was noticed that o-EST
pattern was electrophoretically represented in brains
of healthy rats by 2 normal types identified at Rfs
0.08 and 0.63 (B% 51.07 and 48.93; Quant. 11.34
and 10.41, respectively). The a-EST bands are
considered as 2 common bands. Incorporation of Ag-
NPs into M. oleifera leaves extract caused no
abnormalities in brains of rats treated with the nano-
extract at both doses. Therefore, the Sl reached the
highest level (100%). As regard to C. tiglium seeds
extract, it was found that silver C. tiglium seeds nano-
extract at a dose of 3.3 ml/kg caused no
electrophoretic  alterations in o-EST  pattern.
Furthermore, administration of silver C. tiglium seeds
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nano-extract at the dose 6.5 ml/kg caused no
alterations at the qualitative level (the highest SI
value (100%)). As regard to the quantitative level, it
caused abnormalities represented by increased
quantity of the 2" o-EST band (Rfs 0.59; B% 50.32
and Quant. 30.07).

As presented in Fig. 5b, it was noticed that 5
normal B-EST bands were identified in healthy brain
tissues at Rfs 0.03, 0.24, 0.65, 0.76 and 0.86 (B%
23.58, 21.50, 19.05, 18.90 and 16.97 ; Quant. 6.29,
1.72, 16.00, 11.34 and 15.38, respectively). Two
common bands were identified at Rfs 0.03 and 0.86
(B% 2358 and 16.97; Quant. 6.29 and 15.38,
respectively). Incorporation of Ag-NPs into M.
oleifera leaves extract caused no electrophoretic
alterations in brains of rats treated with the nano-
extract at both doses. The Sl values reached the
highest level (100%) in that nano-extracts treated
groups. While in silver C. tiglium seeds nano-extract
treated groups, it was observed that presence of Ag-
NPs caused no electrophoretic alterations in the
electrophoretic B-EST pattern when administrated at
the dose 3.3 ml/kg. Moreover, administration of
silver C. tiglium seeds nano-extract at the dose 6.5
ml/kg caused qualitative alterations represented by
hiding the 2", 3 and 4" normal B-EST bands with
existence of 2 characteristic (abnormal) bands
identified at Rf 0.03 and 0.88 (B% 28.01 and 20.22 ;
Quant. 5.79 and 7.32, respectively). Therefore, the SI
value reached the lowest value (44.44%) in this nano-
extract treated group.

During the present study, this nano-extract caused
mutagenecity detected electrophoretically in the a-
and B-esterases. This might be attributed to its effect
on the membrane bound enzymes that are sensitive to
changes in membrane fluidity and reflects alterations
in the physical state of the membrane-lipids [67].

Furthermore, these deleterious effects might occur as
a result of effect of the free radicals on integrity of
protein  molecule through fragmentation of
polypeptide chain due to sulfhydral-mediated cross
linking of the labile amino acids as claimed by
Bedwell et al. [86]. The changes in fractional activity
of the different isoenzymes seemed to be correlated
with changes in rate of protein expression secondary
to DNA damage initiated by these reactive species
[87]. Therefore, the abnormalities detected
electrophoretically in the native protein pattern might
reflect alterations in the EST patterns.

As shown in Fig. 6, the genomic DNA in brain of
control group was represented as one thick band (Rfs
0.15; Mwt 2069.57 bp; B% 89.54 and Quant. 16.11).
No alterations occurred in the genomic DNA pattern
of brain tissues as a result of the treatment with silver
M. oleifera leaves non-extract at both doses as
compared to control and group treated with M.
oleifera leaves extract (without Ag-NPs). On the
other hand, it was found that silver C. tiglium seeds
nano-extract caused no alterations in the genomic
DNA pattern when administrated at a dose of 3.3
ml/kg. The dose 6.5 ml/kg of C. tiglium nano-extract
enhanced cleavage of the genomic DNA leading to 4
bands (Rfs 0.13, 0.51, 0.67 and 0.93 ; Mwts 2102.50,
1200.00, 1022.76 and 787.79 bp ; B% 20.52, 24.50,
26.05 and 28.93 ; Quant. 3.00, 8.58, 1.78 and 7.32,
respectively). This was in accordance with Milligan
and Ward [88] who reported that the DNA cleavages
attributed to attack of the *OH radicals that targeting
purine and pyrimidine bases and able to react easily
with deoxyribose. Moreover, they are able to interact
with double bonds and / or to extract hydrogen atoms
from nucleic acids leading to DNA damage.
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Fig. 1. Characterization of the synthesized silver nanoparticles (Ag-NPs) showing a) X-Ray Diffraction (XRD) pattern, b)
Transmission Electron Microscope (TEM) image of Ag-NPs incorporated into C. tiglium seeds extract, ¢) TEM image of
Ag-NPs incorporated into M. oleifera leaves extract, d) Ultraviolet-visible (UV-VIS) spectroscopy and e) Dynamic Light
Scattering (DLS)
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TABLE 1. Effect of C. tiglium seeds and M. oleifera leaves extracts and their silver nano-extracts on
levels of oxidative stress non-enzymatic markers in rats' brain tissues

