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Abstract: Most clinical investigations about the impact of nanoparticles on cells and tissues show that nanoparticles may 
enter the human body by means of respiratory tracts. Humans, animals, plants and environments are continually 
presented to a wide scope of business items containing silver nanoparticles (Ag NPs) in their piece. Ag NPs, utilized in 
various consumer products as room showers, surface cleaners, wound dressings, food storage containers and many 
textiles. The current examination planned to explore the defensive role of Avenanthramide-C (Avns) contrary to the lung 
toxicity initiated by Ag NPs injection in rats. 40 male Wistar rats were separated into 4 groups (Gp1, control; Gp2, Avns; 
Gp3, Ag NPs; Gp4, Ag NPs+Avns). Current results revealed that; Ag NPs induced a significant depletion in RBCs count, 
hemoglobin, platelets counts and a significant increase in total WBCs, lung injury, cyclooxygenase-2 (COX2) and TNFα 
expressions as compared to control. Treatments of Ag NPs with Avenanthramide-C extract (Ag NPs+Avns) improved the lung 
structure and blood complete pictures as compared to Ag NPs group. 
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INTRODUCTION 
 
Nanotechnology in this decade has several applications in 
the drug delivery, food industry, hardware, diagnosis, 
beautifying agents, sports, and medication (Al-Suhaibani 
and El-Morshedi, 2014; Alotaibi et al., 2020, 2021; El-
Masry et al., 2020). There is growing interest in 
understanding the toxicity of nanomaterials and their 
potential risk to the environment and human health. Silver 
nanoparticles (Ag NPs) are part of the developing 
nanotechnology and its nanoparticles in the range of 1 and 
100 nanometers and it have extraordinary thermal, 
optical, and electrical properties (Tolaymat et al. 2010; 
Khan et al., 2018; Altwaijry et al., 2020). Ag NPs, one of 
the most notable nanomaterials, are routinely used in 
shopper items, for example, surface cleaners, room 
showers, toys, antimicrobial paints, home apparatuses 
(clothes washers, air and water channels), food 
stockpiling compartments and materials (Shehzad et al., 
2018; Khan et al., 2018).  
 
As an alternate to regular nanoparticles poisonousness 
medicines, novel medicines are being produced using the 
secondary plants metabolites (Tousson et al. 2018; El-
Masry et al., 2019, 2020a). Phytochemicals are 
biologically active compounds that found in natural 

products that have protective properties and essential due 
to disadvantages of the current therapies (Abd-Eldaim et 
al., 2019a, 2019b, 2021; Mutar et al., 2020). 
 
Oats, (Avena sativa), is a category of cereal grain and are 
rich in soluble fibers which benefit in depressing the 
levels of cholesterol and increased the beta-glucan content 
(Zhang et al., 2020). Avenanthramides (anthranilic acid 
amides; Avns) are a group of phenolic alkaloids 
(polyphenols) found exclusively in oats, and it consist of 
conjugate of one of three phenylpropanoids and 
anthranilic acid (Emmons and Petersonm 2001; Koening 
et al., 2011). Recently, a number of studies demonstrate 
that; Avenanthramides have anti-oxidant, anti-
inflammation, anti-proliferation, and vasodilator activities 
(Chu et al., 2013; Aldubayan et al., 2019). 
 
Due to the increasing prevalence of Ag NPs in several 
consumer products (cosmetics, surface cleaners, toys, 
fabrics, foods storage container), the toxicity of Ag NPs 
in biological systems has been called into question. Small 
size of Ag NPs have a quicker release rate are extra toxic 
and when it combined together inhibit the immune 
functions (Altwaijry et al., 2020). Silver ions released 
from Ag NPs ingested products into the blood stream can 
collect in different body organs revealed toxic effects 
(Cho et al., 2018). Subsequently current examination 
expected to explore the defensive role of avenanthramides *Corresponding author: e-mail: toussonehab@yahoo.com 
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against silver nanoparticles (Ag NPs) instigated lung 
injury in rats. 
 
MATERIALS AND METHODS 
 
Chemicals 
Avenanthramides  
Methyl ester of Avenanthramide-C (CAS number is 
955382-52-2 and inventory number is CAY10011336; 
Ann Arbor, MI 48108, USA).  
 
