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High fat diet (HFD) induces hyperlipidemia and causes          

non-alcoholic fatty liver disease. Cinnamon (Cinnamomum 

zeylanicum) has many curative effects as anti-inflammatory     

and antioxidant. This study aimed to investigate the potential 

protective effect of cinnamon against HFD-induced dyslipidemia 

and liver steatosis. Forty adult male Wistar albino rats were used 

in the current study; these were allotted randomly to 4 equal 

groups. The animals were fed on standard diet (group 1), standard 

diet containing cinnamon powder “15% weight by weight, w/w” 

(group 2), HFD (group 3), or HFD containing cinnamon powder 

“15% w/w” (group 4) daily for 4 or 8 weeks. The results showed 

that HFD increased significantly (P≤0.05) the body weight       

and the activities of serum aminotransferases, and induced 

dyslipidemia. Examination of the liver of the HFD-fed rats 

showed many pathological changes, especially intracytoplasmic 

fat accumulation either as small lipid droplets with variable sizes 

(microsteatosis) or large lipid droplets (macrostatosis) that may 

displace the nucleus laterally. Ultrastructural examination of the 

same group showed various degenerative alterations in the 

nucleus, mitochondria, endoplasmic reticulum, and Kupffer cells, 

as well as lipid accumulation. However, examination of liver      

of animals fed on HFD+cinnamon showed a remarkable 

improvement especially after 8 weeks; the histological and 

ultrastructure pictures were mostly similar to the control group. 

In addition, the animals fed on HFD+cinnamon recorded              

a decrease in the body weight and improvement in readings of  

the biochemical parameters compared with the HFD-treated 

group. In conclusion, cinnamon alleviated the occurrence of    

non-alcoholic fatty liver disease in the HFD-fed rats. 

 

INTRODUCTION 

Dyslipidemia is a metabolic disorder disease 

associated with an excess in blood total 

cholesterol (TC), triacylglycerol (TG), and 

low density lipoprotein-cholesterol (LDL-C) 

levels, as well as a decrease in the high 

density lipoprotein-cholesterol (HDL-C) 

level
[1]

. It causes non-alcoholic fatty liver 

disease (NAFLD)
[2]

. High fat diets (HFD) 

with or without cholesterol contribute to 

favor hepatic lipid storage in micro- 

vesicular and macrovesicular steatosis and 
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the induction of inflammation, which plays  

a pivotal role in conjunction with obesity    

to cause shortage in antioxidant defense 

capacity with an increase in the oxidative 

stress due to the overproduction of reactive 

oxygen species (ROS)
[2,3]

. The accumulation 

of cholesterol rather than TG may play         

a critical role in the progression from   

simple steatosis to steatohepatitis
[4]

. Because 

the synthetic chemical-drugs prescribed      

for treating obesity have many adverse    

side effects, therefore there is a great need   

to search for alternative natural agents    

from medical plants, herbs, and spices. 

Cinnamon is an important age-old spice    

and aromatic crop having wide applications 

as flavoring, perfumery, and medicine agent. 

It is used for many years in traditional 

medicine; since it had many health benefits 

such as anti-inflammatory, antioxidant, anti-

cancer, astringent, anticlotting, antihyper-

lipidaemic, antidiabetic, and antimicrobial 

properties
[5-9]

. The cinnamon contains a wide 

range of essential oils, such as trans-

cinnamaldehyde, cinnamyl acetate, eugenol, 

L-borneol, caryophyllene oxide, β-caryo-

phyllene, L-bornyl acetate, E-nerolidol, α-

cubebene, α-terpineol, terpinolene, α-thujene, 

cinnamic acid, cinnamate, cinnamaldehyde, 

and other components as polyphenols
[10,11]

. 

Tuzcu et al.
[12]

 concluded that cinnamon 

polyphenols reduces the hyperlipidemia, 

inflammation, and oxidative stress through 

activating transcription factors and anti-

oxidative defense signaling pathway in      

rat liver fed on high HFD. The most 

abundant anti-inflammatory compounds in 

cinnamon are E-cinnamaldehyde and o-

methoxycinnamaldehyde
[13]

. Askari et al.
[14]

 

suggested that cinnamon may be effective in 

improving blood lipid profile and insulin 

sensitivity in patients with non-alcoholic 

fatty liver disease. Most of these studies 

relied on the changes in the biochemical 

parameters or the histological architecture 

without investigating the changes in the  

liver ultrastructure. Therefore, this study 

aimed to evaluate the potential protective 

effect of cinnamon against the dyslipidemia 

and liver steatosis induced by HFD, with 

especial reference to liver histopathological 

and ultrastructural changes. 