Silver C. tiglium seeds Silver M. oleifera leaves
nano-extract nano-extract
C C.t M. o

3.3ml/kg 6.5 ml/kg 0.7 g/kg 1.4 g/kg

LPO 312.96 312,95  313.68 820.03% 314.97 313.24 314.52
(nmol/g) +255 +2.79 +2.95 +4.05 +3.41 +2.96 +2.85
TAC 27.43 27.22 27.40 8.64% 27.23 27.17 27.43
(umol/g) +£0.20 +0.32 +0.21 +0.03 +0.27 +0.17 +0.23
GSH 8.58 8.57 8.55 5.62% 8.55 8.63 8.68
(mmol/g) +£0.04 £0.05 +0.04 +0.04 +0.04 +0.03 +0.01
Nitrite 4043 4114 41.96 70.8320 40.85 40.68 40.82
(nmol/g) +0.48 +0.80 +0.21 +0.38 +0.48 +0.75 +0.56

C.: Control; C. t: Croton tiglium ; M. o: Moringa oleifera
"a"" indicated significant difference (P<0.05) as compared to control group, "b" indicated significant

difference (P<0.05) as compared to C. tiglium seeds extract treated group.

TABLE 2. Effect of C. tiglium seeds and M. oleifera leaves extracts and their silver nano-extracts on
activities of antioxidant enzymes in brain tissues of rats

Silver C. tiglium seeds Silver M. oleifera leaves
nano-extract nano-extract
C C.t M. o

3.3ml/kg  6.5ml/kg 0.7 g/kg 1.4 g/kg
SOD 11.42 11.42 11.40 5.22% 11.40 11.41 11.42
(Ulg) +001 001 +0.03 +0.02 +0.02 +0.01 +0.01
CAT 6.65 6.66 6.66 4,043 6.65 6.66 6.64
(Ulg) +0.05 =*0.05 +0.06 +0.19 +0.06 +0.05 +0.06
Gpx 5.26 5.22 5.22 2732 5.28 5.27 5.28
(Ulg) +0.02 +0.03 +0.03 +0.03 +0.03 +0.02 +0.01

C.: Control ; C. t: Croton tiglium ; M. o: Moringa oleifera
"a"" indicated significant difference (P<0.05) as compared to control group, "b" indicated significant
difference (P<0.05) as compared to C. tiglium seeds extract treated group.

Egypt. J. Chem. 64, No. 4 (2021)



1720 W.M. Aboulthana. et.al.

18.00
H PCC (nmol/mg protein) B ACHE (ng/g) H B-amyloid (pg/g)

16.00 ab
14.00
12.00 -
10.00

8.00

6.00

4.00 |

3.43 343 342 3.42
2.00
= =
C. C tiglium 33 ml/Kg 6.5ml/Kg M.oleifera 0.7gm/Kg 1.4gm/Kg
| |
Silver C. tiglium Silver M. oleifera
seeds nano-extract leaves nano-extract

Fig. 2. Effect of C. tiglium seeds and M. oleifera leaves extracts and their silver nano-extracts on protein
carbonyl content (PCC), acetylcholine esterase (ACHE) and B-amyloid (Ap) content in brain tissues of
rats.

"a" indicated significant difference (P<0.05) as compared to control group, "b" indicated significant
difference (P<0.05) as compared to C. tiglium seeds extract treated group.

TABLE 3. Effect of C. tiglium seeds and M. oleifera leaves extracts and their silver nano-extracts on
inflammatory markers (interleukin-1f and tumor necrosis factor-a) in rats' brain tissues

Silver C. tiglium seeds Silver M. oleifera leaves
nano-extract nano-extract
C C.t M. o
3.3 ml/kg 6.5 ml/kg 0.7 g/kg 1.4 g/kg
IL-1p  449.14 45343 452.71 767.71% 452.14 454.14 452.00
(pg/g) +1.06 +£1.17 +0.89 +1.55 +0.83 +1.59 +1.20
TNF-a 120.43 121.00 120.86 168.86° 121.86 121.00 121.00
(pg/g) +1.15 +0.87 +0.77 +1.18 +1.33 +1.15 +1.27

