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ABSTRACT 

Background: Silver nanoparticles (Ag-NPs) have a wide range of applications due to their broad 

antimicrobial characteristics. However, Ag-NPs have some extent of oxidative damage to tissues and cell 

lines which consequently presents the possibility of toxicity. Aloe vera (AV) has been evaluated in treating 

these toxicological effects owing to its antioxidant, anti-inflammatory, and anti-fibrotic properties. 

Objective: Evaluation of the ameliorative effect of Aloe vera gel extract on the serum levels of some 

oxidative stress markers and inflammatory cytokines and on the histological changes induced by silver 

nanoparticles (Ag-NPs) in the lung tissue of adult male albino rats. 

Material and methods: Thirty-six adult male albino rats were divided into five main groups: Group I kept as 

the control group, Group II (AgNPs- injected group) injected intraperitoneally by Ag-NPs solution (100 

mg/kg) once daily for 4 successive weeks, Group III (combined Aloe vera and Ag-NPs group) received aloe 

vera gel (0.4 ml /100 gm/ day) orally by gastric tube one hour before Ag-NPs administration in the same dose 

and duration as group II, Group IV (recovery group) received Ag-NPs  solution in the same dose and 

duration as group II and then left for another 4 weeks without treatment and Group V (Aloe vera-treated 

group) treated with alo vera gel extract in the same dose and duration as group III for 4 consecutive weeks 

after Ag-NPs administration. At the end of the experiment, final body weight was measured and each of the 

total antioxidant capacity (TAC), malondialdehyde (MDA), necrosis factor alpha (TNF-α) and interleukin 6 

(IL-6) was measured in serum. Specimens of lungs were processed for histological and immunohistochemical 

studies. Histomorphometric and statistical analyses were done.  

Results: Physically, AgNPs caused reduction in the body weight. Ag-NPs caused disturbance in the 

antioxidants and elevation in the serum levels of MDA and inflammatory cytokines. These changes markedly 

correlated with the histological changes in the lung tissues including thickening of interalveolar septa in 

association with the collapse of lung alveoli, diffuse inflammatory cells infiltration, dilation and congestion 

of the pulmonary blood vessels, extravasations of red blood cells and pulmonary fibrosis in concomitant with 

a significant increase in area percentage of collagen fibers within the lung interstitium and around the 

congested blood vessels. Detached epithelial cells with deeply stained nuclei appeared in the lumen of the 

bronchioles. Increased mucus secreting goblet cells within the lung bronchioles, positive inducible nitric 
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oxide synthase (iNOS) immunoreactivity within the cells lining alveoli and positive alveolar macrophages 

CD-68 immunoreactivity were also detected. The protective and curative potential of Aloe vera extract 

revealed improvement in the antioxidant assays as well as in the histological and immunohistochemical 

changes, with the protective effect was more pronounced than the curative one. 

Conclusion: Aloe vera showed preliminary success in improving the antioxidant capacity and in decreasing 

inflammatory the cytokine levels. Also, it succeeded in ameliorating the lung cytotoxicity induced by Ag-

NPs owing to its antioxidant and anti-inflammatory potentials.  

Keywords: Silver nanoparticles; Aloe vera; Lung; antioxidant. 

 

INTRODUCTION 

     Nanotechnology is the 

characterization, fabrication, and/or 

manipulation of structures, devices, or 

materials between 1 and 100 nm. Larger 

surface area to mass ratio of nanomaterials 

makes it different from bulk systems and 

as a result, they become chemically more 

reactive and can show different optical, 

magnetic and electrical properties. In 

recent times, functional nanomaterials 

have gained much attention in some fields 

such as environmental treatments (soil, air 

and water) and medicine (Baun et al., 

2017). 

     Silver nanoparticles (AgNPs) are well 

known for their antimicrobial properties. 

Recently, AgNPs have been incorporated 

into consumer products, personal hygiene 

products, wound dressings, cosmetics, 

baby bottles, food containers, nano silver 

toothpaste and colloidal silver 

suspensions, designed as nutritional 

supplements primarily due to these 

antibacterial and antifungal properties. 

Also, these nanomaterials have shown 

potential use in environmental 

applications such as in bioremediation 

processes and wastewater treatment 

(Bridle, 2021). 

     Occupational exposure to AgNPs 

occurs in industries such as manufacturing 

and using nanomaterials, silver smelting, 

silver refining, and preparation of silver 

salts, silver soldering, and recovery of 

silver from recycling sources. Grinding of 

amalgam dyes in dental laboratories and 

silver nanoparticle-containing spray 

disinfectants are another source of 

occupational and consumer exposure 

(Durán et al., 2017). Waste is generated 

throughout the process from manufacture 

to disposal, which may be released and 

accumulate in the environment increasing 

the probability of human and eco-toxicity 

(Hadrup et al., 2020). 

     The increased use of AgNPs causes 

major exposure to the environment and 

human health.  However, our knowledge 

of the human health effects and 

environmental concentrations of 

engineered nanoparticles is incomplete 

(Baun et al., 2017). Ag-NPs may be toxic 

against mammals, invertebrates or 

microorganisms. Although, the 

mechanism of AgNPs-induced toxicity is 

still unclear (Wu and Tang, 2018). 

Therefore, exhaustive research is needed 

into their toxicity in living organisms and 

also their environmental behavior and fate 

(Tortella et al., 2020). 

     Nanoparticles can either intentionally 

or non-intentionally enter the body 

through the inhalation, water and food 

intake, skin uptake, intravenous injection, 

or implantation. Ag-NPs can accumulate 

and precipitate in different organs of 



 

 

 IMPACT OF CRUDE ALOE VERA GEL ON SILVER NANOPARTICLE… 
565 

human body with potential for induction 

of cytotoxicity. Susceptible tissues include 

liver, spleen, brain, heart, lungs, kidneys, 

and testicles tissues, as well as it leads to 

significant change in sperm quality and 

quantity, and blood brain barrier (BBB) 

permeability (Moradi-Sardareh et al., 

2018). 

     By the higher chemical reactivity of 

Ag-NPs due to their large surface area to 

volume ratio, formation of reactive 

oxygen species (ROS) within cells greatly 

increases with subsequent cellular damage 

(Flores-López et al., 2019). 

     Medicinal plants have gained 

tremendous interest of various researchers 

as an alternative, cheap and easily 

accessible regimen for the treatment of 

oxidative stress-related diseases. Aloe 

vera (Aloe barbadensis Miller) can be 

rightly considered as a plant of interest 

(Radha and Laxmipriya, 2015). 

     Aloe vera, a succulent perennial and 

drought resisting plant, belonging to the 

Liliaceae family, has been well known for 

its therapeutic potential. The parenchyma 

of the leaves contains a transparent 

mucilaginous gel known as the aloe vera 

gel (Akaberi et al., 2016 and Tabatabaei 

et al., 2017). The gel contains 99 to 99.5% 

water. The rest of0.5-1% is a fantastic 

amalgam of anthraquinones, glycoproteins 

or aloin (important for cathartic activity), 

polysaccharides, c-glycosylchromone, 

phenolic compounds, enzymes, hormones, 

vitamins including vitamin A, C, E and 

B12, and minerals such as manganese, 

zincand selenium which are antioxidants 

vastly used in medicinal and nutraceutical 

applications (Rahman et al., 2017 and 

Debnath et al., 2018). 

     A wide range of biological effects has 

been reported for Aloe vera gel, including 

astringent, hemostatic, immunostimulant, 

neuroprotective, antidiabetic, antiulcer, 

antibacterial, anti-inflammatory, 

antioxidant and anticancer effects. It is 

also effective in treating gastrointestinal 

disorders (e.g., constipation, dysentery 

and diarrhea), radiation injury, wounds, 

and burns (Kumar et al., 2019). 

     Consequently, this experimental study 

was designed to assess the probable 

protective and/or curative role of crude 

aloe vera gel extract against AgNPs-

induced biochemical, functional and lung 

cytotoxicity in adult male albino rats. 

 

MATERIALS AND METHODS 

 

Animals: Thirty-six adult male Wistar 

albino rats of a local strain weighing 180 

± 20 g and aged approximately 12–16 

weeks were chosen for the current study. 

Rats were purchased from Helwan 

breeding farm, Helwan, Egypt. Animals 

were settled under normal laboratory 

conditions with a room temperature of 25 

±2˚C, the humidity of (54 ± 5%) and 

alternating light/dark cycles in 

conventional clean properly ventilated 

wire-mesh cages (25×30×25 cm-3 rats per 

cage) at the animal house, Faculty of 

Medicine (Boys), Al-Azhar University, 

Cairo, Egypt. Rats were acclimated for 

one week for adaptation before beginning 

the experiment. They were fed on a 

normal chow diet and allowed free access 

to water throughout the experiment. All 

the ethical protocols for the experimental 

use of laboratory animals were carried out 

after the approval of the Faculty of 



 

 

Mona Mohamed Abd El-Galil  and Ahmad Mohammad Farag Alkot 

 

566 

Medicine (Boys) Institutional Research 

Board (FMB-IRB), Al-Azhar University, 

Cairo, Egypt. 

Silver nanoparticles (GNPs): Chemical 

Abstracts Service number “CAS-No. 

7440-22-4” with a particle size less than 

100 nm contain 99.9% trace metals basis 

in 1 g glass bottle packaging was 

purchased from Sigma-Aldrich 

Chemicals, Cairo, Egypt. Each 100 mg 

Ag-Nps dispersed in 5 ml of normal saline 

and was given intraperitoneally (i.p) at a 

dose of 100 mg/kg/day, for 4 consecutive 

weeks (Ahmed et al., 2017). 

