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ARTICLE INFO ABSTRACT 

Keywords   Aluminum oxide nanoparticle (Al2O3NP) is a common Life-threatening environmental 
pollutant. It performs its toxic action via induction of lipid peroxidation, protein oxidation, 

disruption of the Redox system, and finally cellular death. Therefore, this study aimed to find 

out whether cinnamon may protect rats from liver damage caused by Al2O3NP. Forty male 
Wister albino rats were categorized into four Similar groups at random. The control group was 

given Milli-Q water orally for 28 days, cinnamon group was given 200 mg/kg/day of cinnamon 

disintegrated in Milli-Q water orally for 28 days, Al2O3NP group was given 100 mg/kg/day of 
Al2O3NP disintegrated in Milli-Q water orally for 28 days. Al2O3NP + cinnamon group was 

given 100 mg/kg/day of Al2O3NP, and 200 mg/kg/day of cinnamon dissolved in Milli-Q water 

orally for 28 days. Al2O3NP exposed rats’ serum levels of alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), alkaline phosphatase (ALP) and total cholesterol (TC) 

dramatically increased. Moreover, decreased glutathione reduced (GSH), while 

malondialdehyde (MDA) and hydrogen peroxide (H2O2) levels in the hepatic tissues 
significantly increased. Histopathological examination of liver sections confirmed this hepatic 

damage where hepatic degeneration and necrosis were observed. Cinnamon co-administration 

was effective in restoring the parameters to normal and reducing hepatic injury in Al2O3NP-
intoxicated rats. As a result, our findings indicate that cinnamon may have protective effects 

due to its antioxidant defense systems. 
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1. INTRODUCTION 

 
Nanoparticles find applications across various sectors, 

including industry, defense, and healthcare. In the field of 

nanotechnology, the tools or materials created typically 

measure between 1 and 100 nanometers (Sajid et al., 2015). 

Besides their diminutive size, NPs are readily adopted by 

cells and can penetrate the bloodstream and lymphatic 

systems. They could settle in different tissues and organs, 

but this buildup can cause toxic effects (M’rad et al., 2018).  

Aluminum oxide nanoparticle (Al2O3NP) is commonly 

utilized in cosmetics and other skin care manufactured 

products (Poborilova et al., 2013). Interestingly, the 

exposure Al2O3NP may cause the cells to produce reactive 

oxygen species (ROS) and diminish antioxidant activity 

levels (Shrivastava et al., 2014). Moreover, Al2O3NP causes 

bioaccumulation in certain organs like kidneys, liver, testis, 

and brain which has negative environmental implications 

(Stanley et al., 2010).  

The cinnamon plant (Cinnamomum Cassia) with the generic 

name Cinnamon is a widely used medicinal herb in 

traditional medicine and is also used to flavor meals and 

pastries (Sakr and Albarakai, 2014). Cinnamon is 

demonstrated to act as an antioxidant, anti-inflammatory, 

anticancer, antibacterial, antidiabetic, lipid-lowering, and 

cardiovascular-disease-lowering substance (Rao and Gan, 

2014). The antioxidant activity of cinnamon could result 

from scavenging ROS, boosting antioxidant defense system 

activity, and reducing peroxidation of lipids (Abdeen et al., 

2017). 

This study's objective was to investigate the possible 

potential benefit of cinnamon on Al2O3NP-induced 

hepatotoxicity in rats by evaluating its role in controlling 

oxidative injury.  

  

2. MATERIAL AND METHODS 

 
2.1. Chemicals:  

Aluminum oxide nanoparticle (Al2O3NP) of less than 50 nm 

in particle size was acquired from Sigma-Aldrich 

(Germany). Cinnamon barks were purchased from AG 

International for Import and Export (Nasr City, Cairo, 

Egypt). The analytical kits were bought from SPINREACT 

(Girona, Spain).  

 

2.2. Plant extract preparation: 

The dried cinnamon barks were used after grinding by the 

homogenizer to prepare an alcoholic plant-based extract. 