C.: Control; C. t: Croton tiglium ; M. o: Moringa oleifera
""a" indicated significant difference (P<0.05) as compared to control group, "b™ indicated significant
difference (P<0.05) as compared to C. tiglium seeds extract treated group.
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Fig. 3. Electrophoretic patterns illustrating of C. tiglium seeds and M. oleifera leaves extracts and their silver nano-extracts on a) native protein and b) lipid
moiety of native protein in rats' brain tissues.
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Fig. 4. Electrophoretic isozymes revealing effect of C. tiglium seeds and M. oleifera leaves extracts and their silver nano-extracts on a) catalase (CAT)
pattern and b) peroxidase (POX) pattern in rats' brain tissues.
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Fig. 5. Electrophoretic isozymes showing effect of C. tiglium seeds and M. oleifera leaves extracts and
their silver nano-extracts on a) a-esterase (a-EST) pattern and b) B-esterase (B-EST) pattern in murine
brain tissues.
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Fig. 6. Genomic DNA pattern showing effect of C.
tiglium seeds and M. oleifera leaves extracts and
their silver nano-extracts on DNA integrity in brain
tissues of rats.

Furthermore, mechanism of the repair activity
impaired due to accumulation of the radicals leading
to severe oxidative DNA damage [89]. BLAST and
FASTA comparative analysis gave similarity
percentage of 49.00+0.15 between the query and
templates sequences which is consider a good
alignment (acceptable similarity is > 20 %) [75].
Secondary structure analysis showed that the
sequence consisted of dominant flexible coil and
sheet regions with minor rigid helix part allocated at
region 129~148. Threading process using TASSER
was performed using top 5 alignment homologs,
using their X-ray crystallographic structures from
the PDB database as templates (Fig. 7).

Based in this analysis, 3D models were
constructed had C-score range -1.83 ~ 4.19, the
highest C-score (= -1.85) model was picked up for
refinement. Refinement step gave a high-quality
model as can be seen in Fig. 8a. Ramachandran plot
analysis was done for both original and refine
models to ensure the modelling validity. Initial
model showed 62.2, 224 and 15.4% residues
located in favoured, allowed and outlier regions,
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respectively, while in the refine model the ratios
were 83.3, 14.1, and 2.6% of residues in the same
regions (Figs. 8b&c).

As seen from the constructed model, coils
represent the major parts giving an indication of the
high flexibility of the regions. These results
suggested relative law stability with expectation of
high reactivity of the protein under investigation
[90]. To find the most reactive region that represent
weak sites of INF-y protein, surface analysis using
sphere generating algorithm was done on the refined
model. According to this analysis the resides range
119~127 represent the most reactive site. The high
flexibility of this site is not the only reason of the
high reactivity, but also the lake of hydrogen
bonding network between the residues in this region
(Fig. 9).

4. Conclusion

The study concluded that silver M. oleifera
leaves nano-extract at both studied doses (0.7 and
1.4 g/kg) caused no significant alterations in all
biochemical measurements or electrophoretic
patterns in brain tissues. Silver C. tiglium seeds
nano-extract caused no significant differences when
administrated at a dose of 3.3 ml/kg. While at a
dose of 6.5 ml/kg, it increased ACHE, A contents,
LPO, PCC, nitrite and inflammatory markers (IL-1
and TNF-o) significantly (P<0.05) associated with
lowering TAC, GSH, SOD, CAT and Gpx levels in
brain tissues. Furthermore, it caused qualitative
abnormalities represented electrophoretically from
the differences in arrangement of the native bands.
Therefore, nano-extract treated group at a dose of
6.5 ml/kg was noticed with lower Sl values (62.5,
92.31, 85.71, 85.71 and 44.44%; native protein,
lipid moiety of protein, CAT, POX and B-EST,
respectively). It caused quantitative abnormalities in
the a-EST pattern through variations in quantity of
2" o-EST band. In addition, it enhanced DNA
cleavage giving 4 bands. Moreover, the molecular
dynamic simulation showed that the resides range
119~127 represent the most reactive and flexible
site in the INF-y receptor protein.
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PDB Iden1 Iden2 Cov Norm.