Nanoparticle characterization: To study 

the particles size and morphology, the 

aqueous dispersion of the nanoparticles 

was drop-cast onto a carbon- coated 

copper grid (Lee et al., 2013 and Amin et 

al., 2015). The grid was air dried at room 

temperature. The mean size and 

morphology of these Ag-NPs were 

determined by the transmission electron 

microscope (TEM) (JEOL JEM-2100; 

Tokyo, Japan) at the electron microscope 

research unit, Regional Center for 

Mycology and Biotechnology (RCMB), 

Al-Azhar University, Egypt. Examination 

of the prepared Ag-NPs by TEM revealed 

spherical and ovoid morphology, and 

good particle dispersion with average size 

of 25.18 ± 10.2 nm. Different shapes of 

Ag- NPs were also observed (Figure 1). 

Figure (1): An electron photomicrograph showing spherical and ovoid Ag-Nps distributed 

homogeneously (TEM ax 60000 and b x100000, Scale bar=100nm). 

Aloe vera gel extract preparation: Aloe 

vera plant with leaves between 40 and 60 

cm in length were rinsed with clean water 

to remove debris and sand, and thereafter, 

dried with a clean piece of cloth. Fresh 

leaves were cut longitudinally from the 

middle to expose the gel. AV solid gel in 

the center of the leaf was collected and 

was gently homogenized into an electric 

blender to shatter the block resulting 

mucilaginous, thick and straw colored 

homogenate was obtained. The dose of the 

crude gel extract used for the present 
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study was 0.4 ml/100g body weight orally 

by gastric tube (Akpan et al., 2014 and 

Nna et al., 2014). 

Experimental design: Rats were equally 

dispensed into five groups: 

• Group I (control group): Twelve rats 

were subdivided equally into two 

subgroups: subgroup IA, were kept on 

chow diet and allowed free access to 

water without any treatment 

throughout the whole period of the 

experiment and subgroup IB received 

1 ml of normal saline 0.9 % (Ag NPs 

solvent) by intraperitoneal injection 

once daily, for 4 weeks and then rats 

were sacrificed. 

• Group II (Ag-NPs injected group): 

Six rats received Ag-NPs 

intraperitoneally (i.p) at a dose of 100 

mg/kg/day for 4 consecutive weeks 

and then they were sacrificed. 

• Group III (combined Ag-NPs and 

Aloe vera-treated group): Six rats 

received aloe vera gel (0.4 ml /100 

gm) orally by gastric tube one hour 

before intraperitoneal injection of Ag-

NPs solution by the same dose and 

duration as group II. 

• Group IV (Recovery group): Six rats 

received Ag-NPs intraperitoneally 

(i.p) at a dose of 100 mg/kg/day for 4 

consecutive weeks then left with no 

further treatment for another 4 weeks. 

• Group V (Aloe vera-treated group 

post to Ag-NPs): Six rats received 

Ag-NPs intraperitoneally (i.p) at a 

dose of 100 mg/kg/day for 4 

consecutive weeks, and then received 

Alo vera gel extractat a dose of 0.4 ml 

/100 gm orally by gastric tube along 

with basal diet daily for another 4 

weeks. 

     All rats were weighed individually at 

the beginning of the experimental 

protocol, and at the end, just before 

collecting samples. 

     At the end of the experiment, animals 

were overnight fasted, blood samples were 

withdrawn from retro-orbital sinuses by 

capillary tubes under ether anesthesia, 

centrifuged at 3000 round per minute to 

separate the serum that was maintained in 

a freezer at - 80°C until further analyses 

for: 

- Total antioxidant capacity “TAC” 

(mMol/L). 

- Malondialdehyde “MDA” (ng/L). 

- Tumor necrotic factor-alpha 

“TNF-α” (pg/ml). 

- Interleukin 6 “IL-6” (pg/ml). 

     TAC was estimated by the 

conventional colorimetric method using 

Quanti Chrom TM assay kits 

(Biodiagnostic Company, Egypt) 

according to the manufacturer’s 

instruction. The MDA was measured in 

serum by TBA method using colorimetric 

assay kit (Elabscience Biotechnology Inc., 

China) (Malek-Mohammadi et al., 2015). 

The levels of TNF-α and IL-6 were 

determined using a rat-specific, 

commercially available enzyme-linked 

immunosorbent assay (ELISA)  kit 

(BioSource International Inc., California, 

USA) according to the manufacturer’s 

instructions (Kafi et al., 2015). These 

biochemical studies were done in El Nour 

Global Lab, Cairo, Egypt. 

     Immediately after the rats were 

anesthetized by ether inhalation and blood 
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samples were taken, a median sternotomy 

was performed. Lungs were rapidly 

dissected out from the thoracic cavity. 

Samples from the right lung were 

immediately fixed in 10% buffered 

formalin for 72 hours, dehydrated in 

ascending grades of ethyl alcohol, 

followed by clearance in xylene, 

impregnation and embedding in paraffin 

wax to obtain paraffin blocks. Sections of 

5μm thickness were cut using a rotary 

microtome (LEICA RM 2125; UK), 

mounted on clean glass slides, and stained 

with the following (Bancroft and Layton, 

2013): 

- Hematoxylin and Eosin (H&E) 

for studying the general 

histological structure. 

- Mallory Trichrome for staining 

the collagen fibers. 

- Periodic Acid- Schiff (PAS) 

reaction to quantify the number of 

mucus-secreting goblet cells and 

mucus expression along bronchial 

epithelial lining. 

     - The immunohistochemical 

technique was used to detect the 

oxidative stress marker, inducible nitric 

oxide synthase (iNOS) (Yang et al., 2020), 

and to evaluate the alveolar macrophages 

CD-68 expressions (Ramos-Vara et al., 

2008) in formalin-fixed lung sections 

using an avidin-biotin-peroxidase 

complex immunohistochemical technique. 

Briefly, positively charged paraffin 

sections of 5-μm thickness were dewaxed 

in xylene, rehydrated in descending grades 

of ethanol. Heat-induced antigen retrieval 

by microwaving was performed using 

citrate buffer pH 6.0 (10 Mm, 20 min). 

Endogenous peroxidase was blocked by 

immersion lung sections in 0.3% H2O2 

for 30 min and then sections were 

incubated overnight at 4°C with primary 

antibody recognizing iNOS (rat 

monoclonal antibody, 1:500 dilution, 

Transduction Laboratories, San Diego, 

California, USA) and CD-68 antibody 

(mouse monoclonal antibody, 1:200 

dilution, code NCL-L-CD68; Leica 

Biosystems, Benton La, Newcastle Ltd, 

UK) in a humidified chamber according to 

the manufacturer’s instructions. The 

sections were incubated with biotinylated 

antirabbit or antimouse immunoglobulins 

(Dako Ltd, diluted 1:200) for the 

corresponding primary antibody and 

thereafter sections were incubated with 

the avidin–biotin-conjugated peroxidase 

complex (Vector Laboratories Ltd. UK). 

The colorimetric detection of peroxides 

was developed using 0.05% 

diaminobenzidine tetra-hydro chloride 

(DAB) substrate chromogen solution 

(Sigma Chemical Co., Poole, UK) for 15 

min until the desired brown color 

obtained. Finally, sections were 

counterstained with Mayer’s hematoxylin, 

dehydrated and mounted with DPX. A cell 

with a brown cytoplasm and / or with a 

brown nucleus was considered 

immunoreactive (Figures 2b, 3b). 

Negative controls were processed by 

replacing the primary antibody with 

phosphate-buffered saline (PBS) (Figures 

2a, 3a). 
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Figure (2): A photomicrograph of iNOS staining in the renal tissue sections: (a) primary 

antibody is omitted (negative control). (b) Positive immunohistochemical staining showing 

iNOS positive reaction (black arrows) in the cytoplasm and nuclei of cells lining proximal 

(p) and distal (D) convoluted tubules after secondary antibody. (Anti iNOS 

immunoreaction, x 400, Scale bar; 50μm). 

Figure (3): A photomicrograph of anti-CD-68 immune expression in the liver tissue 

sections: (a) primary antibody is omitted (negative control). (b) Positive 

immunohistochemical staining showing CD-68 positive reaction in the cytoplasm of 

Kupffer cells (black arrows) inside the blood sinusoids and infiltrated between hepatocytes 

after secondary antibody. (Anti CD-68 immunoreaction, x 400, Scale bar; 50μm). 

 

Histo-morphometric measurements: All 

sections were examined, photographed by 

Leica DM2500 optical microscopes (Leica 

microsystems, Nussloch, Germany) 

coupled to a Leica ICC50 W digital 

camera, and transferred to the screen 

using a computerized image analyzer 

Leica Q500 MC program (Leica 

Microsystems Ltd, Cambridge, UK). The 

data were calibrated automatically to 

convert the measurement units (pixels) 

produced by the image analyzer program 
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into actual micrometer units. Ten different 

non-overlapping randomly selected fields 

from five different lung sections in each 

group, were examined to quantitatively 

evaluate the following: 

• The thickness of the interalveolar 

septa in H&E stained section at X 400 

magnification (Jensen, 2013). 

• The mean area percentage of the green 

stained collagen fibers /μm2 within the 

lung interstitium and perivascular 

around the pulmonary blood vessels in 

Mallory trichrome-stained sections at 

X 200 magnification (Jensen, 2013). 