 

MATERIAL AND METHODS 

Materials 

Cinnamon (Cinnamomum zeylanicum), 

family Lauraccae, was purchased from local 

market of agricultural herbs and medical 

plants (Cairo, Egypt), and authenticated       

by a specialist taxonomist at the Botany 

Department, Faculty of Science, Menoufia 

University. The cinnamon bark was grinded 

using electric mixer into a fine powder    

then added to animal's diet (15% weight     

by weight, w/w)
[15]

. A standard animal      

diet manufactured especially for laboratory 

purposes was obtained from the Egyptian 

Company of Oils and Soap (Kafr El-Zayat, 

Gharbia, Egypt). Moreover, materials used 

for preparing the HFD (cholesterol, sucrose, 

cellulose, etc.) were purchased, as a pure 

powder, from El-Gomhouria Co. (Cairo, 

Egypt). Table ''1'' showed the formula of the 

standard diet and HFD used in these 

experiments. 

 

Table (1): The formula of the standard diet 

and high fat diet. 

 

Contents 
Standard diet 

(100 g) 

High fat diet 

(100 g) 

Casien 10 10 

Cellulose 4.7 4.7 

Cholesterol - 2 

Cocca butter - 15 

Corn starch 5 15 

Sucrose - 15 

Wheat 76 34 

Mineral mixture 3.3 3.3 

Vitamin mixture 1 1 

 

Animals and study design 

Forty adult male Wistar albino rats     

(Rattus norvegicus), approximately two 

months old (weighting between 120-130g), 

were obtained from Egyptian Company   

Nile for pharmaceuticals and chemical 
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industries (Cairo, Egypt). The animals were 

acclimatized for about ten days to              

the laboratory environment before the 

initiation of the experiment, and fed on          

a standard pellet diet and water ad libitum. 

Animals were maintained in plastic cages 

under restrained temperature (23±2°C) and 

12 hours light/dark. The protocol of           

this study was approved by the Ethics 

Committee of Faculty of Science, Menoufia 

University (Approval No. MUFS/F/HI/5/20). 

Experimental animals were randomly 

divided into 4 groups (10 rats in each group): 

group 1 (control group), fed on a standard 

diet; group 2 (cinnamon group), fed on         

a standard diet containing cinnamon    

powder (15% w/w); group 3 (HFD group), 

fed on HFD to induce acute hyper-  

lipidemia; group 4 (HFD+cinnamon group), 

fed on HFD containing cinnamon powder 

(15% w/w) daily for 4 or 8 weeks.  
 
Blood sampling: 

At the end of experiments (4 or 8 weeks), 

the rats were fasted overnight before    

killing. To achieve animal sedation, thick 

Gamgee with a hole of center was put on  

the face of animal and few drops of 

chloroform added only through the first 

minute. The blood samples were withdrawn 

from the cardiac puncture. Blood was 

allowed to coagulate at room temperature  

for 30 minutes to obtain serum then 

centrifuged at 4000 rpm for 15 minutes.    

The separating serum was kept frozen at 

20°C until used for the biochemical 

analysis. Liver tissue was immediately 

removed out and prepared for the 

histological and ultrastructure studies.  
  
Histological/ultrastructural examination: 

Some pieces of liver were immediately  

fixed in 10% neutral formalin. After  

fixation liver sampled for histological 

examination were dehydrated and embedded 

according to the standard sampling trimming 

procedures. Sections of 4-5 µm thick were 

prepared and stained with the hematoxylin 

and eosin.  

For the transmission electron microscopic 

examination, small liver specimens (1.0 mm) 

were fixed in 4% gluteraldehyde solution  

for 24 hours. Then they were post-fixed in 

1.0% osmium tetroxide phosphate buffer 

(pH=7.4) for 2 hours, dehydrated, and 

embedded in Epon 812. Semi-thin sections 

were stained with 1.0% toluidine blue. Ultra-

thin sections were cut and stained with 

uranyl acetate and lead citrate. Chemicals 

used in histological and ultrastructure 

analyses were purchased from Sigma-

Aldrich Corp (St. Louis, MO USA). The 

ultra-thin sections were examined with 

JEOL JEM-1400 plus transmission electron 

microscope (JEOL Ltd., Tokyo, Japan) in 

electron microscope unite of Faculty of 

Science, Alexandria University (Alexandria, 

Egypt). 
 