Briefly, 100 g of the desiccated grinded bark was soaked in 

one Liter of alcohol 70 % (distilled water: absolute ethanol, 

70:30, v/v) for 72 hours followed by filtration. The filtrate 

was then heated for an entire night at 70 °C using a water 

bath. After being dried, the extract was weighed and stored 

for additional examinations and use (Harborne, 1973; Zhang 

et al., 2007). 
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2.3. Experimental design: 

Forty male Wister albino rats with an average weight of 160 

± 10 g were obtained from the Institute of Veterinary Serum 

and Vaccine Research, Abasia, Cairo, Egypt. The 

experimental rats followed the instructions for the use and 

management of laboratory animals that have been granted 

ethical approval by the Research Ethical Committee of 

Benha University, Faculty of Veterinary Medicine, Egypt 

(Approval No. BUFVTM 04-09-23). Rats were weighed 

weekly and split at random into four groups as follows:  

• Control group: 10 rats were given Milli-Q water orally 

for 28 days. 

• Cinnamon group: 10 rats were given 200 mg/kg b. wt. 

per day of cinnamon dissolved in Milli-Q water orally 

for 28 days (Sakr and Albarakai, 2014; Abdeen et al., 

2017).  

• Al2O3NP group: 10 rats were given 100 mg/kg b. wt. per 

day of Al2O3NP dissolved in Milli-Q water orally for 28 

days (Abou-Zeid et al., 2021; El-Borai et al., 2022).  

• Al2O3NP + cinnamon group: 10 rats were given 100 

mg/kg b. wt. per day of Al2O3NP and 200 mg/kg b. wt. 

per day of cinnamon dissolved in Milli-Q water orally 

for 28 days. 

Aluminum oxide nanoparticle was freshly dispersed daily in 

Milli-Q water by vigorous vortexing for 30 min using an 

electrical shaker to provide an even and consistent 

dispersion of particles. One day following the last dose, 

isoflurane 100% was used to anesthetize rats.  

 

2.4. Sampling:  

Blood samples were collected from Vena Cava at the end of 

the experiment. Then all rats were euthanized, and liver 

tissues were taken out and cut into two parts, one for 

histopathological investigation, and the other was preserved 

at -80 °C for oxidative stress markers analysis. 

 

2.5. Serum biochemical analysis:  

After centrifugation at 3000 rpm for 15 minutes, clear sera 

were recovered, then refrigerated at -20 °C for subsequent 

biochemical examination, which included aspartate 

aminotransferase (AST), alanine aminotransferase (ALT) 

(Huang et al., 2006), Alkaline phosphatase (ALP) (Rosalki 

and Foo, 1984), and Total cholesterol (TC) (Allain et al., 

1974). All values were measured by using a 

spectrophotometer, JASCO 7800, un/vis, JAPAN  according 

to the data protocol provided by using analytical kits 

obtained from SPINREACT (Girona, Spain).  

 

2.6. Evaluation of oxidative stress markers:  

The liver samples were homogenized by using an electrical 

homogenizer (COLOMBIA INTERNATIONAL) at speed 6 

for one minute where 300 mg tissue was homogenized with 

3 ml phosphate buffer saline pH 7.4, After proper 

homogenization, the homogenates were centrifuged at 4000 

rpm for 15 minutes at 4 °C by using a cooling centrifuge for 

separation of supernatants. These supernatants were used for 

the detection of oxidative stress biomarkers. Oxidative stress 

biomarkers were glutathione reduced (GSH) (Sezgintürk 

and Dinçkaya, 2011), malondialdehyde (MDA) (Giera et al., 

2012), and hydrogen peroxide (H2O2) (Werner, 2003) using 

commerical kits (Biodiagnostic Co., Egypt).  

 

2.7. Histopathological examination:  

The liver tissue was preserved in 10% neutral buffered 

formalin for 72 hours. After proper fixation, the liver tissue 

was fixed in paraffin, cut into 5 µm thickness slices, and 

stained with hematoxylin and eosin (H&E) for 

histopathological examination according to the method 

described by Bancroft and Gamble (2008). 