• The mean percentage of PAS-positive 

goblet cells per bronchiole (number of 

PAS-positive goblet cells divided by 

the total epithelial cell number along 

the basement membrane of  randomly 

selected transversely cut large sized 

bronchiole defined by having 

approximately 150-200 luminal 

airway epithelial cells) in PAS stained 

sections at X 400 magnification 

(Belikoff et al., 2012). 

• The mean area percentage of positive 

iNOS immunoreactivity in anti-iNOS 

immune-stained sections was 

estimated at X 400 magnification 

(Abdel-Dayem et al., 2014 and Yang et 

al., 2020). 

• The mean count of alveolar 

macrophages in anti CD-68 

immunostained sections in at X 400 

magnification was assessed (Ramos-

Vara et al., 2008 and Nouno et al., 

2019). 

     All histomorphometric measurements 

were carried out at the Regional Center 

for Mycology and Biotechnology 

(RCMB), Al-Azhar University, Cairo, 

Egypt. 

 

Statistical Analysis: Most of the obtained 

data were statistically expressed as means 

± standard deviation (mean ± SD), and 

compared using the one-way analysis of 

variance (ANOVA) followed by Tukey’s 

post hoc test. A level of probability (P-

value) less than 0.05 was considered 

statistically significant. Spearman’s 

correlation coefficient (R) was used to 

evaluate the linear association between 

studied parameters. Statistical analysis 

was performed using the Statistical 

Package for the Social Sciences Software, 

Version 20 for Windows (SPSS Inc., 

Chicago, Illinois, USA). 
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RESULTS 

 

     There was a statistically insignificant 

change among the two control subgroups 

(p>0.05) in all parameters. Therefore, all 

comparisons were referred to the control 

group with neglecting its subgrouping. 

 

Effect on the body weight: The mean 

values of initial body weight among rats 

of all experimental groups were nearly 

similar with no significant difference 

(P>0.05). At the end of the experiment, 

Ag-NPs injected (GII) and the recovery 

(GIV) groups showed nearly similar mean 

values (P>0.05) with a significant 

decrease in the final body weight as 

compared to the control rats (P˂ 0.001). 

The final body weight remained nearly as 

the control in the combined Aloe vera gel 

+ Ag-NPs group (III), and they were 

significantly higher than those in GII. 

Also, aloe vera gel-treated group (V) 

recorded a statistically significant increase 

in the final body weight when compared 

to the Ag-NPs (GII) and recovery (GIV)  

groups (P˂ 0.001), but this value didn’t 

return to normal and revealed a significant 

difference when compared to the control 

group (P<0.05) (Table 1). 

 

Table (1): One-way ANOVA followed by post hoc Tukey’s comparative statistical 

analysis of the mean initial, and final body weight (BW) in rats of 

different groups 

Studied groups 

 

Parameters 

Control 

(n=6) 

Ag NPs-

injected 

(n=6) 

Aloe vera gel 

+Ag NPs 

(n=6) 

Recovery 

group 

(n=6) 

Aloe vera gel 

treated 

(n=6) 

P 

Initial BW 

 (g) 
190.5 ±9.6 192.8±10.1 189.6±9.2 188.3±10.3 190.2±10.2 ˃ 0 . 0 5 

Final BW 

 (g) 
235± 6.5 162.2±8.5 a* 228.2±7.3 b* 167±4.8 a* 209.5±5.4 a*b*c* ˂0 .0 01 

All results were expressed as mean ± SD; SD: standard deviation; n: number of rats.  
asignificant versus control group 
bsignificant versus AgNPs-injected group 
csignificant versus recovery group 

 

Effect on serum TAC, TNF-α, IL-6 and 

MDA: Ag-NPs treated group (II) revealed 

a significant decrease in the total 

antioxidant capacity (TAC) coupled with 

a significant increase in malondialdehyde 

(MDA), tumor necrotic factor-alpha 

(TNF-α) and interleukin 6 (IL-6) when 

compared to the control rats (P ˂ 0.001). 

Inversely, Aloe vera gel extract improved 

all these markers as demonstrated by a 

significant increase in TAC, coupled with 

a significant decrease in TNF- α, MDA 

and IL-6 in both groups III and V when 

compared to Ag-NPs injected group (P ˂ 

0.001). The values of all these parameters 

were close to normal in the combined aloe 

vera and Ag-NPs group (III) (P>0.05 in 

comparison to the control group) but 

remained significantly differ than control 

in the Aloe vera-treated group (V) which 

showed at the same time significant 

variations when compared with GIV 

(P<0.05) (Table 2). 
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Table (2): One-way ANOVA followed by post hoc Tukey’s comparative statistical 

analysis of the serum antioxidant asseys (TAC & MDA) and proinfilammatory 

cytokines (TNF- α &IL-6) in the different studied groups. 

Studied groups 

 

Parameters 

Control 

(n=6) 

Ag NPs-

injected 

(n=6) 

Aloe vera gel 

+Ag NPs 

(n=6) 

Recovery 

group 

(n=6) 

Aloe vera gel 

treated 

(n=6) 

P 

TAC 

(mM/L) 
1.1± 0.1 0.41 ± 0.09 a* 0.93± 0.21 b* c* 0.53 ± 0.07 a* 0.82± 0.1 a*b*c* ˂0.001 

MDA 

(ng/L) 
0.9± 0.1 3.7 ± 0.4 a* 0.81± 0.2 b* c* 2.9 ± 0.6 a* 0.72± 0.1 a*b*c* ˂0.001 

TNF-α 

(pg/ml) 
161.1±2.8 245.6± 7.3 a* 167.4± 6.2 b*c* 259.3± 11.2 a* 176.2 ± 5.4 a*b*c* ˂0.001 

IL-6 

(pg/ml) 
64.7 ±1.5 113.4± 2.7 a* 72.2± 2.1 b* c* 101.3± 11.2 a* 80.2 ± 3.4 a*b*c* ˂0.001 

All results were expressed as mean ± SD; SD: standard deviation; n: number of rats; Ag-NPs: 

Silver nanoparticles; TAC: Total antioxidant capacity; MDA: malondialdehyde; TNF-α: tumour necrotic 

factor-alpha; IL-6: interleukin 6. 
asignificant versus control group 
bsignificant versus AgNPs-injected group 
csignificant versus recovery group 

 

     There was a significant negative correlation between TAC and MDA with a correlation 

factor -0.898 (Figure 4). 

 

Figure (4): The correlation between MDA and TAC 
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     There was a significant positive correlation between TNF α and IL-6 with a correlation 

factor 0.936 (Figure 5). 

 

Figure (5): The correlation between TNF-α and IL-6 

     As regard the relation between the 

oxidative stress and the inflammatory 

state, there was a significant positive 

correlation between MDA and TNF-α 

with a correlation factor 0.937 and 

between MDA and IL-6 with a correlation 

factor 0.947 (Figure 6). 

 

Figure (6): The correlation between MDA, TNF-α and IL-6 
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     Also, the body weight showed a 

significant negative correlation with 

oxidative stress and inflammatory 

cytokines. The correlation factor (R) 

between body weight and MDA was -

0.929. The correlation factors between 

body weight & TNF-α and between body 

weight & IL-6 were -0.965 and -0.975 

respectively (Figure 7). 

 

Figure (7): The correlation between final body weight & MDA, TNF-α and IL-6 

 

Histological and immunohistochemical 

results: 

     Hematoxylin and Eosin (H&E) stained 

sections of lung tissue of the control group 

revealed normal spongy histological 

architecture of the lung tissue with 

variable sized polygonal clear patent 

alveoli separated by thin interalveolar 

septa, alveolar sacs, a patent bronchiole 

intermixed with the alveoli and lined with 

simple columnar epithelium, surrounded 

by few layers of smooth muscles and 

connective tissue lamina. The alveoli and 

alveolar sacs were mostly lined by 

squamous type I pneumocytes with 

flattened nuclei and a few large- sized 

cuboidal type II pneumocytes with 

rounded nuclei bulging into the alveolar 

lumen.  Interstitial cells appeared in the 

thin interalveolar septa (Figures 8a, 8b) 

 

     Lung sections in the combined Aloe 

vera gel + Ag-NPs group (III) exhibited a 

high similarity to the normal alveolar 

pattern in comparison to the control 

group, despite few inflammatory cells 

studded the pulmonary blood vessels 

(Figures 9a, 9b). 

 

     Inversely, H&E stained lung sections 

of the AgNPs-injected (GII) and the 

recovery groups (IV) revealed severe 

histopathological alterations in the form of 

destructed narrowed and collapsed alveoli 

with marked thickening of the 

interalveolar septa, multiple large areas of 

hemorrhage along with extravasated red 

blood corpuscles (RBCs) within the lung 

interstitium and in the alveolar lumen. 

Thick dilated congested inter-alveolar 

pulmonary capillaries, as well as diffuse 

lymphocytic inflammatory cellular 
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infiltrations, were frequently detected 

within the lung interstitium. Moreover, 

many large alveolar macrophages with 

vacuolated cytoplasm accumulated in the 

pulmonary interstitium and within the 

alveolar lumen. Detached cellular debris 

with shrunken darkly stained nuclei was 

also noticed in the bronchiolar lumen 

(Figures 10a-10d, 11a-11d). 