Biochemical studies 

The activities of aminotransferases (ALT 

and AST), as well as TC, TG, HDL-C,     

and LDL-C levels were estimated 

colorimetrically using commercial kits 

(Randox Laboratories Ltd., County Antrim, 

UK) according to the manufacturer’s 

recommendation.  
 
Statistical analysis: 
The data are expressed as the mean              

± standard deviation. The student's t test   

was used for the statistical analysis of        

the data. Differences were considered 

significant at P≤0.05. 

 

RESULTS 

Effect of cinnamon on the body weight 

and biochemical parameters in blood of 

obese rats 

The standard diet containing 15% cinnamon 

did not significantly affect (P>0.05) the 

body weight of animals (at the 4
th

 and         

8
th

 weeks) as compared with the control 

group (Table 2). Whereas, a significant 

increase (P≤0.05) in the body weight of 

HFD-fed animals was recorded after both     

4 and 8 weeks of the treatment, as compared 

with the control group. On the other hand, 

animals received HFD+cinnamon (15% w/w) 

showed a significant decrease in the body 

weight (at the 4
th

 and 8
th

 weeks) as compared 

with the HFD-fed animals (Table 2). 
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Table 2: Effect of cinnamon treatment on the body weight, serum aminotransferases 

activities, and serum lipid profile of the high fat diet (HFD) feeding animals. 

 

 

Data are presented as the mean ± stander deviation (n=5). ALT: alanine aminotransferase, 

AST: aspartate aminotransferase, TC: total cholesterol, TG: triacylglycerol, HDL-C: high 

density lipoprotein-cholesterol, LDL-C: low density lipoprotein-cholesterol. *P≤0.05, as 

compared with the control group; 
†
P≤0.05, as compared with the HFD group. 

 

The rats received the standard diet 

containing 15% cinnamon showed a signi-

ficant decrease in the serum ALT activity  

(at the 4
th

 and 8
th

 weeks) and the levels of 

serum TC and TG (at the 8
th

 week only), 

while the serum HDL-C level increased 

significantly (at the 4
th

 week only), as 

compared with the control rats (Table 2). 

The HFD-fed animals showed a significant 

increase in all measured biochemical 

parameters in the serum after both 4 and       

8 weeks of the treatment, except the TG      

(at the 8
th

 week) and HDL-C (at both 4
th

   

and 8
th

 weeks) concentrations that decreased 

significantly, as compared with the control 

animals. On the other hand, when cinnamon 

added to HFD; the aminotransferases 

activities and the levels of TC, TG (at the  

4
th

 week only), and LDL-C decreased 

significantly, while the TG (at the 8
th

 week 

only) and HDL-C levels increased signi-

ficantly, in animals’ sera after both 4 and      

8 weeks of the treatment as compared with 

the HFD-fed group (Table 2). 

 

Cinnamon alleviated the histological 

alterations in the liver of obese rats 
The examination of specimens of liver of  

the control and cinnamon groups showed 

normal histological architecture of classic 

hepatic lobules and sinusoids, lined by 

endothelium and some von Kupffer cells. 
The hepatocytes appeared polyhedral with 

acidophilic cytoplasm contained centrally 

 Control Cinnamon HFD HFD+Cinnamon 

Body weight (g) 

Day (0) 

4
th
 Week 

8
th
 Week 

 

112.60±3.50 

147.60±5.60 

191.43±3.58 

 

110.25±3.70 

145.8±3.77 

182.6±3.65 

 

114.87±4.52 

199.21±6.83* 

360.23±43.14* 

 

114.24±4.49 

176.26±8.96
† 

252.22± 252.20
†
 

AST activity (IU/L) 

4
th
 Week 

8
th
 Week 

 

90.36±5.59 

85.93±4.44 

 

85.78±6.09 

75.92±2.03 

 

252.76±23.53* 

341.01±6.12* 

 

185±6.50
†
 

127.21±5.72
†
 

ALT activity (IU/L) 

4
th
 Week 

8
th
 Week 

 

89.7±3.16 

102.01±5.59 

 

79.33±6.90* 

93.34±5.40* 

 

171.20±7.59* 

254.86±21.17* 

 

127.81±5.63
†
 

110.44±5.72
†
 

TC (mg/dL) 

4
th
 Week 

8
th
 Week 

 

75.96±24.15 

103.80±3.49 

 

73.03± 1.87 

66.74±2.91* 

 

182.80±10.90* 

240.75±18.40* 

 