Silver nanoparticles 
Silver nano-powder (Ag NPs) with main size between 30-
40 nm and about 99.9% trace metals basis was gotten 
from Sigma - Aldrich Chemicals Company (Cairo, 
Egypt). According to Kim et al. (2010) Ag NPs should be 
sonicated for 10 minutes before used. 
 
Animals and experimental design  
All trial methods were affirmed by the Committee of 
Ethics in Faculty of Science, Tanta University, as 
supported by Institutional Animal Care and Use 
Committee (IACUC-SCI-TU-0185).  
The animals were maintained on a commercial standard 
pellet diet and tap water ad libitum. After seven days of 
acclimation, healthy 40 rats (immature male Wistar, 100-
110g weight and 8-9 weeks old) were separated into 4 
groups [Gp 1 (Control) served as control; Gp 2 (Avns) in 
which rats were administered Avns by oral gavage 
(50ng/kg/day) for four weeks according to Aldubayan et 
al.(2019); Gp 3 (Ag NPs) in which rats were injected 
intraperitoneally (IP) with Ag NPs (100 mg/kg BW; <100 
nm) for 4 weeks; Gp 4 (Ag NPs+Avns) was injected IP for 4 
weeks with Ag NPs then treated for another 4 weeks with 
Avns]. 
 
Blood and tissue preparation 
Toward the finish of the examination, the rats were 
abstained for 10-12 hours, and were anesthetized utilizing 
sodium pentobarbital and dismembered. Blood tests from 
independently rodent were gathered from vena-cava and 
accumulated in heparinised tubes for complete blood 
picture (CBC) examinations with automated hematology 
analyzer Sysmex (kx - 21n; JAPAN CARE CO., LTD).  
 
Histopathological Examination  
Fixed lung from various gatherings were prepared for 
paraffin sections, stained with haematoxylin and eosin for 
histological examination as indicated by Tousson (2016). 
 
Immunohistochemical detection of TNFα and Cox-2 
Detection of TNFα immunoreactivity (TNFα-ir) and 
Cyclooxygenase (COX)- 2 immunoreactivity in the fixed 
lung sections were distinguished utilizing the avidin 
Biotin Complex technique as indicated by El-Masry et al. 
(2020b) and Khan et al. (2012) respectively. 
 

STATISTICAL ANALYSIS  
 

Data were expressed as mean values ± SE and statistical 
analysis was achieved using one way ANOVA to evaluate 
significant differences between treatment groups. The 
criterion for statistical significance was set at p<0.05 for 
the biochemical data. All statistical analyses were 
performed using SPSS statistical (version 21; SPSS® Inc. 
- USA). 
 

RESULTS 
 
Animal symptoms, food consumption and general 
activity 
Rats in all gatherings aside from Ag NPs bunch seemed 
solid, with no mortality, no clinical indications of 
sickness, or huge contrasts in food utilization or body 
weight during the investigation length (information not 
appeared). Conversely; Ag NPs gathering, uncovered 
observable decline in action. 
 
Effect of Ag NPs and Avns on blood parameters 
Table 1 showed the variations in CBC in all groups. Only 
WBCs counts was significantly increased while RBCs, 
Hb, HCT percent, MCV, MCH, MCHC and platelets were 
significantly decreased in Ag NPs group when compared 
to the control. On the other hand; a significant decrease in 
WBCs count and significant increase in RBCs, Hgb, HCT 
percent, MCV, MCH, MCHC and platelets after treatment 
of Ag NPs with Avns (table 1).  
 
Impact of Ag NPs and Avns on lung histopathology  
Lungs sections in control and Avns groups revealed 
normal spongy structure with typical alveoli, alveolar 
sacs, tinny and dense slices of interalveolar septa, 
bronchioles, and artery and viens (figs. 1A&1B). Lung 
segments in Ag NPs bunch indicated different 
histopathological changes as stamped alveolar injury as 
fallen alveoli, with severe dense and thickened 
interalveolar septa and checked invasion of incendiary 
cells notwithstanding solid blocked blood vessels (figs. 
1C). Lung sections in treated Ag NPs with Avns revealed 
good improvement with only minimal alveolar injury 
(figs. 1D).  
 