 

     Partial improvement of the lung 

histoarchitecture was noticed in the Aloe 

vera gel-treated group (V) where the lung 

parenchyma restored the usual 

organization in the form of normal 

bronchioles intermixed with the alveoli 

more or less similar to that of the control, 

despite thickening of interalveolar septa in 

some regions as well as congested blood 

vessels studded with few lymphocytes and 

a few extravasated RBCs were detected in 

comparison to the Ag-NPs group (Figures 

12a, 12b). 
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Figure (8): Photomicrographs of the rat lung from the control group showing: (a, b) 

Normal alveoli (A), thin interalveolar septa (thin black arrow), alveolar sacs (AS), 

pulmonary blood vessel (yellow arrow heads) and bronchiole (B). (b) A higher 

magnification showing: alveoli are lined by squamous type I pneumocyte with flattened 

nuclei (transverse white arrow) and cuboidal type II pneumocytes with rounded nuclei 

(bifid arrow head). Bronchiole (B) is lined with simple columnar epithelium (thick black 

arrow) and is surrounded by smooth muscle layer (SM) and connective tissue lamina 

(H&E a x 200, Scale bar= 100μm; b x400, Scale bar= 50μm). 
 

 
 

 

 

 
 

Figure (9): Photomicrographs of the rat lung from the combined Aleo vera and AG-NPs 

group showing: (a, b) Normal alveoli (A), thin interalveolar septa (thin black arrow), 

alveolar sacs (AS), bronchiole (B). Pulmonary blood vessel (BV) is studded with few 

inflammatory cells (yellow arrow). (b) A higher magnification showing:  alveoli are lined 

by squamous type I pneumocytes with flattened nuclei (trasverse white arrow) and 

cuboidal type II pneumocytes with rounded nuclei (bifid arrow head) bulging into the 

alveolar lumen. Bronchiole (B) is lined with simple columnar epithelium (thick black 

arrow) (H&E a x 200, Scale bar = 100μm; b x400, Scale bar= 50μm). 
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Figure (10): Photomicrographs of the rat lung from the Ag NPs- injected group showing: 

(a-d) Narrowed alveolar spaces (A), thick interalveolar septa (double head arrows) and 

extravasated red blood corpuscles (white arrow heads) within the lung interstitium. (a) 

Detached cells with darkly stained nuclei (curved arrows) in the bronchiolar lumen (B). (a, 

b) Congested (yellow stars) pulmonary blood vessels (BV) with lymphocytic infiltration 

(yellow arrows). (b, c) Multiple, large areas of hemorrhage (Hg) as well as extravasated 

red blood corpuscles (white arrow heads). (d) Large alveolar macrophages (circles) with 

vacuolated acidophilic cytoplasm in the pulmonary interstitium and within the alveolar 

lumen as well as extravasated red blood corpuscles (white arrow heads) (H&E a, b x200, 

Scale bar= 100 μm; c and d x400, Scale bar= 50μm). 
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Figure (11): Photomicrographs of the rat lung from the recovery group showing: (a, b) 

Narrowed alveolar spaces (A), thick interalveolar septa (double head arrow) and detached 

cells with darkly stained nuclei (curved arrows) in the bronchiolar lumen (B). (a) Thick 

congested (yellow stars) pulmonary blood vessels (BV) with lymphocytic infiltration 

(yellow arrows). (b) Multiple, large areas of hemorrhage (Hg) and extravasated red blood 

corpuscles (white arrow heads) within the lung interstitium. (c, d) Extravasated red blood 

corpuscles (white arrow heads) and extensive lymphocytic infiltration (yellow arrows) in 

the pulmonary interstitium and surrounding the congested pulmonary blood vessels (BV). 

Large alveolar macrophages (circles) with vacuolated acidophilic cytoplasm within the 

lung interstitium are also observed (H&E a, b, c x200, Scale bar= 100 μm; d x400, Scale 

bar=50μm). 
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Figure (12): Photomicrographs of the rat lung from the Aleo vera-treated group showing: 

(a, b) Normal alveoli (A), thin interalveolar septa (black arrow), alveolar sacs (AS) and 

bronchiole (B). Thick interalveolar septa (double head arrow) in some regions are also 

observed. (a) Thick congested (yellow stars) pulmonary blood vessel (BV) with few 

lymphocyte infilteration (yellow arrow). (b) A higher magnification showing: Alveoli (A) 

are lined by squamous type I pneumocytes with flattened nuclei (transverse white arrow) 

and cuboidal type II pneumocytes with rounded nuclei (bifid arrow head) bulging into the 

alveolar lumen. Few extravasated RBCs (white arrow heads) are seen within the lung 

interstitium (H&E a x 200, Scale bar= 100μm; b x400, Scale bar=50μm).  

 

     Mallory trichrome stained sections of 

the control group (I) revealed fine delicate 

blue collagen fibers of normal density and 

distribution within the lung interstitium, in 

the thin interalveolar septa, and 

perivascular around the wall of the 

pulmonary blood capillaries and around 

the bronchiolar wall (Figure 13a). The 

combined Aloe vera gel + Ag-NPs group 

(III) was closely similar to the control 

despite that denser collagen fiber appeared 

around the congested blood vessels 

(Figure 13b). 

     Extensive interstitial fibrosis with an 

increase in the density and distribution of 

the collagen fibers within the lung 

interstitium, in the thick interalveolar 

septa, around the bronchioles and around 

the congested pulmonary blood vessels 

could be detected in the AgNPs-injected 

group (II) (Figures 13c, 13d) and in the 

recovery group (IV) (Figure 13e). 

 

     On the contrary, there was a nearly 

normal dispersion of fine collagen fibers 

in the group V within the relatively thin 

interalveolar septa and around the 

bronchioles that appeared more or less 

similar to that of the control, despite that 

denser collagen fiber distributed within 

the thick regions of interalveolar septa as 

well as around the congested blood 

vessels compared to the control group 

(Figure 13f). 
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Figure (13): Photomicrographs of the rat lung from all experimental groups: Control 

group (a) showing: fine collagen fibers within the lung interstitium around the alveolar 

sacs (AS), in the thin interalveolar septa (black arrow) in between alveoli (A), around the 

bronchiole (B) and around the pulmonary blood vessels (BV). Combined Aloe vera + Ag 

NPs group (b) showing: normal collagen distribution as in the control group with denser 

collagen fiber (yellow arrow) around the congested blood vessels (BV). Ag-Nps group (c, 

d) and the recovery group (e) showing: increase in the density and distribution of the 

collagen fibers in the thick interalveolar septa (double head arrows), in the lung 

interstitium (yellow arrow) between alveoli (A), around the bronchiole (B) and around the 

congested blood vessels (BV). Aleo vera-treated group (f) showing: normal distribution of 

the collagen fibers in the relatively thin interalveolar septa (arrows), in between alveoli 

(A), alveolar sacs (AS) and around the bronchiole (B) more or less as the control. Denser 

collagen fibers within the thick regions of interalveolar septa (double head arrow), as well 
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as around the congested (yellow arrow) blood vessels (BV) is also observed (Mallory 

trichrome a-f x 200, Scale bar= 100μm). 

     Periodic acid Schiff (PAS) stained 

sections in the control (GI) and in the 

combined Aloe vera gel + Ag-NPs group 

(III) were closely similar. They revealed a 

few pink-magenta stained cells lined the 

large-sized bronchioles (Figures 14a, 

14b). Few PAS-positive inflammatory 

cells were also detected in the bronchiolar 

lumen of the GIII (Figure 14b). 

 

     Conversely, in the Ag-NPs injected 

(GII) and the recovery (GIV) groups, the 

mucus content was clearly increased in the 

bronchiolar epithelial lining which was 

evident by an intense strong PAS reaction 

with markedly increased goblet cells 

number concomitant with mucus 

overproduction in large-sized bronchioles 

as compared with the control group. PAS-

positive inflammatory cells were also 

detected in the bronchiolar lumen 

(Figures 14c, 14d). There was an intense 

PAS-positive reaction in the pulmonary 

blood vessel (Figure 14d). 

 

     On the contrary, a marked reduction in 

PAS-positive mucus-secreting cells was 

detected in the bronchiolar epithelial 

lining of the aloe vera-treated group (V) 

that appeared closely similar to that of the 

control group without evidence of 

increased their number. PAS-positive 

reaction in the pulmonary blood vessel 

was also observed.  Only a few PAS-

positive inflammatory cells were detected 

in the bronchial lumen (Figure 14e). 
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Figure (14): Photomicrographs of the rat lung from all experimental groups: Control group 

(a) showing: a few pink-magenta stained PAS-positive cells (single arrows) in the large –

sized bronchioles (B). Combined Aloe vera + Ag NPs group (b) showing: similar results to 

the control. Few inflammatory cells (double arrows) in the bronchiolar lumen (B) are also 

noticed. Ag-Nps group (c) and the recovery group (d) showing: strong PAS -positive 

reaction in the numerous mucus secreting cells (single arrows) lining the large bronchioles 

(B). Inflammatory cells (double arrows) in the bronchiolar lumen are also observed. There 

is an intense PAS reaction in the pulmonary blood vessels (BV). Aleo vera-treated group 

(e) showing: a marked reduction of PAS-positive reaction (single arrows) within the 

bronchiolar epithelial lining (B). PAS positive reaction in the pulmonary blood vessels 
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(BV) and few inflammatory cells (double arrows) in the bronchiolar lumen are also noticed 

(Periodic acid Schiff reaction a-e x 400, Scale bar= 50μm). 