Histopathological changes were examined with a Nikon 

Eclipse E800 light microscope (Melville, NY, USA) and 

images were captured with an Olympus digital camera. 

 

2.8. Microwave digestion of liver tissue and assessment of 

aluminum residue by ICP-MS: 

4.5 mL of 69% HNO3, 0.5 mL H2O2, and 250 mg of liver 

sample were digested in a Milestone microwave digestion 

system (ETHOS UP, Italy) by heating to 200 °C, over 20 

min and maintaining this temperature for 20 min. Then 

cooling occurs to prevent loss of volatile analytics. Post 

digestion, about 2 ml of extract was diluted by 8 ml milli-Q 

water. This solution was subjected to ICP-MS/MS (iCAP-

ICP-MS, Thermofilm, Germany) analysis as described by 

Korotkova et al. (2022).  

 

2.9. Statistical analysis:  

Using SPSS software (Version 26; IBM, Chicago, USA), the 

collected data was statistically evaluated using a one-way 

ANOVA and Duncan's multiple range test for post hoc 

analysis to find out the significance between the various 

groups at P ≤ 0.05. Values were presented as mean ± SE.  

 

4. RESULTS  

 
3.1. Biochemical analysis:  

Administration of Al2O3NP significantly elevated the levels 

of AST, ALP, and total cholesterol as well as ALT. The co-

administration of cinnamon extract showed a significant 

decrease in these parameters compared to Al2O3NP group as 

shown in Fig. (1).  

 
Figure 1 Serum levels of alanine aminotransferase (ALT), aspartate aminotransferase 

(AST), alkaline phosphatase (ALP) and total cholesterol (TC) in control and treated rats. 

The data are expressed as Mean ± SE. There is a significant difference at (P ≤ 0.05) between 

mean values in the same row that have different superscript letters. 
3.2. Oxidative stress markers assessment:  

Liver damage caused by Al2O3NP led to a dramatic decrease 

in GSH level with remarkable elevation in MDA and H2O2 

activities in liver tissue compared to the control group. When 

Al2O3NP intoxicated rats were treated with cinnamon, GSH 

was significantly increased while MDA and H2O2 were 

restored to normal levels in the hepatic tissue when 

compared to the Al2O3NP group as shown in Fig. (2). 

 
Figure 2 Liver oxidative stress biomarkers levels of glutathione reduced (GSH), 

malondialdehyde (MDA) and hydrogen peroxide (H2O2) in control and treated rats. The data 

are expressed as Mean ± SE. There is a significant difference at (P ≤ 0.05) between mean 

values in the same row that have different superscript letters. 
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3.3. Histopathological findings:  

The microscopical examination of liver sections from the 

control and Cn groups displayed normal histological 

appearance of the central vein, blood sinusoids, hepatic cells as 

well as the portal area (Fig. 3A3B). In contrast, rats 

intoxicated with Al2O3NP for 28 days exhibited notable 

vascular alterations characterized by congested and dilated 

central veins and hepatic sinusoids (Fig. 3C) with activated 

Kupffer cells (Fig. 3D). A recent thrombus formation was 

observed in the central vein (Fig. 3C). Most hepatocytes 

showed marked degeneration and coagulative necrosis with 

pyknotic nuclei (Fig. 3D). Besides, focal aggregation of mono-

nuclear leucocytic cellular infiltration was detected in the 

hepatic parenchyma (Fig. 3E). The majority of periportal 

hepatocytes revealed fatty changes (Fig. 3G). Interestingly, 

there was a mild degree of periductal fibrosis with multiple 

newly formed bile ductules (Fig. 3F). Meanwhile, the majority 

of the liver sections treated with Cn showed almost normal 

hepatic architecture with only mild degeneration and a marked 

reduction in hepatic inflammation and fibrosis induced by 

Al2O3NP (Fig. 3H).  