132.60±10.76
†
 

110.43±3.36
†
 

TG(mg/dL) 

4
th
 Week 

8
th
 Week 

 

77.20±4.43 

76.01±1.79 

 

60.48±3.96 

64.92±1.65* 

 

147.40± 6.31* 

40.34± 3.04* 

 

124.41±2.09
†
 

108.01±2.57
†
 

HDL-C (mg/dL) 

4
th
 Week 

8
th
 Week 

 

46.10±2.96 

44.7.80±2.88 

 

62.93±4.47* 

49.30±5.15 

 

32.22±2.56* 

22.93±3.11* 

 

40.82±1.75
†
 

44.14±1.27
†
 

LDL-C (mg/dL) 

4
th
 Week 

8
th
 Week 

 

37.10±5.31 

38.53±2.17 

 

29.38±1.60 

32.42±3.69 

 

118.60±2.53* 

164.73±8.59* 

 

98.56±6.86
†
 

84.22±84.20
†
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pale-stained nuclei (Figure 1). Examination 

of liver sections of animals treated with HFD 

for 4 weeks revealed multiple inflammatory 

areas scattered all over the tissue; in addition 

to vacuolated hepatocytes, pyknotic nuclei, 

mononuclear inflammatory cell infiltration 

around dilated veins, and proliferated bile 

duct were also observed (Figures 2a-c). 

Large number of hepatocytes contained 

small fat droplets that described condition 

known as microvesicular steatosis was also 

seen in the liver sections of animals treated 

with HFD for 4 weeks. All pathological 

features become more pronounced in liver 

sections obtained from animals treated with 

HFD for 8 weeks (Figure 2d); a marked fatty 

degeneration was prominent and ballooning 

hepatocytes with rarified cytoplasm and 

single large fat vacuole displaced the nuclei 

peripherally (macrovesicular steatosis). 

Histological examination of liver sections 

of rats fed on HFD+cinnamon for 4 weeks 

exhibited less prominent histopathological 

changes; few scattered hepatocytes contain-

ing minute vacuoles or pyknotic nuclei 

(Figure 3a). The HFD+cinnamon-fed rats 

showed markedly alleviation of the hepatic 

lesions, where the central veins retained to 

the normal size, and both the hepatocytes 

and the blood sinusoids appeared almost 

similar to those of the control group  

(Figures 3a and b). 

 

 
 

Figure 1: Photomicrograph obtained from liver section of: (a) Control rat showing central 

vein (CV), radiating cords of hepatocytes (H), sinusoids (S), and Kupffer cells (K).               

(b) Cinnamon-treated rat (at 8 weeks) showing normal hepatocytes (H), sinosoids (S), central 

vein (CV), and Kupffer cells (K).  

 

 

Cinnamon alleviated the hepatic ultra-

structure alterations of obese rats 

Electron microscopic examination of the 

liver sections of the control and cinnamon 

groups revealed normal ultrastructure of    

the hepatocytes (Figure 4). Their hepato-

cytes appeared with normal nucleus, 

mitochondria scattered within cytoplasm 

with well-developed cristae, and normal 

rough endoplasmic reticulum. In addition, 

the Kupffer cells appeared with normal 

nucleus and the bile canaliculi with short 

microvilli (projected to the lumen) are 

present between hepatocytes of the control 

and cinnamon groups (Figure 4). 
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Figure 2: Photomicrograph obtained from liver sections of HFD-fed rat at 4 weeks showing 

(a) pyknotic nuclei (thin arrows), vacuolated hepatocytes (thick arrow), and leukocytic 

infiltration (Li); (b) microvesicular steatosis, hepatocytes with multiple small vacuoles     

(thin arrow), large coalesced vacuoles (thick arrow), congested blood vessel (CBV), and 

leukocytic infiltration (Li); (c) degenerated hepatocytes (thin arrows), congested blood vessel 

(CBV) and proliferation of bile ductules (thick arrow). (d) Liver section of HFD-fed rat at     

8 weeks showing swollen hepatocytes with large fat vacuoles (*), peripheral nuclei           

(thin arrows), congested blood vessel (CBV), and bile duct (thick arrow). 
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Figure 3: Photomicrograph obtained from liver section of: (a) Rat received HFD+cinnamon 

for 4 weeks showing improvement of architecture of hepatic lobules, normal hepatocytes 

(arrows), dilated sinusoids (S), mild congested portal vein (CPV), and few number of 

activated Kupffer cells (K). (b) Rat received HFD and cinnamon for 8 weeks showing central 

vein (CV), nearly normal architecture of hepatic strands, hepatocytes (H) and blood  

sinusoids (S). 