Immunohistochemical results:  
 

a. Inducible nitric oxide synthase 

(iNOS) immunohistochemical 

reaction 

     There was an undetectable expression 

of iNOS immunohistochemistry within the 

alveolar region as well as within the cells 

of the lung interstitium in the control (GI) 

and in the combined aloe vera gel + Ag-

NPs (III) groups. However, a weak 

positive brown immunoreaction could be 

detected inside the cytoplasm of few 

bronchiolar epithelial cells (Figures 15a, 

15b). 

 

     Conversely, in the Ag-NPs injected 

(GII) and in the recovery (GIV) groups, 

strong positive dark brown iNOS 

immunoreaction was markedly detected 

within the cytoplasm of the bronchiolar 

epithelial lining (Figures 15c, 15e) and 

within the numerous alveolar epithelial 

cells as well as those of interalveolar septa 

and the interstitial cells (Figures 15d, 15f) 

confirming apoptotic changes in lung 

tissue compared with the control group. 

 

     A noticeable reduction in the 

expression of iNOS was detected in the 

aloe vera-treated group (V) which 

revealed minimal positive brown 

cytoplasmic immunoreaction for iNOS in 

the bronchiolar epithelial lining (Figure 

15g), within few alveolar epithelial cells 

and within few pulmonary interstitial cells 

(Figure 15h) compared with the Ag-NPs 

injected group. 
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Figure (15): Photomicrographs of the iNOS immunohistochemistry in the rat lung from all 

experimental groups: Control group (a) showing: undetectable iNOS expression in the 

alveolar epithelial cells (A) and air sacs (AS). A weak positive cytoplasmic 

immunoreaction for iNOS (arrows) is observed in a few bronchiolar (B) epithelial lining. 

Combined Aloe vera + Ag NPs group (b) showing: similar results as in the control. Ag-

Nps group (c, d) and the recovery group (e, f) showing: strong positive iNOS 

immunoreaction (arrows) in many alveolar epithelial cells (A), air sacs (AS), and those of 

interalveolar septa and in the cytoplasm of the bronchiolar (B) epithelial lining. Aleo vera-

treated group (g, h) showing: minimal positive cytoplasmic immunoreaction for iNOS 

(arrows) in the bronchiolar epithelial lining (B) and in a few alveolar epithelial cells and in 

a few cells of the lung interstitium (iNOS immunohistochemical staining a-h x400, Scale 

bar= 50μm). 
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b. Alveolar macrophage CD-68 

immunohistochemical reaction 

     Immunohistochemical-stained sections 

of CD-68 showed few cells with weak 

positive cytoplasmic immunoreaction in 

the alveolar macrophages within the 

interalveolar septa in the control group (I) 

(Figure 16a). The combined aloe vera gel 

+ Ag-NPs group (III) showed some 

increase in the positive cytoplasmic 

immunoreaction for CD-68 in some 

alveolar cells and in cells of the 

interalveolar septa compared to the 

control (Figure 16b). 

 

     Immunohistochemical-stained sections 

of CD-68 in the Ag-NPs injected (Figure 

16c) and in the recovery (Figure 16d) 

groups showed numerous cells with strong 

positive cytoplasmic immunoreaction in 

the interalveolar septa between alveolar 

cells and in the alveolar lumen compared 

with the control group. 

 

     A noticeable decrease in the positively 

stained CD-68 immunoreaction was 

observed in the aloe vera-treated group 

(V) which evident as mild positive 

cytoplasmic immunoreaction in some 

alveolar cells and in cells of inter alveolar 

septa compared with the Ag-NPs injected 

group (Figure 16e). 
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Figure (16): Photomicrographs of the CD 68 immunostained sections in the lung tissue 

from all experimental groups: Control group (a) showing: weak positive cytoplasmic 

immunoreaction for CD68 (arrow heads) in a few cells of the interalveolar septa. 

Combined Aloe vera + Ag NPs group (b) showing: some increase in the positive 

cytoplasmic immunoreactions in some alveolar cells and in cells of the interalveolar septa 

compared to the control. Ag-Nps group (c) and the recovery group (d) showing: strong 

positive CD 68 cytoplasmic immunoreaction (arrow heads) in a numerous cells within the 

interalveolar septa and in the lumen of the damaged alveoli. Aleo vera-treated group (e) 

showing: mild positive cytoplasmic immunoreaction for CD 68 (arrow heads) in some 

alveolar cells and in cells of interalveolar septa (CD68 immunohistochemical staining a-

e x400, Scale bar= 50μm).  
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Histo-morphometric results: 

 

     Table (3) revealed a significant 

increase in the mean thickness of the 

interalveolar septa in AgNPs- injected 

group (II) and in the recovery group (IV), 

as compared to the control rats in H&E 

stained sections (P ˂ 0.001 versus the 

control group). 

 

     Interestingly, there was a statistically 

significant increase in the mean area 

percentage of the collagen fibers at the 

pulmonary interstitial tissue and around 

the congested pulmonary blood vessels in 

the Mallory trichrome stained sections as 

well as a significant elevation in the 

percentage of PAS-positive mucus which 

was secreted by mucous secreting 

epithelial cells lined some large-sized 

bronchioles in both GII and GIV that 

recorded the highest mean values when 

compared to the control rats (P ˂ 0.001).  

 

     As regarding the immunohistochemical 

results, there was a significant increase in 

the mean area percentage of the iNOs and 

in the mean number of CD-68 positive 

immunostained cells in the AgNPs- 

injected (II) and in the recovery (IV) 

groups, when compared to the control rats 

(P ˂ 0.001). 

     Inversely, administration of crude aloe 

vera gel extract ameliorated the 

destructive effect of Ag NPs on the lung 

tissue in the combined aloe vera gel + Ag-

NPs group (III) and in the aloe vera-

treated group (V) as demonstrated by a 

significant decrease in the thickness of the 

interalveolar septum coupled with a 

significant decrease in the area 

percentages of collagen fibers at the 

pulmonary interstitial tissue, and a 

significant decrease in the percentage of 

PAS-positive mucus-secreting epithelial 

cells lined some large-sized bronchioles in 

comparison with the AgNPs- injected and 

the recovery groups (P ˂ 0.001).  

 

     Also, the aloe vera administered 

groups (III and V) displayed a statistically 

significant decrease in the mean area % of 

iNOs as well as in the mean number of 

CD-68 alveolar macrophages as compared 

to the AgNPs-injected and the recovery 

groups respectively (P ˂ 0.001). 

 

     Interestingly, improvement was more 

pronounced in the combined aloe vera gel 

+ Ag-NPs group (III) than in the aloe 

vera-treated group (V). The latter (GV) 

could not reach the normal values with a 

significant difference in comparison to the 

control group (P ˂ 0.001) (Table 3). 
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Table (3): One-way ANOVA followed by post hoc Tukey’s comparative statistical 

analysis of the mean thickness of the interalveolar septa, area percentage 

(%) of collagen at interstitial tissues, percentage of PAS-positive epithelial 

cells/ bronchiole, the area percentage of positive iNOS immunoreactivity, 

and the number of CD-68 positive alveolar macrophages/ HPF in the 

different studied groups. 

Studied groups 

 

Parameters 

Control 

(n=6) 

Ag NPs-

injected 

(n=6) 

Aloe vera gel 

+Ag NPs 

(n=6) 

Recovery 

group 

(n=6) 

Aloe vera gel 

treated 

(n=6) 

P 

Thickness of 

IAS (µm) 
0.74 ± 0.1 17.3±2.3 a* 0.96±0.2 b*c* 16.9±3.1a* 2.91± 0.71a*b*c* ˂ 0.001 

Area % of 

interstitial collagen 

fibers 

1.9±0.5 22.6±4.9 a* 2.3 ± 0.6  b*c* 19.8±1.9 a* 7.74 ± 0.9 a*b*c* ˂ 0.001 

% of PAS+ ve 

epithelial cells/ 

bronchiole 

1.03±0.21 22.6±5.2 a* 2.0±0.41 a*b*c* 19.3±6.5 a* 2.9 ± 0.6 a*b*c* ˂ 0.001 

Area % 

of iNOS 

immunopositivity 

/HPF 

0.02±0.01 34.3±6.5 a* 0.07±0.02 a*b*c* 30.02±6.1 a* 3.9± 0.8 a*b*c* ˂ 0.001 

Mean number 

of CD68 alveolar 

macrophages 

/HPF 

2.5±0.6 24.9±8.3 a* 4.8±0.8 a*b*c* 22.7±7.2 a* 9.34±1.9 a*b*c* ˂ 0.001 

All results were expressed as mean ± SD; SD: standard deviation; n: number of rats; Ag-NPs: 

Silver nanoparticles; IAS: interalveolar septum; HPF: high power field. 
asignificant versus control group 
bsignificant versus AgNPs-injected group 
csignificant versus recovery group 

 

     There was a significant positive 

correlation between MDA & iNOS and 

between MDA & the number of alveolar 

macrophages with a correlation factor (R) 

0.983 and 0.949 respectively (Figure 17).  
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Figure (17): The correlation between MDA & iNOS and between MDA & number 

of alveolar macrophages 

     There was a significant positive 

correlation between TNF-α & iNOS and 

between TNF-α & the number of alveolar 

macrophages with a correlation factor (R) 

0.980 and 0.975 respectively (Figure 18). 

Also, there was a significant positive 

correlation between IL-6 & iNOS and 

between IL-6 & the number of alveolar 

macrophages with a correlation factor (R) 

0.971 and 0.987 respectively (Figure 19). 