 
Figure 3 Representative photomicrographs of H&E stained-liver tissue. (A) control, (B) 

Cn group revealing normal hepatic histological architecture. (C-G) Al-intoxicated rats 

showing (C) marked dilation, congestion and thrombus (asterisk) formation in central vein, 

(D) extensive hepatic necrosis with pyknotic nuclei (arrow) and dilated hepatic sinusoids 

with activated Kupffer cells (arrowhead), (E) focal mononuclear leucocytic cellular 

infiltration mainly lymphocytes (arrowhead), (F) portal and periportal inflammation and 

fibrosis (arrow) with newly formed bile ductulus (G) periportal fibrous connective tissue 

proliferation and periportal fatty changes (arrowhead). (H) Cn+ Al group revealing near 

normal histological structure of liver with mild hepatic degeneration×200.  

 

3.8.  Effect of cinnamon on aluminum residue in liver 

tissues:  

According to Fig. (4), Samples and standards were 

contrasted within the linear range of the calibration. The 

correlation coefficient of Al was found to be 0.9294. There 

was a significant increase in Al residues in Al2O3NP group 

(27000 ppb) relative to the control group, while cinnamon 

supplementation significantly decreased Al accumulation in 

liver tissue in comparison to the Al2O3NP group (P ≤ 0.05).  

 
Figure 4. Al residues showed a significant increase in Al2O3NP group in relative to control 

group, while cinnamon supplementation significantly decreases Al accumulation in liver 
tissue in comparison to the Al2O3NP group (P ≤ 0.05). 
 

4. DISCUSSION 
 

Nanotechnology is a recent scientific field focusing on 

producing items with unique qualities by creating and 

modifying nanoparticles (NPs), which have a size range of 1 

to 100 nm (Yousef et al., 2019). As a result, there is a higher 

chance that NPs will interact with cells, and their effects on 

the body differ from those of common particle pollutants. 

Depending on the materials utilized, NPs' toxicity may 

increase significantly when inducing cytotoxicity due to 

their huge surface area (Li et al., 2020).  

The results of the current investigation demonstrated that 

oral administration of Al2O3NP caused a considerable 

alteration in several liver biomarkers and histological 

parameters. Al2O3NP can easily pass biological barriers and 

accumulate in many organs and tissues due to their tiny size 

and strong surface reactivity (Krause et al., 2020). Following 

their exposure, these particles are attracted to the inside of 

cells through electrostatic interactions as Al2O3NP is 

positively charged and the cell surface is negatively charged 

(Liu et al., 2020).  

According to Silva et al. (2005), Al2O3NP accumulation 

inside the hepatocytes may change the metabolic pathway of 

phosphate and ATP. This may result in cellular energy 

depletion, a disruption of the membrane potential that could 

lead to necrosis (as shown by our histological analysis), 

leading to a loss of cell membrane integrity, increased 

permeability, and release of transaminases into the 

bloodstream (Nehru and Anand, 2005).  The direct 

correlation between the accumulation of Al2O3NP and liver 

MDA levels supports the idea that Al2O3NP enhanced lipid 

oxidation by ROS which increases the liberation of AST and 

ALT into the circulation (Morsy, El-Ala, et al., 2016). These 

findings corroborate those of El-Borai et al. (2022) and 

Makwana et al. (2024), who found that rats treated with 

Al2O3NP had significantly higher serum levels of ALT and 

AST. According to Makwana et al. (2024) and Yousef et al. 

(2019) Al2O3NP led to a dramatic increase in ALP which is 

considered one of the hepatic-induced enzymes (ALP) 

which is consistent with the current findings. Rats 

intoxicated with Al2O3NP had higher levels of total 

cholesterol (TC) as a result of lipid peroxidation which 

matched with those of Yousef et al. (2022). 

Previous studies demonstrated that hepatic GSH, MDA, and 

H2O2 are potential targets for Al2O3NP toxicity. Our findings 

showed a dramatic reduction in the level of hepatic GSH in 

the toxic group compared to the control group which 

matched with those of El-Borai et al. (2022) and Yousef et 

al. (2022). Moreover, in the current investigation, we found 

that the rats treated with Al2O3NP displayed a significant 

increase in the level of MDA as a result of severe lipid 

peroxidation of the hepatocytes caused by overproduction of 

ROS which corroborated those of Morsy, Abou el-Ala  et al. 