 

Animals fed on HFD for 4 weeks showed 

several ultrastructural changes including 

abnormal nuclei, irregular nuclear envelopes, 

rarified cytoplasm, dilated rough endo-

plasmic reticulum, degenerated mito-

chondria with complete or partial loss of 

their cristae, many lipid droplets with 

variable size (steatosis), and Kupffer cells 

with area of vacant cytoplasm (Figures 5a-c). 

The dramatic ultrastructural changes were 

observed in the hepatocytes of rats con-

sumed HFD for 8 weeks; the cytoplasm 

contained large number of different sized 

lipid vacuoles, marginalized nuclei, with 

clumped chromatin, and degenerated cyto-

plasmic organelles (Figure 5d), as well as 

the degenerated Kupffer cells appeared in 

the dilated sinusoidal space (Figure 5e). 

Examination of ultra-thin sections of  

liver obtained from animals fed on 

HFD+cinnamon for 4 weeks showed less 

prominent ultrastructural alternation; some 

abnormalities still observed as dilated   

rough endoplasmic reticulum, small lipid 

droplets and few lysosomes (Figure 6a). The 

ultrastructural findings of hepatocytes of     

rat received HFD+cinnamon for 8 weeks 

revealed an advanced degree of improve-

ment; the nuclei, mitochondria, and rough 

endoplasmic reticulum seemed to be normal 

(Figure 6b), and bile canaliculi with normal 

organized microvilli were clearly seen 

(Figure 6c). 
 

DISCUSSION  

The present study recorded a significant 

elevation in the weight of the HFD-fed    

animals comparing with the control group 

that may be due to the deposition of fats       

in various body fat pads. This finding           

is consistent with the results obtained by Xia 

et al.
[16] 

in the HFD-fed diabetic rat. 

Additionally, Fidèle et al.
[17]

 found that the 

cholesterol accumulation caused an increase
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Figure 4: Electron micrograph of control animal showing (a) hepatocyte with normal nucleus 

(N), regular nuclear envelope, normal mitochondria (M), rough endoplasmic reticulum (rER) 

and glycogen rosettes (g); (b) bile canaliculi (BC). (c) Electron micrograph of an animal 

treated with cinnamon showing a hepatocyte with normal nucleus (N), mitochondria (M), 

rough endoplasmic reticulum (rER), and glycogen rosettes (g). 

 

in the rate of steroid hormone production 

such as cortisol, estrogens, and testosterone 

leading to an increase in the body weight of 

HFD-fed rats. Moreover, excessive growth 

of adipose tissue results in obesity includes 

two growth mechanisms: hyperplastic        

(an increase in cell number) and hyper-

trophic (an increase in cell size)
[18]

. 
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Figure 5: Electron micrograph of a hepatocyte of HFD-fed rat for 4 weeks showing             

(a) abnormal nucleus (N), irregular nuclear envelope (arrow), degenerated mitochondria (M), 

dilated rough endoplasmic reticulum (rER), lytic cytoplasm (*), and lipid droplets (L);         

(b) degenerated hepatocyte, sinusoidal space, Kupffer cell (K) with an area of vacant 

cytoplasm and normal nucleus (N); (c) bile canaliculus (BC) with cut-sections of microvilli 

(arrows) and part of degenerated hepatocyte with multiple lipid droplets (L). Electron 

micrograph of a hepatocyte of HFD-fed rat for 8 weeks showing (d) large lipid vacuoles (L), 

area of lipid fusion (arrow), compressed nuclei, Kupffer cell (K), and numerous lysosomes 

(LY); (e) degenerated Kupffer cell (K).  
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Figure 6: Electron micrograph of a part of a hepatocyte of an animal treated with:                

(a) HFD+cinnamon for 4 weeks showing normal nucleus (N) with regular nuclear envelope, 

mitochondria (M) still have different degree of degeneration, and rough endoplasmic 

reticulum (rER); (b) HFD+cinnamon for 8 weeks showing normal nucleus (N) regular 

nuclear envelope, mitochondria (M), and rough endoplasmic reticulum (rER);                       

(c) HFD+cinnamon for 8 weeks showing normal bile canaliculi (BC) with regular microvilli 

and normal mitochondria (M) with regular cristae. 