 

Figure (18): The correlation between TNF-α & iNOS and between TNF-α & 

number of alveolar macrophages 
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Figure (19): The correlation between IL-6 & iNOS and between IL-6 & the number 

of alveolar macrophages 

 

     The closer the correlation factor to ± 1 

the stronger the correlation. This is 

indicating that the recruitment of alveolar 

macrophages and the increased expression 

of iNOS are strongly related to oxidative 

stress. 

 

DISCUSSION 

     Silver nanoparticles (Ag-NPs) are 

amongst the most broadly connected 

nanomaterial in the biomedical and 

pharmacological fields due to their 

antimicro¬bial and antifungal properties, 

and their potential for application in the 

treatment of diseases that need a constant 

drug concentration in the blood or 

targeting of a specific tissue (Tavares et 

al., 2012). Also, Ag-NPs have common 

manufacturing applications in cosmetics, 

water filters, air conditioning filters, and 

food industries (Ganapathi et al., 2017). 

     Unfortunately, possible undesirable 

effects and harmful interactions with 

biological systems and the environment 

may occur related to discharging 

organically dynamic Ag+ into the human 

body which can be accumulated in various 

organs, whereby generating various 

inflammatory responses with the potential 

to generate cytotoxicity (Ganapathi et al., 

2017 and Al-Bishri, 2018). Studies of 

Valerio-García et al. (2017) and Zhang et 

al. (2018) stated the correlation between 

Ag-NPs and the oxidative stress induction 

with subsequent inflammation and tissue 

damage. 

     More attention has been paid to the 

protective effects of natural antioxidants 

against drug-induced toxicity. Aloe vera is 

a potential source of natural antioxidative 

phenolic compounds, which can restore 

the oxidant/antioxidant balance, prevent 

or attenuate oxidant insults and can 

replace the synthetic antioxidant in the 

field of cosmetics, pharmaceuticals, and 
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foods (Bendjedid et al., 2021). 

Accordingly, the present study was 

designed to clarify the effects of orally 

consumed crude aloe vera on Ag-NPs-

induced lung cytotoxicity in the adult 

male rat model. 

     Male adults' albino rats were chosen in 

the present work, to exclude the 

antioxidant effect of natural estrogen 

(Tatler et al., 2016) and to avoid the effect 

of certain X-linked genes (Paixão et al., 

2017). 

     In the present study, Ag-NPs showed a 

significant increase in the serum 

cytokines; tumor necrosis factor-alpha 

(TNF-α), interleukin 6 (IL-6) and the 

oxidative stress markers; malondialdehyde 

(MDA), coupled with a significant 

decrease in the total antioxidant capacity 

(TAC) that was reported in the Ag NPs- 

injected and the recovery groups (II, IV) 

in comparison with the control group (I). 

     The current study revealed a significant 

positive correlation between the pro-

inflammatory markers; TNF-α and IL-6 

and a significant negative correlation 

between TAC and MDA in both Ag-NPs 

injected and the recovery (II, IV) groups 

as compared to the control rats. 

     These biochemical parameters were 

well correlated with the variable degrees 

of histopathological alterations and 

immunohistochemical results which were 

detected in the lung tissue of the Ag-NPs 

injected and the recovery groups (II &IV) 

where they revealed thickening of the 

interalveolar septum, distortion and 

collapsed alveoli, detached cells with 

shrunken pyknotic nuclei, mononuclear 

cellular infiltration, thickened vessel wall, 

areas of haemorrhage and extravasation of 

RBCs in interstitium in H&E stained 

sections as well as extensive interstitial 

fibrosis. 

     A significant increase in MDA level in 

the present study was explained by the 

fact that highly reactive oxygen 

metabolites, particularly hydroxyl radicals 

(•OH), react with unsaturated fatty acids 

of membrane phospholipid components 

producing MDA, this is considered a 

harmful lipid peroxidation indicator in the 

pathological process. Hence, oxidative 

stress is considered a key mechanism 

inducing cytotoxicity (Abd El-Maksoud et 

al., 2019). However, oxidative stress is 

not the only cause of cellular damage but 

also the interaction between the 

nanoparticles and the cellular 

biomolecules to form nanoparticle-protein 

complexes with cellular proteins, enzymes 

and DNA which alter cellular 

physiological and biological processes 

with subsequent cellular injury (Al-Bishri, 

2018 and Yousef et al., 2019). 

     Amin et al. (2015); Cui et al. (2018) 

and Dąbrowska-Bouta et al. (2019) 

attributed the histopathological alterations 

which was detected in the lung tissue to 

the systemic and immunotoxic effect of 

AgNPs via the release of the oxidative 

stress products as well as alveolar 

macrophages activation concomitant with 

the up-regulation of pro-inflammatory and 

pro-neutrophilic cytokines that increase 

the membrane permeability to ions such as 

Ca+2, inactivation of structural proteins, 

ion pumps, increased lipid peroxidation of 

the cell membranes and a depletion of 

glutathione, as well as potentiate elastase 

secretion from the inflammatory cells as a 

consequence of decrease the α-antitrypsin 

1 activity, which in turn breaks down 

elastin protein lining the air sacs and the 



 

 

Mona Mohamed Abd El-Galil  and Ahmad Mohammad Farag Alkot 

 

592 

pulmonary vessels thereby disrupt the 

alveolar capillary membranes and allow 

the leakage of proteinaceous fluid into the 

pulmonary parenchyma causing alveolar 

epithelial injury with alterations of the 

alveolar capillary barrier, cytolysis, and 

increasing  oxidative stress load. 

     Makama et al. (2018); Abd El-

Maksoud et al. (2019) and Yousef et al. 

(2019) stated that Ag-NPs-induced 

cytotoxicity may be partially caused by 

the direct action of Ag+ ions being 

dissolute from Ag-NPs, that are capable of 

penetrating cell membranes and other 

biological barriers, subsequently 

bioaccumulation in the lung tissue, and 

bind to thiol groups in the cell which is 

implicated in the structural protein 

damage by desulphurization and enhance 

the generation of free radicals, 

intracellular reactive oxygen species 

(ROS) and reactive nitrogen species 

(RNS), that are responsible for inducing 

oxidative and nitrosative damage which 

may increase the permeability of the lung 

epithelium to Ag-NPs and the conceivable 

mechanisms include actuation of 

lysosomal acid phosphatase activity, 

interruption of the actin cytoskeleton, 

incitement of phagocytosis, hindrance of 

Na-K-ATPase, eliciting oxidative DNA 

damage, prompting cellular necrosis and 

apoptosis and hence elevating the levels of 

the proinflammatory cytokines including 

TNF-α and IL-6. 

     Syafiuddin et al. (2017) and Al-Bishri 

(2018) stated that Ag-NPs can also 

passively penetrate into cell organelles, 

especially mitochondria, drastically 

impaired mitochondrial β-oxidation via 

changing the mitochondrial inner 

membrane composition, translocation of 

intra-mitochondrial protein (apoptosis-

inducing factor), disruption of the 

membrane potential, decrease 

bioenergetics, adenosine triphosphate 

(ATP) and creatine kinase levels suggest a 

potential for metabolic and cell cycle 

arrest which underpins cytotoxicity ending 

with progressive cell damage. 

     Gamad et al. (2018) attributed the 

alveolar collapse to the degeneration of 

type II pneumocytes which affect 

surfactant secretion with an increase in 

surface tension that impairs the blood flow 

leading to alveolar collapse and chronic 

obstructive pulmonary disease (COPD).  

     Cellular infiltrations and extravasation 

were reported by Alarifi et al. (2013) and 

Setyawati et al. (2013) who stated that 

nanoparticles may disturb the vascular 

endothelium cadherin (VE-cadherin) due 

to the direct combination of nanomaterials 

to VE-cadherin which affects permeability 

of the cell membranes and the endothelial 

cell-cell integrity and would attract 

immune cells in the peripheral tissue, 

causing inflammatory reactions. 

     In agreement with Arpag et al. (2018), 

the infiltration of inflammatory cells and 

the predominance of type II pneumocytes 

together with increased deposition of 

extracellular matrix proteins and 

endothelial hyper proliferation that may 

be linked to the ROS accumulation in lung 

resulted in remarkable thickening of the 

interalveolar septa which was 

histomorphometrically confirmed. 

     Interstitial fibrosis was consistent with 

the studies of Asghari et al. (2015); Zhu et 

al. (2016) and Gamad et al. (2018) who 

stated that pulmonary fibrosis is simply 

the consequence of inflammation that 
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associated with increased levels of 

proinflammatory cytokines, C-reactive 

protein, tissue plasminogen activator (t-

PA), and nuclear transcription factor–

Kappa-B (NF-kB) that directly upregulate 

profibrotic transforming growth factor-

beta 1 genes (TGF- β1) in the lung which 

induces elevation of hydroxyproline 

content, fibronectin production and type I 

collagen by the activated fibroblasts, and 

promotes epithelial mesenchymal 

transformations into myofibroblasts, as 

well as inhibition of proteases that 

degrade the extracellular matrix contribute 

greatly to severe pulmonary fibrosis 

which was morphometrically confirmed 

by a significant increase in the area 

percentage of collagen within the lung 

interstitium in the Mallory trichrome 

stained sections of Ag-NPs group. 