Impact of Ag NPs and Avns on TNFα  
Faint positive reactions in interalveolar septa in both lung 
sections of the control and the rats treated with 
Avenanthramide-C (Avns) for TNFα (figs. 2A&2B). 
While; lung sections in Ag NPs group showed moderate 
to strong positive reactions for TNFα (fig. 2C). In 
contrast; faint to mild positive reactions for TNFα were 
detected after the treated with Ag NPs then Avns (fig. 
2D). 
 
Impact of Ag NPs and Avns on Cyclooxygenase 2  
Faint positive reactions in inter-alveolar septa in both lung 
sections of the control and the rats treated with 
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Avenanthramide-C (Avns) for Cox2 expressions (figs. 
3A&3B). While; moderate positive reactions for Cox2 
were observed in Ag NPs group (fig. 3C). In contrast; 
faint positive reactions for Cox2 expressions were 
detected after the treated with Ag NPs then Avns (fig. 
3D). 
 
DISCUSSION 
 
Nanoparticles (NPs) have come to be frequent 
components of broad range products such as textiles, 

detergents, private care products, washing machines, 
refrigerators, etc (Barbir et al., 2019). Albeit little data in 
regards to the natural toxicology impacts and 
toxicological impacts of nanomaterials is accessible, be 
that as it may, it is anticipated due to physico - compound 
properties of nanomaterials that they may have 
communication with organic parts and may affect the 
conduct and properties of macromolecules, cells and 
living organisms. Silver nanoparticles (Ag NPs) lack 
biocompatibility inside the body, in order to overcome 
this problem, Ag NPs were used in this study.  

Table 1: Changes in the CBC parameters in different groups. 
 

Groups Parameter  
 Control Avns Ag NPs Ag NPs+Avns 

RBCs (106/ml) 5.11#±0.16 5.23#±0.12 4.01*±0.11 4.76#*±0.15 
Hb (gm/dl) 12.86#±0.89 13.04#±0.92 11.91*±0.95 12.56#±0.81 

HCT (%) 42.4#±2.33 43.0#±3.01 39.3*±1.64 41.4#*±2.21 

MCV (fl) 83.0#±3.35 82.2#±4.19 89.0*±3.38 88.7*±4.67 

MCH (Pg) 25.2#±1.80 24.9#±1.65 29.7*±2.02 26.9#*±1.48 

PLT (103/ml) 498#±15.4 563#±21.0 316.0*±10.9 425#*±18.5 

WBCs (103/ml) 8.1#±0.44 8.47#±0.50 10.93*±0.63 8.01#±0.60 

Values are expressed as means ± SE; n=10 for each treatment group; (*) & (#) significant 0.05 compared to control and to Ag NPs 
groups respectively. 

 
Fig. 1: Photomicrographs of lung sections in the different experimental groups stained with Hematoxylin & Eosin. 
A&B: Lung sections in the control and Avns groups revealed normal spongy structure with normal alveoli and alveolar 
sacs. C: Lung sections in Ag NPs group revealed marked alveolar damage in the form of collapsed alveoli, with 
marked thickened interalveolar septa (arrows) and marked infiltration of inflammatory cells (arrow heads). D: Lung 
sections in treated Ag NPs with Avns revealed mild alveolar damage and evident reduction of all alveolar changes 
except for few thickening of interalveolar septa (arrows). 
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Fig. 2: Photomicrographs of rat lung sections stained with TNFα. A&B: faint positive reactions for TNFα expression 
(arrows) in interalveolar septa in control and Avns groups. C: Strong positive reactions for TNFα expression (arrows) 
in the interalveolar septa in treated rat with Ag NPs. D: Mild positive reactions for TNFα (arrows) in interalveolar 
septa in Ag NPs+Avns. 

 
Fig. 3: Photomicrographs of rat lung sections stained with Cyclooxygenase 2 (Cox2). A&B: Negative or faint positive 
reactions for Cox2 expression (arrows) in interalveolar septa in control and Avns groups. C: Moderate to strong 
positive reactions for Cox2 expression (arrows) in the interalveolar septa in treated rat with Ag NPs. D: Mild positive 
reactions for Cox2 (arrows) in interalveolar septa in Ag NPs+Avns.  
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The role of the natural antioxidant from plants on cell 
damage has been noted by many pharmacological studies 
in recent past (Salama et al. 2014; Tousson et al. 2018). 
Oats, perhaps the most generally devoured entire grain 
oats, stand out on the grounds that they are wealthy in 
phenolic mixes (Peterson, 2001). The phenolic mixes in 
oats comprise of straightforward flavonoids, phenolic 
acids, and avenanthramides (Chu et al., 2013; Aldubayan 
et al., 2019). In any case, little is referred to about home 
grown plants as defensive specialists against Ag NPs 
actuated lung poisonousness. This examination was 
intended to analyze the conceivable defensive impacts of 
Avenanthramide-C (Avns) against lung harm by Ag NPs 
on male rat.  
 