 

In the present study, several histo-

pathological changes were seen in the     

liver of HFD-fed animals either for 4           

or 8 weeks; the hepatocytes undergo     

hydropic degeneration and become swollen 

and vacuolated, described as ballooning 

degeneration. The previous studies reported 

that the consumption of HFD may play 

crucial role in the pathogenesis of fatty   

liver resulting in hepatocellular damage    

and exaggerated hepatic steatosis that is 

associated with other factors such as   
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oxidant stress, mitochondrial injury, fatty 

acids lipotoxicity, and inflammatory 

cytokines
[19,20].

 Tveden-Nyborg et al.
[21]

 

attributed these changes to the oxidative 

stress of dyslipidemia that disturbed      

redox balance resulting in the damage of 

polyunsaturated lipids in the mitochondrial 

membrane associated with a reduced export 

of TG and a subsequent accumulation in 

hepatocytes.  

In the present study, ultrastructural 

examination of the hepatocytes of HFD-fed 

rats exhibited several drastic changes. Most 

of hepatocytes of HFD-fed rats appeared 

with abnormal nuclei, irregular nuclear 

envelope, degenerated mitochondria, dilated 

rough endoplasmic reticulum, large number 

of lysosomes, and rarified cytoplasm, in 

addition to accumulation of lipid droplets 

that increased in size forming large lipid 

vacuoles. Similarly, Abd Ellatif et al.
[22]

   

and Al Humayed et al.
[23]

 found similar 

ultrastructural observations and indicating 

that HFD induced NAFLD in rats causing 

steatosis that damaged the ultrastructure of 

the hepatocytes possibly via augmentation of 

lipid and oxidative stress. Ahishali et al.
[24]

 

found similar ultrastructural features in non-

alcoholic fatty liver in humans and reported 

that hepatosteatosis impaired oxidative 

phosphorylation and leading to increase the 

levels of ROS, inflammation, fibrosis, and 

mitochondrial abnormalities.  

A significant increase in the activities     

of AST and ALT were recorded in the     

sera of animals fed on HFD comparing   

with the control group. These elevations  

may result from liver damage as supported 

by the histopathological and ultrastructural 

findings. Hassan et al.
[19]

 attributed that      

to an increase in the production of free 

radicals that initiate lipid peroxidation.  

Other studies reported the damage of 

parenchyma liver cells in different 

experimental animals fed on HFD
[21,25]

. 

Animals fed on HFD showed a significant 

increase in the concentrations of serum     

TC, TG, and LDL-C, while HDL-C 

concentration was significantly reduced, 

which may be due to lipid metabolic 

complications. Although the serum TG 

increased significantly at the 4
th

 week,         

it decreased significantly after 8 weeks,       

in HFD-fed animals revealing the effect       

of time of HFD feeding on serum TG     

level. These results were in agreement     

with Hussein et al.
[26]

 who recorded              

a significant increase in serum levels of      

TC, TG, very low density lipoprotein, and 

LDL, while the level of HDL was 

significantly decreased in obese female rats. 

In addition, Venkateshan et al.
[27]

 attributed 

that to the oxidative stress of HFD that 

highly correlated with a wide variety of 

inflammatory and metabolic disease states 

including obesity. Tveden-Nyborg et al.
[21]

 

reported that HFD caused decrease in        

the concentration of TG due to its 

accumulation in hepatocytes rather than 

entering the systemic circulation. LDL is 

highly susceptible for oxidative damage    

and transforming into a harmful oxidized 

LDL, which was found to be elevated         

in plasma in patients with non-alcoholic 

steatohepatitis
[28]

. Under fat-rich conditions, 

LDL is taken up via the scavenger    

receptor-mediated pathway in an unlimited 

manner. In contrast to the LDL receptor, 

scavenger-receptor mediated uptake is not 

down-regulated in the presence of high 

concentration of LDL. Moreover, un-

controlled scavenger receptor-mediated 

uptake of LDL cholesterol into the          

liver is responsible for the formation of           

lipid droplets, foamy Kupffer cells, and 

cholesterol crystals, which both are      

crucial events for the development of non-

alcoholic steatohepatitis
[4]

. 