     A significant increase in the percentage 

of PAS-positive epithelial cells in large-

sized bronchiole in the Ag-NPs groups 

that was reported in the current study were 

explained on the basis of ROS and 

oxidative stress. Oxidative stress-mediated 

epidermal growth factor receptor (EGFR) 

activation in the airway epithelium is the 

key pathway that leads to airway mucus 

hypersecretion, via chemically modifying 

the receptor, altering its structure, and 

enhancing its kinase activity (Paulsen et 

al., 2011). In addition, activation of EGFR 

can over express of goblet cell Bcl-2 (anti-

apoptotic protein) gene (Kim et al., 2011) 

as well as down-regulate a transcriptional 

repressor of mucin genes named Forkhead 

Box A2 (FOXA2) (Hao, et al., 2014). 

     In addition, a number of studies have 

shown that cytokines specifically, T 

helper 2 (Th2)-type cytokines such as IL-

4, IL-9, and IL-13 may induce mucin-2 

(MUC2) mRNA overexpression and 

increase mucus glycoconjugate production 

which play an important role in mediating 

overproduction and hypersecretion of 

mucus in inflammatory lung disease 

(Harris, et al., 2005 and Asghari et al., 

2015). Importantly, these mechanisms 

resulting in goblet cell hyperplasia in the 

airway epithelium with excess mucus 

production which overwhelms the 

mucociliary clearance, resulting in 

defective mucosal defense and 

contributing to cell death and lung disease 

(Hao, et al., 2014). 

     A significant increase in the mean 

number of CD-68 positive 

immunoreactive cells that was evident in 

the lung sections of the Ag-Nps injected 

group could be explained as a 

compensatory mechanism to maintain 

normal lung function against the hazards 

of the inflammatory cascade which affects 

oxidative metabolism of alveolar 

macrophages and undergoes activation, as 

aside from responding to foreign 

nanoparticles (Nps) stimuli (Anderson et 

al., 2015 and Ahmed et al., 2017). 

     Furthermore, pro inflammatory 

cytokines, induce the expression of iNOS 

,catalyze the decomposition of arginine 

and consequently the generation of large 

quantities of nitric oxide 

(NO).Simultaneously, excess NO binds to 

O2 to form a strong oxidant (ONOO ) that 

affects pulmonary vascular permeability 

and the diffusion function of lung tissue, 

destroys the cytomembrane and DNA (Li 

et al., 2015 and Ahmed, 2017), mediates 

mitochondrial dysfunction (Albert et al., 

2017) and can inhibit sirtuin 1 (SIRT1) 

thereby inhibiting P53 pathway dependent 

apoptosis through a deacetylation pathway 
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and ultimately promoting apoptosis and 

necrosis (Liu et al., 2019). This was 

morphometrically confirmed by a 

significant increase in the area percentage 

of pulmonary iNOS levels within the lung 

interstitium of Ag-NPs group. 

     The mean area percentage was chosen 

instead of the mean optical density of 

brown stained iNOS because the main 

objective is to quantify the cellular 

localization and expression of iNOS 

which was expressed in both cytoplasm 

and nucleus of all affected cells by the 

same manner with no need to localize 

iNOS in different compartments of the 

cell separately (Gibson-Corley et al., 

2013). 

     The closer the correlation factor (R) to 

± 1 the stronger the correlation (Akoglu, 

2018). The strong correlations between 

oxidative stress bio marker MDA, the 

levels of proinflamatory cytokines TNF-α 

& IL-6 and the pulmonary tissue changes 

-indicated by increased expression of 

iNOS and recruitment of alveolar 

macrophages-clearly showed how Ag-NPs 

induce a cascade reaction at humoral, 

cellular and molecular levels that ended in 

marked tissue damage, system affection 

and significant correlated reduction in 

body weight (Shi et al., 2014 and Flores-

López et al., 2019). 

     In the present study, Ag-NPs showed a 

significant decrease in the final body 

weight in the Ag NPs- injected and in the 

recovery groups (II, IV) as compared with 

the control group (I). This was in 

agreement with Yin et al. (2015) and 

Arisha et al. (2019) who stated that 

bodyweight is a sensitive indicator of 

toxic chemical effects. They explained the 

reduction in body weight by the fact that 

nanomaterial belongs to the size range of 

common proteins, virus and some 

common immunogens, and may cause 

various immunotoxic responses and 

inflammation with increased oxidative 

stress and subsequent tissue damage. 

     Han et al. (2018) and Makama et al. 

(2018) added that inflammatory 

conditions with elevated levels of IL-6 

and TNF-α are well known to be 

associated with weight loss as these pro-

inflammatory cytokines induce fat 

wasting, muscle atrophy, and reduces 

appetite. Similar phenomena were also 

reported in nickel and gold nanoparticles 

(Arisha et al., 2019). On the contrary, the 

study of El Mahdy et al. (2015) reported 

no significant change in body weights in 

the Ag-NPs-treated rats when compared 

with control rats. This may be attributed to 

the type of animal used, dose, and 

duration of the study where they injected 

female rats with doses of Ag-NPs lower 

than the dose used in the current study. 

     The recovery group (IV) in the present 

study, did not restore the histological 

findings compared to the control group 

that was confirmed by the insignificant 

difference between the recovery and the 

Ag-NPs groups in all biochemical and 

histomorphometric results.  

     In the current study, crude Aloe vera 

gel was given by orogastric tube ensured 

that the accurately calculated dose of the 

aloe vera gel which putative health 

benefits in reducing experimental 

malignancies and experimental infections 

occur when taken orally (Im et al., 2010). 

     Administration of crude aloe vera 

extracts either concomitantly with AgNPs 
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(GIII) or as a therapeutic agent after 

induction of lung cytotoxicity (GV) in the 

present study, revealed great improvement 

in the biochemical indices that was 

affirmed by a significant reduction in the 

TNF-α, IL-6 and MDA levels coincided 

with a significant elevation in the TAC 

levels and successfully ameliorated the 

vigorous AgNPs-induced lung injury 

evidenced by partial restoration in the 

histological structure of the lung 

parenchyma, recruitment of inflammatory 

cell infiltrations, improve the functional 

integrity of endothelial cells of the blood 

vessels which in turn subsided congestion 

and extravasation of RBCs and reduced 

the procollagen type I, III deposition in 

the lung interstitium that was confirmed 

by, a significant decreased thickness of 

the interalveolar septa, collagen fiber 

deposition at the lung interstitium, mucus-

secreting goblet cells in large-sized 

bronchiole, CD-68 alveolar macrophage 

number and the area percentage of iNOS 

expressionas compared to Ag-NPs group, 

indicating marked improvement in 

oxidative stress induced by Ag-NPs with 

strong anti-inflammatory and antioxidant 

properties (Maan et al., 2018 and Sánchez 

et al., 2020). 

     This improvement was more 

pronounced in the combined aloe 

vera+Ag-NPs group (III) than in GV as 

evident by observation of congested 

vessels with few inflammatory cell 

infiltrations and few extravasated RBCs in 

the lung interstitium of the Aloe vera 

treated group (V), indicating the powerful 

protective effect of Aloe Vera against lung 

complications of silver nanoparticles. 

     The antioxidant, anti-inflammatory, 

and anti-apoptotic effects of Aloe vera 

could be related to its high contents of α-

tocopherol (vitamin E),ascorbic acid 

(vitamin C),vitamin A, and vitaminB12, 

carotenoids, tannins, flavonoids, 

carbohydrates, minerals like zinc and 

selenium and a fantastic amalgam of 

phenolic compounds such as 

anthraquinones, emodin, chromones, 

chatechin hydrate, caffeic acid, and 

quercetin which act as powerful free 

superoxide radical scavengers due to their 

redox properties with strengthening  the 

endogenous antioxidant defense system, 

enhancing the synthesis of endogenous 

antioxidant enzymes, such as glutathione 

peroxidase, reductase, catalase and 

superoxide dismutase, and decreasing the 

oxidant biomarkers that abets to protect 

against pro-oxidant-induced membrane 

and cellular damage (Rahoui et al., 2018; 

Sumi et al., 2019 and Klaikeaw et al., 

2020). Zinc traces present in Aloe vera 

could be considered as a selective 

inhibitor of apoptosis as it can inhibit 

some biological mechanisms in epithelial 

cell (Sánchez et al., 2020 and 

Govindarajan and Noor, 2021). 

     Previous studies of Singh et al. (2018); 

Fehrmann-Cartes et al. (2019) and 

Sánchez et al. (2020) have shown that 

aloeresin, emodin, anthrones, and 

chromones derivatives of the phenolic 

compounds of Aloe Vera have a strong 

anti-inflammatory effect which may be 

due to the inhibition of the arachidonic 

acid pathway  via acting on both the 

cyclooxygenase and lipoxygenase 

pathways, thereby decreasing the 

production of prostaglandin E2 and pro-

inflammatory cytokines, inhibiting of 

inducible nitric oxide synthase that can 

confer protection on 

inflammatory/immune cells, disrupt 
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intrinsic and extrinsic cell death pathways 

and inhibit pneumocytes type II cell 

dysplasia by suppressing the secretion of 

TGF-β1and influencing downstream 

transcription factors of TGF- β1 like down 

regulation of Smad3 and up regulation of 

Smad7 genes thereby inhibiting 

pulmonary interstitial fibrosis. 

     The polysaccharides present in the gel 

have immune-potentiating effects and the 

lectin-like proteins have anti-

inflammatory effects (Rahman et al., 2017 

and Singh et al., 2018). Sánchez et al. 

(2020) added that C-glucosylchromone in 

Aloe vera gel, contains the peptidase 

bradykinase which breaks down the 

bradykinin and reduces the inflammation 

so protecting cells from apoptosis induced 

by oxidative stress in the Ag NPs rats. 