Hit Z-score

Sequence }HCRKGKVG;’PGLDIGRKBI;QLIVHIPHPI'WNVSQBTMF(';DGNTCYTPDSY(J
Prediction

1g9C 044 0.33 0.75 148 AV(RDGKIGPPKLDIRKEEKOIMIDIFHPSVFVNGDEQEDPETT(YIRVY
LgSA 042 030 071 202 ------- IGPPKLDIRKEEKQIMIDIFHPSVFVNGDEQEDPETT. YIRVY
1fgSC 043 031 072 185 ------ KIGPPKLDIRKEEKOIMIDIFHPSVFVNGDEQEDPET . YIRVY
4eq2A 024 0.18 068 151 ------- IGPPKLNLSRHGAEITVDVYHPEFPSVEVRPW-MRETYSELSY
1fg9A 041 030 0.71 181 --ce-a- IGPPKLDIRKEEKQIMIDIFHPSVFVNGDEQEDPET . YIRVY
4e2A 024 018 068 219 -cev--- IGPPKLNLSRHGAEIIVDVYHPEFPSVEVRPWMR -ETYSELSY
1g9A 041 030 071 236 --eu--- 1GPPKLDIRKEEKQIMIDIFHPSVFVNGDEQEDPET T YIRVY
1fyhB 045 034 070 146 Ay RDGKIGPPKLDIRKEEKQIMIDIFHPSV=~=====~ FVETTYIRVY
1goC 043 030 071 179 eeeeno IGPPKLDIRKEEKQIMIDIFHPSVFVNGDEQEDPETT. YIRVY
deq2A 025 0.18 068 131 1---.---- GPPKLNLSRHGAEITVDVYHPEFPSVEVRP-WMRETYSELSY
::::;:::Oﬂ S;VFVKHYRS&EILHTEHSViKEDCSTLCELNISVSTLNS&YCVSVVGKS;OO

1goC 044 033 075 148 NVYVRMNGS-EIQYKILTQKEDD DEIQ QLAIPVSSLNSQY: VSAEGVL
Lig9A 042 030 071 202 NyYVRMN-GSEIQYKILTQKEDD DEIQ QLAIPVSSLNSQY(VSAEGVL
1goC 043 031 072 1.85 NyYVRMNGS-EIQVKILTQKEDD: DEIQ QLAIPVSSLNSQY: VSAEGVL
deq2A 0.24 0.18 068 1.51 gyIFRNSENESRKN- - --FTVAD: EMNE NLSIPVPSEGSTY  VSAKGHF
1fgoA 041 0.30 071 181 NyyyRMNGSEIQYK-ILTQKEDD: DEIQ QLAIPVSSLNSQY VSAEGVL
4e2A 024 0.18 068 219 gyrepNGENE- - --SRKNFTVAD. EMNE  NLSIPVPSEGSTY. VSAKGHF
ifgoA 041 030 071 236 \\\yRMNGSEIQVK-ILTQKEDD  DEIQ QLAIPVSSLNSQY: VSAEGVL
AfvhB 045 0.34 070 146 \\~ypouy.GSEIQYKILTQKEDD: DEIQ QLAIPVSSLASQY: VSAEGVL
1{g9C 043 030 071 179 NVYVRMNGS -EIQYKILTQKEDD: DEIQ QLAIPVSSLNSQY. VSAEGVL

4aQA 925018 063 131 SVIFRNSENESRKNFTVA- ---DCEMNECNLSIPVPSEGSTY( VSAKGHF
101 150

s.qu.nc. FW VNTETSRDVCIPFLHDéREBSIWHLLQAPLLPLTIVQPALVCCYIKK
Prediction o — ——
1goC 044 033 075 1.48 HVWGVTTEKSKEV ITIFNS----==mmmmmmmmmmmmmmm e e
Lig9A 042 030 0.71 2.02 HVWGVTTEKSKEV ITIFNS--=-==mecmmmmccmmcmmcmcmmmenan
1fg9C 043 031 0.72 1.85 HVWGVTTEKSKEV ITIFNS-=====memmcmmccccccccmm e e
deq2A 0.24 0.18 0.68 1.51 FDDLIVGASSEES IWVWPI---vcceccccccccccccnncnacanannn
Lg9A 041 030 0.71 1.81 HVWGVTTEKSKEV ITIFNS------m=cmmcmcccccccmc—ae——-
deq2A 024 0.18 068 2.19 FDDLIVGASSEES IWVPI-------eecccccccccccmccm——————-
Lg9A 041 030 0.71 2.36 HVWGVTTEKSKEV ITIFNS-===-=v-seeecmmccmmmmmmennann=
LfvhB 045 0.34 0.70 1.46 HVWGVTTEKSKEV ITIFN-=-====m=mmm=memmmmmmemmmmmmmnn
1fg9C 043 030 0.71 1.79 HVWGVTTEKSKEV ITIFNS === e——————————
deq2A 0.25 0.18 0.68 1.31 FDDLIVGASSEES IWVP-==-===e=ememcmcmceememeanean==n-

Fig. 7. Sequence alignments of INF-y protein receptor and its homolog structures extracted from the protein data
bank (PDB) database. Colored prediction represents coil (blue), sheet (green) and helix (red). Amino acids are
colored based on their properties.

Egypt. J. Chem. 64, No. 4 (2021)
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Giyein

Fig. 8. a) 3D refined INF-y receptor protein (dark blue) Superimposed to the initial constructed model (orange),
b) and c) are colored representation Ramachandran plots for the initial and refined models, respectively.

Fig. 9. Most reactive region (LEU118, HIS119, ASP120, ASP121, ARG122, GLU123, GLU124, SER125,
ILE126, and TRP127) of INF-y protein generated using sphere generating algorithm with H-bonds network as
green lines.
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