Recently, the use of herbal medicine has 

attracted significant interest among patients 

and researchers. The results of the present 

study showed no pathological changes were 

appeared in liver and serum of animals      

fed on cinnamon. ALGhwij et al.
[29]

 also 

reported that feeding on cinnamon alone   

did not change liver function or lipid profile 

in rats. Our results recorded a significant 

decrease in that body mass gained in HFD-

fed animals and this may be due to the 

reduction of mass of adipose tissue, which 
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associated with the hypolipidemic effect     

of cinnamon. Other studies reported that 

cinnamon decrease the body weight in obese 

rats due to its polyphenols that have anti-

obesity activity through reducing the level  

of serum leptin hormone, which regulate the 

apatite
[6,30]

 

In the current study, the microscopically 

examination revealed a marked improve-

ment in the histopathology and ultrastructure 

of liver of animals fed on HFD+cinnamon. 

These effects may be due to the anti-   

oxidant activity of cinnamon causing either 

inhibition or prevention of free radicals 

generation. Similarly, Niknezhad et al.
[31]

 

found that cinnamon inhibited necrosis, 

infiltration of inflammatory cells, and 

decreased the fibrosis in liver, and    

attributed that to its ability in rebalancing 

antioxidant enzymes to eliminate cellular 

damage. The relief of the histopathological 

alterations in liver of obese rats was     

noticed after the treatment with cinnamon 

because of its eugenol, polyphenols, and 

flavanoids that reduced the level of  

oxidative stress, inflammatory, and apoptotic 

biomarkers, induced anti-obesity effect in 

rats fed on HFD, and inhibited the lipid 

peroxidation through ability to trap reactive 

carbonyl species
[30,32,33]

. Azab et al
[34]

 

showed that eugenol ameliorated signi-

ficantly the histopathological lesions of   

liver steatosis that induced by high fat     

high cholesterol diet. Similarly, El Ebiary 

and Khalaf
[35]

 proved that cinnamon 

administration in concomitant with HFD 

ameliorated the hazardous effect of HFD   

on the structure of the liver of experimental 

rats, and attributed that to the antioxidant, 

anti-inflammatory, and lipolytic activity of 

cinnamon. Another clarification is that 

cinnamon may inhibit the hyperlipidemia 

through reducing the hepatic 5-hydroxy-3-

methylglutaryl-co-enzyme A (HMG-CoA) 

reductase activity (a rate limiting enzyme 

involved in regulating cholesterol meta-

bolism or biosynthesis and decrease serum 

TC level); therefore, it acts as a hypo-

cholesterolemic agent
[36]

. Moreover, Lee     

et al.
[37]

 found that cinnamate, a phenolic 

compound present in cinnamon bark, is 

accountable for its protective action; and   

the activation of antioxidant enzymes due   

to its redox effects is responsible for its  

free-radical scavenging activity, transition-

metal-chelating activity, and singlet-oxygen 

quenching capacity.   

In the present study, the activity of   

serum transaminases (AST and ALT) have 

been decreased by adding cinnamon to HFD 

when compared with animals fed on HFD 

only, indicating the hepatoprotective effect 

of cinnamon. Similar results were recorded 

by Kassaee et al.
[38]

 who suggested that 

cinnamon may play an important role in 

improving the liver function and have 

protective effect against the hepatocellular 

injuries. Similarly, ALGhwij et al.
[29]

 

reported that cinnamon was completely 

improved the AST and ALT activities in 

serum of animals treated with trichloro-

ethylene. Askari et al.
[14]

 reported that 

cinnamon supplementation could reduce    

the main characteristics of NAFLD by 

modification of insulin resistance, liver 

enzymes, and the inflammatory markers. 

Moreover, Roussel et al.
[39]

 also attributed 

that to the antioxidant activity of cinnamon.  

Concerning the lipid profile parameters, 

our results indicated that adding cinnamon  

to HFD significantly alleviated the dys-

lipidemia of HFD-fed animals. Abeysekera 

et al.
[40]

 established that the bark extracts    

of Ceylon cinnamon might have a direct  

role in lipid metabolism by reducing TC   

and TG concentrations, and lowering the 

free fatty acids by its strong lipolytic  

activity, due to the presence of cinnamate 

that inhibits the hepatic HMG-CoA 

reductase activity. These results correlate 

with the findings of Iqbal et al.
[41]

 who  

found that cinnamon powder improved the 

serum lipid profile parameters in albino    

rats, which may be proposed a direct role    

in the lipid metabolism. The cinnamon 

polyphenols inhibit the formation of hyper-

lipidemic fatty livers in mice through 

decreasing the hepatic lipid accumulation, 

sterol regulatory element, and fatty acid 

synthase expression, and increasing the 
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lipoprotein lipase, and cholesterol 7α-

hydroxylase expression
[42]

. The dietary fiber 

that found at a relatively high level in 

cinnamon can improve the lipid profile      

by decreasing the lipid absorption in          

the intestine, as well as it contains 

antioxidant vitamins that can enhance      

lipid catabolism
[38]

. In addition, cinnamon 

decrease the level of LDL by increasing 

LDL-receptors in the liver that involved       

in the scavenging of LDL; thus the         

LDL-receptor gene expression is another 

probable mechanism of hypocholestrolic 

effect of cinnamon
[38]

. Maierean et al.
[43]

 

suggested that cinnamon decreased the 

absorption of chylomicron, the small fat 

globules that serve to transport fat from      

its port of entry in the intestine to the liver 

and to adipose tissue, and potentially 

increased the TG uptake by adipocytes.  