CONCLUSION 

     The current study showed how Ag-Nps 

can induce humoral and cellular 

pathogenic processes and markedly alter 

the biochemical and histological structure 

of lung tissue that eventually precipitate a 

health problem. Therefore, manufacturers 

should be aware that there may be 

additional safety considerations for 

cosmetics and industrial Ag-Nps 

containing products to decrease exposure 

to it. Furthermore, Aloe vera could 

efficiently alleviate the AgNPs-induced 

lung cytotoxicity in rat model correlated 

with biochemical, histological, and 

morphometric results that may be ascribed 

to the direct antioxidant, free radical 

scavenging activities, anti-inflammatory 

properties, anti-apoptotic activities, and 

powerful flavonoid content.  
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تأثيرهلام الصبار الخام على السمية الخلوية للرئة الناجمة عن 

الجسيمات النانوية الفضية في ذكور الجرذان البيضاء البالغة: 

 دراسة وظيفية ونسيجية وهستوكيميائية مناعية
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تطبييييي  عليييييى نطييييييا  واسييييي  فييييييي  (Ag-NPs) الجسيييييييمات النانويييييية الفضييييييية خلفيةةةةةة البحةةةةة  

، صييييييضا المضيييييياد. للميذرو ييييييات  وميييييي  ذليييييي مجييييييا  الطييييييص الةيييييييوا والصييييييي لة  سييييييبص  صائ

رر فييييييان ةمذانييييييية السييييييمية وارد. ميييييين هييييييدا الجسيييييييمات  سييييييبص  يييييي رتضا علييييييى ة يييييي ا  الضيييييي

لعيييييلار هثيييييار هيييييدا السيييييمية  ليييييوفيراالصيييييبار او اأ نبيييييات التأكسييييي ا ل.نسيييييجة  و ييييي  اسيييييتخ م

 .لما له من  صائص مضاد. ل.كس . والالتضا ات

تقييييييييث التأثيرالمةتمييييييم لمسييييييتخلص هييييييلام الصييييييبار علييييييى مسييييييتويات  الهةةةةةةدل مةةةةةةن البحةةةةةة  

و التغيييييييرات النسيييييييجية الإلتضا ييييييية فييييييي مصييييييم اليييييي م   عيييييي  دلالات اأكسيييييي . والسيييييييتوكينات

فيييييييي لنسيييييييجة الرئييييييية لييييييي   ذكيييييييور  (Ag-NPs) التيييييييي تةييييييي ثضا جنينيييييييات الفضييييييية النانويييييييية

 .الجرذان البيضاء البالغة

تيييييث اسيييييتخ ام سيييييتة وثلاثيييييين جيييييرذا مييييين ذكيييييور الجيييييرذان البيضييييياء  مةةةةةواق ولةةةةةر  البحةةةةة  

 :البالغة  سمت الى  مس مجموعات

 .المجموعة الضا طة المجموعة الأولى  •

والتييييييييى تييييييييث  قنضييييييييا دا ييييييييم الصييييييييفا   (Ag-NPs) مجموعيييييييية المجموعةةةةةةةةة ال ا يةةةةةةةةة  •

مجث/كجيييييث  ميييييير. وا ييييي . يوميييييييا  ۰۱۱و  الجسييييييمات النانوييييييية الفضيييييية  جرعيييييية   مةلييييي

 .اسا ي  متتالية ٤لم . 
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معييييييا،  ييييييي  تلقيييييييت  Ag-NPs و مجموعيييييية األيييييييوفيرا/ الصييييييبار المجموعةةةةةةة ال ال ةةةةةةة  •

جييييييث يوميييييييا  عيييييين نرييييييي  الفييييييث  واسييييييطة لنبييييييو  ۰۱۱ملييييييم /  ٤,۱هييييييلام الصييييييبار  

سييييييمات النانويييييية الفضيييييية  ييييينفس معييييي ا  بيييييم سييييياعة وا ييييي . مييييين الةقييييين  مةليييييو  الج

 .الجرعة والم . مثم المجموعة الثانية

مجموعيييييية التعييييييافى، التييييييي  قنييييييت  مةلييييييو  الجسيييييييمات النانوييييييية  المجموعةةةةةةة الرابعةةةةةةة  •

 .لسا ي  متتالية ٤ثث تركت دون ت  م علاجي لم .  (Ag-NPs) الفضية

، (Ag-NPs) المجموعييييييييية المعالجييييييييية  الصيييييييييبار ع  ةعطييييييييياء المجموعةةةةةةةةةة الخامسةةةةةةةةةة  •

لسيييييا ي   عييييي   ٤والتيييييي عولجيييييت  مسيييييتخلص هيييييلام الصيييييبار مييييير. وا ييييي . يومي يييييا لمييييي . 

  Ag-NPs ةستة ا  الضرر  مةلو 

، و ييييييياي كييييييم ميييييين القيييييي ر. تجر يييييية تييييييث  ييييييياي و ن الجسييييييث النضييييييائيوفييييييي نضاييييييية ال         

الذليييييييية المضيييييييياد. ل.كسييييييي . و مسييييييييتوا المالون يال يضييييييييي  والسيييييييايتوكين الإلتضييييييييا ي  عامييييييييم 

  فييييييي مصييييييم اليييييي م  وايضييييييا تييييييث 6سييييييايتوكين الإلتضييييييا ي  ةنترليييييوكين ورم للفييييييا  والنخييييير اليييييي

وةجييييييييراء  سيييييييييجية و الضسييييييييتوكيميائية المناعيييييييييةل ييييييييد عينييييييييات ميييييييين الرئيييييييية لل راسييييييييات الن

 .التةليلات النسيجية والإ صائية لضا

تسيييييييببت الجسييييييييمات النانويييييييية الفضيييييييية ظاهرييييييييا فيييييييي نقيييييييص و ن الجسيييييييث كميييييييا  النتةةةةةةةا   

مسييييييتويات مضييييييادات اأكسيييييي . وةرتفيييييياي مسييييييتويات المالون يال يضييييييي  و  تسييييييببت فييييييي ة ييييييتلا 

، وكانيييييت هيييييدا التغييييييرات مرتبطييييية   يييييذم  يييييوا يتوكينات الإلتضا يييييية فيييييي مصيييييم الييييي مالسيييييا

 ييييييالتغيرات التييييييي  يييييي ثت فييييييي لنسييييييجة الرئيييييية والمتمثليييييية فييييييي  ييييييياد. سييييييماكة الةيييييياجن  ييييييين 

ة الرئوييييييييية، وتسييييييييلم الخلايييييييييا الةويصييييييييلات  ييييييييالتراف  ميييييييي  ت ييييييييوا الةويصييييييييلات الضوائييييييييي

، وتسييييييير   لاييييييييا الييييييي م وة تقيييييييان اأوعيييييييية ال مويييييييية الرئويييييييية، مييييييي  اتسييييييياي الالتضا يييييييية

الةميييييراء والتلييييييل الرئيييييوا المصيييييا ص  النيييييياد. الذبيييييير. فيييييي النسيييييبة المنويييييية مييييين مسيييييا ة 

لليييييييالا الذييييييولاجين فييييييي نسيييييييو الرئيييييية و ييييييو  اأوعييييييية ال موييييييية المةتقنيييييية  و يييييي  ظضيييييير 

، كميييييا تيييييث الذ يييييل عييييين  يييييياد. ييييييا الطلائيييييية فيييييي تجوييييييل القصييييييباتلاانفصيييييا  ليييييبع  الخ

الخلايييييييييا الذأسييييييييية المفيييييييير . للمخييييييييان دا ييييييييم القصيييييييييبات الرئوييييييييية  و يييييييي  لكيييييييي  الفةييييييييص 

الضسييييييتوكيميائي المنيييييياعي هييييييدا الت ييييييوهات  ييييييي  لظضيييييير الذثييييييير ميييييين التفاعييييييم الإيجييييييا ي 

والخلايييييييييا دا ييييييييم الخلايييييييييا المبطنيييييييية للةويصييييييييلات الضوائييييييييية  (iNOS) أكسييييييييي  النيترييييييييي 

و ييييييي  لظضيييييييرهلام الصيييييييبار ةمذانيييييييات و ائيييييييية وعلاجيييييييية ظضيييييييرت فيييييييي   CD-68 المناعيييييييية
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التةسييييييييين الملةيييييييييوظ فيييييييييي و ن الجسيييييييييث النضيييييييييائي، والييييييييي لالات البيوكيميائيييييييييية والتركييييييييييص 

 .النسيجي، م  تفو  التأثيرالو ائي على التأثيرالعلاجي

يييييا لولي يييييا فيييييي تةسيييييين مسيييييتويات الاسةةةةةتنتاج  مضيييييادات اأكسييييي .  لظضييييير هيييييلام الصيييييبار نجا  

و فييييييي  مسيييييييتويات السيييييييايتوكينات الإلتضا يييييييية و تةسيييييييين السيييييييمية الخلويييييييية للرئييييييية التيييييييي 

ويمذييييييييين لن يعييييييييين  ذلييييييييي  ةليييييييييى  (Ag-NPs) ا ييييييييي ثتضا الجسييييييييييمات النانويييييييييية الفضيييييييييية

   صائصه الذيميائية النباتية المضاد. ل.كس . والالتضا ات

 .مضادات اأكس . ،الرئة ،الصبار ،الجسيمات النانوية الفضية الكلمات الدالة 