The obtained results in this study indicated that; Ag NPs 
injection in rats induced changes in the got brings about 
this examination demonstrated that; Ag NPs infusion in 
rodents prompted changes in blood total pictures as height 
of leucocyte includes and exhaustion in hemoglobin, red 
platelets tallies and platelets whenever contrasted with 
control gathering. The diminishing in RBC and Hb on the 
grounds that those RBCs were gotten from hemopoietic 
foundational micro organisms in bone marrow. Following 
a progression of development steps, coordinated primarily 
by erythropoietin, red cells enucleate and enter the 
circulatory framework, in this manner, the variety in 
RBCs can be identified with the hematopoietic system. 
 
Little is referred to about the destiny of nanoparticles as 
silver nanoparticles that enter the lungs, either 
intentionally through clinical medicines or by chance 
through air contamination and word related openness in 
the work environment. In this work, the neurotic injuries 
as solid alveolar harm as imploded alveoli, thickened 
interalveolar septa with hefty invasion of incendiary cells 
and clogged blood vessels with extra vasation of red 
platelets inside the alveolar lumen were chiefly showed in 
the rodent lung after Ag NPs intraperitoneal infusion. Our 
outcomes concur with Vasanth and Kurian (2017) who 
revealed that silver nanoparticles initiated lung injury in 
various test models.  
 
Inflammation is related with expanded favorable to 
incendiary cytokine creation, which could happen in both 
initiated leukocytes and harmed muscle cells (Proske and 
Allen, 2005). TNFα is type of proinflammatory cytokine 
that represent as antitumorigenic and mainly produced by 
immune cells for example macrophages and lymphocytes. 
Current results revealed that; TNFα immunoreactivity 
were increased in lung tissues after Ag NPs injection and 
the treatment of Ag NPs with Avns inhibited the 
increased of TNFα immunoreactivity. The high 
expression of TNFα in lung after Ag NPs injection 
because that oxidative stress caused by Fe3O4/AgNPs 
enhances TNF-α production.  
 

Our outcomes concur with Nounou et al. (2013) who 
detailed that oral openness to zinc oxide nanoparticles 
actuated lung harm, aggravation and stamped expanded in 
TNFα immunore activity in rodent's lung. In the current 
investigation Avns supplementation upgrade of alveolar 
harm actuated by Ag NPs, and will be of significant 
premium to be utilized as an adjuvant treatment under 
these conditions. Our results in line of Guo et al. (2008) 
detailed that the inhibitory impact of AVA on the 
statement of proinflammatory cytokines was interceded 
through NFκB actuation in HAEC. Our findings concur 
with Sur et al. (2008) who detailed that also 
avenanthramides, display calming action. Cyclo-
oxygenase-2 (COX-2) is up-managed in aspiratory 
conduit smooth muscle cells and incendiary cells during 
hypoxia and assumes a defensive job in the lung's reaction 
to hypoxia (Fredenburgh et al., 2009). Current results 
revealed that; COX-2 immunoreactivity were increased in 
lung tissues after Ag NPs injection and the treatment of 
Ag NPs with Avns inhibited the increased of COX-2 
immunore activity. Our outcomes concur with Lim and 
Kang (2020) who detailed that; Avenanthramide C stifles 
hypoxia-instigated cyclooxygenase-2 (COX-2) expression 
through sirtuin1 actuation in non-little cell cellular 
breakdown in the lungs cells. This restraint of TNFα and 
COX-2 most likely adds to the calming and chemo 
preventive properties of avenanthramide. 
 
CONCLUSION 
 
Silver nanoparticles induced lung injury, in addition to 
changes in complete blood pictures, alteration in 
Cyclooxygenase-2 and TNFα immunoreactivity. 
Treatments with Avenanthramide-C extract might offer 
benefits against the toxic nature of silver nanoparticles 
(AgNPs) especially in lung. 
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