(2016); Yousef et al. (2019). According to Kiruthiga et al. 

(2007), H2O2 is the major reactive oxygen species generated 

During the hepatic detoxification of almost all 

environmental contaminants, H2O2 dramatically increased in 

the intoxicated rats compared to the control animals as a 

result of hepatocellular injury and oxidative damage. 

In our investigation, cinnamon administration given orally 

considerably reduced alterations in the biochemical and 

oxidative parameters and kept the values of the parameters 

under evaluation close to normal. Increased activity of ALT, 

AST, ALP In the serum of rats treated with Al2O3NP was 

normalized in the serum of cinnamon treated Al2O3NP 

group. The strong antioxidant properties of cinnamon may 

be the cause of the drop in serum enzyme activity (Hussain 

et al., 2020). In hypercholesterolemic albino rats, cinnamon 

extract has hypolipidemic effects. When the extract was 

given daily, total cholesterol (TC) levels in the blood were 

lower than in the intoxicated group (Błaszczyk et al., 2021).  

Our study revealed that cinnamon showed a notable increase 

in the activity of antioxidant enzymes like GSH. 

Additionally, Cinnamon extract co-administration had a 

protective effect through decreasing MDA levels compared 

to the toxic group. Because of its high phenolic and 
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flavonoid content, cinnamon may have a suppressive impact 

on the production of ROS, protecting against Al2O3NP-

induced liver damage (Azab et al., 2011). Moreover, 

cinnamon extract contains significant levels of phenolic 

compounds and shows possible hydrogen peroxide (H2O2) 

blocking ability compared to intoxicated rats (Rao and Gan, 

2014).  

The liver damage caused by Al2O3NP was verified in further 

detail by histological analysis. In the current research, 

histopathological findings revealed that the oral 

administration of Al2O3NP induced vascular alterations such 

as congestion and dilation of central veins and hepatic 

sinusoids which may be attributed to Al2O3NP ability to 

trigger the expression of inflammatory molecules, such as 

intercellular adhesion  molecule-1, interleukin-8, monocyte 

chemotactic protein-1 and various adhesion molecules, 

resulting in endothelial damage (Gojova et al., 2007). The 

current findings were consistent with those of  Abo-EL-

Sooud et al. (2023) and Makwana et al. (2024), who reported 

that Al2O3NP causes congestion of blood vessels and 

sinusoids, vasculitis, and hypertrophy of blood vessel wall. 

Endothelial dysfunction is the primary predisposing factor 

in thrombus formation, as revealed in the current 

investigation. Moreover, hepatic degeneration and necrosis 

may result from the overproduction of ROS induced by 

Al2O3NP (Siddique et al., 2011). Similar pathological 

alterations in the liver were reported by Abo-EL-Sooud et al. 

(2023); Alghriany et al. (2022) and Makwana et al. (2024). 

The recorded mild portal fibrosis was a sequel to the 

inflammation induced by Al2O3NP (Abo-EL-Sooud et al. 

2023). However, in our study, Cn co-treatment improved the 

pathological alterations induced by Al2O3NP and 

significantly attenuated hepatic inflammation and fibrosis 

due to its phenolic and flavonoid levels, which have a 

suppressive impact on the production of ROS (Azab et al. 

2011) and its anti-inflammatory effect (Hussain et al. 2020; 

Hussain et al., 2021). Also, the current findings were agreed 

with Elkomy et al. (2016) and Hussain et al. (2020). 

Additionally, Al residues showed a dramatic increase in 

Al2O3NP group in relative to the control group, while 

cinnamon supplementation significantly decreases Al 

accumulation in liver tissue in comparison to the Al2O3NP 

group. 

   

5. CONCLUSIONS 
 

The results of the current investigation showed that 

cinnamon antioxidant and anti-inflammatory properties 

alleviate oxidative damage of Al2O3NP-induced hepatic 

injury via amelioration of all hepatic biomarkers and 

pathological changes. 
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