In conclusion, the accumulation of fats   

in liver of obese rats plays a critical           

role in the generated histological and 

ultrastructure alterations that could be 

alleviated by cinnamon supplementation   

due to its ability to provide anti- 

dyslipidemic effect and protect from liver 

injury.  
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 ًبات القسفة يقلل هي فسط شحىم الدم وتشوع الكبد الوُحدثاى بالىجبة الغرائية عالية الدسن

 وبيىكيوائية ٬وتسكبيبة دقيقة ٬في الجِسذاى الوهقاء: دزاسات ًسيجية

 

 فاطوة زجب عبد الحسيب ٬صابس عبدالسحوي صقس ٬سواح هحود عسيشه

 جًهىسَت يصش انعشبُت  ٬ًُىفُتان ٬جايعت انًُىفُت ٬كهُت انعهىو ٬قسى عهى انحُىاٌ

 

       تُباث انقشفنو .انكحىنٍ غُش انذهٍُ انكبذ ويشض انذو فشط شحًُاثحسبب انىجباث انغزائُت عانُت انذسى 

(Cinnamomum zeylanicum) نلأكسذة انخهىَت ويضاد نلِانخهاباث ًضادانعذَذ يٍ انخأثُشاث انعلاجُت ك .        

              انكبذ انُاجًاٌ  وحشًع انذو شحىو قُُى انذوس انىاقٍ انًحخًم نُباث انقشفت ضذ فشطحانذساست إنً هزِ  حهذفو

         حى حىصَعها ٬أسبعٍُ ركش يٍ انجِشراٌ انًهقاءاسخخذو فٍ هزِ انذساست قذ عٍ حُاول َظاو غزائٍ عانٍ انذسى. و

     قُاسٍ غزائٍ َظاو ٬(1 انًجًىعت) قُاسٍ غزائٍ اوبُظ انحُىاَاث حغزَت يجًىعاث. حى 4عشىائُا وبانخساوٌ إنً 

     َظاو أو ٬(3 انًجًىعت) غزائٍ عانٍ انذسى ٬ َظاو(2 انًجًىعت) "وصٌ/وصٌ %15" انقشفت يسحىق عهً َحخىٌ

وقذ سبب  .أسابُع 8 أو 4نًذة  َىيُا( 4 انًجًىعت) "وصٌ/وصٌ %15" انقشفت يسحىق عهً َحخىٌ غزائٍ عانٍ انذسى

     وَشاط الإَضًَاث انُاقهت نًجًىعت الأيٍُ فٍ وصٌ انجسى رو دلانت إحصائُتاسحفاعا انُظاو انغزائٍ عانٍ انذسى 

    فٍ  إيا انذهىٌ بالإضافت إنٍ حغُُشاث َسُجُت وحشكُبُت دقُقت عذَذة يٍ أهًها حشاكى ٬ويسخىي انذهىٌ فٍ انًصم

إضافت أدث  وقذكبُشة حؤدٌ إنً إصاحت انُىاة جاَبا.  دهُُت قطشاث أو يخخهفت حجاوأ راث صغُشة دهُُت قطُشاث صىسة

         انخغُُشاث انًشضُت انخٍ سببها انحذ يٍ يسحىق انقشفت إنٍ انىجبت انغزائُت عانُت انذسى إنٍ حقهُم وصٌ انحسى و

  وخهصج انذساست  .ت أسابُع يٍ انًعايهتوخاصت بعذ ثًاَُ حُاول انحُىاَاث نهُظاو انغزائٍ عانٍ انذسى فٍ انكبذ وانًصم

 فٍ انجِشراٌ انخٍ حُاونج َظاو غزائٍ عانٍ انذسى.انقشفت خفف يٍ حذود أيشاض انكبذ انذهُُت غُش انكحىنُت إنً أٌ َباث 

 

 


